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Computational Modelling of Biological Nano-motors 

 
H. Rafii-Tabar 

 

Department of Nano-Science, Institute for Research in Fundamental Sciences (IPM), P.O. Box 19395-5531 Tehran  

&  

Department of Medical Physics and Biomedical Engineering, and Research Centre for Medical Nanotechnology and 

Tissue Engineering, Shahid Beheshti University of Medical Sciences , Evin Tehran  

 

Abstract 

A significant part of the intracellular activities is carried out by the biological nano-scale protein  

motors. These nanoscopic machines perform directed motion along microtubule protofilaments , 

and are responsible for some of the most intricate cellular activities, such as cargo transport 

within the cell,  cell mitosis, and cell motility. Biological nano-motors are manifestations of the 

actually existing nanotechnology in nature, and some of the most fundamental ideas of  physical 

and medical nanotechnology have been inspired by studying the structure and function of  these 

machines. Examples of such machines include, kinesins, myosins and dyenins  that perform 

processive movement inside the cell. Investigation into the stochastic dynamics of these 

machines forms one of the leading areas of research in nanotechnology internationally. In this 

talk, we will first give a brief introduction into the topic of biological nano-motors, and then 

report on the current research in this field . 
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Introducing some latest researches on nonporous and their applications 
 

M Moradi1, 2 
1Department of Physics, Shiraz University, Shiraz 71454, Iran 

2Institute of Nanotechnology, Shiraz University, Shiraz 71454, Iran 

E-mail: moradi@susc.ac.ir 
 

Self-organized porous anodic alumina (PAA) nanostructural films have attracted considerable attention 

due to technological applications for nanometric device fabrication. Recently PAA films have been 

extensively used in fields of optoelectronics [1], photonics [2], photocatalysis [3], biosensors [4] and 

magnetics [5, 6]. Self–ordered PAA films have been obtained by the mild anodization (MA) within three 

limited growth regimes in H2SO4, H2C2O4, and H3PO4 [7-11]. MA procedure is a slow process to obtain 

PAA films suitable for fabrication of nanodevices. To solve the problem of very slow anodization, a new 

method based on the hard anodization (HA) process, was reported [12]. HA considerably speeds up the 

process with various range of pore sizes and interpore distances. More recently, several new approaches, 

based on MA and HA anodization techniques for engineering of various nanostructures, have been 

reported. This method provides new degree of freedom to fabricate three-dimensional ordered porous 

nanostructures. Recently fabrication of PAA films with periodically modulated diameters of nanopores 

has been achieved by several methods such as combining conventional mild anodization and new hard 

anodization processes, pulse anodization and cyclic anodization [12-15]. In all these processes changing 

of the anodization voltage or anodization current is an important factor in engineering of alumina 

nanostructures. The morphology of AAO contains hexagonal array of straight long cylindrical nanopores 

oriented perpendicular to the metal/oxide interface and at the bottom of each pore, there is a thin barrier 

oxide layer with hemispherical geometry. Here we introduce some of the nanopores applications. 

We mixed two kinds of anodization process (hard and mild anodization) to fabricate AAO nanotemplates 

suitable for producing nanocapacitores. We investigate the capacitance of capacitors in terms of the 

voltage and anodization time which control the pore diameter and thickness of the template. Porous 

anodic alumina (PAA) with high aspect ratio is fabricated by mild and then hard anodizing process is 

used to produce Sn nanowires by electrodeposition process where the nanopores in PAA are filled with 

Sn. These nanowires are used for many industrial applications. Self-organized porous anodic alumina 

(PAA) nanostructural films employed here to fabricate a superhydrophobic. According to our experiment, 

the optimum anodization process is used to achieve the water contact angle (CA) to be about 160°.  
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Nano-sono degradation and kinetic study of an azo dye using core-shell 

nanocrystals of CdS-TiO2 fabricated by ultrasound 

  
Mohammad H. Entezari* and Narjes Ghows 

Department of Chemistry, Ferdowsi University of Mashhad, 91775, Mashhad, Iran 

*Corresponding author: moh_entezari@yahoo.com 

 

Abstract 

A novel composite with a core-shell structure was prepared through the combination of 

microemulsion and ultrasound. The composite with a proper ratio has shown exceptional 

sonocatalytic activity in comparison to the pure nano-sized TiO2 and CdS. This method was 

simultaneously able to decolorize and oxidize the dye with a complete mineralization due to the 

enhancement of mass transfer, cleaning the catalyst surface, and preventing the aggregation of 

particles. In this paper, two kinetic models of Langmuir–Hinshelwood and consecutive first-

order reaction were investigated. The rate constants of sonocatalytic were higher than what 

obtained in the absence of the catalysts, solar and UV irradiation.  

 

Keywords: Core-shell, Kinetic, Reactive black 5, Mineralization, Sonocatalytic degradation  

 

Introduction 

TiO2 has some drawbacks [1]: (a) not applicable in visible light (b) fast recombination of the 

hole and electron pairs (c) low efficiency of UV light. Due to these limitations, significant efforts 

have been made over the last two decades for handling these problems [2]. Ultrasound is an easy 

and effective method under the mild conditions for preparing nonmaterials [3, 4]. It can improve 

the contact of the two components, crystallinity, and the formation of uniform coating [5, 6]. In 

this study, CdS/TiO2 couples have been prepared by a combination of ultrasound and 

microemulsion in order to: (i) exploit the maximum optical absorption in the visible range, (ii) 

increase the surface contact between the two components (iii) facilitate the crystallization. Then 

the degradation of RB5 as a model pollutant is investigated under different conditions.  
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Experimental 

   A microemulsion with weight ratio between oil, CTAB, water, and co-surfactant was devided 

in two separate parts (A= contained sulfur in oil phase and B= cadmium chloride and 

ethylenediamine in aqueous phase) for preparing CdS. The synthesis of core-shell nanoparticles 

has carried out with combination of ultrasound and microemulsion by adding TTIP to the 

mixture. The precipitate was separated, washed and then dried. Then 50 mL of RB5 solution 

containing catalyst was sonicated for removal of dye. The other experiments were carried out 

under the same conditions by UV lamp and sunlight.  

 

Results and discussion  

The XRD peaks and the HRTEM for the composite confirm a core-shell structure. The results 

show that the sonocatalytic removal is more effective than UV light or sunlight in the presence of 

catalyst. This is due to the synergetic effect of ultrasound and semiconductor that may promote 

the formation of reactive oxygen species on the surface of catalyst and fast charge separation and 

transportation throughout the particles [1, 2]. In addition, the light and high temperature caused 

by cavitation effect can activate the electronic excitation. The TOC was fast, and then decreased 

slowly due to a detrimental effect of the adsorbed SO4
2- ions on the catalyst surface [7]. The 

ultrasonic degradation follows L-H rate kinetics, but this model may not be valid at longer 

periods. Then, we examine a kinetic model of consecutive first-order reaction.  

 

Conclusion 

Ultrasound has a key role in the synthesis of the core-shell nanocomposites. The contact between 

the two nanoparticles is very important for electron transfer through the crystal interphase 

between TiO2 and CdS. It results in separation of electron–hole pairs. In addition, for the 

removal of RB5, ultrasound has a pronounce effect on the de-aggregation of the nanocomposite 

particles, cleaning and sweeping the catalyst surface by acoustic micro-streaming. The 

sonocatalytic rate with the TiO2/CdS is very fast compared to “only ultrasound” state, solar and 

UV.  
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Theory of Intramolecular Non-radiative processes 
 

R.Islampoura*, M.Mirahnaghib 

a Department of chemistry, Tarbiat. Moalem University, 49 Mofateh Avenue, Tehran, Iran  

islampour @ tmu.ac.ir 
b Department of chemistry, Varamin-Pishva branch, Islamic Azad Univeristy, Tehran, Iran  

 

Abstract 

Molecules in their excited electronic states possess excess energy due to their formation by 

photon absorption. These excited states are short-lived, and there by lose their excess energy 

within a short period of time through a variety of in tramolecular processes, consisting of 

radiative and nonradiative transition, and intermolecular processes, such as vibrational 

relaxation, energy transfer, electron transfer, etc. 

Intramolecular nonradiative processes, which are of our concern here, was first experimentally 

revealed by Kasha(1) in 1950, which has been known as kasha rule ever since. With rare 

exceptions, polyatomic molecular luminescence was observed only from the lowest excited 

electronic state of a given multipilicity, no matter which stable electronic state and 

phosphorescence occurred from the lowest triplet state. Kasha discriminated between two types 

of radiationless transitions, the one occurring between states of the same multipilicty, which he 

called internal conversion, and the one occurring between states of different multiplicity, called 

inter system crossing. Such processes are necessarily energy – conserving in an isolated 

molecule, so the energy difference is converted into excess vibrational energy. 

The formal thory of the intramolecular nonradiative transitions in isolated (collision-free) 

polyatomic molecules of sufficient size was put forward by Lin(2,3) and by Bioxon and Jortner(4), 

who attempted to formulate the entire problem of radiationless   transitions by being more 

explicit about the coupling mechanism that  was responsible for the radiationless process and to 

establish the criteria that malce an irreversible radiativuless relaxation process possible. They 

bava attributed the nonstationary character of the excited electronic states to a concerling 

between vibrational and electronic motion brought about by a breakdown ant he Born- 
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Oppenhencr approximation (in case of internal conversion) plue the state exprossions we have 

recently derived for the internal conversion deose stanc between two adiabatic and between two 

diabetic potential energy such rotational normal modes), the prornoting modes, and the 

temperature (5). Finally the application of the expressions will be discussed. 
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Faddeev Equations in Momentum Space 

 
Hamidreza Moshfegh  

Department of Physics, University of Tehran, Tehran-Iran  

  
Scattering problem and calculating of the scattering cross sections is crucial key to understanding 

the nature of interactions of systems from elementary particles to macro molecules. 

Traditionally the two-body interactions are the dominate term in interaction part of Hamiltonian 

of systems. So it seems that the Lippman-Shcwinger equation and its approximations are enough 

to solve the problem. Recent progress both in computers and computational techniques shows the 

importance of three-body forces to obtain more accurate results for scattering and bound state 

problems. 

Faddeev formalism is among the methods that could help us to done calculation of three-body 

scattering problems. Generalized Faddeev-Yakubovsky theory is used for four-body scattering 

problem as well as bound states. 

Usually Faddeev equations are represented in partial wave decomposition as a 2l+1 component 

of angular momentum space. Recently, by representing of these equations in linear momentum 

space as a three dimensional integral equations , open a new window to apply the Faddeev 

formalism to bound states three-body systems. . Advantages of this new representation 

encourage us to replace the discrete angular momentum variables by continuum spectrum of 

linear momentum space.  

In this talk we introduce the Faddeev equations in its traditional fashion, and then the new 

representation in linear momentum space is presented. Finally by employing a simple two-body 

interaction, the results for elastic scattering of a three-body system as well as a three body bound 

state system are discussed. 
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Critical behavior of thermalized bond Ising model in two and three 
dimensions 

  
, M. Moshfeghian and L. SepardarS. Davatolhagh  

Department of Physics, College of Sciences, Shiraz University, Shiraz 71454  
 

Keywords:  Critical phenomena,  Monte Carlo Method,  Annealed impurity, Finite-
size scaling 

 
Introduction  
Thermalized Bond Ising Model (TBIM) is a lattice Ising model with annealed bond 

dilution in which every covalent bond linking a nearest-neighbor pair of atoms is 

allowed thermally induced electronic transitions between bonding and anti bonding 

electronic states [1]. Hence, it can be regarded as containing annealed bond defects 

with a temperature-dependent concentration. In TBIM, each bond at every instant is 

characterized by a coupling constant J=0, J0 such that J = 0 corresponds to a broken 

bond (anti bonding electronic state), while J = J0 means an attractive coupling 

between the two atoms (bonding electronic state). This provides for a natural bond 

breaking mechanism that may be suitably incorporated in the lattice models of 

covalently bonded structures. We denote the thermally averaged bond concentration 

by p. The ratio of the bonds to the broken bonds in equilibrium is given by the ratio 

of the corresponding Boltzmann factors: 

 (1)         
)1(

1
0Je

p 
  

The bond distribution function for the bond diluted TBIM is of the form  

  0,, )1()(
0 ijijij JJJJ ppP                     (2)  

where p is given by Eq. (1) and δ denotes the Kronecker delta. The microscopic 

Hamiltonian of the system under consideration can be formally defined by  


ij

jiijJH                (3)  
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where σi =±1 is the structural (Ising) variable at the site i of the underlying lattice, 

and Jij=0, J0 represents the annealed bond variable associated with the nearest-

neighbor sites <ij>.  

 

Methods 

The critical behavior of 3D TBIM has been investigated analytically using the 

method of chemical potentials and the grand canonical ensemble [1]. Furthermore, 

the 2D TBIM was studied numerically by performing a suitably modified Wolff 

single-cluster Monte Carlo simulation [2]. In our simulations, the order parameter 

and the corresponding susceptibility for a lattice of linear size L, are given by 

Nm
N

i
i /

1



                                                                              (4) 

)(
22 mm

Tk

N

B
L                                                                     (5) 

The susceptibility is known to obey the finite-size scaling form 

))((~)(
1

cL TTLLT  


                                                            (6) 

By performing a finite-size scaling analysis of the susceptibility and the fourth-order 

cumulant, defined by Eq. (7) below, the critical behavior of the system in 

thermodynamic limit is obtained: 

22

4

3
1

m

m
U L                                                                                  (7) 

The cumulant is believed to obey the finite-size scaling ansatz  

))((
~

)(
1

cL TTLUTU                                                                        (8) 

that is independent of L at the critical point Tc [3]. 

 

Results and Discussion 

In order to locate the critical temperatures of 2d TBIM and 3d TBIM, we have relied 

on the cumulant crossing method [3]. The result for 2d TBIM is Tc=1.4897(3), and 

for 3d TBIM Tc= 2.557(1). The lowering of the transition points compared to the 
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pure systems, is due to the presence of annealed bond disorder. Furthermore, the 

correlation length exponent ν, defined by ξ~ |T-Tc|-ν, is estimated from the scaling 

plot of  UL(x) against x=L1/ν(T-Tc). Our best estimate of the correlation length 

exponent for 2d TBIM is ν=1.006(8), and for 3d TBIM is ν =0.70(1). We have also 

carried out a finite-size scaling of the susceptibility χL, which gives the susceptibility 

exponent γ defined by χ ~ |T-Tc|ିఊ. The results are γ= 1.755(5) for 2d TBIM and 

γ=1.40(1) for 3d TBIM. Having estimated two of the critical exponents, the rest can 

be obtained from a variety of scaling laws relating the exponents. The hyperscaling 

law α=2-dν, where d is the space dimensions, is used to estimate the specific heat 

exponent α, and the order parameter exponent β can be obtained from the scaling law 

2β+α+γ=2, thus giving α=0.000(16) and β=0.122(11) for 2d TBIM, and α=0.10(3) 

and β=0.35(2) for 3d TBIM.  

 

Conclusion 

The results are in excellent agreement with certain phenomenological relations due 

to Fisher [4], which describe the renormalization of the critical exponents by the so 

called ‘hidden variables’ in terms of the known exponents of the pure model system. 

Physically, this consistency should be interpreted in the light of the fact that the 

minute details of the microscopic interactions of a physical system, in this case the 

temperature dependence of the bond dilution, may not alter the large-scale behavior 

at a critical point, thus preserving the renormalized Fisher exponents and their 

universality.  
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How the Nonextensivity Parameter Affects Energy Fluctuations 

 

Ezat Keshavarzi *,1, Abbas Helmi1, and Mohammad Kamalvand2 
1Physical chemistry group, Department of Chemistry, Isfahan University of Technology, Isfahan, Iran, 

8415683111 
2Department of Chemistry, Faculty of Science, Yazd University, Yazd, Iran, 89195741 

E-mail: keshavrz@cc.iut.ac.ir 

 
Introduction 

In the recent years the generalized Tsallis statistical mechanics has been of interest for 

many researchers in different fields. They have applied it to predict the phenomena in 

different nonextensive systems for which Boltzmann Gibbs statistics fails [1-3]. In this 

statistical mechanics the entropy is defined as [3]: ܵ ൌ ିଵ ሺ1 − ∑ ܲ௪ ሻ                                                                                                               

(1) 

where ܲ is the probability function of finding the system in i’th state, k is a positive 

constant, and q is the entropic index related to the degree of the nonextensivity. So far 

four different energy constraints have been used with only one of them (known as 2nd 

version) being un-normalized. In this article, the effect of the nonextensivity parameter 

on the energy fluctuations of nonextensive systems has been studied in two different 

versions of the Tsallis statistical mechanics. 

 

The energy fluctuations in the second version of the Tsallis statistical mechanics 

    The different energy constrains, un-normalized and normalized, in the second and 

fourth      versions have been used to obtain the probability function in canonical 

ensemble in the Tsallis statistical mechanics. The different partition functions in these 

two versions have been obtained corresponding to these different constraints as:  

 ௪ߝ
ଵ  ܲ − തതതܧ ൌ  0             ;         ܼሺଶሻ ൌ ሾ1 − ሺ1 − ሿߝߚሻݍ ଵሺଵିሻ௪

   (2) 
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 ൫ߝ − തതത൯ܧ ܲ ൌ 0௪
              ;       ܼሺସሻ ൌ ሾ1 − ሺ1 − ߝሺ´ߚሻݍ − തതതሻሿܧ ଵሺଵିሻ௪

      
In the second version, ܧ߂ଶതതതതത= ሺܧത − ଶതതതതതܧ߂ :ሻଶ  can be calculated as followsܧ ൌ ଶതതതതܧ + ଶൣܼଵିܧ − 2 + ሺ1 −  :ଶതതതതത in the second version of the Tsallis statistical mechanics is defined asܧ തതത൧ (3)ܧߚሻݍ

ଶതതതതതܧ  ൌ   ଶ௪ߝ
  ܲ ൌ − 1ܼ ߚ߲߲  ሾ1ߝ − ሺ1 − ሿߝߚሻݍ ଵሺଵିሻ௪

 ൩ (4) 

The term in the bracket may be written as ܼ ∑ ௪ߝ  ܲ.  We have obtained the 

following equation for energy fluctuations after some mathematical calculations as: 

ଶതതതതതതതܧ߂ ൌ − 11 − ܣ ߚതതത߲ܧ߲ + 1 − 1ݍ − ܣ ߚ ߚଶതതതതത߲ܧ߲ + ܣ − 1ܤ − ܣ തതതଶܧ
 (5) 

where A and B coefficients are as follow: ܣ ൌ ሺ1 − ሻݍ + ሺݍଶ − തതതܼሺଵିሻܧߚሻݍ ܤ   ,   ൌ ቆ2 + ݍሺߚ − 1ሻܧതതത − ܼሺଵିሻ −  ሺଵିሻቇ (6)ܼݍ

It should be noted that Eq. (6) in the limit of q→1, tends to that corresponding 

equation in the Boltzmann Gibbs statistics. 

 

Energy fluctuations for generalized ideal gas and harmonic oscillator in 2nd and 4th 

versions of Tsallis statistics 

In Fig. 1 the relative energy fluctuation and its three parts have been plotted according 

to Eq. 6 for an ideal gas, Argon  at T=300K. According to this Figure, the relative 

energy fluctuations are usually greater than BG ones. In fact, only for a very small 

region around unity, when q is smaller than unity, the square of relative energy 

fluctuation (SREF) is less than the BG. In figure 2. the SREF and its three parts 

according to Eq.(6) have been plotted for quantum harmonic oscillator band compared 

with the corresponding value in the BG statistics for ݒ݄ߚ ൌ 1. Clearly, the SREF is 

less than BG when q is smaller than unity and will be greater than BG when q>1. This 

behavior is related to the number of accessible states which increases with q.  The 

results related to relative energy fluctuation for Argon atom at T=300K have been 
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shown in Fig. 4 for 4th version of the Tsallis statistics. As it has been shown in this 

figure, when entropic index q is smaller than unity, relative energy fluctuation is 

smaller than BG value, ඥ2/3, and when q is greater than 1, relative energy fluctuation 

is greater than ඥ2/3. Also, the relative energy fluctuation for a quantum harmonic 

oscillator in 4th version of the Tsallis statistics has been shown in this figure. In Fig. 5 

the relative energy fluctuation for an ideal gas with a different number of particles has 

been shown in the fourth version. According to Fig. 5 this result is correct only for 

q<1, and as we have shown for q>1, like one particle system, the relative energy 

fluctuation of a nonextensive system is always greater than extensive one. 

 

Conclusion 

The energy fluctuation in the second version for ideal gas is larger than BG in nearly 

all the values of q, it is because of the un-normalized picture of this version. Our study 

in the forth version reveals that the energy fluctuation is strongly dependent on the 

accessible states via the nonextensivity parameter. In this manner when q is less than 

unity, the relative energy fluctuation is less than BG and when q is more than unity, 

the energy fluctuations will be more. 

 
                                                   Fig. 1                                                                       fig.2                                                          
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                                                      Fig. 3                                                                    fig.4 
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1. Introduction 

As we know, the radial distribution function has an important role in acquiring 

thermodynamics and properties of different kind of fluids such as molecular liquids. 

Up to now, several methods have been presented in order to calculate these properties 

[1-2]. In the last decades integral equations approach accompany with the Ornstein-

Zernike (OZ) equation is one of the successful methods that has been used [3]. In 

conventional methods of solution of OZ equation, there are many difficulties such as 

high dimension of the Jacobian matrix, relatively slow convergence and etc. For these 

reasons, here we have used wavelets analysis that is a modern numerical tool that is an 

extension of the Fourier analysis [5]. In this article we have efforted to solve OZ 

equation for methane by using wavelets and their properties and compare the results 

with acquired results from the molecular dynamics (MD) simulations.                                                  

2. Methods 

In this article we calculate the radial distribution function (RDF) using the referenced 

interaction site model of molecular liquids. As we know, in this theory, it is purposed 

to calculate the RDFs by solving the set formed by the OZ equation and a closure 

relation. For a molecular liquid consisting of N-site molecules, the site-site OZ (SSOZ) 

equation has the following form [4]: 

nHn=nW*C*(nW+nHn)                                                                                                           

(1)                                                         

 Where H and C are the site-site intermolecular pair correlation functions and the 

direct correlation functions respectively, n is the diagonal matrix whose elements are 

number densities of each molecular species and W is the intramolecular correlation 
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matrix. In order to solve OZ equation, for molecular liquids, a secondary relation as 

closure relation and knowing of intermolecular interactions is required. In this article 

the site-site interactions between molecules are represented by the Lennard-Jones (L-J) 

potential plus coulomb terms. Most of the numerical algorithms for solving relation (1) 

impose the Fourier representation of (1) written as: 

G^(k)=H^(k)-C^(k)=W^(k)(I-nW^(k)C^(k))-1C^(k)W^(k)-C^(k)W^(k)-C^(k)                               

(2)     

Where G^(k) is the Fourier transformed of indirect correlation functions, W^(k) is the 

Fourier transformed of intramolecular correlation functions and I is the unity matrix. 

Tilde notation used above means 3D Fourier transform (FT) of the corresponding 

matrices. To solve equation (2) by wavelets, we expand matrices G and C in an 

arbitrary orthonormal basis set and by substituting in relation (1), we obtain the basis 

representation of the SSOZ equation and calculate the approximating coefficients[5]. 

3. Results and discussion: 

By using of the wavelet and the method of applying it in pervious relations, we can 

calculate pair correlation function in Fourier space and then by inverting it, we can 

obtain correlation function in real space and some thermodynamics properties. For this 

purpose, we have applied the hybrid scheme in which the coarse part of the solution is 

calculated by wavelets with the use of the Newton-Raphson procedure, while the fine 

part is evaluated by the direct iterations. The Coifman 2 basis set is employed for the 

wavelet treatment of the coarse solution. The methane density n is assumed 

0.00347gr/cm3 in 298K and the L-J parameters are chosen: εcc=0.397kj/mol, 

εch=0.168kj/mol, εhh=0.0711kj/mol, σcc=3.357A0, σch=2.741A0, σhh=2.134A0 [6]. 

4. Conclusions 

We have calculated RDFs of methane. The calculated RDFs are in fairly agreement 

with those obtained by discontinues molecular dynamics (DMD) and standard 

molecular dynamics (SMD) computer simulation. These agreements between the 

results show that the using of wavelets is useful and powerful method to study the 

fluids structure. In figure (1), the results of solution of SSOZ equation for RDF of 
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carbon-carbon interaction sites are compared with results from DMD and SMD 

computer simulation [6].  

 

Figure (1).Carbon-carbon RDF in methane: the solid line represents DMD and the 

dashed line represents SMD computer simulation and the dotted line represents this 

work. 
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Introduction 

     Equations of state have an important role in study of systems, from which thermodynamic 

properties can be calculated. In 1993, Parsafar and Mason derived an equation of state (EoS) for 

compressed liquids and dense supercritical fluids [1], EoS I. However, this EoS is not accurate for the 

liquid alkali metals like cesium and rubidium, so Ghatee and Bahadori derived an EoS for liquid 

alkali metals [2], EoS II. In a later investigation, it was shown that EoS I can be applied for non-ionic 

and non-metallic (molecular) solids and EoS II for ionic and metallic solids [3], respectively. 

Recently, Parsafar et al. [4] derived another EoS which gives a good description for all types of solids 

and fluids, except near the critical temperature, EoS III. The validity of EoS III will be investigated 

for nanosystems. 

 

Method 

    An extended Lennard – Jones (ELJ) (12,6,3) potential function was introduced as an  effective near 

– neighbor pair potential in liquids and solids (in bulk). Based on such a function, the potential 

energy, U, may be given as equation (1). 

 

12 6 3

12 6 3

( ) ( ) ( )
 ( )                           (1)

2

N C T C T C T
U z

r r r
  

                         
 

where r is taken to be a mean near – neighbor distance, N is number of particles of system, Ci is a 

temperature dependent  parameter and z is the mean coordination number. The  r-6 and r-12 terms 

represent the long and short range interactions respectively. 

Based on ELJ, the EoS III has been derived as is shown in equation (2).  

2 2( 1)                                              (2)
f

Z v e g


     

where e, f and g are nontrivial functions of temperature, 
B

Pv
Z

k T
  is the compressibility factor, 

1

v
   

is the molar density and kB  is the Boltzmann constant. The validity of this equation of state for 
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nanosystems will be studied using experimental data as well as molecular dynamic simulation of such 

systems. 

 

Results and Discussion 

       We have evaluated EoS III for different solids and liquids and found that it has high accuracy for 

various types of them. Therefore, we try to consider this EoS for systems like metallic and ionic 

solids at nanoscale, similar those we obtained for bulk data (see table 1). Because of inadequate 

experimental PVT data for these systems we use molecular dynamic (MD) simulation for obtaining 

the PVT data. The experimental data for nanosystems will be used for approving the validity of the 

EoS III. Then we will use MD simulations for some other nanosystems without any experimental 

data. It could also help us to find the way for validating the MD simulations for obtaining the 

thermodynamic properties of nanosystems. 

Table 1: The coefficients of EoS III for give isotherm of give fluids along the correlation coefficient 

            Fluid T,K e f G R2 

Ar 120 -0.00924 0.0839 6.17E-06 1.000 

Ar 308.15 -0.00032 0.008526 2.01E-06 1.000 

Ne 298 -0.00032 0.008526 2.01E-06 1.000 

N2 308.15 -0.00032 0.008526 2.01E-06 1.000 

CO 308.15 

CH4 150 -0.01569 0.09898 1.87E-05 1.000 

308.15 -0.01569 0.09898 1.87E-05 1.000 

500 -0.01569 0.09898 1.87E-05 1.000 

C3H8 308.15 

n-C9H20 303.15 -3.981 11.02 0.06387 1.000 

n-C19H40 343.15 -34.78 50.65 2.109 1.000 

CH3OH 300 -0.0297 0.2547 2.94E-05 1.000 

H2O 298.15 0.000711 -0.1435 5.09E-07 1.000 

Hg 303.15 -0.01819 0.09038 3.64E-06 1.000 
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Introduction 

Nanosized iron oxide particles have multiple practical applications, for example, in 

drug delivery, magnetic hyperthermia, magnetic resonance imaging, pigments, and 

photocatalysis [1]. The magnetic nanofluid, ferrofluid, behaves as a smart fluid due to 

some of its unique features. They have some applications in a variety of fields such as 

electronic packing, mechanical engineering, aerospace, and bioengineering [2,3].  

   Although the magnetic properties of the magnetic nanofluids are the subject of 

intensive studies , there are few data in the literature concerning their thermal and 

rheolegical properties. The first goal of the present study is to investigate the effect of 

both temperature and volume fraction on the thermal conductivity of Fe3O4-water 

nanofluids. For this purpose, we were synthesized Fe3O4 nanoparticles by co-

precipitation method. The second aim of this work is to measure the viscosity of α-

Fe2O3-glycerol nanofluids as a function of temperature, volume fraction, and shear 

rate. For this purpose, we were synthesized α-Fe2O3 nanoparticles with solvothermal 

route 
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Results and discussion 

Superparamagnetic Fe3O4 nanoparticles were successfully synthesized by a simple and 

cost-effective co-precipitation method in different conditions. The XRD, TEM, FTIR, 

and VSM techniques were used to characterize the structure, size, purity, and magnetic 

properties of the nanoparticles. The best crystallinity was observed for pH initial=1.5 

and pH final = 9.5. Fe3O4 nanofluids were prepared by dispersing Fe3O4 nanoparticles 

in distilled water as the base fluid. Tetramethyl ammonium hydroxide was used to 

improve the dispersion of Fe3O4 in distilled water. Measurement of zeta potential of 

nanofluids shows that Fe3O4 nanofluids have good stability. 

   The effective thermal conductivity of Fe3O4 nanofluids with different volume 

fractions was investigated experimentally at 10, 20, 30, and 40 oC. The experimental 

results were also compared with some different theoretical models. Among the 

models, the Murshed model gives better predictions of the thermal conductivity of 

these nanofluids compared with the classical models. 

α-Fe2O3 nanoparticles were prepared by solvothermal method. The nanoparticles were 

characterized by XRD and TEM. The α-Fe2O3 nanoparticles were dispersed in a 

glycerol as the base fluid. Both experimental and theoretical work was performed on 

the rheological behavior of α-Fe2O3-glycerol nanofluids. The experiments were done 

at different temperatures, shear rates, and volume fractions.  

 
Conclusions 
The measurement of thermal conductivity and viscosity of Fe3O4 and α-Fe2O3  

nanofluids contains the following conclusions: 

1. The relative thermal conductivity of nanofluids increases with increasing volume 

fraction and temperature. 

2. Thermal conductivity of Fe3O4 nanofluids increases up to 11.5% as the volume 

fraction of nanoparticles increase up to 3 vol. % at 40 oC. 

3. α-Fe2O3-glycerol nanofluids are non-Newtonian fluids with shear-thinning. The 

viscosity of nanofluids significantly decreases with increasing temperature and 

increases with increasing particle volume concentration. 
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4. The rheological behavior of α-Fe2O3-glycerol nanofluids can not be predicted by 

Einstein, Brinkman, and Batchelor models. 
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Introduction 

In studying polymer systems one is confronted with a variety of time and length 

scales. The range of length scales varies from about 0.1 nm, which is a typical bond 

length, to, for example, the radius of gyration of polymers, which is around 10 nm. 

The time scales also span from about <1 fs, the period of vibration of chemical bonds, 

to typical relaxation times of polymers (around a few miliseconds). The practical 

limitation of atomistic simulation methods in simulating such systems as polymers 

stems from handling a large number of particles and using hard atomistic potentials, 

which limits the largest time steps that can be used to perform a stable simulation. In 

practice, one can construct models with less computational effort by integrating out the 

fast motions in confined polymers, or averaging over their steep potentials. One way to 

do this is through the concept of coarse-grained models. 

 

Method 

Mapping a group of atoms onto a substantially smaller number of beads, connected by 

effective bonds and a soft effective potential acting between nonbonded beads, the 

coarse-grained models are constructed. Performing reference atomistic simulations, 

one can invert the resulting probability distributions to obtain the effective intra- and 

inter-molecular potentials among the beads. The resulting effective pair potentials 

obtained using this procedure reproduce well the structural properties.  

 

Coarse-Grained Force Field 

To match all the distributions, derived from atomistic simulations, a preferential order 

is taken into account. Normally, the stiffest interactions in the system correspond to 

the potential energies of interaction between closely spaced beads (bond lengths and 

bond angles). Having matched the distributions of bond lengths and bond angles, one 
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goes ahead with matching the distributions of nonbonded degrees of freedom. Fitting 

the target distributions, the force-field is obtained, which can well reproduce the 

structural properties of them atomistic sample. The force-field obtained in this way 

does not have the limitations of atomistic force fields; one can perform the coarse-

grained simulation with a much bigger time step than the corresponding atomistic 

ones. Therefore, one can do simulations of bigger chains for a longer time, compared 

to atomistic simulations.  

 

Results and Discussion 

Here we report the simulation results on a sample of confined polyamide-6,6, as a 

typical example. Adopting a proper mapping scheme, we have compared in Figure 1 

the density profiles of all beads, derived from atomistic simulations, and compared 

them with the same distributions, calculated in our coarse-grained model. As it is seen, 

a nice matching is seen. We have used the coarse-grained force-field to simulate long 

chains of confined polyamide (100-mer). The results show that the polymer forms 

layers in contact with surfaces. We have also computed the chain orientation, as well 

the relaxation time for end-to-end vectors. The results (not shown here) indicate that 

the coarse-grained model relaxes much faster than the corresponding atomistic model. 
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Figure 1. Comparison of the calculated density profiles for all beads in atomistic (full curve) and in coarse-
grained models (dots). 
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Introduction:  

Using the Lennard-Jones (12,6) potential , as an effective pair interaction potential, 

dependence of surface tension , γ , of some isotherms on density, ρ, for fluids was 

derived as  
ஓమ ൌ Cρଶ + D [1].The accuracy of this equation was confirmed for 20 

different fluids  such as monatomic ,diatomic atomic and fluids with strong hydrogen 

bonding. 

 In this study the dependence of surface tension to temperature ,T, and density is 

obtained along the coexistence curve. 

 

Method:                                                                                                                                                   

May use the effective pair interaction potential to obtain an expression for the fluid 

potential ,ܧ, as: 

Ep=4ߪߝଵଶߩସ − ; ଶߩߪߝ4      where ଵଶܥ ൌ ଵଶߪߝ4 and ܥ ൌ ߪߝ4  

where ߪ and ߝ are the potential parameters. 

Since  the pressure may be given as: 

(1) 

p=-ቀࣔࢂࣔࡼࡱ ቁࢀ + ܶ ቀࣔࢀࣔࡼቁߩ=ࡼଶ ቀడாುడఘ ቁ + ܶ ቀడడ்ቁ (2) 

hence,  

p=ߩଶሾ4ܿଵଶߩଷ-2ܿߩሿ + ܶ ቀడడ்ቁ (3) 

Equation (3) may be simply written as,  
ିబఘయ ൌ ଶߩଵଶܥ4 + ଶܴܶܣ −      ܥ2

(4) 

 

where  is the ideal gas pressure.  
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If we plot  ିబఘయ   versus ߩଶwe may obtain the parameters ܥ ܽ݊݀  ଵଶ  at anyܥ

temperature. on the bases at linear  isotherm regularity ,LIR, we can show that both 

parameters are linear in terms of T.   

 

On the other hand , it is shown that the liquid surface tension varies with density as 

ߛ [1] ൌ − ௨ሺሻସగఙమ ൌ భమ ସగఙమ ସߩ − ల ସగఙమ ସߩଶ=Cߩ + ܼ )      ଶߩܦ ൌ coordination numberሻ (5) 

There for, we may conclude the parameters C and D in equation (5) vary with T 

,linearly. we have use the experimental data along the coexistence curve to check the 

validity of  equation (5),for some  fluids. 

 

Result:                                                                                                                                            

It  can easily shown that the dependencies of C and D are related  to the LIR 

parameters. We have used experimental data of Argon to find temperature  

dependencies of C and D (shown in (fig 1 ) [3]. 

 

(a)                                                                 (b) 

 

Fig(1): Temperature dependency of (a)C and (b)D                                 o                        

The linear dependencies of C and D are used to calculate the surface tension along 

the coexistence curve ,see (Table I) [3]. 

 

80 90 100 110 120 130 140
-9.50E-009

-9.00E-009

-8.50E-009

-8.00E-009

-7.50E-009

-7.00E-009

-6.50E-009

-6.00E-009

-5.50E-009

-5.00E-009

D

T
80 90 100 110 120 130 140

0.000006

0.000008

0.000010

0.000012

0.000014

0.000016

0.000018

0.000020

0.000022

0.000024

C

T

 B
 Linear Fit of Data1_B



14th Iranian Physical Chemistry Conference 
   University of Tehran, Kish, February 25-28, 2011  

  
 

31 

 

 

 

T(K) ߩ(mole/L) 
100((ɣ௨௧ − ɣ௫ሻ/ɣ௨௧ሻ 

 

91.4 34.29 4 

101.2 32.68 5 

113.4 30.46 5.1 

121.1 28.86 5.4 

125.6 27.84 6.8 

133.8 25.68 8 

140.7 23.32 17 

Table(I):percent deviation of surface tension of Argon at given states along the coexistence cure. 

 

Conclusion                                                                                                                                              

A simple model used to calculate surface tension of a liquid along the coexistence 

curve , gives a good agreement with experiment, except nearly the critical point (see 

table I). 
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Introduction 

The modeling of mixed solvent-electrolyte systems is important due to their applications in 

separation technologies. Iliuta [1] and Thomsen [2] presented the extended UNIQUAC model 

for correlation of phase equilibria in aqueous salt systems containing non-electrolytes. During 

recent years a lot of works have been done on liquid-liquid equilibria in mixed solvent 

electrolyte solution, in this work, we have utilized the extended UNIQUAC model  for 

modeling of the large amount of experimental LLE data in the aqueous salt systems 

containing alcohols to recognize the capability of this model. 

 

Methods 

The extended UNIQUAC model for the excess Gibbs energy consists of two contributions; 

the first contribution is the UNIQUAC term as given by Abrams et al. [3] accounting for 

short-range effects in the mixture. A Debye-Hückel contribution has also been used to 

account for the long-range interaction effects. In this model, water is considered as the solvent 

and alcohols (non-electrolytes) and ions are considered to be solutes. The only parameters for 

the model are the UNIQUAC interaction parameters and volume and surface area parameters. 

The volume and surface area parameters for water, ions, and also all the binary interaction 

parameters for aqueous systems containing electrolytes have been extracted from the work of 

Thomsen et al.[4].The remaining parameters have been obtained by fitting the model to 

experimental data. 

Results and discussion 
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We have used this model for 31 liquid-liquid equilibrium systems and 421 data points. The 

accuracy of the results in average deviation in mass percent ( % w ) are given in Table1.  

Conclusion 

The extended UNIQUAC model has been shown good performance for modeling of liquid-

liquid equilibria in most aqueous salt systems containing alcohols. All model parameters have 

been presented in this work. 

Table 1. Average deviation in mass percent of liquid-liquid equilibrium of ternary systems 

Alcohol Salt Temperature(◦C) Data 

Point 

%∆w 

Ethanol K2CO3 25-45 18 6.1 
1-Propanol NaCl 25 8 3.23 
1-Propanol KCl 25 8 4.32 
2-Propanol NaCl 25 8 7.77 
2-Propanol NaCl 25 10 5.13 
1-Butanol NaCl 20-40 96 0.89 
1-Butanol NaCl 25 10 0.51 
1-Butanol KCl 20-40 29 0.38 
1-Butanol KCl 25 8 0.85 
1-Butanol NaNO3 25-35 24 1.96 
2-Butanol NaCl 25 8 1.52 
2-Butanol NaCl 25 20 2.52 
2-Butanol KCl 25 8 2.7 
2-methyl1-propanol NaCl 25 8 0.6 
2-methyl1-propanol NaCl 25 20 1.04 
2-methyl1-propanol KCl 25 8 0.78 
2-methyl2-propanol NaCl 25 7 3.03 
2-methyl2-propanol NaCl 25 14 4.36 
2-methyl2-propanol KCl 25 6 6.22 
2-methyl2-propanol Na2SO4 23-80 13 6.37 
2-methyl2-propanol K2CO3 25-45 16 2.73 
1-Pentanol NaCl 25 9 0.056 
1-Pentanol KCl 25 8 0.088 
2-Pentanol NaCl 25 9 0.046 
2-Pentanol KCl 25 8 0.058 
3-Pentanol NaCl 25 9 0. 15 
3-Pentanol KCl 25 8 0. 18 
2-methyl1-butanol NaCl 25 9 0.22 
2-methyl1-butanol KCl 25 8 0.16 
2-methyl2-butanol NaCl 25 8 0.24 
2-methyl2-butanol KCl 25 8 0.19 
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Introduction 

Increasingly process in applying fossil fuels and producing greenhouse gases have been turned 

into one of the most important challenges in the environment. Recently, replacing and applying 

hydrogen as a suitable energy carrier and clean fuel have been taken in to account [1]. 

Currently, researchers interest in apply solid adsorbent surface, particularly, carbon-based 

materials because of their advantages. In this research, also, hydrogen adsorption on graphene 

surface with nitrogen graphitic defects has been studied by Molecular Dynamics method. 

 

Methods  

At first, a primary structure with respect to a synthetic sample [2] has been optimized by a semi-

empirical method (PM3). Then, adsorption on its surface has been simulated by NVT ensemble 

with pressure 1-25MPa and temperature 77-400K. Interaction between gas molecules, gas 

molecules and the surface has been described by simple Lennard-Jones (6-12) potential. The 

periodic boundary conditions were applied in all three directions. The cutoff was chosen 16 Å. 

Temperature was controlled by using the Nose-Hoover thermostat. For the numerical 

integration of motion equations, a time step of 1 fs was utilized in all the simulations. To 

achieve reliable results for the hydrogen adsorption characteristics, all the simulations were 

performed for 1 ns. MD simulations were performed by the GROMACS 4.0.6 package. 

 

Results and Discussion  

With doping nitrogen to graphene sheet, the strength and capability of hydrogen– surface 

interaction will be increased. The other layers, also, will be formed under the 100K. The kind of 

defect has not too much effect on weight ratio of adsorption and increasing of layers in 
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synthesized sample caused weight ratio to be decreased. Adjustment of distance between 

produced layers is an important point in production of adsorption systems. Geometrical effects 

and overlap potential of layers in this state cause the adsorption and the amount of isosteric heat 

of adsorption in the interlayer space to be increased. In low temperature with increasing the 

pressure the excess adsorption after a certain pressure, because of the presence of adsorbent 

surface and van der Waals interactions, will be decreased. For example, excess adsorption in 

85K after 7MPa and in 100K after 8MPa, will be decreased. The relationship between 

temperature and pressure can be described through the mathematical equationsሼθ ൌ fሺP, Tሻሽ. 

Power of temperature and pressure in these equations indicate the level of importance and effect 

of temperature and pressure on the amount of adsorption. Using the mathematical derivation of 

these expressions, the minimum temperature and pressure of saturation for different kinds of 

adsorption will be obtained. For the system studied, by increasing the pressure, the saturation 

state is observed firstly in excess adsorption, consequently for monolayer adsorption and finally 

for multi layer adsorption. From another hand, saturation state can be observed in multi layer 

adsorption, consequently in excess adsorption and finally in monolayer adsorption, through 

decreasing of temperature. The absolute amount of qst is affected by availability of surface, 

amount and arrangement of existed materials in the surface and interaction of adsorbed 

molecules with each other. Also, a higher amount of binding energy indicates a stronger 

interaction of hydrogen with defected surface than non-defective sample. Using the process of 

changes in the molecules’ distances from surface than the changes in temperature and pressure, 

different adsorption phases can be observed in different amounts of coverage. It became clear 

that in low coverage, empty sites in surface (hexagonal centers) and in high coverage, surface 

atoms and bond distances, will include adsorption sites. Using data fitting of simulated result on 

different mathematical models of adsorption, a description of hydrogen adsorption on this 

structure is obtained. In this research non-linear fitting using error function of minimum Squares 

is applied. Then adjusted-R squares are used in order to compare different relationships of 

models. Among these eight models studied, 3-parameter model of Redlich–Peterson shows the 

best agreement with data. Multilayer adsorption by Temkin Isotherm and monolayer adsorption 

through Hill De-Boer can be described well. By Increasing the temperature, Fowler-Guggenheim 

isotherm shows a good agreement with the data too. Considering these data we can say that in 

temperatures lower than 130K, the interaction of adsorbed molecules with each other and their 

mobility is more. In temperatures higher than 180K the effects of mobility is not observed and 
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the adsorption is local. In this range, the coverage of monolayer adsorption is defected and 

adsorption energy in most of the adsorption sites is less than its mean value in the whole 

sample. From one other hand, in temperatures lower than 100K, heat loss in adsorption is more 

linear than logarithmic curves of other models and its amount is independent of temperature.   
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Introduction 

The advantage of using bimetallic clusters (alloy) for a variety of reactions has been 

the source of extensively experimental research for many years (1-3). The 

modification of the catalytic behavior of a metal by addition of controlled amount of 

other metals gives a novel electronic structure which might be responsible for the 

unique catalytic behavior of the bimetallic clusters. In fact, the mutual influence of 

different neighboring atoms leads to catalytic behavior which is often considerably 

different that of monometallic species. We will present here some results of FenCum (2 

≤  m+n ≤ 3). 

 

Computational Method 

DFT procedure with functional BPW91 basis set 6-311G* in Gaussian 03 (4) is 

applied in this research.  Binding energy Ebind (or adsorption energy) as the function of 

bond strength between metallic substrate and adsorbate describes the thermodynamic 

stability of the system and is computed by; 

 ethylenemetalcomplexbind EEEE    1 

In this definition Emetal and Eethylene refer to electronic energy of free spices. We also 

present  define interaction energy, Eint, as a function of interaction strength between 

metallic cluster and C2H4 in their deformed geometries; 

 ethylenemetalbindint EEEE   2 

where ΔEmetal and  ΔEethylene are the deformation energies of metallic cluster and 

ethylene molecule in the fully relaxed adsorption system. The zero-point vibrational 

energy are included energy. 
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Results and Discussion 

We are presenting only the results of FenCum (2 ≤  m+n ≤ 3)  and reaction with C2H4. 

Therefore, C2H4 adsorption behaviors on this alloy cluster, such as binding sites and 

adsorption energies are examined and compared with those of pure species. For 

interaction of C2H4 on whole of the clusters, we have studied π bonding (ethylene is 

placed on top of an iron atom) and di-σ bonding (C2H4 bridging over two metal atoms 

with the C-C axis parallel to the metal-metal axis), as shown in Fig 1. In order to find 

the most stable multiplicity, we have tried to calculate several multiplicities for each 

species.  

                                                                                              

 π- C2H4  di-σ- C2H4 

Fig. 1  Interaction of Fe2 and C2H4 in the form of π- C2H4 and di-σ- C2H4 

 

Table 1 shows the π and di-σ coordinations of ethylene on a range of Fe/Cu clusters 

with different sizes, compositions, and structures. DFT results, including optimized 

geometries of the lowest energy isomers of   FenCum/C2H4 complexes with their 

corresponding spin multiplicities, binding energies (Ebind), and interaction energies 

(Eint.) between the distorted adsorbate and distorted metal cluster are listed in this 

table. All the energies are in kcal/mol and include the zero-point vibrational energy. 
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Table 1. The most stable adsorption configurations of ethylene on pure and bimetallic of Fe and Cu clusters, (All 

the energies are in kcal/mol) 

Species Mult. Eint.
 Ebind Species Mult. Eint.

 Ebind

π- C2H4 

Fe2/C2H4 7 -30.4 -22.4 Fe3/C2H4 11 -35.8 -22.4 

FeCu/C2H4 4 -41.4 -35.9 Fe2Cu/C2H4 6 -40.2 -35.9 

Cu2/C2H4 1 -20.5 -18.3 FeCu2/C2H4 3 -46.3 -18.3 

- - - - Cu3/C2H4 2 -20.5 -18.3 

di-σ- C2H4 

Fe2/C2H4 7 -38.8 -16.7 Fe3/C2H4 11 -55.5 -29.1 

FeCu/C2H4 - - - Fe2Cu-/C2H4 8 -65.9 -34.3 

Cu2/C2H4 1 -88.22 +8.3 FeCu2-/C2H4 - - - 

- - - - Cu3/C2H4 2 -42.0 -23.7 

 

Conclusion 

Through the range of our studies, many evidences confirm that di–σ–C2H4 interacts 

more strongly with metallic substrate than π–C2H4. Another important outcome of this 

part of our studies is that there is no always a direct relation between the interaction 

energy and final adsorption binding energy. 
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Introduction 

In resent years great effort has been expended to prepare and characterize systems in which a 

noble metal like Cu, Ag, or Au is bound to a noble gas.1-4 Because of their respective noble 

characters, noble metals and gases were considered unable to form any chemical bonds. 

Contrary to this suggestion, the chemistry of noble metals is nowadays recognized to be board 

and rich, for instance, Au has a very high chemical activity because of its exceptional 

relativistic effects, and the nobleness of noble gases was challenged by the discovery of the 

first Xe compound in 1962.In 1995, Pyykkö predicted the existence of Au–Ng (noble gas) 

compounds based on theoretical studies on Au+–Ng (Ng = He – Xe) systems and concluded 

that, of all of the stable noble gases, Xe would form the strongest bond with Au+. Indeed, the 

AuXe+ ion was detected by mass spectrometer in 1998. Recently Zeng et al.5 reported a joint 

experimental (used photoelectron spectroscopy (PES)) and theoretical study of the interaction 

between gold anion, Au– and an Ng atom and observed the spectra for AuAr–.These findings 

encouraged us to probe the nature of the interaction between noble metal and noble gas. 

Pyykkö suggested the covalent character for Au+–Ng interaction with the significant charge 

transfer from Xe to Au+. 

 

Method of Calculation 

The interaction potential energy surface of the cationic (CM+), anionic (CM-) and neutral 

(CMº) coinage metal (CM= Cu, Ag and Au) complexes with rare gas (RG= Kr, Xe and Rn) 

are calculated by MP2 and CCSD(T)methods.We employed two different density functional 

methods that recently have been used for weak and noncovalent interaction. These methods 

are M06-2X “Minnesota 2006 functional with double Hartree-Fock exchange” developed by 

Truhlar et al. and the CAM-B3LYP, hybrid exchange-correlation functional presented by 

Yanai et al. who combine B3LYP at short-range with an increasing amount of exact HF 
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exchange at long-range. These calculations have been done using Gaussian 09 suite of 

programs. 

 The quasirelativistic pseudopotential augmented correlation-consistent polarized 

valence triple- (aug-cc-pVTZ-PP) basis sets based on the small core relativistic 

pseudopotentials (PPs) of Figgen et al., were employed for RG and CM. The bond length, 

interaction energy and spectroscopic constants were obtained and to reveal the nature of 

bonds, the NBO, QTAIM, and EDA analyses were carried out on the optimized structures.  

 

Results and Discussions  

We used CCSD(T) method and basis sets described above to perform single-point 

calculations for 30 internuclear distances ranging from 2.00 to 5.00 Å. After that we run 

geometry optimization and frequency calculation around the minimum point of potential 

energy surface and obtained the bond length (Re) and dissociation energy (De).   

 For CM- and CMº metal there are highly unintuitive trends in Reas Ng is changed, in 

that for each CM the equilibrium bond length decrease from Kr through to Rn, despite the 

concomitant increase in van der Waals radius with increasing atomic mass of RG. Such 

surprising trends have been previously observed for the complexes of CM with He, Ne and 

Ar. However for cationic metal (CM+) the expected trend of an increasing in Re with 

increasing atomic number in Ng is observed. The expected trend of an increase in De with 

increasing atomic number in Ng is observed for each metal, in the line with the trend of 

increasing polarizability of Ng atom and hence the increasing attractive dispersion forces. 

 The nature of CM–Ng bonds have been investigated by means of energy 

decomposition analysis (EDA) and NBO method. There are a number of effects that 

should be considered to discussed the nature of bond, dispersion interaction, sp 

hybridization and charge transfer. 
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Very recently new types of unconventional interactions reported in our research group 

[1-3]. The goal of the present review is presentation of important aspects of our 

achievements.  

 

Project 1: Unconventional H-bonds: SH···N Interaction [1]. 

 

Quantum calculations at the MP2/aug-cc-pVDZ level are used to analyze the SH…N 

H-bond in complexes pairing H2S and SH radical with NH3, N(CH3)3, NH2NH2, and 

NH2N(CH3)2. Complexes form nearly linear H-bonds in which the SH covalent bond 

elongates and shifts its stretching frequency to the red. Binding energies vary from 14 

kJ/mol for acceptor NH3 to a maximum of 22 kJ/mol for N(CH3)3 and N(CH3)2NH2. 

Analysis of geometric, vibrational, and electronic data indicate that the SH…N 

interaction involving SH is slightly stronger than that in which the closed-shell H2S 

serves as donor. 

 

Project 2: SH···N and SH···P Blue-Shifting H-Bonds and N···P Interactions in 

Complexes Pairing  

HSN with Amines and Phosphines [2]. 
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Quantum calculations at the MP2/aug-cc-pVDZ level examine complexes pairing 

HSN with aliphatic amines and phosphines. Complexes are cyclic and contain two 

attractive interactions.  The first is a SH···N/P H-bond in which the S-H covalent bond 

contracts and shifts its stretching frequency to the blue, more so for amines than for 

phosphines. The second interaction is different for the amines and phosphines.  The 

amines engage in a NH··N H-bond comparable in strength to the aforementioned 

SH··N interaction. In contrast, the second interaction in the phosphine complexes is a 

direct N··P attraction without an intervening H.  This interaction is due in part to 

opposite partial charges on the N and P atoms, as well as covalent forces generated by 

charge transfer effects. 

Project 3: Cooperative and Diminutive Unusual Weak Bonding In F3CX· · ·HMgH· · 

·Y and 

F3CX· · ·Y· · ·HMgH Trimers (X = Cl, Br; Y = HCN, and HNC)[3]. 

 

MP2 calculations with cc-pVTZ basis set were used to analyze intermolecular 

interactions in F3CX· · ·HMgH· · ·Y and F3CX· · ·Y· · ·HMgH triads (X = Cl, Br; Y = 

HCN, and HNC) which are connecting with three kinds of unusual weak interactions, 

namely halogen-hydride, dihydrogen, and σ-hole. To understand the properties of the 

systems better, the corresponding dyads are also studied. Molecular geometries, 

binding energies, and infrared spectra of monomers, dyads, and triads were 

investigated at the MP2/cc-pVTZ computational level. Particular attention is given to 

parameters such as cooperative energies, cooperative dipole moments, and many-body 

interaction energies. Those complexes with simultaneous presence of a σ-hole bond 

and a dihydrogen bond show cooperativity energy ranging between -1.02 and -2.31 kJ 

mol-1, whereas those with a halogen-hydride bond and a dihydrogen bond are 

diminutive, with this energetic effect between 0.1 and 0.63 kJ mol-1. The electronic 

properties of the complexes have been analyzed using the molecular electrostatic 

potential (MEP), the electron density shift maps, and the parameters derived from the 

atoms in molecules (AIM) methodology. 
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Introduction 

Intermolecular interaction plays a significant role in realizing the reaction selectivity, 

drug- receptor interaction [1]. Experimental studies of F2-rare gas are very limited 

because of spectroscopic technique are more difficult to apply to compound of F2 [2]. 

Symmetry adapted perturbation theory ሺSAPTሻ has been applied to compute the 

intermolecular potential energy surface (PES) of the He-F2 dimer. Ab initio 

calculations have been performed with the cc-pVQZ-F12 basis set. Our SAPT results 

indicate that the linear configuration is more stable than T-shaped form. The model 

which created by fuzzy method has been used to compute second virial coefficient.  

 

Computational method  

The SAPT interaction energy ൫E୧୬୲SAPT൯is calculated as follows:    E୧୬୲SAPT=E୧୬୲HF+E୧୬୲CORR                 

We used  the SAPT2 method in this study. For further information about SAPT, the 

reader is referred to the Refs. ሾ4, 5, 6ሿ. The coordinate system of He-F2 is indicated in 

figureሺ1ሻ .We used 714 points to modeling PES which consist of 21 and 34 for ߠ and 

R, respectively in r =1.412 Å. 

                                                  
                                         Fig (1) The coordinate    system of  He-F2 
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Results and discussion 

The resulted energies in this research and in two previous researches are compared in 

Table (1). Fuzzy method applied to create our model in MATLAB (2009a) program 

which expansion as: 
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Table(1)   Interaction energies (μHa)  of our works vs others 

 

Our model has a good coefficient correlation (0.99998). The second virial coefficient 

at temperature T calculated by following formula ]}/),(exp[1{)(
0012 kTRVNTB A 


 


The 

result of second virial coefficient which report for first time is shown in Fig(2). 
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Introduction 

Electron density based characterization of chemical bonds is one of the most accepted 

methods in electronic structure analysis, such as quantum theory of atoms in molecules 

(QTAIM) [1,2]. Critical points (CPs), points at which the first derivatives of electron 

density vanish, play important role in the characterization of electron density topology 

in QTAIM. 

According to QTAIM, an interatomic interaction can be characterized via the 

corresponding bond critical point (BCP). In the present work we wish to explore 

properties of the electron density topology provided by the molecular π system and 

show how it can be useful for characterization of π bonds in planar molecules. 

 

Methods 

The molecular geometries and electronic wave functions are optimized using HF/6-

311++G** theoretical level, utilizing Gaussian 03 suite of programs [3]. Frequency 

analysis is also performed to make sure that the geometries are minimum structures. 

AIM2000 package [4] is also employed in order to detect and visualize the CPs and 

BPs corresponding to molecular π systems. 

 

Results and discussion 

Fig. 1 compares the bond paths of ethylene due to σ molecular graph as conventional 

QTAIM, with π bond paths according to the present work which only considers the 

electron density originated from π orbitals.  
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Fig. 1. a. Conventional QTAIM molecular graph for ethylene representing σ-skeleton. b. π molecular graph (the 

present work). 

 

According to Fig. 1b, the C-C π bond for ethylene, is composed of four 

attractors on the top and bottom of either nuclei, two BCPs at the middle of π bond, 

and two curved bond paths. The two attractors on either side of the nuclei are a result 

of two local maxima in the density of p atomic orbitals perpendicular to the molecular 

plane. 

Table 1. Chemical Structure of the molecules and the corresponding values of BCP  and BCP
2  for the 

illustrated BCP. 

 

 

 

 

Table 1 shows the BCPs of π system of 1,3-butadiene (II); and their corresponding 

electron density ( BCP ) and Laplacian ( BCP
2 ) values. Although the bond connecting 

second and third carbons is formally a single bond, the π graph shows a continuous π 

bonding which is in agreement with π delocalization in this and similar conjugated 

molecules. According to Table 1, BCP
2  is positive for formally single bonds in V 

  
BCP  

BCP
2

 
I  0.060  – 0.184 

II 
 0.059 

0.023 
 – 0.180 

– 0.004 

III 

 0.059 
0.024 
0.058 
0.025 
0.057 
0.025 

 – 0.176 
– 0.008 
– 0.168 
– 0.012 
– 0.164 
– 0.012 

IV 

 0.059 
0.023 
0.058 
0.024 
0.057 
0.024 

 – 0.176 
– 0.008 
– 0.168 
– 0.008 
– 0.164 
– 0.012 
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while they are negative in II-IV, which shows that the π bonds in V are less 

delocalized than the other two types of polyenes. 

 

Summary and concluding remarks 

The electron density due to π system can be characterized via QTAIM concepts and 

definitions. To accomplish this, BCP can be generalized to π electron density; and π 

delocalization/localization phenomena could be obviously detected on the basis of π 

electron density and its Laplacian at the BCPs.  
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Introduction   

 Measurement of dihedral angles is essential in many investigations such as 

secondary structure determination of proteins. Using Karplus relation and empirical J-

coupling constant values is common approach in the estimation of dihedral angles but 

determination of the adjustable parameters of the Karplus curve is complicated by 

serious difficulties especially for macromolecules [1]. Theoretical calculations can be 

a reasonable alternative when experiment is not able to solve the problem. Calculated 

NMR chemical shift values directly depend on geometrical structure [2,3] then they 

rely on  dihedral angles. The main aim of the present contribution is to obtain a new 

approach in determination of dihedral angles. Accordingly, dependency of calculated 
1H and 13C NMR chemical shifts to dihedral angles were considered for alkanes and 

amines as model compounds and the optimum dihedral angles were determined. The 

results of this work are promising and indicate that this approach can pave the way for 

subsequent investigations.  

 

Methods   

 Ten various molecules of alkanes and amines were selected and 37 

conformations of each compound were considered using different C-C-C-C and C-C-

N-C dihedral angles (-180 to 180) for alkanes and amines respectively.  1H and 13C 

nuclear magnetic shielding constants were calculated using gauge-independent atomic 

orbital (GIAO) method and different level of theory. 1H and 13C chemical shifts δ, 

were referred to TMS, using corresponding shielding calculated at the same theoretical 

levels. Chemical shifts were calculated and their differences with the experimental 
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ones were obtained. Chemical shifts deviation values ∆δ (theoretical- experimental) 

were plotted to the dihedral angles. The structures of all compounds selected for this 

work were optimized using density functional theory (B3LYP) and a diffuse wave 

function (6-311+G(d,p)). The polarizable continuum model (PCM) was also applied to 

optimize structure and to calculate 1H and 13C chemical shifts in solution phase. The 

Gaussian 98 package [4] was used to perform all the calculations, and the experimental 

values of gas and solution phase chemical shifts were reported in reference 5 and 6 

respectively. 
 

Results and discussion  

 Figure 1 demonstrates the variation of ∆δ to the dihedral angles for pentane and 

N,N-dimethylethylamine as sample molecules. Gas phase 13CNMR chemical shifts of 

pentane were computed at B3LYP/6-311+G(d,p) and B3LYP/6-311G levels of theory. 

Deviations of calculated chemical shifts were plotted to the variation of dihedral 

angels (-180 to 180). As it can be observed in figure 1-A, the curves appear with some 

minimum and maximum points that the minimum ones belong to the best dihedral 

angles. Using B3LYP/6-311+G(d,p) and B3LYP/6-311G to calculate chemical shifts 

results in similar plots and the minimums of two plots appear exactly at the same 

points (dihedral angles). It means variations of ∆δ are independent of calculation level 

of theory and this characteristic makes using the method for large molecules possible. 

Accordingly, to find the optimum structure, high calculation level of theory is not 

required and the increase of calculation level of theory improves only the results.  
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Figure 1 Comparison of variation of ∆δ to the dihedral angles at two levels of theory for A: pentane,  

B: N,N-dimethylethylamine  

The same procedure was utilized to compare chemical shifts calculation in solution 

phase with gas phase. Therefore, 13CNMR chemical shifts of N,N-dimethylethylamine 

were calculated using PCM method at B3LYP/6-31G(d,p) level of theory in CDCl3 

solution. Figure 1-B shows using PCM method to calculate 13C chemical shifts only 

improves the results, and the minimum and maximum points of two plots appear 

exactly at the same points (dihedral angles). The same results in calculation of 

chemical shifts of all 10 compounds were observed and this indicates reliability of the 

method. Moreover, based on the above method, the optimum dihedral angles were 

found for 10 alkanes and amines; 1H and 13CNMR chemical shifts were calculated 

using the optimum structure and B3LYP/6-311+G(d,p) level of theory. The calculated 

chemical shifts have excellent agreement with experimental values. The Root Mean 

Square deviations, RMS, and correlation coefficient for 1HNMR chemical shifts 

calculation are 0.09 and 0.9974, and for 13CNMR chemical shifts calculation are 1.01 

and 0.9999 respectively. These statistical data also confirm this presented method is 

reliable for dihedral angles determination.   
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Conclusion  

 The main aim of the present work is developing a theoretical method for the 

determination of dihedral angels.  Accordingly, variations of ∆δ to the dihedral angles 

were considered and optimum dihedral angles were determined for different 

molecules. Variations of ∆δ are independent of calculation level of theory and this 

characteristic makes using the method for large molecules possible.  
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Introduction 

Reverse nonequilibrium molecular dynamics (RNEMD) simulation technique has 

been applied to study the thermal conductivity of polyamide-6,6 (PA-6,6) confined 

between graphite surfaces. For this purpose, equilibrium MD simulations are 

performed in the isosurface- isothermal-isobaric ensemble (NAPT) [1]. According to 

this approach coupling of the system to a heat bath with a fixed temperature T0 is 

done by scaling of velocities. Coupling to a constant pressure bath can also be 

accomplished according to the similar method. The pressure change can be 

accomplished by scaling the z-coordinates of all particles per time step.  

In this work, this method has been employed to perform equilibrium MD simulations 

of PA-6,6, in equilibrium with the bulk sample. 

 

Method 

To calculate the thermal conductivity of nanoconfined polymer, the simulation box 

in the direction of confinement is divided into a number of slabs and energy is 

transferred unphysically between the first (coldest) and the last (hottest) slabs [2]. 

The heat flux is generated by exchanging the velocity vectors of an atom in the cool 

slab and one in the hot slab. According to this method energy is transferred 

unphysically between coldest and the hottest slabs. The thermal conductivity can be 

calculated as: 
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Where t is simulation time, the subscripts h and c refer to the hot and the cold 

particle of identical mass m whose velocities are interchanged. Lx and Ly , are the 

box lengths in x and y directions respectively, the factor of 2 in the denominator 

arises from the periodicity of the arrangement. 

Results 

In the steady state, the energy transfer imposed by the unphysical velocity exchange 

is exactly balanced by the heat flux in the opposite direction effected by the thermal 

conductivity of the system. Therefore, linear temperature profiles are expected in the 

steady state. Shown in Figure 1 is a typical linear temperature profile (at a velocity 

exchange period of 50) across the pore.  

 
Figure 1. Temperature profiles in the RNEMD simulation of PA-6,6. 

 

The results of this study show an increase (by a factor of 2) in the thermal 

conductivity in the pore with respect to the bulk polymer.   

 

Conclusion 

The RNEMD technique is employed to calculate the thermal conductivity of 

nanoconfined PA-6,6 oligomers, confined between graphene surfaces. For this 

purpose, equilibrium molecular dynamics simulations are performed in NAPT 

ensemble. Our results show that by applying RNEMD method to exchange the 

velocities, linear temperature profiles are obtained. The thermal conductivity can be 
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calculated by knowing the amount of energy transferred and the slope of linear 

velocity profiles. Our results show that the thermal conductivity increases with 

decreasing the pore size. 
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Abstract 

In this paper ionic conductivity of electrolyte in Li-ion batteries has been modeled. 

According to the classical one dimensional Nernst-Planck method, under neutrality 

condition, it is possible to simplify the complicated system of equation to simpler 

diffusion equations. At the end, complete information about electrolyte behavior in 

steady and transient state, like potential gradients and diffusion/ migration fluxes of   ݅ܮା, PFି   is given. 

 

Introduction 

Light Li-ion batteries are used for high power applications, because they have 

combined high energy density with low discharge rate and long cycle life. 

Simulating discharge curves of Li-ion batteries was first done on the basis of Newman 

theory of porous electrode, at 1980. According to microscopic description of physical 

and electrochemical process occurring in the system, equivalent electronic network 

models have been presented [1]. 

Simulation results agree completely with the experimental results. Properties of ion 

transfer in organic electrolyte like migration and diffusion processes has been 

described in detail [2, 3].New experimental results have shown that energy loss in Li-

ion batteries is because of limited ionic conductivity and it has negative effect on 

batteries performance. Up to now, exact information about limitations of electrolytes 

in batteries has not yet been achieved. 
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Theoretical Model: 

Nernst-Plank equation states the fluxes of ions in the electrolyte according to: J୨ ൌ −D୨ ∂c୨∂y − z୨FRT D୨ c୨  ∂φ∂y    
And by using Maxwell equation and considering these assumptions: 

 Iሺtሻ ൌ  IL୧C୭Oమሺtሻ ൌ −IL୧Cలሺtሻ 

 cሺy, tሻ ൌ cL୧శሺy, tሻ ൌ cPFలషሺy, tሻ   
 ଶD ൌ   ଵDLశ + ଵDPFలష 

At the end, by simplifying and solving the equations we will reach the following 

equation: 

 பୡப୲ ൌ ଶDLశDPFలషDLశାDPFలష பమୡப୷మ 

 Eሺy, tሻ ൌ RTF ଵୡ ൜ Iሺ୲ሻଶFADLశ + ൫tL୧శ − tPFలష൯ ൈ பୡப୷ − Iሺ୲ሻଶFADLశ൨ൠ 

 J୲୭୲ሺy, tሻ ൌ J୧୫୧ + J୧ୢ ୧ ൌ −D୧ பୡப୷ + FRT D୧c. E  
 ߟሺݐሻ ൌ ோி் ݊ܮ ቀሺ,௧ሻሺ,௧ሻቁ −  ,ݕሺܧ ݕሻ݀ݐ  

Concentration, electric field, ionic fluxes and over potentials profiles calculated by  

 

MATLAB: 

Development of concentration profile by MATLAB, and difference steps by changing 

position to 
Lଶ and time steps are all calculated for Sony Li-ion battery (CGR17500) [3] with 

capacity of 720mAh  and using LiPF  as conductive ionic salt. 
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Introduction 

Room temperature ionic liquids (RTILs) are molten salts whose normal melting 

points are below 100 °C. These substances have received a lot of attention within the 

past decade due to their unusual properties, which open up new applications as 

solvents and catalysts in synthesis, extraction, and electrochemical processes. [1,2]  

The purpose of present study is the simulation of bulk and liquid/vapor interface of 

1-alkyl-3-methylimidazolium iodides [Cnmim]I by classical molecular dynamics to 

demonstrate the molecular orientation in bulk and at the surface, where n=4,6 and 8. 

Methods 

The intramolecular force used for the simulation of [Cnmim]I is in from of 

systematic all atom force field developed by Lopes et al. [3]. For each liquid system, 

a single ion pair was replicated 8×8×12 to obtain a simulation box containing 768 

ion pairs. Relaxation of the geometry through energy minimization was carried out, 

followed by MD simulations under constant NPT and NVT conditions respectively, 

for the bulk and liquid/vapor interface. The equations of motion were solved using 

Verlet-Leapfrog integration algorithm. The temperature of the system was increased 

up to a final value of 358 K and the system was equilibrated for 1 ns. Then the 

temperature of the system was decreased to 298 K in the interval of 10 K. The 

duration of simulation at each temperature was 500 ps. 

The density profiles are calculated using the average density of constituting atoms at 

any point along the axis of the normal to the slab surface, the z-direction. Radial 
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Distribution Functions (RDF) between different atoms have been used to 

characterized the bulk structure of these ILs. 

 

Results and Discussion  

The differences in physical and chemical properties of ILs arise from their structural 

details. Therefore, the characteristics of the 1-Alkyl-3-methylimidazolium iodides 

have been studied by MD simulation. Figure 1 typically shows atomistic RDFs 

between different atoms of the cation and the anion of [C4mim]I. The height of the 

first peak in the case of C6-I interaction is relatively higher than other peaks. The 

correlation of interaction between C2 and anion is relatively high. From further 

comparison of other peaks, the proposed relative position of the anion and cation in 

the bulk of [C4mim]I is shown in Figure 1. This structure is comparable with the 

results of gas phase ab initio calculations (Figure 2). Hydrogen bond formation 

between the hydrogen of the ring and iodide anion could be predicted from the 

height of RDFs in Figure 3. 

Values of equilibrium distances according to the g(r)’s first peak position r1 are 

listed in Table 1 and compared with the results of ab initio  molecular dynamic 

simulation, CPMD [4]. 

 Table 1: The average equilibrium distance r1 between the anion and particular atom on the [C4mim] 

imidazolium ring compared with Ref [4]. 

atom C2 C4 C5 C6 C7  C8 C9 C10 
r1 (Å) 3.82 3.93 3.93 3.98 3.98 4.08 4.19 4.29 
r1 
(Å)[4] 

3.25 3.78 3.85 3.63 3.56    

 

The sketch of the density profiles of atoms are shown in Figure 4.  It can be seen that 

the butyl group tends to stick out into the vacuum phase, and the methyl group is, on 

average, on the liquid side of the interface. In particular the relative position of the 

molecule can be understood based on the understanding of alkyl and methyl group 

positions. In the vapor side of the Gibbs dividing surface the anion bears a negatively 

in excess. Conversely in the liquid side, the anion distinctively is positively in 

excess.  
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         Figure 1: RDFs for [C4mim]I molecules.                  Figure 2: The optimized gas phase structure of 

the [C4mim]I ILs obtained at B3LYP/6-

311++G** level of theory. 

                    Figure 3: RDFs betw
                  hydrogen of the ring.                                                    region for [C4mim]I. 
                                        

Conclusions 

From these and more detailed considerations it can be concluded that in the vapor 

side, the alkyl group is pointing to the surface, and the imidazolium ring and the 

anion tend to the liquid side of the interface. 
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Introduction 

The diffusion of guest molecules inside the nanometer-scale pores of zeolite controls 

the performance of zeolites in many applications of these materials for chemical 

separations and catalysis.[1] Beta-zeolite represented the first high silica zeolite 

(Si/Al=10-100) synthesized and it has superior thermal and acid stability. The 

structure of Beta-zeolite consists of intersecting 6.5×5.6 and 7.5×5.7 Å2 channels. 

The most straightforward way is to compute a diffusion coefficient of an adsorbed 

molecule directly from a MD simulation.[1] The aim of this study is to understand the 

effects of the temperature and loading on the dynamics behavior and the guest 

diffusion in Beta-zeolites. In this study, self-diffusion coefficients, adsorption 

energies, and activation energies of benzene gases molecules in Beta-zeolite with 

BEA code and Si64O128 chemical formula has been studied by MD simulations.  

Keywords: MD simulation, Beta-zeolite, Benzene, Diffusion, Adsorption energy. 
 

Computational and Methodology 

The nine-site benzene model of Zhao et al. has been used to study the adsorption of 

benzene in Beta-zeolite[2] The intermolecular van der Waals potentials between 

atoms i and j on different molecules are considered to be the sum of Lennard-Jones 

(LJ) 12-6 and electrostatic point charge potentials centered on the atoms. To 

equilibrate the initial configurations, NVT MD simulations with the Nosé-Hoover 

thermostat-barostat algorithm have been performed on a periodic 333 (a = 12.6 Å, 

c = 26.2 Å) replica of the tetragonal unit cell with the DL_POLY molecular 

dynamics program version 2.15. The simulations have done at a range of 

temperatures between 300 and 1000 K, at ambient pressure and at a loading 1, 2 and 
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3 of guest molecules per unit cell. To obtain the mean-square displacement and 

diffusion coefficient, NVE simulations were performed for a minimum total 

simulation time of 500 ps, starting with configurations equilibrated by the previous 

NVT runs. The self-diffusion coefficient values of benzene in BEA zeolite are 

obtained from the slopes of the mean square displacement (MSD) versus time plots 

at different temperatures using the Einstein relation, [3] 












N

i
ii

t
rtr

dt

d

N
D

1

2
)0()(lim

6

1
   

where N is the number of diffusing molecules of type  , )0(ir and )(tri  are the 

location of the center of mass of molecule i at time zero and t, respectively. The 

adsorption energy for the BEAs with n benzenes molecules per unit cell is defined 

as,  

)()()( guestsBEAguestsBEAadsorption nEEEE      

where )( guestsBEAE   and )(BEAE  have been obtained from MD simulations and Egas 

has been calculated by Egas = 3nRT/2. The activation energies corresponding to the 

self-diffusion processes have been evaluated from the Arrhenius relation. 

 

Results and discussion 

The MSDs for center of mass of benzene in BEA were calculated at different 

loadings and at different temperatures in the range of 0–500 ps. At all of these 

loadings, the MSDs increase with temperature. The diffusion coefficients have been 

calculated from the Eq.(1) and given in the Table 1. As can be seen from the table, 

the diffusion coefficients increase as the temperature is increased, due to the increase 

of mobility of particles by increasing of temperature. The adsorption energies of 

guest molecule at different temperatures have been calculated from the Eq.(2) and 

given in the Table 1. The adsorption energies decrease with temperature for the 

increase of kinetic energy of the molecules. 
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T (K) 300 400 500 600 700 800 900 1000 

)(10 128   smD  

0.54 0.83 1.18 2.73 2.91 3.07 4.65 5.12 

)( molkJEadsorption  -40.7 -38.3 -35.8 -33.4 -30.9 -28.5 -26.0 -23.6 

Table 1: Diffusion coefficients and adsorption energies calculated for benzene in Beta-zeolite at loading 1 and 

at different temperatures. 
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Abstract  

Isobaric vapor-liquid equilibrium (VLE) measurements are reported for binary mixtures of 

Ethylenediamine (EDA) + Water at some subatmospheric pressures from 37.75 to 71.08 kPas. 

The data were obtained using an ebulliometer (modified Kojima's) equilibrium still. The 

mixtures, which deviate negatively from ideal behavior do form any azeotrope. The values of 

activity coefficients and excess Gibbs free energy has been calculated from the experimental 

data. The values of Wilson parameters (Aij) have obtained by the Wilson model that satisfy to 

pressure changes.  

  

Keywords: Ethylenediamine, VLE, Wilson parameters, Azeotrope, Excess functions.  

  

Introduction  

 The distillation is a process very used in the separation and purification of organic 

compounds. To be able to design the distillation columns appropriately is essential to have the 

information on the VLE of the systems implied. This information involves isobaric 

equilibrium data as well their variation with the pressure. Unfortunately, VLE data frequently 

are not available at different pressures. Determination of these VLE data constitutes an 

interesting investigation work. In this work we studied EDA + water binary system; among to 

industrial usage of EDA. We correlate wilson parameters (Aij) [1] to pressure. 

  

Experimental section  

1. Chemicals  

 Analytical-grade EDA, supplied by the Merck chemical company.  

2. Experimental apparatus and procedure  
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 An ebulliometer (modified Kojima's), shown in figure 1 was used to measure the 

equilibrium temperatures and pressures. A standard electronic thermometer was employed to 

measure the equilibrium temperature of the system. About 60 cm3 of a liquid mixture of 

known composition was put into the ebulliometer. The ebulliometer was connected to a 

vacuum system and was sealed. After several times, the pressure was first reduced to the 

desired point with the help of a vacuum pump. Then the pressure was kept constant and the 

mixture in the ebulliometer was heated slowly. When the temperature and the amount of 

reflux drops  reached stability for more than 5 min, the corresponding temperature and 

justified pressure were recorded. Samples of vapour and liquid phases analyzed by 

refractometer to determining mole fraction of mixture. Figur 2 shows the calibration curve for 

binary system of EDA + water.  

3. Results and discussion  

  
Fig. 1- Ebulliometer  

  

 
Fig. 2- Calibration curve for nD=f(x). Refractivity index determines mole fraction.  

  

Fig. 3 shows that we have no conflict to y=f(x) curve; this means EDA + water binary system 

has no azeotrope.  

 
Fig. 3- Mole fractions of vapour vs. liquid of EDA.  
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Fig. 4- |y-x| vs. x curve.  

We calculate activity coefficient by Antoine eq.[2] logp=A+B/(T-C) and 1=y1 We calculate 

activity coefficient by Antoine eq.[2] logp=A+B/(T-C) and 1=y1 psat/x1p and so on for 2. 

We will have GE/RT=-x1ln(x1 +A12x2)-x2ln(x2+A21x1), ln1 =-ln(x1+A12x2)+x2 (A12/ 

(x1+A12x2)-A21/(x2+A21x1); ln2=-ln(x2+A21x1)+x1(A12/(x1+A12x2)-A21/ (x2+A21x1). 

The samples, deviate negatively from ideal behavior. 

 
Fig. 5- Wilson parameters (Aij) vs. pressure changes.  

 
Fig. 6- TSE vs. mole fraction.  

 
Fig. 7- HE vs. mole fraction.  
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Fig. 8- GE vs. mole fraction 

References:  

[1] Grant M. Wilson," A New Expression for the Excess Free Energy of Mixing", J. Am. 

Chem. Soc., 1964, 86 (2), 127-130.  

[2] V. K. Rattan, Baljinder K. Gill, Seema Kapoor,"Isobaric Vapor-Liquid Equilibrium Data 

for Binary Mixture of 2-Methyltetrahydrofuran and Cumene" Proceedings of world academy 

of science, engineering and technology, vol. 30, 2008 ISSN 1307-6884.  

0

0.5

1

1.5

2

0 0.2 0.4 0.6 0.8 1
X

G
E

P=71.08 kPas

p=64.41 kPas

p=57.75 kPas

p=51.08 kPas

p=44.41 kPas

p=37.75 kPas



14th Iranian Physical Chemistry Conference 
   University of Tehran, Kish, February 25-28, 2011  

  
 

73 

Growth of carbon nanostructures upon different substrates by thermal 

chemical vapor deposition method 

 

Z. Haghparast*a, F. Bisepara and Sh. Moradib 

a Department of Chemistry, Science and Research Branch, Islamic Azad University, Tehran, Iran 

(Email:zhaghparast_tmu@yahoo.com) 
b Department of Chemistry, Tehran North Branch, Islamic Azad University, Tehran, Iran 

 

INTRODUCTION 

High yield CNTs synthesis is desired for many composite materials and mechanical applications due to their 

high strength and light weight [1-3], that also have very promising applications in electronics, such as super-

capacitor electrodes [2, 4]. 

Various methods have been used to grow both SWCNTs and MWCNTs, in clouding arc-discharge [5, 6], laser 

vaporization [7], and CVD [8]. The CVD method has many advantages over other methods, since the CNTs can 

be synthesized with high purity and yield, selective growth and well-alignment [9, 10].  

TCVD is preferred due to its simplicity and low cost production of nanomaterials for future industrial 

applications [11]. However, most of these studies are based on an empirical optimization of growth conditions 

and a systematic investigation is still needed for a better understanding about the effect of different experimental 

parameters (e.g. substrate, catalyst and gas composition) on the extended of  growing [12]. Among the growth 

methods, TCVD allows the production of CNTs film vertically aligned on predeposited catalyst pads on large 

scale and good uniformity. In general the synthesis of aligned CNTs via TCVD is based on the decomposition of 

hydrocarbon gas molecules (CH4, C2H2, CF4, …), at relatively low temperatures (500-1000 °C), on the surfaces 

catalyzed by transition metals, like Fe, Ni, Co and Cu followed by bulk or surface diffusion of carbon on the 

catalyst particles [13, 14]. Many researchers have also found that the substrate could affect the growth of CNTs 

in TCVD process [15-18]. 

In the present study, we try to grow the carbon nanostructures such as MWCNTs, nanofibers, nano crystalline 

diamond on the stainless steel, brass, Cu and Al as substrates by TCVD method. 

 

EXPERIMENTAL 

 Substrate preparation 

Stainless steel, brass, Cu and Al plates were prepared into 20 × 25 mm2 rectangular pieces and 

used as substrates for growing CNTs. Polishing of substrates was done mechanically with 

sandpaper in order to remove contaminants and stains of the surface. By emission spectroscopy 

(ARL 3460/451) image, the elementary analysis of stainless steel as Fe alloy, brass as Cu alloy, Cu and Al can 

be achieved. The results are shown in Table 1. 
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Table 1. Elementary analysis of Stainless Steel, Brass, Cupper and Aluminum by emission spectroscopy method 

Stainless steel Brass Cupper Aluminum 

Component Percentage Component Percentage Component Percentage Component Percentage 

C 0.014 Pb 0.018 Sn 0.002 Si 0.133 

P 0.027 Fe 0.029 Zn 0.009 Fe 0.372 

Mn 1.394 Ni 0.058 Pb 0.014 Cu 0.077 

Ni 7.951 Al 0.001 Fe 0.001 Mn 0.038 

Cr 18.174 P 0.002 Ni 0.032 Mg 0.022 

Mo 0.235 Si 0.001 Al 0.003 Zn 0.012 

Sn 0.011 Zn 32.378 P 0.001 Ti 0.003 

Co 0.163 Sn 0.001 Si 0.001 Cr 0.002 

Al 0.011 Mn 0.003 Mn 0.005 Ni 0.002 

B 0.000 Bi 0.001 Cr 0.004 Pb 0.001 

Si 0.491 As 0.002 Mg 0.001 Sn 0.002 

S 0.007 Cu 67.51 As 0.00 Na 0.000 

Nb 0.005   Cu 99.92 B 0.001 

Fe 71.10     V 0.002 

V 0.069     Be 0.000 

Cu 0.278     Cd 0.002 

W 0.067     Li 0.000 

Ti 0.006     Al 99.33 

 

Substrate activation 

All of prepared substrates were cleaned under ultrasonic irradiation in three-consecutive steps by deionized 

water, ethanol and acetone for 10 minutes that followed by rinsing with deionized water. 

Substrate etching 

Prepared stainless steel were etched by fresh etchant of 15 ml HNO3 (64%), 15 ml HCl (37%) and 7 ml CH3OH 

(99%). It was immersed in the etchant up to 40 seconds. The etchant of 50 ml H2O and 50 ml HNO3 (64%) was 

used for etching of the brass and Cu samples up to 5 seconds. The etchant of HF solution (30%) was used for 

etching of Al samples up to 8 seconds. HNO3, HCl, HF and CH3OH were purchased from Merck's company and 

use without further purification. 

Substrate Sputtering 

A thin film of Cu as catalyst was deposited on the prepared stainless steel, brass, Cu and Al as substrates. All 

deposition was performed by a DC magnetron sputtering system under 4 × 10-2 Torr pressure at room 

temperature for 15 second. 

TCVD method 

After Cu deposition, the samples were placed on a ceramic boat and loaded into a quartz tube of 100 mm inner 

diameter with heating furnace at atmospheric pressure. Temperature of the samples was ramped up to 150 °C for 

15 min  with a flow of Argon gas (80 sccm) for 10 min, then from 150 °C to 350 °C with mixed flow Argon gas 

(80 sccm) and H2 (20 sccm) for 20 min. After stabilizing the temperature at 350 °C for 30 min, then, the furnace 

temperature was reramped to 550 °C with a flow of Argon gas (80 sccm) and H2 (20 sccm) for 30 min. After 
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stabilizing the temperature at 550 °C, C2H2 gas (20 sccm) was introduced into the quartz tube for 45 min for 

CNTs growth. Finally, Argon gas (80 sccm) was introduced to cool the samples to the room temperature.  

The morphology and structure of the as-prepared samples were examined by SEM (Philips XL30). 

 

RESULTS AND DISCUSSIONS 

Fig. 1 The AFM images show 3D projection of different substrates surfaces after sputtered nano thin layer of Cu 

on stainless steel (Fig. 1a) with  8.97Å roughness, brass alloy (Fig. 1b) with 35.14Å roughness, Cu (Fig. 1c) with 

10.39Å roughness and Al (Fig. 1d) with 18.83Å roughness. 

 
 Fig. 1. 3D projections of stainless steel/Cu (a), brass/Cu substrate (b).Cu/Cu (c) and Al/Cu (d) after sputtering. 

 

Fig. 2 represents the SEM photographs of carbon nanostructures grew on the stainless steel, brass, Cu and Al 

substrates. Fig. 2 (a) shows some nanostructures such as MWCNTs, SWCNTs, bundle, nano wall and 

amorphous carbon that formed on stainless steel as substrate. The diameters of MWCNTs are about 24 nm and 

SWCNTs are about10 nm. Fig. 2 (b) reveals that different kind of CNTs such as MWCNTs (30-50 nm), nano 

crystalline diamond (10-30 nm), amorphous carbon, roped (70-80 nm) structures with different sizes have grown 

on brass substrate. Fig. 2 (c) shows some nanostructures such as nano wall, MWCNTs, bundle, nano sheet and 

amorphous carbon that formed on Cu as substrate. Fig. 2 (d) shows some nanostructures such as SWCNTs and 

nano sheet that formed on Al as substrate. 

 

 
Fig. 2. SEM images of grew carbon nanostructures: (a) on the stainless steel/Cu, (b) on the brass/Cu, (c)on the Cu/Cu, (d) on the Al/Cu 

substrate. 
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It seems, the above different behavior comes from may be due to the kind of the substrates (stainless 

steel, brass, Cu and Al), and also, from etching effect and interaction between substrate and catalyst (Cu). Ward 

et al. Indicated that the ideal substrate for SWNT growth is a spun-on alumina film, while, single crystal 

substrates promoted the growth of mixed SWNTs and MWNTs [19]. On the other hand, some previous reports 

have been shown that etching time and species have important roles in some growth characteristics of CNTs 

such as density (yield) and diameters [20, 21].  

CONCLUSION 

Carbon nanostructures were synthesized from acetylene and hydrogen directly on the prepared stainless steel, 

brass, Cu and Al substrates by TCVD method. It was found that pretreatment of the substrate surface is very 

important for successful nanostructures synthesis. We observed different kind of morphologies and 

nanostructures, with different yield and length of CNTs using SEM. SEM observations conformed that there are 

a very kind of nanostructures on to these substrates but not the same. In addition MWCNTs yields and lengths 

respect to four these substrates. It seems that the stainless steel, brass and Cu substrates are better than the Al 

substrate for growing the nanostructures. Never the less, we suggest that Si/SiO2 can be replaced with stainless 

steel and brass as substrate in practical applications. 
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Introduction 

The study of reactions of radicals is very important because there are a lot of kinds of 

radicals in atmosphere and installer, so in this investigation we are studied reactions of 

some hydrocarbons with H, D and CD3 radicals. The kinetics and mechanism of these 

reactions have been investigated theoretically on adiabatic surfaces. Considering to, 

radicals approached to which direction and atom of molecules, there are 10 possible 

channels for these reactions. The possible mechanisms which are studied in this article 

are shown below.  

CH3CH2  + H2 (P1) R1
k1

CH4 +  CH3 (P2)      R2
k2

CH3D  +  CD3

CH3 + CD4 (P3)     R3

CH2D + CD3H (P4)  R4

k3

k4

CH3CD3 +  D (P5)    R5

CH2DCD3 +  H(P6)  R6

k5

k6

CH3CH3  +H

CH3CD3 +  D

CH3CD2 + D2 (P7)  R7

CH2CD3 + HD (P8)  R8

k7

k8

CH3 + CD4 (P9)       R9

CH3D +  CD3 (P10)  R10

k9

k10

 

 

Computational Details  

Ab initio calculations were carried out using the Gaussian 03 program. The geometries 

of all the stationary points were optimized at the MP2 [1] and MPWB1K [2]  levels, 

and single point calculations on the optimized MP2 geometries at the CCSD(T) level 

with the 6-311++G(d,p) basis set were carried out. All dynamics calculation were 

performed by VTST/MT using the MPWB1K level with the 6-311++G(d,p) basis set 

to build the potential energy surface, calculations were performed using 

GAUSSRATE9.program. The minimum energy paths were searched from 4.0 bohr 

inside the reactants valley up to 4.0 bohr inside the product valley using the step size 
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of 0.02 bohr. The Hessian calculations were performed at 0.2 bohr intervals. Page-

McIver algorithm was used to follow minimum energy path (MEP), it has performed a 

generalized normal mode analysis projecting out frequencies at each point along the 

path. With this information, we can calculate both the vibrational partition function 

along the MEP and the ground state vibrationally adiabatic potential curve. It was used 

a method based on VTST [3] method to calculate the rate constants for reactions R1 to 

R10. Variational effects were incorporated by the canonical variational transition-state 

theory (CVT), in which the flux is minimized for a canonical ensemble. The CVT rate 

constant, kCVT(T), at temperature T, can be obtained as the minimum of the generalized 

transition-state theory rate constant, kGT(T, s), as a function of s, that is, 

 )(exp
)(

),(1
),(min)( *

* CVT
MEPR

CVTGT
GT

s

CVT sV
TQ

sTQ

h
sTkTk 


   [4] where s is the arc along the MEP 

measured from the saddle point; CVTs*  is the value of s at which ),( sTk GT has a minimum: 

  is the symmetry number, )( *
CVT

MEP sV  is the classical MEP potential at CVTss * ; and 

),( *
CVTGT sTQ and )(TQ R are the internal partition functions of the generalized transition 

state at CVTss * and reactants, respectively.  

 

Results and discussions 

Variation of the vibrationaly adiabatic ground state potential ( )(sV G
a ), minimum energy 

path potential, VMEP and Zero Point Energy (ZPE)(see figure 1) for all reactions have 

calculated. We have also monitored variations of the normal mode vibrational 

frequencies along the MEPs and curvature parameter of the reaction paths )(sBmF   for 

these channels. All of the result will be reported in the conference, including rate 

constants, preliminary investigations of tunnelling effect, kinetic isotope effect, and 

thermally averaged transmission probability. 
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Figure 1. Ground-state vibrationally adiabatic potential )( G

aV , potential minimum energy path (VMEP) and zero 

point energy (ZPE), for the R1 reaction (solid line), R7 reaction (dash line) and R8 reaction (dot line). 
 
Keywords: Tunneling, Isotope Effects, Minimum Energy Path, Adiabatic Surfaces 
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Given the capital demands for environmentally favorable processes as well as 

industrial tendency for sustainable technology, one of the active research areas 

nowadays is exploring ionic liquids (IL) as green solvents for removal of CO2 and H2S 

acid gases in the course of natural gas sweetening processes [1]. In this lecture the 

results of the measurement of the solubility of H2S in a series of 1-alkyl-3-

methylimidazolium–based ionic liquids ([Cnmim][X]) with methylimidazolium cation 

containing a simple alkyl group of different chain lengths (n = 2 – 8) or a 2-

hydroxyethyl substituent and simple anions as well as those containing fluorine, at 

temperatures ranging from (303.15 to 353.15) K and pressures under 2.0 MPa is 

presented [2-7]. The solubility data were correlated using two models: the Pitzer’s 

model (γ – φ approach), and a generic Redlich–Kwong equation of state (φ – φ 

approach) [8]. Henry’s law constants and the partial molar thermodynamic functions 

of solution were estimated at different temperatures from the obtained experimental 

data. The results were compared with previously reported experimental data for other 

H2S/IL and also CO2/IL systems [4,9], which shows that the solubility of H2S is higher 

than that of CO2 in the corresponding ILs. Also the solubility of H2S in imidazolium – 

based ILs increases as the number of –CF3 groups in the anion and/or the alkyl chain 

length in the cation increases. The results were interpreted from molecular point of 

view using extensive ab initio quantum chemical calculations of the energies and 
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geometries of interaction between cations and anions in pure ILs as well as those of 

H2S with cation and anion of the ILs. In addition the complexes were characterized 

and analyzed by using the Bader’s theory of atoms-in-molecules (AIM).  

 
Keywords: Ionic liquid, Gas solubility, H2S, Henry’s constant, Modeling, Ab initio 
calculation  
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Introduction 

 Recent studies on the gas phase pyrolysis reactions of 2-substituted chloro, hydroxyl, alkoxy, 

phenoxy and acetoxy carboxylic acids [1-2] show that the acidic H of the COOH group assists 

as the leaving group for the elimination. Through these reactions the unstable α-lacton has 

been formed. The α-lactone decomposes rapidly, yielding carbon monoxide and the 

corresponding carbonyl compound. If an amino or nitrogen derivative is considered as a 

leaving group L in organic compounds, the reaction proceeding will be changed. In view of 

the scare information on the gas phase pyrolysis of amino acids including mechanistic 

consideration, an experimental study aimed at investigation of 2-pyridylacetic acid pyrolysis 

in the gas phase (Fig.1). 
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 Experimental 

 2-pyridylacetic acid hydrochloride was purchased from Aldrich. The hydrochloride was 

converted to free acids by treatment with fresh Ag2CO3, filtration of the resultant AgCl 

precipitate, precipitation of dissolved Ag with H2S and evaporation to dryness. The pyrolysis 

experiments were performed in a static system over 10 half-lives in the presence of the free 

radical scavenger (cyclohexene). 2-Pyridyl acetic acid (2PAA) was dissolved in glacial acetic 

acid and injected directly into the reaction vessel (~20µL), using a microsyring. The reaction 

mixture was injected into the GC instrument equipped with a thermal conductivity detector 

(TCD) in each kinetic run. 

Gaseous mixture at the definite interval times by a gas-tight syringe (PS, A-2) 

was injected into the GC capillary column (HP-5, 30 m* 0.32 mm i.d.). The 

experimental techniques have been described elsewhere [3-5]. 

 

Results and discussion 

According to scheme 3, pyrolysis reaction of 2PAA demands Pf/P0=2.0, where Pf and P0 are 

the final to initial pressures, respectively. The average experimental Pf/P0 value at five 

different temperatures between 541.2-583.4 K and 10 half-lives is 1.87.  

The homogeneity of this process was studied using the vessels with a surface-to-volume ratio 

of 3.0 and 6.0 times greater than the unpacked vessel. The effect of different proportions of 

cyclohexene indicate that the reaction is molecular and not free radical in nature. 

The first-order rate coefficients for the reaction calculated from k= (2.303/t) log [P0/ (2P0-Pt)] 

were found to be independent of the initial pressure. The average k value is estimated within 

±5% standard deviation. A good straight line up to 82% decomposition was achieved by 

means of plotting the log (2P0-Pt) vs. time t.  A least square fit of the rate coefficients in the 

form of the Arrhenious equation produced the following relationship; 



14th Iranian Physical Chemistry Conference 
   University of Tehran, Kish, February 25-28, 2011  

  
 

85 

log k= (10.90±0.32)-(152.74±2.02 kJmol-1)(2.303RT)-1 

Activation parameter values for 2PAA are listed in table 1. Activation energy for the pyrolysis 

reaction of 2PAA is nearly small relative to similar amino acids such as picolinic acid. This 

small difference may be attributed to the facile formation of six-center TS for 2PAA rather 

than five-member TS for picolinic acid. The concerted nature of the reaction could be 

confirmed by negative values for the activation entropy, too. 

Table 1 
Experimental kinetic and activation parameters for the pyrolysis reaction in the 
 gas phase 
 
Ea (kJmol-

1) 
log A ΔH≠(kJmol-

1)
ΔG≠(kJmol-

1)
-ΔS≠(Jmol-1K-

1)
152.74 10.90 148.07 176.06 49.82
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and Sb2Se3 semiconductors 
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Introduction: 

In this study a systematic effort is made to clarify some controversies about the 

mechanism and kinetics of the electrodeposition of Bismuth, Bismuth Selenide and 

Antimony Selenide in aqueous solutions. 

 

Methods: 

Electrochemical techniques consisting Chronoamperometry (CA) and Cyclic 

Voltammetry (CV) were applied .Characterization of the electrodeposition process is 

based on quantitive analysis of the potentiostatic current-time curves recorded during 

semiconductors deposition. 

 

Results and discussion: 

Nucleation and growth rate constants obtained from the fit of recorded transients to the 

generalized equations derived based on Abyaneh and Fleischmann model. The 

conditions that justify the use of the limiting forms of the transient equations for the 

so-called "instantaneous" and "progressive" nucleation processes were evaluated. 

Effect of potential, temperature and concentration on the kinetics and mechanism of 

this process were investigated. The electrochemical cell used in this study is a 

conventional three electrode cell having provisions for a working electrode, a 

reference electrode and an auxiliary electrode. A Pt sheet (0.5×1 cm2) was used as 

auxiliary electrode and a saturated calomel electrode (SCE) was used as reference 

electrode and all potentials in the present study are reported against the SCE. The 

deposited electrodes were washed in distilled water and dried in room temperature. All 
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electrochemical depositions and capacitive measurements were performed by means of 

a galvanostat-potentiostat (Behpajoo 2063+). 

 It was found that the deposition process for Bi2Se3 with 9:2 and 5:1 molar proportion 

of  Bi:Se could be well described by a model that involves four contributions: (1) a 

double layer charging process( IDL) Two different kinds of two-dimensional nucleation 

mechanisms, (2) an instantaneous(I2DI) and (3) a progressive(I2DP). Finally, (4) a 

progressive three-dimensional nucleation and growth(I3DP). For Bi2Se3 with 7.5:2 

molar proportion, the deposition process changed to other contributions that involved: 

(IDL), (I2DI), (I3DI) and (I3DP) nucleation and growth. Electrodeposition of Antimony 

Selenide hasn't shown any nucleation and growth process and has a monolayer 

deposition. 

 

Conclusion: 

Bi electrodeposition on Pt substrate, was a process with two and three-dimensional 

nucleation and growth that current equation was: I= IDL+I2DI+I2DP+I3DP . Equivalent 

current for Bi2Se3 with 7.5:2 molar proportion was : I=IDL+I2DI+I3DI+I3DP and finally 

Sd2Se3 showed no nucleation in deposition process and  its Catrel curve corresponds to 

a monolayer deposition. 

 

Keyword: 1-Electrodeposition 2- Nucleation and growth 3- Cyclic Voltammetry 4-

Chronoamperometry   

 

References: 

[1].M.S.Gonzalez, A.L.Prieto, J.of Electrochemical Society, 149(2002)11. 

[2].M.Stozler, M.Strodeur, H.Sobtta, Phy.Status.Solid 138(1986)259. 

[3].N.S.Yesugade, C.D. Lokhande, C.H.Bhosale, Thin Solid Films 263(1995)145. 

[4].P.C.Searson, T.P.Moffat, Crit. Rev.Surf.Chem. 3(1994)171. 

L.Li.Y.Zhange, G.Li.L.Zhange, Chem.Phys.Lett.378(2003)244. 

 

 



14th Iranian Physical Chemistry Conference 
   University of Tehran, Kish, February 25-28, 2011  

  
 

88 

 

New Local Composition Model for Modeling of Thermodynamic Properties 
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Introduction: The design and operation of industrial process that involve electrolyte 

solution require knowledge of rigorous models or experimental data to represent the 

nonideality of the mixtures. The local composition models are frequently used in 

engineering thermodynamics for the prediction of multi-component electrolyte 

systems [1-3]. In this work, a new local composition model is applied to correlate the 

mean ionic activity coefficients of aqueous electrolyte solutions at 25 °C.  In this 

model for excess Gibbs energy sum of a long-range and a short-range terms is used. 

The contribution of the long-range excess Gibbs energy is represented by the Pitzer-

Debye-Hückel model. A new expression based on the local composition concept, 

which is a NRF-modified-NRTL (NRF-mNRTL) model, has been developed to 

account for the contribution of the short range excess Gibbs energy. Fitting quality of 

proposed model has favorably been compared with other local composition models.  

Theoretical framework: The promising features of the NRTL-NRF and mNRTL 

models led us to develop a new local composition model (NRF-mNRTL) for excess 

Gibbs energy of electrolyte solution using Chen's local cell theory and considering 

different reference state assumptions and correction terms. To express the short-range 

contribution, the assumption of existence of three types of cells depending on the 

central species in the microstructure of a solution of single electrolyte has been used. 

The excess molar Gibbs energy of NRF-mNRTL model was derived as 
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where λE, λm, E and m  are the adjustable parameters of NRF-mNRTL model. 

1

1

1 vmM

vmM
xs 

  where m and M1 are respectively molality of solution and molar mass of 

solvent in the unit of kg.mol-1; sm xx 1 ; ν = νc + νa, where νc and νa are the 

stochiometric coefficients of cation and anion, respectively. The mean ionic activity 

coefficient (  ) of an electrolyte in aqueous solution was obtained from 

m

ex

s
n

RT

ng

n
v )(ln




 .Here, n is the total mole number, ns and nm are the mole number of 

solute and solvent. 

Result and discussion: The mean ionic activity coefficients of binary aqueous 

electrolyte solutions from dilute to concentrated ranges were correlated with the 

proposed NRF-mNRTL model. Applicability of NRF-mNRTL model in the fitting of 


ln  of binary aqueous electrolyte solutions has been compared with other local 

composition models. The standard deviations for activity coefficients obtained from 

different local composition models are reported in Table 1.  
 
Table 1. Comparison of standard deviations (σ( 

ln )) of different local composition models in the 

correlation of the logarithm of mean ionic activity coefficients ( 
ln ) of binary aqueous electrolyte 

solutions at 298.15 K 
NRF-

mNRTL 
UNIQUAC-

NRF 
NRF-Wilson NRTL-

NRF 
mNRTL Wilson NRTL Maximum 

molality 
electrolyte 

0.0162 0.022 0.0370 0.039 ٠٫٠٢۵۶ 0.0540 0.274 20.0 KOH 
0.0136 0.082 0.0284 0.016 ٠٫٠١۴٣ 0.0202 0.039 20.0 LiNO3 
0.0360 0.044 0.0512 0.039 0.0419 0.0460 0.065 18.0 NaCNS 
0.0034 0.016 0.0136 0.017 0.0156 0.0140 0.022 3.5 K2CrO4 
0.0090 0.072 0.0491 0.021 ٠٫٠١47 0.1815 0.205 6.0 CaCl2 
0.0045 0.053 0.0497 0.021 ٠٫٠١۵٨ 0.0507 0.148 6.0 Zn(NO3)2 
0.0175 0.051 ٠٫٠۵٠٫٠٧ ٧١۴ ٠٫٠١٩۵ ٠٫٠۵١۴ ٠٫٠٣۶ ٣٫۵ MgSO4 
0.01190.053٠٫٠٩۴۵٠٫٠۵۴٠٫٠٠٧٧٠٫٠٨٨٩٠٫٠۵٠ ۶٫٠ UO2SO4 
0.0066 0.084 ٠٫٠٧۶۶ ٠٫١١ ٠٫٠٨٠٢ ٠٫٠٢١٣ ٠٫٠٨٠۵ ١٫٨ AlCl3 
0.0018 0.078 ٠٫٠۵٩۵ ٠٫٠۶٠٫٠١٧ ١۵ ٢٫٠ ٠٫٠٨٣ ٠٫٠٨٣٠ NdCl3 
0.0036 0.133 ٠٫١٣۶٠٫٠٣١ ٠٫١٣٢ ٣6 ٠٫١٣٧۴ ١٫٢ ٠٫١٢٩ Cr2(SO4)3 

 



14th Iranian Physical Chemistry Conference 
   University of Tehran, Kish, February 25-28, 2011  

  
 

90 

Conclusion: New excess Gibbs energy model, NRF-mNRTL, has been developed 

based on the local cells theory. The corresponding activity coefficient equations have 

been derived from the proposed model. It is found that the performance of NRF-

mNRTL model in the correlation of 
ln  values is better than the other local 

composition models, especially for multivalent electrolytes. 

Keywords: Formulation; Mathematical modeling; New local composition model; 

Aqueous electrolyte solutions; Mean ionic activity coefficient 
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1. Introduction: 

 Porphyrins and related macrocyclic compounds have been studied in recent decades for a 

wide variety of applications such as therapeutic drugs and targeting agents, energy converters 

in photovoltaic cells and catalysts in many chemical reactions, such as for oxygen reduction in 

fuel cells [1]. Cationic tetraazaporphyrins, or porphyrazines, represent an alternative and 

highly developed class of cationic porphyrinic compounds. Macrocycles hasted on the 

porphyrazine core, including phthalocyanins, but the replacement of the meso methylene 

carbons of porphyrins with nitrogen in porphyrazines creates profound differences [2]. 

In the present paper we have investigated interactions of a series of anionic surfactants with 

different alkyl chain length; sodium dodecyl sulfate (SDS), sodium tetra decyl sulfonate 

(STS), sodium hexa decyl sulfonate (SHS) with tetrakis (N, N´, N´´, N´´´-tetramethyl tetra-2, 

3-pridino) porphyrazine cupper(II) ([Cu (II) 2, 3-tmtppa] 4+) (scheme 1) in aqueous 

submicellar solutions by using optical absorption spectroscopy at different temperatures. In 

order to explain the nature of porphyrazine-surfactant interaction, the standard free energy, 

enthalpy and entropy for this binding were determined and compared. 

 

2. Methods: The [Cu (II) 2, 3-tmtppa] 4+ was prepared and purified according to literature 

methods [2]. Sodium do decyl sulfate (SDS), sodium tetra decyl sulfonate (STS), sodium hexa 

decyl sulfonate (SHS) were Sigma chemicals and were used without further purification All 

experiments were run in phosphate buffer of pH=7.2. The initial concentration of the 

Porphyrazine and surfactant solutions was 5100.2  mol-l. At this concentration, the 

Porphyrazine used do not spontaneously aggregate and the surfactants used do not form 
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micelles. The absorbances were measured on the double beam absorbance spectrophotometer 

Cary 500 scan UV-vis, with thermostated cells. The measurements were taken at 25, 30, 40, 

and 50 °C. The mixed solutions were prepared instantly and the absorbances were measured 

after thermostation. The absorbance was read at the absorption maximum at 638 nm for [Cu 

(II) 2, 3-tmtppa] 4+. 

3. Results and discussion: Figure 1 shows the equimolar Job’s plots for binding of the 

porphyrazine and the surfactant SDS at 25, 30, 40, and 50 °C in buffer solutions. The 

minimum is at x= 0.5 on all plots. At this point the concentration of the porphyrazine and the 

surfactant ions is equal and in such a mixed solution the highest amount of the associate is 

formed. This means that 1:1 associates are formed between the porphyrazine and the 

surfactant SDS ions. The binding ratio remains the same at different temperatures. The same 

results obtained for other surfactants. The calculated values of the thermodynamic functions 

are collected in table 1. Equilibrium constants and standard free enthalpy change also show 

that [Cu (II) 2, 3-tmtppa] 4+ interacts with SDS more easily and strongly than with STS and 

SHS at the same conditions. Because the only difference between the systems is in the length 

of the alkyl chain of both surfactants, it implies that the hydrophobicity of the alkyl chain, 

which is responsible for hydrophobic interactions, plays an important role in porphyrazine–

surfactant interactions. The binding energy increases with increase of the hydrophobicity of 

the alkyl chain and the results indicate that the process is entropy driven.  

 

Table 1: Thermodynamic parameters and affinity constants for binding of [Cu(II)2,3-
tmtppa]4+ to surfactant at 1mM phosphate buffer pH 7.2 at 30°C. 

surfactant ln K )kJmol(G 1  )kJmol(H 1  )Jmol(S 1  

SDS 16.82 -42.37 36.50 260.31 
STS 19.34 -48.73 16.30 214.49 

SHS 20.82 -52.46 102.78 512.38 
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Scheme 1: Chemical structures of [Cu (II) 
2, 3-tmtppa] 4+. 

Figure 1. Job’s plots of SDS and [Cu (II) 
2, 3-tmtppa] 4+ in buffer solutions at 
different temperatures. 
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Abstract 

The objective of this study was to assess the adsorption potential of cadmium sulfide 

nanoparticle loaded on activated carbon (CSN-AC) for the removal of Reactive orange 

12 (RO-12) molecules from aqueous solutions. Adsorption studies were conducted in a 

batch system as a function of solution pH, contact time, initial dye concentration, 

amount of adsorbent, temperature, etc. In order to investigate the adsorption processes, 

pseudo-first-order, pseudo-second-order, Elovich and intra-particle diffusion kinetic 

models were studied and it followed the pseudo-second-order kinetic model with good 

correlation. Equilibrium data fitted well with the Langmuir models. Thermodynamic 

parameters such as enthalpy, entropy and Gibb’s free energy changes were also 

calculated. It was found from thermodynamic parameters, that the sorption of dye by 

CSN-AC was feasible, spontaneous and endothermic process. 

 

Keywords: Adsorption; Reactive orange 12; CdS nanoparticle loaded on activated 

carbon; Adsorption isotherm; Thermodynamics and kinetic of adsorption. 

 

Introduction 

              Nano particle have very interesting physicochemical properties, such as 

ordered structure with high aspect ratio, ultra-light weight, high mechanical strength, 

high electrical conductivity, high thermal conductivity, metallic or semi-metallic 

behavior and high surface area [1, 2]. The objective of the present work is to 
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investigate the potential feasibility of CSN-AC for the adsorption of RO-12. Reactive 

dyes in both ordinary and hydrolyzed forms are not easily biodegradable, and thus, 

even after extensive treatment, colour may still remain in the effluent. 

 

 

Experimental and results 

              In the first CdS Nanoparticles were synthesized from solution containing 

Cd(ClO4)2.6H2O (0.02 molL-1), urea (0.25 molL-1), and thioacetamide (0.02 molL-1) to 

obtain 100 ml solution. Finally, the pH of solution was adjusted to 4.0 by dropwise 

addition of 2 mol L-1 HCl solution. The solution was maintained for 5 h at room 

temperature (25 ºC). The solution turned light yellow after 30 minutes, visually 

manifesting the initial formation of CdS nanoparticles and remained optically clear. 

The influence of variables including pH, contact time, initial dye concentration, 

amount of adsorbent, temperature required for efficient removal of RO-12 from 50 mL 

of 50 μg mL-1 sample has been investigated. The system is suitable for quantitative 

removal of this dye from such solution at pH 1 using 0.035 g CSN-AC, equilibrium 

time 7 min even temperature of 50 ºC. The graphical correlation of various adsorption 

isotherm models like, Langmuir, Freundlich and Tempkin have been carried out for 

this adsorbent. Calculation of various thermodynamic parameters such as, Gibbʼs free 

energy, entropy and enthalpy of the on-going adsorption process indicate feasibility 

and endothermic nature or RO-12 adsorption on all adsorbent. The kinetic studies 

suggest the following pseudo second order kinetics and involvement of particle 

diffusion mechanism. 

 

Conclusion 

               The CSN-AC is identified to be an effective adsorbent for the removal of 

RO-12 from aqueous solutions. It was observed that batch sorption using CSN-AC was 

dependent on parameters such as initial concentration of dye, time, pH, dose of 

adsorbent and type of dye. The equilibrium and kinetic studies were made for the 

adsorption of dyes from aqueous solutions onto CSN-AC. Adsorption parameters for the 
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Langmuir, Freundlich and Tempkin isotherms were determined and the equilibrium 

data were best described by the Langmuir model. The process is endothermic in nature 

and its kinetics can be successfully fitted to pseudo-second-order kinetic model. The 

results of the intraparticle diffusion model suggested that intraparticle diffusion was 

not the only rate controlling step. 
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Introduction 

The generation of radical species for the efficient construction of chemical bonds is a well-

recognized strategy in organic synthesis.1 In 2001 it has been observed that the rate of 

addition of tetrahydrofuran to imine in the presence of Zn(CH3)2 unexpectedly increases.2 It 

has been suggested the reaction proceeds via a radical mechanism and dimethylzinc is used as 

an efficient radical initiator.3 In the present study the mechanism and kinetics of reaction R1 

is theoretically studied in the presence or absence of dimethylzinc in gas phase and in 

tetrahydrofuran. 

  
 

    R1 

 
 

Method 

The ab initio calculations were performed by means of Gaussian03 program. The geometry of 

all the stationary points were optimized at the B3LYP level of theory along with the lanl2dz 

for zinc and 6-31+G basis set for the other elements. The IRC calculations carried out to 

correlate each transition state structure to the corresponding minima. Polarizable Continuum 

Model (PMC) was used to calculate the geometry and energy of the stationary points in liquid 

phase. Frequency calculations at the same level of theory were carried out to determine the 

structure of each saddle point and also to calculate the free energy of activation for each 

elementary step. The thermodynamic expression for the transition state theory was used to 

calculate the rate constant of the reaction in the presence or absence of the catalyst.   
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Results and Discussion 

 Our results indicated the addition of THF to imine in the presence of Zn(CH3)2 as catalyst 

decreases the activation free energy of the reaction by 34 percent and causes to increase the 

rate of the reaction. Figure 1 shows the free energy changes of the reaction in the presence of 

dimethylzinc at the B3LYP/6-31+G(d,p) level of theory.  
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Figure 1 

 
The rate constant for this reaction in the presence and absence of the catalyst has been 

calculated and will be discussed. 
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Abstract 

In present work kinetics of solute desorption at solid/solution interface has been studied 

by statistical rate theory (SRT) when the system is close to equilibrium. A new and simple 

equation was derived for close to equilibrium desorption systems. Based on numerically 

generated points (t; q) by the SRT equation and also by analysis of two experimental systems, 

the results of present theoretical study were confirmed. 
 

Keywords: Desorption kinetics, Solid/solution interface, Statistical rate theory 

Introduction  

The adsorption and desorption processes are the most common methods for removal of 

pollutants from waste waters. Desorption kinetic and equilibrium are important in 

understanding desorption characteristics from adsorbent.  

There are different models to describe desorption kinetics but most of these models 

were presented experimentally and there are no theoretical basic for them. This article 

is intent to derive desorption rate equation on the basis of statistical rate theory at close 

to equilibrium condition.  

 

Theory  

The statistical rate theory (SRT) approach, which is based on quantum mechanics and 

thermodynamics, has been provided by Ward1 and generalized by Rudzinski2. Our recent 

studies have concerned the description of desorption kinetics at the solid/solution interfaces 

by using the SRT approach.3 Basic equation of SRT for kinetics of desorption at solid/solution 

interface is expressed as3: 
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Recently, we have derived the following simple equation for description of desorption 

kinetics at initial times of process based on the above equation.3 The aim of this paper is to 

derive a new and simple equation from eq 1 for desorption kinetics when system is close to 

equilibrium. By simplification of above equation one arrives at 
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Since the system is close to equilibrium, the assumptions ee  2  , 1
1
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 e  and  
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ei  are acceptable. Based on these assumptions eq 2 simplifies to 
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Based on the present derivation, the integration of the mentioned kinetic model should be 

done with the boundary condition �(t1)=��1. Therefore integration of eq 3 with the 

boundary condition �(t1)=��1 yields 

Kt
e

ei 

 




ln          (for t ≥ t1)                                                              (4)            

where���and K are constants. As shown in eq 4, it is expected that the plot of 





e

eiln  is 

a linear function of time (for 1tt  ). The intercept of this plot is ��and the tangent is K.  

 

Result and Discussion 

In this section, we are going to analyze the applicability of the derived equation (eq 4). For 

this purpose three sets of hypothetical kinetic data points (q; t) were generated based on SRT 

rate equation for desorption at solid/solution interface (eq 1). Also two different sets of 

experimental have been selected from the literatures to be analyzed by SRT approach. 

The comparison between the obtained Kls values and the original ones (calculated by SRT 

rate equation) proves the accuracy of the above derivation again. Both experimental and 

theoretical (SRT) data are in perfect agreement with our theoretical derivation. 
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Introduction 

Photocatalytic degradation and complete mineralization of toxic organic compounds in 

water, soil, and air in the presence of semiconductor powders have received much 

attention over the last two decades [1,2]. TiO2 is considered the most promising 

photocatalyst due to its high efficiency, chemical stability, nontoxicity, and relative 

cost. The TiO2 have a band gap around 3.20 eV, that corresponds to 388 nm, and many 

efforts have been made to decrease the band gap energy. The doping process with 

transition metals seems to be efficient in reducing the energy necessary for these 

transitions. TiO2 photocatalysts doped with either anions (N, C, S, F, P, I, etc.) or 

cations (Fe, Co, Pt, Cu, etc.) or codoped with several ions [3,4] have been reported to 

show their absorption edge red-shifted to lower energies and enhance the 

photocatalytic performance to the visible light range. However, little work has been 

reported to prepare Cr-S co-doped TiO2 nanoparticles. The sol–gel process has been 

widely used to synthesize TiO2-based photocatalysts. The incorporation of active ions 

(dopants) in the sol during the gelation stage allows the ions to have direct interaction 

with TiO2; therefore, active ions could be doped into the lattice of TiO2, resulting in 

materials with special optical and catalytic properties. In the present research, we 

prepared Cr-S co-doped anatase TiO2 photocatalysts by a sol–gel process. 
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Experimental 

All the chemicals were purchaced from Merck and were used without any further 

purification. The typical synthesis procedure of TiO2 and Cr-S co-doped TiO2 

nanoparticles is as follows: Titanium (IV) isopropoxide (4.7 ml) , glacial acetic acid, 

and deionized water (1:2:20). The gel was dried at 100 ºC and subsequently the 

resulting material was powdered and then calcined in a muffle furnace at 500 ºC for 

2h. The preparation of Cr-S co-doped TiO2 nanoparticles was the same as that of TiO2, 

except that the water used for the synthesis, 98.8 ml, contained the required amount of 

chromium nitrate (corresponding to 5 mol% compared with TiO2) and thiourea 

(corresponding to 1, 2, 5, 7, and 10 mol% compared with TiO2). 

 

Results and discussion 

The FT-IR spectra of samples (Fig. 1) show peaks corresponding to stretching 

vibrations of the O–H and bending vibrations of the adsorbed water molecules about 

3350–3450 and 1620–1635 cm-1, respectively. These results strongly confirm the 

presence of hydroxyl ions in the structure of the samples. In the region below 1000 cm-

1, several peaks were ascribed to absorption bands of Ti–O (653–550 cm-1) and O–Ti–

O flexion vibration (495–436 cm-1). The X-ray diffraction patterns of the samples have 

been showed, the nanocrystalline anatase structure was confirmed by (101), (004), 

(200), (105) and (211) diffraction peaks [5]. In the region of 10–80 0θ, the shape of 

diffractive peaks of the pure TiO2 crystal planes is quite similar to that of Cr-S co-

doped TiO2 with different concentration of S. The XRD pattern did not show any 

chromium or sulfur phase and may be concluded that Cr and S ions uniformly 

dispersed among the anatase crystallites. The average size of nanoparticles was 

estimated from the Scherrer equation on the anatase diffraction peak (101) and for 

pure TiO2 and Cr (5%)-S (5%)) co-doped TiO2 are around 13–15 and 10–16 nm, 

respectively. Fig. 2 shows SEM micrographs of the calcinated samples at 500 0C. 

Images show that nanoparticles are uniform, global and slightly agglomerated. Further 

observation indicates that the morphology of samples is very rough and may be 

beneficial to enhancing the adsorption of reactants due to its great surface roughness 
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and high surface area. Fig. 2 also reveals that the doping of Cr and S does not leave 

any change in morphology of the catalyst surface. The EDX data of Cr (5%)-S (5%)) 

co-doped TiO2 sample are shown in Fig. 2. Nano-TiO2 shows a peak around 0.4 keV 

and another intense peak appears at 4.5, 4.9 keV. The intense peak is assigned to the 

balk TiO2 and the less intense peak to the surface TiO2. The peaks due to sulfur are 

clearly distinct at 2.3 and 2.4 keV and due to chromium are clearly distinct at 0.6, 0.7, 

5.5 and 6 keV. These results confirm that Ti, O, S and Cr exist in the catalyst structure. 

Also, degradation of MO in the presence of Cr-S co-doped TiO2 photocatalyst with 5% 

Cr and various amount of S under UV and visible irradiation are investigated.  

 

 

  (a) (b) 

Fig. 1. FT-IR spectrum of Cr-S co-

doped TiO2 nanoparticles: (a) 5% 

Cr,1% S (b) 5% Cr,2% S (c) 5% 

Cr,5% S (d) 5% Cr,7% S and (e) 5% 

Cr,10% S 

 
Fig. 2. SEM images of Cr (5%)-S (5%)) co-doped TiO2 nanoparticles 

(a) and its EDX spectrum (b). 

 

Conclusion 

Visible-light active Cr-S co-doped TiO2 nanoparticles were synthesized through a sol-

gel method. All of the as-synthesized spherical powders are composed of anatase, the 

grain size ranged from 10-16 nm. The prepared Cr-S co-doped TiO2 powders have 

good visible-light response and show good visible-light photocatalytic activities in the 

degradation of MO. 
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Introduction: 

Noble metallic nanostructures exhibit a phenomenon known as surface-enhanced 

Raman scattering (SERS) in which the scattering cross sections are dramatically 

enhanced for molecules adsorbed thereon. In recent years, it has been reported that 

even single-molecule spectroscopy is possible by SERS, suggesting that the 

enhancement factor (EF) can reach as much as 1014-1015[1]. According to theoretical 

studies, at least 8-10 orders of magnitude can arise from electromagnetic surface 

plasmon excitation, in addition to the chemical enhancement associated with either the 

metal-to-molecule or the moleculeto-metal charge-transfer transition. SERS is a 

powerful analytical tool for chemical and biological sensing applications. However, 

one feature which has limited its use in sensing and biosensing applications is the 

difficulty involved in producing uniform, highly sensitive, and reproducible SERS 

substrates[1]. Many substrate preparation techniques exist that can form roughened 

metal surfaces of the types required for ideal SERS enhancements. Currently, there are 

five fabrication techniques that could potentially produce the desired SERS substrates 

to meet these requirements: electron beam lithography, nanosphere lithography, the 

template method, the hybrid method, and an oblique angle vapor deposition method. 

Unfortunately, many of them are very expensive to produce large area substrates. In 

this article, we report a simple method to synthesize nanostructure of Ag and Au on 

semiconducting GaAs and metallic wafers through the galvanic reaction (Scheme 1) 

[2] between an aqueous solution of metallic salts and wafers. This kind of reaction has 

been demonstrated to deposit metal nanstructures (in most cases with random 

morphologies), thin films, and other structures on wafers . The metallic nanostructures 
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have rough and clean surfaces and large areas, which enable them to function as a new 

class of promising structures for surface-enhanced spectroscopy applications [3]. 

 

 

 
 

 
 

Scheme 1: Outline of galvanic displacement 

General procedure:  

To carry out galvanic displacement, the cleaned copper or GaAs wafers was placed in 

a 10 mL of HAuCl4 or AgNO3 in a glass vial and kept in the dark for the required 

length of time. The wafer was then removed from the solution and dipped in water and 

then ethanol and dried under a nitrogen stream. 

 

Results and Disscussion: 

1.Growth of Ag nanoplates and gold nanoparticles:  

Immersion of wafer in an aqueous HAuCl4 and AgNO3 (1 mm) solution in the 

presence of dilute acid at room temperature results in rapid deposition of silver 

nanoplates on GaAs and gold nanoparticles on the copper surface. The reaction 

proceeds because the standard reduction potential of the Ag+/Ag pair (0.799 V versus a 

normal hydrogen electrode (NHE))  and Au3+ /Au(1.002V versus NHE)  is higher than 

those of the Ga3+/Ga (-0.56 V versus NHE) , the As2O3/As (0.234 V versus NHE) and 

Cu2+/Cu(0.34 V versus NHE)  pairs. Fig. 1(a,b) present the scanning electron 

microscopy (SEM) images of silver nanoplates and gold nanoparticles on GaAs and 

copper surfaces, respectively. Morphological evolution of the Ag plates and gold 

nanoparticles was monitored by examining the structures formed at different reaction 

times (Data not shown). 
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(a)       b) 

 
 Figure 1. a) SEM images of Ag nanoplates interfaced with GaAs produced in the presence of 1 mM of AgNO3 
for 10min. and b) SEM images of Au nanoparticles  interfaced with copper in the presence of 1 mM of HAuCl4 

for 4h. 

2. SERS of Thiophene-2-carbaldehyde Molecules Adsorbed on Ag Nanoplates 

The chemical cleanliness and surface roughness associated with the as-grown Ag 

nanoplates and Au nanoparticles enable them to be easily modified and have large 

surface areas, which are beneficial to SERS. Thiophene-2-carbaldehyde was chosen as 

an analyte in the present study. A typical sample of Au nanoparticles as shown in Fig. 

1b was used to evaluate SERS activity with the use of thiophene-2-carbaldehyde as a 

probing molecule. The SERS spectra of Thiophene-2-carbaldehyde at 5% 

concentration are shown in Figure 2. Au nanoparticles covered with analyte results in a 

strong Raman signal. As a contrast, the analyte molecules on the surface of the bare 

Cu do not generate detectable Raman signals (dashed curve , Fig. 2) when they are 

excited under the same conditions. In conclusion, the cleanliness, surface roughness 

and high surface area associated with the Au nanoparticles represent a new class of 

promising structures for possible applications in surface-enhanced spectroscopies. 

 
Figure 2. Raman spectra thiophene-2-carbaldehyde self-assembled on Au nanoparticles deposited on Cu foil 

(curve A) and on the bare Cu foil (curve B). 

 

A 
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Introduction 

Thermodynamic perturbation theories are among the most successful theories to 

describe the properties of liquids. They describe successfully the thermodynamic 

properties of simple liquids and to some extent their structure [1]. But their success is 

limited to potentials with attractive tail and with long to moderate range [2]. When 

the tail of the pair potential of the system under study is short-ranged or very deep, 

the present perturbation theories are no longer so confident to represent even their 

thermodynamics properties [2]. So in recent years there have been many attempts to 

modify thermodynamic perturbation theories in such a way that they can become 

suitable for short-ranged potentials. We intend in this work to derive a 

thermodynamic perturbation theory which is in fact a simple generalization of 

random phase approximation (RPA) and its optimized form (ORPA) to include wider 

temperature range and hence is somehow appropriate for short-ranged potentials. 

 

The Perturbation Expansion 

Like all perturbation theories we will suppose that the pair potential of the system is 

as follows 0( ) ( ) ( )u r u r w r  where 0u stands for the hard sphere fluid with known 

structure and thermodynamics,  is a coupling parameter, and ( )w r represents the 

perturbation potential. We start out with the following exact relation [1]: 

                                        
1

30

0 0

1
( ) ( , )

2

FF
d w r g r d r

N N

   


                                (1) 

where the F indicates the Helmholtz free energy, N the number of particles, the 

subscript zero refers to hard sphere liquid, 
1

kT
  where k is the Boltzmann 
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constant, and T and ρ are the absolute temperature and number density, respectively. 

Clearly, if we put ( , ) ( ,0)g r g r  , the simplest perturbation theory will be reached. 

In order to get a better expansion we should find a reasonable approximation for

( , )g r  . This can be achieved by an approximate direct correlation function with the 

following form: 
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If we expand Eq. (1) with respect to λ and use of the Parseval theorem in Fourier 

transform theory, we will obtain the following expansion: 
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where ( )w k is the Fourier transforms of ( )w r  and ( ) ( ,0)nh k are the Fourier 

transforms of the successive derivatives of  ( , )g r   with respect to λ evaluated at 

0  . Combination of the direct correlation function given by Eq. (2) and its 

derivatives with respect to λ with the Ornstein-Zernike equation in the Fourier 

Transformed form enable us to find ( ) ( , 0)nh k . Up to five terms they are found to be:         
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where 3 ( ,0) ( ( ))n i
nc k w r e d r   k.r  and S0 is the static structure factor of hard spheres. In 

this way the Helmholtz free energy may be computed to every desired degree 

through Eqs. (3-4). We can also find the radial distribution function of the system. It 

is given by 3
13
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1
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  . Use of Eqs. (3-4) leads to: 
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This is our perturbation expansion. It can be shown that this general expansion 

contains the Optimized Random Phase Approximation (ORPA) as a special case. 

Now we can use this perturbation expansion to find the structure and 

thermodynamics of hard-core potentials especially when they are short-ranged. We 

have done such calculations for square-well potentials with some typical results 

shown in the following figures. One can simply see the superiority of our 

perturbation expansion over ORPA and Barker-Henderson’s in their Macroscopic 

Approximation (MC-BH). 
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Introduction 

Boron nitride nanotubes (BNNTs) are structural analogs of carbon nanotubes (CNTs), 

where C atoms are substituted by alternating B and N atoms. According to the recent 

experimental studies on BNNT composites [1], it seems that BNNTs have much 

stronger interactions with polymers, as compared with CNTs. However, the detailed 

features of the present strong interactions between BNNTs and polymers, and 

electrical polarization in BNNTs really require further studies which form the goal of 

this research. 

 

Methods 

Single-walled (10,10) BNNT and (10,10) CNT with a length of about 50 Å and nearly 

the same diameter (13.5 Å) were considered. The tubes are saturated at the ends with 

hydrogen atoms. Polystyrene (PS) molecule was selected with 5 monomer units. In 

order to investigate the effect of the polarization of BNNT on polymer adhesion, we 

have to consider the partial charges of polymer and BNNT. Density functional theory 

(DFT) calculations with B3LYP/6-31+G** method were performed on polymer 

structure to get the final geometry-optimized structure and then electrical partial 

charges was computed and included in the following molecular dynamics (MD) 

simulations. Partial charges of (10,10) BNNT was also taken from Ref. [2]. All MD 

simulations were performed in Tinker molecular modeling package (version 5.0) [3] 
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using the MM3 force field [4]. The simulations are carried out in the NVT ensemble. 

The Nose-Hoover thermostat was employed to regulate the temperature at 300 K. A 

cutoff distance of 10.0 Å was used for the van der Waals potentials and the particle 

mesh Ewald method was implemented to compute the electrostatic interactions. The 

equations of motion were integrated by using the velocity form of Verlet algorithm. 

After 500 ps of equilibration time; the simulations were continued for another 1 ns to 

obtain enough statistical sampling to do calculations. 

 

Results and Discussion 

The dynamic behavior of the polymer molecule can be illustrated by tracking the 

interaction energy of the nanotube–polymer molecule. The interaction energy (Einter) is 

estimated from the difference between the potential energy of the composite (Etotal) and 

the potential energies of the polymer molecule (Epolymer) and the corresponding 

nanotube (Enanotube) as follows: 

)(int polymernanotubetotaler EEEE          (1) 

Table 1 contains the time-averaged interaction energies of (10,10) CNT and (10,10) 

BNNT with polystyrene at constant temperature of 300 K, as well as their respective 

standard deviations. 

Table 1: Interaction energies (kcal/mol) of BNNT/CNT-PS composites at T = 300 K. 

Nanotube Diameter (Å) Interaction with PS 

(10,10) CNT 13.59 -26.80±5.45 

(10,10) BNNT 13.83 -154.41±6.44 

As table 1 show, the amounts of interaction energy of BNNT–PS composite is much 

higher than its corresponding CNT–PS, which purely demonstrates a much stronger 

adhesion in the interface of BNNT–polymer composite compared to the similar CNT–

based composite. In fact, in addition to the well-known van der Waals interactions of 

BNNT with polymer, the electrostatic interactions influence markedly its interaction 

energy; while, only van der Waals interactions govern the interface of CNT–polymer. 
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Conclusions 

On the basis of our calculations, the BNNTs are suggested as better candidates 

compared to same CNTs for nanocomposite reinforcement applications. This 

consequence is in good agreement with the recent experimental observations [5]. 
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1. Introduction 

The need for a reliable model for predicting phase equilibria of pure fluids and fluids mixtures is 

one of major industrial problems. Measurements are costly and time-consuming. Therefore, it is of 

vital to have predicative methods to describe thermodynamic properties of fluids and fluid 

mixtures. Equations of state constitute an important tool in equipment design and have assumed an 

expanding role in correlating of phase equilibria of pure fluid and mixture fluid. In general, the 

equations of state in common use can be classified as belonging to the van der Waals family of 

cubic equations, the extended family of virial equations, or equations based more closely on the 

results from statistical mechanics and computer simulations.[1]. The Tao-Mason (TM) equation of 

state (EOS) [2] falls in the latter category. In the case of mixtures, it is mixing and combining rules 

that allow an EOS developed for pure fluids to be used for mixtures. Accuracy in the prediction of 

properties of mixtures is one of the major concerns in scientific research and engineering 

calculations 

2. Results and Discussion  

In our previous work we extended the Tao-Mason EOS to predict volumetric properties of 

fluid mixtures [3]. Our objective in the present work is to examine the ability of the TM EOS in 

modeling vapor-liquid equilibria of mixtures. In this regard, several thermodynamic properties of 

mixtures consisting of molar densities, vapor pressure, and also excess molar volumes, Gibbs free 

energy, and thermal expansitivity at constant pressure were calculated. The studied mixtures are 
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binary noble gas mixtures, refrigerant mixtures, the mixture of noble gases and n-alkanes, the 

mixtures of ethane or propane with refrigerants, and finally ionic liquid mixtures.  

Typically Table 1 contains the predicted and experimental values [4] of vapor pressure of propane-

C32 binary mixture at different mole fractions. The harmony between the calculated and 

experimental values is remarkable.  

3. Conclusion 

The results demonstrate that the modified TM EOS is able to predict fluid phase equilibria of 

mixtures in comparison to experimental results.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table1:phase equilibrium data for propane-nC32                     

.  
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  Vapoe 

pressure 

Propane+C32 

dev cal ex x 

2.72206367.9 69.8 0.566 

1.68393875.9 77.2 0.511 

0.98887580.1 80.9 0.451 

-0.35503 84.8 84.5 0.431 

0.45300187.9 88.3 0.381 

-0.55127 91.2 90.7 0.316 

1.39634891.8 93.1 0.275 

0.21436293.1 93.3 0.22 

0.43811690.9 91.3 0.145 

0.22321489.4 89.6 0.0915 

-0.57937 86.8 86.3 0.0536 

0.47225584.3 84.7 0.0428 

0.60679681.9 82.4 0.0401 

0.25062779.6 79.8 0.0286 

0.12919977.3 77.4 0.02 

-0.66489 75.7 75.2 0.015 
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Abstract 

In this paper, we introduce a new fluid called Square Well-Hard Convex Body Fluid (SW-

HCB Fluid) and investigate many of the thermodynamic and surface properties of it. In 

this respect, some of the regularities, phase diagrams,  critical behaviors, surface tensions 

of this fluid are studied. Density functional theory is applied to study the properties of 

planar liquid–vapor interfaces. We have also optimized potential parameters using 

experimental surface tension data for several pure fluids. 

Keywords : Bulk properties; surface properties; regularities; square- well potential; hard 

convex body;  density functional theory 

 

Introduction 

Square-Well (SW) model has been studied for decades. It is a simple fluid that captures 

the phase behavior of real molecular systems and has analytic representation which makes 

it more tractable analytically than continuous molecular potentials. In this paper, the term 

for hard sphere is replaced by the equation for hard convex body and introduced a new 

fluid called SW-HCB fluid. It contains the essential features of repulsion and attraction. 

Some of the regularities, phase diagrams,  critical behaviors and surface tensions of this 

fluid are studied in this paper,. Because the vapor-liquid interfacial region is an 

inhomogeneous one, we apply a density functional approach in order to predict surface 

properties. 

 
Theory 

In this work, we investigate the surface and bulk properties of SW-HCB fluids. It is clear 

that thermodynamic properties of the system in the bulk, like free energy F, are isotropic 
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functions. But the surface region is an inhomogeneous one and there is the density 

gradient in it. A description of interfacial phenomena of fluids at the molecular level is a 

challenging problem especially inside the critical region. However, the Density Functional 

Theory (DFT) is the most popular approach to the statistical mechanics of inhomogeneous 

fluids. The density gradient and the heterogeneity are taken into account in this theory [1]. 

In DFT, for a free surface, the grand potential functional  )(r  is given by [1-2]: 

 

 rrrr dF )( )]([ )]([      (1) 

 
We consider a simple fluid in which the intermolecular potential consists of a short-

ranged repulsion and long-ranged attraction. In this fluid, the free energy functional 

)]([ rF  can be formally expressed as 

 
)]([)]([)]([)]([ hcbid rrrr  SW

attFFFF                                                              (2) 

where )]([ ridF  corresponds to that for an ideal gas and )]([ rhcbF  and )]([ rSW
attF  stand 

for the contributions due to the repulsion and attraction respectively. At equilibrium, 

)]([ r  is a minimum and the corresponding density profile )(r  is obtained by a 

minimization with respect to )(r , i.e. 0)( /)]([  rr   

Since we are dealing with planer vapor-liquid interface, the density profile is a function of 

z only. Once the equilibrium density )(eq z  is obtained by solving the Euler-Lagrange 

equation, the surface tension can be calculated from [1-2] 

 

 dzpzzf



 )()]([ eqeq                                                                                     (3) 

in which )]([ )()]([ eqeqeq zFzzf    and p is bulk pressure or vapor pressure. 

Before studying the interfacial behavior of SW-HCB fluids, it should be calculated vapor 

pressure, chemical potential and the co-existing bulk densities ( vl    and ). In bulk 

phases, there are isotropic systems and thermodynamic functions like energy, pressure and 

entropy are independent of position and the fluid is considered as a homogenous one. In 

this respect, the above mentioned thermodynamic system is not a functional and therefore, 
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phase diagram, vapor pressure, Clausius-Clapeyron plot and other thermodynamic 

properties of homogeneous system can be calculated.  

 

Results and discussion 

Calculation of surface properties such as the density profile and surface tension needs 

accurate values of bulk densities, bulk chemical potential and bulk pressure and therefore, 

it is better to be investigated bulk properties at first. 

1.Bulk properties 

In this work, different values of the SW attractive well range parameter )(  and the non-

spherical degree parameter )(  were studied: 3   1.1    and 2.10.1  . For example, 

phase diagrams of SW-HCB fluids are shown in Fig. 1 for 0.2  and different  s . It is 

clear that in liquid-vapor equilibrium, the critical temperature is decreased with increasing 

 .  

2.Surface properties 

As it is said before, at equilibrium, )]([ z  is a minimum and the corresponding density 

profile )(z  is obtained from the solution of the Euler-Lagrange equation. Figure 2 

presents results using method discussed above for the surface tension of the SW-HCB 

model for 0.2  and different  s, as a function of reduced temperature. Generally, as 

expected, the surface tension decreases monotonically with increasing temperature and 

vanishes at the critical point. For a given reduced temperature, the reduced surface tension 

is seen to decrease with increasing the non-spherical degree parameter.  

We now use the DFT represented in this work to examine surface tension of several pure 

fluids such as argon, nitrogen, methane and ammonia. All molecules are modeled as a 

SW-HCB fluid. In this respect, we optimize the parameters of SW-HCB i.e. 

   and   ,  ,  using experimental surface tension data for those molecules. In order to do 

it, these parameters are regressed with the minimization of the objective function 

100 
1

..
exp

exphcb-swn

1i




 
 



n
FO                                                                                             

(4) 
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Figure 3 shows the DFT predictions with optimized parameters for the temperature 

dependence of the surface tension of ammonia. As can be seen, the theoretical 

descriptions of the surface tension are found to be in a very good agreement with 

experimental values of the surface tension over the whole range of the temperatures. The 

experimental data has been taken from the NIST Chemistry WebBook [3]. 

 

Fig. 1.  Liquid-vapor coexistence curve of  SW-HCB fluid  with the range of potential  =2.0 and  = 1.0  to 1.2 

 

 
Fig. 2.  The reduced surface tension of  SW-HCB fluid with 2.0   and  = 1.0  to 1.2  versus T . 
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Fig. 3.  Surface tension as a function of temperature for ammonia       
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In this work, the concept of effective pair potential (EPP) [1] has been applied for 

calculating thermal properties of liquid argon via ISM equation of state [2]. In such a pair 

potential, we assume that all of the non additive interaction effects are included in the 

state dependency of the pair potential parameters. It is indicated that using such an EPP 

we can obtain more accurate results for both thermodynamic properties of dense fluids.  

By using the reported effective potential depth values (ߝ) for dense argon [3], we have 

obtained the following correlation for this quantity in the temperature range between 130- 

220 K, and density between 6- 25 mol L-1 as,  ߝ ൌ ߝ ቀ−2.71415 + ൫−0.01877ܶ∗ + 0.01362ܶ∗ଶ൯ߩ∗ + ൫3.30554݁ − 5ܶ∗  (1)    2∗ߩ3.04011݁−7−݁∗3+5.1863ܶ∗ߩ2∗1.20671݁−8ܶ+∗1.64871݁−8ܶ−+2∗ߩ2∗2.37164݁−5ܶ−

where ߝ is the isolated potential depth value, and ܶ∗and ߩ∗ are the reduced temperature 

and density, respectively. Applying Eq. (1) for ߝ and using ISM equation of state, we 

have obtained a correlation function for effective intermolecular distance (ߪ), by fitting 

calculated and experimental data of argon [4] for predicting a given thermodynamic  

function like internal energy as, ߪ ൌ ߪ ቀ−2.563503 + 6.098529ܶ∗ − 2.14524ܶ∗ଶ + ൫−3.808868݁ − 3ܶ∗  (2)        2∗ߩ156739.3−݁∗2+1.603428ܶ∗ߩ2∗1.019471݁−6ܶ+∗4.49813݁−7ܶ+∗ߩ2∗6.440897݁−4ܶ+

Then by having in hand the effective equation of state and using thermodynamic relations, 

one can calculate other thermodynamic properties of argon, in example heat capacity. The 

results of such calculations have been shown in the Fig. 1 and 2 for liquid argon. In these 

figures the symbols indicate the experimental data, solid lines are calculated values using 

EPP, and dashed lines are calculated values via isolated pair potential parameters. As one 
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can see, the EPP can predict the thermodynamic properties more accurate than isolated 

ones. This result is reasonable, because in the dense fluid the interaction potential is 

different from isolated one, and the non ideality contributions in the interaction energy 

can be attributed to the state dependencies of the potential parameters interaction. The 

obtained correlations for potential parameters have also examined for prediction of 

viscosity and the same conclusion can be gained. All of the figures are for T= 160 K.   
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Introduction 

The CH+ ion is a major constituent of the interstellar medium, and is believed to be important in 

formation of other carbon-containing molecules [1]. There have been numerous studies on the formation, 

destruction, and abundance of CH+ ion in the interstellar space [2]. The first laboratory spectra of CH+ 

ion were recorded by Douglas and Herzberg [3,4] in the 1940s, and four emission bands (0–0, 1–0, 2–0, 

and 0–1) were observed in the A 1Π – X 1Σ+ electronic transition. Douglas and Morton [5] extended the 

earlier work by observing the v″ = 0 and v″ = 1 progressions in the A 1Π – X 1Σ+ system up to v′ = 4. 

They also confirmed the occurrence of R(0) lines of the 0–0, 1–0, 2–0 and 3–0 bands of CH+ ion in the 

interstellar absorption spectrum at 4233, 3958, 3745 and 3579 Å, respectively. The A 1Π – X 1Σ+ 

spectrum of CH+ has been studied by several research groups since then, [6-11] and spectroscopic data 

have been obtained for the four isotopologues 12CH+, 13CH+, 12CD+ and 13CD+.  

 

Overview of data 

We used all the A 1Π – X 1Σ+ data available in the literature [3-12] in our analysis. The data set 

includes absorption and emission spectra of all four isotopologues 12CH+, 13CH+, 12CD+ and 13CD+. We 

also included several rotational lines of the A 1Π – X 1Σ+ system (high J) that were observed using high-

resolution laser photofragment spectroscopy [13,14]. The data span up to v′ =13 of the A 1Π state. 

 

Results 

 The observed transition wavenumbers were first fitted using the Dunham expression: 
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The Λ-doubling in the 1Π state was taken into account by adding the following expression to the 

Dunham formula: 
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Using the Dunham constants, we constructed RKR potential curves for the X 1Σ+ and A 1Π states. The 

RKR potential curves were then used as trial potentials for the direct-potential-fit (DPF) procedure. In the 

DPF analysis, the potential energy curves of the X 1Σ+ and A 1Π states are described by analytic potential 

energy functions whose parameters are adjusted until the eigenvalues of the following radial Schrödinger 

equation match the observed rovibronic energy levels [15]: 

          rErrVJfesrg
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Some preliminary results are shown in the following table and figure. 

 
Table 1. RKR turning points for the A 1Π state of 12CH+        Figure 1. Potential energy curves for the X and A states of CH+ 

 
 

Work in progress 

The v′ = 13 of the A 1Π state has its rmax 

turning point at about 7.8 Å, and is likely to be the 

highest bound vibrational level of the A 1Π state. The direct-potential-fit (DPF) analysis will yield 

accurate potential energy curves for the X 1Σ+ and A 1Π states of CH+. In these electronic states, the 

CH+ ion dissociates into the C+ (2P) + H (2S) channel, and our DPF analysis may lead to an 

improvement in the accuracy of the dissociation energy of CH+ ion. 
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0 25021.03 1.1161 1.4027 

1 26662.32 1.0516 1.5752 

2 28095.59 1.0161 1.7321 

3 29336.69 0.9921 1.8918 

4 30406.70 0.9746 2.0594 

5 31326.29 0.9610 2.2381 

6 32112.09 0.9502 2.4320 

7 32775.03 0.9415 2.6486 

8 33320.40 0.9346 2.9016 

9 33749.61 0.9293 3.2158 

10 34063.35 0.9256 3.6389 

11 34266.08 0.9232 4.2767 

12 34371.70 0.9220 5.4156 

13 34410.24 0.9215 7.7930 
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Introduction  

This work uses the "Numerov and discrete variable representation (DVR) methods" to find 

rovibrational energy levels of homonuclear and heteronuclear rare gas dimers. By solving 

the related nuclear Schrödinger equation with Ogilvie-Wang potential energy function, 

rovibrational energy levels of the ground electronic state of the dimers are calculated. The 

results are compared with the semi-empirical data calculated by Ogilvie-Wang using fitting 

method. The results show that the proposed methods lead to highly accurate rovibrational 

levels. 

The vibrational Schrödinger equation for diatomic molecules has the following form − ħమଶఓ ᇳሺܴሻܨ + ቂܷሺܴሻ + ሺାଵሻħమଶఓோమ ቃ ሺܴሻܨ ൌ                                                                               ሺܴሻܨ௧ܧ

(1) 

where the ܷሺܴሻ is the potential energy function and is taken to be the Ogilvie-wang semi-

empirical potential function given by  ܷሺܴሻ ൌ ܿݖଶ൫1 + ∑ ܿୀଵ                                                                                                               ൯ݖ

(2) 

Where  ݖ ൌ ଶሺோିோሻሺோାோሻ  . ܴ is the equilibrium internuclear distance  [1]. 

There are several methods for solving eq.(1) numerically, as Numerov, DVR and log 

derivative methods.  

 

The Calculation Method 
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1. Numerov Method 

The Numerov method  presents a numerical method for computer solution of the one – 

particle, one-dimensional Schrödinger equation that allows one to get accurate bound – 

state eigenvalues and eigenfunctions for an arbitrary ܸሺݔሻ. Using Taylor series expansion 

we obtain the following formula[2]  ߰ାଵ ൎ ଶటିటషభାఱలொట௦మା భభమொషభటషభ௦మଵି భభమொశభ௦మ                                                                                        
(3)         where ܩ ൌ ݉ħଶሺ2ܸ −  .ሻ and s is the interval lengthܧ2

Equation (3) allows us to calculate ߰ାଵ, the value of  ߰ at point ݔ + ݔ  andݔ if we know ߰and ߰ିଵ, the values of ߰ at the preceding two points ,ݏ −  .ݏ

In Numerov method we start the solution at a point x0 well into the left-hand classically 

forbidden region, where ߰ሺݔሻ is very smal, and end the solution at a point xmax well into 

the right-hand classically forbidden  region, where ߰ሺݔ௫ሻ is also close to zero[2]. 

2.  DVR method 

The discrete variable representation (DVR) offers an alternative approach widely used in 

atomic and molecular systems. This method was introduced and developed by Light and et 

al. [3]. The attractive features of the DVR are that the potential matrix elements are 

diagonal and equal to the values of the potential operator at the DVR points, while the 

kinetic energy T can be evaluated analytically [4]. 

DVR method is based on the variation method. The advantage of this method over numerov 

method is its simplicity. While the numerov method is applicable only for solving one-

dimensional Schrödinger equation, DVR method is widely used to solve multi-dimensional 

problems.  

 

Results 

Tables 1 and 2 represent the DVR- and Numerov- calculated vibrational and rotational 

spacings forAr2, Ne2 and NeAr dimers with Ogilvie-Wang potential function. It is seen that 

the results of both numerov and DVR methods are identical. So, both methods have high 

accuracy and can be applied for calculating rovibrational energy levels of rare gas dimers. 

Table 1: Comparison of experimental and calculated vibrational spacings (cm-1) 
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experimental  Numerov DVR  v'-v" Molecule  

13.70±0.5 13.8429  13.8429  1-0  Ne2 

21.4137±0.00007 21.4330  21.4330  1-0  
Kr2 19.2714±0.0003 19.2863  19.2863  2-1  

17.1410±0.0009 17.1531  17.1531  3-2 

18.384±0.028 18.3477  18.347  1-0  
NeKr 11.52±0.18 11.4267  11.445  2-1 

6.81±0.64 6.0501  6.8468  3-2 

 

 
Table 2: Comparison of experimental and calculated rotational spacings in the ground vibrational state (cm-1) 

experimental Numerov DVR  J′-J″  Molecule  

0.34 0.306 0.306 1-0 
Ne2  - 0.612 0.612 2-1 

- 0.916 0.916 3-2 

0.115 0.115 0.115 1-0 
Ar2  0.2310 0.2311 0.231 2-1 

0.3464 0.3467 0.346 3-2 

0.1498±0.0014 0.1488 0.1489 1-0 
NeKr  0.2996±0.0014 0.2977 0.2977 2-1 

0.4491±0.0014 0.4465 0.4464 3-2 
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Abstract: Considering the decoherence theory we try to mention some conceptual problems of this 

theory in tackling the measurement problem The quantum to classical transition discussed in the 

framework of decoherence theory in section I. At the end, we survey some defects of the 

decoherence approach on measurement problem in the framework of gedanken experiments. 

Introduction: 

The main stream in quantum mechanics is the Copenhagen interpretation mechanics routed in the 

beliefs of Bohr that the quantum phenomena is a black box and it is impossible to represent a lucid 

description of its nature. Considering Copenhagen hegemony, quantum domain is not in the access 

of experimenter. Then, his knowledge about the micro world is based on the measurement results. 

What is happened in the black box, consisting of quantum system and apparatus, must be consider 

as a metaphysical and mysterious phenomena that has not any physical description in the theory.  

I. Decoherene approach on measurement problem 

Decoherence theory tries to explain the so-called transition from quantum to classical by 

considering the openness of quantum systems. Decoherence demands that realistic quantum 

systems are not isolated from their environment. 

  In spite of the classical physics, the environment has a crucial effect on the evolution of the 

system. The role of the environment is twofold: First the interaction with environment leads to the 

suppression of interference terms between quantum states of the system. It corresponds with the 

suppression of the off-diagonal elements of the reduced density matrix of the system under its 

interaction with surrounding. Then by the means of a non-unitary evolution which results from the 

trace operation on the environment degrees of freedom decoherence shows that why interference 

terms due to the quantumness of the system, removes through the interaction with the environment. 

Second: during the ubiquitous interaction of system-environment, some preferred states of the 

system are selected known as pointer states. These are states which preserve their correlation under 

the decoherence phenomena.  

Discussion: Critical approach on Deceherence 
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In the theory of the classical statistics, mixed states are in relation with ignorance interpretation of 

probability. It means, the experimenter knows that every subsystem of the an ensemble is in 

definite states but she does not know exactly that which one is in which state. Then, it seems that 

mixed density matrix of the system results from decoherence phenomena, could be interpreted as 

classical ones. One should keep in mind that the improper mixed states results from trace operation 

on a pure density matrix of the system-environment. The whole is in a pure state and all of the 

possibilities exist simultaneously. Proper mixed state, in its classical sense, does not results from a 

pure density matrix. So, it is not accurate to say that improper mixed states could be considered as 

their classical counterparts. In addition, the interpretation of the proper mixed states is dependent 

on the interpretation of the quantum states.  Before going further, suppose that we have an 

ensemble of a proper mixture with 30% of quantum systems in the state|0௭50 ,ۄ% in |0௫ۄ and 20% 

in the stateห1௬ۄ. Where |0 1| ݀݊ܽۄ  represents spin up and down respectively. If one carries out  ۄ

the spin measurement in the Z-direction what will be the results? One may think that the answer is 

that 20% of quantum particles in the ensemble reflected by the measuring apparatus in positive 

direction of the Z axis . However one can easily show that it is not correct! Since  ห0௫݀݊ܽۄ ห1௬ۄ are 

in relation with |0௭ۄ according to following relations: |0௫ۄ ൌ ଵ√ଶ ሺ|0௭ۄ + |1௭ۄሻ                .2  ห1௬ۄ ൌ ଵ√ଶ ሺ|0௭ۄ − ݅|1௭ۄሻ                .3  

So, even if we have a proper mixture of states, still its interpretation is dependent rigorously on the 

interpretation of the isolated quantum states or the wave function. Obviously, the two description 

results from the formalism of standard quantum mechanics and the density matrix approach are not 

in agreement. There is no evidence if the mixed state 3 could be results from the |߰ۄ in relation 4.  

As it is not possible to have a theory with two incompatible descriptions decoherence demands that 

if one takes the effect of the environment into account to describe the evolution of |߰ۄ and trace 

over the degrees of the environment the reduced density matrix 4 could be retrieved.  
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Introduction 

Conceptual Density Functional Theory (CDFT) [1] plays an emerging role to get a simple 

picture of chemical phenomena and rationalizing the experimental data by using reactivity 

descriptors. Among various descriptors, the molecular electrostatic potential (MEP) [2] is a 

real physical property which can be determined either computationally or experimentally. 

The MEP,  r , that the electrons and nuclei of a molecule create in the surrounding space 

is given by                                      
rd

rr

r

rR

Z
r 







 
 

     

 (1) 

in which Z  is the charge on nucleus  , located at R , and  r  is the electronic density. In 

this work the MEP at the nucleus is applied as an effective approach in describing the 

influence of substituent on the rate constant of etherification reaction of phenol derivative 

 

Theory and method 

According to the DFT framework, the total energy of a given system is a functional of the 

number of electrons, N , and of the external potential, )r( , i.e. ][ )r(,NEE  . The energy 

can be perturbed by changing N and/or )r(  as N  and/or  r . With the Taylor expansion 

up to the second order, the subsequent change in the total energy reads  
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We consider proton dissociation of phenol as a special case of the general consideration in 

Eq. (2) leading to the change in external potential, )r( , but the number of electrons 
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remains unchanged ( 0N ). Accordingly, under the hypothesis that oxygen is the center 

of the etherification and that the change in the electronic feature of the phenol derivatives 

through the substituent influence can be well reflected by the local property of either 

oxygen or hydrogen of phenolic hydroxyl group, in our recent work we have proposed a 

quantitative prediction of etherification rate constant through the MEP at the nuclei of 

hydroxyl moiety [3]  

 








 


d
Rr

r

RR

Z
k/klog

HHi Hi

i
HX

        (3) 

where Xk  is the first order rate constant of substituted phenol and Hk  is the corresponding 

value for phenol. In this equation HR  is the coordinate of the leaving proton in 

etherification and  iR  are the coordinates of the other nuclei in the phenol molecule. As an 

illustrative example for etherification and validation of Eq. (3), 30 mono- and di-substituted 

phenol derivatives including electron-donating and electron-withdrawing substituents have 

been investigated. All geometry optimization and frequency calculation at B3LYP/6-

311++G(d,p) level of theory have been performed with the Gaussian 03 suite of programs. 

Results and discussion 

In Figures 1(a) and 1(b) we presented the experimental rate constant data versus MEP at 

oxygen and hydrogen nuclei of phenolic hydroxyl group, respectively. As can be seen from 

this figures, the changes in the MEP at oxygen (R2=0.920) and at hydrogen (R2=0.884) 

were strongly correlated with the variation of experimental rate constant data. The oxygen 

atom, however, is in direct contact with the phenolic ring and consequently it is more 

influenced by the substituent effect. Therefore, we can deduce that the MEP on the oxygen 

is a more sensitive descriptor for rate constant prediction. In conclusion, the proposed 

method provides a simple route to predict rate constant of etherification reaction of 
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substituted phenols from a simple density functional calculation. 

Figure 1. Etherification rate constants versus MEP@O (a) and MEP@H (b) for a series of mono- and di- substituted 

phenols. 
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Abstract 

Molecular Peltier coefficients (MPCs) and molecular Seebeck coefficients 

(MSCs) are introduced and computed, based on the density and energy transfers 

between different parts (as intramolecular sectional junctions, ISJs) of a single 

molecule nanoelectronic device using quantum theory of atoms in molecule. The 

MPCs and MSCs, calculated for a typical single molecule electrode junction (E-M-

E), show non-linear dependence on the electric field strength. Analysis of these 

proposed coefficients can discriminate and rank the electrothermal or thermoelectric 

performance of molecular devices. In E-M-E system, electrons of the gold electrodes 

contribute to the electron transfer mechanism between ISJs, via coupling between the 

molecule and electrode, and so the EF dependences of the MPCs and MSCs are 

sizeable.  

 

Keyword: Peltier effect, Seebeck effect, thermoelectric, Nanoelectronic  
 

Introduction 

The temperature difference induced by a voltage gradient is known as Peltier effect 

[1]. The Seebeck effect is the reverse of Peltier effect. Calculation of molecular Peltier 

coefficients (MPCs) for isolated molecule in EF has been reported previously [2]. In this 

work, MPCs and molecular Seebeck coefficients (MSCs) are calculated for a molecule 

sandwiched between two gold electrodes (E-M-E). We divided the E-M-E system into four 

sections, Fig. 1, as intramolecular sectional junction (ISJ). In a nanoelectronic circuit, the 

charge and energy transfer occur between ISJs due to electric field (EF). Then, the reduced 
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sectional Peltier and Seebeck coefficients, ),( DUM SS & ),( RLM SS  and ),( DUM SSS  & 

),( RLM SSS , are calculated based on the energy transfers between different ISJs, within the 

quantum theory of atoms in molecule (QT-AIM) [3]. These coefficients are respectively 

related to (up↔down) and (left↔right) energy transfer in the single molecule device.  

 

 

Methodology 

 We assumed that the redistribution of energy between ISJ and flow of heat (heat in

 heat out) between macroscopic Peltier junctions are similar. Based on the linear law of 

thermoelectric phenomenological equation, the reduce molecular Peltier coefficient ( M ) 

can be introduced and computed via 

elecM FE


     ( LF Felec 


) 
(1) 

where E


 ,  elecF


, F  and L  are the reduce energy transferred between ISJ due to the EF, 

electric field (EF) voltage, electrical field intensity and distance between the two ends (ISJs) 

of the single molecule. Values of the kinetic energy ( )(K ), total atomic virial ( )( ) and 

total atomic energy ( )(E ) can be calculated for atomic basin    using QT-AIM via  

  22
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For a system in electrostatic equilibrium, )()(  V  [3]. Based on the Onsager reciprocal 

relation, the reduce molecular Seebeck coefficient, M  , becomes 
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where ( ),( Fe JT  ,  ),( FJK  ) and ( )0,(JTe ,  )0,(JK


) are respectively the electronic 

temperature and kinetic energy in the absence and presence of EF. In the Eq.(3), eqT  and 


eT  

are the equilibrium and the reference temperatures, respectively. Geometry optimization and 

calculation of the structural and electronic properties have been carried out under different 
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EF intensities applied in the x direction, at the UB3LYP/6-311G* level of theory using 

LANL2DZ pseudopotential for the gold atoms. 

 

Results and Discussion  

The results are shown in Fig. 2. The calculated MPCs and MSCs show non-linear 

dependence on the EF strength. In comparison with the response of the isolated molecule, 

response of the E-M-E is intensified due to the coupling of the gold atoms electrons with 

the molecule electronic system. Based on the method proposed in this work, it is possible to 

predict and analyze details of the thermoelectric effect in all E-M-E nanoelectronic systems.  

  
   Fig.1. Single molecule electrode junctions.         Fig.  2. EF effect on  the MPCs and MSCs. 

 

References: 

[1] Rowe, D.M., Thermoelectric Handbook, Macro to Nano, CRC Press, Boca Raton, 

2006. 

[2] Sabzyan , H. ; Safari, R., ICNN- 2010, 9-11 November, Shiraz, Iran. 

[3] Matta C. F., Quantum Biochemistry, Wiley: Weinheim, 2010. 

 



14th Iranian Physical Chemistry Conference 
   University of Tehran, Kish, February 25-28, 2011  

  
 
Computational Approach for Evaluating of Anti-Cancer Activity of Chalcones 

from Their Molecular Structure  
 

Z. Rostami*a
, H. Iloukhanib, A. Najafia, N. Afsharia, and M. Frouzandeha 

aDepartment of Chemistry, University of Payame Noor, Hamedan, Iran  

(Email: P_Rostami1978@yahoo.com) 
bDepartment of Physical Chemistry, Faculty of Chemistry, Bu-ali Sina University, Hamedan, Iran 

 
Keywords: QSAR, MLR analysis, Chalcones derivatives, Anti cancer activity 

 

Introduction:  

Cancer is a terrible disease which is the leading death of the human population in some 
areas of the world [1]. Halcone (and related compounds "chalconoids") is an aromatic 
ketone that forms the central core for a variety of important biological compounds, which 
are known collectively as chalcones. They show antibacterial, antifungal, anticancer and 
anti-inflammatory properties. Some chalcones demonstrated the ability to block voltage-
dependent potassium channels. Methyl hydroxychalcone, found in cinnamon, was thought 
to be insulin mimetic, improving insulin response of diabetics. A data set containing 36 
chalcones derivatives was used in this study. These compounds synthesized first by Hui 
Wua et al. [2]. The biological evaluation of these compounds was made by cytotoxicity in 
LNCaP cell line, IC50, and presented in Table 1.  
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Table 1. Chemical structure and cytotoxicity of chalcones derivatives. 

R2
R3

R4
R5

R6

O R2
R3

R4
R5

R6

O

OH  
Compound R2 R3 R4 R5 R6 IC50 Compound R2 R3 R4 R5 R6 IC50 

1 H OCH3 OH H H 9.5 19 H H H H H 5.8 
2 H OH OCH3 H H 9.9 20 CF3 H H H H 2.9 
3 H CF3 H H H 2.8 21 H CF3 H H H 0.74 
4 H H CF3 H H 9.1 22 H H CF3 H H 3.0 
5 F H H H H 10.7 23 F H H H H 2.9 
6 H F H H H 12.9 24 H F H H H 4.4 
7 H H F H H 7.3 25 H H F H H 3.9 
8 H NO2 H H H 2.7 26 H CF3 F H H 2.2 
9 H NO2 OH H H 26.8 27 H CF3 H F H 1.1 
10 H NO2 H H Cl 4.2 28 F CF3 H H H 1.1 
11 H CH3 H H H 17.8 29 F H CF3 H H 2.6 

12 CF3 H H H H 22.6 30 F H H CF3 H 1.7 

13 H CF3 H H H 1.0 31 F H H H CF3 4.9 
14 H H CF3 H H 4.7 32 H CH3 H H H 4.1 
15 F H H H H 1.6 33 H CN H H H 1.8 
16 F H H CF3 H 1.7 34 H NO2 H H H 2.0 
17 H NO2 H H H 3.3 35 H H NO2 H H 4.2 
18 H CH3 H H H 12.2 36 H OCH3 H H H 4.9 

 

Methods:  

In the present study we aimed to develop Quantitative Structure Activity Relationship 

(QSAR) method for the anticancer activity of chalcones derivatives. AM1 semi-empirical 

quantum-chemical calculation was used to optimize the 3D geometry of the molecules 

using the HyperChem software. Dragon computer software was employed to calculate the 

molecular descriptors. Genetic algorithms (GA) were used as a variable selection method. 

Table 2 presents the molecular descriptors used in this study. 

 

Table 2. 2D Autocorrelations descriptors used in this study. 

No. Symbol Description 
1 Eeig04r Eigenvalue 04 from edge adj. matrix weighted by resonance integrals 
2 PJI2 2D Petitjean shape index 
3 C-038 Al � C (=X) �- Al 
4 HATS7p leverage-weighted autocorrelation of lag 7 / weighted by atomic polarizabilities 
5 H8m H autocorrelation of lag 8 / weighted by atomic masses 
6 Mor31m 3D-MoRSE - signal 31 / weighted by atomic masses 
7 Mor02p 3D-MoRSE - signal 02 / weighted by atomic polarizabilities 
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Results and Discussion:  

Multiple linear regressions (MLR) were used to derive the QSAR equation. The best QSAR 

model obtained with the descriptors (Table 2) is given below together with the statistical 

parameters of the regression: 

Log (IC50) = 2.0175 -2.1058 (Eeig04r) + 0.9878 (PJI2) -0.9933 (C-038) –1.5304 

(HATS7p) -   2.4676 (H8m) - 1.1573 (Mor31m) + 0.2164 (Mor02p) 

N = 36, R2 = 0.922, RMS = 0.108, F= 51.662, Q2 = 0.8371 

Where N is the number of compounds, R2 is the correlation coefficient, RMS is the root 

mean square deviation, F is the Fisher ration, and Q2 is the correlation coefficient of the 

cross-validation. 

 

Conclusion:  

As can be seen, the MLR model has good statistical quality with low prediction error. The 

plot of the experimental versus predicted values for the above presented model is shown in 

Figure 1. 

 
Figure 1. Plot of the calculated from MLR vs. observed log (IC50). 
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Introduction  

Considerable efforts after the carbon nanotube (CNT) discovery have indicated that 

the CNTs are capable to be chemically or physically functionalized by other atoms or 

molecules in which new properties could be generated for the new hybrid compounds [1,2]. 

Moreover, functionalization of CNTs by biological molecules such as nucleobases could 

make them important materials for medicinal processes like gene therapy and drug delivery 

[3,4]. In current research, we have investigated the hybrid of a pair of (6,0) zigzag CNTs 

through a bridging cytosine linkage (Fig. 1) by performing density functional theory (DFT) 

calculations. N1 and C5 are two atomic sites of pyrimidine ring of cytosine in which we 

have employed as binding sites for the CNTs. It is noted that the CNTs are covalently 

bound to N1 and C5 sites of cytosine to make possible the junction through this bridging 

linkage. 

 

Computational aspects 

The B3LYP exchange-functional and the 6-31G* standard basis set as implemented 

in the Gaussian 98 package [5] have been employed to optimize the investigated model. 

The optimization process yielded the properties such as dipole moment, band gap, binding 

energy, and binding length. The nuclear quadrupole resonance (NQR) properties including 

quadrupole coupling constant (CQ) have also been evaluated for the optimized structures.  
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Table 1: The calculated properties for the investigated CNT-cytosine hybrid * 

Structural Property CNT-Cytosine  NQR Property CNT-Cytosine 

Stoichiometry 

Dipole Moment /Debye 

Band Gap /eV 

Binding Energy /eV 

CNT-1-N1 Length /Å 

CNT-5-C5 Length /Å 

C100H25N3O 

2.28 

0.16 

9.21 

1.35 

1.39 

 CQ [N1] /MHz 

CQ [N3] /MHz 

CQ [N4] /MHz 

CQ [O2] /MHz 

1.10 

3.28 

3.91 

9.30 

* See Fig. 1 for details. 

 

Results and discussion 

The calculated properties including the structural and NQR properties for the 

investigated hybrid of CNT-cytosine (Fig. 1) are listed in Table 1. Values of dipole 

moment, band gap, binding energy, and the covalently attached bond lengths for the 

counterparts are listed for the investigated structure. The values of NQR properties indicate 

that the two N atoms of the investigated models which belong to the cytosine-linkage part 

indicate that the N atoms detect different electronic environments in the structure of hybrid. 

Due to the covalent attachment of N1 by CNT, the magnitude of CQ for this atom is smaller 

than the other two N atoms. It is important to note that the NQR parameters are originated 

at the electronic sites of atoms; therefore, they could reveal insightful trends about the 

chemical environments of matters. 

 

Conclusions 

 In this work, we have studied the properties of a cytosine-assisted CNT hybrid 

through computations. The stabilized structures have been achieved through optimization 

and the NQR properties have been calculated for the optimized structures. The NQR 

Fig. 1: The hybrid of CNT-cytosine 
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properties indicate that the chemical environments of N atoms of cytosine are different in 

the structure of hybrid in which the most difference is observed for N1.  
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Abstract:  

Using a tight-binding model and methods based on Green's function theory, we numerically 

investigate the effects of the coupling strength and the role of the soliton on the current-

voltage (I-V) characteristics of the Metal/trans-polyacetylene/Metal (M-PA-M) molecular 

wire. Our calculations show that the solitons play an important role in the response of this 

system causing a large enhancement in the wire current. Our results suggest that the I-V 

characteristic is sensitive to the Metal/molecule coupling strength. 

 

Keywords: molecular wire, trans-polyacetylene, Green’s function theory, I-V 

characteristics 

 

Introduction: 

The progress of molecular wires attracts much attention on their transport behaviors [1]. 

The typical systems considered are usually organic or polymer molecules sandwiched 

between two electrodes. Doping of conjucated polymers give rise to creation of the 

geometrical defects in the structure of them. In PA, these defects are ‘solitons’ and may 

effectively affect the electronic conduction through the polymer [2]. As a model, we 

numerically investigate the effects of the coupling strength and the role of the soliton on the 

current-voltage (I-V) characteristics of the M-PA-M structure (Fig. 1), where the metal 

nanocontacts are considered as the Newns-Anderson model. 

 

Methodology: 
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 )]()([)()/2()(  RL ffTdheVI  and )]()()()([)( EGEEGETrET RL    where )(/ RLf  is the 

Fermi-Dirac distribution function [3]. )()()( EEE RL   is minus the imaginary part of 

the electrodes’ self-energy. E  and 1
RLSSH ))E()E(HIE()E(G  are the electron energy and 

the modified Green’s function of the extended molecule, respectively. I , H and 

)()()( EEE RL  are respectively the unit matrix, the molecule’s Hamiltonian and the 

electrodes’ self-energy via the Newns-Anderson model [3]. The electronic part of SSHH  is 

given as [2],  


 
n

1nnn1nn,1nSSH )cccc(tH , )uu(tt 1nn0n,1n    , eVt 5.20  , AeV/1.4 . 

In the presence of solitons  


m
0

n
n ]

7

)mn(
tanh[u)1(u , Au 04.00   [2]. m  shows the location 

of the soliton center on the chain which we choose in the center of the PA chain.  

 

Results and discussion: 

Our calculations are done for 56 carbon atoms in the PA chain. According to Fig. 2, the 

solitons play an important role in the response of this system causing a large enhancement 

in the wire current. Our results also suggest that the I-V characteristic is sensitive to the 

Metal/molecule coupling strength (as shown in Fig. 3 and 4). 

Fig. 1. A schematic representation of the M-PA-M 

structure. 
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Fig. 3. the I-V curves for the different ct s . (a)-(e) ct

s are 0.1, 0.3, 0.5, 0.7 and 0.9, respectively. 
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Fig. 2. (a) and (b) show the I-V curve of the M-PA-M 

molecular wire in the absence and presence of 

solitons, respectively. 
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Fig. 4. current vs. ct at Volt5.2V  . 
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Introduction 

Proton-bound dimers, in the form of A-H+-B, are formed via a reaction between 

protonated molecules and a second molecule with high proton affinity. Such dimers are 

regularly observed in atmospheric pressure chemical ionization techniques such as ion 

mobility spectrometry (IMS) [1]. They also have a major role in the chemistry of the 

hydrogen bond. Thermodynamic properties of those dimers have been experimentally 

studied by various techniques such as; ion cyclotron resonance, pulsed electron beam, high 

pressure mass spectrometry [2]. In this work, an ion mobility spectrometer was used to 

experimentally study the thermodynamics of proton bond dimer formation at atmospheric 

pressure. Based on ab initio calculation, it was assumed that the monomer ion is hydrated 

and it is in equilibrium with the unhydrated dimer such that; 

 

 

 

 

 

 

 

Fig. 1. Multi equilibrium reaction for hydrated protonated ions happening in atmospheric pressure. 
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Experimental and Method 

The ion mobility spectrometer was constructed in our lab and described elsewhere[3]. IMS 

cell was installed in a thermostat oven where temperature could be adjusted from room 

temperature to 500 K. The sample was injected into the carrier gas using a syringe pump at 

flow rates in the range of from 5-40 L min-1. Protonated ions were produced by a corona 

discharge ionization source. The reaction was established in the ionization region of IMS 

as; MH++M ⇌ MHM+   ܳ ൌ ሾMమHశሿሾMHశሿሾMሿ      (1) 

To ensure the equilibrium condition, the reaction quotient (Q) of Reaction 1 was measured 

while the pump flow rate was increased. At equilibrium, Q was independent of the flow 

rate. Then the relative abundances of the monomer and dimer were obtained from the 

intensity of their corresponding peaks in the mobility spectrum. The equilibrium constant, 

Keq, was then calculated from the relative intensities at different temperatures.  

 

Calculation 

First, the geometry of the reactants and products for methyl-isobutyl-keton, (MIBK) was 

optimized using Gaussian 98. Then the enthalpies and Gibbs free energies were calculated 

using Hartrree-Fock method with 6-311++G** basis set. The calculation was then carried 

out using B3LYP method to obtain more accurate results. The enthalpy change of  reaction 

MH+(H2O)n + M MH+M for different hydrated protonated monomers are -28.5, -7.9 

,6.53, 18.6, 29.2, 38.7 for n = 0-5, respectively. 

 

Results and Discussion 

The experimentally measured equilibrium constant at different temperatures are shown in 

Fig.2. As shown, the equilibrium constant goes up with temperature at low temperatures but 

decreases at high temperatures. This means that the reaction is endothermic at low 

temperatures and exothermic at high temperatures. This relates that it is a complicated 

reaction that its nature changes with temperature. In fact, a series of multiequilibrium 

reactions, rather than a simple reaction happens in atmospheric pressure. The Van’t Hoff 

plot of ln(Keq) versus the reciprocal temperature yielded an enthalpy change for reaction 1 
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to be -5kcal/mol. This is far from the expected value of about -28 kcal/mol for typical 

hydrogen bonding.  

A model was proposed to solve this complicated system. Based on the results 

obtained from the calculation, a mixture of protonated monomers, MH+(H2O)n were assumed 

to be in equilibrium with dimer. For the complicated reaction shown in Fig.1, we define 

here a general equilibrium constant, as; 

])([].[

][

2 n
n

OHMHM

MMH
K 




        (2) 

The new equilibrium constant can be expressed in terms of the equilibrium constants 

for the individual reactions as; ଵೝ  ൌ ଵబ   + 2ܱభܪ  +  ሺ2ܱܪሻమమ  +. . .  + ሺ2ܱܪሻ  

We call this constant as the reduced equilibrium constant. Ko, K1 to K5 where determined 

using the results obtained from the ab inito calculation. The defined equilibrium constant 

calculated at different temperatures for different water vapor pressure along with the 

experimental results are shown in Fig.2. The model well describes the behavior of the 

equilibrium constant as a function of temperature. 
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Fig. 2. Experimental (dots) and theoretical (lines) equilibrium constant, defined in Eq. 2 as a function of temperatures 

for different water vapor pressure. 
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Introduction 

Cathodic disbonding is one of the main causes that results in the loss of adhesiveness 

and degradation, which has a great impact on the service life of gas and oil buried 

pipelines under cathodic protection [1] . 

Cathodic disbonding tests were developed in the 1960s and leading to the publication 

of ASTM G8 in which an artificial defect was introduced to simulated the damaged 

area of a coating[2]. Many studies have been dedicated to this subject regarding the 

mechanisms of cathodic disbonding of organic coatings on steel[3-4] . 

 

Method  

In this research three coating thickness were investigated according to ASTM G8 

using EIS. Electrochemical cells were designed to separate the measurements of 

cathodic disbonding process from influence of impedance in artificial holiday. 

Experiments were done in 3.5% NaCl solutions at room temperature with different 

coating thicknesses (354, 483 and 1014 μm). Artificial holiday diameter was 6 mm. 

Immersion time was 28 day and during the immersion, cathodic potential of -1.5 V 

(vs. SCE) was applied, but the EIS measurements were done in open circuit potential 

(OCP).  
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Results and Discussion   

In evaluation of coating thickness effect, based on table 1, analysis of EIS curves in 

break point frequency (θ=-45) showed that several parameter under over protection 

conditions were efficacious in cathodic disbonding coating process, but with no logical 

correlations between each parameter and any disbonded area individually. 

 
 
 

Table 1- Evaluation of coating thickness effect after 28 days immersion 

According to figures 1-3 evaluation of samples showed that the behavior of coatings is 

like a metal with no coating. .   

 
Fig.1– IZI versus frequency Fig.2–Phase of Z versus frequency Fig.3 –Z” (ohm)versus Z’(ohm) 

 

Fluctuations of open circuit potential (Eocp) during time indicated the negative trend ,it 

seems that diffusion of ions corrosive and water absorption under healthy area was 

increasing ,so reactions of carbon steel corrosion was increased too[5]. The fluctuation 

of open circuit potential were given in fig.4 . 

Sample Thickness 
of  Coating 

(µm) 

Equivalent 
circuit diameter 

(mm) 

Disbonded 
area 

(mm2) 

Frequency in θ= -45 
High frequency 

(Hz) 

Frequency in θ= -45 
Low frequency 

(Hz) 
A 483 19.02 284.07 0.0136 0.0136 
B 354 22.94 413.50 3.3386 0.036989 
D 1014 10.91 93.49 0.005 0.005 
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Fig.4- Fluctuations of measured potential (Eocp) during time 

 
 

 

Conclusions 

The most influence was observed between the fifth and thirteenth days based on EIS 

plots. It seems that diffusion of electrolyte is dependence on the coatings thickness and 

on the defects in coatings and environmental factors.  

There is no accurate logical correlation between thickness of coating and disbonded 

area but it can resulted thickness of coating has reverse relation versus disbanded area. 
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Abstract: 

The conformational behaviours of trans-2,3-dihalo-1,4-diselenanes [halo = F (1), Cl 

(2), Br (3)] and  trans-2,5-dihalo-1,4- diselenanes [halo = F (4), Cl (5), Br (6)] have been 

analyzed by means of complete basis set CBS-4, hybrid-density functional theory (B3LYP/6-

311+G**//B3LYP/6-311+G**) based methods and NBO interpretation. Both methods 

showed that the axial conformations of compounds 1 and 4 are more stable than their 

equatorial conformations but resulted in equatorial preferences for compounds 2, 3, 5 and 6. 

The Gibbs free energy difference (Geq–Gax) values (i.e. ΔGeq-ax) at 298.15 K and 1 atm 

between the axial and equatorial conformations decrease from compound 1 to compound 3. 

Also, the calculated ΔGeq-ax values decrease from compound 4 to compound 6. The NBO 

analysis of donor-acceptor (LP→σ*) interactions showed that the anomeric effects (AE)1,2 

decrease from compound 1 to compound 3 and also from compound 4 to compound 6. Also, 

the calculated dipole moment values between the axial and equatorial conformations [Δ(µeq - 

µax)] decrease from compound 1 to compound 3. There is no conflict between the increase of 

AE and the decrease of Δ(µeq - µax) values. The calculated AE and Δ(µeq - µax) values 

reasonably explain the decrease of the axial conformation stability from compound 1 to 

compound 3 and also from compound 4 to compound 6 compared to their corresponding 

equatorial conformations. The Gibbs free energy difference values between the axial and 

equatorial conformations (i.e. ΔGax-ax and ΔGeq-eq) of compounds 1 and 4, 2 and 5 and also 3 

and 6 have been calculated. The correlations between the AE, bond orders, pairwise steric 

exchange energies (PSEE), ΔGeq-ax, ΔGax-ax, ΔGeq-eq, dipole-dipole interactions, structural 

parameters and conformational behaviors of compounds 1-6 have been investigated. 
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Abstract: 

The aim of the present study is to investigate the adsorption of Basic Violet 2 onto sawdust in 

aqueous solution. The effect of different operational parameters such as pH, agitation speed, 

contact time, mesh size, adsorbent dose and initial dye concentration was studied in a batch 

mode reactor.  
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Introduction 

Dyes are widely used in paper, plastic, food, cosmetics, textile, and printing industries .Waste 

water containing dyes presents a serious environmental problem because it contains a variety 

of organic compound and toxic substances which are harmful to fish and other aquatic 

organisms [1]. These dyes are stable to light and oxidizing agents, and are resistant to aerobic 

digestion, which make it difficult to treat such effluents using conventional wastewater 

treatment methods[2].In the percent study , the removal of chemical grade Basic Violet 2 by 

wood sawdust was studied .The results show that the removal efficiency depends on 

operational parameters. 

 

Experimental                                                                                                                                                        

In order to study the adsorption of  BV2 50 mL of adsorbate solution with known 

concentration was prepared. These adsorbent with amount and particle size was added into the 

above solution and in 10 min time intervals the samples were withdrawn, centrifuged and 

absorbance was measured by spectrophotometer to calculate the removal efficiency and also a 

mechanical stirrer  (GFL, 30006, Germany) were used to agitate the solution.  

1.The effect of particle size                                                                                                                                   
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The different particle size of the adsorbent were sieved using 60-325 mesh sieves. Then  0.5 g  

of adsorbent was added into 50 mL of 15 mg  ିܮଵ BV2 and agitated for 1 hour with 125 stroke 

per minute. Results showed that removal of 97.7% occurs with 200 – mesh size and above that 

remains unchanged. Increasing mesh size produces smaller particle size resulting enhanced 

surface area of the adsorbent, hence active sites increases which causes higher removal percent 

[3]. But reducing the particle size to a critical size agglomeration of the adsorbent particles 

increases, therefore pores and active sites are covered and the removal percent decreases. 

2. The effect of adsorbate dosage                                                                                                                     

Various amounts of adsorbent ranging from  (0.1-3) g with 200-mesh size were taken and the 

same conditions as previous section were applied. Results revealed  that the removal efficiency 

increases (95.4%) up to o.5 g of adsorbent. Due to the increases in the surface of the adsorbent 

and above that the removal percent remains almost constant since the solution becomes 

saturated with adsorbent and adsorption- desorption phenomenon takes place[4]. 

3. The effect of contact time 

Using 0.5 g of adsorbent with 200-mesh size with similar conditions as expressed in section 

2.1, different contact times from (5-120) min were investigated. It is observed that in the first 

30 min the removal percent increases up to (99.3%) and remains almost constant after that 

.This is due to the occupation of the available active sites on the adsorbent surface during the 

process. 

4. The effect of stirring rate  

Using the optimum conditions which were obtained in previous sections, agitation speeds of 

(25-215) stroke per minute were employed. Findings showed that removal of (99.5%) occurs 

up to 125 s/m and after that no change could be observed which can be explained due to 

sedimentation of adsorbent particles, and also increasing the agitation rate decreases boundary 

layer of the adsorbent and consequently diffuses the adsorbent molecules into adsorbent pores 

easily[5]. 

5. The effect of pH  

The effect of pH was investigated in the same conditions as mentioned. The pH was in the 

range (3-9).Since there was no charge on the adsorbent surface hence the variation of pH does 

not influence the adsorption rate, therefore the initial pH of the solution was taken in whole 

experiments. 
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6. The effect initial dye concentration 

Employing the optimum conditions, the concentration of dyes (5-35)mg  ିܮଵ were investigated 

. Results showed that removal percent decreases from 97.4% to 87.4% , because as the number 

of molecules per unit of volume increases, the electrostatic repulsion takes  place on the 

adsorbent surface.  

 

Conclusion  

The present study shows that wood sawdust is an effective adsorbent for the removal of Basic 

Violet 2 from aqueous solution . The results would be useful for the design of wastewater 

treatment plants for the removal of dyes . 
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Introduction:  

 Many researchers are interested to study physical properties and phase diagram of metallic 

oxides which are constituent the soils. In our research we decided to use the prevalent clay 

and sand which available and manufactured in Iran to use directly. It may improve and open 

new view in the field of applied physical chemistry and soil science. Clay soil is hardened 

when fired or dried. They may also have contained variable common of water trapped in the 

mineral structure which is cause polar attraction. In a view of soil scientist and colloid 

chemist are usually preferred the size of clay between 1-2 µm respectively. 

Sieving ventilation of air during of kiln it has an important rule for improving the physical 

properties of  the clay. The melting point of clay, depend to their compositions. It seems 

presents of  potassium oxide can lower the melting point temperature. The main composition 

of sand is SiO2 , which make an unique tightness of it and enhance the melting point of sand. 

The microstructure of different metal oxides by variation temperatures have been studied so 

far and their phase diagrams CaO- MgO,CaO- MgO-SiO2 and so on, have been reported, in 

condition of  desification, sinteration and crystallization have also been investigated but there 

is not any report of this view that to measure clay and sand system so far [1-7]. 

 

Materials and methods: 

Clay soil had grain size less than 0.75 mm and their liquid limit(LL) and plastic limit are 

equal to 40% and 14% respectively it has a density equal to 2.7 g.cm-3. Sand soil has 

approximately size of 0.08-4.75 mm. In this case angle of fraction for sand is equal to 320 and 

there is no cohesive coefficient ,also sand density is equal to 2.6g.cm-3. 
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Apparatus: 

The  Casagranda tool has been applied for determining the liquid limit and direct shear test 

has been applied for determining shear resistant of the sand soil ,on the other hand the triaxial 

test is suitable for clay soil. Clay and soil are dried in oven made by Yamato Company, for 

high temperature a special design oven made by Exciton Company had been used. [Model: 

EX.1200-30-6 STH, this oven is made by Iran]. 

 

Result and discussion: 

The physical property of sand and clay had been report in previous section melting point of 

sand and clay was 1590 0C and 650 0C respectively. It seems the main compositions of clay 

soil are potassium oxide and calcium oxide as can observe in EDAX diagram. There is two 

eutectic point one eutectic point at molar concentration 65% of clay is equal to 850 0C and the 

eutectic point in molar concentration equal to 72% of sand is equal to 1220 0C. The lowering 

melting point of the clay and sand on addition of the clay and sand are on investigations. 

 

Conclusion: 

Eutectic points of clay-sand system has been measured, most of researches have been 

concerned diagram phase of metallic oxides of constituents of clay and sand but they haven't 

directly investigated clay and sand soil which we have done in this paper. It has also 

concluded melting point of clay is increased on adding sand soil, definitely resistance of clay 

in this manner is improved. By addition of clay to sand soil its melting point is decrease it my 

caused decreasing uses of energy in the concern industrial.  
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Introduction 

Many industries which used dyes and pigments generated waste water. Dyes are widely used 

in industries such as textile, plastic, cosmetic, rubber, paper, etc. The adsorption process is on 

of the effective methods for removal dyes from the waste effluent [1]. In recent years, 

agricultural by-products have been widely studied for metal and dye removal from water. 

These include pine bark, tree tern, wheat shell, rice hush, saw dust, etc [2]. platanus Leaf was 

chosen as biosorbent in this experiment. The aim of this work was to study the possibility of 

the utilization of platanus Leaf For biosorption of dye from aqueous solutions. The system 

variables studied include biosorptive time, PH and temperature. The isotherm constants for 

Langmuir, Freundlich, Temkin, Halsey, Henderson and Harkins-jura isotherm have been 

determined. 

 

Materials and methods 

For this study, rhodamine was used and it was obtained from Merck co. An accurate weighed 

quantity of the dye was dissolved in double distilled water to prepared stock solution (

l
mg1000 ). experimental solution of the desired concentration was obtained by successively 

dilutions. The platanus Leaf were rinsed with distilled water and dried in room temprature for 

the time. Of necessary the leaves ground and screened through a set of sieves m60 . The leaf 

sample was kept dry till the time of usage. 

The results of different PH for dye biosorption was shown an increase in dye adsorption per 

PH 5. then solutions were supplied in this PH. The concentration of colouring matter in each 

sample was determined by calibration plots drawn by recording the absorbance of dye at 
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different concentration, all measurement were made at 550Max . Batch adsorption tests 

were performed to study the adsorptive removal of dye from aqueous solution by biomass, 

where 20 ml of dye solution of known initial concentration ( 0C ) and a known amount of the 

biomass were taken in the 50 ml flasks. The flasks were shaken at 150 rpm for 60 minutes to 

ensure the adsorption equilibrium. The equilibrium concentration ( 0C ) of dye was determined 

using uv/vis spectrometer. The amount of solute adsorbed ( eq ) per gram of biomass was 

calculated by 0C  and eC . 

m

VCC

g

mg
q ei

e
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)(




 

Where V is the volume of solution and m is the mass of adsorbent. 

 

Result and discussion 

This study shows that the platanus leaf is an effective adsorbent for removal of rhodamine 

From aqueous solution because each 0.1 gram of biomass have adsorption efficiency about 

%91.75.  

Biosorption equilibrium data were correlated with the Langmuir and Frundlich isotherms. The 

linearized from of the Langmuir and Frundlich isotherms are:  

Max

e

Maxe

e

q

C

bqq

C


1

 

fee LnkLnC
n

Lnq 
1

 

Where Maxq is the Maximum amount of solute adsorbed and b, n,
 fk are constants [3]. The 

results of langmuir isotherm are shown in fig.1 and the calculated values from lang muir and 

frundlich isotherms at 30 and c35  are shown in tab.1.  

The essential characteristics of the Langmuir isotherm can be expressed in terms of either a 

dimensionless constant separation factor or equilibrium parameter, 

i

L
bC

R



1

1  . 
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where LR  is a dimensionless separation factor iC the initial concentration of dye ( 1mgL ) and b 

is the Langmuir constant. The parameter LR indicates the shape of isotherm accordingly 1LR  

un favourable 1LR linear, 0LR  irreresible 10  LR favourable  

In this study LR is between 0and1, therefore ,biosorption process is favourable adsorption[4]. 

 

Tab.1: values from Langmuir and Frundlich isotherms at 30 and 35 C  

2r  )(
mg

l
b)(max g

mg
q)() .expmax g

mg
q er

 
biosorbent  

0.963 0.0048  243.9 277.798  platanus 
Leaf  

 

 

 

 

 

 

Fig1: results of Langmuir isotherm 

 

Fig2: results of Frundlich isotherm 
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Introduction 

In the present work, second derivative thermodynamic properties as well as surface tension 

are studied by using the ISM equation of state (EOS). Song and Mason presented an 

analytical EOS, called ISM, based on statistical-mechanical perturbation theory for real 

molecular fluids [1]. The equation has two temperature-dependent quantities, i.e. effective 

hard-sphere diameter and a scaling factor as well as the second virial coefficient, which can 

be written as follow:  ఘ் ൌ 1  ߩଶሺܶሻܤ  ሻߟሺܩሾߩതሺܶሻߙ െ 1ሿ   (1) 

where 2ܤሺܶሻ is the second virial coefficient and ߙሺܶሻ is scaling factor, which can written as: 

ሺܶሻߙ ൌ ߨ2  ൬1 െ ݁ିೠሺೝሻೖ ൰౨ౣ ଶݎ   (2)  ݎ݀

In this work, we have suggested the following pair distribution function, appeared in Eq. (1):  ܩሺߟሻ ൌ ଵଵିη  ଷఈሺଵାఈሻఎሺଵିఎሻమሺଵାଷఈሻ  ଶఎమఈమሺଵିఎሻయሺଵାଷఈሻ  (3) 

Where ߟ is the packing fraction ൌ ሺ்ሻఘସி  , in which ܾሺܶሻ is co-volume, obtained as: 

ܾሺܶሻ ൌ ߨ2  ሺ1 െ ሺ1  ௨బതതതതሺሻ்ҧ ሻ݁ି௨బതതതതሺሻ/்ሻݎଶ  (5)   ݎ݀
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Thermophysical properties 

A most important derivative property is the speed of sound, defined as: ݒ௦ ൌ ሾቀ ఊெቁ ቀడడఘቁሿଵ/ଶ    (6) 

where M is the molecular mass and ߛ ؠ ೡ , which is determined by ܥ and ܥ௩ , given by: 

ܥ ൌ ܶ  ሺడమడ்మሻ ܸ݀ െ ܶ ሺങങሻೡమሺങങೡሻ െ ܴ  ஶܥ ௩ܥ  ,  ൌ ܥ  ܶ ሺങങሻೡమሺങങೡሻ  (7) 

Further, in our continuing work, the interfacial properties, such as surface tension and surface 

thickness, will be studied. For this purpose, we calculate the surface tension and its 

corresponding surface thickness by using density functional approach and ISM EOS [2]. 

 

Result and discussion 

Figures 1 and 2 are shown the VLE of  Nଶ and HଶO. Figures 3 and 4 have shown the 

calculated ܥ  and speed of sound versus density, respectively, for Nଶ and the agreement with 

correlated data is generally satisfactory. The experimental data were taken from NIST 

Chemistry Web Book [3]. The solid curves represent the ISM EOS and symbols represent 

experimental data. 

 

 

 

Fig. 1. Reduced ܘ െ ܘ                         Fig. 2. Reducedۼ isotherm for ܞ െ  ۽isotherm for ۶ ܞ
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Fig. 3. Prediction of ۱ܘ  for ۼ                           Fig. 4. Prediction of speed of sound for ۼ 
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Introduction 

Polymer-based nanocomposite materials are being increasingly used as structural components 

in aerospace and automobile industry due to their excellent high adhesion, low-weight, and 

good chemical/corrosion-resistance [1]. However, the relatively weak mechanical properties 

of polymers have prevented their application in components that demand high mechanical 

strength and stability. In recent years, single-walled carbon nanotubes (SWNTs) as fliers in 

polymer matrix attracted considerable interest due to their unique carbon structure and 

extraordinary mechanical, thermal, and electrical properties. In general, products obtained 

from experiments often aggregate together to form SWNTs bundles [2]. Therefore, it is 

important to investigate behavior of polymer near bundles. 

   In this paper we display our observations from molecular dynamics (MD) simulation of 

wrapping nanotube bundle by polymer.  

 

Simulation Details 

   MD simulations were performed in Tinker molecular modeling package (version 5.0) using 

the MM3 force field. The velocity form of Verlet algorithm method and the Nose-Hoover 

thermostat algorithm were used to integrate the equations of motion with a time step of 1.0 fs. 

Our simulated systems contain seven (5,5) SWCNTs as a bundle with the same length 40 Å 

accompany with epoxy polymer containing 213 atoms.  
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Result and Discussion 

Figure 1 shows MD simulation snapshot of the wrapping of bundle by polymer epoxy. 

  
Figure 1- MD simulation snapshot of the wrapping of bundle by polymer epoxy 

 

In the preset work, using the radial distribution functions for different atoms of polymer 

respect to carbon atoms of nanotube, interction energy between naotube bundle and polymer 

and also the radius of gyration of wrraped polymers, the possibility of wrapping carbon 

nanotube bundle by polymers is evaluated.  
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Introduction 

Carbon nanotubes (CNTs) are materials of interest in wide fields of science and technology 

due to their remarkable electronic, optical, and mechanical properties [1]. Various methods 

have been developed to disperse nanotube aggregates into individual CNTs [2], including 

solubilization using a polymer coating via a tightly bound association (‘wrapping’) of 

polymers [3]. These findings suggest that polymer conformational behavior might be strongly 

influenced by geometric constraints of the cylindrical surface and not specific interactions 

between the polymer and CNTs. In the present work, we study the behavior of epoxy 

polymers adsorbed on single wall carbon nanotube with two different lengths using molecular 

dynamic (MD) simulation.  

 

Simulation Details 

MD simulations were performed in Tinker molecular modeling package (version 5.0) using 

the MM3 force field. The velocity form of Verlet algorithm method and the Nose-Hoover 

thermostat algorithm were used to integrate the equations of motion with a time step of 1.0 fs 

and temperature control of 300 K, respectively. A cutoff distance of 10 Å was used for the 

van der Waals potentials and Lorentz–Berthelot mixing rules were used for cross interactions. 

The CNT atoms to their initial positions have been fixed. Our simulated systems contains  (5, 

5) single-walled CNTs with two different lengths of 30 and 40 Å  and epoxy polymer 

containing 213 atoms as shown in figure 1.  

 

Result and Discussion 

The behavior of adsorbed epoxy polymer on CNTs with two different lengths was studied 

using molecular dynamic simulation. In order to keep the text concise as possible as, just the 

plot for radius of gyration evolution of adsorbed polymers on (5,5) CNT  with different lengths is 
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presented. Fig. 3 shows  the radius of gyration evolution for polymer and adsorbed polymers on (5,5) 

CNTs  with different lengths of 30 and 40 Å.  As Fig. 3 shows with increasing the length of 

CNT, the radius of gyration decreases which it can be assigned to  high intermolecular 

interaction between polymers and CNTs with length of 40 Å. 

 
Fig. 1- Chemical structure of the epoxy polymer, n=3.       Fig. 2- MD simulation snapshot of the wrapping of 

CNT 

                                                         by polymer epoxy. 

 
Fig. 3- Radius of gyration evolution for polymer and adsorbed polymer on (5,5) CNT  with different lengths.  
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Summary 

The commercially powdered activated carbon and multiwalled carbon Nanotubes were used 

for the removal of methyl orange (MO) from aqueous solutions. The effect of solution pH, 

initial dye concentration, temperature and sorption time on MO removal was studied. The 

equilibrium sorption isotherms have been analysed by the, Langmuir, Freundlich, Dubinin 

and Radushkevich (D-R), and Harkins-Jura (H-J) models and the Langmuir isotherms has the 

high correlation coefficients. The apparent thermodynamic parameters were calculated and 

the obtained values support the conclusion that the MO molecules sorbs by entropy-driven, 

endothermic process. The kinetic of the sorption was analysed using the pseudo-first order, 

pseudo-second order, Elovich and Intraparticle diffusion kinetic models. The data showed that 

the second-order equation was the more appropriate although the intraparticle diffusion is the 

rate limiting factor. 

 

Key words: Multiwalled carbon nanotubes (MWCNT), carbon nanotubes (CNTs), activated 

carbon (AC), methyl orange (MO), sorption, kinetic, thermodynamic, isotherm   

   

Introduction 

Due to high consumption of dyes in various process and industries such as food, paper, 

carpets, rubbers, plastics, cosmetics, and textiles, the discharge of colored wastewater from 

these industries causes many significant environmental problems [1]. Methyl Orange (a 

water-soluble azo dye) as well known carcinogenic organic substance is widely used in the 

textile, printing, paper manufacturing, pharmaceutical food industries and also in research 
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laboratories as an acid base indicator due to its ability to function as weak acid [2]. Methyl 

orange is a representative contamination in industrial wastewater and shows poor 

biodegradability [1]. AC and MWCNTs as adsorbents have been widely used due to their 

large surface area, micro porous character, and adequate porous and chemical features. CNTs 

have been considered useful in pollution prevention strategies and are known to have 

widespread applications as environmental adsorbents and high flux membranes [3], and are 

also potentially important for in situ environmental remediation due to their unique properties 

and high reactivity [4,5]. 

 

Methods 

Measurements of dye uptake 

Concentrations of MO in solution were estimated quantitatively using calibration curve over 

investigated concentration range. The dye adsorption capacities of adsorbent were determined 

at a certain time intervals (5-90 min for AC and 1-35 min for MWCNT) and the equilibrium 

was established after 22 min for MWCNT and 90 min for AC. The effect of pH on adsorption 

was studied by adjusting dye solutions (100 mgL−1) to different pH values (2.0–9.0 and/or 1-

8) and agitated with 1.4 g of activated carbon and/or 0.04 g MWCNT for desired time, while 

the dye solutions pH  were adjusted to the required initial pH values with the addition of HCl 

or KOH. Dye adsorption experiments were also accomplished to obtain isotherms at various 

temperatures (25–60 ◦C) and to a range of 50–200 mg L−1 MO concentrations. The amount of 

MO adsorbed by adsorbent, qe (mg g−1), was calculated by the following mass balance 

relationship:  

qe = (C0 − Ce) V/W           (1)  

Where C0 and Ce are the initial and equilibrium dye concentrations in solution, respectively 

(mg L−1), V the volume of the solution (l) and W is the mass (g) of the adsorbent used. 

 

Results and discussion 

Effect pH on MO adsorption efficiency   

To study the effect of solution pH on MO adsorption, 50 mg/L-1 of solution was agitated with 

1.2 g AC after 90 min or 0.04 g MWCNT at after 25 min at different pH values (1.0–8.0 or 

2.0-9.0) in a water bath shaker at 25 °C and the results are shown in Fig. 1.  The initial pH 
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value was written as pHi and the solution pH after adsorption was also measured and written 

as pHf 
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Abstract: 

The interaction of ASA and COL with human serum albumin (HSA) has been studied using 

fluorescence techniques. Fluorescence spectrum of HSA in the presence of drugs clearly 

shows that drugs acts as a quencher. The interaction between drugs and HSA is consistent 

with static quenching. The thermodynamic parameters of HSA-drug bindings in binary and 

ternary systems have been calculated from fluorescence quenching  
 

Introduction: 

Serum albumin, the most abundant protein in the blood circulatory system, plays an 

important role in the transport and deposition of a variety of endogenous and exogenous. 

Acetylsalicylic acid (Aspirin) was one of the earliest agents to show promise for the 

treatment of sickle cell disease. Colchicine has been proposed as a treatment to alleviate 

chronic lung inflammation in cystic fibrosis patients and clinical trials are ongoing. 
 

Method: 

For macromolecules, the fluorescence measurements can give some information of the 

binding of small molecule substances to protein at the molecular level. 

 

Results and discussion: 

The fluorescence quenching of HSA induced by ASA and COL as binary systems showed in 

Fig. 1 (A,B). Obviously, in binary systems, the fluorescence intensities of HSA decreased 

remarkably with increasing concentration of ASA and COL and the emission maximum 

undergoes a blue shift with increasing transition ASA and COL concentration. It is noted that 

complex was formed between ASA and COL to HSA and which blue shift suggests a less 

polar (more hydrophobic) environment of tryptophan and/or tyrosine residue [1]. Quenching 
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can be classified as either dynamic or static quenching by different mechanisms. Dynamic 

quenching results from collision between fluorophore and quencher, and static quenching is 

due to the formation of ground-state complex between fluorophore and quencher [2]. The 

values of the quenching constants QK  and the fractional accessible protein fluorescence af  

from modify Stern-Volmer equation were determined for the binary and ternary systems 

compared at excitation wavelength of 280 nm (Table. 1). It can be observed that quenching 

constants for the ternary system (HSA-COL)ASA and (HSA-ASA)COL at 280 nm are lower 

than that for the binary system of HSA-ASA, HSA-COL, respectively. It can be concluded 

that the presence of the second drug in the ternary system make difficult the formation of 

HSA-ASA and HSA-COL complex. Our results showed that quenching constants in (HSA-

ASA)COL complex decreased (Table 1). Subsequently a larger distance between 

chromophore of COL and the excited fluorophores Trp-214 is noted. The values of af  

calculated for the fluorophores located in the corresponding binding sites for the binary and 

ternary systems in Table 1. Data shows that in presence of COL at in the first type of binding 

site in HSA-ASA and  af  increased but in the second type of binding sites  decreased. 

Also in the presence of ASA,  values decreased. The af  values show that fluorophore 

exposition to the aqueous solution and the affinity between fluorophores and the protein 

increases and vise versa. When the distance between excited fluorophore is small, the rise of 

accessibility of fluorophore was observed. 

    

 

 

 

            

        

       

Fig. 1. Emission fluorescence spectra of HSA in interaction by HSA-ASA (A) and HSA-COL (B) at exi =280 

nm. 

 

Table. 1. Quenching constant and the fractional accessibility of the fluorophore for the ligand for independent 

class of drug binding sites in HSA molecule determined for binary and ternary systems.                          
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System K QI /M 1           K QII / M 1          faI faII 

HSA-ASA 8.3  105 0.2  103 0.9 0.6 

HSA-[COL]-

ASA 
7.6  102 11.6  103 2.1 ----- 

HSA-COL 2  106 ----- 2.1 ----- 
HSA-[ASA]-

COL        
1  106 ----- 1.1 ----- 

 

Conclusion 

The interaction between ASA and COL with HSA has been studied by the fluorescence 

method. The results presented clearly indicated that drugs quenches the fluorescence of HSA 

through static quenching procedure. The quenching constant and fractional accessibility of 

the fluorophore for the ligand were calculated according to the relevant fluorescence data. 

The binding study of drugs with HSA is of great important in pharmacy, pharmacology and 

biochemistry. 
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Abstract 

The transport of two amino acids L-tryptophan and L-tyrosine through the bulk liquid 

membrane system was investigated at 298.15 K. Reversed micelle formed by sodium bis (2-

ethylhexyl) sulfosuccinate (AOT) were used as mobile carriers to transport amino acids across 

liquid membrane. The influence of some different parameters on the extraction was studied: 

pH of the source phase, surfactant concentration and initial amino acid concentration in the 

source phase. It is verified that for a mixtures of two amino acids, L-Trp can be extracted 

selectively in this type of the liquid membrane.  

 

Keywords: Amino acids, AOT, Liquid membrane, Reversed micelle, Microemulsion. 

 

Introduction 

Recently, liquid membranes have been developed owing to several advantages such as ease of 

operation, low energy consumption and high selectivity factors [1]. Liquid membranes may 

be classified into three types: bulk liquid Membranes, emulsion liquid membranes and support 

liquid membranes. In general, the BLM system can be defined as a water-immiscible liquid 

(membrane phase) and a carrier molecule between two liquid phases (source and receiving 

phases) [2,3]. In recent years, there have been several reports that involving a new type of 

mobile carrier, namely micelles or microemulsion globules. Amino acids can be solubilized in 

the water core, or the interface between water and surfactant layer, depending on their electric 

charge [4].  

 

Methods 

Materials. 1,2-Dichloroethane was brought from Merck. AOT was obtained from Acrose 

Company with purity of 96%. L-tryptophan (>99%) and L-tyrosine (>99%) were also 

purchased from Merck. Methods. In the extraction experiments 25 mL of the liquid 

membrane, were placed in a thermostated U-tube (298.1±0.1 K). The source phase contains 
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10 mL of amino acid aqueous solution with pH between 1.8-5, present in one arm. The 

aqueous receiving phase contain 10 mL of a sodium tetraborate buffer solution at pH=10, 

which is present in the other arm. The liquid membrane was magnetically stirred at 200 rpm. 

The concentration of amino acids was determined by a double beam Perkin Elmer Lambda 15 

UV-Vis spectrophotometer. The pH was measured by a digital Metrohm 691 pH-meter. The 

water content of the microemulsion liquid membrane was determined by Karl-Fisher titration. 

The molar ratio (W=[H2O] ⁄ [AOT]) is increased with increasing AOT concentration. 

 

Result and discussion 

The results showed that, at the interface between the aqueous source phase and the membrane 

phase, an anionic surfactant (AOT) binds the cationic form of an amino acid via electrostatic 

interaction. The cationic form of an amino acid, from reversed micelles, were exrtacted to the 

receiving phase by an exchang reaction with Na+. 

1. Effect of pH in the source phase and surfactant concentration 

The extraction efficiency and flux of L-Trp and L-Tyr is affected obviously by the pH of the 

source phase and concentration of AOT. For example as shown in Fig. 1, the extraction 

efficiency and flux of L-Trp decreases with increasing of the pH.  

2. Effect of initial amino acid concentration 

The experimental results show that the extraction efficiency, for two amino acids, is increased 

by decreasing in initial amino acids concentration. 

3. Separation of two amino acids 

For the final step, we performed separation of two amino acids by the microemulsion liquid 

membrane at the optimized condition. The results showed that for a mixture of amino acids 

(L-Trp and L-Tyr) in the following condition: pH=1.8 and [AOT]=0.005 mol L-1, L-Trp was 

extracted selectively with liquid membrane. 

 

 

Conclusions 

In this research we have examined the specific ability of AOT reversed micelles to separate 

two amino acids L-Trp and L-Tyr. It is verified that the suitable parameters for extraction of 
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L-Trp would be pH of 1.8 and AOT concentration of 0.005 mol L-1 and for L-Tyr, pH of 5 

and AOT concentration of 0.05 mol L-1. 

 
Fig. 1. Effect of pH in the source phase and surfactant concentration on the extraction efficiency and flux of L-

Trp.  
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Introduction 

Lake Urmia (Orumiyeh),is one of the largest permanent hypersaline lake in the 

world and resembles the Great Salt Lakes in the western USA in many respects 

of morphology ,chemistry and sediments. 

The purpose of this  paper, the first paper of a series of papers devoted to the 

physic-chemical investigation of the Urmia Sea water body ,is to study the 

conventional single-ion activity coefficients of major ions and water activity in 

the Urmia Sea water body under different ionic compositions. 
In this article we have tested the accuracy of the Pitzer equations in modeling 

mineral solubilities for the system H2O-Na-K-Mg-Ca-Cl-HCO3-SO4. 

Parameterization of this models is completely defined by data from the 

experimentally simple binary and ternary systems. We have found that 

calculated results of this theory are within the experimental errors of the 

solubility measurements available. 

 

experimental 

Preparation of end-member solutions—The experiments involved sampling from Urmia 

Sea and analyze concentration of different ions at 25°C.  

Table I, The composition of Urmia Sea waters and their ionic strength at different periods of 

time (ion concentrations are in molality units at 25°C)   
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Ions Na+ K+ Mg+2 Ca+2 Cl- 
3HCO  SO4

2- Ionic 

strength 

2007 4.9000 0.0050 0.4613 0.0156 5.400 0.0098 0.1813 6.4736 

2009 5.3900 0.0700 0.5000 0.0140 6.1800 0.0220 0.2240 7.3070 

2010 4.1050 0.0510 0.7610 0.0405 4.7800 0.0160 0.2990 6.6770 

 

  Procedures- Appropriate volumes of the end-member solutions were estimated of ionic 

activity coefficient and the osmotic coefficient and water activity by used from the Pitzer 

model in Urmia Sea brains.  

The general approach for the calculation of ionic activity and osmotic coefficients for multiple 

component electrolyte solutions was developed by Pitzere s equations. This approach was 

based on a set of theoretically and empirically derived equations that account for the 

interactions between the particular ions present in the solution and for indirect forces arising 

from the ion-solvent interactions. The up-to data and complete equations for conventional 

single ion activity, the osmotic coefficients and water activity are: 
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The meanings and calculations of all parameters in Ege. (A1), (A2), (A3) and (A4) 
can be found in Krumgalz and Millero (1982). 
 
 

 

Result 

The final results of the conventional single-ion activity coefficients (γM and γX) of  major ions 

in Urmia Sea water, calculated by equations (A1) and (A2), are presented in Table II. 
 

)
51.55

exp(
2 i
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activity 

coefficients 

Na+  K+ Mg+2 Ca+2 Cl- 
3HCO  SO4

2- Ionic 

strength 

2007 0.8371 0.4967 1.3432 0.7688 1.1332 0.4082 0.0309 6.4736 

2009 0.9351 0.5180 2.3943 1.1840 1.2266 0.4036 0.0288 7.3070 

2010 0.7330 0.4330 0.8180 0.4580 1.3030 0.4010 0.0352 6.6770 

 
And the result of the calculation of the osmotic coefficients, water activity of 

Urmia Sea brines by equations (A3) and (A4) are summarized in Table III. 
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Parameter Ionic strength 
I=6.4736  I=7.3070 I=6.6670 

ɸ 1.3000 1.3070 1.3011 
α H2O 0.7733 0.7343 0.7900 
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Abstract: 

 One of the simplest nontrivial problems involving the atom-field in-teraction is the coupling 

of a two-level atom with a single mode of the electromagnetic field. A two-level atom 

description is valid if the two atomic levels involved are resonant or nearly resonant with the 

driving field, while all other levels are highly detuned. we present semiclassical theory of the 

interaction of a single two-level atom with a single mode of the field in which the atom is 

treated as a quantum two-level system and the field is treated classically. Just as the spin-1/2 

system undergoes the so-called Rabi oscillations between the spin-up and spin-down states 

under the action of an oscillating magnetic field, the two-level atom also undergoes optical 

Rabi oscillations under the action of the driving electromagnetic field.  

 

keywords: Wave rotating, approximation , field interaction  

 

Introduction: 

electromagnetic field is described by a minimal-coupling Hamiltonian 

  )1)((),(),(
2

1 2 rVtreutrAeP
m

H  we first derive this Hamiltonian from a 

gauge invariance point of view, HamiltonianThe motion of a free electron is described by the 

Schrodinger equation such that 
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 If we want to satisfy local gauge (phase) invariance, then the Schrodinger equation must be 

modified by adding new terms  where A(r, t) and U(t, t) are functions 
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   ),(),(0), ).[(
0 trtrtr EerHih   , 10 HHH  , ),( 011 trEerH  (3). The electrons are 

described by the wave function rtrA
h

e
X tr ).,( 0),(  (4). The minimal-coupling 

Hamiltonian for an interaction between an atom and the radiation field can be reduced to a 

simple form by using the dipole approximation. The Schrodinger equation for this problem (in 

the dipole approximation) is given by Eq.  
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We have added the term V(r) in the Hamiltonian which arises from the electrostatic potential 

that binds the electron to the nucleus.. We again choose a radiation gauge in which U(r, t) = 0 

and   ),(
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Results and disscution: 

The electric field then takes the form and the corresponding vector potential in the radiation 

gauge is ttE  cos)( 
 

Consider now the time-independent amplitudes associated with   
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Conclusion: 

if  tvwiexp )(  =0 at wv   we use approximation in wave rotating and we have

 bCaCrbCaCP babat ()(  (10)     using this approximation 

 (15) 
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Introduction  

Titanium dioxide ( 2TiO ) forms three distinct polymorphs : rutile , anatase, and brookite.for 

the past several decades 2TiO  has been extensively studied for its interesting electric, 

magnetic ,catalytic and electrochemical properties[1-4].based upon these properties,a variety 

of technological applications are possible. 2TiO  has been widely used in catalysis, in 

electrochromism,and as sensors[5]. 2TiO   is  a  direct    transition  compound  semiconductor  

whose  bandgap  is  3 ev. This  compound is crystallized in  the rutile and anatase is tetragonal 

structure and  The lattice constant parameters used in this work a=5.409 A  , c=2.958 A    for 

Rutile structure,a=3.784 
A ,c=9.515 A for Anatas structure. 

  

Method  

The calculations have been performed by using soft–core ab initio pseudpotential  constructed 

augmented with in  Density Functional Theory (DFT) with using pwscf package. 

In this study,  for making pseudopotential  elements  Ti and  O,  we select  the  norm 

conserving   pseudopotential  method. The Monkhorst-Pack k-point  meshes  of  5×5×5 for  the  

rutile andanatase structure  were  employed.  

 

Results and Discussion 

In fact ,   e lectronic  charge  density    is   the  charge density that   shows  the electronic  

charge distribution   around  atoms . amount of charge distribution around the  atoms indicates  

type bondings between  the atoms.  High electron  density between  two  atoms indicates a  
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strong bonding and lower  electron density shows  the weaker bonding between  the atoms.  

electronic  density plot shows the density in  different positions and  indicates where the more 

electron density points are and so are the less.Figures 1 and 2 shows the electronic charge 

density plot in the (110) plane of 2TiO  for rutile and anatase structures. the figures indicate  

the  highest electron charge density on oxygen atoms precisely, due to the  high 

electronegativity oxygen  in this compound. lower electron charge density in Ti atoms shows 

that the Ti atoms have lost the electron.  

 
 

Fi g. 1. Electronic  charge  density   plot in                                  Fi g. 2. Electronic  charge  density   plot in                        
the  plan e  (110)  of   rutile   structure                                       the  plan e  (110)  of   anatase   structure 
 

There is a strong covalent bonding between the Ti and O atoms due to 4Ti   cations and 2O    

anions in this compound. the  calculated charge distribution shows a polar covalent feature in 

bonding Ti-O. It can be seen that the O ions is larger than Ti, and there is a charge transfer 

from Ti to O. This is because of  higher  electronegativity of O  than Ti. If the electronic 

charge density is drawn considering spin coupling, it does not change the obtained results. It 

can be concluded that the spin does not effect  on charge density in this compound. This is 

highly excellent agreed with experimental results.  

 

 

Conclusion  

According to the electronic charge density plot in the (110) plane of 2TiO ,  the electronic 

charge density on O atoms is higher than Ti atoms, this is due to the  higher electronegativity 

of O  than Ti. The lower electronic charge density around Ti atoms shows that the Ti atoms 

have lost the electron. high electronic  charge density between Ti and O  atoms indicates a  
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covalent bonding between Ti  and O atoms This is highly excellent agreed with available 

experimental results.                                                                      
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Introduction 

Many industries, such as dyestuffs, textile, paper and plastics, use dyes in order to color               

their products and also consume substantial volumes of water. As a result, they generate a            

considerable amount of colored wastewater. Amongst the numerous techniques of dye                 

removal, adsorption is the procedure of choice and gives the best results as it can be used to          

remove different types of coloring materials[1]. 

The present study deals with the removal of C. I. Basic Violet 2 from aqueous solutions by 

adsorption method using expanded perlite as an adsorbent. The effect of operational 

parameters such as adsorbent dose, contact time, agitation speed and pH were examined in a 

batch system. Three Kinetic models, pseudo first-order kinetic model, pseudo second-order 

kinetic model and intra particle diffusion model were studied. 

 

Materials and methods 

Basic Violet 2 (BV2), (C. I. 42520, FW: 365.90, λmax: 543 nm, supplied by ACROS 

ORGANICS, USA) was used as adsorbate, and the adsorbent was purchased from Azarbaijan 

expanded perlite company (Tabriz, Iran). It was sieved through 100-mesh sieve, and washed 

with distilled water. Then it was filtered and dried at 1200C for 15 hr in an oven. 

The experiments were performed on BV2 solutions with concentrations of 15 mgL-1.                                        

 

 

Results and discussion 

The effect of adsorbent dose on the dye uptake showed at the amount of 4 g of perlite the 

removal percent is maximum. The dependence of BV2 adsorption on contact time and 
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agitation speed were studied. The results showed that the removal of dye increases with 

increase in time up to 30 min and after that the dye uptake decreases due to deposition of dye 

molecules on the available adsorption sites on the adsorbent[2]. It was also found that 

increasing agitation speed (up to 125 stroke/min) reduced the film boundary layer surrounding 

particles, thus increasing the external film transfer coefficient and hence the percentage dye 

removal[3].                    

In order to study the adsorption mechanism, it is necessary to determine the point of zero 

charge (pHZPC) of the adsorbent. In this study pHZPC of the perlite was found  to be 7.6. The 

results revealed that the adsorption  process is favored  at pH > pHZPC. This behavior may be 

due to the development of negative charge of the perlite. At a higher pH above the pHZPC, the 

surface of the adsorbent gets negatively charged, wich enhances the adsorption of positively 

charged dye cations (BV2) through electrostatic force of attraction[2].  

In the present study, three kinetic equations were examined to evaluate the kinetic 

mechanism. It was obtained that the adsorption process obeys the pseudo second-order kinetic 

model with a high value of correlation coefficient (r2 = 0.99), that is shown in Fig. 1. The r2 

values were 0.42 and 0.61 for the pseudo first-order kinetic model and intra particle diffusion 

model, respectively. 

 

Fig. 1. pseudo-second order kinetic model for the adsorption of BV2 dye on perlite 

 

Conclusion 

The removal of BV2 using expanded perlite was investigated under different experimental 

conditions in a batch mode. The adsorption of BV2 was dependent on adsorbent dose, contact 

time, agitation speed and pH of aqueous solution. Furthermore, kinetic studies showed that 

the adsorption process followed the pseudo second-order kinetic model. 
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Introduction: 

In a graphene sheet, each carbon atom forms bonds with three other carbon atoms to produce 

a two-dimensional honeycomb structure . These carbon–carbon bonds are very strong, which 

renders graphene stable, even when it has been cut into nano scale structures. Graphene is a 

zero-gap semiconductor, an electronic state of matter that is precisely in between a 

semiconductor and a metal [1]. 

 

 Theoretical section: 

In this computational study we considered the pristine model of eight-ring graphene consisted 

of 28 carbon atoms (C28H14)(figure 1).The BN-doped (figure 2) consisted of 26 carbon 

atoms ، one boron and one nitride atom(BNC26H14). All of the models are optimized at the 

BLYP/6-31G* level of theory. Subsequently, the CS parameters have been calculated in the 

optimized structures using the same level of theory. The results are presented in Table1. Eqs. 

(1) and (2) are used to convert the calculated CS tensors to the isotropic (CSI) and anisotropic 

(CSA) parameters [2]. 

CSI (ppm) =  ⅓ ( σ11 + σ22+ σ33 )     (1)          CSA (ppm) = σ33 - ½ ( σ11 + σ22 )     (2) 

All calculations are performed using guassian 98 software. 

 

Results: 

In double doped graphene, C42 and C43 are respectively doped by B and N atoms 

(Fig1,2).The results of geometry optimization (Table1) revealed similar bond lengths for 

equivalent positions in the BN-doped and also in the pristine model. The value of bond length 
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of the B-N is larger than the C-C one that is 1.45 A0, in pristine model. The B-N one is 1.48 

A0 and the C-N one is 1.40 A0 and the B-C one is 1.49 A0. Furthermore the calculated total 

energies indicated that the structure of the pristine model of graphene,was 92 ev less stable 

than BN-doped structure. The calculated band gap energies of this study showed that pristine 

model was calculated 0.4982 larger than the BN-doped. The value of dipole moment changed 

from 0.0044 Debye in the pristine model to 2.4 Debye in the B-N doped model. Also Table 1 

presents NMR parameters (CSI and CSA). The chemical shielding parameters of C atoms 

which are directly bonded to B atom (C32 and C52), are changed smaller than C atoms which 

are directly bonded to N atom (C33 and C53) in double doped graphene . 

 

Conclusions: 

We performed this computational work to study double doping effects on the electronic 

structure properties of the pristine model of graphene. In doping effects, the calculated total 

energies indicated that BN-doped structure was more stable than the pristine model. The 

calculated band gap energies indicated that the value was smaller for the BN-doped structure. 

The calculated dipole moments elucidated that the polarizabilty of the BN-doped model was 

more than the pristine one. The calculated CSI and CSA values revealed that these parameters 

belong to C atoms near to  N nuclei are more sensitive than N  nuclei. 
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* Table  1 

 Pristine BN-doped 

 σiso σaniso σiso σaniso 

C11 66.15 149.99 64.88 149.34 

C12 
72.33 144.56 73.88 144.72 

C13 
72.12 144.66 69.56 144.01 

C14 
66.19 150.04 65.81 150.74 

C21 
64.67 132.35 61.35 140.28 

C22 
58.97 158.84 56.68 165.12 

C23 
58.82 159.02 57.29 145.09 

C24 
64.82 132.36 68.40 125.05 

C31 
59.14 17857 53.42 182.29 

C32 
64.87 172.13 61.93 198.55 

C33 
64.86 172.19 51.64 131.71 

C34 
59.24 178.59 59.77 165.06 

C41 
65.43 110.34 67.45 100.96 

C42 
63.28 157.89 79.17 50.23 

C43 
63.31 157.84 54.73 258.68 

C44 
65.32 110.41 63.53 109.87 

C51 
59.24 178.53 53.42 182.29 

C52 
64.86 172.16 61.93 198.55 

C53 
64.85 172.17 51.64 131.71 

C54 
59.13 178.56 59.77 165.06 

C61 
64.67 132.25 61.35 140.28 

C62 
58.85 158.94 56.68 165.12 

C63 
58.92 158.89 57.29 145.09 

C64 
64.69 132.34 68.40 125.05 

C71 
66.17 150.02 64.88 149.34 

C72 
72.16 144.70 73.88 144.72 

C73 
72.34 144.50 69.56 144.01 

C74 
66.26 149.90 65.81 150.73 

Total energy -29254 -29346 

Band gap 0.9363 0.4381 

Dipole moment 0.0044 2.4 

                                                                     

*The units of energy and dipole moment are eV and Debye respectively. 

 

   Figure 1 Figure 2 
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Introduction: 

Among the four aspects of pharmacokinetics (absorption, distribution, metabolism, and 

excretion), distribution is the one that this protein controls because most drugs that travel in 

plasma bind to HSA [1]. Resonance Rayleigh Scattering (RRS) is a special elastic scattering 

produced when the wavelength of Rayleigh Scattering (RS) is located at or close to the 

molecular absorption band [2]. Fluorescence spectroscopy has found wide use in studying the 

physico–chemical properties of proteins, proteins–ligand interactions, and protein dynamics. 

Fluorescence spectroscopy is often the method of choice for studying properties such as 

stability, hydrodynamics, kinetics, or ligand binding, because of its exquisite sensitivity [3]. 

Methods: 

Fluorescence quenching spectra of HSA were obtained at excitation and emission wavelength 

of λ ex=280, 295 nm and λ em =300-600 nm and for a RRS spectrum can be developed by 

scanning both the excitation and emission monochromators of a common spectrofluorometer, 

with Δλ=0 nm ,from 220nm to 600 nm . 

Results and discussion: 

Fig.1 shows that the RLS spectrum of HSA-ASA in present of AML that has a sharp and 

maximum peak at 300 nm. when AML was added to HSA, the RLS intensity was increased. 
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Then an increase of drug concentration led to a reduction of the RLS intensity .It can be seen 

that when both AML and ASA is added to HSA , the RLS intensity of this ternary system is 

much stronger than those binary system, which indicating the formation of the larger ternary 

complex with HSA in the system. It can be seen from Fig. 1 that the intensities of the 

fluorescence emission of HSA in the binary and ternary systems decreased gradually when 

increasing the drug concentrations, this suggests that the chromophore of the protein was 

positioned in a more hydrophobic environment after addition of ASA and AML. The 

fluorescence quenching behavior could be analyzed using the Stern-Volmer and Lehrer 

equations. 

Figure 1: Resonance light scattering of HSA-ASA complex in the presence of AML. 

 

Conclusions: 

 The analysis of the fluorescence quenching of HSA in binary and ternary systems pointed at 

ASA and AML having an effect on the HSA-AML and HSA-ASA complexes. Furthermore, 

the results of resonance light scattering and of the binary and ternary systems showed that the 

binding of AML and ASA to HSA could induce conformational changes in HSA. Moreover, 

the simultaneous presence of ANL and ASA during binding to HSA should be taken into 

account in multi-drug therapy. 
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Introduction.  

AmlodipineR, S-2 [(2-aminoethoxy)methyl] -4- (2-chlorophenyl) -ethoxycarbonyl-5-

methoxycarbonyl-6-methyl-1,4-dihydropyridine [1] belongs to the pharmacological family of 

calcium channel blockers[2]. Drugs are mainly transported by human serum albumin 

(HSA),a1-asidicglycoprotein (a1-AGP),and lipoproteins in blood’s is the most abundant 

plasma protein. Investigation the interaction of drug-protein complex, as it may provide useful 

information of the structural features that determine the therapeutic effectiveness of drug. 

There are some works to study the interaction of drug with protein by fluorescence 

spectroscopy. 

 

Materials and methods 

All reagents were of analytical grade and purchased from sigma-Aldrich Co. (St Louis, MO. 

USA). The solutions of HSA were prepared under physiological conditions. The fluorescence 

spectra were then measured (the excitation wavelength at 280 nm) at room temperature. 

 

Results and discussion 

The fluorescence of HSA comes from the tryptophan, tyrosine, and phenylanine residues. 

Actually, the intrinsic fluorescence of HSA is almost contributed by tryptophan alone located 

in sub-domain IIA. In the fluorescence quenching experiments the excitation wavelength used 

was 280 nm in order to reduce the quantum yield by AML. Fig.1 shows fluorescence 

emission spectra for HSA in the presence of increasing of AML in pH 7.4.AML causes a 
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decrease in the protein tryptophan fluorescence quantum yield. The influence of pH was 

studied in the range of 6.4-8.4.The pH dependence of the HSA Stern-Volmer`s plot in the 

presence of AML shows in Fig.2. The Stern-Volmer`s plots are linear ,indicating that only 

one type of quenching process occurs [4]and values of Ksv and correlation coefficient listed 

in Table 1.The most binding AML to HSA indicate in pH 8.4. 

Fig. 1. Trp fluorescence of HSA at pH 7.4 in different concentration of AML. Stern-Volmer plots of the 

quenching of fluorescence of HSA by AML at different pH. The pH values Were 6.4(∆) 7.4(◊), 8.4(□) 

 

Table1.The values of Stern-Volmer constants and correlation coefficient in different pH. 

 

 

 

                                                                                              

 

Refrences 

[1] A.Zarghi, S.M.Farouton, A.Shofaati, A.Khoddam, ValidatedHPLC method for 

determination of amlodipine in human plasma and its application to pharmacokinetic studies 

,II Farmaco 60 (2005)789-792. 

pH KSV(x 106 M-1) R2

6.4 1.1 0.097 

7.4 1.9 0.997 

8.4 2.1 0.998 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
207

[2] Renaud Tissier, DVM, PhD, Sebastien Petrrot, Pharm D, PhD, Brigitte Enriques, 

DVM,PhD, Dipl ECVPT, Amlodipine:One of the main anti-hypertensive drugs in vesterinary 

therapeutics, Journal of veterinary Cardiology (2005)7.53-58. 

  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
208

A computational study of the behavior of the of the 1-n- butyl-4-amino-1, 2, 

4-triazoliumn bromide ionic liquid confined inside single walled carbon 

nanotube 
 

M. Foroutan, M. A. Balazadeh 

 Department of Physical Chemistry, College of Science, University of Tehran, 

Tehran, Iran  

balazadeh@khayam.ut.ac.ir  

 

Keywords: Ionic Liquids, Single walled carbon nanotube, Molecular dynamic simulation 
  

Introduction 

Uses of ionic liquids (ILs), because of specific properties have been increased in many 

different science fields [1]. In this research we have performed molecular dynamic (MD) 

simulation to study the properties of the 1-n- butyl-4-amino-1, 2, 4-triazoliumn bromide ionic 

liquid confined inside single walled carbon nanotube (SWCNT). In previous papers 

simulation of melting this IL has performed [2]. Atomic labels of the IL are shown in figure 1.  

 

 
 

 

 

 

 
 

 

 

Figure 1- Schematic representation of cation of IL 1-n- butyl-4-amino-1, 2, 4-triazoliumn  

 

 

Simulation details 

Simulations have been performed with the tinker program in ensemble NVT. SWCNT was 

kept in fixed position. The force field used was based on the OPLS all–atom. Intermolecular 
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parameters such as harmonic and dihedral angles for IL were obtained from reference no. 2. 

We placed 4 ILs inside SWCNT at temperature 400K. Cut off distance was 12Aל and 

simulation time step was 1.0 fs. SWCNT is used in this work is (15,15) having  a length of 

L=27.06Aל with internal pore diameter equal to 26 nm.   

 

Results and Discussion 

Representative simulation snapshot of system is depicted in figure 2.  
 
 

 

 

 

 

 

Fig. 2- Representative simulation snapshots of IL confined inside SWCNT, at initial simulation time (Left), the 

last simulation time (Right). 

 

For study the behavior of IL confined in SWCN we presented the radial distribution functions 

(RDFs) between atoms of cation with carbon nanotube, plotted in figure 3. As figure 3 shows,  

one sharp peak can be seen at distance 3Aל, for NA, NB, CB, CW and CR atoms of IL. 

Therefore, the probability of finding these atoms surrounding the CNT is higher than that of 

other atoms of cation.  
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Fig.3- RDFs profiles for different atoms of cation and carbon nanotube. 
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Introduction: 

Graphene is the ideal material for many dream applications, such as single electron 

transistors, field emission sources [1], The edges of graphene, in particular the zigzag edges, 

play the most important role in defining the electronic properties of graphene [2]. Any 

changes in the edge geometry such as termination, reconstruction, distortion would modify 

the electronic properties of graphene.In this work we studied electronic properties and NMR 

parameters of some structures of a selective graphene. 

 

Theoretical methods: 

The considered models of this study are selected models of geaphene. These models are 

pristine, graphene with B functional group and graphene with Al functional group instead of 

an edge's H atom. All models are individually optimized and then the CS tensors at the sites of  
4C ,  27Al and 5B nuclei are calculated based on the gauge included atomic orbital (GIAO) 

approach. The calculated CS tensors in principal axes system (PAS) (δ33 >δ22 >δ11) are 

converted to measurable NMR parameters, chemical shielding isotropic (CSI) and chemical 

shielding anisotropic (CSA) using (1) and (2), respectively . 

 

CSI (ppm) = ⅓ ( σ11 + σ22+ σ33 )    (1)                      CSA (ppm) = σ33 - ½ ( σ11 + σ22 )    (2) 
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Results: 

The three structures had the same number of atoms, the functional groups were members at 

the top of the graphene instead of H atom (fig.2, 3).Values of band gap detect significant 

changes in which the values of band gaps for the pristine, with B functional group and with Al 

functional group are 0.9363, 0.8473 and 0.8952 ev respectively. This trend means that B 

functional group has more influence on the band gap of pristine model .The results of NMR 

calculations indicated that the CS parameters of the pristine models can be divided into some 

layers with the same values in each layer; however, different values are observed in atoms 

near functional group atoms. The highest changes of CS tensors are observed at the sites of 

C41, C42, C43, C44, C31 and C51 nucleuses whereas the changes of those of the other C 

atom negligible. Furthermore, we studied the B-C and Al –C bond length and B-C-C and AL-

C-C angles in this work. 

 

Conclusions: 

We carried out this computational work to study functionalization effects on the electronic 

structure properties of the pristine model of graphene . In functionalization effects, the 

calculated total energies indicated graphene functionalized with Al is the most stable model. 

The calculated dipole moment indicated that the polarizibility of graphene with the B 

functional group was more than   Al functional group. The changes of the calculated CS 

tensors in two different functional group regarding to the pristine models are also shown by 

changes of the structural properties.  
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                                                                     Table 1 

Nuclei CSI/PPM  CSA/PPM  

 Pristine  B                   Al Pristine       B      Al 

C11 66.15 65.27 65.80 149.99 151.73 151.33 

C12 72.33 71.88 72.03 144.56 147.39 147.01 

C13 72.12 70.44 72.02 144.66 147.45 145.94 

C14 66.19 65.63 66.01 150.04 151.41 150.65 

C21 64.67 62.80 69.11 132.35 152.81 139.25 

C22 58.97 60.10 58.33 158.84 158.70 160.34 

C23 58.82 58.70 58.93 159.02 161.26 159.32 

C24 64.82 64.14 64.61 132.36 133.42 132.73 

C31 59.14 49.96 49.16 178.57 185.51 169.91 

C32 64.87 64.66 66.00 172.13 172.37 171.96 

C33 64.86 64.47 64.59 172.19 174.86 173.19 

C34 59.24 59.63 59.25 178.59 179.20 178.54 

C41 65.43 53.49 22.98 110.34 177.35 206.26 

C42 63.28 54.64 61.13 157.89 168.28 159.48 

C43 63.31 64.33 63.54 157.84 159.93 158.65 

C44 65.22 60.39 63.97 110.41 117.18 112.29 

C51 59.24 49.96 49.16 178.53 185.51 169.91 

C52 64.86 64.66 66.00 172.16 172.37 171.96 

C53 64.85 64.47 64.59 172.17 174.86 173.19 

C54 59.13 59.63 59.25 178.56 179.20 178.54 

C61 64.67 62.79 69.11 132.25 152.82 139.25 

C62 58.85 60.10 58.33 158.94 158.70 160.34 

C63 58.92 58.70 58.93 158.89 161.26 159.32 

C64 64.69 64.14 64.61 132.34 133.42 132.73 

C71 66.17 65.27 65.80 150.02 151.73 151.33 

C72 72.16 71.88 72.03 144.70 147.39 147.01 

C73 72.34 70.44 72.02 144.50 147.45 145.94 

C74 66.26 65.63 66.01 149.00 151.41 150.65 

                                                     Pristine                                                   B                                           Al 

Total energy -29254 -29945 -35833 

Band gap energy 0.9363 0.8473 0.8952 

Dipol moment 0.0044 3.761 2.1055 

The units of energy and  dipole moment are ev and  Debye. 
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 Figure3        Figure 1 Figure2 
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Inrtoduction 

Process of this mechanism , is a dipolereaction with a compound (1,3-dipole)that cause to 

formation of heterocycle with 5elements. Dipoles are consist of Alkenes , Alkines and 

molecules with functional groups such as carbonyl and nitryl. 

Mechanism of this reaction is affected by heat and addition is performed by reaction of 

conformation . That this reaction isn,t required to more activation energy till reached to 

transition state . This reaction is synthesized experimenally [1,2] that is show below: 

NNN

H3C

+

CH3

H3C

N N

N

H3C CH3

H3C

 

                   A                                                                                                  B 

Methods 

For Ab initio calculation in theory of the levels b3Lyp/6-311+g** and hf/6-311+g** using 

Gaussian 03w package program[3].The firstly A and B structures designed by chemoffice 

2010 software and transition state obtained by QST2 keyword in Gaussian 03w software. 

Also for total calculation used by pentum-pc computer with Intel core 2 Quad cpu 

Q95502.83GHZ processor (4cpus) and 4GB RAM.Under windows xp operating system. 
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Result and discussion 

Result of  obtained energetic constants by theoretical methods are reported In table 1,2 : 

 

Table 1: Results geometrical energy for top reaction by theoretical methods 

∆E0 E0 Eele ZPE Structure Method 

0.007423 
(4.6579325)a 

-358.943291 -359.1196459 0.176355 [A] HF 
6-311+G0.176015 359.126729- 358.950714- ٭٭ [A-B] # 

-358.943288 -3591196458 0.176357 B 

0.003655 
(2.293512)a 

-361.295223 -361.4595197 0.164297 A B3LYP 
6-311+G0.164002 361.4555706- 361.291568- ٭٭ [A-B]# 

-361.295222 -361.4595196 0.164297 B 
a  (in kcal/mol) 

Table 2: Obtained result by B3LYP/6-311+G٭٭  

 

Sum of electronic and thermal Free 

Energiesa 

 

Sum of electronic and thermal Enthalpiesa 

Geometry 

Structure 

-361.328136 -361.285643 A 

-361.323901 -361.282607 [A-B]# 

-361.328136 -361.285642 B 
a(in Hartree) 

Conclusion 

Mechanism of formation hetrocyclic with five elements is considered by theoretical 

methods and resulted that dipole electrons and four electronses in dipole compounds are in 

this reaction and is accomplished by retention of steric conformation. So, Cyclo addition of 

[2S,4S]is similar to Diles Alder reaction ,that is required to 2.293512 kcal/mol to 

transformation of  reactant to transition state , That specific is depend on pressure and 

electronical effects. 
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Abstract 

The Fischer-Tropsch synthesis can be simplified as a combination of the carbon monoxide 

hydrogenation (FT reaction) (1) and the water gas shift reaction (2):   

CO + (1 + m/2n) H2 → 1/n CnHm + H2O        (1) 

CO + H2O↔ CO2 + H2           (2) 

Water is a primary product of the CO hydrogenation, and CO2 can only be produced by the 

water gas shift reaction. Water gas shift reaction (WGSR) is used to generate hydrogen and 

CO2 from the reaction between carbon monoxide and water. WGSR has been employed in 

industrial catalytic processes to control H2/CO ratio in syngas. Mn based-catalyst has been 

investigated to ascertain its suitability for the WGSR[1]. In previous researches, Mn-based 

catalysts were prepared by precipitation[2], urea-nitrat combustion[3] and sol-gel[4] methods.  

In this work, the Mn-Cr/TiO2 catalyst was prepared from calcination of titania-supported 

[Mn(OH2)6]3[Cr(NCS)6]2.4H2O precursor. The cationic-anionic complex, has been prepared 

from the reaction of (NH4)3[Cr(NCS)6] with Mn(NO3)2.4H2O in water. The catalyst was 

evaluated for CO hydrogenation and water gas shift reaction. The carbon monoxide 

hydrogenation was studied over prepared catalyst in the temperature range of 553-653 K, gas 

hourly space velocity (GHSV) of 3600 h-1, H2/CO molar ratio 2, and at atmospheric pressure. 

In the proposed structure of the bimetallic complex, [Mn(OH2)6]3[Cr(NCS)6]2.4H2O, the 

Cr(III) ion is coordinated by six isothiocyanate ligands via their nitrogen donor resulting in 

the formation of a [Cr(NCS)6]
3- trivalent anion. The [Cr(NCS)6]2

3-
  trivalent anion is 

chargebalanced by the [Mn(OH2)6]3
2+ divalent cation. The IR spectrum of complex displays 

all the characteristic bands of the aqua and isothiocyanate ligands. The FT-IR spectra of 
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calcined catalyst shows the typical absorption bands of pure TiO2. The XRD pattern of 

calcined catalyst contains characteristic diffraction peaks of CrS, MnSO4, MnSO4.H2O, Cr2O3 

and CS2. TGA curve for precursor shows first weight loss over 80-180◦C corresponding to the 

loss of adsorbed and lattice water molecules. One further heating, weight loss were observed 

in 270-320◦C and 380-450◦C ranges with the loss of the coordinated water molecules and the 

isothiocyanate ligands, respectively. The final decomposition products were the stable oxides 

and Sulfates  forms, identified by XRD. DSC for the precursor exhibits three main changes in 

agreement with TGA result. SEM observations have shown differences in morphology of 

both precursor and calcined catalyst. The effect of temperature on CO hydrogenation in terms 

of CO conversion, hydrocarbon selectivity and CO2 selectivity have shown in below. The 

catalytic tests at 553-653 K (P=1 atm, H2/CO=2:1) showed that the catalyst has the high 

catalytic activity for methanation and water gas shift (WGS) reactions. 
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Abstract 

The short-chain carboxylic acid used in the current study was butyric acid (BA). It has many 

scientific and industrial applications. Therefore, the extraction of this acid from aqueous 

mixtures using the liquid-liquid extraction technique is still an important problem. 

In this research, isobutyl acetate was tested as organic solvent for recovery of BA from water. 

For this system, three different temperatures were chosen to study the ternary equilibrium 

system in order to observe the change of the tie-lines and equilibrium characteristics. At each 

temperature, T = (298.2, 303.2 and 308.2) K, the phase compositions were measured. 

The solubility curves for the ternary mixtures were determined by the cloud point method in 

an equilibrium glass cell [1-2]. The prepared binary mixtures of known compositions were 

introduced to the glass cell. The temperature of the cell was controlled by a water jacket and 

maintained with an accuracy of within ± 0.1 K. At each temperature, the third component was 

progressively added using a microburet. The end point was determined by observing the 

transition from an appearance to a disappearance mixture. The tie-line data were determined 

by karl-fisher method, too. 

The experimental tie-line data for the ternary system (water + BA + isobutyl acetate) were 

determined at T = (298.2, 303.2, and 308.2) K and atmospheric pressure. The LLE diagrams 

as a function of temperature for the ternary system of (water + BA + isobutyl acetate) are 

plotted in Figures 1 to 3.  
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Fig.3 

The experimental results indicated that the organic solvent, isobutyl acetate, has high 

separation factors and distribution coefficients, which shows the ability of the solvent to 

extract butyric acid from water. It can be concluded that this solvent, may be considered to be 

reliable organic solvent for the extraction of the acid from aqueous solutions and this solvent 

has better ability for extraction of butyric acid at 308.2K. 
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Abstract 

Liquid–liquid equilibrium (LLE) investigations for ternary mixtures are important in the 

evaluation of industrial units for solvent extraction processes. The type of solvent is one of the 

most important factors which Influence the equilibrium characteristics of extraction of the 

acid from aqueous solutions. This work presents a useful LLE data for the extraction of 

butyric acid from aqueous solution [1–3].The experimental tie-line data for the ternary 

systems {water+ butyric acid +organic solvents (diethyl adipate, diethyl succinate and diethyl 

glutarate)} were determined at T=298.2K (fig.1).  
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Fig.1.Ternary phase diagram; (●) Experimental points; (○) UNIQUAC calculated points. 
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   The observed results were also used to determine the optimum UNIQUAC between an i–j 

pair of molecules or between each pair of compounds. The quality of the correlation is 

measured by the root-mean square deviation (RMSD). These results show that the diethyl 

glutarate is better solvent for the extraction of the butyric acid from the aqueous solution. 
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 Introduction:  

Non-ionic surfactants in aqueous solutions are excessively used in many formulations applied 

in various industrial areas such as detergent industry, textiles and metallurgy. In contrast, ZnO 

a kind of semiconductor has the similar band gap as TiO2, is not thoroughly investigated. 

However, the most advantage of ZnO in comparison with TiO2 is that it absorbs over a larger 

fraction of UV spectrum [1-3]. In this paper, we selected a non-ionic surfactant as a model 

compound of organic pollutants and ZnO nanoparticles as a photocatalyst. The effects of 

various parameters on the photocatalytic degradation of Triton X-100 were studied. 

 

Methods:  

The conditions used in the present study was a batch reactor(a cylindrical pyrex vessel of 2 

cm diameter with capacity of 50 mL), 20 cm distance between UV source (high pressure 

mercury vapour lamp 400 W) and solution with a stirring speed of 80 rpm and 30 min for 

adsorption equilibrium. The quantitative estimation of the surfactant was carried out using a 

UV-Vis spectrophotometer (model Jenway 6405) at λmAX=223 nm. 

    To estimate the kinetic parameters (k and n) and nth-order rate, an equation of from         -

rsurfactant = -dC/dt = k.Cn, was used where k is the degradation rate constant, 1/min. the first –

order kinetic model (n=1) was shown as follows: -Ln= C/C0= kt. Fig.1 shows –ln C/C0 of TX-

100 versus irradiation time. As it is clear from Fig.2 decreasing of the surfactant concentration 

obeys a linear pattern towards the elapse of irradiation time. It means that the pseudo-first-

order kinetics in relation to surfactant is operative. 

 

Results and discussion:  

Results are shown in Fig. 2 that ZnO exhibits higher photocatalytic activity than TiO2 and this 

was explained as ZnO having greater quantum efficiency than TiO2. The low cost is another 

important advantage of ZnO.  
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    Comparison of catalytic activities of ZnO powders and nano particles has shown in Fig. 3. 

It shows that decomposition of Trition X-100 is increased in the reaction catalyzed by ZnO 

commercial oxide. Thus, subsequent experiments were carried out with Merck ZnO. 

    The effect of sulfate radical (SO4
.-) as an oxidant on the degradation of  TX - 100  was 

investigated and compared with the ZnO (only), S2O8
2- (only), UV / S2O8

2-, UV /ZnO and 

                    

Fig .1 .Pseudo-first-order degradation rate of TX-100                            Fig. 2. The effect of the catalyst type   

   Conditions: [TX-100]=40 mg/L ,ZnO =0.36 g/L,                                      on the degradation  efficiency 

  [K2S2O8]=3 mM, reaction time=120 min l pH =6.                                                                                                                                
    

UV/ZnO/ S2O8
2- systems. As shown in Fig. 4 UV/ZnO system had more significant effect on 

the degradation of surfactant than the UV/ S2O8
2- system. When potassium peroxydisulfate 

was added to the UV/ ZnO system, surfactant degradation increased from 82.7% to 96.1% 

after 120 min (Fig. 4).  

       

  Fig.3. The effect of the catalyst size on                                             Fig .4 Degradation of Triton X- 100                                          

             the degradation  efficiency                

    
Conclusion:  
The optimal degradation conditions of TX-100  obtained from the present research were:the 

dosage of catalyst 0.36 g/L, pH 6 ,the amount of K2S2O8 3mM.Under optimal degradation 
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conditions of TX-100,  the photodegradation percent of TX-100  was 96.1% when the 

solution was irradiated by the 400w high pressure mercury –vapour lamp for 2h. Degradation 

of TX-100 was accelerated remarkably by adding proxydisulfate. Therefore, when 

peroxydisulfate was added to the UV/ZnO system, surfactant degradation increased from 

82.7% to 96.1% after 120 min.The kinetics of photocatalytic degradation for surfactant TX-

100 follows a pseudo-first-order equation. 
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Abstract 

The mechanism of interaction of an anti-parkinson, aspirin and Ropinirole hydrochloride with 

human serum albumin has been studied by fluorescence spectroscopic and Resonance light 

scattering techniques under physiological conditions. Both two drugs were found to quench 

the intrinsic fluorescence of protein by static quenching mechanism. The quenching constant 

and fractional maximum fluorescence intensity of the protein calculated for binary and ternary 

systems. The n and K values of binary and ternary systems have been calculated for 

comparing of the second drug role in the number of binding site and binding affinity of first 

drug on the HSA.  

 

Keywords: Fluorescence spectroscopy, HSA, ASA, RP, binary and ternary systems 

 

Introduction 

Human serum albumin (HSA) is the most abundant protein in blood plasma and plays an 

important role in the regulation of plasmatic concentrations of several drugs, including 

endogens and exogens [1]. Acetylsalicylic acid (ASA) has been shown to reduce the risk for 

colorectal cancer by as much as approximately 40%, a property that is shared by other non-

steroidal anti-inflammatory drugs [2]. 

 

Materials and Apparatus 

RP, ASA and HSA was purchased from Sigma (St. Louis, MO, USA). Fluorescence 

measurements were carried out on a F-2500 (Hitachi, Japan) with a 150W Xenon lamp 

spectrofluorimeter. 
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Results and discussion 

Fluorescence quenching of HSA by drugs has been studied. The fluorescence spectroscopy 

was used to determine the nature of interaction between HSA by ASA and RP. In HSA, 

tryptophan and tyrosine residues contribute to fluorescence spectra. The decrease in 

fluorescence intensity of a compound by a variety of molecular reactions viz., energy 

transfer, ground state complex formation, excited state reactions, collision quenching and 

molecular rearrangements is called quenching. In order to know the binding of ASA and RP 

to HSA, the fluorescence spectra were recorded upon excitation at 280nm (Fig. 1 A,B). The 

fluorescence intensity of HSA decreased regularly with a blue shift in presence of increasing 

concentrations of ASA and RP. This suggested that a complex was possibly formed between 

drugs and HSA [4]. Quenching can be induced by different mechanisms, which were usually 

classified into dynamic quenching and static quenching. When secondary drug is added to 

the binary system at excitation wavelength of 280 nm according to the Fig. 2A,B and Table. 

1, the quenching constant ( QK ) increases. Subsequently a larger distance between 

chromophore of primary drugs and the excited fluorophores Trp-214 is noted. Also the 

values of af  calculated for the fluorophores located in the corresponding binding sites for the 

binary and ternary systems in Table 1 and Fig. 2A,B, in the presence of secondary drug at 

exi 280 nm,  values decreased. The af  values show that fluorophore inside to the 

aqueous solution and the affinity between fluorophores and the protein decreases [6].  

 

 

 

 

 

 

 

Fig. 1: Fluorescence spectra of HSA in presence of ASA (A) and RP (B) in pH=7.4 
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Fig. 2: The modified Stern-Volmer plot of binary and ternary systems of HSA-ASA and (HSA-RP)ASA ○, ∆ in 

Fig. A receptively, Also HSA-RP and (HSA-ASA)RP □,   ◊ in Fig. B respectively at excitation wavelength 280 

nm. 
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Introduction:  

It is well documented that mammalian lipoxygenases (LO's) are nonheme ironcontaining 

enzymes responsible for the oxidation of polyunsaturated fatty acids and esters to 

hydroperoxy derivatives [1]. Among the mammalian lipoxygenases involved in the etiology 

of human disease, 5-lipoxygenase (5-LO) is now well established as a target for inhibiting the 

production of leukotrienes involved in the progression of inflammatory diseases, in particular 

asthma [2]. More recently, 15-lipoxygenase (15-LO) has emerged as an attractive target for 

therapeutic intervention [3].  

 

Methods:  

15-LO has been implicated in the progression of certain cancers [4] and chronic obstructive 

pulmonary disease (COPD) [5]. Both transgenic and knockout studies implicate a role for 15-

LO in atherogenesis [6]. The enzyme is abundantly expressed in macrophages residing within 

the atherosclerotic lesion [3].  

 

Results:  

the immediate products of 15-LO oxidation of AA and linoleic acid (LA) have been shown to 

be pro-inflammatory [7] and pro-thrombotic [8]. It is also found that 15-LO is linked to 

cardiovascular complications since it is known to participate in oxidative modification of low-

density lipoproteins (LDL) leading to the development of atherosclerosis [9].  
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In the present study, we report the energy minimization of eight new 2-substituted 

pyrimido[4,5-b][1,4]benzothiazines 1a-h as potential lipoxygenase inhibitors. 

 

N

N

N
H

S

CH3

R2N

1a-h  
 R = Me, Et, Pr, Bu, Iso-pr, Pentyl , Pyrazin , Piperazin  
These analogues after energy minimization were docked to the binding site of the 15-

lipoxygenase. The results of docking processing (∆Gb: Estimated Free Energy of Bonding, Ed: 

Final Docked Energy and Ki: Estimated Inhibition Constant) are outlined in table 1. 
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Introduction 

Ionic liquids (ILs) have numerous advantages, such as negligible vapor pressures, high 

thermal stability, superiority in electrochemistry, and environmentally friendly properties [1]. 

The applicability of carbon nanotubes (CNT) as sensory and manipulating devices in 

biological systems is critically related to their solubility and wet ability in aqueous 

environments, or in general with their hydrophobic–hydrophilic behavior [2]. 

 

Simulation Details 

Using NVT ensemble, molecular dynamics simulations for ionic liquid 1-n-propyl-4-amino-

1, 2, 4-triazolium bromide have been performed. The equations of motion are integrated 

using the Verlet leapfrog scheme. All interatomic interactions between the atoms in the 

simulation box and the nearest image sites were calculated within a cutoff distance equal to 

12 Å. The columbic long-range interactions were calculated using Ewald’s method, with a 

precision of 1×106. The time step for the simulations was 1.0 fs and temperature was equal to 

400K.  

 

Results and Discussion 

Figure 1 shows snapshots of simulated system at initial and the last simulation time. These 

figures show us how ionic liquid can separate the aggregated nanotubes. We follow-up the 

result with plots of radial distribution functions, total energy evolution and especially, the 

time history of distance between the center of mass of the carbon nanotubes during 

equilibration. 
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Figure 1- Snapshots of the simulated system at initial simulation time (left side) and at the last simulation time 

(right side). 
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ABT-773 is a ketolide effective against antimicrobial-resistant respiratory tract 

phatogens [1]. Stoner et al. have reported a Diels-Alder reaction in which ABT-773 1 and its 

cis isomer 3 are converted into two different adducts [2].  The experiments performed by 

Stoner et al. are subject of theoretical study in this project. Based on experimental data an 

appropriate mechanism proposed for this reaction in which contain the initial enolization of 

the dien system that  causes  -elimination of the desosamine suger, culminating in the 

production of the presumed transitional enone 5, in subsequent stage after the transition stae 

react with 6-o-quinolin during Diel-Alder reaction, adducts 2 and 4 are formed.  The 

proposed mechanism represented schematically as follow:   

           1                                  2 

 

 

  

                      3                                  4 

The optimized structure of these compounds showed as a follow:    
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The Gibbs free energy values of each structure and its variations for different 

conversions shown in above figure have been obtained with regard to frequency calculations 

as well as by considering the Zero Point Energy corrections. it is observed that values of 

Gibbs free energy variations for conversions of 1 to 2 and 3 to 4 is negative and for 

conversion of 1 to 3 and 2 to 4 is positive, therefore there is no possibility of conversion of 1 

into cis isomer and no possibility for internal conversion of their corresponding products. In 

other words, the process of cycloaddition relative to geometry of double bond is 

stereoselective. For this reason, in the above diagram the conversions of 1 into 3 and 2 into 4 

have been shown with dotted arrow.  
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Introduction 

Congestive heart failure (CHF) is a major cause of death in patients with heart disease. For 

many years, digitalis glycosides have been used for the treatment of CHF. However, the 

application of these agents is limited because of their narrow therapeutic window and their 

propensity to cause life-threatening arrhythmias (arrhythmogenic lability). The search for 

orally active ‘non-glycoside’ cardiotonic drugs displaying a greater safety profile and 

improved efficacy on patient survival resulted in establishing the selective inhibitors of cyclic 

nucleotide phosphodiesterase (PDE) enzymes as a new class of cardiotonic agents. PDE3B 

enzyme specifically hydrolyze cAMP (cyclic adenosine monophosphate) in heart cells. The 

inhibition of PDE3 activity in cardiovascular tissues results in increased levels of cAMP with 

consequent reduction in platelet aggregation and smooth muscle cell proliferation in vitro, 

and induction of a cardiotonic effect [1,2].  

 

Results and Discussion 

In the present research we investigate the inhibition of PDE3a by 6-hydroxy-4-

methylquinolin-2(1H)-one derivatives 1a-j by theoretical method.  
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Structures 1a-j were simulated in chem3D professional; Cambridge software; using MM2 

method (RMS gradient = 0.05 kcal/mol). Output files were minimized under semi-empirical 

AM1 method in the second optimization (Convergence limit = 0.01; Iteration limit = 50; 

RMS gradient = 0.05 kcal/mol; Fletcher-Reeves optimizer algorithm) in HyperChem7.5. 

Automated docking simulation was implemented to dock 1a-j into the active site of PDE3B 

with AutoDockTools 4.0 (ADT4) version 1.5.2 using Lamarckian genetic algorithm. The 

results of docking processing (∆Gb: Estimated Free Energy of Bonding, Ed: Final Docked 

Energy and Ki: Estimated Inhibition Constant) are outlined in Table 1. 

 

Table 1 

Compound Ki

4a

4b

4c

4d

4e

4f

4g

4h

4i

3.72e-8 -10.14 -11.69

8.64e-9 -11.00 -12.62

2.37e-8 -10.40 -11.30

4.50e-8 -10.04 -11.90

3.50e-8 -10.17 -12.09

5.24e-8 -9.93 -11.73

5.05e-9 -11.32 -13.01

1.43e-9 -12.07 -13.92

5.68e-10 -12.61 -14.61

Gb d

4j 7.64e-8 -9.71 -11.01
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Introduction 

In comparison with standard solvents such as water, alcohols, alkanes or classical molten 

salts, up-coming ionic liquids (ILs) exhibit a very unusual combination of properties [1]. 

Namely, they are liquid with a wide range (from -50oC to +4000C), an excellent thermal 

stability (up 400oC) and a wide electrochemical window (from -40eV to +4eV). Ionic liquids 

(ILs) are receiving more attention as alternative to volatile organic solvents due to their 

negligible vapor pressure. Moreover, ILs possess intriguing properties such as hight thermal 

and electrochemical stability and high ionic conductivity [2,3]. Although reaching to high 

conductivity by ILs is possible, and it is very important in electrochemical researches, but  

there are some barriers to synthetize of these substances such as using commercial and 

accessible primary materials, econemic benefits, time of  experiment and sensitivity of 

substances to humidity and so on. In this paper we gained a simple theoritical methods in 

synthetizing ionic liquids with high conductivity to prevent existing these circumstances. 

 

Determination of the conductivity of [C4MI][PF6] and [N6314][Cl] 

Higher conductivity is generally associated with lower viscosity and the order of conductivity 

values (from high to low) for the imide salts is concordant with the order of the Tg data (from 

low to high) [4,5]. Bonhote et al. has derived the relation between specific conductivity and 

anion, cation hydrodynamic radii as well as other physical parameters:  

  112 )()()6/(   ccaaA rrFWNdyF                                   (1) 
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This includes the ‘correction’ factor   taking into account the specific interactions between 

the mobile ions in the melting state, their viscosities  , formula weight FW, densities d, and 

the radii of their ions (ra and rc) . Furthermore, vogel-Tammann-Fulcher equation provides a 

good description of molten salt electrolyte behavior change with temperature:  

)exp()(
0TT

B

T

A
T




                                                               (2) 

Where A, B, and T are  the frequency factors related to the activation energy and deal glass 

transition temperature, respectively [6,7]. According to equation(2)  we can not determine 

favourite conductivities in electrochemical researches. Therefore, we found simple relations 

between viscosity and temprature based on viscosity data and statistical calculations of  1-

butyl-3-methylimidazolium hexafluorophosphate [C4MI][PF6] and trihexyl-

tetradecylammonium chloride [N6314][Cl] compounds. Based on statistical calculation ,we 

have reached simple relations between viscosity and temperature (3) which according to these 

relations, with use of equation (1), and only change in temperature ,conductivity in various 

electrochemical research can be determined easily.  

If  0.4≤ િ≤11.85 ⟺  િ=-0.138T+12.281&  if  28.5≤ િ≤207 ⇔  િ= -2.946T+219.21 (3) 

 

Conclusion 

We need high conductivity in many Electrochemical researches, which requires its specific 

conditions in different tempratures. Sometimes creating such conditions need to spend a long 

time and great expenses. Using statistical calculation among different ionic liquids, we 

reached to this conclusion that [N6314][Cl] and [C4MI][PF6] salts can provide broad range 

of high conductivities for performing Electrochemical activities. Therefore, using statistical 

calculations and on the basis of gained relations in this research, we can easily obtain needed 

conductivities in variety tempreture. 
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Introduction 

 An ionic liquid (IL) is a salt in the liquid state. In some contexts, the term has been restricted 

to salts whose melting point is below some arbitrary temperature, such as 100 °C (212 °F). 

While ordinary liquids such as water and gasoline are predominantly made of electrically 

neutral molecules, ILs are largely made of ions and short-lived ion pairs. Because ionic 

liquids are composed of only ions, they show very high ionic conductivity, non-volatility, and 

non-flammability, the nonflammable liquids with high ionic conductivity are practical 

materials for use in electrochemistry [1-3]. There are some elements which make the act of 

gaining access to needed conductivity for carrying out Electrochemical activities difficult 

such as: using commercial and accessible primary materials, economical profit, observing 

high accuracy, spending long time, and so on. 

 

Experimental method and its difficulty 

There are two main stage in synthetizing of ion liquids with imidazol base and different 

anions: (1) quadruple the nitrogen of imidazol ring (2) anionic exchangment. The first stage 

extremly depend on temprature and most of researches are about preparing chemicaphysics or 

systematic conditions and  increasing the efficiency of this step. To preparing various 

derivatives of 1-alkyl imidazol, imidazole become deprotonated with metalic sodium or 

sodium ethoccylate and then the product is obtained in ethanol or acetonitryl solvents 

attending an alkylation indicator (Fig. 1). 
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Figure 1. total stages of synthetizing imidazol salt 

synthetizing these material in lab needs the high precision because ion liquids are extremly 

sensitive to humidity [4-7].this problem and what have mentioned before make creat a theory 

method. 

 

Theoretical method 

We considered two important points: first obtained equation apply for wide range of density 

of ionic liquids and second used cations and anions would have been favourite conditions for 

statistical tests. Statistical calculations showed that the conductivity of  

1-ethyl-3-methylimidazoliumfluoroborate [EMI][BF4] enhanced with gradual increasing of 

temprature. This molecule has been selected from 276 type of cations and 55 type of anions. 

On the other hand 15180 type of ion liquids have been investigated. After passing various 

statistical stage and applying F ( comparison between relative precision Of datas) and Q 

(deleteing doubtful datas) tests, we came to conclusion that there is a simple relation between 

conductivity and temprature: σc =0.0425T+0.1889 

Using this relations facilate obtaining both high and low conductivities in electrochemical 

researches. 

 

Conclusion  

We reach to interesting relations between 1-ethyl-3-methylimidazolium tetrafluoroborate 

([EMI][BF4]) salts and temperature, after making different statistical calculations among the 

data of conducting numerous group of ionic liquid (including 276 different type cation and 55 

different type anion) which satisfy the need of performing different experiments for accessing 

ideal conductivity of Electrochemical activities. 
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Introduction 

   Ionic liquids as green solvents are a new group of salts which can be liquid in lower than 

100 oC. they are consist of large non-symmetric organo cations like: imidazolium, 

phosphonium, pyridenium, thiazolium, pyrazolium, solfunium, thriazolium derivatives and so 

on and smaller organic or inorganic anions. The low symmetry and the weak concentration of 

the possitive charge are the most important of specefications of cationic part of these 

compounds which prevent from formation of a new regular crystalline lattice and therefore it 

reduces melting point. Some features of ionic liquids are: high density, low vapour pressure, 

non-flammable, high conductivity, wide electrochemical window, mix ability with many 

common organic solvents and its efficiency in analysis processes in multiphase systems [1-5]. 

There is more attention  to Imidazolium salts in order to facilate research on ion liquids, 

because these cations have two substituted groups that substituting them make different 

solvent properties. In spite of this specefication, there are some obstacles  like spending  

much time and money along with experimental and instrumental errors. This was why we 

created a theoritical method based on statistical calculation to measure density of ion liquids.  

 

statistical methods 

Two important points have been considered: first obtained equation apply for  wide  range of 

density of ionic liquids and second used cations and anions would have been favourite 

conditions for statistical tests. Therefore imidazolium derivatives were used for cationic parts. 

After passing various statistical stage and applying F ( comparison between relative precision 

of datas) and Q (deleteing doubtful datas) tests, we came to conclusion that 
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bis((threefloromethyl)solfunyl)imid, (TFSI) with chemical formula 2 6 4 2C F NO S  obeyed from 

determined conditions. On the other hand, this anion in combination with imidazolium 

cations produced a wide range of densities. In the next step with constanting anionic base, we 

felt  the need of a relation between alkylic group of cationic part and density. Then we ploted 

density base on incresing the number of carbon atoms of alkyl group of  imidazolium salts 

having total formula 1-alkyl3-methyl imidazolium ][ MICn  along with [TFSI] anion in 25 oC. 

We found following equation with regration coefficient 0.99 that showed good agreement 

between presented data and this equation:   )5676.10308.0(  n                            (1) 

this statistical metod has gained among 276 cations and 55 anions in different experimental 

conditions. It is clearly The reason behind the use of  TFSI anion in following samples and 

density data (Fig. 1)  

            

Figure 1.percentage of accumulation diagrams (a) and density-number of carbon atoms ][ MIC n (b). 

 

Conclusion 

To prevent the problems during synthetizing an ion liquid with favourite properties, we 

investigated a statistical method and a simple equation between density values and the 

number of carbon atoms of alkyl group.  

a b
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Abstract 

The interaction of colchicin (COL) and aspirin (ASA) to HSA was studied using resonance 

Rayleigh scattering technology; the resonance light scattering method can be used as a new 

technology for the determination of the aggregation point of drugs at interaction of proteins. 

The participation of tyrosyl and tryptophan residues of protein was also estimated in the 

drug–HSA complex by synchronous fluorescence.  

 

Keywords:  RLS, synchronous fluorescence, aggregation point, HSA, ASA and COL 

 

Introduction 

HSA plays an important role on transportation of drug and other exogenous and endogenous 

compounds to their targets. Colchicine is a naturally occurring alkaloid used in human and 

veterinary medicine. ASA is used as analgesic against less intense pains; it is a soft and 

excellent antipyretic sedative. The aim of this study is to analyze the interaction of COL and 

ASA with HSA. 

 

Methods: 

The resonance light scattering analysis is attractive for the determination of 

biomacromolecules, and the synchronous fluorescence spectra only shows the tyrosine 

residues and the tryptophan residue of HSA when the wavelength interval  λ is 15 nm and 

 λ is 60 nm, respectively.  

 

Results and discussion 
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The resonance light scattering spectroscopy (RLS) spectra of the HSA-ASA and HSA-COL 

complexs is shown in Fig. 1(A,B). The enhanced RLS intensity increases with the increasing 

druga concentration. It can be consequently concluded that drugs reacted with HSA and 

produced a complex [1]. It has been also shown in Fig. 2A that the slope of HSA-ASA was 

higher when   was 15 nm, indicating that in presence of COL interaction of ASA to 

tryptophan residues, decrease, and     Fig. 2B show the slope was higher when   was 60 

nm, indicating that in the presence of COL interaction of ASA to tyrosine residues, increase 

[2]. According to the Fig. 2C in  15 nm curve of both binary and ternary systems have 

overlap below the concentration of COL:HSA, 7107   mM, therefore fewer than 7107   in 

binary and ternary systems, tyrosine has influence similar in interaction of COL to HSA, 

whereas above this concentration, the interaction between COL and tyrosine residues, 

increase. Also Fig. 2D shows the slope was higher when  60 nm, indicating that in the 

presence of ASA, interaction of COL to tryptophan residues, increase.  

 

 

 

 

 

 

 

 
Fig. 1: Resonance light scattering spectra of HSA in the presence of different concentration of ASA (A) and 

COL (B), T=310 K, pH=7.4. 
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Fig. 2: The quenching of HSA synchronous fluorescence by ASA (○), (COL)ASA (◊) and COL (□), 

(ASA)COL (Δ) at  =15 (open symbols), 60 nm (closed symbols). 

 

Conclusions 

In this work, resonance Rayleigh scattering method is applied to study the interaction of drug 

with protein, results show that the enhanced RLS intensity increases with the increasing 

drugs concentration. Changes in the environment of the aromatic residues are also observed 

by synchronous fluorescence. 
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Introduction: 

Description of amino acids (AAs) is important for many reasons. Peptides play significant 

roles in biological world especially in human life and also as pharmaceutical targets. Since 

the subject of quantitative sequence-activity model (QSAM) that employs quantitative 

structure-activity relationship (QSAR) strategies to quantify biosequence-activity/function 

relationship for the peptides, proteins and nucleic acids has proposed, this field becomes an 

attractive and active area in computational study of peptides. 

In the recent years, merging quantum mechanical data with the topological approach, 

according the theory of atoms in molecules (AIM), led to a novel category of descriptors, 

called quantum topological molecular similarity (QTMS) indices [1] .Over the last several 

years QTMS methods have produced excellent results of relevance to different fields [2]. 

Very recently a new source of AA indices based on quantum topological molecular similarity 

(QTMS) descriptors has been proposed by us for use in QSAR study of peptides, contain 

topological and quantum information of AAs [3]. These indices showed multiple advantages, 

such as definite physical and chemical meaning, good structural characterization ability and 

producing statistically significant QSAR models. 

In this work autocorrelation function was applied on the QTMS descriptors of amino acids to 

extract a new source of AA descriptors with additional advantages related to our previous 

work. This proposed group of descriptors has used for construction of quantitative sequence-
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activity (QSAM) model for 3 set of biologically and pharmaceutically important peptides 

with different chain size and also their active site analysis successfully.  

 

Materials and methods 

Data set: In order to validate properly the new QTMS-based autocorrelation scales, it is 

important that the example data sets used are representative and have well-understood 

structures. 58 dipeptides inhibiting the angiotensin converting enzyme (ACE), 177 nonameric 

binding peptides of HLA-A*0201 molecule and 48 di-peptides bitter tasting thresholds (BTT) 

were the 3 data sets which was studied. 

Calculation procedure: After optimization of the three-dimensional geometry of the AAs 

molecules at the RHF/6-31+G* level of theory, the nine QTMS descriptors was calculated for 

each AA bond using AIM software. Then, these parameters were transformed into a novel set 

of descriptive parameters (named as ATSQ) using the autocorrelation approaches (The 

obtained index is not shown). Some chemometrics approaches was used to model 

construction, model validation and active site analysis of the under study peptides.  

 

Result and discussion  

However the detail of obtaining our proposed index, model making and validation are not 

discussed and their data are not shown here, the final results for the under study peptides data 

sets are abstracted in Table 1. The constructed models exhibited not only good self-prediction 

power (internal validation) but also had sufficient prediction ability for activity of the test set 

samples and showed the power of proposed index to use in QSAM of peptides. The models 

which were made based on ATSQ indices, had better results in most cases related to previous 

indices which had been reported in literatures for AAs (comparison data has large volume 

and are not shown). Active site analysis of peptides in the under study data sets was also done 

using variable importance in the projection (VIP) of models coefficients. Most sequence 

which was selected as the active site in the peptides was in agreement with literature and 

indicated the good descriptive ability of proposed indices (data and related figures are not 

shown). 
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Table 1 QSAM models of the ACE, HLA and BTT data sets using ATSQ index.  

Data set nSV nLV R2
cal Q2

LOO Q2
LMO R2

P RMSE cal RMSE p Q2
MP 

ACE 7 3 0.868 0.812 0.800 0.702 0.36 0.55 0.061 

HLA 20 6 0.782 0.682 0.651 0.500 0.47 0.73 0.031 

BTT 5 2 0.809 0.761 0.762 0.770 0.437 0.550 0.124 
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Abstract: 

    According to laboratory work hard, this study will try to obtain some cyclic nitrogen 

compounds QSAR (Quantitative Structure-Activity Relationship) with a group of them; to 

face of computational methods the kinds of descriptors molecules obtained using statistical 

techniques MLR, the best relationship between biological activity and descriptors obtain and 

to use this relationship to predict and interpret the families molecules of this group was 

discussed. Model obtained was tested on 10 molecules and their biological activity values 

obtained. 
 

Key words:MLR analysis, cyclic nitrogen compounds, Quantitative Structure-Activity 

Relationship, QSAR. 
 

Introduction:  

   One of the main objects of scientists to predict the behavior of a new molecule, based on 

analysis of the behavior of similar molecules that have previously been investigated 

.Problems and risks associated with chemical measurements has caused some of today's 

computing molecular properties using computational methods or parameter, is actually 

welcomed by many. In parameter methods between the describing the procedures and 

communicate desired are behaviors [1]. 
 

Methods: 

Table (1): molecules used in this study  

 

Com. name  num    Com. name  num   Com. name  num  
Nitrobenzene ١٣  Ethylene glycol dinitrate٧    Diglycol Dinitrate ١  

Picric acid  ١۴    Nitroguanidine ٨    
1.2 - 

Dinitroglycerol 
٢  

Hex hydro – 1.3.5 trinitro 
– 1.3.5 trizine 

١۵    
Octahydro – 1.3.5.7 trtranitro 

– 1.3.5.7 tetrazocine 
٩    

1.3 - 
Dinitroglycerol 

٣  

1.3 – Dlhydroxy   2.4.6 - 
trinitrobenzene  

١۶    Losorbide dinitrate ١٠    
Meta 

Dinitrobenzene 
۴  

N – methyl-N.2.4.6   
tetranitroaniline 

١٧    Ortho Nitro toluene  ١١    2.4 - Dinitrotoluene ۵  

Trinitrotoluene ١٨    Meta Nitro toluene ١٢    2.6 – Dinitrotoluene ۶  
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    Object in this study to gain respect QSAR for some of cyclic nitrogen compounds and 

predictions biological activities of other families' compounds with relationship obtained. Civil 

code further studied the biological activity in Log k research and reference number [3] are 

obtained. Compounds named in this study have been reviewed in Table (1) you can see. 

QSAR modeling step is a process that are includes five main steps: 

1. Entre structure and optimization and selection of data series. 

2. Selected and calculated describes. 

3. Analysis and resolution and valuation describe (trait selection). 

4. Analysis Statistical model and selection and construction of suitable models. 

5. Evaluate the validity of the model chosen (or model predictions and validation) 

 

1. Entre structure and optimization and selection of data series: 

    In the first step, after entering the structure and optimization of molecules, different 

descriptors (Table (2)) were obtained for the molecules. 

 
 
 

Table (2): names of different descriptors for molecules obtained  

Descriptors obtained for molecules 
εH εL η μ ω H.E 

Log PVolRefPolMass∆N 
 

2. Select and calculate molecular describing: 

    At this stage, before the formation of statistical models for modeling of communication, 

first calculated the numbers of descriptors, which provide little information or put in close 

contact with each other were excluded. 
 

3. Analysis and resolution and valuation describe: 

    In next for the selection of variables and selecting the best subset of descriptors remaining 

techniques MLR (multiple linear regressions) and forward step method was used. So the 

molecules of biological activity as dependent variable and molecular descriptors as 

independent variables were used and were trying to best the relationship between biological 

activity and molecular quantum mechanics descriptors obtained, which is usually the best 

state, for the relationship is linear state. 
 

4. Analysis Statistical model and selection and construction of suitable models: 

    Must have the best relationship that amounts R2 as possible to 1 , to be obtained. In this 

study tray the MLR techniques, first for each model were considered independent variables, 

then selected the best model and because correlation coefficient is still lower and the model 

was not appropriate; models varying from 2 to 7, which subset best linear model For 
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molecules were created. The best results related to model variables in Table 1 to 7 (3) is 

given. 

 
Table (3): Find the best regression equations obtained in 1 to 7 variable 

R2  equations  variables 

0.2626  a + b(Ref) =Log k 1 

0.7918   a + b(Ref) + d(H.E)=Log k  2  

0.9061  a + b(Ref) + d(Pol )+ e(H.E) =Log k  3  
0.9388  a + b(∆N) + d(Ref )+ e(Pol) + f(H.E) =Log k 4  
0.9371  a + b(∆N) + d(ω) + e(Ref) + f(Pol) + g(H.E) =Log k 5  
0.9404   a + b(µ) + d(∆N) + e(ω) + f(Red) + g(Pol) + h(H.E)=Logk 6  
0.94  a + b(μ) + d(∆N) + e(ω) + f(Ref) + g(Pol) + h(H.E) + i(Vol) =Logk 7  

  

    According to the regression rates obtained for different models and considering the best 

model, is the model that the correlation coefficient is high, have less the number of 

independent variables and also considering the increase models of 3 variable to…by increase 

less than 0.03% regression attendant which is partial and is negligible, so we can say the best 

model among these models, model 3 variable. In table (4) the profile and the final model 

coefficients given. 

 
 
 

Table (4): final model profile   
graph  equation  

 

 
Log k = a +b(Ref)+d(Pol)+e(H.E) 

 
coefficient symbol variable 
b = 0.0292 Ref Refractivity 
d = -0.072 Pol Polarizability 
e = 0.0351 H.E Hydration Energy 

a = 0.8034 Constant coefficient  

 

5. Evaluate the validity of the model chosen (or model predictions and validation): 

    Series are expected to help extend functionality related quality of QSAR is obtained. For 

this first time the number of families of molecules with molecules selected reference series 

and then considering the relationship QSAR obtained, the biological activity of these 

compounds were predicted (Table (5)). 

 

 

 

y = 1.0323x - 0.0144
R2 = 0.9061

0

0.2

0.4

0.6
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1
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Table (5): descriptors are calculated and predicted biological activity 
for molecules Series predictions 

Log k (predicted) Ref  pol H.E  Tests: 
0.5056 35.74 12.25 -22.81 test 1 
0.8008 34.07 12.91 -10.84 test 2 
0.6453 40.39 14.75 -17.92 test 3 
0.8762 23.22 8.12 -8.03 test 4 
0.950343.7415.92-10.21test 5 
0.778240.3914.75-14.46test 6 
1.027 48.11 16.04 -12.72 test 7 
0.8003 45 14.75 -18.82 test 8 
1.0613 52.36 17.89 -12.15 test 9 
0.9313 43.06 14.75 -12.9 test 10 

 

 

 

Results & Discussion: 

    Find a relationship between structural features combined with the biological activity shown 

by its short little Quantitative Structure-Activity Relationship (QSAR) is called [2]. The 

results show that the proposed methods have suitable ability to predict indices of various 

compounds and addition, the proposed models have enough sustainability. 

   To establish this connection, the multiple linear regression (MLR) was used. By this method 

important describes to extract the final model are selected; that most of them by different 

computational software can be accounted [2]. Software used to calculate descriptors 

participating in the model presented in this study include: Hyperchem and Gaussian 98. 

   According to the tables and graphs presented in this study will be seen that a suitable QSAR 

model can predict up to a family of compounds used; also can use this equation, the activity 

of biological compounds as well as other programs computer and computational predictions, 

and with it the risks, costs and hardships of laboratory work can be avoided. 

 

Conclusion: 

    After review and study on a group of cyclic nitrogen Compounds conclusion was that the 

best relationship QSAR for compounds that contain three descriptors Refractivity (Ref), 

Polarizability (Pol) and Hydration Energy (H.E) is. 
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Introduction 

Reaction of ozone with other species is one of the best investigated chemical reactions as is 

reported in many research papers published in the recent years. It has been predicted that the 

O3–H2O complex is another source of OH radical in the troposphere according reaction: 

O3–H2O + hν → 2OH + O2 

Microwave spectra of the O3–H2O complex in gas phase has been observed with a pulsed-

beam Fabry-Perot cavity Fourier-transform microwave spectrometer. Recently, Shibuya et al. 

[1] has been applied matrix isolation infrared spectroscopy together with ab initio calculations 

to study of ozone-water complexes. They have demonstrated the existence of only one stable 

conformer (double-decker). They obtained the value of 2.8661 Å for distance between the 

center oxygen atom of ozone and the oxygen atom of water, which is smaller than 

experimental value (2.957 Å). This work aims to study the possible existence of O3–H2O 

complexes at high levels of computational chemistry in order to find most stable structure in 

which its structural parameters to be good agreement with the experimental values. We found 

two new complexes in this work which has not been reported previously. All interactions in 

O3–H2O complexes are characterized by quantum theory of atoms in molecules(QTAIM 

)analysis. 

 

Computational details 

The calculations were performed using the B3LYP, MP2, MP4(SDTQ), CCSD, CCSD(T), 

QCISD and QCISD(T) methods. The following Pople and Dunning type basis sets were used: 

6-311++G(2d,2p), AUG-cc-pVDZ and AUG-cc-pVTZ. The counterpoise procedure (CP) [2] 

was used to correct basis set superposition error (BSSE) in the calculation of binding 

energies. The Bader theory was also applied to find critical points and to characterize them. 
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Topological properties have been calculated at MP2/6-311++G(2d,2p) level of theory by 

AIM2000 program package. 

 

Results and discussion 

We found six complexes in interaction between H2O and O3. To the best of our knowledge, 

LM5 and LM6 were not reported previously. At all levels of theory, LM1 and LM2 

complexes have Cs symmetry. All calculations indicate the complex LM2 is more stable than 

the complex LM1. Both complexes are non-hydrogen bond complex and exhibit the double 

O···O interactions. The calculated distance between the center of mass of O3 and H2O 

(O2···O4) is 2.932, 2.927, 3.093 and 3.111 Å at MP2/AUG-cc-pVTZ, QCISD(T)/AUG-cc-

pVDZ, CCSD/AUG-cc-pVDZ and QCISD(T)/AUG-cc-pVDZ levels of theory, respectively. 

The values obtained at MP2/AUG-cc-pVTZ, QCISD(T)/AUG-cc-pVDZ levels are in close 

agreement with the experimental value of 2.957 Å. The calculated distance between the center 

of mass of O3 and H2O (O2···O4) is 2.932, 2.927, 3.093 and 3.111 Å at MP2/AUG-cc-pVTZ, 

QCISD(T)/AUG-cc-pVDZ, CCSD/AUG-cc-pVDZ and QCISD(T)/AUG-cc-pVDZ levels of 

theory, respectively. The values obtained at MP2/AUG-cc-pVTZ, QCISD(T)/AUG-cc-pVDZ 

levels are in close agreement with the experimental value of 2.957 Å. The AIM calculations 

predict the electrostatic characteristic of O···O and O···H interactions in O3–H2O complexes. 
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Introduction 

The objective of quantitative structure-property relationship (QSPR) models are to allow the 

prediction of physic-chemical properties of untested and sometimes yet unavailable 

compounds and to provide insight of which relevant and consistent chemical properties are 

determinant for the Thermodynamic property of compounds [1, 2]. The present work 

addresses the detailed procedure to predict critical temperature of several organic compounds. 

 

Results and Discussion 

A QSPR study was performed to develop models that relate the property of 132 organic 

compounds to their critical temperatures (Tc). QSPR models have a good ability to correlate 

and predict the critical temperature of organic compounds. A subset of 132 molecules was 

selected from the DECHEMA database [3]. The chemical structure of the molecules was 

drawn by the Hyperchem and CS Chem3D Ultra softwares. Semiempirical Austin Model 1 

(AM1) calculations were used for geometry optimization of the studied molecules by these 

softwares. The Hyperchem, CS Chem 3D Ultra and Dragon softwares were employed for 

generating all descriptors. Eventually, 1172 descriptors were calculated for each molecule. A 

linear QSPR model for Tc was obtained using stepwise multiple linear regression (MLR) 

procedure. Prior to MLR procedure the detected co-linearity between some calculated 

descriptors were omitted. Among all models that developed by MLR method, a four 

parametric model was chosen as the best one: 
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Tc =  155.4 (± 24.55) + 14.98 (± 0.695) SDeg + 21.94 (± 3.357) H-050 + 490.3 (± 48.15) Mv - 

22.75 (± 3.031) P          (1) 

In this equation, sum of degrees (SDeg) is among steric descriptors, H attached to 

hetero atom (H-050) is related to atom-centred fragments, mean atomic van der Waals volume 

(Mv) belongs to constitutional descriptors and partition coefficient (octanol / water) (P ) is a 

thermodynamic descriptor. The statistical parameters of aforementioned correlation is: 

N= 132                          R2= 0.9214                           Se = 29.997                           F = 372.32 

 

Conclusions: 

QSPR models are now well established and are used to correlate varied, and often complex, 

thermo-physical properties of molecules. 
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Introduction 

    During the second half of the 20th century, the scientists have started a new research on the 

structure of proteins. [1]     

The folding or second structure of protein, is a multi-variable function from torsional angles. 

For studying on this subject, we must know peptide models of protein and we have to study 

peptide and protein conformations, in attention to the stereo interactions of R groups. (See 

Fig.1) [2]  
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Fig 1. Stereochemical configuration of peptide bond; (C-N) bond has the double bond property. Carbon of 

carbonyl, N, and connected atoms whit them, are at the one page.  

 

    In this study, there are results of search about the most stable conformation of Gly-Ser-Gly. 

These conformers were defined by rotation of dihedral angles of side-chain (χ). This 

tripeptide (Gly-Ser-Gly) is in the structure of Fibrogen protein (curractly in structure of hexa-

peptide of fibroin: Gly-Ser-Gly-Ala-Gly-Ala). [3] 
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Methods 

    In this work, we have studied the effect of side chain torsional angle (χ) on conformational 

stability of Gly-Ser-Gly tripeptide. For this purpose the side chain torsional angle (χ) was 

changed at 300 intervals, from 00 to 3600. (See Fig 2) For determining the stable  conformers 

of Gly-Ser-Gly tripeptide that obtained from varying  χ , the Abinitio calculations were 

carried out at HF/6-31G* and HF/6-311G** levels of theory. All of calculations performed by 

using Gaussian03 program. [4] 
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Fig, 2 Stereochemical configuration of GSG tripeptide; the side chain torsional angle (χ) is shown with D12. 

 

Results and discussion 

  The obtained energies from optimized structures show that there are three minima at χ=600, 

χ=1800 and χ= -900. However among all states the conformer that χ= -900 has the most 

stability. (See Fig. 3)  

 

 
 Fig. 3 Relative energies (ΔE) of various conformers obtained from changing side chain torsional angle ( χ) 
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Introduction:  

Recently much attention has been directed to fullerenes, the hollow carbon cages discovered  

in 1985 [1], as nanometer-scaled structures. Fullerene nanocages play a significant role in 

cellular uptake, protein binding, and translocation from portal of entry to the target site, etc. 

However, due to its small size, there are noteworthy theoretical investigations on the 

interaction between glycine (as a backbone of a protein) and surface of fullerene-nanocages 

motivating us to more comprehensive studies in sophisticated cases associated with 

biomolecules and fullerene nanocages [2,3]. In the present work, we have investigated the 

capability of C59Al and C59B fullerenes for the glycine adsorption by means of (DFT) based 

calculations.  

 

Method:  

All the configurations were drawn employing Hyper Chem software and all the computations 

were carried out using the ab initio DFT method using the standard Kohn–Sham equations and 

has been very efficient for large atomic systems [4].  

 

Results and discussion:  

we have considered the binding of the glycine on the exterior surface of the C59Al and C59B 

fullerene cages to study the adsorption behavior of glycine-C59Al/C59B complexes. Several 

possible configurations were created for a glycine molecule approaching the top of Al and B 

atom of the cages via its three active sites. After full structural optimization of the considered 

systems, the obtained results reveal that the binding of glycine to the cages generates more 
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stable complexes with binding energies (with BSSE correction) of -1.64 eV (37.89 Kcal/mol) 

via carbonyl oxygen (O) for gly/C59B and amino nitrogen (N) for gly/C59Al, respectively, see 

Fig. 1(a). Furthermore, Mulliken charge analysis has been performed to evaluate the amount 

of electron transfers between glycine /C59Al-C59B complexes. The calculated results shows 

0.486 e charge transferred from glycine to the C59Al complex and  0.31 e charge transferred 

from glycine to the C59B complex. The extension of the bond lengths of adsorbed glycine 

onto C59Al nanocage, specially the bond length of N-C (from 1.450 to 1.484) for the most 

stable configuration, are indications of the strong interaction of glycine with C59Al cage via its 

active sites. 

                           

Fig. 1. (a) The most stable configuration of C59Al/Gly complex via amino nitrogen (N) active site. (b) isosurface 
of the total electron density for C59Al/Gly complex where 0.03 was used as an isovalue of total electron density, 
showing the binding between the C59Al and the glycine molecule. 
 

In addition, the total electron density map of the electronic densities was analyzed for the 

most stable configuration of C59Al complex (represented Fig. 1(b)). it is clearly revealed that 

strong hybridization of the N and C atoms with nanocage states occurs, resulting in a 

significant charge 

transfer in the system.  

 

Conclusion: 

The calculated results show that glycine is strongly bound to the outer surface of C59AL and 

C59B  nanocages  on the top site  directly above the Al atom and the boron atom with a 

binding energy −1.64 eV. Mulliken population analysis suggests that significant hybridization 
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between the respective orbitals of the two entities takes place and charge transfers from 

glycine toward theC59Al and C59B nanocages.  
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Introduction:  

Recently much attention has been directed to fullerenes, the hollow carbon cages discovered  

in 1985 [1], as nanometer-scaled structures. Fullerene nanocages play a significant role in 

cellular uptake, protein binding, and translocation from portal of entry to the target site, etc. 

However, due to its small size, there are noteworthy theoretical investigations on the 

interaction between glycine (as a backbone of a protein) and surface of fullerene-nanocages 

motivating us to more comprehensive studies in sophisticated cases associated with 

biomolecules and fullerene nanocages [2,3]. In the present work, we have investigated the 

capability of C59Al and C59B fullerenes for the glycine adsorption by means of (DFT) based 

calculations.  

Method:  

All the configurations were drawn employing Hyper Chem software and all the computations 

were carried out using the ab initio DFT method using the standard Kohn–Sham equations and 

has been very efficient for large atomic systems [4].  

Results and discussion:  

we have considered the binding of the glycine on the exterior surface of the C59Al and C59B 

fullerene cages to study the adsorption behavior of glycine-C59Al/C59B complexes. Several 

possible configurations were created for a glycine molecule approaching the top of Al and B 

atom of the cages via its three active sites. After full structural optimization of the considered 

systems, the obtained results reveal that the binding of glycine to the cages generates more 

stable complexes with binding energies (with BSSE correction) of -1.64 eV (37.89 Kcal/mol) 

via carbonyl oxygen (O) for gly/C59B and amino nitrogen (N) for gly/C59Al, respectively, see 

Fig. 1(a). Furthermore, Mulliken charge analysis has been performed to evaluate the amount 
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of electron transfers between glycine /C59Al-C59B complexes. The calculated results shows 

0.486 e charge transferred from glycine to the C59Al complex and  0.31 e charge transferred 

from glycine to the C59B complex. The extension of the bond lengths of adsorbed glycine 

onto C59Al nanocage, specially the bond length of N-C (from 1.450 to 1.484) for the most 

stable configuration, are indications of the strong interaction of glycine with C59Al cage via its 

active sites. 

                           

Fig. 1. (a) The most stable configuration of C59Al/Gly complex via amino nitrogen (N) active 
site. (b) isosurface of the total electron density for C59Al/Gly complex where 0.03 was used as 
an isovalue of total electron density, showing the binding between the C59Al and the glycine 
molecule. 
In addition, the total electron density map of the electronic densities was analyzed for the 

most stable configuration of C59Al complex (represented Fig. 1(b)). it is clearly revealed that 

strong hybridization of the N and C atoms with nanocage states occurs, resulting in a 

significant charge 

transfer in the system.  

Conclusion: 

The calculated results show that glycine is strongly bound to the outer surface of C59AL and 

C59B  nanocages  on the top site  directly above the Al atom and the boron atom with a 

binding energy −1.64 eV. Mulliken population analysis suggests that significant hybridization 

between the respective orbitals of the two entities takes place and charge transfers from 

glycine toward theC59Al and C59B nanocages.  
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Introduction 

para-Aminopyridine is a commonly used drug for the treatment of neurological ailments, 

such as multiple sclerosis, with tests showing that para-aminopyridine improves motor 

functions in multiple sclerosis patients[1]. In episodic ataxia type 2, it functions as a 

potassium channel blocker [2]. Nicotinic acid (vitamin B3), known as niacin, is a lipid-

lowering agent widely used to treat hypertriglyceridemia by the inhibition of lipolysis in 

adipose tissue [3].The nicotinic acid complex 5-methylpyrazine-2-carboxylic acid 4-oxide is a 

commonly used drug for hypercholesterolemia [4]. The enzyme nicotinic acid 

mononucleotide adenylyltransferase is essential for the synthesis of nicotinamide adenine 

dinucleotide in all living cells and is a potential target for antibiotics [5].  

 

Methods 

Geometry optimizations were carried out with the Gaussian view 3.01, Gaussian 03. The 

geometries were fully optimized, without symmetry restrictions, using the 6-31G* and 6-

311G** basis sets at the Hartree-Fock theory (RHF), and Becke’s three-parameter exchange 

functional combined with the LYP correlation functional (B3LYP).  

 

Results and Discussion 

1. Geometric parameters: In this work, we performed full geometry optimization of the title 

compound. As follows from this comparison, the bond lengths and angles calculated for title 

compound show quite good agreement with experimental values.The optimized geometries 

with atomic labels are shown in Figure 1.  

*M.H. Akhbari shada, H.Hooshyarb, B. Khezric 
a,b,c  Department of Chemistry, Islamic Azad University Mahabad Branch, Islamic Azad University Mahabad, 

Iran 
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                                             (a)                                                              (b) 
Figure1. The optimized molecular structure (a) and ORTEP-3 view (b) of the title compound, with the atom 
numbering scheme. 
 

 
The typical intramolecular hydrogen bond is observed between two carbonyl oxygen atom 

and amino group hydrogen atom with graph-set notation (Table 1).  

 

 

 

 

 
Table 1. Hydrogen Bonding Geometry (A0) calculated by HF/6-31+G*method and basis set 

D–H· · ·A 
complex monomer  

D–H H· · ·A D· · ·A D–H· · ·A D–H 

N16-H14…O13 1.0124 1.8634 2.8734 175.14 0.9967 
N15-H27…O12 1.0307 1.7070 2.7361 175.96  

 
 

2. Vibrational Spectra: Vibrational analysis is performed by the density functional and ab 

initio correlated methods. The calculated fundamental vibrational modes and assignments of 

the vibrational frequencies (cm-1) of the title compound were calculated on the HF and DFT 

methods. 
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3. Thermodynamic properties:  

 
Table2. Calculated dipole moments (D),zero-point vibrational energy (kcal/mol),thermal energy(kcal/mol),  
thermal correction to enthalpy and Gibbs free energy(kcal/mol)  

Parameter  
 

HF/6-311g(d,p)  HF /6-31g(d)  
a b c a b c C*  

Eth ۶۵٫٠٠١ 
(+85.2) 

٧٣٫٩٠٣ 
(+76.3) 

١۵٠٫١٧٩  ۶۵٫۵١٣ 
(+85.8) 

٧۴٫۵٣۴ 
(+76.8) 

١۵١٫٣۵۴  ١۴٠٫۶٠ 

 
D. Mom ٢٫٨٨۶٨ ( 

(-0.02) 
١٫٩٩٠۴ 
(+0.87) 

٢٫٨۵٢٫٩١ ٩٩۵۶ 
-0.03)(  

٢٫٠٧٢٢ 
(+0.81) 

٣٫ ٢٫٨٨٢٨۴٩١٠ 

 
Z.P.V ۶٠٫٨٩٣١ 

(+80.8) 
٧٠٫۶٢
+71.1)(  

١۴١٫٧۴٢  ۶١٫۴٠٢٨ 
(+81.6) 

٧١٫٢۶٨
+71.7)( 

142.968  131.75  

Hcorr ۶۵٫۵٩٣ 
(+85.2) 

٧۴٫۴٩٨ 
(+76.3) 

١۵٠٫٧٧١ ۶۶٫١٠۶ 
(+85.8) 

٧۵٫١٢٧ 
(+76.8) 

١۵١٫٩۴۵ 
 
١۴١٫٢۶٩ 

 

Gcorr ٠٫٠۶۴۴۶٧ 
(+0.118) 

0.08376 
(+0.1) 

٠٫١٨٢۴٠٫٠  ٩٧۶۵٢٢٨ 
(+0.12) 

٠٫٠٨۴٨٠٣ 
(+0.1) 

0.18449  0.16634 
  

         
*C calculated by B3LYP/6-311g (d,p) level and theory  a:nicotinic acid  b: 2-aminopyridine  c:complex 

 

Conclusions 

Quantum mechanical ab initio calculations at the HF/6-31g(d) , 6-311g(d,p) and the DFT 

method at the B3LYP/6-31g(d) , 6-311g(d,p)  level have been used to predict the geometries 

and intermolecular hydrogen bonding between the amino group of the 2-aminopyridine and 

the oxygen atoms of the nicotinic acetate. Both the six-member rings are planar. The cations 

and anions are linked together in chains along the [001] direction by N-H…O hydrogen 

bonds.   
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Introduction 

The binding and dissociation reactions of small ligands such as O2, CO, and NO with heme 

group are crucial for the activity of these diatomic molecules in respiration and regulation 

processes. Transport and storage of dioxygen is possible in living organisms because of the 

reversible reaction of O2 with hemoglobin and myoglobin, respectively [1].  

The present study focuses on the quantum chemical description of heme-ligand 

interactions. This binding step has been extensively studied after flash photolysis of the CO, 

O2, or NO ligand [2] and involves a small energy barrier, known as the recombination barrier, 

which varies between ligands. Moreover, for the reactions of these small ligands, with ferrous 

deoxy-myoglobin, the need to change the spin-state may contribute to the intrinsic additional 

barrier [3]. Ferrous deoxy-myoglobin has a high-spin quintet iron atom, while oxy- and 

carbonmonoxy-myoglobin have singlet ground states, and nitroxy-myoglobin is a doublet. 

This means that the so-called spin-forbidden reactions of singlet CO, doublet O2, or triplet O2 

with the heme group require at least one spin state change.  

Our calculations use three molecular systems, shown in Figure 1, to represent the heme 

group. The largest and most reasonable is FeP(Im), where P is a porphine ring and Im is an 

imidazole group. FeP(Im) has been used to investigate the reactions of CO and O2 with 

deoxy-heme and to assess how well density functional theory (DFT) and complete active 

space self-consistence filed (CASSCF) predict heme-type geometries. The smaller models 1 

and 2 are [Fe(CnHn+2N2)2(NH3)], where n = 1 or 3, respectively. 

 

Computational Details 

All calculations were performed by Gaussian03 program. Geometries were optimized at 

DFT level by using the B3LYP method. The cc-pVDZ and cc-pVTZ basis sets were used for 
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Fe and other atoms, respectively. For CASSCF calculations, the active space was constructed 

by distributing 8 electrons in 12 orbitals: five orbitals with predominant iron 3d character, a 

second 3d′ shell describing the double-shell correlation effect within the 3d shell, and the 

bonding Fe-porphine nitrogen, σ(Fe-NP), and anti-bonding σ*(Fe-NP) combination. Our all 

CASSCF (8,12) binding energies were calculated using B3LYP geometries. 

 
Figure 1- Molecular structure of Heme group, Model 1, Model 2 and FeP(Im) 

 

Results and Discussion: 

Table 1 shows the relative energies of singlet, and triplet spin states of carbonmonoxy and 

oxy-heme models. For CO interactions, both DFT and CASSCF methods predict that high-

spin state significantly more favored in model 1 and 2 than for the full porphyrin case, with 

the both methods predicting the singlet to lie about 17 kcal mol-1 below the quintet state. 

Binding of CO to deoxyheme is found to involve a significant barrier of ca. 3 kcal/mol, due to 

the need to cross from the quintet potential energy surface to the singlet state. In the case of 

O2 interaction, our calculations indicate that for model 1 and 2, the triplet spin state is the 

ground state and the stabilization energy follows as triplet> quintet> singlet. Since, the ground 

state of FeP(Im)-O2 is known to be a singlet from electron spin resonance study [4], our 

calculations show a proper open shell singlet ground state for this system. The calculated -6.7 

kcal/mol binding enthalpy is in good agreement with other theoretical works [5]. 

 

 
 
Table 1- DFT and CASSCF(8,12) energies (in kcal/mol) of singlet, triplet, and quintet spin states of 

carbonmonoxy and oxy-heme compounds  

compound 
1Fe 3Fe 5Fe 

B3LYP CASSCF(8,12) B3LYP CASSCF(8,12) B3LYP CASSCF(8,12) 

Model 1-CO +9.1 +7.95 +19.32 +18.83 0.00 0.00 

Model 2-CO -5.01 -4.13 +2.17 +3.06 0.00 0.00 

FeP(Im)-CO -17.02 -15.44 +2.88 +2.45 0.00 0.00 
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Model 1-O2 +4.55 +3.69 -12.03 -10.04 0.00 0.00 

Model 2- O2 +4.31 +3.88 -12.09 -10.09 0.00 0.00 

FeP(Im)-O2 -18.76 -16.22 -14.72 -14.53 0.00 0.00 
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Abstract 

Theoretical investigation has been performed on electron transport properties ofNO2 - Three 

phenyl acetylene based molecules sandwiched between two gold surfaces . The geometries 

and electronic structures of a thiol-terminated molecular diode interacting with metal clusters 

Au. The application of EF may increase the molecular conjugation and the induced dipole 

moment, while decrease the HOMO–LUMO gap. 

 

Keywords: molecular wire, electric field, conjugation, gap 

 

Introduction: 

A molecular wire is an organic molecule that forms a conducting bridge between electronic 

contacts. A single organic molecule is likely to be the smallest entity to conduct electricity 

and thus molecular wires present many interesting challenges to fundamental chnological 

applications, such as organic. switching devices and nanoscale memories [1]. 

  

Computational details: 

We have used one and three metal atoms as model systems to study the interactions between 

the molecule and metal atoms. The metal clusters used in this calculation are connected at 

either one end or both end the sulfur terminated molecule. 

The calculations have been performed at the density functional theory level with the B3LYP 

functional. The basis set is split 6-31G*for C, H, N, O, N, S atoms and the Los Alamos 

National Laboratory effective core potentials with a double-zeta valence (LANL2DZ)for the 

gold atoms [2]. The molecule consists of three benzene rings to NO2 connected to each other 

by an acetylene group Fig1.              
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  Fig1:               

                                         
 
Results and discussion: 

1. Electronic structure of the free molecular diode and molecular wire The optimized structure 

of the molecular diode has a planar geometry as the ground-state configuration. In order to 

further understand the interactions of the terminal sulfur atoms with the group metals we have 

optimized the geometries and electronic structures of theAu3SH, molecules.  

 

Fig2: 

        
a)                                                                          b) 

c)       d)   
 

The energy gaps for the free molecular diode decrease when an additional metal atom is 

added. This is due to the localization of the LUMO energy level on the metal atoms. 

Table 1 summarizes the geometries and energeticsof these complexes. Table1: 

DM-M <C-S-M  DS-M(A)  HLG(ev) Lumo (ev) Homo(ev)    
 96    3.008  -2.579  -5.587  HSWSH  

  106  2.31  1.626  -3.879  -5.507  AuSWSH  
  106  2.31  1.573  -3.856  -5.430  AuSWSAu  

2(2.72),2.64 107.11 2.37 0.493  -4.773 -5.266 HSWSAu3 
2(2.72),2.64  107.11  2.37  0.407 -4.703  -5.117  Au3SWSAu3
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2. Effect of external field: 

Fig.3 presents the Mulliken charge variation on each atom for complexes b under the  ffect of 

the electric field. The figure clearly demonstrates the charge transfer from one to the other end 

of molecule. It is obvious that with the increase of EF the charge on the S26 decreases where 

as the charge on the sulfur of the opposite end (S25) increases.  

 

Fig3: 

 
 

Conclusion:  

Analysis of the electronic structure and molecular orbital's suggests that the inclusion of metal 

atoms shifts the energy levels of the free molecule upwards; however, the conduction MO’s of 

the molecule are not significantly affected.  
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Introduction                              

Aromaticity is a widely used concept in physical organic chemistry. Because of the importance 

of aromaticity, there have been many attempts to rationalize and quantify this property. 

However, because of its multiple manifestations, there is not any generally accepted single 

quantative definition of aromaticity. According to the most definition of Schleyer and             

co-workers [1], aromaticity is a manifestation of electron delocalization in closed circuits, 

results in energy reduction. The present study is directed to show how the properties derived 

from the topological analysis of the electron density can be applied for description of different 

aromaticity indices.  

 

Methods 

The calculations carried out in this research have been done with Gaussian 98 program [2] using 

6-311++G** basis set at the density functional method, with the Becke’s three-parameter 

exchange functional with LYP correlation functional (B3LYP). The AIM2000 program [3] was 

used for topological analysis of electron density.  

 

Results and Discussion 

In the last work, we have derived properties from topological analysis of electron density at 

the ring critical point, RCP, in 43 aromatic rings. In this research, the characteristics of the 

electron density at the RCP and BCP are analyzed as descriptors describing the aromaticity in 

41 aromatic rings. Molecules containing 1 to 4 six-membered rings have considered, some of 

them including heteroatom in their structures (Figure 1). We have calculated these properties 

and the values of HOMA, NICS (1), PDI, ATI, FLU, 6  and SA indices of given rings. The 

conclusions are consisted with previous investigations in which we founded that various 
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aromaticity indices correlated with BCP properties in different manner. The results obtained 

from the correlation between aromaticty indices and BCP properties for benzenoid aromatic 

hydrocarbons indicate that ATI and 6  show the best correlation with most of BCP 

properties whereas HOMA and SA indices are found to be the best correlation with most of 

RCP properties (Table 1). In the case where we have a set of different aromatic rings 

including heterocyclics, individual BCP properties may not reveal high correlation with 

aromaticity indices. Since the intercorrelation between BCP parameters themselves are quite 

good, the BCP properties can be used together in a vector serving as a descriptor for a ring. 

Indeed, )),(),(,,,),(),((  cccc rHrGrrP 321
2  is an eight-dimensional vector of 

properties evaluated at the bond critical point and the data matrix of BCP properties for 41 

aromatic rings has a dimension of (41 х 8).  

 

Conclusions 

In this work, the characteristics of the electron density at the BCP are analyzed as descriptors 

describing the aromaticity in 41 aromatic rings. The results are similar to previous 

investigations in which we founded that inclusion of heterocyclic compounds in the set of 

aromatic rings under investigation may cause obvious discrepancy in the correlation between 

BCP properties and aromaticity indices. Principal component analysis has been used to 

compress the BCP data matrix of 41 aromatic rings into principal components and each 

aromaticity indices were modeled as a function of the first three PCs using multiple linear 

regressions.  

       

 
 
 
  

 

Figure 1.Some of studied aromatic molecules. 

 

 

Table 1. Correlation between some of aromaticity indices and critical point properties for benzenoid aromatic 

hydrocarbons. 

Index a HOMA aATI    a 6  a SA b HOMA bATI     b 6  b SA 

)( cr  0.790 1.0 0.972 0.924 0.963 0.809 0.652 0.964 

1-Benzene 2-Quinazoline

N

3-Acridine 4-Tetracene

N

N
A B A B A B C DC
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 a 
Correlation with BCP properties 

             b Correlation with RCP properties 
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)( cr2  0.637 0.972 1.0 0.812 0.954 0.826 0.675 0.976 

G(rC) 0.924 0.924 0.812 1.0 0.958 0.818 0.664 0.973 
H(rC) 0.756 0.998 0.982 0.907 0.902 0.853 0.726 0.967 

1  0.765 0.999 0.980 0.908 0.947 0.837 0.694 0.965 

2  0.629 0.965 0.996 0.795 0.799 0.847 0.757 0.912 

3  0.365 0.840 0.940 0.587 0.944 0.710 0.535 0.898 

        0.930 0.874 0.745 0.982 0.234 0.061 0.152 0.050 
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Introduction: 

         Nerve agent are compounds used to disable and kill human being , less effective one 

are usually used as pesticides. Employing the first time these compounds goes back to the 

First World War. Today's these materials are usually used by terrorist groups and so on [1]. 

Knowledge eliminate nerve agent pollution can improve  health of human society, because of 

hazardous and different mechanism of these materials, researchers prefer to use  

computational methods to investigate their decontamination reaction [2]. In this project we 

test the Quantum computational methods and compare  the results with  experimental one . In 

this paper we focus on absorbing DMMP on ZnO. The zinc oxide has a very high melting 

point  and the surface of zinc oxide is a Lewis acid  and Lewis base, these properties caused  

the absorption properties in a wide variety range of phosphonyl components[3]. 

 

Models , methods and computational calculation: 

      All calculations were done using the Gaussian 98  programs . Both MP2 and B3LYP 

method and 6-31 G *, 6-31 G basis  sets levels were used  in our calculation. The rotational 

constant , IR spectrum , angles and length of the molecules' compared with Anderson  values 

were reported [4]. In basis of  all factors we use   B3LYP/6-31G * theoretical level for 

calculations . 

Results and Discussion: 

      DMMP easily adsorb in both ZnO and Zn3O3 species , the results were indicated that this 

compound absorb  DMMP through oxygen atom (in phosphonyl group) that connected  in Zn 

atoms ,IR data and chemical shifts of 89cm-1  to lower frequency and  remaining constant 
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other  frequencies may confirmed this idea. The absorption energy of DMMP on ZnO and 

Zn3O3 in B3LYP/6-31G * level were equal to  -43.53 K cal/mol and – 46.45 K cal/mol , this 

result may indicated the effect of ZnO  size had a low effect on absorption reaction 

(approximately 6 percent). Also, the change of Gibbs free energy in calculation 

&experimental  method are 5.6 Kcal/mol, the difference between the experimental and 

computational (∆G experimental =3 Kcal/mol) [5] maybe depended to environmental parameter. 

Also in this study, the role of temperature in reaction determined by IR spectrum. Varying the 

peak position and peak intensity shows that raising the temperature from 298 to 350 K is 

caused DMMP to hydrolysed.  This subject comfirmed with experimental data. [5,6] 

 

 

 

 

  

 

 

1-1): Optimized image DMMP at B3LYP/6-31G (a) the temperature of 298 K 

    b:  DMMP image at 350 K  

Conclusions : 

we may concluded  theoretical  and experimental , the change of Gibbs free energy had less 

deviation  .  Size of nano  zinc oxide had less effected for decontaminating  DMMP .The most 

suitable theoretical level for decontaminating reaction studies is B3LYP/6-31G * .Rapture of 

DMMP molecules is  occurred at 350K. 
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Introduction 

One of the cornerstones of the Quantum Information Theory is the Fisher information [1], 

which measures the information-theoretic content of the density of a system. For the 

spreading of total electron density (r) of an atomic or molecular system with a total number 

of N electrons, the Fisher information of (r) is given by: ܨሺݎሻ ൌ  ρሺሻ|మఘሺሻ| ݎ݀ ൌ െ  ଶσሺrሻLn σሺrሻ  (1)     ݎ݀

It is known that F is local measure of smoothness (disorder) of the electron localization. 

Many attempts have been made to use this information measure in chemical systems [2-

4]. In this contribution the connection between Fisher Information density and the stability of 

some complexes is investigated. 

 

Result and Discussion 

The Fisher information content of a complex can be constructed in two ways; which are as: ܨଵ ൌ ∑ ୀଵߩ ݊ܮߩଶ ଶܨ (2)         ൌ ሺ∑ ୀଵߩଶ ሻ  ݊ܮ ሺ∑ ୀଵߩ ሻ       (3) 

where ߩ and ଶߩ are the electron density and the Laplacian of electron density of the ith 

bond critical point between two monomers, respectively. Four complexes with different local 

minima (s) are considered in this study; which are included Isocyanic dimer (s=13), glyoxal 

dimer (s=8), nitrosyl hydride with ozone (s=4) and Hydroperoxyl radical with dihydrogen 

trioxide (s=6). The topological parameters are gathered from previous work [5].The evaluated 

two Fisher contents for different local minima of the Hydroperoxyl radical with dihydrogen 

trioxide complex is given in Table 1 as an example. It is found that in all cases the evaluated 

Fisher contents from approach 1 (F1) show a better correlation with the calculated binding 
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energies of the complexes. The correlation coefficients of F1 with the binding energies for 

different complexes are collected in Table 2. In some cases one of the calculated binding 

energies from MP2 is overestimated (for example S6 in Table 2). By removing this point from 

correlation graph, the regression coefficient will have been improved. The improved 

regressions are also given in parenthesis (see Table 2). Therefore it seems that the evaluated 

Fisher contents are a better descriptor for the predicting the stability of different minima of a 

molecule than the obtained binding energies from MP2 methods. 

Table 1. Evaluated Fisher contents (F1 and F2) and calculated binding energies for 
different local minima of the Hydroperoxyl radical with dihydrogen trioxide complex. 

 

Molecule F1 F2 EMP2 EMP2+BSSE EM05-2x 
 
 
S1 0.691817 0.552140 -46.07 -26.43 -45.91 
S2 0.646763 0.522075 -40.14 -21.09 -40.48 
S3 0.618174 0.504505 -32.23 -17.59 -35.09 
S4 0.598541 0.489579 -30.31 -15.63 -32.04 
S5 0.468485 0.392734 -26.28 -12.35 -27.05 
S6 0.320932 0.320932 -25.35 -12.37 - 
 

 
Table 2. Regression coefficients of the evaluated F1 with different binding energies of the 
considered complexes. The obtained regressions by excluding the off points are given in 
parenthesis. 
 

  Isosyanic Acid HOO-HOOOH  Nytrosyl Hydride  Glyoxal 
 
EMP2  0.746 0.702 0.863 0.974 
  (0.951)  (0.983)  (0.969)  (0.981) 
 
EMP2+BSSE 0.645  0.686 0.003 0.938 
  (0.822)  (0.999)  (0.992)  (0.951) 
 
EM05-2x  -  0.862 0.998 0.953 
    (0.989) (0.998)  (0.966) 
 
 

Conclusion 

The calculated Fisher information content, from topological parameters of bond critical points 

of a complex, has some relation with the binding energy of the complex. It is claimed that 

these contents can be used for predicting the global minima of a system among different local 

minima. 
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Introduction 

[1,2,4]triazolo[1,5-a]pyrimidine-7-amines are anti-cancer drugs and have been used against 

human liver cancer [1]. Their biological activities are reported as IC50. The increase of their 

activities for the substitutes (R1) of Cl, F, OCF3 and CF3 suggested that their acid-base 

properties might be a factor. In this work, we have investigated the acid-base properties of 

some structurally similar compounds by calculation of pKb.  
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N

N
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O
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[1,2,4]triazolo[1,5-a]pyrimidine-7-amine 

 

Computational Methods 

Gas-phase Gibbs free energies of the studied molecules have been calculated using G3MP2 

method which approximates QCISD(T) energies with a large triple zeta basis, in conjunction 

with MP2 level of theory [2]. The G3MP2 method employs the geometries which are 

optimized at MP2 (full)/6-31G (d) level of theory. To calculate solvation energies, a popular 

continuum model of solvation, the conductor-like polarizable continuum model (CPCM) have 

been used at HF/6-311+G (d,p) level of theory [3]. The radii of the united atom topological 

model, optimized for the Hartree-Fock method (UAHF) have been chosen for solvation 

energies and the rest of parameters of the models have been kept as default values [3]. All 

geometries of the studied species have been optimized fully in the presence of solvent. 
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Scheme 1 shows a thermodynamic cycle used to calculate the pKb values. In this cycle, A and 

NH3 indicates the studied molecule and reference molecule, respectively. 

 

Scheme 1. The thermodynamic cycle used for calculation of pKb. 

We have calculated pKb based on the Equation 1 [4]: 
 

 pKb(A) = [G1,eq/(2.303 RT)] + pKb (NH3)       (1) 

 

Results and conclusion 

The theoretical values of pKb for some simple similar molecules, have been found in good 

agreement with the experimental values as shown by Fig. 1. The comparison of theoretical 

and experimental values shows that the mean absolute deviations (MAD) are less than 0.5 pKb 

unit.  

Using the same methodology, we have calculated pKb for the structurally similar compounds 

of studied drugs. These results show that the acid-base properties are in agreement with the 

available biological activities of the studied compounds. 

 

Fig. 1. Comparison of calculated pKb with the experimental values. 
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Introduction: 

The major problem associated with application of principal component regression (PCR) in 

QSAR studies is that this model extracts the eignvectors solely from the matrix of deccriptors, 

which might not have essentially good relationship with the biological activity. 

  

Method: 

This article describes a novel segmentation approach to PCR (SPCAR), in which the 

descriptors are firstly segmented to different blocks and then principal component analysis 

(PCA) is applied on each segment to extract significant principal components (PCs). In this 

way, the PCs having useful and redundant information are separated. Descriptor segmentation 

is achieved utilizing different unsupervised pattern recognition methods such as PCA, 

Kohonen networks and SIMCA. The number of segments should be optimized to give the 

best performances. A linear regression analysis based on stepwise selection of variables is 

then employed to connect a relationship between the informative extracted PCs and biological 

activity. The loading of these extracted PCs are then used to identify those descriptors 

represent the highest impact on the activity/property under study. The proposed method was 

applied to model different data sets including gas chromatography Kovats retention index of 

terpenoids, calcium channel antagonist activity of dihydropyridine derivatives and kinetic of 

the O-methylation of phenols.  

 

Results and disussion: 
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A comparison between the conventional PCR algorithm and SPCAR shows that  the cross-

validation and prediction correlation coefficients for SPCAR and PCR are 0.822 and 0.766; 

0.523 and 0.563 respectively . 

 

Conclusion:  

The models obtained by SPCAR method for all studied data set represented best 

performances with respect to conventional PCR. In addition, in almost all cases, SPCAR 

could discover models of higher prediction ability with respect to the previously reported 
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Introduction: 

An analgesic is any medicine intended to relieve pain. Aspirin, acetaminophen, ibuprofen, and 

naproxen sodium are examples of these drugs. These drugs present no danger for most people 

when taken in the recommended dosage. But some conditions make taking even these 

common painkillers dangerous for the kidneys. In this aspect, QSRR can be employed to find 

the retention behavior of the analgesic drugs and to find a suitable model for predicting the 

retention index of new or even non-synthesized analgesics. This simplifies the development of 

chromatographic methods for analysis of new compounds.  

 

Method: 

In the CDFS methodology, the data are first split into calibration and validation many times 

(here, 20 times). Each validation subset is composed of 20% of total data, which are randomly 

selected. In each splitting, the rest of the data are considered as calibration subset. 

The combined data splitting feature selection (CDFS) is a new strategy in quantitative 

structure-property relation (QSPR) analysis, in which the sampling of training set from data 

set is performed repeatedly to find a subset of molecular descriptors producing a stable QSPR 

model insensitive to the presence or absence of one or more compounds. Here, we used 

genetic algorithm-partial least square (GA-PLS) as modeling method in CDFS methodology 

and applied it to QSPR study of the reversed-phase high performance chromatographic 

retention of the analgesic drugs.  
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Result and Discussion: 

A set of 58 analgesic drugs with known Kovats retention index were selected and a large 

number of theoretical descriptors was calculated for each molecule. The random sampling of 

the training set (80% of data) was performed iteratively 20 times and the reminder molecules 

were used as validation set. Each time, the most appropriate QSPR model was produced by 

GA-PLS. The selected descriptors of each run were then analyzed for similarity and 

frequency distribution. The final QSPR model, which was created using the common 

descriptors between 50% of runs, has squared correlation coefficient of 0.924, 0.865 and 

0.903 for training, validation and cross-validation, respectively. In addition, it is able to 

reproduce 85% of variances in the retention factor of external test set compounds.  

 

Conclusion:  

In comparison with conventional stepwise selection method, CDFS resulted in simpler models 

with higher prediction ability. 
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Introduction: 

Quantitative structure–activity relationship (QSAR) research field has been widely developed 

because of its powerful ability to predict drug activity. Quantitative structure-retention 

relationship (QSRR) is a variant of QSPR, in which the effect of solute structure on the 

retention behavior in different chromatographic methods (e.g., thin layer chromatography, gas 

chromatography, liquid chromatography, electrophoresis and so on).QSRR studies have been 

widely used for modeling of drugs’ retentions in different chromatographic methods. In this 

aspect, QSRR can be employed to find the retention behavior of the cardioactive drugs and to 

find a suitable model for predicting the retention index of new or even non-synthesized 

cardioactives. This simplifies the development of chromatographic methods for analysis of 

new compounds. 

 

Methods: 

In this article, a QSRR study was conducted on Kovats retention index of 43 cardioactive 

drugs employing the three different methods, including random, y-ranking and dendogram for 

ten different sets of descriptors, including chemical, topological, quantum chemical and 

constitutionals. In this work, a total of 159 descriptors were calculated. Firstly, the y-ranking 

method was used. The molecules were ranked based on retention index, then calibration and 

prediction set based on y-ranking was buliding, on the other hand we used dendrogram 

method for build calibration and prediction sets too. Also we product the calibration and 

prediction sets randomly.  

 

 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
297

Result and discussion:  

For different methods we applied on our data set we deduced different models then we 

comparison their results with each other .In all models we can find the partner descriptors. In 

this article the common descriptors are J3D and nSK, which they are among the geometrical 

and constitutional descriptors respectively. 

 

Conclusion: 

We consider that for building a good model that have high ability to predict the best results, 

the type of building calibration and prediction sets are not important but the multiplicity of 

our work is important. 
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Introduction 

The NMR criterions are more valuable than the structural ones, since they are applicable not 

only to crystals but to neat liquids and solutions as well. Conventionally, magnetic shielding 

constants (or chemical shifts) and especially spin–spin coupling constants 1J have been used 

for the purpose [1]. In recent years, a new set of parameters – the intermolecular indirect 

nuclear spin–spin coupling constants – have been measured, providing a unique direct 

experimental evidence for hydrogen-bond formation and broadening the spectrum of 

properties characterizing such interactions [2,3,4]. In the present paper, we have investigated 

the intermolecular dihydrogen bonds formed from interaction between NA and U. The 

correlations between the NMR spectroscopic properties and binding energy, H-bond distance, 

electron density topography have been investigated.  
 

Computational details 

The geometry optimizations were performed using MP2, B3LYP and B3PW91 methods in 

conjunction with 6-311++G(2d,2p) basis set. Vibrational frequencies calculated using the 

B3LYP and B3PW91 methods were used to characterize stationary points as minima and to 

evaluate zero-point vibrational energies (ZPVE). Spin-spin coupling constants involving 13C, 
15N, 17O, and 1H in all monomers and complexes were computed at B3LYP/6-311++G(2d,2p) 

level on the structures optimized at MP2/6-311++G(2d,2p) level of theory.  
 

Results and discussions 

One-Bond Spin-Spin Coupling Constants. Relationship between electronic BE and sum of 
1hJ(HNA···Y) and 1hJ(HU···Y) SSCCs in U-NA complexes is depicted in Fig. 1a. UN1 with 

greater BE has greater 1hJ(HNA···Y) + 1hJ(HU···Y). The linear correlation between sum of 
1hJ(HNA···Y) and 1hJ(HU···Y) SSCCs and sum of electron densities at corresponding hydrogen-
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bond critical points, HBCPs, are depicted in Fig. 1b with correlation coefficient of  0.980 and 

0.991 for eight- and seven-membered ring complexes, respectively.    

Two-Bond Spin-Spin Coupling Constants. The MP2/6-311++G(2d,2p) binding energies 

(BEs) of complexes in each series correlate with sum of 2hJO···N and 2hJN(C)···N(O) SSCCs. This 

relationship is displayed in Fig. 1c. The red-shifts of N(C)–H stretching frequencies (Δν) 

calculated at B3LYP/6-311++G(2d,2p) level are well correlated with the 2hJN(C)···N(O) SSCCs 

upon H-bond formation in U–NA complexes (Fig. 2a). The correlation between sum of 2hJO···N 

and 2hJN(C)···N(O) SSCCs and corresponding H-bond distances are presented in Fig. 2b. As can 

be seen, increase in SSCCs in both types of complexes is connected with decrease in H-bond 

distances. 2hJ values correlate well with the electron densities ρ(r) at the HB critical points 

(HBCP). The relationship between sum 2hJN(C)···N(O) and 2hJO···N SSCCs and sum of electron 

density at HU···N(O)NA and HNA···OU HBCPs are depicted in Fig. 2c.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Correlation between sum of 1hJ(HNA···Y) and 1hJ(HU···Y) SSCCs and (a) absolute value of BE and (b) sum of ρ(r) at 

the corresponding HBCPs in eight- and seven-membered ring complexes (c) Correlation between absolute BE and sum of 

2hJO···N and 2hJN(C)···N(O) SSCCs in eight- and seven-membered ring complexes. 
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Fig. 2. (a) Red-shift of N–HU stretching frequency (Δν/cm-1) versus the 2hJN(C)···N(O) SSCC Correlation between 

sum of 2hJO···N and 2hJN(C)···N(O) SSCCs and (b) sum of corresponding H-bond distances (R) and (c) sum of ρ(r) at 

the corresponding HBCPs in eight- and seven-membered ring complexes. 
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Abstract 

        Structure and bonding properties and proton transfer phenomenon in guanidine and its 

methyl-, fluoro- and trifluoromethyl- derivatives in the neutral, protonated (cation, +) and 

deprotonated (anion, –) states are studied computationally using B3LYP/6-311++G** 

method. First, geometries of these compounds are optimized and their electronic and bonding 

characteristics are calculated and studied. Then, energy surface and transition state (TS) 

structures over the corresponding intramolecular proton transfer path (between the amine and 

imine nitrogen atoms) are calculated and analyzed. Intrinsic reaction coordinate (IRC) 

diagrams obtained in this study all showing smooth paths between the stationary points of the 

reactants and products and the TS point.  

 

Keywords: Guanidine, Proton Transfer, IRC, Transition State, B3LYP/6-311++G** 

 

Introduction 

Guanidine (G) with molecular formula (NH2)2CNH is a strong base with a pKa=12.5 

which is solid in the room temperature with a melting point of 50 °C. In this molecule, there 

are one imino- and two amino- nitrogen atoms bonded to the only carbon atom. From acid-

base point of view these two types of nitrogen atoms in G behave differently. Derivatives of 

G have the general formula of (R1R2N)(R3R4N)CNR5 are obtained by substituting its protons 

with various functional groups R1 to R5. G and its derivatives are important materials in 

biochemistry due to their unique structures determined mainly by their interesting 

intramolecular proton transfer schemes, Fig. 1 (left), which is defined and controlled by 

substitutions. In this work, substitution (methyl-, fluoro- and trifluoromethyl-) effects on the 

properties of G and its protonation and deprotonation energies and proton transfer are studied 

using B3LYP/6-311++G** method. 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
302

 

Computational Method 

First, Geometry optimization, vibrational and thermochemical analyses are carried out on the 

two imino- and amino- isomers of methylguanidine, fluoroguanidine, trifluoroguanidine in 

their netural, protonated and deprotonated states. Next, the TS structures of the intramolecular 

proton transfer motion are found based on QST2 approach and their corresponding intrinsic 

reaction coordinates (IRC) are calculated for a limited number of structural points with 

diagonal Hessian. The transfer path are characterized based on the NBO and Löwdin 

population (atomic and bond electron densities) analysis. A typical IRC curve obtained for the 

proton transfer in methylguanidine is shown in Fig. 1 (right). 

 
 

Fig. 1: Molecular structure of guanidine and its proton transfer scheme (left), and an example of the potential 

energy curve of the proton transfer along the IRC in methylguanidine in its neutral state. 

 

Results and Discussion 

Analyses of the energy barrier and the charge densities of the bonds over the proton 

transfer path (IRC) in the guanidine molecule and its derivatives in the neutral, protonated 

N3a-H+ and N2i-H+ (proton on the amine-N and imine-N atoms) and deprotonated N3a– states 

shows that in the neutral state, the N3a-CF3 and N3a-F substitutions result in an increase in 

TS energy and the charge density of the N4a-H9 bond (H9 is the transferring proton). In the 

TS of the N3a-H+ protonated G and its derivatives, the transferring proton has the largest 

positive charge. For example, in the N3a-H+ protonated state, the N3a-F and N3a-CH3 

guanidines have the highest energy barrier, and the N3a-CH3 substituted guanidine has the 

largest charge density of the N4a-H9 bond in the TS. In the N2i-H+ protonated state, the 

proton transfer energy barriers for methylguanidine cation and trifluromethyleguanidine are 
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higher. In this protonated state, charge density of the N4a-H9 bond in the TS of the N3a-CF3 

and N3a-CH3 guanidines is larger. In the deprotonated state (N3a–), the proton transfer energy 

barrier and the charge density of the N4a-H8 bond in the N3a-CH3, N3a-F and N3a-CF3 

ubstituted guanidine ions is larger than that of the unsubstituted guanidine ion. 

 

Conclusion 

In the neutral and deprotonated states, the N3a-CF3 substituted guanidine, and in the N3a-H+ 

protonated state, the N3a-F substituted guanidine has the highest proton transfer barrier (TS) 

energy and the largest charge density for the N4-H8/9 bond. 
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Introduction 

2-Amino-6-mercapto-7-methylpurine ribonucleoside (MESG) scheme (1) is a very important 

substrate for the continuous spectrophotometric assay of inorganic phosphate and for 

measuring phosphate release kinetics in biological systems.[1] In addition, MESG has been 

employed in the discovery of purine nucleoside phosphorylase (PNP) enzyme inhibitors.[2] It 

has been established that this molecule is an important substrate for PNP. PNP plays a role in 

clinical medicine,[3] especially because this enzyme is associated with profound 

immunodeficiency in T-cell function.[4,5] Human PNP is therefore a target for the 

development of drugs to treat immunological disorders, such as rheumatoid arthritis, 

psoriasis, inflammatory bowel disorders and multiple sclerosis, and T-cell proliferative 

disorders. The enzymatic promoted phosphorolysis reaction of (MESG) catalyzed by PNP 

may proceed through a transition state blueprint (Scheme 1). It is possible to initiate a 

discussion whether the mechanism may proceed through an SN1 or SN2 mechanism for PNP 

substrates. [6] A total inversion of the chiral centre in the ribose-1-phosphate product 

indicates an SN2 mechanism; however, many studies conducted by Schramm’s group 

indicate an SN1 mechanism 
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Scheme1. Proposed transition state blueprint for the phosphorolysis reaction of MESG 

 

Computational Method 

The method and basis set were chosen on the basis of the size and the number of orbitals in 

the molecule. The binding energy gradient was estimated to be 0.05 kcal using the conjugate 

gradient optimization method (Polad-Ribiere algorithm).  In order to reach the Global 

Minimum, some structural parameters of the initially optimized molecules were changed 

manually and the molecular structures were re-optimized. This procedure was repeated until 

the most stable structure was obtained. HF/6-311G (d, p) optimizations of ingredients was 

done by Gaussian 98. The final structure was done to include the effect of electron correlation 

and adding the polarization function as well as to reduce the basis sets superposition error 

(BSSE). 

 

Result and Discussion 

It is possible to initiate a discussion whether the mechanism may proceed through an SN1 or 

SN2 mechanism for PNP substrates. A total inversion of the chiral centre in the ribose-1-

phosphate product indicates an SN2 mechanism; however, many studies conducted by 

Schramm’s group indicate an SN1 mechanism. According to the calculation results the basic 

pH tautomers are energetically more stable than the acidic pH tautomers. The effective 

activation energies would be approximately 120.02 kJ mol-1 in the 3-21G level, and larger 

than 64.8 kJ mol-1 in the highest calculation level  (6-31G**), which indicate that the SN2 

mechanism, under these conditions, would be highly improbable. Indeed, it can be 

energetically discarded.  
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Conclusion 

The results clearly indicate that the SN1 pathway would be preferred. In fact, in the enzymatic 

environment, the idea of an SN1 mechanism is fairly acceptable.  
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Abstract 

The hydration of sodium fluoride ion-pair is investigated by the DFT method. The 

hydration number of sodium fluoride ion-pair is determined by comparing the experimental 

and theoretical results. The effect of number of water molecules on the properties of ion-pairs 

is investigated by determining NQR and NMR parameters. Also, the relation between the 

chemical shifts and the energy gap between the highest occupied molecular orbital (HOMO) 

and low-lying virtual molecular orbital (LUMO) is investigated.  

 

Introduction 

In the Debye–Hückel theory, it is assumed that strong electrolytes completely dissociate in 

aqueous solution [1]. Hydration of ion-pairs is an essential process in the solvation of ionic 

crystals into water, chemical reactions in aqueous solution, and stability and functionality of 

biological systems [2].The ion-association contribution, in turn, can be studied both 

theoretically and experimentally [3]. Also, we investigated the effect of the number of water 

molecules present on the ion-pair properties by determining the NQR and NMR parameters. 

 

Methods  

DFT calculations were carried out using the Gaussian 98 suite of programs. Geometry 

optimization was performed using then DFT calculations with B3LYP level and LANL2DZ 

basis set. The gauge-included atomic orbital (GIAO) approach was used in the chemical 

shielding tensor calculations.The principal  eigenvalues of chemical shielding tensors  11, σ 

22, and σ 33, were found to have the following relationship: 

 33 >  22 >  11 
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Chemical shielding anisotropy (  ) was obtained by   =  33 _ ( 22 +  11)/2, and 

chemical shielding isotropy ( iso) was obtained by  iso = ( 11 +  22 +  33)/3. To convert 

 iso (
19F) to chemical shift isotropy,   iso, CFCl3 ( iso (

19F) = 192.7 ppm) was chosen as the 

reference,   iso =  iso,r _  iso,s, where the subscripts ‘‘r’’ and ‘‘s’’ refer to the reference and 

sample, respectively.The principal eigenvalues for EFG tensors qxx, qyy and qzz have the 

following relationship:  qzz    qyy    qxx  

Another important parameter which refers to the deviation of charge distribution from 

cylindrical symmetry is the asymmetry parameter ( ) obtained by: 

  =  qyy  - qxx  /  qyy  

 

Results and discussion  

The subject of ion association was applied to specific case where electrostatic interactions 

are chemically more significant than structural considerations. The non-ideality of aqueous 

electrolyte solutions was viewed as having physical (activity coefficient) and chemical (ion 

pairing) components, whose contributions depend on the magnitudes of ionic charges, 

concentrations, and dielectric constants. 

 

Conclusion 

In this work, the effect of these factors on thermodynamic values of solubility product and 

stability constant of formation of ion-pair was investigated both theoretically. Also, the 

HOMO–LUMO energy gap shows that the ion-pair hydrated with six water molecules is the 

most stable hydrated ion-pair.  
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Introduction 

A new 3D potential energy surface (PES) for BeH2-He has been reported. The potential 

energies  were calculated using the supermolecular method at the Coupled-Cluster with 

Single and Double and Perturbative Triple excitations [CCSD(T)] level, using a large 

basis set supplemented with midpoint bond functions. The rigid molecule approximation 

has been used for BeH2.  Ab initio calculations of the PES of Van der Waals complexes 

initially reproduce the PES in the form of tables of numbers, which have to be 

interpolated or extrapolated for desired applications. It can commonly be described 

adequately when one applies a high level post Hartree-Fock method in conjunction with 

an extended basis set. To overcome these difficulties, application of bond functions 

located somewhere between monomers seems to be a wise solution. The complex has 

the lowest energy at the T-shaped configuration. The CCSD(T) PES is characterized by 

a global minimum of -18.75 cm-1 at Re = 3.417Å and θe = 90.. There are no local 

minima in the linear configurations. 

 

Computational Method 

The geometry of the BeH2-He complex in which BeH2 is kept linear is described with 

the Jacobi  coordinates (R, θ) where R denotes the distance from the carbon atom to the 

argon atom; θ denotes the enclosed angle between the vector R. The PES of BeH2-He 

was constructed at the CCSD (T) level1. The aug-cc-pVQZ basis set of Woon and 

Dunning for all atoms2 were used plus bond function located at the center of the vdW 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
310

bond. The supermolecular approach was employed to produce the intermolecular 

potential and the full counterpoise procedure3 was used to correct for basis set 

superposition error. 

 

Results and discussion 

The intermolecular interaction energy between two rigid linear molecules can be 

expanded as follows: 

      ( , ) ( ) ( )U R V R A 
    

      .The expansion coefficients can then be written as: 

  ( ) ( ) ( , )V R A U R d          

The actual calculation of these coefficients can be performed by calculating for a given 

value of R the   potential ( , )U R   in a grid of points such that the integrations can be 

carried out by numerically quadrature.   Thus the ab initio calculations were performed 

in a 300 points Gauss-Legendre grid for θ. This integration rule seems to be natural for 

our functional and coordinate system. Angular basis functions are: 

( ) (cos )A P    

where (cos )P   stands for the associated Legendre polynomials. The full potential is 

obtained by fitting the radial coefficients over the grid of R points with the following 

general form: 

( ) ( )a br m n
m nnn

m

C
V R e g R F

R
    

 Before complete exploration of the PES the efficiency of different computational levels 

was investigated by some test calculations along an angular slice of PES. Accordingly 

the best compromise between accuracy and computational cost is achieved at the 

CCSD(T)/aug-cc-PVQZ+b level of theory. Our investigation shows that the global 

minimum of the PES is corresponded to Re= 3.479 Å and θe=90.Figure 1and 2 

respectively are related to three-dimensional potential energy surface and its Contour  

plot: 
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FIG. 2. Contour plots of the intermolecular potential   FIG. 1. Three-dimensional potential energy of the                                        

energy surface for the ground state of BeH2-He                 intermolecular potential energy surface for the 

                                                                                                                        ground state of BeH2-He        
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Introduction  

In 2003, Tormena and co-workers determined the conformational equilibrium of 2-

methoxy- (1), 2-methylthio- (2) 2-methylselenoclohexanone (3) in various solvents by 

measurement of the 3JH-2-H3 couplings.1 They reproduced the results obtained by Lambert and 

co-workers2 and pointed out that the axial predominance for compounds 2 and 3 is attributed 

to hyperconjugation between the electron lone pair of the hetero-substituents and the π*CO 

orbital however, the gauche effect in the equatorial conformation of compound 1 should be 

more effective in stabilizing this conformation. It seems the proportions of the axial 

conformations of 2-methoxy- (1), 2-methylthio- (2),  2-methylseleno- (3), 2-fluoro- (4), 2-

chloro- (5) and 2-bromocyclohexanone (6) can be the result of the competition of the steric 

repulsions, dipole-dipole interactions and electron delocalizations, therefore, the presented 

arguments by Tormena and co-workers for the axial predominance in compounds 2 and 3 and 

the equatorial conformation preference in compound 1 solely in terms of LPX→π*CO and 

gauche effect can be questioned. 

 

Computational details 

Composite complete basis set (CBS), hybrid DFT and ab initio molecular orbital 

calculations were carried out using the CBS-4, B3LYP/6-311+G** and HF/6-311+G** levels 

of theory with the GAUSSIAN 03 package of programs.3  The most stable conformations of 

the axial and equatorial conformations of 2-methoxy- (1), 2-methylthio- (2) and 2-
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methylselenocyclohexanone (3) were found by changing and scanning the dihedral angles C1-

C2-X-CH3. An NBO analysis was then performed using the HF/6-311+G** level for the axial 

and equatorial conformations by the NBO 5.G program via the PC-GAMESS interface.4 

 

Results and Discussion 

All methods used showed that the axial conformation stability increased from 1 to 3 

and also from 4 to 6 which is in agreement with reported NMR data. The results obtained by 

CBS-4, B3LYP/6-311+G** and HF/6-311+G** levels for compounds 1, 5 and 6 are very 

similar, but the CBS-4 results for compound 4 are not in agreement with the reported 

experimental data (vapor phase). The NBO analysis showed that the GAE increases from 

compound 1 to compound 3 and also from compound 4 to compound 6. The low axial 

conformer populations of compound 1 and 4 can be reasonably explained by their small GAE. 

GE does not have significant impact on the conformational behaviors of compounds 1-6 and 

GAE succeeds in accounting qualitatively for the increase of the axial preferences in both 

series of compounds. The results showed that the calculated ∆(TSEEeq-ax) values decrease 

from compound 4 to compound 6 which contradicts the suggested arguments in the literature 

about these compounds. On the other hand, the calculated differences between the dipole 

moment values of the axial and equatorial conformations, Δ(μeq-μax),  increase from 

compound 1 to compound 2 but decrease from compound 2 to compound 3 and also decrease 

from compound 4 to compound 6. The calculated GAE values are more significant for the 

explanation of the conformational preferences of compounds 1-6 than the dipole-dipole 

repulsion effects.  

 

Conclusion 

NBO results revealed that the rationalization of the conformational preference solely 

in terms of the GAE succeeds in accounting qualitatively for the increase of the axial 

preferences from compound 1 to compound 3 and from compound 4 to compound 6. 
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Introduction:  

Mechanism of Alzheimer’s disease is related to gradual deposition of amyloid fibrils1. 

Recently, major research has involved the development of compounds capable of inhibiting or 

reversing the Aβ aggregation process, such as curcumin. Curcumin is extracted from plant 

Curcuma longa Linn2. Most computational investigations of the structure and dynamics of 

Aβ-peptides have focused on fragments from the full-length Aβ. Aβ16-22 is one of the 

shortest fibril-forming β-amyloid fragments yet reported and experimental evidence of 

amyloid formation is available3. 

 

Method: 

In order to investigate the molecular mechanism of inhibition of amyloid β-peptide (Aβ) 

aggregation by Curcumin, molecular dynamics simulations of two monomers of Aβ16-22 in 

the absence and presence of 2, 4 and 6 molecules of curcumines were performed. Initial 

coordinates for the Aβ16-22 monomer were extracted from mode 2 of the Aβ42 peptide 

available in the Protein Data Bank (PDB code 1BA4). Force field parameters and the 

topology for curcumin molecules were generated using the PRODRG2 server. Four systems 

were simulated. We perform 20 ns MD simulation for each system. Aβ16-22 is one of the 

shortest fibril-forming β-amyloid fragments yet reported. 

The simulation trajectories were analyzed using several auxiliary programs provided with the 

GROMACS 3.3 package. The programs include: 1-g_hbond for the H-bond interactions 

between hydrogen donors and acceptors. 2-The radial distribution function (RDF) is the 

density of probability of finding a particle at distance r from the reference particle.  
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Results and Discussion: 

Comparison of analysis in 4 systems showed interpeptide HB decreased due to increasing the 

curcumin molecules. In order to better understanding, the average number of HB between two 

monomers was investigated. The average number of HBs between monomers was 1.28 in the 

absence, and 0.96, 0.65 and 0.19 in the presence of 2, 4 and 6 curcumin, respectively (Fig. a)  

 We can follow the aggregation of curcumin molecules from diminishing of HB between the 

curcumin and solvent molecules. Fig b. Fig c show radial distribution functions of the water 

molecules around peptides. The number of solvent molecules around the peptides decreases 

by increasing the curcumin molecules, so we can see accumulation of curcumine around 

peptides. Fig d shows curcumin molecules aggregate between two monomers so prevent from 

near monomers.  

 

 

Fig. (a) Number of HB between two monomers versus time (b) Number of HB between 

curcumin and water molecules versus time. (c) RDF of the water molecule around peptides 

versus distance, in the absence (black line), and the presence of the 2 (blue line) 4 (green line) 

and 6 curcumin (grey line). (d) Molecular snapshot obtained by DS Visualizer program for a 

system including 6 curcumin (pink color represents curcumin molecules). 

 

 

Conclusions:  

The results confirmed that Aβ16-22 aggregation is prevented by increasing the number of 

curcumin molecules. Curcumin molecules inhibit the peptides aggregation by accumulation of 

curcumines between two monomers of Aβ16-22. 
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Introduction:  

Curcumin is a biphenolic compound with hydroxyl groups at the ortho-position on the two 

aromatic rings that are connected by a β-diketone bridge, containing two double bonds 

(dienone).1 is the primary bioactive compound isolated from turmeric. One of the most 

important aspects of curcumin is its effectiveness against various types of cancer. The 

biological data used in this study are the inhibition of cancer (IC50) of a series of curcumin 

derivatives that obtained by Fuchs and worker2. Where, IC50 represents the molar 

concentration producing 50% inhibition of cell growth in 48h. 

 

Method:  

The resulting optimum geometry for curcumin derivative of Hyperchem was transferred into 

the Dragon v.5.0 program for generation of 1497 molecular descriptors. QSPR study for 

prediction of IC50 was done for these compounds. IC50 were predicted by multiple linear 

regressions. MLR were used to select descriptors which are responsible for IC50 of these 

compounds. 

 

Results and Discussion:  

The stepwise correlation coefficients for prediction of IC50 by MLR method were 0.96. Plot 

of the calculated values of IC50from MLR model versus the experimental values of them are 

represented in figure 1. The regression equation used here to predict IC50 is as follows: 

     IC50 Pred= -60.044+ 28.579(RDF115m)-52.844(Mor04v) +20.561(R8p) 

+161.571(Mor28m) 

This equation shows inhibition effect is increased by increasing of weight and hydrophobic 

inhibitor and decreas volume those. 
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Fig1: Correlation between predicted and experimental         

  Fig. 2: Analogues of curcumin. 
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Compound R1 R2 R3 R4 R5 R6 IC50 

Curcumin OCH3 OH H - - - 19.8±2.1 

1 OCH3 H H - - - 40±4.9 

2 H OH H - - - 27.3±6.6 

3 OH OCH3 H - - - 40 

4 OCH3 OH OCH3 - - - 37.2±4.1 

5 OCH3 OSO2NH2 H - - - 7.5±1.8 

6 OCH3 OCH3 H - - - 5.9±1.3 

7 OAC OAC H - - - 12.9±2.3 

8 OCH3 OSO2NH2 OCH3 - - - 13.1±2.1 

9 OSO2NH2 OCH3 H - - - 7.4±1.6 

10 - -  OCH3 OH - 20.9±4.8 

11 - -  OSO2NH2 OH - 193±5.4 

12 - -  - - H 5.6±2 

13 - -  - - OCH3 16.2±1.4 

14 OCH3 OH H - - - 3.9±1.1 

15 OH OCH3 H - - - 5.9±0.9 

16 H OH H - - - 9.5±0.9 

17 OCH3 OCH3 H - - - 2.9±0.6 

18 OCH3 H OCH3 - - - 2.5±0.5 

19 OCH3 OH OCH3 - - - 3.6±1.3 

20 OCH3 OSO2NH2 H - - - 6.1±0.3 

21 H OSO2NH2 H - - - 5.1±0.8 

22 OCH3 OSO2NH2 OCH3 - - - 2.4±0.2 

23 - - - - - - 2.1±1.1 

Table 1. Definition of R and the values of free energy of Gibbs and 
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Introduction 

Quinoxaline derivatives are a very important class of nitrogen-containing compounds and 

have been widly used in dyes,pharmaceuticals,and electrical/photochemical materials[1]. In 

this research study, the formation potential and vibration analysis of 3 quinoxaline derivatives 

with the names of: 2,3-diphenyl quinoaline , 2,3-Bis (4-methoxy-phenyl) quinoxaline , 2,3-

Bis(4-methoxy-phenyl)-6-methylquinoxaline[1] Fig. 1 have been investigated. 

 

Fig. 1:  Quinoxaline Derivatives 

Material and Methods 

The entire calculations were performed at hartree-fock(HF) method[2] with 6-311G (d,p) 

basis set on a Pentium IV (2.99GHZ) personal computer using the Gaussian 03w,program 

package ,utilizing gradient geometry optimization. The vibrational frequencies for this 

derivatives were calculated with this method and then scaled [3] by 0.8929 and 0.963, 

respectively. 
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Result and Discussion 

The binding energy gradient was estimated to be 0.05 kcal using the conjugate gradient 

optimization method (Polad-Ribiere algorithm).  In order to reach the Global Minimum, some 

structural parameters of the initially optimized molecules were changed manually and the 

molecular structures were re-optimized. This procedure was repeated until the most stable 

structure was obtained. B3LYP/6-311G (d, p) optimizations of three derivatives of 3-

benzylidene-7-alkoxychroman-4-one [4] was done by Gaussian 98. The final structure was 

done to include the effect of electron correlation and adding the polarization function as well 

as to reduce the basis sets superposition error (BSSE). 

 

Conclusion 

Band frequencies and intensities in the IR spectra of quinoxaline derivatives have been 

calculated. The results have good correlation with the experimental IR spectra.  
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Introduction 

After the discovery of the anticancer activity of Cisplatin, a great deal of attention was to 

platinum compounds. The outstanding anticancer effects observed for platinum (II) 

compounds suggested that other metal-based compounds might be similarly useful as 

antitumor drugs. Gold (III) compounds looked pair wise very attractive for cancer treatment 

as the gold (III) centers are known to originate square planar complexes that are isoelectronic 

and isostructural to those of platinum (II) [1]. Cucurbit[n]uril is a family of homologues 

which are most favored cavitands for host-guest complex formation [2]. 

 

Computational Method 

All the structures were optimized using the density functional theory (DFT) and B3PW91 

with Lanl2dz basis set. The inclusion process was simulated by putting the guest in one end 

of CB[n] cavity and then letting it pass through the CB[n] cavity by steps.  

Result and Discussion 

Energies were computed at the level of B3PW91/LANL2DZ theory on the optimized 

geometry. To examine the binding properties of these complex formation, we calculated the 

total energy of the CB[n]-[DMDT(Au) ݈ܥଶሿ  n=5, 6 as well as the pristine CB[n] 

and[DMDT(Au) ݈ܥଶሿ molecule. The complex formation energy, E, was calculated using the 

following expression: 

ܧ∆        ൌ ሺ௫ሻܧ െ ൫ܧሾሿ   ௗ௨൯  (1)ܧ

    The electronic chemical potential (μ) was calculated as half of the energy of the highest 

occupied molecular orbital (HOMO) plus the lowest unoccupied molecular 

  orbital (LUMO) as follows:                  
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ߤ                        ൌ ሺܱܯܱܪܧܱܯܷܮܧሻ2       (2) 

The stability energy values for the complexes as well as each components, and HOMO, 

LUMO and energy gap for complex formation between CB[n] n=5 ,6 with [DMDT(Au) ݈ܥଶሿ 
listed in Table 1. Results show that the complex formation with CB[6] with Drug is stable 

that of CB[5]/drug. Also, The results of potential energy surface show that the [DMDT(Au) ݈ܥଶ] drug is located out of the cavity of the CB[n] with 1:1 stoichiometry. 

 

Table1.Electronic energies and HOMO, LUMO and Gap energy of the inclusion complexations of CB[n] n=5, 

6[DMDT(Au) ݈ܥଶሿ of the DFT/lanl2dz optimized structures. 

 
Fig.1: Typically contour plots of HOMO for CB[6]/ [DMDT(Au) ݈ܥଶሿ  complex. 

Conclusions 

The obtain result of energy indicate that complex CB[6]/Drug is more stable than 

CB[5]/Drug. 
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CB[6]/Drug -2,489,263  -26 -6.418 -3.488 2.93  -4.953 
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Introduction 

Nowadays, storage of fluids is a fundamental goal of molecular adsorption through 

micro/nano porous materials that has become an ever increasingly important topic in nano-

scientific researches. Consequently the investigation of the physisorption of small molecules 

inside single wall nanotubes (SWNTs) from the experimental and theoretical studies such as 

computing modeling studies has been started to illustrate SWNTs might be a good candidate 

for a practical gas storage material or not [1-3].  

Very recently, Sun et al. have reported the synthesis of silicon carbide (SiC) nanotubes 

produced via the reaction of Si with carbon nanotubes [4]. Menon et al, also investigated the 

structure and stability of various SiC nanotube structures using the generalized tight-binding 

molecular- dynamics (GTBMD) scheme of Menon and Subbaswamy and ab initio methods 

[4]. They found the bond lengths of SiC nanotube is about 1.87 Å that is larger than bond 

length of boron nitride (BNNT) nanotube (1.44 Å) and carbon nanotube (1.42 Å). Therefore, 

SiCNT is considered to has the faster rate gas penetration through the wall of BNNT and 

CNT.  

As far as we concern, the experimental and theoretical results of hydrogen storage in SiCNTs 

have been reported [5], but SiCNTs have not being considered to be characterized by the 
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other gases. Therefore in the present work, we evaluate the storage properties of single-wall 

SiC nanotubes by GCMC computing for methane and nitrogen adsorption. 

 

Computational methodology 

We use GCMC simulations [1-2] to study methane and nitrogen loading separately in some of  

SWSiCNTs. The nanotubes have rigid structures, and no geometry variation of the adsorbent 

is considered, since the induced geometric variation of nanotubes can be neglected by gases at 

room temperature. 

 

Results and discussion 

We used the GCMC simulations to obtain the weight percentage of methane and nitrogen that 

can be stored in (6,6), (9,9) and (12,12) SiCNTs under different thermodynamic conditions. 

Figure 1 and 2 present the adsorptivity of methane and nitrogen inside SiCNTs at 175 K and 

under 1 to 100 bar pressure, respectively. It is should be noted that our simulations have not 

completed and would be continued.  

 

  

 

 

 

Figure1.CH4 storage inside (6,6) and (9,9) SWSiCNTs       Figure2.N2 storage inside (6,6) and (9,9) 

SWSiCNTs 
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Introduction:  

The pyrolytic elimination is a model reaction, which probably dominates most pyrolytic 

processes. A simple reaction of this type can be written as follows (heating is symbolized by 

∆):   

 

Among pyrolytic eliminations, b-eliminations, with two groups lost from adjacent atoms, are 

probably the most common. These reactions take place typically by an Ei mechanism. Since 

pyrolytic elimination takes place with no other reagent present and often requires gas phase, 

the typical E2 mechanism where a proton is pulled by a base is not common. Two β -

eliminations involving an Ei mechanism with different sizes of cyclic transition state are 

shown below[1-2].  
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In this research work, β- Elimination Various Mechanisms of Tricholoro [choloro 

(methyl) germyl] Silane were studied by Density Functional Theory . 
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Method:   

Ab initio calculations were carried out using B3LYP/3-21G* levels of theory with the 

GAUSSIAN 03 package of [4] implemented on a pentum-PC computer with 

Intel(R)Core(TM)2 Duo CPU T9600 @ 2.8GHz processor. Initial estimation of the structural 

geometry of Indole, Indolizine and Isoindole  was obtained by program Chemoffice 2010 and 

for further optimization of geometry was used the MM2  method of the Chem3D program. 

Energy-minimum molecular geometries were located by minimizing energy, with respect to 

all geometrical coordinates without imposing any symmetrical constraints. The nature of the 

stationary points for compound 1 and transition state structures of reactions 1–3 has been 

fixed by means of the number of imaginary frequencies. The structures of the molecular 

transition state geometries were located using the optimized geometries of the equilibrium 

molecular structures according to the Dewar et al. procedure (keyword SADDLE).20. These 

geometry structures were reoptimized by the QST2 subroutine at B3LYP/3-21G* level. 

 

Results and discussions:  
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The β- Elimination Various Mechanisms of Tricholoro[choloro(methyl)germyl]  Silane were 

investigated using ab initio Molecular Orbital (MO) and Density Functional Theory. The 

results  showed that the β- Elimination reaction is a unimolecular process and the occurred 

from four centered transition state. (See scheme). Sum of the Zero point energy (ZPE) and 

total electronic energy(Eel) (E0=ZPE+Eel) for all of them calculated on the B3LYP/3-21G* 

level of theory(table) [3]. Studies on the B3LYP/3-21G*  level of theory show that the barrier 

height of the decomposition of the compound 1 to 2-4 (reactions 1-3) is 126.43, 62.31, and 

92.49 kcal. mol−1, respectively . It showes that the barrier height of the decomposion of the 

compound 1 to 3 is lower than another possible compounds. 

  

 
System 
method 

 

 
 

ZPEb 
 

 

Eele 

 

 

E0 

 

 

ΔEa
0 

 

1 0.0483294483 -4228.2320058 -4228.179100 0.00000 
(0.00000) 

2 0.0453311586 -4228.0272256 -4227.977602 0.00000 
(0.00000) 

3 0.0457420509 -4228.1346544 -4228.084581 0.00000 
(0.00000) 

4 0.0472120551 -4228.1163006 -4228.064618 0.00000 
(0.00000) 

[1→2]# 0.045307773 -4228.027209 -4227.977611 0.201489 
(126.4343475) 

[1→3]# 0.04528520955 -4228.1293773 -4228.079804 0.099296 
(62.30824) 

[1→4]# 0.045494127 -4228.0815 -4228.031698 0.147402 
(92.494755) 

aRelative to the most stable geometry 
bCorrected by multiplying by a scaling factor (0.9135) 

cNumbers in parenthesis are the corresponding values in kcal mol-1 

 

Conclusion:  

Ab initio B3LYP density functional-theory calculations provide a picture from structural and 

energetic  of view for the various pathways of the decomposition of compound 1 to 2–4. 

B3LYP/3-21G* results reveal a higher barrier height for reaction 1 than that of reactions 2 

and 3. These results are justified by Mulliken charge distribution values in the ground-state 

structure of compounbd 1 and transition state structures of reactions 1– 3.  
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Introduction: 

 A silabenzene is a heteroaromatic compound containing one or more silicon atoms instead of 

carbon atom in Benzene. Silabenzenes have been the targets of many theoretical and synthetic 

studies by organic chemists interested in the question of whether heavy Benzenes exhibit 

aromaticity. Silicon, although a member of Group IV, does not form stable multiply-bonded 

compounds [l] and it has never been observed substituted for carbon in a stable 

heteroaromatic system, although methyl-Silabenzene has been postulated as an as yet 

nonisolated intermediate. In this research ASE of siline was calculated by using  GAUSSIAN 

03 package of programs [2]. 

 

Method:  

Density functional theory (DFT) calculations were carried out with the Gaussian 03 

program.The geometries of silabenzenes were fully optimized using the three parameter 

hybrid DFT of Becke (B3LYP) [3] with the 6-311++g(d,p)basis set[4] implemented on a 

pentum-PC computer with Intel(R)Core(TM)2 Duo CPU T9600 @ 2.8GHz processor. 

 

Result and discussion: 

In this work, the total energy  (ET) (in Hartree) of The all geometries of silabenzene were 

calculated by B3LYP  method and with the 6-311++G(d,p) basis set (see table 2), and then the 

aromatic stabilization energy (ASE) (KJ/mol) of ) Siline was obtained from these data The 

results of calculations show that of aromatic stabilization energy of siline by using B3LYP/ 6-

311++G(d,p)  are: 145.2376 KJ/mol. These results are listed in table(1) 
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Method siline 2,5-dihydrosiline 2,3,4,5-tetrahydrosiline 

6-311+G** -483.6733887a -484.8492293a -486.080388a

Aromatic Stabilization 
Energy (ASE) 

0.0553181a

(145.2376)c 

Table 1. The ASE ( Kcal/mol )Calculated by B3LYP method 
aET (in Hartree) 

cNumbers in parenthesis are the corresponding values in KJ. mol-1 

 

Compound DFT total energy 3D shape of molecules 

Siline(Silabenzene ) -483.6733887  

2,3-dihydrosiline -484.8552709  

1,4-dihydrosiline -484.8865779  

1,2-dihydrosiline -484.8888029  

2,3,4,5-tetrahydrosiline -486.080388  

1,2,3,6-tetrahydrosiline -486.1148444  

1,2,3,4-tetrahydrosiline -486.1161506  
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2,3-dihydrosiline -484.8552712  

2,5-dihydrosiline -484.8492293  

Table 1. The ET ( Hartree) Calculated by B3LYP method 

Conclusion:  

The quantum chemical calculations show that siline is an aromatic organic compound. The 

amount of calculated ASE of Siline(Silabenzene ) in these basis set  shows that  average of 

this  energy is about 145.24 KJ. mol-1 , According to the experimental results is acceptable. 
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Introduction 

     5,8-Dihydroxy-1,4naphthoquinone, commonly known as naphthazarin (NZ), is a 

biologically active pigment obtainable from natural sources. It shows antimicrobial, cytotoxic, 

antivirial, antifungal, anti-inflammatory, antioxidant and antitumor activity, wound healing 

and antithrombotic properties[1-3]. A structure with C2v symmetry has been suggested for NZ 

in solution with fast proton rearrangement from one pair of oxygen atoms to the other by 

NMR, vibrational spectroscopic studies and ab initio calculations[4-6]. The 1H NMR spectra 

show  that for NZ and 2,6- and 2,7-dimethylnaphthazarin the structures of minimum energy 

correspond to two degenerate tautomers with two asymmetric hydrogen bonds in which the 

two hydroxyls are on the same ring[7]. The unsymmetric substitutions such as 2-methyl and 

2,3-dimethyl, distorts the double minimum potential so that mainly one tautomer exists both 

in solution and in the solid state. According to X-ray diffraction investigations the major 

tautomer bears the methyl substituents in the quinonoid ring[8].  

 

Methods of Analysis 

     The Gaussian 03 program was used for all quantum mechanical computations. The full 

geometry optimization, calculations of hydrogen bond strength (the energy difference 

between cis-enol and trans-enol conformers) and vibrational frequency calculations were 

performed by DFT method at B3LYP level with 6-31G** basis set. Proton chemical shift of 
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the hydroxyl groups in NZ and it’s alkyl substituents was calculated at this theoretical level 

by GIAO method. 
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         Fig. 1. Numbering system and the C2v structure of NZ. 

 

Results and discussion 

     The geometries and labeling of the atoms in NZ are given in Fig. 1. Several alkyl 

substituted derivatives of NZ have been theoretically investigated in order to study inductive 

or steric effects on the intramolecular hydrogen bond strength. Some geometrical parameters 

such as O…O , O—H  and C=O distances and also OHO angles are compared in these 

compounds. Performed calculations on 15 derivatives of NZ show that in all of themγOH / γ 

OD is more than naphthazarin.  

 

Conclusion 

     The calculated results such as OH/ OD stretching and in-plane bending and O…O 

stretching modes are consistent with stronger hydrogen bond in alkyl substituted NZ 

compared to that naphthazarin. Vibrational frequencies and structural parameters are in good 

agreement with 1H NMR results. 
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Introduction: 

The diazine rings are building blocks of many important natural synthetic compounds, such as 

nucleotides [1]. The six membered nitrogenated aromatic rings such as diazines are the most 

studied molecules [2]. The hydrogen bonding between pyridine base (and other six-membered 

nitrogenated aromatic rings) and water (and some other proton donors) were periodically 

studied by theoretical and experimental methods [3]. In the present study, three complexes 

indicated in Figure 1 have been selected to study the effect of substituent position on 

hydrogen bonding and the cooperativity of N···HF interactions. 

 

Methods:  

All geometries have been optimized by Gaussian03 program package using the B3LYP 

methods in conjunction with the 6-311++G (d,p)  basis set. The topological properties of 

electron charge density were calculated by AIM method at the B3LYP/6-311++G (d,p) level. 

 

Results and discussion:  

The complexation energies for complexes 1-3 are presented in Table 1. In all cases, the 

binding energy for complex 1 is lower than the sum of binding energies of complexes 2 and 3. 

The N9···H and N8···H bond lengths in complex 1 are longer than complexes 2 and 3, 

respectively (see Table 2). The  values calculated by AIM method at the intermolecular bond 

critical points (BCPs) are given in Table 3. The N9···H and N8···H values in complex 1 

are lower than these in complexes 2 and 3, respectively. A negative cooperativity is observed 

for the N8···H and N9···H values in trimolecular complex 1. In addition, the stabilization 
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energies of complexes become more negative by electron-donating substituents, while the 

behavior is reversed by the electron-withdrawing substituents. Because of electronegativity of 

O atom, the induction is predominant over the resonance with OH functional group in 

complex 2. This behavior is not observed by OCH3 functional group because of electron- 

donatting of CH3 group.  

 

Conclusions:  

The complexation energies and the results obtained from AIM analysis are in good agreement 

with the negative cooperativity of the N9···H and N8···H hydrogen bonds in complex 1, and 

the binding energy becomes more negative with the electron-donating substituents (with the 

exception of complex 2 with the OH functional group), while the behavior is reversed by 

electron-withdrawing substituent. 

 

 

 

 

 

 

 

 

Table 1. The binding energies calculated at the 
B3LYP/6-311++G(d,p) in kcal  mol-1   

N
N

X

HF

HF

N
N

X

HF

N
N

X

HF

1 2 3  

 
 

1 2 3 1+3 

OCH3 -25.268 -13.514 -14.078 -27.592 

OH -24.411 -13.188 -13.610 -26.798 

H -24.069 -13.214 -13.214 -26.428 

CN -20.370 -11.077 -11.292 -22.369 

NO2 -20.265 -10.738 -10.738 -21.641 

   Figure1. The X-prydazine···(HF)n complexes considered in  
the  present work.  (X = OCH3, OH, H, CN, NO2 and  
n=1,2). 
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  N9···H bond length.                                                                                                                                                                               
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Table 2. The N···H bond lengths optimized at the 
B3LYP/6-311++G(d,p) level in (Å)    

Table 3. The ρ values calculated at the N···H BCPs 

 
 

1 2 3  
 
 

1 2 3 

OCH3 1.716(1.702) 1.667 1.653  OCH3 0.0491 (0.0508) 0.0560 0.0579 

OH 1.726(1.707) 1.670 1.663  OH 0.0479(0.0502) 0.0556 0.0565 

H 1.723(1.722) 1.672 1.672  H 0.0483(0.0483) 0.0554 0.0554 

CN 1.755(1.753) 1.708 1.704  CN 0.0443(0.0445) 0.0501 0.0507 

NO2 1.760(1.762) 1.716 1.714  NO2 0.0445(0.0442) 0.0490 0.0401 

The data in the parentheses correspond to the  
 The data in the parentheses correspond to the 

N9···H BCP. 
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Introduction 

Diffusion is the tendency of molecules to spread into an available space. This tendency is a 

result of the intrinsic thermal energy (heat) found in all molecules at temperatures above 

absolute zero. The translational mobility of molecules is best described by the diffusion 

constant. The effect of sodium dodecyl sulfate (SDS) on the water diffusion constant is the 

subject of this project.  

 

Method 

All calculations were carried out using gromacs3.3.1 package [1]. The molecular dynamics 

simulations were carried out using periodic boundary conditions. To do this, nine cubic 

simulation boxes were defined with the dimensions of 3777 nm . 0, 4, 8, 12, 16, 20, 24, 28 

and 32 SDS molecules were placed in the center of the each box; subsequently the boxes were 

filled with 10000 water molecules. To do this, the SDS molecules were overlaid by 

equilibrated simple point charge (SPC) water boxes. To neutralize the system appropriate 

number of Na ions added to each box. 40 molecules of glycine and 5 molecules of Tris were 

added to each simulation box. The aim of adding of glycine and Tris molecules according to 

reference [2] is to prepare buffer solution with pH=8.3. 

 

Results and disscussion 

Effects of SDS on the dynamic behavior of water were studied with aid of diffusion 

coefficient parameter. Diffusion coefficient were computed using Einstein’s expression, 

     


n

j
jj

t
txx

ndt
D 20

1

2

1
lim                                                                                       (1) 
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Where d is the space dimension, n the number of particles,  tx  the position of the particle at 

time t . Diffusion coefficients of water were calculated in absence and presence of various 

concentration of SDS and were shown in Fig. 1.   

 

Fig.1: Diffusion constants (cm^2/s) of water versus number of SDS molecules. 

The obtained values for diffusion coefficients in this work are comparable to that 

found previously for water molecule [3]. For pure water the self-diffusion constant is

s
cm 25103.2  , a value that is difficult to reproduce in simulations due to approximates 

applied in simple classical model and inadequate span time of simulation.  

 

Conclusion 

A conclusion central to our study is that the effects of SDS on the behavior of water are 

different in different concentrations. 

Keywords: Sodium Dodecyl Sulfate, molecular dynamics simulation, Diffusion Constant, 

bovine carbonic anhydrase. 
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Introduction:  

The real structure is a weighted average over all the probable resonance structures. The 

natural resonance theory (NRT) [1,2], which is based on natural bond orbital (NBO) analysis 

[3], calculates the weighting of a particular resonance structure that represents a particular 

bonding pattern. In the present study, a new method has been used to determine the dominant 

resonance structure of 3-methyl-2'–deoxyadenosine. 

 

Methods:  

All geometries have been optimized by the hybrid Hartree Fock density functional theory 

B3LYP in conjunction with the 6–311++G** basis set using Gaussian03 [4] program 

package. 

 

Results and discussion:  

The 3-methyl-2'–deoxyadenosine (3MDA) has been modeled by replacing the sugar 

phosphate backbone and 3'-hydroxyl group with hydrogen atoms. The model 3MDA has been 

deprotonated at N6 atom by deleting H1a; in this case the lone pair of N6 atom can participate 

in the new conjugation with the C2-N1 and C4-C5 bonds. The lengths of C4-N3, C2-N3, C6-

N1, and C5-C6 bonds increase while the lengths of C2-N1 and C4-C5 bonds decrease upon 

deprotonation (see Figure 1). 
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Figure 1. The normal and deprotanated forms of 3MDA and the most relevant bond lengths. 

According to Figure 2, based on resonance structure 1, an increase in the length of C2-N3 and 

C6-N1 and a decrease in the length of C2-N1 bond is expected upon deprotonation. On the 

other hand, based on the resonance structure 2, an increase in the length of C5-C6 and C4-N3 

and a decrease in the length of C4-C5 is expected upon deprotonation. (see Figure 2). 
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Figure 2. The two main resonance structures of adenosine. 

According to Figure 1, the changes in the lengths of mentioned bonds are acceptable based on 

the resonance structures 1 and 2. What structure is dominant resonance structure? To answer 

this question the changes in the lengths of C2-N3, C6-N1 and C2-N1 bonds are compared 

with the changes in length of C4-N3, C5-C6 and C4-C5 bonds, respectively, upon 

deprotonation of 3-methyl-2'–deoxyadenosine. As can be seen in Figure 1, the changes of the 

lengths of C2-N3, C6-N1 and C2-N1 bonds are higher than those of C4-N3, C5-C6 and C4-

C5, respectively, which confirms the domination of structure 1. According to eq. (1), the 

calculated weighting ratio (W.R) of 1 to 2 is equal to 1.01, in which rd and rn are the lengths of 

a bond in the deprotonated and normal forms. 
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Our results are in a very good agreement with the previous results calculated based on NRT 

method [Error! Bookmark not defined.] in which the dominant resonance structure was 

predicted to be 1 and the W.R was equal to 1.01 according to following equation:  

W.R = [weighting of structure 1 / weighting of structure 2] = (9.92/9.87) = 1.01 

 

Conclusions:  

The weighting ratio of resonance structures of adenosine and adenosine like molecules 

estimated through comparing the relevant bond lengths in the normal and deprotonated forms. 
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Introduction:  

Cryptolepine 1, an indoloquinoline alkaloide, is the most potent antiplasmodial compound 

known; it is derived from the West African plant Cryptolepis Sanguinolenta [1]. Four 

different Plasmodium species are responsible for malaria infection to humans: P. vivax, P. 

ovale, P. malariae, and the most severe one world, P.falciparum [2]. A dibromoanalogue 

cryptolepine 2, was found to be 10 times more potent than cryptolepine [3]. One significant 

problem in the fight against malaria is the appearance of resistance to known treatment. 

 

The aim of this paper is to determine if electronic properties around carbon nuclei may 

be used as marker to distinguishing different activity of compounds 1 and 2 (Figure 1). Thus, 

we were encouraged to calculate CS tensors at each carbon for indoloquinolines (compounds 

1 and 2) to determine how bromosubstitutions affects tensor elements and causes more 

activity for substituted cryptolepine.  

 

Computational details:  

The structure of indoloquinoline compounds 1 and 2 were optimized using the B3LYP/6-

31G* [4]. Shielding calculations were performed using fully polarized 6-311++ G** basis 
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sets. This method and basis sets were previously tested on organic compounds and can 

produce reliable results for the CS tensor and their orientations. The calculations were 

performed using Gaussian 98 suite of programs [5].   

 

Results and discussions:  

In the present study, we calculated the carbon shielding tensors of cryptolepine 1 and 2,7-

dibromocryptolepine 2 to investigate the relationship between electronic properties of these 

compounds and their difference in antimalarial activity. The bromo substitutions at the 2 and 

7 positions of cryptolepine affect not only CS tensors of carbons in the substituted A and D 

rings, but CS tensors of carbons in B and C as well. Changes in isotropic chemical shielding 

∆σiso are 0.11 – 17.70 ppm, where CS components σii show a larger range of 0.11– 49.44 ppm 

from unsubstituted to bromosubstituted cryptolepine. The changes in shielding tensors of C1-

C3 in A ring of quinoline and C6- C8 in D ring of indole are significant, where σ33 is the most 

affected tensor. The σ33 tensors decrease by an average 12.10 ppm from cryptolepine to 

bromosubstituted cryptolepine. C2 and C7 are deshielded about 49 ppm and ortho carbons 

change by 19-24 ppm. As a result, it seems that significant decreasing of σ33 component for all 

carbons in the A and D rings of bromosubstituted cryptolepine could be related to higher 

activity of this compound compared to bare cryptolepine. Decreasing in isotropic values for 

carbons in A and D rings of substituted relative to unsubstituted cryptolepine is mainly caused 

by the σ33 component of carbons.  

 

Conclusion:  

In the present study, we address some of the questions by an explanation of the electronic 

effect of bromosubstitutions on the cryptolepine structure through calculations of 13C 

chemical shielding tensors and atomic charges. The substituted and ortho carbons are affected 

the most by the substitutions. Large decreases in the σ33 component and compensating 

increases in the σ11 tensors for carbons of the A and D rings of 2,7-dibromocryptolepine 

relative to bare cryptolepine were found. It is supposed that the enhanced activity of bromo-

substituted cryptolepine is related to decreasing in σ electron density and increase in π-

electron density for ortho and para positions. These changes in electronic structure and 
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properties may play a role in understanding the binding of cryptolepine molecules to DNA 

and hence aid in rational design of novel anti-malarial drugs. 
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Abstract 

Delivery of anti-viral agents into the central nervous system (CNS) is clinically important. 

Nucleoside analogues are major clinically used anti-viral agents [1]. In this study Henry’s law 

constants at T = 293.2 K are calculated for several Nucleoside Analogues in water by density 

functional theory (DFT) methods at B3LYP/6-31G* and Hartree Fock (HF/6-31G* ) levels of 

theory using the Poisson-Boltzmann solvation model. Keyword: Nucleoside Analogues, DFT, 

Henry law, Free energy 

 

Introduction 

ΔGsol  is a key property to estimate the fate of a chemical once it is released in the 

environment. From an environmental point of view, an important partition coefficient is the 

Henry’s law constant (K) which can be calculated straightforwardly from the free energies of 

solvation in water.[2] 
 

Where ρ is the density of the pure solvent, which is equal to that of the solvation in the limit 

of infinite dilution. According to  the above discussion, the caculation of log P of Nucleoside 

analogouse is important.We have selected eleven Nucleoside analouges that have important 

clinically activity. 
 

Computational Method 

The geometry of the molecules used here was fully optimized by Hartree – Fock (HF) and 

DFT (B3LYP) calculations with the 6-31G* basis set (HF/6-31G*) in the Gaussian 03 

package. The Gibbs solvation free energies of drugs in water were calculated based on HF 

and B3LYP methods for Nucleoside Analogues.  

Results and Discussion 
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The results are presented in Table 1. HF/6-31g* estimated more negative solvation free 

energies than the B3LYP/6-31G* method in PCM model. Henry’s law constant was calculated 

from equation (1) by using of free energy solvation.  

 

Conclusions 

In this study, we have applied ab initio method for calculation of some properties and the free 

energy solvation in two solvents. The first calculations began with the geometry optimization 

of drugs by using of Hartree Fock and DFT methods . Then, solvation free energy of drugs was 

calculated in the water  based on HF and B3LYP method at three basis sets. 

  

Table 1. the solvation Gibbs free energy in water and Henry,s  costant  based on 

HF/6-31G* and B3lyp/6-31G* 

compound ΔGsol(water)/HF K(ρ,T)/HF ΔGsol(water)/B3lyp K(ρ,T)/B3lyp 

Zalcytabine -22.20 568.93 -19.52 571.77 

zidovudine -27.61 572.70 -22.86 563.75 

stavudine -15.18 563.75 -13.84 579.13 

didanosine -21.68 569.43 -18.70 572.30 

Theophelline -19.63 571.40 -17.07 573.87 

caffeine -13.36 577.48 -12.92 577.908 

Theobromine -18.50 572.49 -16.43 574.50 

Phenobarbital -9.07 581.68 -8.87 581.87 

cyclobarbital -9.42 581.33 -7.10 583.61 

Acilclovire -29.26 562.19 -25.35 565.91 

thiopental -7.39 583.33 -4.96 585.73 
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Introduction  

Due to structural varieties and very unique characteristics, the Schiff bases are the most 

versatile studied ligands in coordination chemistry [١,٢]. Theoretical analysis of the IR and 

NMR spectra is an important tool to ensure suitability of the proposed structures for chemical 

compounds [3]. The x-ray structures of the N,N′-dipyridoxyl(1,3-propanediamine) [= H2L] 

Schiff-base ligand and its Cu(II) salen complex, [Cu(L)(H2O)], have not been determined. 

Here, their geometries optimization together with theoretical assignment of their IR and 1H -

NMR spectra have been performed by using density functional theory (DFT). 

 

Methods  

All the present calculations have been performed by using the Gaussian 98 program package 

[4], where the B3LYP functional [5] of the DFT method was employed. Geometries of the 

H2L ligand and its Cu complex were optimized at 6-31G(d,p) basis sets expect for the Cu 

atom where LANL2DZ basis sets were used. The fully optimized geometries of the ligand and 

complex were used as input structures for calculation of their vibrational frequencies and the 
1H NMR chemical shifts of H2L (GIAO method) at the same computational level. 

 

Results and Discussion  

The optimized geometries of the ligand and its Cu complex are shown in Fig. 1, where two 

pyridine rings of the H2L ligand make a dihedral angle of approximately 70.0° with each 

other. The calculated O1H1…N1 and O2H2…N2 hydrogen bonds are 171.7 and 171.3 pm 

respectively. The engagement in the hydrogen bond interactions causes to longer phenolic O-

H bonds than alcoholic O-H ones. During complex formation, two substituted pyridine rings 
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rotate around the C17-N1 and C18-N2 single bonds, which puts them roughly in the same 

plane. This provides structural requirements for the complex formation, so that the O1…O2 

and N1…N2 distances decrease in the complex. The L2- acts as a dianionic-tetradentate ligand 

in N,N,O-,O- manner via the deprotonated phenolic oxygens and the azomethine nitrogens. 

These coordinating atoms of L2- occupy equatorial positions, where the axial position of the 

square-pyramidal Cu(II) complex has been occupied by H2O ligand. The calculated structural 

parameters are in agreement with the experimental values reported for similar compounds. 

   In the IR spectrum of complex, the symmetrical stretching modes of C8=N1 and C16=N2 

bonds appear at lower energy by 10 cm-1 in comparison with the free ligand. Also, the 

stretching vibrations of phenolic C-O bonds shift to the higher frequencies by 23 cm-1 in the 

spectrum of the complex. These confirm coordination of the ligand through the azomethine 

nitrogens and phenolic oxygens. Some new bands are appeared in the IR spectrum of Cu 

complex, which are assigned to the Cu-O vibrations and vibration modes of the H2O ligand. 

The phenolic protons are engaged in the intramolecular hydrogen bond interaction (O-H…N), 

which shifts their 1H NMR signals upfield.  

 
Figure 1. The B3LYP optimized geometries of the H2L ligand and its Cu complex together with their labeling. 

 

Conclusions  

The V-shape molecule of the titled ligand isn’t planar, which acts as a dianionic-tetradentate 

ligand via the deprotonated phenolic oxygens and the azomethine nitrogens. The H2O ligand 

occupies the axial position of the square-planar Cu(II) complex. The DFT calculated IR 
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frequencies and 1H NMR chemical shifts are well in agreement with the experimental results, 

confirming suitability of the optimized geometries for the ligand and its Cu complex. 
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Abstract 

Ab initio calculation of quantum mechanism on structure 3-methylhexa-1,5-dien-3-ol and its 

transformation to structure (Z)-hepta-2,6-dien-2-ol were done which its results showed that 

this type of rearrangement [3,3] needs 68.5499825 Kcal/mol energy and the process of this 

rearrangement is exothermic. Also NBO analysis showed that this mechanism is allowed from 

the aspect of synchronism and the reaction normally complies with the rules of cycloaddition 

reaction.    
 

Keywords: Ab initio; Cycloaddition reaction;  ;DFT; NBO; Rearrangement [3,3] 
 

Introduction 

Rearrangement [3,3] is a kind of sigmatropic reactions which such as electro cyclic reactions 

and cycloadditions are controlled by orbital synchronism aspects. Totally in this mechanism 

one atom or a substituted group with. Sigma bond immigrate from one position to the other , 

during pay electron system. This mechanism can be used in experimental reaction for 

reaching to a better result[1].  

 

 

                                    1                                  2                                        3 

 

 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
357

Methods 

For calculations Ab initio and DFT method used GAUSSIAN 03 software[1]. In this 

calculation firstly designed structure 3-methylhexa-1,5-dien-3-ol by Chemoffice 2010 

software and optimization operated by using Gaussian software and B3LYP , HF method[3]. 

Too for initial transition state used Winmopac version 2 and SADDLE keyword. Also for 

calculation Natural Bond Orbital (NBO) used NBO-version 3 and for total calculation used 

pentum-PC computer with intel core 2 Due 2.66 GHZ processor.    
 

Result and discussion 

The obtained results of Ab initio quantum mechanic calculation at the theory of the level 

B3LYP  and HF  together with 6-311+G** and 3-21G basic set  are reported in the following 

table. In this table  calculated energies (in Hartree) for the important geometries of  

rearrangement reaction  of structure 1- 3. 

Method Structure ZPE Eele E0 ∆E0
a 

HF/ 
6-311+G** 

1 0.188729 -346.9587794 -346.770051 0.011023 
(6.91693250)a 

2 0.188617 -346.9476452 -346.759028 
3 0.188778 -346.9475370 -346.758759 

      

B3LYP 
3-21G 

1 0.176022 -347.2391515 -347.063129 0.109265 
(68.5637875)a 

2 0.173111 -347.1269757 -346.953864 
3 0.176008 -347.2391512 -347.063143 

      

B3LYP 
6-311+G** 

1 0.174013 -349.2592421 -349.085229 0.109243 
(68.5499825)a 

2 0.172352 -349.1483381 -348.975986 
3 0.174012 -349.2592422 -349.085230 

aNumbers in parenthesis are the corresponding values in kcal mol-1 

Method Structure 
Dipole 

moment 
(Debye) 

Thermal 
capacity 

(Cal/Mol-
Kelvin) 

Entropy 
(Cal/Mol-
Kelvin) 

E (Thermal) 
KCal/Mol 

HF/6-311+G** 
1 1.6746 28.813 83.642 123.060 

[1→2]# 1.8445 28.921 84.319 123.044 
2 1.8278 28.760 84.165 123.093 

B3LYP/3-21G 
1 0.9337 34.499 98.251 116.569 

[1→2]# 2.1485 32.442 86.521 113.791 
2 0.9336 34.502   98.517 116.567 

B3LYP/6-311+G** 
1 1.0121 35.053 98.508 115.366 

[1→2]# 2.1199 31.764 86.264 113.184 
2 1.0121 35.054 98.508 115.365 
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Conclusion 

Ab initio quantum mechanic calculation and Density of Function Theory (DFT) method  at 

theory of the level HF/6-311+G** , B3LYP/3-21G and B3LYP/6-311+G**  showed that 

sigmatropic mechanism [3,3] of transformation structure 3-methylhexa-1,5-dien-3-ol to           

(Z)-hepta-2,6-dien-2-ol needs 68.5499825 Kcal/mol energy and the process of this reaction is 

exothermic. Also hence the number of atoms in the ring is an even number the group sigma 

bond can exist at two heads of or in the middle of pay system. The results of NBO analysis , 

confirmed it too and showed that during reaction. A pay bond is broken and a new sigma pay 

bond is formed and also pay bonds move. 
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Introduction   

In the current works, the stability of the Z and E isomers was undertaken for the two isomer of 

a phosphorus ylide by means of atoms in molecules (AIM) analysis. A facile synthesis of the 

reaction between triphenylphosphine 1, dialkyl acetylendicarboxylates 2 and 1-phenyl 

pyrazolidin-3-one 3 (as a NH-acid)has been investigated obtaining significant date . The 

reaction is shown in Figure 1. The Z and E isomers were optimized for all ylide structures at 

HF/6-31G(d,p)  level of theory[1] by Gaussian03 package program[2]. The energy of both 

isomers have been calculated at B3LYP/6-311++G(d,p)   level. Atoms in molecules (AIM) 

analysis at HF/6-31G(d,p) level of theory have been performed in order to gain a better 

understanding of most geometrical parameters in both E-4(a, b) and Z-4(a, b) of phosphorus 

ylides. The numbers of critical points and intramolecular hydrogen bonds as well as the 

charge of atoms that constructed on the Z and E isomers have been recognized. The results 

altogether reveal the effective factors on stability of Z and E ylide isomers. 
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Figure 1: (i) The reaction between triphenylphosphine 1, dialkyl acetylenedicarboxylate 2 (2a or 2b) and 1-

phenyl pyrazolidin-3-one for generation of stable phosphorus ylides 4 (4a or 4b), (j) The two isomers (Z)-4a and 

(E) - 4a (major and minor) of ylide 4a 

 

Results and Discussion 

Theoretical study and Calculations 

The relative stabilization energies for both [Z-4(a, b) and E-4(a, b)] isomers are reported in 

Table 1, as can be seen, Z-4a and Z-4b isomers are more stable than E-4a and E-4b forms 

(0.22 and 2.48 kcal/mol respectively) at B3LYP level. 

Table 1: The relative energy (kcal/mol) for both Z and E isomers of ylides 4a and 4b, obtained as HF/6-31G(d,p) 
and B3LYP/6-311++G(d,p) levels. 
Conformer HF B3LYP 
Z-4a 0.00 0.00 
E-4a 0.25 0.22 
Z-4b 0.00 0.00
E-4b 3.06 2.48 

 

Further investigation was undertaken in order to determine more effective factors on stability 

of both isomers, on the basis of AIM calculations [3] at HF/6-31G(d,p) level of theory by the 

AIM2000 program package [4]. The number of hydrogen bonds in both categories (E-4a and 

Z-4a) and (E-4b and Z-4b) are (6 and 8) and also (14 and 15), respectively (See Table 2 and 

3).   

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Intramolecular hydrogen bonds (dotted lines) in E-4a, Z-4a, E-4b and Z-4b isomers of stable ylide 4a 

and 4b recpectivly. 
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Table 2: The values of  103,  3 and Hamiltonian H(r)×104 for both Z-4a and E-4a isomers of ylide 4a 
calculated at the hydrogen bond critical points. All quantities are in atomic units 

E   H(r) Z   H(r) 
1 5.10 21.99 -10.70 1 10.12 41.84 -12.36 
2 8.41 34.69 -5.94 2 13.74 53.47 -4.87 
3 12.18 48.52 -13.11 3 4.68 20.35 -9.44 
4 12.96 42.79 -1.00 4 12.86 42.58 -1.07 
5 2.22 6.98 -4.07 5 2.32 7.32 -4.24 
6 5.06 21.53 -9.36 6 10.74 38.44 -6.32 
    7 6.08 25.07 -10.67 
    8 10.76 40.73 -3.60 

 

 

Table 3: The values of  103,  3 and Hamiltonian H(r) ×104for both Z-4b and E-4b isomers of ylide 4b 
calculated at the hydrogen bond critical points. All quantities are in atomic units 

E   H(r) Z   H(r) 
1 12.7 48.7 -12.4 1 12.76 49.54 -13.46
2 13.0 49.0 -4.19 2 12.22 47.66 -13.65
3 1.99 6.92 -6.40 3 2.19 7.57 -4.96
4 2.71 9.63 -9.97 4 3.10 11.48 -7.38
5 4.12 15.6 -9.37 5 2.16 7.83 -4.61
6 3.89 17.3 -3.64 6 13.13 49.78 -7.38
7 12.6 48.5 -13.9 7 4.39 20.38 -9.83
8 13.0 50.5 -12.1 8 12.47 47.96 -12.92
9 12.7 49.8 -7.32 9 2.058 7.470 -4.81

10 2.38 7.40 7.32 10 2.86 8.88 -4.88
11 9.00 32.8 -5.05 11 9.05 36.97 -5.61
12 10.5 40.6 -1.02 12 3.61 14.22 -8.36
13 13.8 45.5 -9.23 13 4.84 20.65 -9.33
14 5.44 22.7 -9.22 14 12.65 41.35 -0.55

  15 5.23 20.91 -8.99
 

On the basis of theoretical calculations (Table 1), the difference between the relative stability 

 of the E-4a in gas phase is small (0.22 kcal/mol). Perhaps this negligible difference is not 

taken more considerably in solution media for 4a, for this reason it is possible to see the two 

isomers of 4a and 4b (both Z and E isomers).In contrary,this diference for the two isomers of 

ylide (Z-4b) and (E-4b) is considerable large,for this reason,only a single isomer can be 

observed for ylide 4b. Experimental results [5] obtained from the 1H, 13C, 31P NMR for the 

two isomers in ylides 4a and isomer alone of 4b showed that those are consistent with the 

results of the theoretical calculations. 

  

Conclusion 

The assignment of the Z and E isomers as a major or minor form in both ylides 4a and 4b 

were undertaken by AIM method. Quantum mechanical calculation was used to clarify how 

ylides 4a and 4b exist in solution as a mixture of the two geometrical isomers.  
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Abstract 

     This work presents calculated values of the pKa for a series of phenolic  acids in aqueous 

and nonaqueous solvents as water and MeCN. The pKa values have been calculated using 

density functional theory(DFT). The conductor polarizable continum model(CPCM) is used 

to describe th solvent. Using these models , we successfully predicted the pKa of phenolic  

acids in aqueous and nonaqueous solvents. 

Keyword: Density functional theory, phenolic  acid, aqueous and nonaquueous solvent, 

CPMC 

 

Introduction 

      The pKa of a compound is an important property in both the life science and chemistry. 

Since the tendency of a compound to donate or accept a proton is fundamental to 

understanding many chemical and biochemical process[1-4]. The pKa value of a molecule 

determines the amount of protonated and nonprotonated forms of a specific pH. The 

Handeson-Hasselbach equation that shown below, allows such determinations:  

][

][
log

formprotonated

formedunprotonat
pKapH   

It is possible in principal  to calculate pKa values using quantum mechanics. Gas phase free 

energy and solvation free energy values can be calculated and these results can then be used 

to determine pKa,s. The following thermodynamic cycle illustrates the deprotonation of a 

phenolic acid. 
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  From this equation, values can be calculated in two ways: absolutely  and relatively. We did 

chose  relative pKa calculations, where we have tow phenolic acids(given by AH and BH). 

The following equation was used: 

pKa(BH)  = pKa(AH) + ∆pKa 

Since 
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thus, for relative pKa calculations, the following equation was used: 
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Results and discussion 

We started nine phenolic  acids and performed calculation on them. All calculation were 

performed with Gussian03 software. We started by building the acids and their corresponding 

ions and optimizing each species at the Hartree-Fock(HF) and density function theory(DFT) 

level with 6-31+g  basis set.  

Then its applied to calculate the pKa values for a variety of organic acid in several aqueous 

and nonaqueous solvents as water and MeCN. 
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compound 4-floro 

phenol 

2-methyl 

phenol 

3-methyl 

phenol 

4-methy 

phenol 

3-nitro 

phenol 

2-nitro 

phenol 

4-nitro 

phenol 

phenol 
3-bromo 
phenol 

 

pKa  

 in H2O 
Exp 9.95 10.28 10.08 10.19 8.39 7.24 7.16 9.95 9.11 

Theory 10.11 9.91 10.28 10.25 8.21 6.94 7.36 9.93 9.14 

pKa  in 
10%(v/v) 

 MeCN 

Exp 9.79 9.98 10.15 9.44 9.38 8.23 8.45 9.92 10.22 

Theory 9.93 8.72 10.34 9.24 9.67 8.43 8.86 10.23 10.34 
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Introduction: 

Aluminium phosphide nanotubes (AlPNTs) are new groups of inorganic nanotubes that have 

been synthesized empirically [1].  Previous studies have shown that, AlPNTs are 

semiconductive materials with a band gap of 2.1-3.73 ev and the band gap increases with the 

tube diameter. While several theoretical studies have been done on AlPNTs [2], the process of 

gas adsorption on these kinds of nanotubes has not been investigated. It is known that the 

conductivity of SWNTs can change due to the gas adsorption process [3]. Therefore, the band 

gap information may be used as a basis for application of SWNTs as gas sensor. In this 

research, adsorption of O2, N2, CO and CH4, on the interior and exterior surface of zigzag and 

armchair AlPNTs was studied by using ab initio calculations [4].  

 

Computational Methods: 

The structures of isolated species and molecular complexes were optimized with DFT method 

at the hybrid functional B3LYP and the medium-size basis set 6-311++d,p level. No 

molecular symmetry constraint was applied; rather full optimization of all bond lengths and 

angles was carried out. The equilibrium geometries were confirmed by a subsequent 

calculation of force constants and vibration analysis. Each species was found to be a minima 

by having no negative values in the frequency calculation.  Adsorption energies, Ead, were 

obtained as the difference between the energy of the complex and the combined energies of 

the species in isolation. All calculations on the isolated species and molecular complexes were 

performed within GAUSSIAN 03 program package.  
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Results and Discussion: 

Figure 1 shows the optimized structures of different gases adsorbed on exterior surface of 

zigzag (7,0) AlP nanotube.. It can be seen in Fig. 1 that this nanotubes consist of two 

cylindrical layers, in which the inner and outer cylinders are composed of aluminum and 

phosphorus atoms, respectively. 

 

 

  

 

 

 

  

                                                  ( a )                                                 ( b ) 

 
 

 

 

 

 
                                                    
                                               ( c )                                                       ( d ) 
 

Figure 1. The optimized structures of zigzag (7,0) AlP nanotube in presence of different gases, 
(a)CH4, (b) CO, (c) O2 and (d) N2. 

 
 

In Table 1, the energies of adsorption of O2, N2, CO and CH4 on both inner and outer surfaces 

of (7, 0) AlPNT are given in kcal.mol-1. As shown in Table 1, the maximum value of Ead is 

belong to the chemisorption of O2 on the inner surface of nanotube and the other gases are 

physisorbed on both inside and outside of (7,0) AlP nanotube. Among the physisorbed gases, 

the maximum and minimum values of Ead are belong to CO and CH4 gases respectively. As 
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can be seen in Table 1, the adsorption energy of CO is considerably more than that of N2, 

while, it is demonstrated that CO and N2 molecules have similar behavior when they adsorbed 

on single wall carbon nanotubes. Therefore, one may expected that the electrostatic 

interactions have an essential role in adsorption of gases on surface of AlP nanotubes. This 

finding is confirmed by small Ead of CH4. Based on the values of HOMO-LUMO gap, given 

in Table 1, the conductivity of (7,0) AlP nanotube changes partially due to gas adsorption 

process. In the case of O2 gas, the HOMO-LUMO gap considerably changed due to 

performing a chemisorption process.  Among the physisorbed gases, the effects of N2 and CO 

molecules are stronger than that of CH4. Therefore there is a direct relation between the 

energy of adsorption and HOMO –LUMO energy gap variation.   

Table 1: The electronic properties of gas adsorption inside and outside of zigzag (7,0) AlP nanotube. 

 CO 

(in) 

CO 

(out) 

N2 

(in) 

N2 

(out) 

O2 

(in) 

O2 

(out) 

CH4 

(in) 

CH4 

(out) 

Rmin(Å) 3.35 3.90 4.61 3.75 -------- -------- 4.54 3.51 

Ead(kcal.mol-1) 35.07 28.99 15.67 18.93 150.12 68.93 0.37 2.24 

Δ(HOMO-

LUMO gap)* 
-4.20 0.82 0.19 0.13 -58.42 -16.07 -0.16 -5.61 

* Δ(HOMO-LUMO gap)= (HOMO-LUMO gap)gas-NT -(HOMO-LUMO gap)pure , (kcal.mol-1) 

References: 

[1] S Lisenkov, G Vinogradov and N Lebedev , Jetp Letters, 81(2005) 185 . 

[2] M Mirzaei and M Mirzaei Theochem (2010). 

[3] E Durgun and Ciraci,Turk.J.Phys 29(2005)307 . 

[4] R Wang, D Zhang , K Zhou, X Liu, THEOCHEM 806(2007) 93 . 

  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
369

Host-Guest Inclusion Complex Formation of Mefenamic acid with CDS  

 

M. Taghavizade*a, Z. B. Nojinib 

a Department of Chemistry, Science and Research Branch, Islamic Azad University ,Khouzestan, Iran 
b Department of Chemistry, Faculty of Science, Shahid Chamran University, Ahwaz, Iran 

E-mail: marzie_taghavi_teach@yahoo.com 

 

Key words: CDS, Mefenamic acid, Ab-initio, inclusion complexes 

 

Introduction 

Cyclodextrins are cyclic oligosaccharides consisting of 6, 7, and 8 glucose units respectively. 

They have been widely used as host molecules. Mefenamic acid (2-[(2,3-dimethylphenyl) 

amino]benzoic acid) is a non-steroid drug with strong analgesic, anti-inflammatory and anti-

pyretic properties, widely applied in therapeutics [1, 2]. Most computational studies of CD 

involve host-guest complexation, their structures, and energies, preferred bonding 

orientations, and so on are typically calculated  

 

Computational method 

The complexation processes of various CDS with drug were studied by using HF/6-31G ab 

initio method. The initial structure of β-CD and drug were fully optimized with HF methods. 

The inclusion complexation was emulated by entering the guest molecule from one end of CD 

and then letting it pass through the host molecule in steps.  

 

Results and discussion 

The penetrations of mefnamic acid in cavity of CDS were studied. The results are 

summarize in Table 1 The energy variation involved in the inclusion emulation indicates that 

the complexes prefer to adopt inclusion geometry with the guest inside the host cavity, in 

order to increase the Vander Waals attraction, dipole-dipole and hydrogen-bonding interaction 

between host and guest. We calculated the stabilization energy difference (ΔE) between the 

complexes and their original compounds as below:  

(ΔE)=Ecomplex–(ECD+EDrug )    (1) 
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Table1. Electronic energies and HOMO, LUMO and Gap energy of the inclusion complexations of CDS with 

Mefnamicacid of the HF/6-31G optimized structures. 

Gap energy  Lumo 
(ev)

Homo 
(ev)

ΔE 
kj/mol))

E 
Kj/mol)) 

Type 

08/3 141/20 836/11 304/8- - 944085- α-CD 
187/3 545/15 533/4 012/11- - 11156932- β-CD

 

65/1378/10 446/2932/7--2049640 mefnamic acid 
53/3 346/10 340/2 005/8- 764/119078- 11612803- α-CD + mefnamic acid 
54/4 323/10 397/2 926/7- 6912/19- 13206592- β-CD +mefnamic acid

 

 

Figure 1.The energy variations of the β-CD/ Mefenamic acid 

 

Figure2. The optimized structures of β-CD/ mefnamic acid with HF/6-31G level of theory 

Conclusion 

The energy variation involved in the inclusion emulation indicates that the complexes 

prefer to adopt inclusion geometry with the guest inside the host cavity. Also, the results of 

stabilization energies show the complex of β-CD/mefnamic acid is more stable than �-CD/ 

mefnamic acxid. 
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Introduction: 

Water is indispensable to human beings and any phenomenon related with the water 

has a unique place. The ability of water to be adsorbed in the neighborhood of different 

surfaces has been the object of many computational works [1]. The confinement of the water 

molecules on the carbon nanotubes as an important storage device is of immense interest due 

to the strange behavior that water show when confined in a space having nanometer size [2]. 

On the contrary, the absorption of water molecule outside carbon nanotubes is crucial issue to 

find out how the nanotube surface is changed by this absorption. Simulating water molecules 

in interaction with carbon nanotubes have been performed with the Lenard-jones potential 

model in the past [3,4]. However, there are no good studies about the potential model of the 

absorption of water inside and outside carbon nanotubes. 

The goal of this work is to realize the features of interactions between water molecules 

with carbon nanotube using ab initio methods. We want to use this potential model instead of 

Lenard-jones potential in our future simulation works. In this study, we first calculate the 

structure and energies of water molecule on graphene sheet (as a model of carbon nanotube 

network) to clarify the nature of interaction between water and carbon nanotube. We also 

calculated the interaction energies of water inside and outside of carbon nanotube to find the 

best model potential for these kinds of calculations. 
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Method: 

Total-energy electronic-structure calculations have been performed based on the 

density-functional theory to examine interactions between the walls of CNTs and water 

molecules. All calculations were carried out using hybrid density functional theory B3LYP 

method with 6-31G basis set as suited in the G03W program. 

 

Results and discussion: 

We first carry out total energy calculation of water on a graphene to find out the best 

place on this sheet for the absorption of water molecules. We put the water molecule on three 

regular sites (on-top site, a hollow site, and a bridge site) as shown in Figure 1 (a). We 

consider four different positions for water on this sheet as you can see in Figure 1(b). 

 

 
Figure 1: (a) on three regular adsorption sites on graphene sheet: on-top (O), a hollow (H), 

and a bridge (B) site. (b) Four different positions for water on this sheet. 
 

 

The calculated adsorption energy of water molecule and the graphene sheet for each 

position is shown in Table 1. As shown in this table, the position (1) has the biggest 

absorption energy. We can conclude that the position (1) may be the best orientation for the 

adsorption of water on carbon networks. In this position, the direction of two hydrogen atoms 

is toward the sheet and the induction of dipole moment water on graphene sheet would be 

easier.  

 

Table 1: The adsorption energies of a water molecule on a graphene sheet in the unit of (meV).

position 
Site 

On top Hallow Bridge 

(1) 

(2) 

(3) 

(4) 

34.4 

34.0 

32.1 

28.5 

32.4 

27.1 

24.3 

20.2 

34.4 

34.3 

28.3 

24.8 

(a) (b) 

(1) (2) (3) (4)
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We also calculate the interaction energies of water outside carbon nanotube in 

different distances to find the best model potential for these kinds of calculations. We find out 

that the Morse potential is the best fitted model potential for water in interaction outside of 

carbon nanotube (figure 2). This is a very important result that can be used in future 

simulation of these kinds of systems. 

 

 
Figure 2: The fitted potential energy of water outside carbon nanotube to the Morse
potential. 

 

References:  

 [1].M. C. Gordillo and J. Martı´, J. Chem. Phys. 117, 3425 (2002). 

 [2]. L. D. Gelb, K. E. Gubbins, R. Radhakrishnan, and M. Sliwinska-Bartkowaik, Rep. Prog. 

Phys. 62, 1573 (1999).  

 [3]. F. Mikami, K. Matsuda, H. Kataura and Y. Maniwa. AcsNano. 3, 1279 (2009). 

 [4]. Q. Yuan and Y. P. Zhao. J. Am. Chem. Soc. 131, 6374 (2009).   

Calculated 
Potential 

Morse
Potential



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
374

Role of aromatic π-bridge on electron transport property in Nanowire 

 

E. Taghizadeh*a,b. Z.Bayatb ,.bs.Danesh niab, S. Nikooieb  

aDepartment of Chemistry,yonug researchers club, Islamic Azad University -Quchan Branch, Iran  
b Department of Chemistry Islamic Azad University -Quchan Branch, Iran 

Elnaz64_t@yahoo.com 

 

Abstract 

Theoretical investigation has been performed on electron transport properties of 4, 4'- diamino 

biphenyl    based molecules that is sandwiched between two gold surfaces. Density functional 

calculations are performed to analyze the conduction process through various aromatic 

bridges in a donor–bridge–donor (NH2 B NH2) molecular wire through frontier molecular 

orbital analysis. According to Systematic study on the molecular orbital populations, five 

member hetero-aromatic rings (electron-rich) in the conduction path are inserted between the 

donor–donor complexes. Values of Potential barrier (PB) that have been determined 

experimentally and reached the conclusion is mentioned later in this paper.                                                      

 

Keywords: Potential barrier, molecular wire 

 

Introduction 

A molecular wire is an organic molecule that forms a conducting bridge between electronic 

contacts(table1). The PB values needed for the electron conduction process in a molecule are 

thus calculated as given equation [1].                                                 PB = 1/2 HLG + q 

Where q=0 for LUMO as conduction channel. q=ΔELUMO when the conduction channel is 

other than LUMO (if LUMO is not fully delocalized, the conduction channel will be still 

higher unoccupied orbital (LUMO + n) which is fully delocalized all over the molecule and 

the ΔELUMO will be equal to ELUMO + n-ELUMO) and 1/2 HLG is the measure of the Fermi level 

which according to assumption lies in the middle of HOMO–LUMO gap.(Table2 ) 
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                                                                                Table 1 

NH2B1NH2 

 
NH2B2NH2 

NH2B3NH2 

 

Computational details  

The calculations have been performed at the density functional theory level with the B3LYP 

functional. The basis set is split 6-31G* for N atom and  (LANL2DZ) for the gold atoms [2]. 

Each gold cluster consists of three gold atoms that were placed as an equilateral triangle with 

sides of 2.88 Å; the relative positions of the gold atoms were fixed in each triangle. The linker 

was positioned in the hollow site of the gold cluster and the distance between the two gold 

surfaces was fixed in space and all other geometric parameters were optimized.  

 

Results and Discussion 

HOMO–LUMO gap (HLG) is a key parameter for determining the conductance property. 

This parameter calculated for molecules and complexes. Natural bond orbital (NBO) (fig 1) 

analysis has been carried out in order to explore the nature of Au–L (L is the terminal atom of 

the linker) interface in greater details .The orbital character and the occupancy of the bond 

between Au and the linker (Au–L) are collected in (Table 3). To summarize, Au can 

covalently couple with NBN through nitrogen linkages. It is interesting to describe the change 

in molecular levels after interaction with gold clusters. 

 

Conclusion 

Though such decrease in PB values is not exceptionally high still when such molecules will 

be tailored into polymeric type, a largely reduced PB can be expected.  

 These observations give us an insight how to modulate tunable parameters such as the 

external field and the nature of interfacial contact in the operation of molecular wire. 

 

Table 2 Frontier molecular orbital energies and PB values (ineV) 
                                                                                                                                                                       

 
                                      
 

      
PB 

HOMO LUMO 
Molecul

e 
1.61-8.41-5.17NB1N
1.55-8.20-5.08NB2N
1.62 -8.45 -5.20 NB3N 
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Table 3 Orbital character of Au-L bonds 
                
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 1 NBO 
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Complex Bond Occupancy 
Au( % ) 
N( % ) 

Contribution (%) 

S P d 

1 Au-N 1.87 
Au(34.98) 
N(65.02) 

90.66 0.53 8.82 

2 Au-N 1.81 
Au(50.74) 
N(49.74) 

98.01 0.26 1.73 

3 Au-N 1.94 
Au(32.46) 
N(67.54) 

90.78 0.41 8.81 
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Introduction 

Proton transfer (PT) is a common phenomenon in the chemical and biological sciences [1-4]. 

Ionic hydrogen bond (IHB) interactions are implicated in ionic crystals and clusters, ion 

solvation, electrolytes, and acid–base chemistry. The importance of this interaction in proton 

solvation, surface phenomenon, self-assembly process in supramolecular chemistry, and 

biomolecular structure and function has also been recognized. The formation of IHB in simple 

H-bonded complexes involves partial proton transfer from the donor to the acceptor. To the 

best of our knowledge, influence of size of HF clusters on the proton transfer between HF and 

anilide anion (An) has been not reported. The aim of the present work is to characterize the 

IHB formed between anilide anion and (HF)n (n = 1-4). 

 

 

 

 

 

 

  

Computational details 

The geometries of all structures were optimized using B3LYP and MP2 methods in 

conjuction with the 6-31++G(d,p), 6-31++G(2d,2p) and 6-311++G(2d,2p) basis sets. The 

B3LYP calculated vibrational frequencies have been used to characterize stationary points 

and calculation of zero-point vibrational energy (ZPVE). Topological properties were 

calculated at MP2/6-311++G(2d,2p) level of theory by the AIM2000 program package. The 

NBO analysis was carried out on the MP2/6-311++G(2d,2p) wave functions using version 3.1 

of NBO package included in Gaussian 03 program package. 

 

n = 1-4
NH

HF

Scheme 1
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Results and discussions 

The effect of HF cluster size on the switch between HN-H–F and N–HF- proton transfer in 

An–(HF)n = 1-4 complexes (Scheme 1) were investigated by means of quantum chemical 

methods. The change in H-bond strength due to variation of HF cluster size were well 

monitored by change in binding energy (BE), structural parameter, electron density 

topography, natural charge, charge transfer and percentage of p-character of N atom in C–N 

bond. The calculated BEs for formation of An–(HF)n = 1-4 complexes correlate well with HN-

···HF distance (Fig. 1). The results show that the strength of HN-···HF H-bonds increases by 

increase in size of HF cluster. Therefore, HN-H–F → N–HF- switching enhances by 

increase in extent of salvation. NBO analysis reveals that the occupancy of the LP of nitrogen 

atom increases with an increase in size of cluster. The topological properties of electron 

density at H-bond critical points demonstrate that the HN-H H-bonds in all complexes are 

partially covalent in nature. 

 

 

 

 

 

 

 

Fig. 1 Correlation between BEs and H-bond distances at MP2/6-311++G(2d,2p) level 

Conclusions 

Our results at all levels of theory show that the transfer of proton between anilide anion and 

HF enhances by increase in size of HF cluster. All H-bond interactions are characterized as 

partial covalent.  
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Introduction 

Hydroxamic acids (HAs) are important class of compounds due to their significant role in 

biological reactions [1]. Because of their importance, HAs have been the subject of some 

computational investigations focused mainly on their structural, photochemical and acid-base 

properties [2-4]. Moreover, they are interesting compounds because of their versatility in 

tautomerism. Since tautomerism in the HAs affect their chemical and biological activities, 

especially their chelating properties, it is very important to know the complete scheme of 

tautomerism and the reaction pathways between different tautomers. In this line, effects of 

different substitutions and more importantly, effect of solvent on this tautomerism should also 

be worked out clearly. 

 

Methods 

Gaussian 98 program package was employed to calculate molecular parameters, frequencies, 

solvent effects and kinetic and thermodynamic properties of eight selected hydroxamic acids 

using B3LYP/6-311++G** level of theory. The absence of imaginary frequencies verified 

that all structures were true minima. In each pair of tautomers, stationary point geometry with 

one imaginary frequency has been found and identified as a transition state at the B3LYP/6-

311++G** level of theory by applying Schlegel's synchronous-transit-guided quasi-Newton 

(QST3) method. Furthermore, intrinsic reaction coordinate (IRC) calculations proved that 

each reaction linked the correct products with reactants. Zero point vibrational energies 

(ZPVE) and other frequency results were corrected with appropriate scaling factor.  
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Results and discussion 

Three tautomers were identified for each HAs, namely the keto form (N-hydroxy amide, a), 

iminol form (α-hydroxy oxime, b) and nitroso form (α-nitroso alcohol, c). In all cases, the 

order of stability of tautomers is found to be as tautomer a > tautomer b > tautomer c. 

Furthermore, two transition states are found between tautomers. TS1 (between a and b) is 

more stable than TS2 (between b and c). The energetic data confirm that because of high 

energy barriers between tautomers, their interconversions are very slow at room temperature. 

R
C2

O1

H5

O4

H6

N3

R
C2

O1

O4
H6

H5

N3

R C2

O1

H6

O4

H5

N3

 a (keto-form)               b (oxime-form)                      c (nitroso-form) 

Solvation data show no important difference between gas phase and solvent media. As an 

example, the maximum rate constant in acetone is 1.2x10-15 Sec-1, very near to that in the gas 

phase (1.3x10-15 Sec-1) and all energetic results in solvent (ΔGsolv) have a little difference with 

those in the gas phase. 

To examine water-assisted tautomerism, geometry optimization of the tautomers and 

transition state species of molecule 1 and location of its reaction path have been carried out in 

the presence of 1-3 water molecules. Activation barriers in the presence of water molecules 

are in general lower than those in the gas phase. This difference increases with the increase of 

water molecules.  Our results show that the presence of water molecules has more intensive 

effects on kinetic results (rate constants) versus thermodynamic results (equilibrium 

constants). 

 

Conclusion 

In this work, DFT calculation have applied to study of tautomerism in some hydroxamic acids 

in the gas phase, in solvent and in presence of 1-3 water molecules. In all cases, the order of 

stability of tautomers is found to be as tautomer a > tautomer b > tautomer c. Furthermore, 

two transition states are found between tautomers. TS1 (between tautomers a and b) is more 

stable than TS2 (between tautomers b and c). Our results confirm the available experimental 

data approving higher stability of the tautomer a. Because of high energy barriers between 

tautomers, their interconversions are very slow at room temperature. Moreover, geometry 
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optimization of the tautomers and transition state species of molecule 1 and location of its 

reaction path have been carried out at the same level of theory in the presence of 1-3 water 

molecules. Activation barriers in the presence of water molecules are in general lower than 

those in the gas phase. This difference increases with the increase of water molecules.  
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Introduction 

Study of isomerism [1], especially by computational methods, is one of the most important 

topics in chemistry. Recently, theoretical study of isomerism [2-4] received renewed attention 

due to its importance on determination of compound applications. As well as, compounds 

containing different isomers have been the subject of interest by chemists. Hydrazides and 

acyl hydrazides [5] are also interesting because of their versatility in isomerism. Therefore, 

continuing our interest on theoretical study of isomerism in organic compounds and because 

isomerism in acyl hydrazides affects their chemical activities especially their ligand 

properties, it will be very important to learn about the complete scheme of isomerism in acyl 

hydrazides. 

 

Methods 

Gaussian 98 program package was employed to find the optimized structures of N'-acetyl 

formohydrazide isomers (9 tautomers and 18 isomers) using B3LYP/6-311++G** and 

B3LYP/AUG-CC-PVTZ levels of theory. The absence of imaginary frequencies verified that 

all structures were true minima. From outputs of these calculations, important molecular 

parameters, IR frequencies and energetic results were extracted. Zero point vibrational 

energies (ZPVE) and other frequency results were corrected with appropriate scaling factor. 

Free energies of solvation for all isomers were calculated using SCRF keyword with Tomasi's 

polarized continuum (PCM) model. Four different solvents (cyclohexane, chloroform, acetone 

and DMSO) with different dielectric constants have been used as solvent. 
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Results and discussion 

The relative stabilities of isomers in the gas phase are found to be as 1, 2E, 2Z, 4Z, 4E, 6EE, 

5, 6EZ, 6ZZ, 6ZE, 3E, 7E, 9E, 3Z, 7Z, 9Z, 8E, and 8Z. In addition, in all tautomers except 

tautomer 4, the E isomer is more stable than Z isomer. Viewing results, it can be observed that 

in isomer 4E, there is an unfavorable spatial interaction between methyl and formyl groups. 

This interaction can be responsible for the less stability of 4E versus 4Z. ∆G between cis and 

trans isomers is variable from 2.03 in tautomers 2 to 11.4 in tautomers 8. Observing 

optimized structure of 8Z shows that there is unfavorable interaction between methylene and 

hydroxyl groups. This interaction (between large groups) is responsible for large instability of 

8Z versus 8E while in tautomers 2, only two hydrogens (small atoms) have spatial interaction 

in Z isomer. Therefore, it is not strange that ∆G between 2E and 2Z will be very small. 

To examine solvent effect, the relative stabilities have been calculated in different solvents 

(acetone, chloroform, cyclohexane and DMSO). The relative stabilities in solvents are similar 

to those in the gas phase except in 6EZ and 9E because these isomers have respectively the 

minimum and maximum average ∆G solvations among all isomers.  

 

 

 

 

 

 

 

 

 

 

Conclusion 

In this work, DFT calculations have been applied to study of structures, molecular parameters, 

vibrational frequencies and relative energies of 18 possible isomers of N'-acetyl 

formohydrazide using the B3LYP/6-311++G** and B3LYP/AUG-CC-PVTZ levels of theory. 

Moreover, the effects of solvent on the stability order of these isomers have been studied 

using four different solvents (acetone, Chloroform, DMSO and cyclohexane). The relative 
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stabilities in solvents are similar to those in the gas phase except in 6EZ and 9E because these 

isomers have respectively the minimum and maximum average ∆G solvations among all 

isomers.  
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Introduction 

Most of the well-known acid inhibitors are organic compounds containing nitrogen, 

sulphur and/or oxygen atoms. The influence of such organic compounds, on the corrosion of 

mild steel in acidic solution has been investigated by several authors. The inhibition property 

of these compounds is attributed to their molecular structure. The inhibiting effect is generally 

explained by the formation of a physical and/or chemical adsorption film on the metal surface. 

Organic compounds of acetone type have been reported to be excellent corrosion inhibitors 

for the corrosion of mild steel in acidic solutions [1-3]. As a part of our ongoing research 

program for synthesis and theoretical studies of organic compounds [4-6] in this paper we 

report the synthesis of 1-Amino-5-thiol tetrazole and to study the inhibition action of this 

compounds on the corrosion of mild steel in acid media and to compare their protection 

powers. In addition quantum mechanic calculation carry out for the compounds by performing 

HF and DFT levels of theory using the standard 6-31G* basis set. All measurements showed 

that inhibition efficiencies enhanced with increase of inhibitor concentration.  

 

Results and discussion 

Quantum Chemical Study 

Complete geometrical optimization of molecules was carried out with Gaussian 98 

program at HF and density functional theory (DFT) levels of theory using the standard 6-

31G* basis set, starting without any geometry constraints for full geometry optimizations. The 
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optimized molecular structures of the inhibitors are given in figure. This basis set is known to 

provide accurate geometries and electronic properties for a wide range of organic compounds. 

EHOMO often is associated with the electron donating ability of the molecule. High values of 

EHOMO are likely to indicate a tendency of the molecule to donate electrons to appropriate 

acceptor molecules with low-energy, empty molecular orbitals. Therefore, the energy of the 

lowest unoccupied molecular orbitals indicates the ability of the molecule to accept electrons. 

The lower value of ELUMO, the more probable it is that the molecule accepts electrons. The 

energy gap between LUMO and HOMO (ΔE=ELUMO-EHOMO) is a parameter with the 

smaller value causes higher inhibition efficiencies of the molecule. 

 

Figure. Optimized molecular structure of 1-Amino-5-thiol tetrazole (ball and stick model) 

 

Conclusions 

1-Amino-5-thiol tetrazole was synthesized, characterized and as new inhibitors for the 

corrosion of mild steel in acid media. The studied compound is excellent inhibitors and act as 

the mixed type inhibitors for mild steel corrosion in sulphuric acid solution. Density 

functional (DFT) calculations have been carried out for the title compounds by performing HF 

and DFT levels of theory using the standard 6-31G* basis set.  

 

References 

[1] Uhlig, H.H. Revie, R.W., Corrosion and Corrosion Control, Wiley, New York, 1985. 

[2] Sastri, V.S., Corrosion Inhibitors, Principles and Application, John Wiley and Sons, 

New York, 1998. 

[3] Elachouri, M. Hajji, M.S. Kertit, S. Essasi, E.M. Salem, M. Coudert, M., Corros. Sci. 37 

(1995) 381. 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
387

[4] Teimouri, A. Najafi Chermahini, A. Shahraki, Dabbagh, H. A. M., Spectrochimica. Acta. 

A: 69, (2008) 449. 

[5] Teimouri, A. Najafi Chermahini, A. Emami, M., Spectrochimica. Acta. A: 71 (2008), 

1516. 

[6] Teimouri, A. Najafi Chermahini, A. Taban, K., Spectrochimica. Acta. A: 72 (2009), 369 

  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
388

BH2

H

Co(CO)3

H

1
2

DFT Study Of Isolobal Compounds, Metallotropic and Prototropic 1,2-

Shifts Of Cyclopentadienyle derivatives 

 

S. Jameh-Bozorghi1,*, A. R. Namdari2, Z. Javanshir3, 

1- Chemistry Department, Faculty of science, Islamic Azad University, Toyserkan Branch,Ttoyserkan, 

Iran 

sjamehbozorgi@gmail.com 

2- Chemistry Department, Faculty of science, Islamic Azad University, Shahre Rey Branch, Shahre Rey, 

Iran 

3- Chemistry Department, Faculty of science, Islamic Azad University, Arak Branch,  Arak, Iran 

 

Keywords: DFT calculation, Isolobal, Sigma tropic, cyclopentadienyl 

 

Introduction 

Fluxional -cyclopentadienyl compounds such as (1-C5H5)2Hg and (5- C5H5) (1-

C5H5)Fe(CO)2 were first discovered by Piper and Wilkinson in 1965.[1] The authors 

discussed in an undetailed but essentially correct manner why fast intramolecular 1,2-

migrations of the metal moiety around the cyclopentadienyl ring occur. 

The isolobal principle in organometallic chemistry devised by Roald Hoffmann[2]. The 

methyl radical is isolobal with the metal carbonyl species manganese pentacarbonyl Mn(CO)5 

because both molecules have a single electron in a hybrid orbital pointing away from the 

plane of the molecule (though they are not isoelectronic). This resemblance is reflected in the 

chemistry of both molecules. As the methyl radical can dimerize to ethane, Mn(CO)5 can 

dimerize to (CO)5Mn-Mn(CO)5 and both radicals can even form Mn(CO)5CH3. 

In this work, we report the results of a theoretical investigation of the structural properties of 

compounds 1 and 2 and migration isolobal groups on cyclopentadienyl ring which was 

performed by ab initio molecular orbital (MO) and density functional methods (DFT), using 

the GAUSSIAN 2003  package programs. 
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Calculation detail 

DFT calculation were carried out using B3LYP/6-311+G** level of theory with the 

GAUSSIAN 2003 package of programs [3] on a personal computer. Energy-minimum 

molecular geometries were located by minimizing energy with respect to all geometrical 

coordinates without imposing any structure symmetrical constraints and transition state 

structures obtained by QST2 subroutine. 

 

Results and discussion  

The 1,2-shift mechanisms for the Co(CO)3 and hydrogen migrations were investigated and 

reaction pathways are shown in Figure1. Also this reaction mechanism carried out for BH2 

migration. This results reviled that barrier energy for migration of BH2 and Co(CO)3 is 0.15 

and 3 kcal.mol-1. Bond lengths of C-B and C-Co are 1.562 and 2.095 Angstrom. Also, 

prototropic shifts for compound 1 have lower migration energy than compound 2.  

 

 

 

 

 

 

 

 

 

 

 
 
 
 
Conclusion  
The calculated results by B3LYP/6-311+G** show that the most stable isomers of 

compounds 1 and 2 are the allylic isomers. Bond length of B-C is longer than Co-C but 
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sigmatropic barrier energy for BH2 migration is higher than Co(CO)3 migration because in 

Co-C bond -back bonding is present and then this bond is stronger than B-C.    
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Introduction 

Sigmatropic Migration of many fragment on aromatic rings have been observed. These 

compounds are fluxional. Experimental [1] and theoretical [2] studies for barrier energies and 

rate of ()metallotropic and ()prototropic shift on Fluxional compounds carried out. Those 

researches showed that ()prototropic shift has higher activation energy than ()metallotropic 

shift and therefore metal groups migration  is very fast on room temperature. In the chemical 

literatures is not exist the neighboring effect in these migrations, therefore in this work, we 

report the results of a theoretical investigation of the structural and energetic properties of 

(1H-inden-1-yl)borane(1), (4,5,6,7-tetrafluoro-1H-inden-1-yl)borane(2) and (4,5,6,7-

tetramethyl-1H-inden-1-yl)borane(3). Effect of Methyl as an electron donor and flour as an 

electron acceptor groups in compounds 2 and 3 were investigated was by ab initio molecular 

orbital (MO) and density functional methods (DFT), using the GAUSSIAN 2003  package 

programs and NBO 3.1. 
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Calculation detail 

DFT calculation were carried out using B3LYP/6-311+G** level of theory with the 

GAUSSIAN 2003 package of programs [3] on a personal computer. Energy-minimum 

molecular geometries were located by minimizing energy with respect to all geometrical 

coordinates without imposing any structure symmetrical constraints and transition state 

structures obtained by QST2 subroutine. Natural Bond Orbital (NBO) analysis was then 

performed at the B3LYP/6-311+G** level by the NBO 3.1 program included in the 

GAUSSIAN 03 package of programs. 

 

Results and discussion  

Structural properties, energies behavior and NBO analysis was performed for 1,2-shift 

mechanisms for the BH2 and hydrogen migrations were investigated by using B3LYP/6-

311+G** , HF/6-311+G** and MP2/6-311+G** levels of theory for compounds 1, 2 and 3. 

Reaction pathways are shown in Figure1. These results revealed that barrier energy for 

migration of H is higher than BH2. calculation results showed that F(electronegative) and 

Me(electropositive) groups in compounds 2 and 3 growth the barrier heights in borotropic an 

prototropic shift.  

Methyl group is electropositive and conduct electrons to indol rings and then electron density 

of B-C and H-C bonds increased and finally barrier height increase. Fluore is electronegative 

but this atom conduct nonbonding electrons to indol rings by resonance and then barrier 

height increase again. These results have a good agreement with structural and NBO results. 

In these compounds 1,2-boroteopic shift is impossible. When BH2 is in vinylic position these 

compounds are not in ground state. Infra Red (IR) vibrational frequencies (one imaginary 

frequency) and Aromatic Stabilization Energy (ASE = 16.62 Kcal.mol-1) results showed that 

this structure is a transition state structure (fig.1). Therefore borotropic shift is a 1,3-

sigmatropic shift. 

 

Conclusion  

1) The calculated results by B3LYP/6-311+G** , HF/6-311+G** and MP2/6-311+G** 

levels of theory for compounds 1, 2 and 3 show that the most stable isomers of these 
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compounds are the allylic isomers and prototropic shift has higher barrier energy than 

borotropic shift. 

2) IR and ASE calculation results and NBO analysis showed that prototropic sift is a 1,2-

sigmatropic migration but  borotropic shift is a 1,3-sigmatropic shift.   

    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: B3LYP, HF and MP2 energy diagram for various sigmatropic shifts in compound 1 
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Abstract:  

Vitamin B12 is the known essential biomolecule with a stable cobalt-carbon bond, that it is an 

coordinate compound. One of the main classes of carbon alotrops are fullerenes that the 

unusual structures and physiochemical properties of these molecules have been discovered. In 

any potential applications and physicochemical properties of fullerenes and their derivatives 

have been introduced. The first to fourth free energies of electron transfer and kinetic rate 

constants of the electrontransfer, ∆Get(1) to ∆Get(4) and ket(1) to ket(4), respectively were 

calculated for the supramolecular complexes of vitamin B12 with Fullerens Cn(n=60-300). 

These calculations were carried out in accordance with the Marcus and electron transfer 

theory. 

 

Keywords: Fullerenes, Vitamin B12, Electron transfer process, Rate constants, Free energy, 

Molecular modeling 

 

Introduction:  

With the primarily aim at a better understanding of enzymatic reactions, the biochemical and 

physical chemistry of Vitamin B12 and its derivatives have received considerable attention in 

the past decades. Up to now, various empty carbon fullerenes whit different numbers (n) such 

as C60, C70, C76, C82 and C86, have been obtained. Topological indices are digital values that 

are assigned based on chemical composition. These values are purported to correlate chemical 

structures with various chemical and physical properties. 
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   +    [Vitamin 

B12].Cn 

 

Mathematical  method: 

The number of carbon atoms of these fullerenes (Cn) was utilized as a structral index for  the 

supramolecular complexe compounds. In this study, all graphs were generated using the 

Microsoft Office Exell 2003 program. Using the number of carbon atoms contained within the 

Cn fullerenes, several valuable properties of the fullerenes can be calculated. These 

calculations are based on the electrontransfer and marcus theory. 

 

Results and discussion: 

In the previous reports had been shown that all redox data for B12 determined by cyclic 

voltametry.  the reported oxidation potential of Vitamin B12 is 1.21 V. By using the electron 

transfer equation which obtained in this modeling, it is possible to calculate the values of 

Get(1) to Get(4)
 of [Vitamin B12].Cn supramolecular complexes. The  Get(1)

# to Get(4)
#  for 

[Vitamin B12].Cn, (n=60-300) supramolecular complexes are predicted by using the 

appropriate equations. The calculated values of the free electron transfer energies of Get(1) to 

Get(4) for selected [Vitamin B12].Cn supramolecular complexes (n = 60, 70, 76, 82 and 86) in 

the equations were interpreted. There was good agreement between the calculated and the 

predicted values. In lieu of increasing the number of carbons atoms in the fullerene structure, 

the values of  Get(1) to Get(4)  were decreased. The supramolecular complex structures which 

were discussed here and the calculated values of Get(n) , Get(n)
#  and ket(n) corresponding to 

these supramolecular complexes were neither synthesized nor reported before.                                                  
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Introduction 

The structure of the enol froms of the symmetric β-diketon compounds has Cs symmetry. The 

origin of these differences from their higher symmetric forms (i.e. C2v structure) is of 

significant interest. It is well known that the only source of structural distortions of high-

symmetry configurations of any molecular system is the Jahn-Teller (JT) effect (JTE), 

including the proper JTE for systems in electronically degenerate states, the Renner-Teller 

effect (RTE) for linear molecules, and pseudo JTE (PJTE) for any system.1,2 Since the 

electronic ground states of propandial, propandithial and propandiselenal are nondegenerate, 

it is natural to assume that all the observed distortions from the highest-symmetry linear 

configuration are due to, and only to the PJTE. The present paper is devoted to the exploration 

of this possibility. 

Computational details 

The hybrid-DFT based method (B3LYP) was used with Def2-TZVPP basis set on all atoms 

with the GAUSSIAN 03 package of programs.3 Time dependent density functional theory 

(TD-DFT), which is one of the most popular tools in the studies of excited states of molecular 

systems, was used to study the electronic configurations of the enol forms of propandial, 

propandithial and propandiselenal. Configuration interaction with single excitations (CIS) was 

performed on the optimized geometries. 
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Results and Discussion  

The structural properties and hydrogen bonding in propandial, propandithial and 

propandiselenal have been investigated by means of hybrid-density functional theory (hybrid-

DFT: B3LYP/Def2-TZVPP) level of theory. The distortions of high-symmetry (C2v) 

configurations of propandial, propandithial and propandiselenal are as the contribution of the 

pseudo Jahn-Teller effect (PJTE) which is the only source of instability of high-symmetry 

configurations in degenerate and non-degenerate states.1,2 The main contributions to the 

distortions of high-symmetry (C2v) configurations to their plane symmetrical configurations 

(Cs symmetry) of propandial, propandithial and propandiselenal are due to the PJTE by 

mixing the ground A1 states and second excited B2 states [in propandial: HOMO(B1)-

LUMO(A2); in propandithial: HOMO-1(B1)-LUMO(A2), HOMO(B2)-LUMO+3(A1), 

HOMO(B2)-LUMO+9(A1); in propandiselenal: HOMO-1(B1)-LUMO(A2), HOMO(B2)-

LUMO+1(A1), HOMO(B2)-LUMO+2(A1)], resulting in a PJT (A1 + B2)  b2 problem. The 

energy gaps between reference states (∆) in the C2v and Cs configurations decrease from 

propandial to propandiselenal (i.e. 4.92, 3.41 and 3.02 eV for propandial, propandithial and 

propandiselenal, respectively), therefore, the PJT stabilization energy for C2v →Cs distortions 

increases from propandial to propandiselenal.  

 

Conclusion 

The B3LYP/Def2-TZVPP and TDDFT results revealed that the main contributions to the 

distortions of high-symmetry (C2v) configurations to their plane symmetrical configurations 

(Cs symmetry) of propandial, propandithial and propandiselenal are due to the PJTE by 

mixing the ground A1 states and second excited B2 states resulting in a PJT (A1 + B2)  b2 

problem. 
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Introduction 

Molecular associations formed by hydrogen bonding have a crucial role in many physical, 

chemical and biological systems. It is possible to explain the formation of molecular clusters 

at the microscopic level. Examples of these clusters are the structures formed in the ethanol-

water azeotrope. Understanding the molecular structure of these clusters may be useful for 

ethanol purification processes [1]. 

     The potential energy surface of (ethanol)2-water heterotrimers has recently been studied 

using density functional theory (DFT) calculations [2]. Using three different conformers for 

ethanol (g1, g2, t: gauche1, gauche2, trans) and various donor-acceptor combinations, 36 

minimum-energy structures have been obtained and classified in six different groups. In this 

work, we have studied characteristic structures from these six groups in order to gain more 

insight to the important factors in their stability. The specific stability of cyclic structures have 

been explained using cooperative effects and atoms in molecules (AIM) analyses.  

 

Methods 

Quantum mechanical calculations have been performed using Gaussian 03 program. The 

geometry optimization and frequency calculations were performed using b3lyp/6-31+G* level 

of theory for six (ethanol)2-water heterotrimers (Fig. 1). These complexes are named 

according to the donor or acceptor properties of water and ethanol. 
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1) tg2w 2) wtg2 3) cwg2t 

  
4) g1wg2 5) wg1g2* 6) cg1wt 

 

 

Fig. 1 The structure of six studied heterotrimers, with the predicted primary (dotted) and secondary (dashed) 
hydrogen bonds. The molecules are named according to the ethanol conformers (g1, g2, t). 
     

 The binding energy was calculated for each complex, including the corrections for zero-point 

energy (ZPE) and basis-set superposition error (BSSE) [3]. The Cooperativity effects were 

investigated using the additive interaction energy,  

ΔEadd = ΔEABC – ΔEAB – ΔEAC – ΔEBC                                                                                (1) 

in which the first term is the energy difference between the trimer and three monomers in the 

geometry of complex and using the complete basis set for the complex, and the subsequent 

terms are similar quantities for three dimers which can be distinguished in the trimer. AIM 

calculations were also used to confirm the existence of the hydrogen bonds. 

 

Results and discussion 

The thermodynamic properties of complexes are summarized in Table 1. Based on these data, 

the order of stability in the complexes is cg1wt > wg1g2* ≈ g1wg2 > cg2wt  > wtg2 > tg2w. 

Analysis of trimerization energies shows that the most stable configuration is the cyclic 

geometric pattern formed by three primary hydrogen bonds (cg1wt), where all the molecules 

are proton acceptor and proton donor at the same time. This is a consequence of cooperative 

effects, which are reflected in a large and negative value of the additive interaction energy. 
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Table 1. Calculated thermodynamic properties of complexes. Values are in kcal/mol.  

complex E (a.u.) Ehb Ehb,ZPE Ehb,ZPE,BSSE ΔEadd 
tg2w −386.5303 −10.41 −7.38 −5.28 0.42 
wtg2 −386.5322 −11.59 −8.10 −6.17 0.74 
cg2wt −386.5331 −12.19 −8.73 −6.58 0.36 
g1wg2 −386.5375 −15.00 −11.32 −9.04 −1.82 
wg1g2* −386.5373 −14.90 −11.37 −9.25 −1.52 
cg1wt −386.5431 −18.44 −14.21 −11.83 −2.64 

 

Conclusions 

Even though the C−H…O interactions are weaker than the primary (O−H…O) hydrogen 

bonds, they seem to influence the stability of some clusters. Although these calculations have 

been performed in the gas phase, the results may be useful as a guide to the understanding of 

interactions in larger ethanol-water complexes formed in the azeotropes.  
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Introduction 

Biosensors are becoming essential in the fields of health care, chemical and biological 

analysis, environmental monitoring, and good processing industries.1 Among them, glucose 

and carbohydrates sensors, as one of the most popular biosensors, have been extensively 

investigated and the development of sensing devices for the fast and reliable determination of 

them has been a subject of different studies.2 

Detailed understanding of the nature of interaction between metal particles and conjugated 

biomolecular systems in nanoparticle complexes is of fundamental importance in the 

development and design of sensors and miniature devices and have been the subject of several 

experimental and theoretical investigations in recent years.3-6 However, the understanding of 

the mechanism of the bonding between gold nanoparticles and glucose and the factors that 

control its efficiency is rather limited. Therefore, in this paper we investigate theoretically the 

interaction of α-D-glucose with cationic, anionic, and neutral Au3 clusters which serve as 

simple catalytic models of Au nanoparticles. Natural bond orbital (NBO) analysis was applied 

to calculate the charge transfer and natural population analysis (NPA) of the complexes. 

 

Method of Calculations 

Geometries of the α-D-glucose complexes with neutral, anionic, and cationic forms of the 

gold trimers were fully optimized using the density functional theory (DFT) with B3LYP 

functional. The 6-31+G** basis set was used for the atoms in glucose, while for gold atom the 

Lanl2DZ basis set was applied. The harmonic vibrational frequencies and corresponding zero 

point vibrational energies (ZPVE) were calculated in all the optimized geometries, and real 

frequencies were obtained in all the cases. In the present calculations the Gaussian 03 suite of 

programs was employed. The NBO analysis was conducted for these complexes in order to 

obtain the natural charges and charge transfer.  
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Results and Discussion 

Trimer gold clusters in cationic (Au 
3 ), anionic (Au 

3 ), and neutral (Au
3
) forms were selected 

as simple catalytic models of Au nanoparticles during this work.  The initial geometries of α-

D-glucose complexes with Au 
3 , Au 

3 , and Au
3
metal clusters were generated by placing these 

metal clusters near the active sites of glucose (hydroxyl group). Electron rich oxygen atom in 

hydroxyl group donate electron density to the orbital of gold clusters through their lone pairs, 

and make highly stable Au–O bond. On the other hand, gold clusters can also play the role as 

a proton acceptor and form nonconventional H-bonds with hydroxyl groups (Au…H–O). 

Optimized structures of the α-D-glucose complexes with Au
3
metal clusters are shown in 

Figure 1. Vibrational analysis has been carried out on the optimized structures of the glucose, 

in order to examine the effect of gold complexation on the stretching frequencies of the 

certain functional group (O–H and C–O) in the glucose. 

 

 

 

 

Figure 1. Optimized geometries of neutral Au3 cluster with α-D-glucose; the bond lengths are given in 

angstroms. 

 

 

 

 

 

Figure 2. IR spectrum and intensity of glucose (a) , )(3 bAuglu  (b) and )(3 nAuglu  (c) complexes. 
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Introduction:  

The proton affinity (PA) of a molecule is generally defined as the change in enthalpy 

associated with the addition of a proton to a molecule M in the reaction M + H+ → MH+. PA 

reflects the intrinsic basicity of a chemical compound in absence of any solvent effects [1]. In 

this work, the effects of electron-donating (ED) and electron-withdrawing (EW) substituents 

on the PA of pyridine (see Fig. 1) have been estimated to investigate the relationships 

between PA and different properties including topological properties of electron density at the 

N-H bond critical points (BCP) calculated by the atoms in molecules (AIM) method [2], the 

molecular electrostatic potentials (MEP), the structural parameters, and the Hammett 

constants. 
 

Methods:  

The structures have been optimized at the B3LYP/6-311++G(d,p) level of theory using the 

Gaussian03 program package [3]. The vibrational frequencies have been calculated at the 

same level, when the harmonic frequencies were scaled by 0.962 [4,5]. The PA at 298.15 K is 

defined as the enthalpy change, during the protonation process. 

PA = ∆H0
g(M) + ∆H0

g(H
+) - ∆H0

g(MH+), where ∆H0
g(H

+) = 2.5RT = 1.48 kcal/mol. 

The topological properties of electron charge density were analyzed by the AIM method using 

AIM2000 package [6]. The freely available MOLEKEL program [7] has been used to 

visualize the MEP. The most negative-valued MEP point (Vmin) can be obtained from the 

visual inspection of MEP data for the lone-pair region of the nitrogen atom in the pyridine. 
 

Results and Discussion:  

The calculated PA values for pyridine derivatives are reported in Table 1. The ED groups 

make the nitrogen lone pair more available for the proton and increase the PA values relative 

to pyridine. This value increases more with increasing the electron-donating ability of 
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substituents. This behavior is reversed by the EW substituents, which deactivates the pyridine 

ring. The increase in the proton affinity is accompanied by the increase in the ρ value 

calculated at the N-H BCP and the decrease in the MEP value for the lone pair region of the 

nitrogen. The PA values are in linear relationship with the ρ and MEP values with correlation 

coefficients higher than 0.96 (see Fig. 2). 

PA = 1059.2 ρ – 3359.6 and PA = -709.87 MEP + 156.25. 

On the other hand, the ρ and MEP values (and the PA values) are in linear relationship with 

Hammett constants.  

Table 1. Proton affinity (kcal mol-1), electron density  ( e/au3), 
Laplacian of electron density 2 (e/au5) and  the results of MEP analysis

3

4

5

6 2

1N

X  

 PA BCP10 ˗2ρ ˗ MEP  102  
N(CH3)2 242.0 3.401 1.762 12.5 
NH(CH3) 239.9 3.399 1.765 11.3 
NH2 236.9 3.396 1.769 11.0 
CH3 228.4 3.385 1.778 10.3 
H 223.7 3.381 1.783 9.9 
Br 220.9 3.381 1.783 8.9 
Cl 220.3 3.380 1.784 9.0 
F 219.1 3.378 1.789 9.1 X   N(CH3)2, NH(CH3), NH2, CH3, CHO, 

Br, Cl, F, CN, NO2 CHO 216.8 3.378 1.790 8.5 
CN 211.8 3.373 1.792 7.8 Fig. 1 Numbering of the positions in    

the pyridine derivatives. NO2 209.0 3.370 1.798 7.5 
      

 

Fig. 2 Linear correlation between the PA and a) the electron density, and b) the MEP value around the nitrogen. 

 

 

Conclusion:  

The ED substituents increase PA, whereas the EW groups decrease it. From linear relations 

between the PA values and the ρ, MEP, and Hammett constants, the proton affinity could be 

estimated without energy calculation. 
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Introduction 

When fullerenes were first discovered [1], there was much excitement about practical 

applications. It was speculated that buckyballs would make great lubricants, rolling like little 

ball bearings between other molecules. Or perhaps drugs could be trapped inside the cages, 

and then released slowly by a triggering mechanism that could break open the cages inside the 

body. C60 is a molecule that consists of 60 carbon atoms, arranged as 12 pentagons and 20 

hexagons [2]. 
 

Methods 

The focus of this work was on the benzene, pyridine, pyrazine, pyrimidine, pyridazine, 

cyclopropane, cyclobutane, thiophene, methane, ammonia, thioure molecules trapped in C60. 

All geometry optimizations have been performed using 3-21G and 6-31G basis sets and the 

Hartree-Fock and DFT methods, which is implemented in the Gaussian98, Gview, Hyper 

Chem and Chem3D programs. In this model study, bond lenghts between pentagonal-

hexagonal rings and hexagonal-hexagonal rings, encapsulating energies and bond lengths 

were determined in the free state and in the custody of C60. 

Using energies obtained for them, encapsulating energies were calculated by the following 

equation [3]. encapsulating energy is defined into the energy consumed to enter a molecule 

into nanocapsule or nanotube.                        DE=E[X@C60]-E[C60]-E[X] 
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                                  (a)                                                                              (b) 

Fig. 1: Optimized structure of  (a) CH4@C60 and (b) CYCLOBUTANE@C60 as computed at the B3LYP/6-31G  

 

Results and Discussion 

The bond lengths obtained for the pentagonal-hexagonal rings and hexagonal-hexagonal rings 

using 3-21G and 6-31G basis sets and Hartree-Fock level of theory and the B3LYP density 

function method show that obtained results are in agreement with experimental data[4]. 

In this study encapsulating energy was calculated by HF(3-21G), HF(6-31G), B3LYP(3-21G) 

and B3LYP(6-31G) methods. It is found that the amount of encapsulating energy obtained 

through B3LYP(3-21G) method for most molecules more than the amount of encapsulating 

energy obtained through HF(3-21G) method, but the amount of encapsulating energy obtained 

through B3LYP(6-31G) method for most molecules is less than the amount of encapsulating 

energy HF(6-31G) method. 

Besides, calculated bond lengths of benzene, pyridine, pyrazine, pyrimidine, pyridazine, 

cyclopropane, cyclobutane, thiophene, methane, ammonia, thioure molecules trapped in C60 

being identified with put the above molecules in space of C60 all bond length are reduced. The 

reason of this can be, reducing the repulsive because decrease bond length. 

Table 1. Optimized bond length of pentagonal[5,6] and hexagonal[6,6] rings in the C60(Հ) 

 Theoretical    Experimental  
[6,6]-bonds [5,6]-bonds Methode [6,6]-bonds [5,6]-bonds Methode 

1.367 1.453 HF(3-21G) 1.370 1.448 NMR 

1.375 1.452 HF(6-31G) 1.391 1.444 diffr.  Neutron 
 

Table 2. Encapsulating energies of X@C60 molecules(Kcal.mol-1)  
B3LYP/6-31G B3LYP/3-21G HF/6-31GHF/3-21G Molecule 

9.978 3.295 17.242 5.495 CH4@C60 
258.252 747.045 919.896 220.079 Cyclobutane@C60

 

Conclusion 
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Thus this study gives the basic knowledge of structure of fullerenes and their applications.The 

fullerenes can be used as carrier molecules and drugs. 
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Abstract :  

Theoretical investigation has been performed on electron transport properties of Cis- 

Butadiene and Trans-Butadiene molecules sandwiched between two gold surfaces. Different 

linkers such as sulfur, nitrogen, SH  and NH2  have been considered to study the role of 

linkage in the conduction properties of the molecular wire. The electronic conduction has 

been analyzed from the change in the shape of molecular orbitals and the evolution of the 

HOMO– LUMO gap of the molecule-gold complexes under the influence of the electric filed.  

 

Keywords:Cis- Butadiene , Trans-Butadiene ,molecular wire, HOMO, LUMO,HLG 

molecular wire, 

 

Introduction:  

A single organic molecule is likely to be the smallest entity to conduct electricity and thus 

molecular wires present many interesting challenges to fundamental science as well as 

enormous potential for technological applications, such as organic switching devices [1–4] 

and nanoscale memories [5,6]. 

 

Methods:                                                                                                    

The calculations have been performed at the density functional theory level with the B3LYP 

functional. The basis set is split 6-31G* for C, H, N, S atoms and the Los Alamos National 

Laboratory effective core potentials with a double-zeta valence (LANL2DZ) for the gold 

atoms [7]. 

Results and discussion: 
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Table1(a:cis,b:trans) gives a comparison of the energy levels of HOMO and LUMO levels as 

well as their gap (HLG) for FOUR free molecules. The corresponding molecular orbital 

pictures for molecules obtained from their optimized geometries are visualized in Table 2 

(a:cis,b:trans). 
 
 
 Table 1. (a,b): HOMO, LUMO and HLG levels (in eV) for the free molecule. 
 

 

 
Table . 2(a,b)   The shape of HOMI and LUMO orbitals for the free molecules. 

 

Conclusions: 

In the present study we focus on the geometric and electronic structure of Cis- Butadiene and 

Trans-Butadiene -based molecular wire, however the electron transport properties can be also 

studied based on the non-equilibrium Green’s function formalism.  
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Introduction 

Proteins are polymers of the 21 naturally occurring amino acids can both in the L- and D-

enantiomeric configuration 1. 

One step towards better understanding of a disease is the conformational analysis of its 

component structures 2. There are too many conformational space of the protein structure in 

a timely fashion. Thus, it may be that the conformational search must be restricted in some 

way as to direct folding to a native conformation which is both stable and kinetically acessible 

3. Except Gly with the smallest sidechain, H, other amino acid residues have bigger 

sidechain, as like as IsoLeucine, the sidechain interaction is characterized by the dihedral 

angle vector . Conformational analysis of all amino acids within a peptide sequence would 

allow for a better understanding of the behaviors of these molecules4. 

In this work, we investigated the effect of IsoLeucine side chain torsional angles on the 

stability of done HCO-Gly-L-ILeu-Gly-NH2 tripeptide model and the most stable 

conformation of sidechain was determined. 

 

Methods 

The geometry optimization of HCO-Gly-L-ILeu-Gly-NH2 tripeptide carried out by using  

Gaussian 98 program [5], with DFT calculations at the B3LYP/6-31G(d) level of theory. Our 

tripeptide sidechain has two dihedral angels : χ1, χ2 . The first SC dihedral angle (χ1)  rotated 

around N4-C6-C8-C12 atoms,(C6-C8 bond), in order to find more stable states and then  the 

second sidechain dihedral angle (2), rotated around C6-C8-C12-C13 atoms, (C8-C12 bond), 

and the most stable conformer was determined.  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
416

 

Results and discussion 

a) The first dihedral angle χ1 

This study is contain 2 stages, in the first stage, χ1 that is the lower side chain torsional angle 

(see Fig 1) was changed at 30° intervals from 0° to 360° and we determined three more stable 

structure among 12 computations.  

We found three more stable states in the 300° or -60°, 60° and 180° that they known as these 

title: negative gauche (g-), positive gauche (g+) and anti states, respectively. Among three 

states, g- is the most stable conformation.  

 

 

 

 

 

 

 

 

 

Fig.1. Schematic diagram with sidechain dihedral angles definitions for HCO-GLY-L-ILEU-GLY-NH2 

tripeptide 

b)  The second dihedral angle 

In the second stage, we kept 1 in the g-, g+ and anti states and then 2 was changed same as 

the first stage for each states g-, g+ and anti. The most stable conformation with two stable 

angles appeared in -60 (g-), -60 (g-) state.  

 

Conclusion 

The importance aim in this research was finding the most stable structure of HCO-Gly-L-

ILeu-Gly-NH2 tripeptide model as a small part of one of oligopeptide chains in human body. 

We found the most stable conformers in the most stable sidechain dihedral angles of 

IsoLeucine residue in g-,g- state at B3LYP/6-31G(d) level of theory.  
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Introduction 

Comparison between –CH=CH– of benzenoid hydrocarbons and either the divalent –S– or –

O– in their sulfur and oxygen containing counterparts is a well-known subject within 

benzenoid hydrocarbon and heterocyclic chemistry. New analogues of pyrimidine bases are of 

interest as potential biologically activeagents. 1,3,4-Oxadiazoles1 have attracted an interest in 

medicinal chemistry as ester and amide bioisoesters for a number of biological targets.2. In 

particular the 2-amino-1,3,4-oxadiazoles have recently been reported to exhibitpromising anti-

tumour3 , antiviral4  and anti-inflammatory5 activities. 

 A theoretical study and attempt to better characterize the geometric parameters of  5-Amino-

2,3-dihydro-1,3,4-oxadiazol-2-one tautomers (see Fig1)  in the gas phase, we report here the 

results of  DFT calculations at the B3LYP  level, using 6-311++G(d,p) basis set.  

In this research we optimized the geometry of various tautomers of 5-Amino-2,3-dihydro-

1,3,4-oxadiazol-2-one in gas phase. (see Fig 1)   
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Fig1. 5-Amino-2,3-dihydro-1,3,4-oxadiazol-2-one tautomers 
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Methods 

Standard ab initio molecular orbital calculations were carried out using the Gaussian-03 

programs. The geometries of 5-Amino-2,3-dihydro-1,3,4-oxadiazol-2-one tautomers (Figure 

1) have been optimized using the 6-311++G(d,p) basis set. The optimizations were initially 

done at the DFT calculations were done using B3LYP exchange-correlation functional, The 

geometry optimizations were performed with 6-311++G(d,p) basis set 

 

Results and Discussion 

The tautomers studied in the present work are 1, 2, 3 and 4; they are illustrated in Figure 1. 

result of DFT studied in this sector, The significant changes are in the C–O bond distance and 

C–N bond distance. The optimized C(5)–O(6) distance of 1.32626 Å at 6-311++G** in 3 and 

C(5)–O(6) distance of 1.32890 Å at 6-311++G** in 4  is shortened to 1.19689 Å in 1 and 

1.19097 Å in 2 on account of the double bond. The optimized C(2)–N(3) distance of 1.40403 

Å at in 2 and C(2)–N(3) distance of 1.37669 Å in 3 is shortened to 1.28891 Å in 1 and 

1.28846 Å in 4 on account of the double bond.  

The calculated total, Gibbs free energy at 298 K, and The absolute and relative (∆E) energies, 

together at various levels are given Table 2 for the four tautomers. In the calculation of the 

relative energies the energy of 1 was taken as reference. At the DFT calculation it appears that 

1 is the most stable tautomer. The energies stabilities of the various tautomers are also 

maintained at the DFT calculation (1 > 2 > 4 > 3). 

 

Conclusion 

1.The energies stabilities of the various tautomers are also maintained at the DFT calculation 

(1 > 2 > 4 > 3). 

2.The optimized C(2)–N(3) distance of 1.40403 Å at in 2 and C(2)–N(3) distance of 1.37669 

Å in 3 is shortened to 1.28891 Å in 1 and 1.28846 Å in 4 on account of the double bond.  

3.At the DFT calculation it appears that 1 is the most stable tautomer. 
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Introduction 

The aquaporin (AQP) family includes both AQPs that conduct water, but not glycerol, and 

aquaglyceroporins that mediate diffusion of water, glycerol, and certain other small molecules 

in their neutral form across biological membranes. In humans, 13 different AQPs (AQP0-12) 

provide for transport in different tissues, each of which has broad clinical importance [1, 2]. 

Aquaporin 4 is the predominant water channel in the mammalian brain, abundantly expressed 

in the blood-brain and brain cerebrospinal fluid interfaces of glial cells. Its function in 

cerebral water balance has implications in neuropathological disorders, including brain 

edema, stroke, and head injuries [3, 4].  

Besides AQP4, AQP1 and AQP9 are also expressed in the brain [5]; AQP1 is expressed in the 

epithelial cells of the choroid plexus, and has a role in cerebrospinal fluid production, whereas 

AQP4 is localized to the endfeet of astrocytes in contact with the blood vessels of the blood-

brain barrier and in astrocytic processes in contact with synapses [6]. 

 

Computation method 

In this research all of computations have been done  in the level of theory HF with STO-3G, 

3-21G, 6-31G, 6-31G* and 6-31G** basis-sets and distances between His-201 and Arg-216 

amino acids were studied. The radius of gyration was determined after nomination of the best 

distance by the use of survey resultant of basis-sets. 
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Results and discussion 

After survey resultant of  basis-sets and comparison of data was specified that His-201  and  

Arg-216 amino acids have constant  distance in 2.8 Å and its clear in 6-31G** basis-set 

because of  undermost  level of energy(Fig.1). 

By the use of measure of  the radius of gyration resultant in this basis-set and various 

temperatures was determined  that present conduit in aquapoin-4 protein is opened with 

increasing body  temperature and passed water value from conduit will be uncontrollable, 

therefore causes brain edema(Fig.2). 

 

 

Fig.1. Distances between His-201 and Arg-216 amino acids based on basis sets. 
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Fig.2. The radius of gyration based on body temperature. 

References: 

[1]. Rojek A, Praetorius J, Frokiaer J, Nielsen S, Fenton RA (2008) A current view of the 

mammalian aquaglyceroporins. Annu Rev Physiol 70:301–327. 

[2]. King LS,KozonoD, Agre P (2004) From structure to disease: The evolving tale of 

aquaporin biology. Nat Rev Mol Cell Biol 5:687–698. 

[3]. Badaut J, Brunet JF, Regli L (2007) Aquaporins in the brain:Fromaqueduct to ‘‘multi-

duct.’’ Metab Brain Dis 22:251–263. 

[4]. Manley GT, et al. (2000) Aquaporin-4 deletion in mice reduces brain edema after acute 

water intoxication and ischemic stroke. Nat Med 6:159–163. 

[5]. Badaut J, Lasbennes F, Magistretti PJ, Regli L (2002) Aquaporins in Brain: Distribution, 

Physiology, and Pathophysiology. J Cereb Blood Flow Metab 22:367–378. 

[6]. Detmers FJM, et al. (2006) Quaternary ammonium compounds as water channel blockers: 

Specificity, potency, and site of action. J Biol Chem 281:14207–14214. 

  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
424

Study mechanism of catalytic reaction of co2 and H2 in gas phase 

 

Mohammad Haji Malek Kheyli*a, Marjan Alikahib, Majid Monajjemia, Mohsen  Shabanic. 

a Chemistry Department, Islamic Azad University, science & Research Branch, Tehran, Iran 

(Email:Mohammad.Haji@gmail.com) 
bYoung researchers club, Islamic Azad University-Varamin Branch, Iran 
cChemistry Department, Islamic Azad University-Varamin Branch, Iran 

 

 

Introduction 

Emitted carbon dioxide has been implicated as one of the major sources of global warming. 

Therefore the conversion of carbon dioxide into alcohols in an environmentally desirable 

process, making use of an abundant, cheap resource. In this research synthesis of ethanol from 

co2 and H2 was studied on Tio2 (001) surface by the use of DFT methods and its new 

proposition. Carbon dioxide adsorbed chemically on titanium atom and hydrogen atom 

adsorbed on oxygen on Tio2 (001) surface. In this research, a ten step mechanism for ethanol 

synthesis has been suggested corresponding to reported methanol synthesis. 

 

Computation method 

In this research all of computations have been done in the level of theory B3LYP with basis-

sets LanL2DZ for titanium atoms and 6-31G for the rest atoms (H, C, O…). All of seated 

components on the surface optimized and determined transition state structures by the use of 

SCAN method. 

 

Results and discussion  

Suggested Mechanism of ethanol synthesis has been brought in figure 1. 
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 Fig.1.Suggested Mechanism of ethanol synthesis from CO2 and H2 

 

Total energy of titanium oxide, carbon dioxide and hydrogen have been picked out as era in 

figure 2 and relative energy disparate steps of mechanism reaction have been reported. By 

attention to calculated energies for transition states, convert step of adsorbed OCH3 to 

adsorbed CH3 (TS5) got highest level of energy and this value is 144.05 Kcal/mol. Thus it is 

rate-limiting step. 
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Fig.2. Comparison of relative energy disparate steps of mechanism reaction 
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Introduction 

It is straightforward to show that a β-dicarbonyl, with at least one α-hydrogen, can transform 

bidirectionally into two enol forms by keto-enol tautomerism as illustrated in Fig. 1. Involved 

hydroxyl, carbonyl, and alkene functional groups of both enol forms contain six atoms that 

can contribute in a π-electronic resonance conjugation to induce a six-membered ring like 

structure referred to as a chelated ring. The noteworthy aim in ongoing research is to 

crosscheck the effects of different β-substitutions on the stabilities and IHB strengths of the 

two mentioned enol forms. Successive substitution of the CH3 groups of acetylacetone (AA, 

R1=R3=CH3, see Fig. 1) by −C(CH3)3 groups increase the enol content of β-dicarbonyl, that 

confirmed by 1H-NMR spectroscopy studies [1]. These studies indicate that 2,2,6,6-

tetramethyl-3,5-heptanedione (TMHD, R1=R3=C(CH3)3) in the liquid phase is completely in 

the enol form, whereas the enol contents for 5,5-dimethyl-2,4-hexanedione (DMHD, R1=CH3, 

R3=C(CH3)3)  and AA are 94% and 79% [2], respectively. The NMR chemical shifts of the 

enolated protons in these compounds have indicated that substitution of the CH3 groups of 

AA by t-But groups increase the IHB strength.  

Heptane-3,5-dione (hereafter HPD) has two ethyl groups substituted for methyl groups in the 

β-positions of AA. This paper predicts the conformational stabilities, geometrical parameters 

and IHB strength of HPD molecule. Then, the calculated stable conformations, geometrical 

parameters, the IHB energies and 1H-NMR shifts for HPD will be compared with AA, 

DMHD and TMHD results [3]. These comparisons give a clear understanding for the effects 
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of the substitution of the methyl groups of AA, and the t-But groups of DMHD and TMHD, 

by the ethyl groups on the structure and hydrogen bond strength of HPD. 

 

Method of Analysis 

All possible keto and enol conformers of HPD were fully optimized at the B3LYP level of 

Density functional theory (DFT) with 6-31G** basis set, using Gaussian 03W software 

package. The properties of stable cis-enol conformations are also computed at B3LYP level 

with the basis sets of 6-311G** and 6-311++G**. 

 

Results and Discussion    

For HPD, among several cis-enol conformers that are engaged in a six-membered ring 

intramolecular hydrogen bonded system, there are only four E1-E4 stable forms (other forms 

turns to these stable forms). The structures of these conformers, atom numbering of the 

system and their relative stabilities (in kcal/mol) are shown in Fig 2. The relative energies 

clearly suggest that the chelated cis-enol E1 and E2 forms are so stable that the presence of 

other conformers in significant amounts is unlikely. The selected of fully optimized 

geometrical parameters of E1 and E2 conformers of HPD, besides the averaged geometrical 

parameters for HPD, AA, DMHD and TMHD, calculated at the B3LYP/6-311++G** level of 

theory, are given in Table 1. According to the summarized results, especially by comparisons 

of O···O and O···H bond distances, O−H band lengths and OHO bond angles, the following 

trend in hydrogen bond strength is concluded TMHD > DMHD > AA > HPD. These 

calculated data clearly suggest that ethyl substitutions for t-But and even for CH3 groups at β-

position of a β-dicarbonyl decrease the intramolecular hydrogen bond strength. This result is 

in excellent agreement with the experimental NMR chemical shifts of enolated proton 

summarized in Table 2. The averaged IHB energy (EHB) for HPD calculated at B3LYP/6-

311++G** level of theory is 15.73 kcal/mol, compared to 15.34, 15.58 and 16.27 kcal/mol for 

AA, DMHD and TMHD, respectively. This comparison, also confirm the mentioned 

theoretical and experimental results for the effect of ethyl substitution in β-position on IHB 

strength of β-dicarbonyls. 

The enol contents in pure liquid of AA, DMHD and TMHD have been reported to be 79% 

and 94% and 100% respectively [2]. A comparison between these values and the 
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corresponding value for pure liquid of HPD (76%) gives a clear understanding for the 

decreasing effect of substitutions of the methyl groups by the ethyl groups in AA (and also 

substitutions of the t-But groups by the ethyl groups in TMHD) on the enol content of the 

compounds.  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion   

The comparisons of geometries, EHB values, NMR proton chemical shifts and the enol 

contents of HPD with those of AA, DMHD and TMHD indicated a decreasing effect of 

substitutions of methyl and t-But groups by the ethyl groups on the enol content and hydrogen 

bond strength of β-dicarbonyls. 
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Fig 2: The atom numbering, relative stabilities and possible chelated cis-enol tautomers of HPD  

calculated at B3LYP level (a: 6-31g**, b: 6-311g** and c: 6-311++g** basis sets). 

 

Fig. 1: The keto-enol tautomerism leads to two different 

chelated enol forms for β-dicarbonyls. 

Table1: The geometrical parameters and IHB energies for cis-
enol forms, all calculated at B3LYP/6-311++G** level, besides 
proton chemical shifts of HPD, AA, DMHD and TMHD. 

HPD  AA DMHD TMHD
distances(Å) E1 E2 Avg.  Avg. Avg. Avg.
C2–O1 1.245 1.245 1.245  1.249 1.247 1.249 
C2–C3 1.445 1.446 1.445  1.442 1.444 1.443 
C3–C4 1.369 1.369 1.369  1.371 1.372 1.374 
C4–O5 1.328 1.329 1.328  1.324 1.325 1.326 
O5–H6 1.001 1.001 1.001  1.005 1.006 1.008 
O1···H6 1.641 1.640 1.640  1.622 1.608 1.583 
O1···O5 2.548 2.547 2.547  2.537 2.525 2.507 
C2–C8  1.519 1.519 1.519  1.511 1.534 1.541 
C4−C9  1.500 1.503 1.502  1.494 1.501 1.523 ∠O1H6O5 148.4 148.4 148.4  148.8 149.2 150.3 
EHB(kcal/mol) 15.83 15.63 15.73  15.87 16.57 17.90 
δOH(ppm) 15.04  15.34 15.58 16.27 
Enol (%) 76  79 94 100 
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Introduction  

Coordination complexes of transition metals are topic subject of detailed investigation in 

various branches of chemistry [1–4]. An especial interest focuses on chelate complexes of 

such metals as iron, nickel and cobalt with different polydentate ligands. Particular attention 

for these complexes is due to their ability for reversal addition of oxygen. This phenomenon is 

cause to use complexes of the metals in modeling of a breathing process, in developing of 

methods of an industrial oxygen production and applying the complexes as oxygen transfer 

agents in high effective and selective catalysis of various organic substances oxidation. In this 

study structure of Co(II) complexes with various Schiff bases and reactions of their formation 

are researched by means of quantum chemistry. 

 

Calculation methods 

All calculations were performed at the UB3LYP/6-31G** level of theory which is accurate 

enough for the investigation of complexes of the first transition metal row. Vibrational 

frequencies were calculated for all optimized structures to confirm that they were true 

minimums. The entropy and the zero point energy during calculations of Gibbs free energies 

at the 298.15 K were computed with a corresponding scale factor. 

 

Results and Discussion    

Reaction of most stable conformations of the complexes forming by Schemes 1 was 

considered in order to determine their relative stability (Fig. 1). we study the reactions here by 

their modeling under gas-phase conditions. According to calculation data obtained, Co(II) 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
432

Table 1: Structural features of the complexes of cobalt obtained at the UB3LYP/6-31G** level of 

ions with the ligands produce chelate compounds with coordinate number 4 and have close to 

tetrahedral structure. Thus complexes with the central metal ions forming four intramolecular 

bonds were found. Structural parameters of the ligands fragment interacting with the metal are 

presented in Table 1.  

 

 

 
 
 

 

 

 

It has been found, the presence of geometrical strain in compounds CoL1 and CoL3  leads to 

distortion from an ideal tetrahedron (Fig.2). Therefore, the tetrahedral centers in the 

complexes of type CoL2 are most regular in the case of both CoL1 and CoL3. 

 

 

Parameter complexes N3–N4 O1–O2 
N3CoN4 


O1CoO2 


O1CoN3 


O2CoN4 

CoL1 2.89 2.87 106.15 106.40 100.35 102.73 

CoL2 3.16 2.91 116.68 108.69 100.05 103.93 

CoL3 2.61 2.78 92.50 101.71 100.10 103.08 

 

Values of Gibbs free energies and enthalpies of the complex formation at 298.15 K via 

noticed reactions are reported in Table 2. According to calculated Gibbs free energies, the 

complexes formation will proceed spontaneously. Calculation data shows, that the formation 

of the complexes CoL2 is most profitable in the cobalt (II). According to experimental data, 

definite sterical requirement to metal ion is one of the necessary conditions of reversal 

addition of simple gaseous molecule to the initial complexonates. The other important 

condition is high stability of transition-metal chelate complex, and it is known the more stable 

complex is, the more preference of its binding with O2 will take place.  

 

Fig. 1: Schemes of reaction considered of the complexes CoL1–CoL3 formation. 
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Table 2: Enthalpy (in kJ/mol), entropy (in kJ/mol K) and Gibbs free energy (in kJ/mol) of the reactions of cobalt 
complexes formation, at the UB3LYP/6-31G** level of theory 

Ion of metal  
complexes 

ΔH°298 T * 
ΔS°298 

ΔG°298 

CoL1 -43 31 -74 

CoL2 -64 37 -101 

CoL3 -36 29 -65 

 

Conclusion  

By performing calculations at the UB3LYP/6- 31G** level, it has been demonstrated that the 

central fragment of the complexes between N2O2 donor Schiff bases and ions Co(II) has a 

pseudo tetrahedral structure. Results of research show that definite increase of the 

polymethylene chain binding nitrogens of the imine groups leads to growth of stability the 

complexes studied. The formation of seven membered rings seems to be most favorable. 
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Introduction: 

Interaction of organic molecules with iodine has been widely observed in biological systems 

[1] especially in human's thyroid [2]. In this category, imidazoline [3], and related compounds 

like thioimidazoline derivatives [4] are known as iodine absorbent in human's body [5]. 

Methimazole, as a most important member of this group, make powerful complex with iodine. 

This complex can prevent the first step of biosynthesis of thyroid's hormones to prevent 

hyperthyroidism. As a result, each compound with powerful complex with iodine can be used 

as a new drug in this category. By study of structures of previous hyperthyroidism drugs, 1-

methyl-2-thioxoimidazolidin-4-one(T1) was suggested to study of its structure and 

complexation properties to iodine in this research.  

 

Methods: 

In our researches, geometry optimizations and frequency calculations were performed using 

B3LYP method and 6-31+G*, 6-31++G**, 6-31+G(2d,2p) and 6-31++G** basis sets and 

NBO analysis of all tautomers were calculated using B3LYP/6-31++G** level of theory. All 

optimizations, frequency calculations and NBO analyses were carried out using the Gaussian 

03 program package. All results of frequency calculations have been corrected with appropriate 

scaling factor. AIM analyses were performed using AIM200 program. This method has been 

presented useful information about intermolecular interactions and characterization of bonds 

through the analysis of the electron density. 
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In this research, molecular parameters, relative energies and vibrational frequencies of DFT, 

AIM and NBO analysis of 1-methyl-2-thioxoimidazolidin-4-one and tautomers (T1-T5) in 

Interaction with Iodine and its tautomer and the properties of their complexes with iodine have 

been calculated to determine the capability of this molecules in interaction with iodine and 

treatment of hyperthyroidism.  

 

Results and discution: 

Calculated Gibbs free energy values showed that T1 is the most stable tautomer in the gas 

phase. The NBO indicates that the sum of E(2) terms corresponding to the delocalization of N2 

and N4 lone pairs to the NBO acceptors in the thione tautomer is greater than its value in the 

thione tautomer. As mentioned, the experimental results indicate that two T1(thione)-I2 

stereoisomeric complexes can be formed. The S-I distance in the planar complex (3.057)  is 

shorter the perpendicular complex (3.145), Thus, as the I-I bond length increases the S-I 

distance decreases. 

In all methods show that the Gibbs free energy of the planar from is smaller than the 

perpendicular form of the thione tautomer. The result of the NBO analysis indicate that the 

occupation number of the δ*(I-I) antibonding in the planar complex is greater than the 

perpendicular complex. In addition, it is expected that the Lp(s) occupation number in the 

planar complex to be greater than the other complex. It seems that the second factor in the 

stabilizing of the planar complex  with respect to the perpendicular is the interaction between 

S-bonded iodine lone pair with δ*(N-H) antibonding. At the first sight, the results presented 

and discussed above indicate that all levels of theory the thione form of T1 are the preferred 

tautomer in the gas phase. The most stable form of T1-I2 (thione) complex is predicted to the 

planar form in agreement with the experimental results. The NBO analysis reveals that the two 

change transfer interaction, Lp(S)→ δ*(I-I) and Lp(I)→ δ*(N-H), cause that the planar 

complex of T1-I2 to be preferred complex. Aim analysis shows that the charge density and its 

application at the S-I bond critical point of the planar complex are greater than the other 

complex. In addition, a critical point is observed at the NH-bond in the planar complex close to 

the hydrogen atom.  
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Conclution: 

The result presented and discussed above indicate that at all level of theory the thion from of T1 

is the preferred tautomer in the gas phase. The most stable from of T1-I2 (thione) complex in 

the gas phase is predicted to be planar from in agreement with the experimental results. 
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Introduction: 

Phthalocyanine compounds with the formula MPc (Pc.phthalocyaninato anion C32H16A, 

A=H2 or divalent metals) have been widely used as organic dye stuff because of their intense 

absorption of light in the visible and ultraviolet regions, their excellent stability to chemical or 

thermal treatments, and their relatively low cost[1-4]. The most stable structure of MPc has 

been shown to be square planar and to be classified into a D4h point group [5-7]. In the case of 

MH2, the molecular symmetry is reduced to D2h due to two hydrogen atoms in the middle of 

the Pc ring. In a recent book on metal phthalocyanines (MPcs) these compounds were called 

“a gift to molecular physics” because of their unique properties which found so many 

different remarkable applications. More than 70 different elemental ions, can be incorporated 

into the central cavity of Pc and an enormous number of derivatives can be synthesized. In 

spite of all this abundance of data, there are,however, only two papers published so far where 

structures of three MPcs were established in the gas phase. So we have been studied the 

structures of some MPcs (M=Ca2+, Mg2+ )(1)by quantum mechanics theoretically methods. 

 

Computational details: 

All the calculations have been performed using the GAUSSIAN 03 quantum chemical 

package. Method of Hartree-Fock in combination with basis set, 6-31G has been employed in 

searching for the most stable structures. In all the cases, the steady-state nature (minimum on 

the potential energy surface) of the optimized ligands, complexes and cations has been 

confirmed by calculating the corresponding frequencies at the same computational level. All 
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calculations were carried out at gas phase and standard conditions(P=1 atm, T=298.15K). The 

free Gibss energy of complex formation reaction and stability constant have been determined 

as: pK= stability constant 

Pc + M2+   PcM                    G(298) = G(298)(MPc) – [G(298)(M2+) + G(298)(Pc)] 

G (298) = G(298) +RTLnKP         and     G (298)=0      so      G(298) = - RTLnKP          

 

Results and discussion: 

The free Gibbs energy of complexe formation for some phetalocyanine derivatives (pc) with 

Mg2+ and Ca2+ were calculated , then kp was abtained .Table 1 and 2 show results for MgPc 

and CaPc complexes respectively. Kp for MgPc,s are 1020 times larger than CaPc. In the two 

types complexes electron – with drawing Groups(COCH3 , COH, CF3 ,CN )on PC decrease kp 

almost 1050 times.  

Table-1 Thermochemical parameters for magnesium(Mg) complexes obtained from quantum mechanics 
calculations( HF/6-31G) 

Kp ∆G0(Kcal/mol) Y  M2+  

49710 9.5-683.98 H 2 Mg  

2.42-676.30 OH 

46610 1-640.06 COCH3 

45610 7.34-627.51 COH 

44710 3.29-614.67 CF3 

44510 3.6 -611.98 CN 

Table-2 Thermochemical parameters for Calsium(Ca) complexes obtained from quantum mechanics 
calculations 
( HF/6-31G) 

Kp ∆G0(Kcal/mol) Y  M2+ 

38810 4.56-533.84 H   
  
  

Ca2+  

38110 1.6 -523.60 OH 

35610 1.11-489.04 COCH3 

35610 4.95-488.16 COH  

34010 3.23-467.70 CF3 

33810 1.67-464.55  CN 

 
 

 

 

Conclusions:  

49210



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
439

All of studied complexes are formed quantitatively and are very stable so we predicte size of 

cation affects equilibrium, small cation are formed very easily so Bepc complexes are the 

most stable with the largest Kp . The differency between Kp are so that we can separate these 

cations from a mixture.  
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Introduction: 

The cyclic oxocarbons represent an interesting class of compounds. The simplicity of the 

structures and the existence of the electroisomeres tempt one to conclude that there might be 

simple regularities and trends in the properties of these compounds that call for more attention 

to systematization. The structure and bonding of oxocarbons [1–13] have been investigated 

extensively. In the structure of this group of molecules the carbon atoms are attached to 

carbonyl or enolic oxygens or to their hyderated equivalents [14]. There exist two prototypal 

subgroups within the oxocarbon family the oxocarbon dianions (CnOn )-2 and neutral cyclic 

compounds (CnOn) [15]. The main oxocarbon representatives are rhodizonate (n=6), 

croconate (n=5), squarate (n=4) and deltate (n=3). There are extensive literature and reviews 

[16-17] on oxocarbons center on experimental aspects. The complete or partial replacement of 

oxygen in the oxocarbons by analogues substituents, viz. sulfur and selenium or related ones 

leads to a series of compounds that are called ‘pseudooxocarbons’ [18]. We have been studied 

interactions between squarate and its derivatives dianions with metallic cations(group IIA) 

and for resulted complexes structural and thermodynamically properties were obtained. These 

complexes have industrial importance as a candidate of new catalysts and cation separators 

from mixtures. Needless to say, since it is essentially dynamic, only an ab-initio molecular 

dynamics simulation can offer the desirable information about the process of complex 

formation. 
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Computational details:  

All the calculations have been performed using the GAUSSIAN 03 quantum chemical 

package . Method of LSDA in combination with basis set, 6-311+G(d,p) has been employed 

in searching for the most stable structures. In all the cases, the steady-state nature (minimum 

on the potential energy surface) of the optimized complexes and cations and ligands has been 

confirmed by calculating the corresponding frequencies at the same level All calculations 

were carried out at gas phase and standard conditions(P=1 atm, T=298.15K). The  standard 

free Gibss energy of complex formation has been determined as: 

L + M2+  ML  reaction of complex formation 

ΔG0(298) = G(ML) − [G(L ) + G(M2+)] 

ΔG(298) = ΔG0 (298)+ RTLnKp        ΔG (298) = 0        so      ΔG0 = - RTLnKP      KP = e - ΔG0 

/RT 

 

Results and discussion:  

In point of view theory Kp value is in range of zero and infinity.Large value of Kp means 

more stability for complex. Table show all studied complexes are stable. Berelium cation have 

the most stable complexes.  

A M B ∆H (Kcal/mol) ∆G(Kcal/mol) Kp charge 

O  CHNO2 -706.4 -687.6 8.8×10503 0 

 Be+2 C(CN)2 -655.25 -636.94 6.5×10466 0 ״

 N(CH3)2 -469.36 -450.6 2.5×10257 1  ״

 CHNO2 -545.56 -517.8 3.1×10379 0  ״

 Mg+2 C(CN)2 -512.28 -494.75 3.9×10362 0 ״

 N(CH3)2 -341.12 -323.2 7.6×10236 1  ״

 CHNO2 -489.14 -471.2 2.3×10345 0  ״

 Ca+2 C(CN)2 -458.97 -439.44 1.2×10322 0 ״

 

Conclusions:  

As the smallest cation, Be2+ forms complex with squarates quantitatively. Electron 

withdrawing groups(CHNO2, C(CN)2 ) make the complexes more stable and Electron donor 

group inversely becomes all the complexes produced less.  
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Abstract:  

In this study, hybrid of Time–dependent density functional theory (TD-DFT) calculations 

have been carried out for neutral species of the fused selenophene oligomers, denoted by 

Se(x), where x represents the number of selenophene rings in the oligomer, to elucidate the 

electronic structures at ground states. The number of carbon atoms in the fullerenes was used 

as an index to establish a relationship between the structures one dimensional fused oligo-

selenophene derivatives, Se(n) 1-5 as the most well-known redox systems and fullerenes Cn 

(n=60,70,76,82 & 86) which create [Se(x)].Cn (x=1-5). The relationship between the number 

of carbon atoms and the free energies of electron transfer (Get(1) to Get(4)) are assessed using 

the electron transfer equation for the nano supramolecular [Se(x)].Cn (x=1-5) 6-10 complexes. 

Calculations are presented for the four reduction potentials (Red.E1 to Red.E4) of fullerenes Cn. 

The results were used to calculate the four free-energies of electron transfer (Get(1) to Get(4)) 

of the supramolecular complexes [Se(x)].Cn (x=1-5) for fullerenes C60 to C300. The first to 

forth free activation energies of electron transfer and kinetic rate constants of the electron 

transfers, G#
et(n) (Get(1)

# to Get(4)
#) and ket (n=1-4), respectively, were also calculated in this 

study for the nano supramolecular complexes in accordance with the Marcus theory. 

 
Keywords: Fullerenes; One dimensional fused oligo-selenophenes; Free energy of electron 

transfer; Electron transfer properties; Activated free energies of electron transfer; Kinetic 

constant of electron transfer; Marcus Theory; Molecular modeling. 

 
Introduction: 
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     Polyselenophenes are one-dimensional π-conjugated polymers that are utilized as 

conducting materials and field effect transistors [1,2]. Also, oligo-five-membered ring 

compounds have a possibility for application to high-performance molecular devices such as 

photocurrent multipliers and organic semiconductors [3]. However, the problem of chemical 

stability still remains. In fact, only octamers are known to have large oligoselrnophenes with 

no side chains. To develop a stable compound composed of heterocyclic five membered rings, 

several modified oligomers have been synthesized and their electronic properties have been 

systematically investigated. This study elaborates upon the relationship between the number 

of carbon atoms and the four free energies of electron transfer (Get(1) to Get(4)) of fullerenes 

Cn (n=60, 70, 76, 82 and 86) with Se(x), 1-5, on the basis of the four reduction potentials 

(Red.E1 to Red.E4) of the fullerenes, as assessed by applying the electron transfer equation to 

create [Se(x)].Cn (x=1-5) 6-10. The results were extended to calculate the four free energies of 

electron transfer (Get(1) to Get(4)) of other supramolecular complexes of Se(x) 1-5 as a class 

of electron-transfer radicals, with fullerenes C60 to C300 ([Se(x)].Cn (n=1-5), supramlecular 

complexes.[4-6]  

 

C60   C70   C76   C82   C86

Se

X

[Se(x)].Cn 

(x=1-5; n=60,70,76,82 and 86)

 

 

Calculations Methods and Discussion: 

All of the calculations were carried out at the hybrid of Time–dependent density functional 

theory (TD-DFT) method at B3LYP/6-311G++(p,d) level of theory. Fused selenophene 

oligomers [Se(x)] (x=1-5) were examined. First, the initial geometries of neutral fused 

selenophene oligomers [Se(x)] were determined. Using the optimized geometries of neutral 

molecules species of Se(x) were further optimized at the B3LYP/6-311G++(p,d) levels of 

theory. All mathematical and graphing operations were performed using MATLAB-

7.4.0(R2007a) and Microsoft Office Excel-2003 programs.  Using the number of carbon atoms 

contained within the Cn fullerenes, several valuable properties of the fullerenes can be 

calculated. The values were used to calculate the four free energies of electron transfer 
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(Get(1) to Get(4)), according to the electron transfer (ET) equation for [Se(x)].Cn (x=1-5; 

n=60,70,76,82 & 86) supramlecular nano complexes. In this study were calculated the four 

free energies of electron transfer (Get(1) to Get(4)) of [Se(x)].Cn (x=1-5). The study also 

calculated the first to fourth activate free energies of electron transfer and kinetic rate 

constants of the electron transfers, G#
et(n) and ket (n=1-4), respectively, as assessed using the 

Marcus theory and the equations on the basis of the first to fourth reduction potentials (Red.E1 

to Red.E4) of fullerenes Cn (n=60, 70, 76, 82 and 86) for the predicted supramolecular 

complexes [Se(x)].Cn (x=1-5) nano supramlecular complexes. 
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Abstract:  

The octanol-water partition coefficient (Kow) is a measure of the equilibrium concentration of 

a compound between octanol and water that indicates the potential for partitioning in to soil 

organic matter (i.e., a high Kow indicates a compound which will preferentially partition into 

soil organic matter rather than water). Biodegradation (TBd) is another useful and important 

factors in chemical and biochemical studies. Graph theory is a sub discipline of mathematics 

that is closely related to both topology and combinatory concepts. Here, was used the number 

of sulfur atoms (Sx; x=1-10) of the one dimensional fused oligo-thiophenes 1-10 for 

molecular description of structure-property relationship studies for the logarithm of calculated 

Octanol-Water partitioning coefficients, total biodegradation, lethal concentration and water 

solubility in 25ºC (logKow, TBd (mol/h and gr/h), LC50 and Sw, respectively) in one 

dimensional fused oligo-thiophenes 1-10.  

 

Keywords: Molecular topology; QSAR; Octanol-Water partitioning coefficient; 

Biodegradation; LC50, Water solubility; One dimensional fused Oligo-Thiophenes. 

 

Introduction: 

One of the main one-dimensional π-conjugated polymers are polythiophenes that they 

have been utilized as conducting materials and field effect transistors [1,2]. Also, oligo-five-

membered ring compounds have a possibility for application to high-performance molecular 

devices such as photocurrent multipliers and organic semiconductors [3]. However, the 

property of chemical stability is one of the important problems of this group of oligomers (1-
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10). To develop a stable compound composed of heterocyclic five membered rings, several 

modified oligomers have been synthesized and their electronic properties have been 

systematically investigated. So, it is important to investigate some of the main 

environmentally factors of the one dimensional fused oligo-thiophenes 1-10. This study 

elaborates upon the relationship between the number of sulfur atoms (Sx; x=1-10) and four 

selected biophysical and chemical data, i.e. logKow, TBd (mol/h and gr/h), LC50 and Sw.[4]      

 

Discussions:  

        The octanol-water partition coefficient (Kow) is a measure of the equilibrium 

concentration of a compound between octanol and water that indicates the potential for 

partitioning in to soil organic matter. This coefficient is inversely related to the solubility of a 

compound in water. The logKow is used in models to estimate plant and soil invertebrate 

bioaccumulation factors. The logKow is commonly used in QSAR studies and drug design, 

since this property is related to drug absorption, bioavailability, metabolism, and toxicity. 

Biodegradation is usually quantified by incubating a chemical compound in presence of a 

degrader, and measuring some factors like oxygen or production of CO2. An LC50 value is the 

concentration of a material in air that will kill 50% of the test subjects (animals, typically 

mice or rats) when administered as a single exposure (typically 1 or 4 hours). The water 

solubility (Sw, mg.L-1/25ºC) factor were measured and calculated for compounds 1-10 as well. 

[4]  

S

X

X=1-10

S

S

S

S

S

One dimensional fused oligo-thiophene-S5 

In this study, have been calculated and studied the relationships the number of sulfur atoms 

(Sx; x=1-10) of one dimensional fused oligo-thiophenes 1-10 as a molecular descriptor and 

the structureal-properties as: the logarithm of calculated Octanol-Water partitioning 

coefficients, total biodegradation, lethal concentration and water solubility in 25ºC (logKow, 

TBd (mol/h and gr/h), LC50 and Sw, respectively) in one dimensional fused oligo-thiophenes 1-

10. There were good agreements between the above data. By using the Equations of this 
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model, it is possible to calculate the values of logKow, TBd (mol/h and gr/h), LC50 and Sw for 

this class of important compounds. 
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Abstract:  

Using a combination of the Time-dependent(TD) density functional theory(DFT) and the 

polarizable continuum model,we have investigated the UV-Visible spectra of poly fused 

selenophene(n) oligomer,where (n=1-5) represented the number of selenophene rings in the 

oligomer.We have used the Gassian 03 package of programs to perform the geometry 

optimization,vibrational analysis and excited stat evaluation for the full set of fused 

selenophene(n) oligomer.The level theory and basis set  have been applied in this work are 

B3LYP and 6-311++G(d,p).The topology of the frontier orbitals can be correlated to the 

evolution of the λmax.Indeed,adding more fused rings mostly modifies the LUMO.Whereas 

changing the nature of the reactive rings implies stronger HOMO variations. 

 

Keywords: poly Selenophene,λmax,Gaussian03,UV-Visible,Density-functional theory 

 

Introduction:   

Highly conjugated polymers, such as poly-diacetylene and poly(p-phenylene), have been 

widely used as semiconductor, electroluminescent (EL), and photoconductive materials. 

Thisoriginates from the π-electron system delocalized widely along a one-dimensional 

polymer chain.Polyselenophene and its related compounds have attracted considerable 

attention over the past decade in view of their potential applications in electronic and 

optoelectronic devices. 
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(Figure-1):poly-fused selenophene (n=3) 

Polyselenophenes are one-dimensional π-conjugated polymers that are utilized as conducting 

materials and field effect transistors. Also, oligo-five-membered ring compounds have a 

possibility for application to high-performance molecular devices such as photocurrent 

multipliers and organic semiconductors. However, the problem of chemical stability still 

remains.  

 

Results and Discussion: 

We have used the Gaussian 03 package of programs,with level theory and basis set,B3LYP 

and 6-311++G(d,p) respectively, to calculate λmax  of poly oligomer selenophene(n),where n 

represented the number of selenophene rings.The experimental λmax  of selenophene ring  has 

been reported 225 nm,whereas the λmax  has been calculated for this compound,is 255nm. 

 

(Table -1) comparison the number of selenophene fused rings V.S λmax. 

n 1 2 3 4 5 

λmax(cal) 234.40 289.81 307.61 367.16 401.40 

λmax(exp) 255 - - - - 
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(Diagram-1) The energy of LUMO-HOMO gap V.S number of selenophene fused rings. 

 

Conclusions:  

From the present calculations, we have investigated some of the spectroscopic parameters, i.e. 

the longest wavelength of maximal absorption( λmax) and the energy of LUMO-HOMO gap of 

selenophene fused rings by using level theory and basis set B3LYP  and 6-311++G(d,p) 

respectively. 
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Introduction: 

These days Ecstacy is an Amphetamine derivative called MDMA (Methylene Dioxy 

Methamphetamine) , the use of Amphetamine –like drugs is spread by addicts. Frequent 

consumption of these drugs can disturb the normal function in the human body. The use of 

Amphetamine and Amphetamine-like drugs is contraindicated in patients with narrow-angle 

glaucoma or anatomically narrow angles. They elevate cardiac output and blood pressure 

making them dangerous for use by patients with a history of heart disease or hypertension. 

Amphetamine and other Amphetamine-type overdoses are rarely fatal but can lead to a 

number of different symptoms, including psychosis, chest pain, hypertension, and produce 

losses in several markers of brain dopamine and serotonin neurons. [1]  

In this work because of the importance of these drug’s overdoses, the nanotube ability in 

omission of them is investigated. 

 

Computational method: 

All of the calculations are carried out by a pc computer which has Intel(R) Pentium(R) Dual 

CPU with 2 GB RAM. At first a nanotube including 60 C atoms (6,6) is formed by Nanotube 

Modeler Package. [2] Then this nanotube is optimized by GaussView [3] and Gaussian03 [4] 

softwares by DFT/B3LYP method and 6-31G basis set (fig. 1). The selected drugs are made 

by GaussView and optimized by Gaussian03 by B3LYP/6-31G method [5] (fig. 2- 4). Then 

the composites between nanotube and Amphetamine /Metamphetamine/ Ecstacy are formed 

and optimized by B3LYP/6-31G method (Fig. 5-7). For optimized molecules hybridations, 

Bond angles and bond lengths are calculated. After optimization of composites, the single 

point energies are obtained by B3LYP/6-311++G** method. Delocalization of electron 

density between the filled (bonding or lone pair) Lewis type NBOS and empty (antibonding 
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and Rydberg) non-Lewis NBOS are calculated by NBO (Natural Bond Orbital) analyzing by 

B3LYP/6-31G level. [6]   

                                    
                   
            Fig. 1. Nanotube (6,6)                          Fig. 2. Ecstacy                               Fig. 3. Methamphetamine 
 
                           

             
                                    Fig. 3. Amphetamine                                           Fig. 4. Nanotube - Ecstacy (composite 1)  
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             Fig. 6. Nanotube - Amphetamine (composite 2)             Fig. 7. Nanotube - Methamphetamine (composite 
3) 
 
 

Result and discussion: 

The obtained relative energies and relative single point energies are shown in Table 1 
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Table 1.  Obtained  
relative energies and relative single point energies by B3LYP/6-31G and B3LYP/6-311++G**,respectively 

 

As it can be seen the composites between drugs and nanotube are more stable than the single 

agents. By evaluating the energy of the reactions (1: Ecstacy + nanotube → composite 1, 2: 

Methamphetamine + nanotube → composite 2, 3: Amphetamine + nanotube → composite3), 

it is clear that these reactions are exothermic reactions (∆E1= -1839314.2283 kcalmol-1 , ∆E2= 

- 1957570.0435 kcalmol-1 and ∆E3= - 1982228.4855 kcalmol-1). 

The hybrid values, bond lengths and angles are shown in table 2. 

 
 

Table 2. Obtained parameters calculated by DFT 
 

It is obvious that the C18 hybrid is almost the same in three composites but N hybrid for 

Nanotube-Ecstacy composite is different from the others. The results show that by increasing 

the p orbital share in hybridation, the bond length increases too. So this hybrid can affect on 

bond angle, too. As it can be seen the charges of N and C in Nanotube-Amphetamin is 

different from the others. It can be because of presence of methyl group in Methamphetamine 

and Ecstacy. In Nanotube- Amphetamin because of absence of methyl group, electron affinity 

of nitrogen causes some pressure on C of Nanotube and causes it to be more positive. So the 

N becomes more negative. But in Methamphetamine and Ecstacy presence of methyl group 

cause N pressure on C to become less. 

 
 
 

Agent Energy/kcalmol-1 Single point energy/kcalmol-1 
Ecstacy 1442737.2615 1442534.7509 

Nanotube 480788.891 480454.584 
Nanotube - Ecstacy 0 -795.6238 
Methamphetamine 1560993.0767 1560865.6548 

Nanotube -  MethAmphetamine 118261.2843 117528.2943 
Amphetamine 1585651.5187 1585547.5876 

Nanotube - Amphetamine 142910.2929 142189.6451 

 

Agent 
C18 

Hybrid 
N 

Hybrid 
C18-N bond 

length/ۯሶ  C19-C18-N 
bond angle 

C18 Mulliken 
Charge 

N Mulliken 
Charge 

Nanotube -  
Ecstacy 

SP2.48 SP1.92 1.507 123.37 0.2778 -0.5700 

Nanotube -
Methamphetamine 

SP2.49 SP1.69 1.417 122.56 0.2401 -0.5717 

Nanotube -
Amphetamine 

SP2.48 SP1.69 1.387 123.23 0.3287 -0.7154 
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The NBO parameters are shown in table 3. 

 
Table 3. The second-order perturbation energy E2 (Donor - Acceptor ) calculated at B3LYP /6-31G level 

 
Delocalization of electron density between the filled (bonding or lone- pair) Lewis type 

NBOS and empty (antibonding and Rydberg) non-Lewis NBOS are lead to loss of occupancy 

from the localized NBOS of the idealized Lewis structure into the empty non-Lewis orbitals. 

For each donor NBO and acceptor NBO the stabilization energy (E2) is presented as the 

second-order perturbation interaction energy (E2). [7-9] 

These results show the hyperconjugation between the nitrogen lone pairs or orbitals as donors 

and some   כߪ  or πכ orbitals as acceptors can occure. The most important transfer in all three 

composites is LPNπCଵ଼ିଶସכ  , which has the highest energy and can make the structures more 

stable than single agents. 

 

Conclusion: 

The results show the composites between drugs and Nanotube are more stable than the single 

agents. The difference in hybridization of C and N atoms can cause to a difference between 

bond lengths, angles and charges. From NBO calculating some donor atoms (LPN) can 

transfer electron to accepter atoms (כߪ  or πכ in carbon of Nanotube) and so the composites 

become more stable. So because of the formation of stable composites between Nanotubes 

and Ecstacy-like drugs, Nanotubes can be used for omission of these drugs in overdose cases.  
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Nanotube - Ecstacy Nanotube - Amphetamine Nanotube - Methamphetamine 
 

Donor ՜Acceptor 
E2/ 

kcalmol-1 
 

Donor ՜Acceptor 
E2/ 

kcalmol-1 
 

Donor ՜Acceptor 
E2/ 

kcalmol-1 ߪଵ଼ିே ՜ ߪ ଵ଼ିேߪ ଵ଼ିଵଽ 2.18כ ՜ ߪ ଵ଼ିேߪ ଵ଼ିଵଽ 1.29כ ՜ ߪ ଵ଼ିேߪ ଵ଼ିଵଽ 1.21כ ՜ ߪ ଵ଼ିேߪ ଵ଼ିଶସ 1.18כ ՜ ߪ ଵ଼ିேߪ ଵ଼ିଶସ 2.38כ ՜ ߪ ଵ଼ିேߪ ଵ଼ିଶସ 2.14כ ՜ ߪ ଵ଼ିேߪ ଵଽିଶଵ 1.57כ ՜ ߪ ଵ଼ିேߪ ଵଽିଶଵ 1.11כ ՜ ߪ ଵ଼ିேߪ ଵଽିଶଵ 1.23כ ՜ ߪ ଵ଼ିேߪ ଶସିଶ 1.06כ ՜ ߪ ଵ଼ିேߪ ଶସିଶ 1.49כ ՜ ߪ ଶସିଶ 1.64 LPሺ1ሻNכ ՜ π Cଵ଼ିCଶସ 23.89 LPሺ1ሻNכ ՜ π Cଵ଼ିCଶସ 40.64 LPሺ1ሻNכ ՜ π Cଵ଼ିCଶସ 15.42 LPሺ1ሻNכ ՜ σ Cଵ଼ିCଶସ 3.21 LPሺ1ሻNכ ՜ σ Cଵ଼ିCଶସ 1.72 LPሺ1ሻNכ ՜ σ  Cଵ଼ିCଶସ 5.00כ
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Introduction 

It is well known that the stereoelectronic interactions could play an important role on the 

conformational properties of hetero- cyclic compounds. The most dominant conformation-

con- trolling factor in carbohydrate compounds is known as anomeric effect (AE). It should 

be noted that the AE is in favour of the axial conformation of a six-membered saturated ring 

in opposition to the steric effect which normally leads to a preference for the equatorial 

conformation. In this context, there is a stereoelectronic preference for conformations in 

which the best donor lone pair is antiperiplanar to the best acceptor bond. Praly and Lemieux 

have stressed that the AE must be considered as the difference be- tween the sum of the endo- 

and exo-Anomeric Effects (e.g. endo-AE and exo-AE) in the equatorial conformer and the 

same sum for theaxial conformer. Also, they have suggested that there is noendo-AE in the 

equatorial conformer, therefore, it is exclusivelystabilized by exo-AE interactions. 

 
Anomeric Effect=(exo - AEeq) - ( exo - AEax + endo - AEax) 
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Methods: 

NBO analysis, ab initio molecular orbital (MO: MP2/6-311+G**//HF/6-311+G**) and hybrid-

density functional theory (hybrid-DFT: B3LYP/6-311+G**//HF/6-311+G**) based methods 

were used to study the anomeric effects (AE) on the stability of the cis- and trans-

stereoisomers of 1,4,5,8-tetraoxadecalin (1), 1,4,5,8-tetrathiadecalin (2) and 1,4,5,8-

tetraselenadecalin (3).  

 

Results and discussion 

The B3LYP/6-311+G**//HF/6-311+G** results revealed that the cis-stereoisomers of 

compounds 1–3 are more stable than their trans-stereoisomers by about 4.26, 1.03 and 0.70 

kcal mol 1 , respectively. Also, the cis-stereoisomers of compounds 1–3 are more stable than 

their trans-stereoisomers by about 4.18, 2.11 and 01.18 kcal mol-1, respectively, as calculated 

at the MP2/6-311+G**//HF/6-311+G** level of theory. In addition, HF/6-311+G**//HF/6- 

311+G** results revealed that the Gibbs free energy difference (Gcis _ Gtrans) values (e.g. 

GFEDcis–trans) between the cis- and trans-stereoisomers decrease from compound 1 to 

compound 3. On the other hand, the NBO analysis of donor–acceptor (bond-antibond) 

interactions revealed that the anomeric effects (AE) for compounds 1–3 are -22.08, -17.84 and 

-13.22 kcal mol 1 , respectively. The decrease of the AE could fairly explain the decrease of 

the GFEDcis–trans from compound 1 to compound 3. On the other hand, the decrease of the 

donor–acceptor interactions associated with LPaxM1→  *C9–O8 electronic delocalizations 

could fairly explain the increase of occupancies of LPaxM1 non-bonding orbitals and the 
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decrease of occupancies of  *C9–O8 anti-bonding orbitals from the cis-stereoisomers of 

compound 1 to compound 3. 
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Introduction 

Nucleic acids are polymer molecules composed of two kinds of bases , purine , and 

pyrimidine [1].  Tautomerism as one of the possible mechanism of mutation in DNA , has 

extended area for  studies[2]. Tautomerism of nitrogen heterocycles has long been associated 

in molecular biology with the natural purines and pyrimidines, and the presumed role of their 

rare tautomeric forms in spontaneous  mutagenesis. 5-flucytosine [FC] that uses as antifungal 

agent is an antifungal agent used for the treatment of severe fungal. The 19F NMR analysis of 

biofluids shows two compounds involving a direct metabolism of 5-FC were found that one 

of them is 6-Hydroxy-5- Flucytosine (OHFC) [3]. In the present work, optimized geometries 

of 17 possible tautomers of The (OHFC) will be studied with the DFT quantum calcutaions at 

the 6-31G** basis set level. According to The presence of 17 possible tautomers and 30 

tautomeric equilibria we will investigate  the effect of temperature on constant euilibria of 

tautomeric equilibria in CN  model. 

 

Computational methods  

In this paper for determinating of optimized geometries and energy of different tautomers of 

OHFC, quantum calculations at B3LYP level were used with the 6-31G** basis set. The 

thermodynamic properties and the effect of changes of  temperature (298°K-398°K) on 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
462

tautomeric equilibria of OHFC were obtained by using of the frequency calculations. All 

calculations were carried out by using Gussian 98. 

 

Results and discussion  

The 6-31G**optimized geometries and tautomeric equilibria process of OHFC are shown in 

fig.1. 

According to that atom (H) is moving between which two atoms,we considered structural 

models of 

CO,CN,NN,NO that order of these models is given in Table1. One of  study that we 

performed, is   

investigation of effect of temperature on equilibrium constant (Keq) of equilibria. For this 

studying, we change temperature of  reaction from 298  K to 398 . Here we only discusse 

about this effect  

 on CN (methyl imine- vinyl amine case) model. 

The calculations were performed at B3LYP/6-31G** level. Through these changes of 

temperature on equilibria with assumption of that  is constant we can apply Log k ൌି∆H°ଶ/ଷଷR ଵT  c (Eq.1) and investigate changing of lnK with temperature for CN model (Fig.3) . 

According to the data  of K eq  that obtained with use of   ∆ܩ° ൌ െܴܶܭ ݊ܮ (Eq.2 ) we can say 

that ,T3 and T25 are endothermic process ,as temperature increase, value of  equilibrium 

constant increase .In the reminder reactions (T7,T17,T22) that are exothermic , as temperature 

increases, value of equilibrium constant  of that reaction decreaces (Fig.3). 
 

Table 1:Tautomeric equilibria based 

onStructura models (CO,CN,NO,NN) 

 

 

 

 

 

 

CO CN NO NN  
T5 T3 T1 T16 T8 
T12 T7 T2 T18 T9 
T13 T17 T23 T19 T26 
T14 T22 T4 T20 T28 
T15 T25 T6 T21 T30 
  T10 T24  
  T11 T27  
  T29   
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Fig.3.Effect of tempeeature on equilibria of CN model. 

 

conclusion :  

In this study we consider different structural models and focus on effect of temperature on CN 

structural model.For the considered reactions, temperature of considered reactions become 

decisive factor for thermodynamic conditions. For exothermic reactions(T17,T7,T22) with 

negative variation  of  enthalpy , condition that  will be satisfied at lower 

temperature.In endothermic is shown that increase of temperature causes increase of 

equilibrium constant of the reaction, as a result of equilibrium state proceeding in direction of 

products formation.For the exothermic reactions ,it is shown that increase in temperature 

corresponding in decrease of equilibrium constant values as result of proceeding of reactions 

in direction of the reactant formation.In endothermic reaction with positive variation in 

enthoropy, in case of  proceeding of  reactions occurs in direction of the product 

formation. 
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Abstract  

Three stable geometric configurations of C4H4Y (Y=O, S)---CH3Li complexes were obtained 

by complete optimization at B3LYP/6-311++G** and MP2/6-311++G** levels. C4H4O---

CH3Li system has two stable configurations (complexes I and II), but C4H4S---CH3Li system 

has only one stable configuration (complex III). The calculations showed that all the C10—

Li14 bond lengths increased obviously but the blue-shift of C10—Li14 stretching frequency 

occurred after formed complexes. Zero-point vibrational energy corrections of complexes 

I―III is −45.757, −35.700 and −39.107 kJ·mol−1, respectively. The analyses on the 

combining interaction with the atom-in-molecules theory (AIM) also showed that a relatively 

strong lithium bond interaction presented in furan homologues C4H4Y---LiCH3 systems. 

Natural bond orbital theory (NBO) analysis has been performed, and the results revealed that 

the complex I is formed with n-σ type lithium bond interaction between C4H4O and LiCH3, 

complex II is formed with π-s type lithium bond interaction between C4H4O and LiCH3, and 

complex III is formed with π-s and n-s type lithium bond interactions between C4H4S and 

LiCH3, respectively. 

 

Keywords  :  DFT-B3LYP, C4H4Y---LiCH3 lithium bond complexes, NBO 
 

Introduction  

Intermolecular interaction plays an important role in the fields of physics, biology, chemistry 

and materials science. It has captured the interest of chemists for a long time and reports about 

its theory and experiment have been well represented [1]. It has been found that a lot of 

physical and chemical phenomena are closely related to the intermolecular weak interactions 

including hydrogen bond [2], π-cation, halogen bond, lithium Bond [3], etc. To date, lithium-

bond has been identified in a variety of systems and the concept of lithium-bond has become 
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important in many fields. However, studies on lithium-bond interaction are relatively rare. So, 

we are interested in if there is any lithium bond interaction between furan homologues C4H4Y 

(Y=O, S), the lithium-bond acceptors, and CH3-Li, the lithiumbond donors, and how the 

interaction takes place. Thus, given the absence of both experimental and theoretical studies 

on the lithium-bond interactions of furan homologues with CH3Li, the present study reports 

the results of a high-level theoretical study on the nature of the mentioned interactions. 

Herein, we optimized the geometries of C4H4Y (Y=O, S)---LiCH3 system on the potential 

surface with B3LYP calculation.  

 

Methods 

Previous studies have proved that the theoretical calculation of hydrogen bond system must 

include electronic correlation energy. MP2 and B3LPY both include the calculation of 

correlation energy. MP2 could investigate all intermolecular interaction energy, including 

electrostatic energy, induced energy and dispersion energy. On the contrary, in B3LPY 

method, the calculation of interaction energy does not completely include dispersion energy 

and stabilization energy may also be underestimated. But B3LPY method has been proved 

reliable during the geometry optimization and transition state calculation [4]. Therefore, we 

adopt the 6-311++G** basis set for all atoms. 

 

Results and Discussion                                                                                                                                       

All possible geometric configurations on the potential surface of monomers and C4H4Y 

(Y=O, S)---LiCH3 complexes were optimized at the B3LYP/6-311++G** level. Two 

configurations of C4H4O---LiCH3 were obtained, but only one configuration of C4H4S---

LiCH3 was obtained. According to the frequency analysis, no imaginary frequency occurs in 

all configurations and they are stable state points. The optimized geometries are shown in 

Figure 1. Configurations I―III all have C1 symmetry. The interaction strength between 

monomers could be clarified according to second-order stabilization energy (Eij (2)) obtained 

from the NBO analysis. As NBO theory indicates, the larger the stabilization energy Eij (2) is, 

the stronger the interaction of donor and acceptor orbits will be [5]. In other words, the donor 

electrons are easier to transfer to the acceptor orbits. In the 3 complexes, the CH3Li moieties 

can be seen as the electron acceptor, and the C4H4Y (Y=O, S) moieties can be seen as the 

electron donors. 
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Figure 1. The optimized geometries of various species calculated at the B3LYP/6-311++G** level. 
 

Conclusion  

The accurate binding energy ΔECP+ZPE, which was corrected with CP correction method 

and zero-point vibrational energy correction at the MP2/6-311++G** level, of the three 

complexes was −45.757, −35.700 and −39.107 kJ·mol−1, respectively. On the basis of the 

NBO analysis, we confirmed that complex I was formed with n-σ type lithium bond 

interaction between C4H4O and CH3Li, in which the furan ring offers its lone-pair electron 

(LP1(O5)) to the σ*(C10—Li14) orbit, and the concomitances of charge transference from 

furan ring to CH3Li occurred. For complex II, there was formed π-s type lithium bond 

interaction between C4H4O and LiCH3, in which the furan ring offers its π electrons to the 

empty 2s orbit of lithium atom. For complex III (C4H4S---CH3Li system), π-s and n-s type 

lithium bond interactions coexist, in which the thiophene ring offers its lone-pair electrons 

(LP1(S5) and LP2(S5)) and its π electrons to the empty 2s orbit of lithium atom, the 

concomitances of charge transference from thiophene ring to CH3Li take place. AIM analysis 

showed that a relatively strong lithium bond interaction presented unquestionably in furan 

homologues C4H4Y (Y=O, S)---CH3Li systems. 
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Introduction 

Heterocyclic tautomerism has been studied extensively for the past two decades due to its 

biological importance and highly solvent-dependent nature. 2-Aminothiazoles are able to 

tautomerize and can exist in either amino- or imino-form. Recently, molecular orbital 

calculations were performed on 2-, 4- and 5- aminothiazoles using different calculation levels 

in order to study the 1,3-hydrogen transfer between the amino group and the endocyclic 

nitrogen atom or carbon atom at position five [1]. In this work, the synthesis of a phosphonic 

diamide containing the 2-aminothiazole moiety is described and structural and conformational 

properties are analyzed. 
 

Methods  

N,N' bis(2-thiazolyl) phenylphosphonic diamide was prepared by treating chloroform 

solutions of 2-aminothiazole and phenylphosphonic dichloride using a 2:1 M ratio in the 

presence of triethylamine as a Lewis base catalyst. All quantum chemical calculations were 

performed with the GAUSSIAN 98 program package [2]. Structural and conformational 

properties are analyzed using a combined approach involving crystallographic data and 

theoretical calculations at the B3LYP and MP2 (with 6-311++G(3df,2p) and CBSB7 basis 

sets) level of approximations. 

 

Results and Disscussion 

The crystalline solid consist of the imine tautomer – with the tautomeric proton attached to the 

endocyclic nitrogen atom –, and the dihedral angles around the Nexo−C bonds amount 5.5(2) 

and 10.9(2)° – with the phosphorous on the same side of the endocyclic sulfur atoms. The 

B3LYP method computes a mixed structure with non-equivalent thiazole rings in which one 
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of endocyclic nitrogen atom in the thiazole ring is protonated, while the other thiazole group 

is deprotonated as the most stable form for the gas phase molecule. The two conformations 

(named as A and B in the molecular structures showed in Table 1) of the amine and imine 

tautomers are computed to be also stable forms, located at 1.09 (amine_A) and 2.44 kcal/mol 

(imine_A) higher in energy than the imine/amine form, respectively, at the B3LYP/CBSB7 

level. The order of the computed stability exhibits little effect on the basis sets. However, a 

different description is obtained by applying the MP2 method: a drastic change is obtained in 

the relative stability values. In this case the most stable tautomer corresponds to the amine 

form. The structure with only one thiazole ring protonated has intermediate energy values, i.e. 

ca. 4.6 kcal/mol at the same level of calculation. 

 

Table 1. Relative energies (kcal/mol) calculated at the B3LYP and MP2 methods for plausible tautomers of N,N´ 
bis(2-thiazolyl) phenylphosphonic diamide in different conformations. 

Form Molecular structure 

B3LYP MP2 

6-31+G* 
6-

311++G** 
CBSB7 

6-
311++G** 

CBSB7 

Imine_A 
 

3.11 2.87 2.44 13.10 11.58 

Imine_B 

 

4.89 4.62 4.55 14.98 12.62 

Imine/amine 

 

0.00 0.00 0.00 5.11 4.57 

Amine_A 

 

0.58 0.68 1.09 0.00 0.00 

Amine_B 

 

1.12 0.92 1.49 2.00 1.42 
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Conclusions 

The crystalline solid consist of the imine tautomer and the B3LYP method computes a mixed 

structure with non-equivalent thiazole rings as the most stable form for the gas phase 

molecule. 
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Introduction:  

Zeolites are inorganic crystalline solids with small pores (1-20 Å diameter) running 

throughout the solid[1]. They are aluminosilicate framework structures made from corner 

sharing SiO4 and AlO4 tetrahedra. The general formula of zeolite is Ma
n+ [SixAlyOz]. mH2O 

where Ma 
n+ are extraframework cations; [SixAlyOz] is the zeolite framework; and mH2O are 

absorbed water molecules or Mm/z.mAlO2.nSiO2 .qH2O which Z is metal charge. About 40 

natural zeolites and more than 150 zeolites have been synthesized. Natural and synthetic 

zeolites are used commercially because of their unique useful characteristics, such as uniform 

intrinsic pore diameter, surface charge, ion exchange, adsorption and separation capability[2], 

opening the door to a wide range of applications in various industries as agricultural 

projects[3], forestry, livestock and marine, environmental conservation, civil engineering , 

public health, desert greening , urban development, brewing, pharmaceutical , cosmetic , 

paper, rubber and food.  Zeolites act as magnets drawing toxins to them, capturing them in 

their cage and removing them from the body. They �act to reduce health risks[4], as a potent 

antioxidant, � balancing bodily pH levels, act to chelate and remove allergens, heavy metals 

and other carcinogens from the body, and stabilize and regulate immune system. 

Computational prediction of adsorption of some molecules in porous materials has great 

impact on the basic and applied research in chemical engineering and material sciences[5]. In 

this research , the role of water in stability of zeolites has been showed. 

 

Methods:  

In this work, we report an approach based on DFT and show that water molecules cause 

stability of zeolites. HF and B3LYP confirm  tendency of zeolites to absorb more molecules 
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of water. we consider a part of cancrinit zeolite as a macromolecule, 

Na6[(AlO2)6(SiO2)6].nH2O.  

 

Results and Discussion :  

Because of studying a part of a large molecule as a symbolic representation, in order to 

perfect of oxygen capacity , they link to hydrogen and because of no access of suitable pore 

for cations in the small part of the macromolecule to neutralize negative charge, we use H+ 

and join it to the certain bridge oxygen between Al and Si. When we set one or more 

molecules of water inside the zeolite, it is attached to system via hydrogen bond. We base the 

zeolite without any water(Z) and give it zero energy and express  the energy of others(zeolites 

with one to four water molecules) compared to it. Stability energies  have reported in table1.  

Table1. Relative energy(kcal mol-1) of zeolite 
with different numbers of water 

Z with different numbers 

of water 

 

HF 

103kcalmol-1 

B3LYP 

103kcalmol-1 

Z 0 0 

Z.H2O -46.62 -47.10 

Z.2H2O -82.71 -94.27 

Z.3H2O -140.72 -141.54 

Z.4H2O -187.85 -188.10 

 

 

Conclusions:  

Calculation show that there is an upright relationship between stability and the number of 

water molecules, so zeolite assists water infiltration and retention in the soil due to its very 

porous properties and the capillary suction it exerts. Acting as a natural wetting agent, it is an 

excellent amendment for non wetting sands and to assit water distribution through soils. 
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Introduction 

The� enol forms of ��-diketones are able to form strong intramolecular hydrogen bonds [1, 

2]. In some of these systems, especially in fluorinated compounds, the strength of hydrogen 

bond is solvent dependent. The aim of this work is study of solvent effects on the hydrogen 

bond strength in these systems. Therefore, three compounds, acetylacetone (AA), trifluoro-

acetylacetone (TFAA) and hexafluoro-acetylacetone (HFAA) are selected. HFAA and AA are 

symmetric compounds, i.e. by H transfer no change in the structure of the system occurs. 

However, there are two different structures for unsymmetrical compounds such as TFAA, in 

one of them the OH group is near the CH3 group and in the other near the CF3 group. These 

two structures are designated by 2-TFAA and 4-TFAA [1].  

 

Calculations 

All calculations were performed using Gaussian 03. The full geometry optimization of the cis-

enol form and its corresponding open structure for all b-diketones under study were 

performed with the hybrid density functional B3LYP, using 6-31G*, 6-31G**, 6-311++G*, 

and 6-311++G** basis sets, which are believed to give relatively accurate results for these 

systems.  

To test the influence of solvent on the molecular structure, the geometry was optimized with 

the help of the self-consistent reaction field (SCRF), the Onsager (SCRF = dipole) model with 

an ��in the 1-78 range. Some geometrical parameters, such as O…O distance, O-H bond 

length are plotted against dielectric constant. 

 

 

Results and discussion 
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Variations of O-H, O…O, and O…H vs dielectric constant, �� are studied for AA, TFAA, and 

HFAA. By considering the behavior of these parameters against �� it is concluded that the 

hydrogen bond strength of AA and HFAA is not considerably changed by change of media, 

while the H-bond strength in 2-TFAA and 4-TFAA are considerably increased and decreased 

upon increasing the solvent polarity, respectively. These behaviors are interpreted by effect of 

solvent on the charge distribution on CF3 group. When a polar solvent approaches a CF3 

group, some of the negative charge on the CF3 group transfers to the solvent media, therefore, 

CF3 group at6tract some of the electron charge on its nearest carbonyl or hydroxyl groups. In 

case of 2-TFAA the nearest group is the hydroxyl group which result of less negative charge 

on O atom and so more acidic character of the hydroxyl group, hence, forming stronger H-

bond. But in the case of 4-TFAA, the nearest group to the CF3 group is the carbonyl group. 

Charge transfer from CF3 group to the solvent results in the less negative O atom therefore, 

forming weaker H-bond system. 

 

Conclusion 

Both 2-TFAA and 4-TFAA are affected by salvation and changing the dielectric constant of 

the solvent. However, on increasing the dielectric constant of solvent the hydrogen bond 

strength of these tautomers changes in different direction. The H-bond strength of 2-TFAA is 

increased by increasing the dielectric constant of the solvent and the H-bond strength of 4-

TFAA is decreased.  
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Introduction 

Theoretically, 1-amino-2-keto, 6-cyclohexene (AKC) is capable to form 18 tautomers. 

This compound is prepared from amination of 1,2-hexanedione. The study of AKC is useful 

for understanding the nature of intramolecular hydrogen bond in the amino-ketones with 5-

membered chelated ring.  

The aim of this work is study of Tautomerism, conformational analysis, and predicting 

the vibrational spectra of AKC and comparing the strength of its intramolecular H-bond with 

that in 4-amino-pentane-2-one [1], which forms a 6-membered intramolecular H-bond. 

 

Method of calculation 

The calculations of geometrical parameters and frequencies were performed using the 

Gaussian 03 program package [2]. In this work, we applied the DFT method including the 

hybrid gradient-corrected exchange functional proposed by Becke [3] with the gradient 

corrected correlation functional of Lee, Yang, and Parr [4], B3LYP, using the basis set 6-

31G**. The relative stability of 18 different tautomers of this compound is obtained.  

 

Results and discussion 

AKC, theoretically, can exist in three main forms, amino-ketone, imino-ketone, and imino-

enol, which with considering all possible conformations one can consider 18 different 

tautomers. 

According to our calculations the aminoketone tautomer engaged in an intramolecular H-bond 

is the most stable tautomer (AK-1) and theoretical thermodynamics calculations indicate that 

almost only this tautomer predominantly (about 100%) exists in the sample. There are three 
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more aminoketones (AK-2, AK-3, and AK-4) which have much higher energy than that of 

AK-1 (7.4-12.3 kcal/mol). The major difference between these tautomers is position of double 

bond which changes the �-electron conjugation in the system. AK-4 is about 4 cal/mol more 

stable than AK-2 and AK-3 tautomers. This energy difference is caused by conjugation 

between C=O and C=C bonds. Of course, this conjugation can not affect the �-electron 

delocalization in the H-bonded ring, suggested by Gilli et al. [5].  The imino-ketones are the 

next stable tautomers, with an energy difference of about 3 kcal/mol for one of this  

tautomers. However, imino-enols have the highest energy (with an energy difference of 13-26 

kcal/mol) and any contribution of them in the sample is unlikely.  
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Abstract 

Our theoretical work tries to explain the experimental facts of, giving a study of H desorption 

from V(111). It can be shown that the surface quality (structure, chemical composition) plays 

an important role with respect to desorption energies. From several theoretical models we 

conclude that all surface H4 sites should be occupied, either by H or contaminants as C or O. 

Desorption from these sites will not take place as the adatoms are bound very strongly. 

 

Keywords: VASP, V(111), Adsorption of Atomic Hydrogen, Surface calculation  

 

Introduction 
Both the clean surface as well as the C and O contaminated surface (i.e. C and O were 

coadsorbed to H) were considered in our models. In addition, we also studied the mechanism 

of absorption and diffusion of hydrogen into bulk V because of the well-known property of V 

of storing hydrogen. 

 

Computational methods 
All calculations presented in this paper were performed with the Vienna Abinitio Simulation 

Package (VASP). The surface calculations were done at the calculated bulk lattice parameter. 

Most calculations were done with a p(2×2) super cell with 7 layers within a repeated slab 

model relaxing the first and second layers of V(111). For modeling adsorption, the adatoms 

were placed on both surfaces of the slab. 

 

Results and Discussion 

Clean V (111) 

The clean V(111) surface shows a strong contraction between first and second layer. The 

calculated value depends on the potential that was applied. In case of the ultra-soft 
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pseudopotential used in this study, the interlayer distance between first and second layer is 

reduced by 0.235 ˚A (about 15%) as compared to the experimental 0.13 ˚A. The reason for 

this apparent discrepancy is also described in [3]. 

 

Comparison of the different adsorption sites for c (2×2) coverage 

In our study, we considered fourfold coordinated hollow (H4), twofold coordinated bridge 

(B2) and finally one-fold coordinated top (T1) sites. To get a feeling for the relative stability 

of the different sites, we first calculated a c(2x2) type coverage of 0.5. 

In our study, we considered fourfold coordinated hollow (H4), twofold coordinated bridge 

(B2) and finally one-fold coordinated top (T1) sites. To get a feeling for the relative stability 

of the different sites, we first calculated a c(2x2) type coverage of 0.5. 

The results for H4, B2, and T1 — as tabulated in Tab.1 — show clearly, that adsorption on T1 

can be ruled out, for it is energetically less favorable by 0.85 eV than the most stable H4 site. 

In contrast to this great difference in stability, the B2 site and the H4 site with an adsorption 

energy of −0.61 and −0.71 eV per H atom respectively, are close to each other, and that’s why 

we will consider these two sites in all further calculations. 

Table1: Characteristics of the H surface adsorption: layer relaxation ∆dij between layer i and j 

[%] (V bulk layer distance is 1.50 ˚A), height of H above the V surface hH [˚A], and 

adsorption energy E [eV] per average H atom are given. All calculations were done in a 2x2 

cell with 7 V layers, In case of on top adsorption, hH gives the bond length of H to the V 

atom below. 
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Coverage              type and site                           ∆d12              ∆d23              hH                 E  

clean V(111)                                                  -15.1             +1.2 

0.25                        p(2x2)H4                          -14.6             +1.5             0.58           -0.67 

0.25                        p(2x2)B2                          -12.0             +0.4             1.28           -0.65 

0.5                          c(2x2)H4                          -16.1             +1.7             0.58           -0.70 

0.5                          c(2x2)B2                            -8.1              -0.5             1.23           -0.57 

0.5                          c(2x2)T1                            -9.2             +1.2             1.60           +0.14 

0.5                          p(2x1)H4                         -15.6             +1.4             0.61           -0.67 

1.0                          p(1x1)H4                         -15.5             +1.6             0.58           -0.70 

1.0                          p(1x1)B2                           -0.6              -3.1             1.06           -0.46 

1.25                        p(1x1)H4p(2x2)B2           -8.5               0.0     1.40 (B2  )          -0.70 

1.5                          p(1x1)H4c(2x2)B2           -3.1             -1.5       1.27 (B2)          -0.61 

1.75                        p(1x1)H4p(2x2)B2          +0.9             -1.8      1.23(B21)          -0.48 

2.0                          p(1x1)H4p(1x1)B2          +7.5             -3.4        1.13 (B2)         -0.45 

2.0                          c(1x1)B2                          +8.6             -6.2              0.90           -0.34 

  

 

For the most stable site H4 we find the somewhat surprising result that the strong contraction 

of −15.2% of ∆12 of clean V(111) remains even after H adsorption ( ∆12 = -16.2%) in 

contrast to the usual experience that adsorption counteracts reconstruction of clean surfaces. 

This was derived for C and O adsorption (see [2], [3]) whereas for B2 adsorption the 

contraction was only partially released to ∆12 = -8.1%. The interlayer spacing of the second 

and third V layer was not significantly affected. 

 

H diffusion into the V bulk 

To get the exact results, we have to relax the atoms. For the minima, all coordinates of the 

hydrogens and the outermost 4 V layers were allowed to relax, whereas for the maxima we 

had to fix the z coordinates of hydrogen and the surrounding V atoms, otherwise H would fall 

into the minimum. The same was done with a V(111) surface, where all H4 sites were 

occupied by H (see Fig. 1 right panel). We relaxed again the outermost 4 V layers and of 

course the H atoms forming the p(1×1) coverage.  

The MD simulation for B2 H on the clean surface shows a deep minimum for the surface 

adsorbed B2 H. After relaxation we get an adsorption energy of −0.61 eV, which is more than 

for the minima of the subsurface or bulk states. The barrier from site B2(1) above the surface 
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to the next lower stable position B2(2) which occurs 0.29 ˚A below the V surface layer (or 

1.02 ˚A above the second V layer) is calculated to be 0.51 eV, the barrier for the opposite 

movement from B2(2) to B2(1) is very low, namely 0.04 eV. Most other barriers in both 

directions lie in the range of 0.3 to 0.4 eV, just the barrier from B2(3) to B2(4) is somewhat 

smaller (0.14 eV). This is the change from subsurface to bulk region, as B2(4) shows already 

bulk-like absorption energies. 

 
Figure 1: Start geometries used for studying the energetics of B2 H digging into V bulk. c(2×2)B2 H covered 

V(110) surface (left panel) and p(1×1)H4c(2×2)B2 H covered V(111) surface (right panel). H atoms black, V 

surface atoms white, V subsurface atoms grey. 

 

Conclusion 

Our theoretical work tries to explain the experimental facts of, giving a study of H desorption 

from V(111). It can be shown that the surface quality (structure, chemical composition) plays 

an important role with respect to desorption energies. From several theoretical models we 

conclude that all surface H4 sites should be occupied, either by H or contaminants as C or O. 

Desorption from these sites will not take place as the adatoms are bound very strongly. 

Desorption will rather occur from surface B2 sites and the B2-corresponding sites of the 

subsurface region and bulk. For a coverage higher than 1.65 ML H, no more surface B2 sites 

will be occupied and subsurface and bulk H can desorb directly through the free B2 sites. 

Also, in case of C or O contaminations we have shown that the B2 surface sites close to C or 

O in H4 sites, are empty and therefore give way for H desorbing from below. 

Because there are some uncertainties in the assignment of the experimental desorption peaks, 

it is not clear if the atoms adsorb on the surface or diffuse (are absorbed) into the vanadium 

material. We therefore use the nomenclature ”ad/bsorption” energy.  
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Introduction:  

In continuation of our current interest in the development of new approaches to heterocyclic 

and carbocyclic systems, the kinetics and mechanistic study along with theoritical calculations 

of a facile, synthesis of the reaction between triphenylphosphine 1, dialkyl 

acetylenedicarboxylates 2 and acetyl acetone 3 (as a protic/nucleophilic reagent) were 

investigated for generation of phosphorus ylides 4a-c involving the two geometrical isomers 

such as Z- and E- isomersm. Synthesis of which was earlier reported. For assignment of the 

two Z and E isomers as a minor or major form in phosphorus ylides 4a-b containing a acetyl 

acetone, first the Z- and the E- isomers were optimized for all ylide structures at HF/6-

31G(d,p) level of theory by Gaussian03 package program. The relative stabilization energies 

of both the geometrical isomers have been calculated at B3LYP/6-311++G** level. Atoms in 

molecules (AIM) and natural population analysis (NPA) methods and CHelpG keyword at 

HF/6-31G(d,p) level of theory have been performed in order to gain a better understanding of 

the most geometrical parameters of both the E-4(a,b) and the Z-4(a,b) of phosphorus ylides. 

The numbers of critical points and intramolecular hydrogen bonds as well as the charge of 

atoms that constructed on the Z- and E- isomers have been recognized. The results altogether 

reveal the effective factors on stability of Z- and E- ylide isomers. In addition, Jx-y, the values 

of proton and carbon coupling constants and also chemical shifts (H
iso, C

iso) have been 

calculated at mentioned level using SPINSPIN keyword. 
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Fig. 1 (i) The reaction between triphenylphosphine 1, dialkyl acetylenedicarboxylate 2 (2a or 2b) and acetyl 

acetone 3 for generation of stable phosphorus ylides 4 (4a or 4b). (j) The two isomers E-4a and Z-4a (major and 

minor, respectively) of ylide 4a. 

 

Results and discussion (Calculations):  

In order to determine more stable form of both the geometrical isomers [Z-4(a, b) and E-4(a, 

b)] of ylides (4a or 4b), which is shown in Fig.1, first their structures were optimized at HF/6-

31G(d,p) level of theory  by Gaussian03 package program. Also relative stabilization energy 

of the two isomers have been calculated at HF/6-31G(d,p) and B3LYP/6-311++G** levels. 

The relative stabilization energies for the two [Z-4(a, b) and E-4(a, b)] isomers are reported in 

Table 1, as can be seen, E-4a and E-4b isomers are more stable than Z-4a and Z-4b forms 

(0.53 and 0.22 kcal/mol, respectively) at B3LYP level. 

 

Table 1: The relative energy (kcal/mol) for both the Z- and E- isomers of ylides 4a and 4b, obtained at HF/6-

31G (d,p) and B3LYP/6-311++G(d,p) levels. 

Geometrical 
isomer 

HF B3LYP 

Z-4a 0.59 0.53 
E-4a 0.00 0.00 

Z-4b 0.26 0.22 

E-4b 0.00 0.00 

 

Also, the charge on different atoms which are calculated by atoms in molecules (AIM) and 

natural population analysis (NPA) methods and also CHelpG keyword at HF/6-31G(d,p) level 

are reported for the two Z- and E- isomers of ylides 4a and 4b. There is good agreement 

between the results in three methods. 
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Kinetics Studies:  

To gain further insight into mechanism in reaction between triphenylphosphin 1, dialkyl 

acetylene dicarboxylates 2 and acetyl acetone 3 (as a protic/nucleophilic reagent) for 

generation of phosphorus ylids 4a-b, a kinetics study of the reactions was undertaken by UV 

spectrophotometeric technique. The result have been accumulated in Table 2. 

 

Table 2: values of overall second order rate constant for the reactions between (1,2a and 3), (1,2b and 3) and 

(1,2c and 3) in the presence of solvents such as 1,2-dichloroethane and 1,4-dioxane, respectively, at all 

temperatures investigated. 

Reactions Solvent  
k2. mol-1.L.min-1 

15.0 oC 20.0 oC 25.0 oC 30.0 oC 
1,2a and 3 1,4-dioxane 2 518.2 536.2 615.1 692.3 
1,2a and 3 1,2-dichloroethane 10 599.5 633.1 667.2 800.8 
1,2c and 3 1,4-dioxane 2 413.6 449.8 501.5 577.9
1,2c and 3 1,2-dichloroethane 10 459.1 498.7 572.6 649.9 
1,2b and 3 1,4-dioxane 2 54.5 64.7 75.6 91.3 
1,2b and 3 1,2-dichloroethane 10 63.2 78.4 95.1 122.6

 
Conclusion:  

The assignment of the Z- and E- isomers as a minor or major form in both the ylides 4a and 

4b was undertaken by atoms in molecules (AIM) and natural population analysis (NPA) 

methods and CHelpG keyword. Quantum mechanical calculation was clarified how the ylides 

4a and 4b exist in solution as a mixture of the two geometrical isomers. This result was in 

good agreement with the experimental data. In addition, the NMR study on the basis of 

theoretical calculation were employed for determination of chemical shifts and coupling 

constants of the two major Z-4(a, b) and minor E-4(a, b) geometrical isomers and Kinetics 

investigation of the reactions was undertaken using UV spectrophotometry. The results can be 

summarized as follow: (1) the appropriate wavelengths and concentrations were determined to 

follow the reaction kinetics. (2) The overall reaction order followed second-order kinetics and 

the reaction orders with respect to triphenylphosphine, dialkyl acetylenedicarboxylate and 

acetyl acetone were one, one and zero respectively. (3) The values of the second-order rate 

constants of all reactions were calculated automatically with respect to the standard equation, 

using the software associated with the Cary-300 UV equipment. (4) The rates of all reactions 

were accelerated at higher temperatures. Under the same conditions, the activation energy for 

the reaction with di-tert-butyl acetylenedicarboxylate 2b (24.7 kJ/mol) was higher than that 
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for the both reactions which were followed by the diethyl acetylenedicarboxylate 2c (16.1 

kJ/mol) and dimethyl acetylenedicarboxylate 2a (14.5 kJ/mol) in 1,2-dichloroethane (5) The 

rates of all reactions were increased in solvents of higher dielectric constant and this can be 

related to differences in stabilization by the solvent of the reactants and the activated complex 

in the transition state. (6) Increased steric bulk in the alkyl groups of the dialkyl 

acetylenedicarboxylates, accompanied by the correspondingly greater inductive effect, 

reduced the overall reaction rate. (7) With respect to the experimental data, the first step of 

proposed mechanism was recognized as a rate-determining step (k2) and this was confirmed 

based upon the steady-state approximation. (8) Also, the third step was identified as a fast 

step (k3). (9) The activation parameters involving G, S and H were reported for the first 

step of three reactions. 
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Introduction: 

Molecular electronics or nano-electronics is the electronic transport by nano devices or 

organic molecules which is bridged between two electron reservoirs such as metallic electrodes 

that the result of miniaturization of silicon devices and Moor law's. Among the complicated 

inorganic complexes and long organic chains, aromatic rings that have delocalized electrons 

are better choice than other molecules.. Aromatic system such as benzene bithiol has been 

studied by many research groups using experimental and theoretical methods in molecular 

electronics [1-2]. 

In the previous studies, we investigated the thiophene molecule inserted between two gold 

electrodes as a molecular wire and highlighted the effect of end atom such as S, Se and Te  and 

composition of electrodes  such as alloying on the electronic transport properties and their 

application in molecular electronics[3-4]. In this paper, we consider the typical conjugated 

molecule such as furan, thiophene and selenophen dithoils sandwiched between two gold 

electrodes to inspect the effect of O, S and Se atoms in five member heterocyclic thiophen-like 

rings on the electronic transport properties. 

 

Theory 

One of the important factors in the molecular electronics is the current passing through the 

molecule. This factor is potential application of molecules in nanoscale devices. In this study 
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The Landauer-Buttiker theory is used to calculate the I-V characteristics of molecules inserted 

between two electrodes. This formalism relates the current I to bias voltage V and transmission 

probability T(E,V) of electron with energy E. The transmission function T(E,V) can be 

calculated using the Green function technique[5]. 

 

Results and discussion 

The optimized geometric structure of a TBT molecule is presented in Figure 1. This molecule 

contains two S–H terminal groups which bond to the gold atoms by removing an H atom from 

each of the S–H groups. The energy level of HOMO and LUMO are -5.687, -5.744, -5.745 eV 

and -3.952, -3.898, -3.893 eV respectively and energy gap is 1.735, 1.846 and 1.852 eV 

respectively for furan dithiole (FDT), thiophen dithiole (TDT) and selenophen dithiole (SDT) 

and shows that the HOMO of three molecules are closer than LUMO to the Fermi energy then 

more contribution to the electron transport from molecules. 

 

 

 

Fig. 1 : Geometric structure of Thiophen bithiol (TBT); (a) bare molecule, (b) inserted in two electrodes 

Calculated transmission spectra at zero bias voltage are depicted in Figure 2 and the blue 

rhombic up to the spectrum is the position of Molecular Projected Self-consistent Hamiltonian 

(MPSH) of referred molecules when attached to the electrodes. In common sence, the 

transmission peaks height is mainly determined by orbital delocalization. Looking at the 

transmission spectra of all three systems, it is appear that very transmission peaks near the 

Fermi energy for selenophen dithoil than other two systems. This leads to high current pass 

through the molecule. 

 

 

 

 

 

Fig. 2: Transmission spectra for (a)Furan dithiol, (b) Thiophen dithiol, (c) Selenophen dithiol at zero bias 

voltage.  
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Introduction: 

Hydrogen storage using carbon nanotubes (CNTs) or other nanostructures have recently 

attracted a great deal of theoretical and experimental researches [1], because hydrogen is an 

ideal energy carrier in fuels, reversible batteries, etc. However, the crucial problem now is the 

discovery of new materials which can store a large amount of hydrogen in its molecular form 

at ambient conditions. Recently Zahedi et al. studied the hydrogen absorption in first row 

transition metals–ethylene complex via DFT methods and results submitted for publication in 

Molecular Simulation. In this Letter, we focus on the interaction of hydrogen with Li-ethylene 

complex. DFT methods not only have the cheap computational cost but also typically 

sufficient accuracy for both dense matter and isolated molecules [2].  

 

Computational details: 

All the geometry optimizations and energy calculations are performed using Gaussian 09 

program package [3] at the level of density functional theory (DFT) with MPW1PW91/6-

311++G** for adsorption of Li on ethylene and hydrogen molecules on Li atom.  

 

Results and discussion: 

The calculation of the binding energies for addition of Li atom to C2H4 and addition of 

hydrogen molecule to LiC2H4 complex were corrected for basis set superposition using the 

counterpoise (CP) method [4]. The optimized geometry of Li-C2H4-H2 is shown below. 
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The binding energy of the Li to the ethylene molecule was calculated to be -14.624 kJ/mol. 

The Li–C and C–C distances for this configuration are 2.055 and 1.419 Å, respectively. This 

adsorption is so weak that it should belong to chemical adsorption. In another case, the 

hydrogen molecule was absorbed in molecular form with C2v symmetry on the top of Li atom 

in complex form with a binding energy of -20.385 kJ/mol. The Li–H and H–H distances for 

this configuration are 1.913 and 0.764 Å, respectively. Obviously the adsorption of hydrogen 

molecule on Li complex is weak and the hydrogen desorption is not difficult. 
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Abstract 

The electron transport characteristics of a 3, 6-Diphenyltetrazine (DPT) single molecular 

conductors are investigated via the density functional theory (DFT) method. Different linkers 

such as sulfur, nitrogen, CN and NO have been considered. Bonding natures at the interfacial 

contact were performed by means of the natural bond orbital (NBO) analysis. The dependence 

of the molecular electronic structure of the gold–molecule complexes on the external electric 

field (EF) has been also studied. 

 

Keywords: 3, 6-Diphenyltetrazine; Nano molecular wire; Effect of linkage; DFT 

 

Introduction: 

The nanowires generally are single crystalline and have diameters of in the range 1–200nm 

and the length is several microns or longer [1]. A theoretical analysis of the frontier molecular 

orbitals of these molecules will give a clear picture of the structure–property relationship. 

 

computational details: 

we have carried out all the calculations using DFT, i.e. the geometric  structures of all the 

molecules are optimized using hybrid B3LYP method with 6-31G* basis set for nonmetal 

atoms (C, N, S) and LANL2DZ for the metal atoms (the gold atoms) implemented in the 

Gaussian03 program[2]. 
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Results and discussion:  

We compared the energies of HOMO, LUMO and the HLG levels for DPT with four different 

linkages (Table. 1). As representative examples, the spatial 

 

Table. 1. HOMO, LUMO and HLG levels (in eV) for the free molecules. 
NO

. 
Molecule HOMO HOMO -1 HOMO -3 LUMO LUMO +1 HLG 

1 HS-DPT-SH -5.964   -2.659  3.697 

2 
H2N-DPT-

NH2 
-5.277   -2.138 -2.267 3.664 

5 NC-DPT-CN -6.903 -7.211  -3.342  4.001 

8 
ON-DPT-

NO 
-6.317  7.308 -3.627  3.681 

 

distribution of the 1-4 molecules is illustrated in (Table 2). This distributions lead to the 

conduction delocalized LUMO shifts up and HOMO shifts down for facilitate electronic 

transportation. The atomic charges are calculated using the natural bond orbital (NBO) 

 

Table. 2. The shape of HOMO and LUMO orbital’s for the free molecules and the delocalization forms of some 
of the molecules that use institute localization forms 

Molecule HOMO LUMO HOMO –1 HOMO – 3 LUMO +1 

1 
 

  

2 
 

  

5 
 

 

8 
 

  

 

approach. NBOs are obtained by the division of one-particle density matrix of the molecular 

orbital into the atomic or inter atomic blocks. Hence, NBO is a sort of the localized orbital 

and obtained with the occupation number. The orbital character and the occupancy of the 

bond between Au and the linker (Au–L) are collected in (Table. 3) for the stable contacts in 

complexes 1 and 2. We study changes of NBO charge under the various EF on each atom for 

complexes 1 in (Fig.1). The figure clearly demonstrates the NBO charge in the molecule it is 

obvious that with the increase of EF the charge on the S1 and S14 increases. 

 

Table. 3. Orbital character of the Au–L bonds. 
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Fig. 1. NBO charge variation on each atom for complex 1 under various EF with respects to the zero EF case. 

 

Conclusions: 

We found that the metal-molecule interface acquires important role in the relation between the 

metallic Fermi energy and the adjacent molecular orbital but also in the practical realization 

of a real electrical stable contact. 
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Compl
ex 

Bond 
Occupan

cy 

 Contribution (%) 
 s p d 

1 Au –S 1.86 
Au(21.39) 98.53 0.77 0.70 

S(78.61) 0.11 99.89 0.01 

2 Au - N 1.50 
Au(7.49) 86.05 1.97 11.98 

N(92.51) 0.00 99.99 0.01 
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Introduction 

Carbacylamidophosphate which have -C(O)NHP(O)- in molecular core unit are phosphoro-

aza analogues of β-diketones. These compounds have been applied as anticancer agents [1, 2], 

insecticides, pesticides and ureas inhibitor [3]. They also are potential bidentate O, O-donor 

chelating ligands for metal ions, particulary for lanthanides [4, 5]. Since importance of  

phosphoramides and measuring of orbital interactions and stabilization energies these 

compounds  [6, 7], we study in this paper effect of phenyl group on these interactions (such as 

lp(N)       σ
*

P-Cl, lp(N)      π
*
C=O). Then we replace NH and its isoelectronic group (i.e, O) between 

phenyl and carbonyl groups and investigate the efficacy of these groups on donor-acceptor 

electronic properties in the [-C(O)NHP(O)Cl2].  

 

Methods 
1H, 13C, and 31P spectra were recorded on a Bruker (Avance DRS) 500 MHZ spectrometer. 

Infrared (IR) spectra were obtained using KBr pellets on a Shimadzu IR-60 model 

spectrometer. All quantum chemical calculations were performed with GAUSSIAN 98 system 

of programs, implemented in the Pentium 4 computer.  

 

Result and Discussion  

Due to the interest of this family of compounds, we report in this work calculated structural 

parameters and spectroscopic properties. The molecule 3 containing phenoxy group shows 

much changes for δP, δNHamide and δC=O than other molecules. Also, NBO analysis (HF/6-
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311+G**) for these molecules reveals that amidic groups have nearly the same electronic 

configuration around the planar amide moiety. The occurrence of a single lone pair orbital 

formally located at the nitrogen atom is clearly observed for these species. This orbital is a 

pure p-type [lp(N)] lone pair. Furthermore, a negative hyperconjugative interaction is 

observed, characterized by strong         lp(N)       σ
*

(P-Cl) electron donations. Worthy to be 

mentioned, electron donation from lp(N) to neither σ*(P=O) nor σ*(C-C) vacant orbitals are 

observed. Also, insertion of the NH group between phenyl ring and C=O group causes 

decreasing of interaction lp(O) of phosphoryl group with    σ*
(P-N). Replacement of NH with O 

atom resulted in an increase in title interaction. Further, introduction of NH and O groups 

enhanced LPN       π*CO .    

 

Conclusion 

The donor-acceptor electronic properties in the [–C(O)NHPCl2] group is characterized by the 

expected resonance interaction of the p-type nitrogen lone pair and the pi antibonding 

carbonyl orbital [lp(N)     п
*

(CO)], as well as by the hyperconjugative interactions involving the 

electron donation from the lp(N) orbital toward the σ*
(P-Cl)vacant antibonding orbital [lp(N)        

σ*(P-Cl)] and lp(N, O) of aniline and phenoxy groups toward the п*
(CO) [lp(N, O)        п

*
(CO)]. 
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Introduction 

One important group of nitrogenated heterocycles are six-membered heterocyclic compounds 

with the general formula, Nn(CH)6-n, with n =1-6. This series of compounds ranges from the 

very familiar pyridine to the heretofore unknown pentazine (N5CH) [1]. Electron affinity play 

a key role in electron transfer processes occurring in the gas-phase such as atmospheric 

chemistry or in condensed phase such as electrochemistry and biochemistry [2]. Electron 

affinity is defined as the energy difference between the neutral and the negative ion in their 

most stable state [3]. In the present work, we have calculated the absolute electron affinity of 

nitrogenated heterocycles using high-level composite ab initio methods. The aim of this work 

is to assess the ability of recently developed computational methods for the calculation of 

electron affinities of nitrogenated heterocycles compounds. The theoretical values were 

compared with available experimental values. We also studied the effect of nitrogen on 

electron affinity. 

 

Computational details 

Standard ab initio molecular orbital theory calculations were carried out using Gaussian 03. 

Calculations were performed using a variety of high-level ab initio methods from the G3 

family, including G3(MP2), G3(MP2)//B3-LYP, G3, G3//B3-LYP methods. The G3 methods 

approximate QCISD(T) calculations with a large triple zeta basis set via additivity 

approximations at the MP2 (also MP3 or MP4, depend on the method) levels of theory. The 

difference between the G3 and G3//B3-LYP methods as well as G3(MP2) and G3(MP2)//B3-

LYP methods is that the B3-LYP/6-31G(d) level of theory is used for geometry optimization 

and frequency calculations in G3(MP2)//B3-LYP and G3//B3-LYP methods, whereas, 
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MP2(Full)/6-31G(d) level of theory is used for geometry optimization and HF/6-31G(d) for 

frequency calculations in the G3(MP2) and G3 methods [4]. 

 

 

Results and discussion 

Table 1 shows electron affinity calculation of nitrogenated heterocycles at variety of levels of 

theory. By convention, a positive EA indicates that the resulting anion is stable and a negative 

value means that the anion is unstable with respect to electron detachment. The results show 

that with increasing the number of nitrogen atoms in ring, the electron affinity is increased. 

There are some available experimental values for the studied compounds. The deviations of 

the theoretical values of electron affinity for these compounds from the experimental values 

are not significant. These deviations are within the range of -2 to +2 kcal/mol except for the 

pyrimidine. The largest deviation occurs for 1,3-diazine. There is a possibility that the source 

of problem could be with the experimental value, in this case. 

 

Table1 Electron affinity of nitrogenated heterocycle compounds calculated at different levels of theory at 0 °K 

compound G3 G3//B3LYP 
G3(MP2)//B3LY

P 
G3(MP2) exp [5] 

Pyridine -0.63 -0.61 -0.57 -0.59 -0.62 
1,2-Diazine -0.04 -0.04 -0.02 -0.03 0.0 
1,3-Diazine -0.22 -0.22 -0.21 -0.21 0.0 
1,4-Diazine -0.03 -0.02 0.02 -0.01 0.0 
1,2,3-Triazine 0.35 0.37 0.39 0.35 - 
1,2,4-Triazine 0.5۵ 0.56 0.58 0.55 - 
1,3,5-Triazine -0.02 0.04 0.07 0.03 0.0 
1,2,3,4-
Tetrazine 

0.97 0.97 0.99 0.97 
- 

1,2,3,5-
Tetrazine 

0.95 1.02 1.03 1.01 
- 

1,2,4,5-
Tetrazine 

1.36 1.34 1.34 1.34 
- 

Pentazine 1.77 1.66 1.67 1.59 - 

 

 

Conclusions 

The electron affinity of nitrogenated heterocycle compounds have been calculated and 

compared with experimental values. Good agreement between theory and experiment has 

been found. Among studied G3 methods, both G3(MP2) and G3(MP2)//B3-LYP have be 
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found to be good methods to calculate electron affinity for heterocyclic compounds 

considering the length of calculations. 
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Abstract 

A novel compound with formula unit, (C14H13N2)[Zn(C7H3NO5)(C7H4NO4)].2.35H2O or 

(dmpH)[Zn(hypydc)(hypydcH)].2.35H2O, was synthesized and characterized by IR, 1H NMR 

and 13C NMR spectroscopy, elemental analysis, single crystal X-ray diffractometry. 

Moreover, Optimized geometry and the corresponding electronic structure, vibrational 

frequencies,1H NMR and 13C NMR spectroscopy of (dmpH)[Zn(hypydc)(hypydcH)].2.35H2O 

have been calculated using ab initio methods DFT- B3LYP with 6-31G** basis set.   

 

Keywords: Zinc complex, X-ray crystal structure, Ab initio calculations, Chelidamic acid. 

 

Introduction 

Various metal complexes containing monocarboxylic acids have been well known and the 

publications of many structurally characterized examples of these classes of compounds 

demonstrate the versatility of the carboxylate group as an inner sphere ligand [1]. 

Pyridinedicarboxylic (Dipicolinic) acid forms stable chelates with simple metal ions, and can 

display widely varying coordination demeanour, functioning as a bidentate [2], tridentate [3], 

meridian [4] or bridging ligand [5].4-Hydroxypyridine-2,6-dicarboxylic acid (hypydcH2), or 

chelidamic acid, is widely used in biochemistry, organic chemistry, medical chemistry and 

even in HIV investigations [6].  
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Experimental and theoretical,  

1. Materials and Methods 

Chelidamic acid, 2,9-dimethyl-1,10-phenanthroline, zinc(II) nitrate hexahydrate, were 

purchased from Merck. Melting points were determined applying a Barnstead Electrothermal 

9200 apparatus. 1HNMR spectra were recorded on a Bruker ARX 300 and 500 MHz 

instrument. IR spectra were recorded in the range of 4000-400 cm–1 on a Perkin-Elmer 

Spectrum RXI FT-IR spectrophotometer using KBr pellet. Elemental analysis was performed 

with a Heraus CHN Pro apparatus. The X-ray data was obtained with a STOE IPDS 

Diffractometer. 

The fully optimized geometries and the corresponding electronic structures, vibrational 

frequencies, 1H NMR and 13C NMR spectroscopy of 

(dmpH)[Zn(hypydc)(hypydcH)].2.35H2O  have been calculated using ab initio density 

function theory (DFT) using Becke’s three-parameter hybrid functional combined with the 

Lee-Yang-Parr correlation functional (B3LYP) level of theory with 6-31G** basis set. All ab 

initio calculations were performed using GAUSSIAN 98 package.  

 

Results and discussion 

The compound was synthesis by hypydcH2, dmp and zinc(II) nitrate in 2:2:1 molar ratio as 

shown in Scheme 1. In the 1HNMR of (dmpH)[Zn(hpydc)(hypydcH)].2.35H2O, it can be seen 

two characteristic peaks of dmpH+ ,(hypydc)2– and (hypydcH)–. Because of the symmetric 

structure of the compound, in the 13CNMR spectrum, eleven peaks attributed to carboxylate, 

different aromatic ring carbon atoms and two methylen groups are observed.  

1. Crystal structure 

The crystallographic data of the title compound is set in Table 1 and the results are 

compared to theoretical data.This compound contains a [Zn(hypydc)(hypydcH)]– anion, a 

(dmpH)+ cation and 2.35 uncoordinated water molecules (Fig. 1). In the anion, the ZnII atom 

is six-coordinated by two N atoms (N1 and N2) that occupy the axial positions, and four O 

atoms (O1, O3, O6 and O8) from the carboxylate groups of the (hypydc)2– and (hypydcH)– 

fragments, in the equatorial plane. Also, we investigated O–H···O, N–H···O, N–H···N and 

C–H···O type interactions by experimental and theoretical data. 
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Scheme 1. The synthetic route of preparation.                                  Fig.1 Molecular structure of the title 

compound. 

 

 

Conclusion 

In summary in this article synthesis and characterization of (dmpH)[Zn(hypydc) (hypydcH)] 
.2. 35H2O is reported. In this compound, chelidamate act as a tridentate ligand and 

neocuproine act as a counter ion for balancing the charge and good sites to form various 

hydrogen bonds, C–O···π, C—H···π and π–π stacking interactions. 

 

Table 1 
Selected bond lengths, bond angles and torsion angles. 

 a Ex b Cal    Ex Cal 

Zn1—O1 2.114 (2)  2.077 Zn1—O8 2.119 (2) 1.949 

Zn1—O3 2.328 (2) 2.047 Zn1—N1 1.995 (2) 2.008 

Zn1—O6 2.407 (2) 2.827 Zn1—N2 1.987 (2) 2.089 

O1—Zn1—O3 152.13 (7) 155.26 O3—Zn1—N2 90.06 (8) 100.522 

O1—Zn1—O6 92.06 (7) 85.93 O6—Zn1—O8 151.69 (7) 148.36 

O1—Zn1—O8 96.69 (8) 98.22 O6—Zn1—N1 95.36 (8) 78.02 

O1—Zn1—N1 79.48 (8) 77.13 O6—Zn1—N2 73.50 (8) 65.52  

O1—Zn1—N2 116.98 (8) 97.73 O8—Zn1—N1 112.68 (8) 133.55 

O3—Zn1—O6 89.23 (7) 86.58 O8—Zn1—N2 78.54 (8) 82.85 

O3—Zn1—O8 95.24 (8) 100.49 N1—Zn1—N2 159.81 (9) 143.50 

O3—Zn1—N1 72.69 (8) 78.25    

O6—Zn1—O1—C6 96.47 (18) -78.70 O6—Zn1—O3—C7 −93.78 (2) 78.78 
a The experimental  bond lengths, bond angles and torsion angles. 

b The computational bond lengths, bond angles and torsion angles. 
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Introduction 

Pyrazolinones are oxo derivatives of pyrazoline. Pyrazolinones act as effective anti-oxidant 

[1] for rubber, oil and responsible for inhibition of odor formation in synthetic detergent [2]. 

They possess wide range of pharmacological activities as bactericidal [3], Anti-rheumatic [4], 

etc. 

 

Method 

In the present study tautomerism of pyrazolinone have been investigated using ab initio and 

density functional theory using 6-31++g (d,p) basis function. Four tautomers (a-d) were found 

for the titled compound. In the first stage the energies and relative stabilities of these forms 

have calculated in the gas and solution. 
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Table:Calculated total energies at B3LYP- 6-31++G** and relative stability in the gas phase and solvents 

 

Conclusion 

 Based on our thoretical calculations the order of stability was found as dacb in the gas 

phase and.in the solution the order of stability was found as dbc, a. 
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Form 
 

A B C D 

 E1-E4 (kcal/mol) E2-E4 (kcal/mol) E3-E4 (kcal/mol) E4 hartee 
Gas 0.586 5.073 3.93 -301.4467544 
THF  1.41 0.416 2.81 -301.4656772 
DMSO 2.52 0.264 2.46 -301.4702079 
Water 2.79 0.418 2.32 -301.4709103 
Methanol 2.42 0.264 2.48 -301.4698355 
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Introduction: 

Serum Albumin is the most abundant protein in blood plasma. It plays two important roles in 

body [1]: a) Transports some hormones and drugs. The most important compounds 

transported by Albumin are L-Tryptophan, Naproxen, Ibuprofen, Diazepam and fatty acids 

with medium chains [2]. b) Regulates osmotic pressure in body. 

Because of the importance of Albumin as a drug transporter, in this paper Albumin's 

simulation is carried out by three techniques including Monte Carlo, Molecular Dynamics and 

Langevin Dynamics and the effect of alcohol on its structure is investigated [3-6]. 

 

Computational Method 

In this work, Albumin’s active sites are downloaded from RCSB PROTEIN DATA BANK. 

The PDB ID applied in this paper is 1GAB in which the structure of Albumin-binding domain 

is investigated by NMR techniques. After finding this PDB, HyperChem 7 software is applied 

for investigation in Methanol, Ethanol and water solutions of protein separately.  

At first these active sites are put in Water, Ethanol and Methanol solutions which have 

concentration about 10% (w-w), separately. Then by using molecular mechanics level, opls 

force field and Polak-Ribiere algorithm, the geometry of these systems are optimized and for 

the optimized structures potential energy are evaluated by 3 techniques of simulation (MC, 

MD and LD) in different time steps and temperature range from 273K  to 303K every 5 

degrees. Then the potential energy versus temperature diagrams and potential energy versus 

time step diagrams are described in different initial temperatures in these techniques. Finally 

the energy of Albumin-water system has been optimized and compared by Albumin-Methanol 

and Albumin-Ethanol systems. 

1 Department of Chemistry,  Faculty of science , Rasht Branch, Islamic Azad University, Rasht, Iran.  
2 Department of Physics, Faculty of science,   Rasht Branch, Islamic Azad University, Rasht, Iran. 
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Results and Discussions 

By calculating the potential energy versus time step diagrams,   it is understandable that there 

is a regular change in potential energy versus time step by increasing initial temperature in 

MD and LD simulation techniques, but it is irregular in diagrams obtained by MC method. 

This difference is because of the techniques used in simulations. In macromolecules, MC 

simulation is not suitable for calculating energy and since Albumin is a macromolecule, so 

this irregular trend is obtained. Also with analyzing the energy versus temperature diagrams, 

it is obvious that by increasing temperature, the potential energy decreases. Because in MD 

and LD methods, the system under studying is microcanonic and total energy in such systems 

is constant. So by increasing temperature, the kinetic energy increases and because total 

energy should be constant, consequently potential energy decreases. Another result obtained 

in this work is the optimized energy in Albumin-Water system (-11413.18945 kcal/mol) is 

more than optimized energy in Albumin-Methanol system (-11670 kcal/mol) and Albumin-

Ethanol system (-11497.6 kcal/mol). So by changing solvent from Water to Alcohol, the 

system becomes more stable and its ability of transporting drugs and hormones becomes less. 

It is because of acidic pH of Albumin that causes it to be more stable in basic solvents. So 

Alcohol causes Albumin to be poisoned. Also by calculating  kineticsE  and its related T , the 

values of heat capacity of Albumin in these solvents are calculated and are shown in table 1.  

Table1. Calculated heat Capacities 

Reagent Albumin-Water Albumin-Methanol Albumin-Ethanol 

C/ (kcalmol-1K-1) 6.58 7.02 7.15 

 

By adding of molecular mass of solvent, the value of heat capacity becomes more. 
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Introduction 

Silicon carbide is an important material in coating industry due to its higher chemical 

stability. One of the interesting usages of this compound is to coat external surfaces of 

aircrafts in aeronautics industries [1]. Instability of the silicon carbide surface in aeronautics 

industries is due to the collision and scattering of atmospheric species. Since, experimental 

studies on the stability of surface coatings such as SiC is very expensive and time-consuming, 

computational studies can be use to investigate the response of this coating to the collision of 

this species with much less efforts and expenses. Moreover, results of computational studies 

provide detailed information at the molecular level of the process of interest not accessible 

experimentally, which can be used to optimally design the material and processing of 

coatings. There are several theoretical and computational methods used for the study of 

scattering processes from exact quantum mechanical computational close-coupling method 

which is limited to small and simple systems only to purely classical mechanical methods 

which can be used for very large systems but qualitatively only. Among all methods, 

molecular dynamic simulation (MDS) is most effective.  

The aim of this work is to study scattering pattern and the response of the SiC surface 

to the collisions of Ar species using MDS not studied specifically before in numerous 

experimental and theoretical studies [2-3]. 

 

Computational Method 

 The computational box setup used in this MDS is shown in Fig.1. The Ar reservoir 

contains 8 molecules which are first equilibrated and speeded up (with 20 and 40 Å/ps) in the 

scattering beam direction. Both C and Si surfaces are examined in these MDS. In the 

preparation step, an NVT MDS are carried out with 500000 and 5000-50000 steps at T=300K 

(for the lattice) and T=2000 K (for the beam) temperatures. The scattering MDS is carried out 

with NVE ensemble without any scaling of the velocity and energy for 40000 steps of δt=0.1 
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fs. A set of MDS is also run for the equilibrium velocities at 2000K without any speed-up 

procedure under the same condition but with 300000 time steps of δt=0.1 fs. To extract the 

scattering pattern, a set of five parallel/perpendicular planar detectors (located at appropriate 

distances perpendicular to the +x, –x, +y, –y and +z axes) is devised and the times and 

positions of the scattered species are probed. Each scattering pattern is formed by the analysis 

of the results of 10 independent MDS. The time-of-flight of the scattering atoms are also 

calculated and its correlation with the lost/acquired kinetic energy is investigated. Interactions 

of the SiC and Ar systems are modeled using Dreiding and Satake force fields. The Ar-Si and 

Ar-C force field are calculated using mixing rule.  

 

 

 
Fig. 1: The setup used in this work for the MDS 
of the scattering of Ar from the SiC surface. 

Fig. 2: The simulated pattern of the scattering of Ar 
from the C and Si surfaces of a 6×6×3 SiC 
nanocrystal. 

 

Results and Conclusion 

Typical results of the scattering patterns and correlation of the differential kinetic 

energy with time of flight are presented in Figs. 2 and 3. As can be seen from these figures, 

our simulation can differentiate between the two C and Si surfaces of the SiC crystal, and the 

speed of the Ar atomic beam has significant effects on the time of flight of scattered species. 

The inverse correlation between the differential kinetic energy and the time of flight is quite 

physical. 
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Fig. 3: Correlation of the differential kinetic energy and time of flight of the MDS of the scattering Ar atoms 
from the Si surface of a 6×6×3 SiC nanocrystal with two different jet beam speeds. 

 

References 

[1] G.W. Hunter et al, NASA TR-107444, 1997; R. A. Miller, J. Therm. Spray, 6 (1997) 35. 

[2] N. Fukomoto, et al, Appl. Surf. Sci., 255 (2008) 1391.  

[3] K. R. Krantzman et al., J. Phys. Chem., 113 (2009) 3239. 

  

-140

-90

-40

10

0.5 1 1.5 2 2.5delt(ps)

de
lk

in
(k

ca
l)

-140

-90

-40

10

0.5 1 1.5 2 2.5delt(ps)

de
lk

in
(k

ca
l)



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
514

Investigation of the Effective Factors to the Formation Of 

Thiosemicarbazone Complexes with Fukui Function 

 

M. Dehdaba* and M. Narimanib 

aDipartment of Chemistry, Faculty of Engineering, Islamic Azad University, Alishahr Branch , Bushehr, Iran 

dehdab_37@yahoo.com 
bDipartment of Chemistry, Faculty of Engineering, Islamic Azad University, Omidieh Branch, Omidieh, Iran 

 

Abstract 

Some factors which contribute in formation of member chelating of thiosemcarbazon are 

studied in gas phase by functional framework density with B3LYP and 6-311++G** basis set. 

It is show that original factors for such coordination mode of thiosemicarbazone are the steric 

factor of the thiosemicarbazone ligands itself and It is found that reaction thiosemicarbazon 

with metals is controlled by frontier molecular orbital.  

 

Keywords: Thiosemicarbazone; Fukui; Density Functional; Steric Factor 

 

Introduction  

Natarajan et al. [1]and Bhattacharya et al. [2-4] recently have reported that some factors effect 

for coordination mode of thiosemcarbazon such as: 

1. formation of intramolecular hydrogen bonding 

2. the steric bulk of the R2 , R1 group 

3. stereochemistry thiosemicarbazone ligand itself 

4. bulkiness of co-ligand 

5. metal atom 

Figure1.The considered steric structure in this study 
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In this present work, we have investigated first, second and third factors with the electronic 

Fukui function. The electronic Fukui function f(r) was introduced by Parr and Yang [5] as a 
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generalization of Fukui’s frontier MO Concept [6] and plays a key role in linking frontier MO 

theory and the HSAB principle. To describe the site reactivity or site selectivity, Yang et al. 

[7] proposed an atom-condensed Fukui function based on the idea of electronic population 

around an atom in a molecule. The condensed Fukui function for an atom k undergoing 

nucleophilic, electrophilic, or radical attack can be defined respectively as: 

010 N
kq

N
kqkf            (7) 

100  N
kq

N
kqkf           (8) 
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Where qk 
,s are electronic population of the kth atom of a particular species. 

 

Computational details 

The density functional theory implemented in the Gaussian 98 computational package was 

used to optimize the geometry of Thiosemicarbazones derivatives in the gas phase. All the 

optimizations have been performed using functional framework density with B3LYP and 6-

311++G** basis set [8]. 

 

Results and discussion 

Thiosemicarbazones usually bind to a metal ion giving complexes in which 

thiosemicarbazones (TSCs) behave as chelating ligands. They are well know chelating ligands 

coordinating to the metal ion through the sulphur and one of the hydrazinic nitrogen atoms 

(N2 or N3) Coordination through N3 results in an unusual four member chelated ring while 

with N2 hydrazinic nitrogen a more stable five member chelated ring results. Bhattacharya et 

al. have observed that formation of such a ring depends primarily on the size of R1 only if R1 

is fairly small (e.g., R1=CH3) formation of a five-memberd ring possible, but if R1 is relatively 

large(e.g., R1=aryl), such a ring cannot be formed[9].To study first factor, groups have 

selected that by removing the hydroxyl group from the R1  group prevent any intera molecular 

hydrogen bonding . Then to study second factor, groups have selected that R1 group is small 

or R1 , R2 are similar. In general, thiosemicarbazon ligands can exist tow different steric 

structure as A or B that used in the present work is given in figure 1. The present work has 
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originated from our attempt to find out the actual driving force behind such coordination 

mode of the thiosemicarbazone ligand.to do that ligand A and B is kept unchanged while R1 

and R2 groups is changed. If reaction is controlled by charge we have expected for complexes 

with a four member chelated ring for form A, B ,the most negative charge have belong to S, 

N3 atoms and for complexes with a five members chelated ring for forms A, B, the most 

negative charge have belong to S, N2 atoms. first, charge of S, N2, N3, N4  atoms are 

calculated. in most cases negative charge is not belong to S, N2, N3 atoms for forms A, B 

.Therefore reaction of thiosemicarbazone with metal is not controlled by charge. It is 

mentioned that chemical reaction thiosemicarbazone with metal is electrophilic. Then 

negative Fukui of S, N2, N3, N4 atoms are calculated. for form A the value of the negative 

fukui function for S, N2 atoms is observed to be more than the of remainder and for form B 

the value of the negative fukui function for S, N3 atoms is observed to be the most .  

 

Conclusion 

According to calculation demonstrated that even when R1, R2 is a bulky constituent, for form 

A, five member chelated complex can be formed and for form B four member chelated 

complex can be formed. Therefore it is expected that in the reaction of thiosemicarbazon with 

transition metals in formation thiosemicarbazon complexes The actual driving force for such 

coordination mode of thiosemicarbazone is the steric chemistry of thiosemicarbazone. From 

the obtained results it is found that reaction thiosemicarbazon with metals is controlled by 

frontier molecular orbital. 
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Introduction: Isoxazoles play interesting roles in medicinal and agricultural chemistry and serve 

as important synthetic building blocks. Synthesis of substituted isoxazole derivatives is particularly 

important because a lot of compounds containing the isoxazole ring system are known to have 

variety of biological activities in pharmaceutical and agriculturalareas. Their range of uses includes 

medicinal, herbicidal, fungicidal, pesticidal applications, dyes, insulating oils, and lubricant [1]. 

Isoxazoles have found continuing application in medicinal chemistry, several examples of which 

have advanced to general medical practice [2]. Isoxazole and its derivatives play an important role 

in the synthesis of potential medicines including anti-infective, antitumour, cardiovascular and 

nervous system agents. Isoxazole derivatives have also served as a versatile building block in 

organic synthesis [3].  

Methods: Ab initio and DFT molecular orbital calculations have been performed on the 

intramolecular tautomerism of all five isomers of amino isoxazole in the gas phase. All stationary 

points’ transition structures were optimized at the HF/6-311++G(d,p) and B3LYP/6-311++G(d,p) 

levels of theory and confirmed by frequency calculations. The intrinsic reaction coordinates (IRC) 

for the tautomeric processes were traced to connect the transition structures and the corresponding 

substituted tautomeric pairs. The energy barriers calculated at various levels of theory are reported 

for each tautomeric interconversion. 
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Results and discussion: The results of HF and DFT calculations show that compound A is the 

most stable tautomer in the gas phase in order of A>C>D>B>E 

 

 

References: 

[1] Kim, H. J.; Hwang, K. J.;  

[2] Lee, J. H. Biosci Biotech Biochem 1994, 58, 1191; (b) Hwang, K. J.; Kim, H. J.; Lee, J. 

H. Korean J Med Chem 1994, 4, 2. 

[3] Pevarello, P.; Amici, R.; Brasca, M. G.; Villa, M.; Varasi, M. Targets Heterocycl. Syst. 

1999, 3, 301. 

[4] Cicchi, S.; Cordero, F. M.; Giomi, D. Prog. Heterocycl. Chem. 2003, 15, 261. 

  

 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
520

MD simulation of thermodynamic and structural properties of gold nano 

clusters. 

 

R. Dehghanpoora, S. Jalili*a 
adepartment of Chemistry, KN. Toosi University of Technology. P. O.15875-4416.Tehran, Iran. 

 

Keywords: molecular dynamics simulations, nano clusters, cluster alloys, thermodynamic 

properties, structural properties 

 

Introduction 

Applications of clusters in innovative technology seem to be endless, for example Nanogolds 

have many perspective applications in various fields, such as bio electrocatalysis, sensors, and 

nanotechnology. Many experimental studies on nanocatalysts have focused on correlating 

catalytic activity with particle size. While particle size is an important consideration, many 

other factors such as geometry, composition, oxidation state, and chemical/physical 

environment can play a role in determining NP reactivity.  

A detailed knowledge of the melting process of the clusters is essential to understand their 

special properties and applications. The purpose of study of pure gold clusters with various 

sizes is showing the size effect in the  thermodynamic and structural properties of these  

clusters. Study of gold alloy clusters along the pure cluster is summarized in the following:                     

1- Effect of impurities as the core shell and multi layer in the thermodynamic and structural 

properties of pure clusters (Type of incoming element, the amount of incoming atoms, the 

impurity layer, construction Terms of alloy clusters)  

2- Achieve the specific structure that shows unexpectedly behaviors. (Increasing the phase 

transition temperature range …) 

 

Methods 

In this work, structural and thermodynamic properties of pure and alloy gold Nano - clusters, 

with atomic numbers 55 to 561, is considered with the method of molecular dynamic 

simulation and using the DL-POLY software. Sutton Chen potential model has been used for 

the Calculation of interactions. 
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Results and discussion                                                                                             

With increasing cluster size, melting transition temperature rises and the phase transition 

temperature range “distance of premelting and melting temperature” extended. The extent of 

its range is one factor in high catalytic properties of small cluster. 

 

Table1:Pre-melting and phase transition temperature for pure gold clusters with atomic numbers 55 to 561. 

Cluster  Premelting temperature  Melting transition  

Au55 200                500  

Au87 250                500  

Au147 300               550      

Au201 400               600  

Au249 400               550  

Au309 400               600  

Au321 450               600  

Au561 500               650  

 

 in spite of it is said that metal clusters have unpredictable behavior in the nano size range, 

Comparison between results for the pure clusters with various size show similar behavior for 

clusters with the same number of layers.  

Fig1: Heat capacity of gold pure and alloy cluster with 147 atom 

 

Ni12Cu43 Au92 cluster turns to Ih structure, and has higher thermal stability,Despite high 

thermal stability there is no sharp peak at the phase transition temperature.  

 

Conclusion 
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Results for clusters alloy shows that if we provide conditions for clusters in which smaller 

metal with higher melting point laid in the inner layer, cluster takes Ih form. And this Ih 

cluster could have more thermal stability and this stability is correlated with this fact that the 

number of layers together with similar metal must be at least. In This study we observed that 

the heat capacity diagrams for three metal cluster alloys with Ih structure, have a lot of 

similarities with cluster Au55 and Cu12Au43  that their high catalytic properties is proven. 
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Introduction: 

The compounds containing pyrimidine ring play an important role in many biological systems 

[1], where they exist in nucleic acids, several vitamins, coenzymes and antibiotics. Pyrimidines 

appear in all living cells and are vitally involved in many biological processes. Barbituric acid (2, 

4, 6-pyrimidinetrione) has a pyrimidine nucleus. Barbituric acid derivatives are a well-known class 

of compounds with various pharmacological activities [2], Owing to this property, barbituric acid 

and their various substituted derivatives are very important compounds in biological chemistry 

and medicine. Hydrogen bonding is one of the most important concepts which play a key role in 

the chemistry of living systems. The information on intramolecular hydrogen bonding is, in 

particular, very useful to understand various molecular properties. The intramolecular H-bonding 

can be sometimes responsible for the molecular geometries as well as the stability of a certain 

predominant conformation. Resonance assisted H-bond (RAHB) is a particular subject of 

hydrogen bond as describing the -electron delocalization within the ring created due to 

intramolecular H-bond formation. The purpose of this work was to analyze the interrelation 

between stabilization and -electron delocalization for 5- [N-hydro carboxamido] barbituric acid 

(CBA). The stability of forms was measured by means of the energy of isomerization. The HOMA 

index was applied to describe -electron distribution. 5- [N-hydro carboxamido] barbituric acid 

(CBA) could be postulated as assuming a tricyclic structure through hydrogen bond formation 

(fig. 1). As shown in fig.1 CBA can participate in the keto-enol tautomerism and lead to two 
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forms, external amide (EA) and internal amide (IA). Furthermore, the simultaneously existence of 

pyrimidine ring and two quasi rings is caused that the competition between the intramolecular 

hydrogen bond and amide resonance is occurred and interest this molecule for more 

considerations.  

NH

N
H

O

O

O

O

N

H

H

H

NH

N
H

O

O

O

O

N

H

H

H
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Fig.1. Tautomeric equilibria and H-bonding in CBA 

 

Computational methods: 

The calculations in the present study were performed using Gaussian 03 series of programs. 

The geometry optimizations were carried out at B3LYP/6-311++G** levels of theory. Relative 

electronic energy (∆E) was calculated to estimate relative stabilities. 

The Harmonic Oscillator Model of Aromaticity (HOMA) was estimated from the theoretically 

derived bond lengths using the equation: HOMA=1- α /n ∑ (Ropt – Ri ) 
2                         

Where n is the number of bonds and Ropt and Ri are optimal bond lengths and bond lengths in a 

real system, respectively, and a is an empirical constant chosen to give HOMA=0 for the 

hypothetical Kekule structures and HOMA=1 for the system with all bonds equal to the optimal 

value.  

 

Results and discussion: 

Our theoretical results show that IA conformer has extra stability respect to other forms and it 

is global minimum. Evaluation of hydrogen bond energy by Schuster method for OH…O, clearly 

predicts that HB strength in IA is lower than the EA. Also, estimation of hydrogen bond energy by 

Espinosa method for NH…O, reveals that HB strength in EA is lower than the IA. The results of 

H(r) and LP (O) →σ٭OH are given similar results. On the other hand, The IA form with more 

delocalized -electrons in the both quasi rings is more stable than the EA form, however, 

pyrimidine ring in IA form has less delocalized -electrons.  Furthermore, In this case, H-bonding 

is an important but not the main factor that decides about tautomeric preference. -electron 
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delocalization in the phenyl ring seems to be responsible for tautomeric stabilities. In summary, 

origin of tautomeric preference is mainly due to resonance assisted hydrogen bond in NCCCO 

ring.    
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Introduction   

Room temperature ionic liquids (RTILs) are non-flammable, non-volatile, thermally stable 

solvents and as much as very promising replacements for the traditional volatile organic 

solvent. Ionic liquids, as a class of novel environmental ‘green solvents’, have remarkable 

new properties and promising applications in many fields [1].  

All synthesized ionic liquids were characterized by IR. Therefore, the theoretical 

investigations on ionic liquids are the area of interest for many researchers, in which the 

geometry was optimized at using ab initio level of theory. In addition, synthesized structures 

were optimized at the B3LYP/LANL2DZ level of theory and then the structures, molecular 

specifications, and infrared spectra of these were extracted using Gaussian03 program. 

Theoretical data show good agreement with the experimental results.[2-3] 

 

Methods 

The structures of two compounds [P(C6H5)3H]+ [As2S3Cl]-and [P(C6H5)3H]+ [As2S3I]
-were 

drawn and optimized in Hyperchem 7.0 program suite. We applied the DFT method to 

optimize and calculate molecular properties of synthesized compounds. All calculations were 

done by using the Gaussian03 programs .For DFT, Becke’s three-parameter exchange 

functional was used in combination with the Lee–Yang–Parr correlation functional (B3LYP) 

with LANL2DZ basis set. All ionic molecules were used without any symmetry restriction, 

and C1 symmetry was assumed for all molecules.[4] Calculations were done in the gas phase. 

After the optimization procedures, frequency calculations were done to extract vibrational 
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mode and test the correctness of true minima. The vibrational frequencies and intensities 

(spectra) and the eigenvectors for the normal modes were corrected with the appropriate 

factor and displayed on a computer screen to identify the dominatingmotions. The calculated 

and experimental vibrational spectra are in good agreement. 

Results and Discussion 

We continue to focus on the synthesis and characterization of various ionic liquids. In this 

paper, we report the synthesis of the some new ionic liquids containing [P(C6H5)3H]+ 

[As2S3Cl]- and [P(C6H5)3H]+ [As2S3I]
-. Ionic liquids were synthesized through a two-step 

reaction. After preparing ionic liquids, all of them were characterized by IR and other popular 

experimentalmethods, and these data have already been mentioned. Moreover, most important 

observed vibrational modes of ionic liquids in 300–4000 cm−1 range. All reported frequencies 

corresponding to vibrational mode and the quantity of these frequencies agree with other 

similar compounds. In most of cases, frequencies in all of the tow ionic liquids are nearly the 

same and the difference between their frequencies is very small. 

 

 

FIGURE 1 Graphical representation of calculated (uncorrected) infrared spectrum of ionic liquids. 

 

Conclusions 

In summary, preparation and experimental and theoretical characterization of some 

phosphorus-based ionic liquids are reported. Our reported technique is very simple and easy 
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to follow at low temperature and does not require any severe conditions. Moreover, 

synthesized ionic liquids are very stable (because of their simple structure) with very 

lowmelting points thatmay have more applications. 
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Introduction   

Ionic Liquids (ILs) is the generic term for a class of materials, consisting entirely of ions and 

being liquid below 100°C.Room temperature ionic liquids (RTILs) are non-flammable, non-

volatile, thermally stable solvents and as much as very promising replacements for the 

traditional volatile organic solvent. Ionic liquids, as a class of novel environmental ‘green 

solvents’, have remarkable new properties and promising applications in many fields [1].  

All synthesized ionic liquids were characterized by IR. In addition, synthesized structures 

were optimized at the B3LYP/LANL2DZ level of theory and then the structures, molecular 

specifications, and infrared spectra of these were extracted using Gaussian03 program. 

Theoretical data show good agreement with the experimental results.[2-3] 

 

Methods 

We applied the DFT method to optimize and calculate molecular properties of synthesized 

compounds. All calculations were done by using the Gaussian03 programs .For DFT, Becke’s 

three-parameter exchange functional was used in combination with the Lee–Yang–Parr 

correlation functional (B3LYP) with LANL2DZ basis set. All ionic molecules were used 

without any symmetry restriction, and C1 symmetry was assumed for all molecules. 

Calculations were done in the gas phase.[4-5] After the optimization procedures, frequency 

calculations were done to extract vibrational mode and test the correctness of true minima. 

The vibrational frequencies and intensities (spectra) and the eigenvectors for the normal 

modes were corrected with the appropriate factor and displayed on a computer screen to 
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identify the dominatingmotions. The calculated and experimental vibrational spectra are in 

good agreement. 

 

Results and Discussion 

We continue to focus on the synthesis and characterization of various ionic liquids. In this 

paper, we report the synthesis of the some new ionic liquids containing [PCl3CH3COO]− 

anion and [PCl3N3]
 −. Ionic liquids were synthesized through a one-step reaction. After 

preparing ionic liquids, all of them were characterized by IR and other popular 

experimentalmethods, and these data have already been mentioned. Moreover, most important 

observed vibrational modes of ionic liquids in 300–4000 cm−1 range. All reported frequencies 

corresponding to vibrational mode and the quantity of these frequencies agree with other 

similar compounds. In most of cases, frequencies in all of the tow ionic liquids are nearly the 

same and the difference between their frequencies is very small. 

 
Graphical representation of calculated (uncorrected) infrared spectrum of ionic liquids. 

 
 
 
 
 
 
 
 
 
 

 

Conclusions 

In summary, preparation and experimental and theoretical characterization of some 

phosphorus-based ionic liquids are reported. Our reported technique is very simple and easy 
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to follow at low temperature and does not require any severe conditions. Moreover, 

synthesized ionic liquids are very stable (because of their simple structure) with very 

lowmelting points thatmay have more applications. 
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Introduction 

The investigation of the physisorption of small molecules inside single-wall nanotubes 

(SWNTs) from the experimental and theoretical studies such as computing modeling studies 

has been started to illustrate SWNTs might be a good candidate for a practical gas storage 

material or not. One of the important small molecules that many researchers have been 

considered to is hydrogen and understanding hydrogen adsorption behavior in nanotubes, at 

the molecular level, will guide us to design new materials for H2 storage enhancing industry. 

In this papper, we measure the storge of hydrogen inside single-wall silicon carbide nanotubes 

(SWSiCNTs) and investigate the Langmuir, Freundlich and Langmuir-Freundlich adsorption 

behavior of hydrogen to illustrate the mechanism of the hydrogen adsorptivity in SWSiCNT. 

Howevere our results show that the simulation data are correlated by the Langmuir-

Freundlich equation.  
 

Potential Models and Simulation Details 

In this work, it is assumed that the nanotube has a rigid structure and no geometry variation of 

the adsorbent is considered, since the induced geometric variation of nanotubes by gases can 

be neglected at room temperature. The fluid molecules considered as sphere the fluid-fluid 

interaction was described using the typical 12-6 Lennard-Jones pair potential that parameters ߝ and ߪ between different particles are calculated by the Lorentz–Berthelot rules [1-2]. The 

moves are repeated until the number of hydrogen molecules in the simulation cell comes to the 

equilibrium and each simulation consists of 4 × 107 GCMC moves [3-4]. 

Results and Discussion 

This section illustrates the effects of pressure, temperature and pore size on physisorption of 

pure hydrogen in SWSiCNTs by using GCMC simulations. The simulation were performed at 

a fixed length of 40 Ǻ for four chiral nanotubes (8, 8), (9, 9), (15, 15) and (22, 22) with ranges 

of temperature (77.15, 133.15, 177.15 and 298.15 K) and pressure (0-15 MPa). Figure 1 

shows that the hydrogen storage capacity of SWSiCNTs increases with increasing of pressure 
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and decreases with increasing of temperature. The variation of the adsorption of hydrogen 

with pressure is more pronounced for lower temperatures. Also the difference of the 

adsorption between different nanotubes is larger for the lowest temperature and the highest 

pressure. The isotherm equations that have used in this study are Langmuir (ݍ ൌ ଵା), 

Freundlich (ݍ ൌ ܾܲ), and Langmuir-Fruendlich (ݍ ൌ ଵା) [5]. In addition, the deviation 

parameter on the amount adsorbed, (ܦ ൌ ଵ ∑ ฬே್ೞ ି  ேೌே್ೞ ฬ ) was utilized to compare the 

correlation results with simulation data [6]. For all systems, the adsorption isotherms are 

nonlinearity. The amount adsorbed of hydrogen increased significantly at low pressure, under 

3 MPa. The Langmuir-Freundlich equation was used for all systems because this equation 

shows the minimum value of the average deviation parameter.  

            

 

(a): (8, 8) SiCNT                                                                                                       (b): (9, 9) SiCNT 
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                    (c): (15, 15) SiCNT                                                                                   (d): (22, 22) SiCNT 

Fig1. Simulation and fitted isotherms of Hଶ onto Silicon-Carbon Nanotubes: , 77.15 K; , 133.15 K; , 177.15 

K; , 298.15 K  GCMC Simulations onto (a): (8, 8) SiCNT,  (b): (9, 9) SiCNT, (c): (15, 15) SiCNT and (d): 

(22, 22) SiCNT ; ─ ,L-F model. 
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Introduction 

Methyl acetoacetate (MAA) is a �-ketoester which is engaged in keto-enol tautomerism 

equilibrium [1,2]. This compound, because of its simplicity, is a good candidate for 

studying, both theoretically and experimentally, of hydrogen bonding and tautomerism. 

MAA, at least theoretically, is capable to exist as a mixture of different tautomers and 

conformers. The aim of this project is study of the structure, tautomerism, hydrogen 

bonding, and vibrational assignment of MAA. 

 

Calculations  

 The calculations of geometrical parameters were performed using the Gaussian 03 program 

package and B3LYP approach in conjunction with the 6-31G(d,p) and 6-311G(d,p) basis 

sets without any symmetry restrictions. The harmonic vibrational frequencies and IR and 

Raman intensities have been obtained at the B3LYP/6-311G(d,p) level of theory. 

 

Results and discussion  

After fully optimization, the relative energies (calculated at the 6-311G(d,p)) of the possible 

tautomers and conformers of MAA have been obtained. According to our calculations, the 

cis-enol form is the most stable tautomer and is considerably more stable than diketo form 

and all non chelated enol forms. However, vibrational spectra indicate that the keto form 

predominates in the sample. This discrepancy is interpreted as inadequacy of the basis sets 

for comparing the energy of keto and enol tautomers and also the effects of media. The 
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energy difference between keto and chelated enol tautomers is considerably decreased when 

we applied the zero point energy correction and doing the calculations in the solutions. 

However, if we use the free energy instead of zero point energy, which also considers 

entropy effect at the desired temperature, the results favor the presence of keto form in the 

sample. This is the result of higher entropy value of keto compared with that in the enol 

form and is in excellent agreement with the experimental data. Comparison of the relative 

energies of the cis-enol form and the trans-enol form indicates that the hydrogen bond 

strength (the energy difference between cis- and trans-enol forms) is about 14.5 kcal/mol. 

The relative energies of other enol forms are considerably high; therefore, their presence in 

the sample is unlikely.  

In this work we also discuss the vibrational spectra of this compound and compare those 

frequencies which are directly related to the H-bond strength with several �-diketones and 

relate the H-bond strength to the structural parameters. 

 

Conclusion 

 The FT IR and FT Raman spectra of MAA have been investigated by means of DFT 

calculations. According to both calculations and experimental results, there is a keto-enol 

equilibrium in the neat and solution samples of MAA. The intramolecular H-bond is 

relatively strong in the chelated enol form of MAA.  
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Abstract: 

    Catalytic oxidation of carbon monoxide on transition metal surface is important .In this 

investigation.We study reaction between CO and O on Pt and Pd surfaces,and used an  Ab 

initio Density Functional Theory (DFT). 

    We used   B3lyp  theoretical and 6-31G (d) basis set for carbon and oxygen . Also  

Lanl2DZ 

basis set for Pt and Pd .The oxidation occurs Langmuir- Hinshelwood mechanism,where CO 

molecule adsorb on the surface and react with chemisorb oxygen atom. 

 

Keywords:CO oxidation, DFT theory, Lanl2DZ basis set,Langmuir-Hinshelwood, Transition 

state. 

 

Introduction: 

    Platinum together with palladium is used as industrial catalysts,especially in catalytic 

converters for combustion oxidation of CO.This is important to effort the understanding of the 

simple catalytic oxidation of CO on Pt (001) and Pd (001) 1 .The aim of this study is catalytic 

oxidation of  CO  to  CO2 in  present of oxygen on surface Pt (001) and Pd (001) using Ab 

initio   

calculation. Also we investigate reactions and transition state (TS). 

 

Methods: 

    All calculations were made using Gaussian 03.Optimized geometric were detemind using 

Density Functional Theory with B3lyp.We used 6-31G(d) basis set for CO and O,that are top 
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site on metals surfaces ,and with Lanl2DZ basis set for Pt and Pd .At final we calculated the 

transition state (TS) using scan program in the  structure offered. 

 

Fig.1show that CO and O are top site on  Pt and Pd surfaces . 

                                                    Pt                                                                                Pd 

   

 
                                  Table1. Energy and ETS calculation for CO and O for Pt and Pd : 

 

 

 

 

 

 

Results: 

    We calculated  the activation  energy (E a)for  Pt and Pd: 

Pt:  Ea= ١٣۵١٫٣١٠۶٧    kcal/mol. 

Pd:  Ea=   ۴١٠٫٨۴٩٢٢۴  kcal/mol. 

 E(au) ETS(au) 
Pt-O -589.9135549  - 

Pt-CO -551.7403036  - 
Pt (CO+O) -665.0692552  -662.89673 

Pd-O ۵٨٢٫١٠٣٢۶٢١-  - 

Pd-CO  ۶٢٠٫٢٩٠۶۵۵١-  - 

Pd (CO+O)  ۶٩۵٫۴٠۴١٧٩٣-  -۶٩۴٫٧۴٣۶۵ 
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    We concluded the  Ea for Pt is more than for Pd. It seem that Pt surface is better for CO 

oxidation. 
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M3
+ (M = H, Li, Na, K) clusters have been considered as examples of s-atomic orbital, σ-

aromaticity for years [1]. NICS computations are in line with this picture as large negative 

NICS values are obtained at the center of these clusters [2]. However, there are serious doubts 

about the nature of aromaticity of these clusters because electron concentrations, i.e. Non-

Nuclear Attractors (NNA), are present at the center of these clusters [3], Figure 1. 
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Figure 1. Topology of electron density of the Li3
+; four blue circles (larger circles) are (3,-3) critical points corresponding to 

three lithium nuclei and the non-nuclear attractor (the central point). The red circles (smaller circles) represent (3,-1) critical 

points. 

  

A recent study confirms that one-electron density indeed affects the NICS values [4]. A large 

electron density causes large negative NICS values although this does not necessarily mean 

aromaticity. In order to solve this discrepancy electronic structure and magnetic shielding of 

these species are studied precisely. 

Geometries of all clusters are optimized to their local minima, i.e. no imaginary frequency, at 

the B3LYP/6-311+G(d) computational level; magnetic properties of local minima are studied 

while number of electrons in each cluster are varied. According to electron counting rule of 

aromaticity for metallic clusters [1], addition or elimination of electrons from these clusters 

should result in antiaromatic character. Magnetic properties of negatively charged species as 

well as triply positive charged ones suggest that addition/elimination of electrons does not  

change the magnetic properties into what is expected from an antiaromatic species.  This 

confirms that large negative NICS values at the center of these clusters are not result of the 

magnetic aromaticity. 

In summary, these species are not σ-aromatic and the high electron density, i.e. NNA, at the 

center of these molecules is the source of large negative NICS values. 
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Recently, employing the matrix isolation and FT-IR spectroscopy, Ti3(CO)3 a novel titanium-

carbonyl species with an interesting planar geometry and electronic structure has been 

characterized, Figure 1 [1]. The structure of Ti3(CO)3 was verified based on a detailed 

comparison of the experimental and computational IR spectrum where the isotope 

substitutions and concomitant ab initio computations strengthened the tentative assignment.  

Probably the unusual feature of the published work on Ti3(CO)3 rests on the claim that this 

species is "potentially antiaromatic" reflected in the title of published paper. However, this 

characterization is questionable due to using a wrong methodology for assessing aromaticity 

and the fact that this molecule is a global minimum. 

 
Figure 1. The structure of Ti3(CO)3 at B3LYP/6-311+G(2df) level of theory. 
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Nature of bonding and aromaticity of Ti3(CO)3, is studied at twelve computational levels 

(Four DFT levels including B3LYP, BP86, LSDA and MPWPW91 with three different basis 

sets 6-311+g(d), 6-311+G(2df) and 6-311+G(3d2f)) heedfully. Based on NICS 

methodology,[2] it is proven that not only Ti3(CO)3 is not an antiaromatic complex but also is 

the first synthesized example of d-block, σ + π aromatic species. 

A unique bonding pattern in Ti3(CO)3  based on electron donation from the sd metal orbitals 

to the antibonding orbitals of carbonyl was found without σ-donation from carbonyl to metal.  

Qualitative MO picture and quantitative QTAIM analysis both confirm this bonding pattern. 

Energy decomposition analysis at BP86/TZVP level completes the puzzle and confirms the 

presence of inverted donation.  Atomization energies reveals the efficiency of this bonding 

mechanism as the bonding energy between metal and carbonyl is more than twice larger than 

usual metal-carbonyl bonds in titanium carbonyl complexes.  A quick survey among first row 

transition metals showed that, other local minima with similar structures (V3(CO)3
+, 

Ni3(CO)3, Cu3(CO)3
–) are also conceivable and Ti3(CO)3 is the first synthesized species of an 

unknown family, Figure 2. 

 
Figure 2. Structure of predicted species at B3LYP/6-311+G(d) level. 
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Based on the NICS methodology and orbital morphology V3(CO)3
+ is verified as a triple-

aromatic species with σ-, π- and δ-aromaticity. However, Ni3(CO)3 and Cu3(CO)3
– are 

characterized as non-aromatic.  The full details have been reported elsewhere [3].  
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Introduction 

The aromaticity is important parameter used frequently as a reactivity measure of many 

organic and even some inorganic molecules [1]. About 50% of all known organic compounds 

may be characterized by more or less pronounced aromatic character. This is especially 

important for heterocyclic compounds since this class comprises many species of great 

biological importance such as porphyrins and nucleic acid bases [2]. Guanine is one of the 

most important nucleic acid bases (NAB) occuring in both DNA and RNA. In addition to 

being the largest NAB, it has also the most complex tautomeric equilibria [3]. The concept of 

NICS was introduced by Schleyer et al. in 1996 [4] as a measure of aromaticity and 

antiaromaticity (or non-aromaticity). It is based on a probe with no basis functions (bq) which 

is placed at or above the geometrical center of a conjugated ring . 
 

Computational Details and Results 

All calculations has been carried out at the B3LYP/6-311++G(d,p) level of theory using 

Gaussian 03 software package [5]. Ball/stick structures and numbering system of the three 

stable tautomers of adenine is presented in below fig and the stability is in the order 

T3>T1>T2>T4.  

 

On the basis of NICS plots five and six membered rings in all stable tautomers of guanine 

show considerable aromaticity. Interesting, for all four stable tautomers of adenine NICS 

values at the minimum point of five membered rings are more negative (i.e. indicating more 
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aromaticity) than six membered rings. It should be noted that the overall aromaticity of 

tautomers is better indicated by its ΣNICS value. The strongest aromatic quality was found for 

the T4 tautomer. The other tautomers were also characterized by significant relative 

aromaticity, but less compared to the T4 tautomer. The T1 tautomer had the least aromaticity. 

It is clear that the order of relative aromaticity of the different tautomers is not similar to the 

relative energies. 
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Introduction: 

Beta-diketones and tetraketones represent two of the most important classes of chelating 

ligands [1]. These ligands lose their proton(s) in basic media to produce anions in which able 

to coordinate strongly to metal ions. Equilibrium exists between enol and keto forms of the 

tetraketonate ligands and its stability depends on the nature of solvent as well as substituent 

attached [2]. In this work the effect of some solvents with different dielectric constant on the 

tautomerism of four various tetraketonate ligands shown in scheme 1 were investigated by the 

DFT level of theory and compared the theoretical results with those of the experimental 

results taken form 1HNMR spectroscopy.  

Scheme 1 

R2R1

R3 R4

O

OO

O

R2R1

R3 R4

O

OHO

HO

R1, R4 = CH3, CH2CH3
R2, R3 = CH3, CF3  
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Experimental and method: 

3,4-diacetyl -2,5-hexanedione was prepared and purified according to the method described in 

the literature [3]. 1H NMR spectra were recorded on a Bruker 400 DRX Spectrometer in 

solvent of dmso (d6) and D2O. All geometries of the four ligands were fully optimized at the 

DFT, Becke's three parameters hybrid functional (B3) [4] with non-local correlation 

functional of Lee-Yang-Parr (LYP) [5,6] level of theory and the 6-31++G** basis set using 

Gaussian 03 program. The calculations were performed in the presence of a solvent molecule 

using an Onsager model (SCRF). Frequency analysis is also performed to ensure that the 

resulted geometries are in the global minimum of the potential surface. 

 

Results and discussion: 

The dipole moments and stability energy of the tautomeric forms of the ligands were 

investigated in three solvents, chloroform, acetonitrile and dimethylsulfoxide, with dielectric 

constants of 4.9, 36.6 and 46.7, respectively. The obtained results show that the enol forms of 

the tautomeric species is generally predominate over the corresponding keto form in all 

solvents and ligands used. The results were supported by 1HNMR and 13CNMR studies. In 

cases of 3,4-bis(triflouroacetyl)-2,5-hexanedione and 4,5-bis(triflouroacetyl)-3,6-octanedione 

the presence of the electronegative substituents lead to existence of two enol forms with 

different energy levels. These constitutional isomers have also been investigated in various 

solvents. 

 

Conclusion: 

It could be concluded that the enolic tautomers are more stable than the keto counterparts in 

different solvents, even in solvent with a high dielectric constant as a consequence of 

intermolecular hydrogen bonds. Existence of an electronegative substituent like CF3 stabilizes 

more enolic form due to the formation of the stronger hydrogen bonds.  
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Introduction 

It has been more than 10 years since the discovery of Boron Nitride (BN) nanostructures. 

Numerous investigations were carried out about BN nanostructures. Nowadays, BN 

nanostructures produced in large scale and chemistry of these structures have an important 

role in composites production. In general BN has a similar structure with graphite in which 

carbon atoms were replaced by equal atoms of both boron and nitrogen. The applications of 

BN nanostructures, that identify their importance, are including: improvement of thermal and 

mechanical properties of polymer composites, applications in electronic devices, and nano- 

drugs and attraction and storage of fuels like hydrogen molecules.[1] 

The electronic density changes in the BN nanostructures would affect observable properties of 

these structures. These changes can be separated for σ and π contributions of electron density, 

when the molecule is planar.[2] It is proved that the theory of atoms in molecules (AIM), 

introduced by Bader, is successful in description of electronic density of molecules and its 

changes.[3] AIM theory is based on the electronic density ρ(r) graphs and all of the molecular 

specifications are expressed by these topology. In this theory, critical point (CP) in the 

electron density is defined as a point in space at which the first derivatives of the density 

vanish. In fact, there is a line with maximum density between two atoms that named bond 

path (BP). The point on the bond path which is maximum in the inter-atomic surface is called 

bond critical point (BCP). The main criterion for creation of a bond between two atoms is the 

existence of a BCP in the line of maximum density between two atoms or bond path.  

Although most of the researches based on the AIM theory apply σ-framework of charge 

density, changing the π contribution of charge density has a strong influence on observable 

properties of π bond containing molecules, indirectly. In the present work, our effort is to 

analyze the π bond charge density changes in BN sheet molecules, individually. These 

changes would be studied in the presence of halogen substitutions on BN planar sheets. 
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Methodology: 

In the present work, the BN sheet was applied to study in the presence and absence of R 

substitution (R: F, Cl, Br). Gaussian 03 package was used to molecular optimization, and 

computation of wave function at HF/6-31g* level of theory. Frequency test was applied to 

ensure that the structures are in minimum energy structure. Figure 1 represents typical 

optimized structure of BN sheets with halogen groups were halogens are connected to the 

nitrogen number 50 (N50). 

 
Figure 1: (A): Typical optimized structure of BN sheet substituted by R (R: H, F, Cl, Br). (B): The molecular 
graph of BN sheet showing the collection ߪ ݂-BPs and associated BCPs. (C): π -BPs and BCPs for BN sheet. 
 
AIM2000 program [4] was applied to analyze the wave function of π and σ orbitals in the 

presence and absence of halogens. Figure 1(B) and 1(C) demonstrate σ and π separated 

graphs, obtained by AIM program, for typical BN sheet with R substitution. Figure 2 

represents enlarged graphs in Fig. 1 for σ orbitals (a, b, c, d) and π orbitals (e, f, g, h), 

separately. The BCPs 1 to 7 presented in Fig. 2 show the most changes in ρBCP among the 

other BCPs of BN sheet after substitution. For other BCPs the change in ρBCP is negligible so 

they were omitted from tables and figures. Because of the perfect symmetry in BN sheet 

molecule, results associated with BCPs 2, 4, and 6 are the same as 3, 5 and 7. 
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Figure 2: σ and π AIM diagrams zoomed in on the substituted site. 

Charge density at BCPs number 1 to 6 in BN nanostructures was obtained and summarized in 

Table 1 for σ and π system, individually. The values of AIM atomic charges and bond lengths 

associated with BCPs number 1 to 6 was determined and reported in Table 2. 

Table 1: Calculated charge density for BCPs 1-7 which have significant changes respect to other BCPs on BN 
sheet. 

Structure 

Charge Density ሺࡼ࣋ሻ 
σ type BCPs π type BCPs 

1 2  4 6 
1 2 4 6 

a b a b a b a b 
BN Sheet 0.3422 0.2004 0.1984 0.1951 - 0.0213 0.0205 0.0194 

BN Sheet - F 0.2971 0.1978 0.2065 0.1986 0.0426 0.0211 0.0218 0.0203 
BN Sheet - Cl 0.2194 0.1891 0.2051 0.1972 0.0272 0.0206 0.0217 0.0200 
BN Sheet - Br 0.1673 0.1893 0.2047 0.1969 0.0223 0.0205 0.0216 0.0199 

 
Table 2: AIM atomic charge and bond length for atoms and bonds with significant changes respect to BN sheet. 

Structure 
AIM atomic charges Bond length (A˚) 

N۵٠ B۴1 N42 B۴٠ N43 N50-B41 B41-N42 N42-B40 B41-N43 
BN Sheet -1.853 2.433 -2.33١ 2.419 -1.876 1.427 1.447 1.443 1.434 

BN Sheet - F -1.140 2.427 -2.325 2.426 -1.904 1.428 1.420 1.441 1.445 
BN Sheet - Cl -1.587 2.430 -2.423 2.423 -1.910 1.445 1.422 1.444 1.445 
BN Sheet - Br -1.728 2.429 -2.325 2.422 -2.615 1.444 1.423 1.445 1.445 

 

Results and discussions  

The obtaining results from AIM analysis for σ and π systems of BN sheet substituted by 

halogen atoms demonstrate double bonds formation between halogen and N50. The charge 

density for both σ and π systems would change in presence of halogens on BN sheet. For 

instance, ρBCP decreases for BCP 2 and increases for BCP 4 in halogenated BN sheets respect 

to BN sheet without substitution, while their corresponding bond length N50-B41 and B41-N43 

increases and decreases, respectively. Comparing ρBCP 1-6 for π and σ systems in Table 1 
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shows that the trend in π system is completely similar to that of σ system. Table 2 also 

confirms the changes in AIM atomic charges for atoms on the ring connected to halogen 

atoms increases the polarity of B-N bonds. 

 

Conclusion  

The σ and π contribution of charge density were identified, individually, by AIM theory for 

BN sheets in presence and absence halogen atoms. The results show that the charge density 

behaves similarly in π and σ system. The halogenations in BN sheets cause to change in 

charge density, atomic charge and bond length of hexagonal BN ring connected to 

substitution and also the two vicinal N atoms of the ring. The other B and N atoms remain 

unchanged. 
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Introduction 

The design and synthesis of host molecules for neutral guests continues to be an area of the 

great interest in supramolecular chemistry [1]. In recent years a series of receptors derived 

from the concave molecule glycoluril have been developed by Nolte's group [2-4]. These 

receptors, which are known molecular clips, bind dihydroxybenzenes by hydrogen bonding 

interactions between the hydroxyl groups of the guest and the urea carbonyl groups of the host 

and by π-π stacking interactions between the guest and the host side-walls. In the next studies, 

molecular clips with large variety of side walls have been synthesized and the supramolecular 

chemistry of these clips has been extensively studied [5, 6].  

 

Results and discussion 

DFT geometry optimization 

DFT calculations were employed in order to optimize the minimum energy geometry of the 

clips In this study, the effect of two factors on the geometry of the clips were examined. First, 

the rigidity of the glycoluril scaffold (the more rigid biphenyl-, and bipyridine glycoluril) and 

second, the extent of steric hindrance around the clip cavity (tetramethyl- and 

dimethylbenzene side-walls versus benzene side-wall) (Figure 1). 
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1a   R1 , R2 , R3 , R4 = H
1b   R1 , R4 = H; R2 , R3 = Me
1c   R1 , R2 , R3 , R4 = Me
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1h   R1 , R2 , R3 , R4 = Me, X = N
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Figure 1 

The optimization results showed that biphenyl-, and bipyridine-derived clips (1d-h) have 

more stability due to the longer conjugation of their aromatic π systems. Surprisingly, 

increasing of the extent of substitution on the aromatic side-walls imparts more stability to the 

clip molecules. We found that the spatial distance between two oxygens of the carbonyl 

groups, which is a criterion of folding of the fused imidazolone rings, depends only on the 

glycoluril framework and not to type of the side-walls. However, one of the best relationships 

in this study has appeared as 'center-to-center'   distance.  Indeed, it   is   the  distance  

between two centers  of  the  rings  of  the aromatic side-walls and it  appropriately  reflects   

the  degree  of  tightness  or  looseness of the clip cavity (Figure 2). 

 

 

 

 

                                                                                         

 

Figure 2. Computer-optimized structure of the representative clip 1d (left: front view; right: side view) 

 

Also, it was found that in the case of the most substituted clips 1c, 1f, and 1h, the clip cavity 

is tightest. Another interesting feature of the optimization results is dependence of the 

dihedral angles between the fused imidazolone rings as well as, the aromatic side walls to the 

extent of the cavity substitution and the rigidity of the structure. Because of the planarity of 

the biphenyl moiety, the molecular clips 1d-f have more rigid structure than the clips 1a-c.  
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Conclusion 

The results of this study show that the larger steric interactions may be occurred between the 

glycoluril scaffolds of compounds 1d-f and the methylene protons resulting in more squeezed 

cavities compared to the cavities of diphenylglycoluril-derived clips 1a-c. Also, the 

substitution degree of the aromatic side-walls makes the clip cavity tighter.  
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Tyrosinase is a multifunctional copper-containing enzyme widely distributed in 

microorganisms, plants and animals [1]. It is well known that tyrosinase can catalyzes two 

distinct reactions of melanin synthesis, the hydroxylation of monophenols to o-diphephenols 

(monophenolase activity) and the oxidation of o-diphenols to o-quinones (diphenolase 

activity) [2]. On the other hand, QSAR methods are the powerful tools for investigation of 

correlation between structure and activity. In this work we selected different categories of 

tyrosinase inhibitors. The quantitative equation between experimental parameters (logIC50) 

and structural descriptors such as volume, molecular weight, polarity, aromaticty and 

hydrophobicity was obtained. The QSAR studies were performed on chemically diverse 

molecules belonging to substituted 4-hydroxybenzaldehyde derivatives. The following results 

were obtained  

                 
LogIC50=1.439-1.183*var919-0.178*var693-  1.133*var826+20.106*var143+0.215*var835 
 

Table 1 Definition of descriptors 
Descriptors Definition Class 

Mor29e 
3D-MoRSE - signal 29 / weighted by atomic 
Sanderson electronegativities 

3D-MoRSE 
descriptors 

RDF100m 
Radial Distribution Function - 10.0 / weighted by 
atomic masses RDF descriptors 

Mor32u 3D-MoRSE - signal 32 / unweighted 
3D-MoRSE 
descriptors 

PW5 path/walk 5 - Randic shape index 
topological 
descriptors 

Mor09m 3D-MoRSE - signal 09 / weighted by atomic masses
3D-MoRSE 
descriptors 

 
 
Results of principal component analysis is as follow  
 
Log Ic50=-0.152*Size-0.122*Hydrophobicity+0.106*Aromaticity+0.053*Shape 
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Fig. 1 Correlation between predicted and experimental logIC50 for tyrosinase inhibitors. 
 
Key words: QSAR, Tyrosinase, Molecular descriptors,  
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Introduction 

The class of Ionic liquids (ILs) has been known due their unique properties as potential designer 

solvents for wide range of applications.[1] In order to design ionic liquids, it is necessary to make a 

link between the fundamental properties of the system such as electronic structure and inter-

molecular force and specific macromolecular physical and chemical properties.[2] In room -

temperature ILs there is a complex interplay of forces –Coulombic, dipole–dipole, dipole–induced 

dipole, dispersion and hydrogen bond– which has yet to be unraveled. Therefore to interplay the 

nature of bonds, in this work the QTAIM and EDA analyses were carried out on 1-butyl-3-

methylimidazolium bromide [Bmim][Br] and iodide [Bmim][I] B3LYP optimized structures. 

Also natural bond orbital (NBO) analysis has been performed as useful reference point for an 

analysis of the charge distribution and charge transfer in  selected ILs. 

 

Methods 

Geometries of the [Bmim][Br] and [Bmim][I] ILs were fully optimized using the density 

functional theory (DFT) with B3LYP functional. MP2 single point calculation has been run on 

optimized structure. The pseudopotential-based augmented correlation-consistent basis sets, 

aug-cc-pVDZ-PP, based on the small core relativistic pseudopotentials (PPs) of Figgen et al, 

was used for Br and I, and the Pople 6-31++G(d,p) basis set was used for 1 -butyl -3 -

methylimidazolium [Bmim]. These calculations have been done using Gaussian 03 suite of 

programs. Structures have been fully optimized, under no symmetry constraints, and the B3LYP 

structures confirmed by frequency analysis. To reveal the nature of bonds, the NBO, QTAIM, 

and EDA analyses were carried out on the B3LYP optimized structures. 

Results and Discussion 
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Geometry optimization started by placing anion near the active sites of cation, and obtained 

multiple stable structures[3] for homologous ion pair; however, we decided to work on four 

different optimized conformers which exhibited in Figure 1. The differences of anion charges 

(∆q) before and after complexation have been calculated by NPA charges.  

 Table 1 has been shown that for different conformers of [Bmim][I], this IL has less 

intermolecular interaction comparing to [Bmim][Br], that should be related to significant 

dispersion of iodide. The dipole moment of the resultant ion pair is large, and varies between 

9.66 and 18.37 debye (Table 1). It shows that dipole–dipole forces play an important role in IL's 

intermolecular forces. 

A correlation between the amount of ∆q and the relative stability of each dimer pair has been 

obtained from Table 1. [Bmim][Br] conformers have more charge differences and are more 

stable comparing [Bmim][I] dimer pairs (considering interaction energies Eint shown in Table 

1 as a standard value exposing stability). 

 

 

 

 

 

 

 

 

 

Figure 1. Location of primary cation–anion interaction sites for [Bmim]I, and Br : a) anion out-of-plane b) anion 

in-plane c) opt [Bmim][I] and d) opt [Bmim][Br] 

 

Table 1. Charge difference (∆q in e), dipole moments (µ in debye) and interaction energies ( Eint in kcal mol-1) at 
the B3LYP level for [Bmim]I and Br conformers. 

 ∆qBr ∆qI µBr µI Eint(Br) Eint(I) 

Opt 0.161 0.149 12.5610 11.1612 -80.683 -75.424 

Buthyl side 0.160 0.151 12.5291 11.0420 -80.676 -75.418 

Methyle side 0.173 0.170 9.6662 10.6943 -79.819 -75.368 

Near buthyle 0.120 0.112 16.7018 17.8979 -73.512 -68.392 
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Near methyle 0.132 0.119 18.1290 18.3726 -72.699 -67.598 
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Introduction:  

Hydrogen has been recognized as an ideal energy carrier with heating value three times higher 

than petroleum[1]. However, several studies have been performed to meet the goals of U.S. 

Department of Energy (DOE) Hydrogen plan, 6.5 wt%, most of them have failed to approach 

the proposed target. In addition, only a few researches have been reported on hydrogen 

adsorption behaviour of SiNTs [2] and shown SiNTs can perform more practically than 

CNTs, thus can be considered as a capable candidate for hydrogen storage. To our knowledge, 

there are no studies providing good data either for adsorption of other gases on SiNTs or gas 

mixtures. Therefore, we studied a theoretical method, combination of ab initio calculations 

and canonical Monte Carlo simulation, to investigate the interaction of hydrogen and helium 

on single-walled SiNTs. 

 

Models and simulation methods:  

Our research was carried out using three armchair SiNTs with different diameters which their 

cluster models were applied to avoid heavy computations: For both the (7, 7) with diameter of 

15.0 Å and (9, 9) SiNTs with diameter of 19.3 Å, a small curved graphene-like sheet cluster 

model, and for (5, 5) SiNT with diameter of 10.8 Å, a cylindrical cluster model separating 

symmetrically from corresponding SiNTs.[2]All the energy calculations have been performed 

at the level of density functional theory (DFT) employing MP1PW91 along with the 6-

311++g** basis set for highly interacting atoms using the GAUSSIAN 03 program.[22] By 

considering  three different adsorption sites for interacting helium and hydrogen with SiNTs: 
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1) top of silicon atom, 2) middle of Si-Si bond, and 3) centre of hexagonal ring(hollow site), 

the binding energy for each site was computed as the following equation to explore the most 

appropriate site of adsorption:[2,4]                                                      

Ebinding= Egas-model cluster - (Egas+E model-cluster)                                                                              (1)  

Our results show that,the hollow adsorption site was considered as the most favorable one. 

Therefore, we limited our computations to the investigation of adsorption of H2 and He gas 

molecules with hexagon center of SiNT to investigate H2/SiNTs and He/SiNTs potential 

energy curves.Continuing our investigations, it should be mentioned that the proper choice 

potential equation as a link between ab initio calculation and Monte Carlo simulation is of 

vital importance, Therefore, three models of potential functions including (12-6), (9-6) 

lennard-Jones and Morse equation are selected. The (12-6), (9-6) lennard-Jones equations 

couldn't be fitted with the H2 and He potential curves , shown in figure 1, whereas we found 

that the Morse potential (eq 2) is the most favourable potential model, which has a very good 

coincidence with the results driven from the ab initio calculations for both hydrogen and 

helium due to slower slope in their repulsion branch.  

Figure 1. Potential energy curves for a) interacting hydrogen and b) helium with hollow adsorption site for (5, 

5), (7, 7), and (9, 9) SWSiNTs. 
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Table 1. Calculated Morse potential parameters for interaction of H2 and He with hollow sites of three different 

SiNTs 

outside the tube wall 

for (9, 9) SiNT  

outside the tube wall 

for (7, 7) SiNT  

outside the tube wall for  

(5, 5) SiNT   

Morse potential 

parameter  

He  H2 HeH2HeH2  
0. 

304  
0. 973 0. 297 0.983 0. 36  1. 1  D( kcal/mol ) 

5. 
956  

4.98  5. 719 4. 768 5. 745  4. 83  g  

3. 
575  

2. 944 3. 637 2. 98  3. 586  2. 79  re( A)  

 

 

Conclusion:  

In summary, the binding energies for both hydrogen and helium with different SiNTs were 

determined via ab initio calculations and fitted by Morse potential equation. The binding 

energies for hydrogen adsorption on the surface of tubes are considerably stronger than 

helium. Since the interaction energies of H2 and He with SiNTs are in the region of 

physisorption through the van der waals interaction, and with the intention to the fact that 

helium is a noble gas with quite different physicochemical properties against hydrogen and 

lower polarizability than H2, binding energies for helium adsorption on the surface of tubes 

are noticeably lower than hydrogen.  
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Introduction 

The interest in molybdocene dichloride and related metallocenes has dominated by their 

remarkable catalytic properties in organic synthesis and as polymerization catalysts [1,2]. 

Testing of a range of metallocene dichlorides identified Cp2MCl2 (M=Ti, V, Nb and Mo) as 

cytotoxic agents with potential as anticancer agents [3]. The hydrolysis chemistry of these 

compounds is complex, typically involving the formation of a number of dimeric and 

oligomeric species. The structure of the hydrolysis products is highly dependent on the pH 

and is often inferred only from titration studies. 
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Scheme 1.  

In most cases, hydrolysis of the coordinated halide or pseudo-halide ligands occurs first and 

affords aquated metallocene complexes, with OH or OH2 ligands replacing X  (Scheme 1). 

The dissociation rate of the second X  is dependent of X in Cp2MoX2. Taking into account 
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the kinetic parameters and finding the most favorable reaction mechanism, has promoted us to 

investigate the hydrolysis chemistry of molybdocenes in a detailed theoretical study. 

 

 

Methods 

Quantum chemical computations were carried out with the Gaussian 03 series of programs. 

Full geometry optimizations of stable species and transition states (TS) were performed in the 

gas phase by employing the hybrid density functional B3LYP with the aug-cc-pVDZ (cc-

pVDZ-pp for Mo) and  aug-cc-pVTZ (cc-pVTZ-pp for Mo) basis sets. It has been 

demonstrated that B3LYP and MP2 levels of theory give similar results. Vibrational 

frequency calculations were carried out for all complexes at the B3LYP/aug-cc-pVDZ and the 

B3LYP/aug-cc-pVTZ levels to calculate the zero point energy (ZPE). To take into account 

condensed-phase effects, single-point calculations were also performed on the gas-phase-

optimized geometries using the polarizable continuum model (PCM) of Tomasi et al. with the 

united atom Hartree-Fock (UAHF) parametrization. To check the reliability of our 

computational scheme, we also optimized at the B1B95/SDB-aug-cc-pVTZ level of theory, 

the key critical structures involved in the most favorable mechanisms previously found at the 

B3LYP level of theory.  

 

Results and Discussion 

Three paths are found in the first and the second hydrolysis step in which, the water molecule 

attacks to the Mo atom and the chloride atom goes out spontaneously. In summary, the first 

hydrolysis step exhibits similar geometric features to the second hydrolysis step. The rate 

constants ( k ) were calculated within the transition state theory, using Eyring equation. We 

also investigated another plausible mechanism in the first and the second hydrolysis steps. 

This mechanism includes the cleavage of the Mo-Cl bond in the first time and adding of the 

water molecule to the structure in the next time. This process will repeat for adding of the 

second water molecules in the second hydrolysis step. Results indicate that the recent 

proposed mechanism is in a good agreement with the experimental data. Also, interesting 

results obtained from the effect of the substituted groups on the hydrolysis steps and 

equilibrium constants. 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
566

 

Conclusions 

The energetic properties, including the relevant thermodynamic quantities and the estimation 

of the rate constants, were obtained from the computations. Results indicate that SN1 

mechanism is the concerted mechanism of the hydrolysis processes. The computed values of 

free energy barriers )(aqG  and rate constants ( k ) in aqueous solution, for the first and 

second hydrolysis steps, are in excellent agreement with the experimental results under the 

same conditions. 
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Abstract 

Diamondoids are classed with organic nanostructures; therefore, adamantane derivatives have 

become particularly popular with the development of nanotechnologies.The applications of 

adamantane derivatives are diverse: from antiviral drugs to nanorobots and molecular 

machines. 
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Introduction 

In this report our goal was to study the partition coefficient (logP) of adamantane derivatives 

and also to examine the relationship between the physicochemical properties and logP of 

adamantane derivatives. Correlations between the logP and structural characteristics of 

adamantane derivatives were found based on the QSAR (Quantitative Structure_Activity 

Relationships) method.  
 

Methods 

Quantum-chemical calculations were performed with  Gaussian 03 package and HyperChem 

program package, version 8.0, by Density Functional Theory (DFT) methods and at the 6-

31+G** basis set. 
 

Results and discussion 

Also  Multiple Linear Regressions (MLR) were employed to model the relationships between 

molecular descriptors and logP of molecules using stepwise method. The following modeles 

with the best statistic parameters were obtained. logP were calculated by the following models 

and compared with experimental values.(Table. 1)  

LogP=  1.289(±0.194) HE +0.434(±0.116) ΔGw   +1.733(±0.808)           

(B3LYP/6-31+G**) (1) ( R= 0.940  R 2= 0.884   Q2
=  0.72  F= 61.21  N=19 ) 

LogP=  2.234 (±0.347) HE +0.433 (±0.094) ΔGw   + -0.009( 0.003 )SAAP+1.831(±0.656)          

(B3LYP/6-31+G**) (2) ( R= 0.964     R 2=0 .929   Q2
= 0.77    F= 65.15  N = 19 ) 

COMPOUND LogPEXP LogPEq1 LogPEq2 
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Commonly used descriptors in the QSAR analysis are presented in Table 2. 
 

Descriptor Symbol Example 

Quantum 

chemical 

descriptors 

Molecular Polarizability MP 
Electrostatic Potentialc EP 

solvation Free Energy(in Octanol) ΔGOCT 
solvation Free Energy(in water) ΔGWATER 

Isotropic Parameterd Σ 
Mulliken Charge MC 

Molecular Dipole Moment MDP 
Highest Occupied HOMO 

Lowest Unoccupied LUMO 
difference between EGap 

Hardness Η 
 Electro negativity Χ 

Chemical 

Properties 

Softness ( S=1/ η ) S 
Partition Coefficient Log P 

Molecule surface area SA 
Hydration Energy HE 

Refractivity REF 
Mass M 

 
 

 

Conclusions 

The aim of this work is the development, using theoretical molecular descriptors, and the 

proposal of externally validated general QSAR models for the prediction of (logP) for a wide 

adamantane 2.69 2.68 2.87 

1 3 dimethyl adamantane 3.56 3.76 3.75 

1-buthyl adamantane 4.31 4.40 4.57 

1-ethyl adamantane 3.52 3.43 3.55 

1-isopropyl adamantane 3.85 3.80 3.87 

1-propyl adamantane 3.92 3.95 4.09 

2-buthyl adamantane 4.21 4.26 4.47 

2-ethyl adamantane 3.42 3.30 3.47 

2-isopropyl adamantane 3.75 3.36 3.49 

2-methyl adamantane 3.02 3.04 3.20 

2-propyl adamantane 3.81 3.51 3.69 

1-methyladamantane 3.13 3.22 3.31 

1- sec buthyl adamantane 4.25 4.25 4.35 

1-tert-buthyl adamantane 4.29 4.04 4.03 

1-ethyl-3-methyl-adamantane 4.35 4.04 4.06 

1.3.5.7.tetra methyl adamantane 4.42 4.87 4.68 

1.3 diethyl adamantane 4.35 4.32 4.37 

1-n-n dimethyl adamantane  1.88 2.38 2.04 

2-isobuthyl adamantane 4.15 4.21 4.32 
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compounds.The use of descriptors calculated only from molecular structure eliminates the 

need for experimental determination of activity for use in the correlation and allows for the 

estimation of (logP)for molecules not yet synthesized. 
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Abstract 

Some of the Acenaphthylene properties were calculated in this study. free energy of solvation, 

free energy of cavity formation, Henry's law constant, and other properties of Acenaphthylene 

in dry phase, three solvents have been calculated with Ab initio method base on density 

functional theory (DFT) at B31yp/6-3Ig, B3Iyp/6-31g*, B3Iyp/631 +g* and B3Iyp/6-31 

++g** three solvents were used in this study are polar and non-polar solvents with different 

dielectric constants. The results show that the free energy of solvation of Acenaphthylene in 

non-polar solvents such as n-heptane is more negative than the polar solvents like water. 
 

Keywords : Acenaphthylene; Ab initio; DFT; Free energy solvation 
 

Introduction 

Polycyclic aromatic hydrocarbons (PAH) containing unsaturated five membered rings 

externally fused to six-membered ring perimeters (CP-PAHs) are important in several 

context[1]. CP-PAHs have been identified as ubiquitous combustion effluents, and several 

representatives have been shown to possess considerable genotoxic activities [2]. 

Geochemical processes yield PAHs when natural organic matter(NOM) is exposed to high 

pressure and temperature.This compounds can be source pollutants (e.g. oil spill) or non point 

source (e.g. atmospheric deposition) and are among the most widespread organic pollutants. 

Anthropogenic practices , such as industrial processing, petroleum spills, and in complete 

combustion of fuel , also contribute to high levels of PAHs in the enviroment [3-7].        

(PAHs) with external cyclopenta - fused five membered rings, such as the cyclopenta – fused 

naphthalene (Acenaphthylen) derivatives , belong to the class of nonalternant polycyclic 

aromatic hydrocarbons and may exhibit unusual (Photo) physical properties. Several 

qualitative models, e.g.Plat's ring perimeter model[8] Clar's model[9] and Randics conjugated 
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circuits model [10,11] have either been or are frequently used for the rationalization of the 

properties and the reactivity of PAHs. 

Solvent effects on thermochemical phenomena remain a challenging area of investigation for 

physicalal chemists. Many organic chemistry reactions take place in solution and, thus, it is 

important for realistic theoretical models to accurately describe 

solvent effects. Furthermore, in processes involving biomolecules, such as enzyme catalysis, 

surrounding enzymatic structure can significantly influence chemical reactivity. However Ab 

initio molecular orbital theory at the SCF level and OFT method has been shown to be 

capable of the accurate prediction of geometry and thermochemisry for small hydrocarbons. 

Two highly productive approaches to solution of the electronic "Schrodinger " equation have 

arisen over the past 50 years. 

Wave function-based approaches expand the electronic wave function as a sum of Slater 

determinants, the orbital and coefficients of which are optimized by various numerical 

procedures. Hartree-Fock theory is the simplest method of this type, involving optimization of 

a single determinant. However, its usefulness is limited because of complete neglect of 

electron correlation. The second class of theoretical approaches are based on the density 

functional theory (DFT), which follows the Hohenberg-Kohn theorem mandates expression of 

the total energy of the system as a functional of the electron density. Because the electron 

density depends on only three coordinates (as opposed to the 3N coordinates of N electrons), 

the computational effort required to solve the equations of DFT is comparable with that 

required for Hartree-Fock theory, thus rendering DFT highly attractive from the point of view 

of computational implementation. However, the correct functional of the energy is unknown 

and has to be constructed by heuristic approximation. Initial functionals, based principally on 

behavior of the electron gas were lacking in the accuracy required for chemical applications. 

Break through over the past two decades [12 -16] have led to the development of functional 

capable of remarkable accuracy and breadth of applicability across the periodic table. 
 

Theoretical method 

For small molecules in the gas phase and in solution, Ab initio quantum chemical calculations 

can provide results approaching benchmark accuracy and they are used routinely to 

complement experimental studies. A wide variety of properties, including structures [17], 

thermochemistry including activation barriers [17], spectroscopic quantities of various types 
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[18], and responses to external perturbations can be computed effectively. SCRF methods (or 

simply ignoring the solvent entirely, an approximation that is sometimes acceptable, 

particularly in non polar solvents or when a quantity that is insensitive to the dielectric of the 

environment is being computed) enable a relatively straight forward extension of gas phase 

quantum chemical methods to obtaining results for molecules in solution. Optimization of the 

accuracy of continuum solvation methods is far from a solved problem. furthermore, there is 

some evidence that the inclusion of a small number of explicit water molecules can improve 

results [19], but methods of this type must be formulated very carefully to avoid double 

counting. The Ab initio calculations were performed by GAUSSIAN 98 program. The basis 

sets were used are 6- 31 G, 6- 31 G*, 631 + G*, and 6-31 + + G** . This basis sets were 

selected for considering of effects of polar and diffusion Parameters on various properties. 

Structural parameters are optimized at the basis sets. The optimized geometry parameters are 

used to obtain total electronic energies. Long-range effects of the solvents (water, n-heptane 

and cyclohexane) are taken into account by means of a dielectric continuum represented by 

the polarizable continuum model (PCM). We have used the PCM model for geometry 

optimizations and energy calculations. In the polarizable continuous (PCM) model, the cavity 

was used of molecular shape and was built by interlocking spheres. The radii of the spheres 

were obtained by scaling the atomic Van der waals radii. The surface of each sphere was 

divided in 60 triangular tesserae (default value) for the calculation of the surface-charge 

distribution. In the present paper, we have employed the PCM model to determine the solvent 

effects on the geometric parameters of reaction processes. 
 

Results and discussion 

Result of  free  energy of solvation in water, cyclohexane and n-heptane at 298.15K for 

Acenaphthylene determined bas on DFT calculations at four basis sets are shown in the 

following tables.  

Table1. Solvation free energy (kcal/mol) for the Acenaphthylene determined from B3Iyp/6-3IG, B31yp/6-31 

G*, B31yp/6-31 +G*, B3Iyp/6- 31 ++G** calculations were performed in different solvents at 298.15 K.  

  SOLVENT solG 

B3lyp/6-31G 
Water -0.69 

Cyclohexane -3.96 
n-Heptane -4.29 

B3lyp/6-31G* 
Water -0.83 

Cyclohexane -4.04 
n-Heptane -4.37 
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B3lyp/6-31+G* 
Water -0.95 

Cyclohexane -4.05 
n-Heptane -4.38 

B3lyp/6-31++G* 
Water -0.94 

Cyclohexane -4.03 
n-Heptane -4.37 

 
Acenaphthylene is a non-polar molecule, so its solvation in a polar solvent such as water is so 

less. The results from the theoretical computations in table1 confirm this subject. As we know 

the negative solvation energy shows the solvation has been done. As it is clear in table 1 all the 

solvation energy calculated with all the methods are negative and its values for n-heptane is 

more than cyclohexane and also more than water. There are energies of cavity formation 

(kcal/mol) in water, cyclohexane and n- heptane at 298.15 K for Acenaphthylene in table 2  

these energies was determined from DFT calculations.  

 

Table 2. Cavity formation of free energy (kcal/mol) for the Acenaphthylene was obtained from B3Iyp/6-31 G , 

B3Iyp/6-3IG*, B3Iyp/6-31+G*, B3Iyp/6-31++G** calculations in different solvents at 298.15 K. 

 
 SOLVENT 15.298T 

B3lyp/6-31G 
Water 18.38 

Cyclohexane 13.93 
n-Heptane 12.02 

B3lyp/6-31G* 
Water 18.31 

Cyclohexane 13.58 
n-Heptane 11.97 

B3lyp/6-31+G* 
Water 18.33 

Cyclohexane 13.59 
n-Heptane 11.97 

B3lyp/6-31++G* 
Water 18.33 

Cyclohexane 13.59 
n-Heptane 11.37

 
We know formation of cavity in solvation process is a difficult step and consume energy. As 

the Table 2 Show free energies of cavity formation are positive. On the other hand the 

solubility of Acenaphthylene in water is lower than non-polar solvents and formation of 

cavity in water more difficult than the other solvents.  

The Henry's law constant in water, cyclohexane and n-heptane at 298.15k for Acenaphthylene 

were calculated with Eq 6.  

 

Table3. Henry's law constant determined from B3lyp/6-3IG , B3Iyp/6-3IG*, B31yp/6-31 +G*,B3Iyp/6-31 

++G**calculations were used Eq 6.  
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 SOLVENT 15.298T 

B3lyp/6-31G 
Water 581.8905

Cyclohexane 458.7909
n-Heptane 402.6221 

B3lyp/6-31G*  
Water 585.9577 

Cyclohexane 458.7166 
n-Heptane 402.5758 

B3lyp/6-31+G* 
Water 585.9578 

Cyclohexane 458.7089 
n-Heptane 402.5690 

B3lyp/6-31++G* 
Water 585.9677 

Cyclohexane 485.7244 
n-Heptane 402.9558 

 
As it mentioned previously the Henry's law constant has a close relationship with solvation 

energy. Table 3, shows that the constant values of Henry's law constants for water are more 

than cyclcohexane and both of them are more than n-heptane and these are completely fit the 

last results.  

The previous calculations shows that the solvation energy for n-heptane is more negative than 

cyclohexane and both of them are more negative that water. 

 

Conclusion 

The solubility results permit the validation of molecular force fields that attempt to describe 

the solute - solvent interactions in solution. Molecular simulation can be used to calculate the 

solvation properties starting from a specification of the molecular structure and interactions of 

the chemical species presenting the system. Predictive simulation tools can be used to 

complement experiments whenever these are too difficult, for example, when solubility is 

very low or when working conditions involve extreme temperatures or high pressure.  

Calculation of solubility can be achieved for gaseous solutes and whit a slightly different 

procedure. Also for solutes that exist in the form of condensed phase at standard conditions 

[20]. 

The molecular mechanisms determining the dissolution process can be investigated by 

simulation by isolating the effect of different terms in the interactions. The structure of the 

solution, concerning the arrangement of the solvation shells around the solute, can be 

predicted by simulation, even in systems where the low concentration of solute precludes 

obtaining diffraction data.  
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PCM has proved useful in describing the effects of the solvent on some characteristics of the 

molecule in solution. All PCM calculations in this study have been performed in GAUSSIAN 

98 package. 
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Introduction:  

Coronene is an aromatic polycyclic hydrocarbon generated by the incomplete combustion of 

fossil fuels and vegetable combustibles in vehicular traffic and industrial emissions.by 

contrast ,the physical chemistry of this compound and its derivatives is receiving increased 

attention due to its charge transport and light-emitting capabilities in ordered films, 

characteristics with potential technological applications  in optical and organic electronics . 

Furthermore, coronene is a key compound for the estimation of resonance and bond energy of 

fullerenes . This feature is perhaps the most important motivation to measure its 

thermochemical  properties with the greatest accuracy. Unfortunately, data for this polycyclic 

aromatic hydrocarbon are scarce and dispersed over a wide range . The present study involves 

the measurement of several thermochemical quantities and enthalpy of formation of coronene. 

 

Methode: 

The geometry of the systems has been fully optimized with the hybrid DFT /B3LYP [1-2] 

computational method and the 6-311+  G(d,p) basis set[3],within the Gaussian 03 

package[4].DFT calculations were performed on an DELL 1555 Computer ,Frequency 

calculations have been carried out to confirm that the structures obtained correspond to 

energetic minima. 

 

Result and discussion: 
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The theoretical gas phase enthalpy of formation of coronene at T =298.15 K was derived from 

the calculated change of enthalpy, ∆rH(298.15 K), involved in the hypothetical homodesmic 

reaction proposed by Schulman [5]: 
 

 
Equation (1) 

The DFT total energy, zero-point energies (ZPE) and thermal corrections to enthalpy (∆Hcorrr) 

of coronene, pyrene, triphenylene,and benzene resulting from computational calculations of 

optimized structures and an analysis of vibrational frequencies are shown in table 1. From 

these values and equation (1), the ∆rH° is computed as: ∆۶ܚ°ሺૢૡ۹ሻ ൌ ሺ ࢇ࢚࢚ࡱ  ۳۾܈  ܜ܋ܝ܌ܗܚܘሻܚܚܗ܋۶∆ െ ሺ ࢇ࢚࢚۳  ۳۾܈   ܜܖ܉ܜ܋܉܍ܚሻܚܚܗ܋۶∆

 

 
Table 1.Total energies, zero-point energies, and thermal corrections to the enthalpy in hartrees  
a contributions to the thermal energy correction  in kcal mol-1 
 
The resulting homodesmic reaction enthalpy computed in this way is ∆rH (298.15 K) =-28.93 

kj.mol-1,in good agreement with respect to the range of values obtained by Schulman[5]. 

Thus, the gas-phase enthalpy of formation for coronene is derived from equation (1) as: ∆۶°ሺ܍ܖ܍ܖܗܚܗ܋, ૢૡ۹ሻ ൌ ۶ሺૢૡ۹ሻ∆  ∆۶°ሺ܍ܖ܍ܚܡܘሻ െ ሻ܍ܖ܍ܔܡܖ܍ܐܘܑܚܜሺ°۶∆ െ  ሻ܍ܖ܍ܢܖ܍܊ሺ°۶∆

 

Conclusion:  

where the experimental enthalpies of formation for pyrene, triphenylene, and benzene are 

taken from the compilation of Pedley [6] and given as {(225.52 ± 1.25), (274.05 ± 4.18), and 

(82.42 ± 0.84)} kj.mol-1, respectively. The final resulting value of the theoretical gas phase 

Molecule  DFT total energy ZPE  Hcorr E(thermal) 

Pyrene -615.9159999 0.206143  0.2171919 135.697a 

Coronene -922.1006833 0.2763043  0.2914193 182.276a 

Triphenylene -693.3445697 
 

0.2403967  0.2536897 158.600a 

Benzene -232.3112711 0.1001791  0.1055211 65.623a 
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enthalpy of formation of coronene is ∆fH (298K) = 291.15 kj.mol-1 According to the 

experimental results is acceptable[6]. 
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Introduction 

    ASE (aromatic stabilization energy) is caused by ring aromatic properties which the rings 

aromatic is created by pay electron resonance which this factor cause the decreasement of 

energy level and structures stability. We use the following structures for calculation ASE [1]. 

 

   

 

    1                                          2                                         3                                         4 

 

Calculation methods 

    Ab initio calculations were performed using levels of theory with the    GAUSSIAN 03 

package of programs [2] implemented on a Pentium IV computer with a   Intel   730 MHz 

processor. Firstly, the considered models were allowed to fully relax during the geometrical 

optimization by the HF and DFT exchange-functional method. Secondly, the NBO and GIAO 

calculations were carried out on the three geometrically optimized compounds by UHF and 

DFT method and the above mentioned standard basis set. 
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Result and discussion 

   The obtained results of quantum mechanism are reported in table (1) which this table shows 

the amount of ASE for this structure. Also in table (2) the amount of NICS are reported in 

different distance. 

 
Table1: Calculated zero point energy (ZPE) ,Electronic energy (Eele), Total energy(E0) and aromatic 
stabilization energy  ASE (in Hartree) of compounds 1- 4 by B3LYP,HF/6-311+G** method 

metho
d 

HF/6-311+G** B3LYP/6-311+G** 

Struct
ure 

ZPE Eele E0 ASE ZPE Eele E0 ASE

1 0.0853
48 

-
290.3018

96 

-
290.216548 

 
0.000193 
(0.121107

5)a 

0.08007
1 

-
292.266227

7 

-
292.18615

6 

 
0.00506

6 
(3.17891

5)a 
2 0.1277

59 
-

292.7187
339 

-
292.590975 

0.12020
3 

-
294.747431

5

-
294.62722

8 
3 0.1066

81 
-

291.5064
830 

-
291.399802 

0.10068
7 

-
293.507572

0 

-
293.40688

5 
4 0.1074

81 
-

291.5153
947 

-
291.407914 

0.10112
7 

-
293.512691

7 

-
293.41156

5 
aNumber  in parentheses are corresponding ASE values in  kcal.mol-1 

 

Table 2:Calculated nuclear independent chemical shifts values in ppm by  GIAO-B3LYP/6-311+G** method 

 
 
5 

membered 
ring 

No of 
dummy 

atom 

Distance of 
hetrocycle 
center(A) 

NICS 
values 
(ppm) 

 
 

6 
membered 

ring 

No of 
dummy 

atom 

Distance of 
hetrocycle 
center(A) 

NICS 
values 
(ppm) 

1 2.00 -5.1675 1 2.00 -1.5131 
2 1.50 -7.9826 2 1.50 -3.3561 
3 1.00 -15.7645 3 1.00 -6.5961 
4 0.50 -13.6231 4 0.50 -13.4291 
5 0.00 -11.1060 5 0.00 -18.5725 

 

 

Conclusion 

    Using initial Ab initio calculation , the amount of ASE was obtained for structure   3H-

[1,3]diborolo[4,5-d][1,3]diborinine 3.178915 Kcal/mol .Also the results of calculation the 

amount of NICS showed that the maximum amount of isotropic magnetic for 5 member ring 

is at the distance of 1.00 angstrom above the ring and its amount is equal to -15.7645 ppm and 

the maximum amount of isotropic magnetic for 6 member ring is at the distance of 0.00 

angstrom above the ring and its amount equal to -18.5725 ppm. Also NBO analysis showed 
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that the amount of aromatic properties of the structure increased by the effect of pay electrons 

resonance and the energy of the level decreased due to decreasing of electron density  which 

this factor cause the stability of the structure.   
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Introduction 

Empirical results of aziridine synthesis showed that in conditions such as light , high 

temperature and atmosphere is necessary to perform this reaction[1,2]. Also for calculation 

density functional theory (DFT) used B3LYP method with 6-311++g** basis set. The B3LYP 

method combines Becke,s three-Parameter exchange (B3) function with the correlation 

function of Lee-Yong-Parr (LYP).[3,4]  

 

 

                                      1                        [1→2]#                                        2 

 
 
 
 
 
                                          2                          [2→3]#                                     3                                    
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Calculation method 

Quantum mechanical calculation at DFT method level of theory using to investigation 

mechanism of scheiner Aziridine synthesis. Initial optimization operated by using Winmopac 

version 2.0 software and AM1 method.Firstly the transition mode of structure simulate by 

using keyword SADDLE . Then transition state obtained GAUSSIAN 03W package program 

and keyword QST3 . For this purpose using  pentum IV computer with a intel core i7 Ghz  

processor. Eventually, the final optimization and calculation of energy levels operated in 

theory of the level B3LYP/6-311++G**. 

 

Result and discussion 

 Quantum mechanic calculation of shows the energetic amounts adjusted for this mechanism 

in following table.  

Total energy (E0) , Zero Point energy (ZPE) , Electronic energy (Eele) , Activation energy(∆E0 

)     in Hartree  

 

Method B3LYP/6-311++G** 
Geometry ZPEb Eele E0 ∆E0

a 

1 0.157289 -361.4968910 -361.339601  
0.0980400 
(61.5201)c 

 
0.017381 
(10.9065)c 

[1→2]# 0.151164 -361.3927251 -361.241561 
2 0.158487 -361.4974002 -361.338913 

[2→3]# 0.156736 -361.4778923 -361.321532
3 0.158540 -361.4972707 -361.338731 

aRelative to the most stable geometry 
bCorrected by multiplying by a scaling factor (0.9135) 
cNumbers in parenthesis are the corresponding values in kcal mol-1 
 

Conclusion 

Process of Aziridine synthesis by optical demolition or quick thermal decomposition in 

atmosphere of 1,2,3-triazoline composition was investigated using Ab initio and DFT 

methods which the obtained results showed that Ea1 of this structure is 61.5201  Kcal/mol and 

Ea2 of this mechanism is 10.9065  Kcal/mol and mechanism process is totally endothermic. 

Also cis or trans state of product chain depends on primary molecules configuration. Also 

bond angle in aziridine is about 60 degrees which is far more than normal state (109.5 

degrees). This state is documented according to banana bond model or bent bond. 
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Introduction 

A composition has  C1 point group , degree of   freedom  is  equal to molecular  mass  is  

equal to 165.07898 amu and its index of hydrogen coficiency is equal to 5. This composition  

is synthesized empirically in the laboratory[1] .You can see structure in the following figure. 

 

 

 

 

 

 

 

 

Calculation method 
 

 

For calculation vibrational spectroscopic , chemical shift and NMR spectrum with theoretical 

method using computer Pentium IV-Intel i7 2.8 GHZ processor and Gaussian 03w software [1]. 

For this purpose used B3LYP/6-311+G** and HF/6-311+G** methods. Also empirical results 
1H-NMR spectrum is obtained with 300 MHZ devicied and 13C-NMR spectrum is obtained 

with 75 MHZ device using CDCl3 solvent. The FTIR spectrum wsa recorded by KBr pellet 

method on a Bruker IFS 66V spectrometer equipped with a Globar source , Ge/KBr beam 

splitter , and a TGS detector in the range of 4000-400 cm-1. The spectral resolution was ±2 cm-1 

. 
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Result and discussion                                                                                                                    

The obtained results of ab initio and empirical methods a are reported in the following table. 

 

a Value in Hartree - b Value in Cal/Mol.K -  c Value in Debye - 
 d 

Value in Kcal/mol 
 

 
 

 

 

Conclusion  

Results Infrared Spectrum (IR) 
Method Experimental B3LYP/6-311+G** HF/6-311+G** Assignment

Important 
mode  nos 

Intensity Wave 
number 
(cm-1) 

Intensity Wave 
number 
(cm-1) 

Intensity Wave 
Number 
(cm-1) 

1 60.10 680.32 9.049 792.79 11.88 736.44 υ m-chain 
2 81.01 760.34 66.95 769.58 13.51 752.02 υ m-chain 
3 44.37 880.29 11.18 896.14 99.44 855.30 υ m-chain
4 66.20 1020.1 33.15 1038.3 17.40 1125.2 υ C-O 
5 89.16 1213.2 80.57 1110.1 68.47 1200.5 υ C-C 
6 77.23 1360.0 84.49 1317.2 84.92 1371.2 υ C=C 
7 80.74 1460.7 20.60 1484.6 98.36 1440.3 υ C=C 
8 90.65 1708.2 97.41 1762.3 54.48 1775.3 υ C=O 
9 58.86 2986.3 18.32 3035.2 23.12 3171.0 υ C-H 

10 72.08 3400.5 40.27 3211.9 56.00 3237.6 υ N-H 
11 43.20 3408.0 21.60 3570.8 20.14 3883.6 υ N-H 
        

Method B3LYP/6-311+G** 

Geometrical ZPVE d ZPE a Total 
Energy a Enthalpy a Gibbs Free 

Energy a 
Heat 

Capacity b 
Total 

Entropy b 
Dipole 

Moment c 

Amount 117.62968 0.187455 -554.77635 -554.76375 -554.81469 43.592 107.219 3.4908
Method HF/6-311+G** 
Amount 125.89511 0.200627 -551.36108 -551.34914 -551.39878 40.554 104.484 3.2689 

Results NMR Spectrums 
13C-NMR Spectrum 1H-NMR Spectrum 

Method Experimental B3lyp/6-311+g** Method Experimental B3lyp/6-311+g** 
Number 
atoms 

Chemical 
Shifts(ppm) 

Chemical Shifts(ppm) Number 
atoms 

Chemical 
Shifts(ppm) 

Chemical Shifts(ppm) 

C1 116.2 115.003 H4 7.41 7.21 
C2 131.2 132.237 H7 7.23 6.98 
C3 119.5 118.446 H10 7.36 7.12 
C5 129.4 117.981 H11 6.83 6.05 
C6 120.8 121.260 H12 3.88 3.43 
C9 147.3 142.927 H13 3.85 3.17 
C14 167.1 168.117 H18 4.37 3.84 
C17 17.89 13.6830 H19 4.31 4.22 
C20 82.01 68.2443 H21 1.40 1.10 

 H22   1.46 1.13 
H23 1.45 1.12 
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Theoretical investigation together with the obtained experiences on structure Ethil-3-Amino  

Benzoat showed that C=O group is appeared in 1708 cm-1 which this amount is reasoble for 

an Ester. Also the existed doublet in 3400 cm-1 in infrared spectrum proves Amin kind 1 

presence. 13C-NMR spectrum proved the presence of nine peak which showed nine carbons. 

Carbon atom in C=O group appears in 167 ppm and aromatic carbons appear in 

129,120,119,116 ppm respectively which shows a two chain ring. Undoubtedly in 1H-NMR 

long-range coupling has been occurred , Anisotropy effect cause that the proton near to C=O 

moves to the low field. Also a flat NH2 peak appears with 2 proton integral in 3.8 ppm. Which 

totally presence of               Ethil-3-Amino  Benzoat composition is proved.   
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Introduction 

Silver also silver-based compounds is highly antimicrobial due to its antiseptic properties to 

several species of bacteria. In fact Silver nanoparticles interact with the outer membrane of 

bacteria and it causes structural changes leading to degradation and at last death of the 

microbe  . For example, silver nanoparticles sized 1-10nm attached to HIV-1 and prevented 

the virus from bonding to host cells[1,2]. The HIV envelope (Env) glycoprotein (gp) 120 is a 

highly disulfide-bonded molecule that attaches HIV to the lymphocyte surface receptors CD4 

and CXCR4 [3]. The mechanism of the antibacterial action of silver nanoparticles is closely 

relevant to their interaction with the two disulfide bonds placed in the carboxyl half of the 

HIV-1 gp120 glycoprotein. This is an area that has been led in binding to the CD4 receptor 

[4]. It has been specified that the nano structures such as carbon nanotubes, Fullerene 

derivatives, can transport drug to the target cells. Since functionalised CNT and Fullerene 

derivatives display low toxicity and are not immunogenic, such systems hold great potential 

in the field of nanobiotechnology and nanomedicine[5] . In this work, in order to achieve this 

purpose, we studied the adsorbablity and stability of silver on the outer surface of C60 in gas 

phase and interaction betwen silver adsorbed on C60 with DMDS, because DMDS have 

disulfid bond and similar to area in HIV-1 gp120 that has been led in binding to the CD4 

receptor. 

 

Computational Methods 

The structures of isolated species and molecular complexes were optimized with DFT method 

at the hybrid functional B3LYP and  the small-size basis set 3-21G* level. The Raman spectra 

were also calculated in order to give further insight on the cleavage process of disulfide bond. 
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Among the readily available basis set defined for silver, the 3-21G* basis set is manageable in 

size and accuracy. Interaction energies were obtained as the difference between the energy of 

the complex and the combined energies of the species in isolation, using Eq. (1) Local charge, 

hybridization and orbital occupancies at each atom were calculated according to Mulliken 

population analysis.  

Ead= EAg-C60 – (EAg+EC60)                   Eq. (1)   

All calculations on the isolated species and molecular complexes were performed within 

GAUSSIAN 03 program package.  

 

Results and discussion 

 Figure 1 shows the optimized structure of adsorbed silver atom on the surface of C60 in the 

gas phase. In order to find the most stable configuration, silver atom has been located at 

different distances from outer surface of C60. After full structural optimization, the Ag atom 

always, locates on C-C bond, regardless of the initial location. the energies of HOMO and 

LUMO of Ag, C60, Ag-C60 and DMDS systems are given in Table 1.  It can be seen from 

Table 1  the energy gap (Ag) HOMO - (C60)LUMO considerably smaller than that of (C60)HOMO - 

(Ag) LUMO. Hence based on the theory of frontier molecular orbitals (FMO) a significant 

overlaps and electron density transfer between the HOMO of Ag atom and the LUMO of C60 

can be performed which in turn lead to a considerable amount of energy of adsorption. [6] 

   Table 1. The energies of frontier orbitals for C60  and silver atom.                

   

    Parameters       C60     Ag                            

 

     EHOMO(eV)  -0.2391                 -0.16                       

     ELUMO(eV)   -0.1312  -0.0114      

                                                                                                                                                  Fig . 1 

A comparison between the desorption energy for atomic Ag on the C60 surface, 19.45 

kcal/mol, and molar sublimation energy of silver atoms, 76.56 kcal/mol [7] show that it is 

energetically more favorable for disulfide bond to add to Ag-C60 than the silver nanoparticles. 

As shown in Figure 2, the charge distributions in (Ag-C60)HOMO and Ag(HOMO) are similar to 

each other, and there is a similarities between (Ag-C60)LUMO and C60LUMO as well. Therefore, 
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it is reasonable to expect that during electrophilic reactions including Ag-C60, the AgHOMO 

plays the major role.  

 

 

 

 

 

    

            (a)                                   (b)                                                   (c)                                                     (d)        

Fig .2 shows the schematic diagrams of HOMO of Ag (a), LUMO of C60(b), HOMO(c) and LUMO(d) of Ag-

C60.   

The interaction between Adsorbed silver on C60 and disulfide bond 

 As shown in Figure 3, in both cases, Ag+DMDS and Ag-C60+DMDS, the disulfide bond is 

broken into separated MeS units. 

 

 

 

Fig. 3, shows the optimized structures of DMDS, Ag-DMDS and (Ag-C60)-DMDS. 

The results of NBO calculation gives the S-S bond hybridization of DMDS as sp17.5, while 

these calculations don,t confirm the existence of S-S bond in Ag+DMDS or Ag-

C60+DMDS.In addition figure (4a) show that the S-S vibration peak for DMDS, which 

located at 421 -627 cm-1, will be omitted in spectra of  Ag-C60+DMDS and in return a new 

peak, corresponding to S-Ag-S vibration, emerged at 297 cm-1 as depicted in figure(4b). This 

indicates that the S-S bond is broken due to the reaction of Ag or Ag-C60 with DMDS.  
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Fig.(4a)  Raman activity Spectrum of DMDS                         Fig.(4b)  Raman activity Spectrum of Ag-C60-

DMDS               

Conclusion  

The results of NBO calculation and vibrational spectrums indicate that the Ag atom 

effectively cleavages the S-S bond in both Ag+DMDS and Ag-C60+DMDS systems. It is 

expected that Ag-C60 can show the same behavior in interaction with the disulfide bond of 

gp120 of HIV-1 and can result in stopping HIV-1 from activating by causing a perturbation in 

gp120-CD4 interaction. 

 

References 

[1]  Luis  J, Burt Ju, Morones J R, Bragado A, Gao X, Lara H and Yacam M, Journal of   

Nanobiotechnology (2005) 

[2] Lu L, Sun RW, Chen R, Hui CK, Ho CM, Luk JM, Lau GK, Che CM,. Antivir Ther, 

13(2008) 253. 

[3] Barbouche R, Raymond  M, Jones I M and Fenouillet, Journal of biological 

chemistry,(2003) 3131–3136 

[4] G.E.  McDonnell, Chemical Disinfection. Antisepsis, disinfection, andsterilization (2007) 

111-115 

[5] Bosi S, Da Ros T, Spalluto G and  Prato M, European Journal of Medicinal Chemistry 38 

(2003) 913_/923 

[6] Wang LS, Han SK, Chemical Engineering Industry Press( 1997) 60–8 

[7] Nanda K, Maisels A, Kruis F, Fissan  H and Stappert  S, Phys. Rev. Lett (2003) 91, 106,102 

  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
592

Comparison of Oxygen-Metal bonding in crown ethers with Nitrogen-Metal 

in similar compounds in gas and solvent phase using Quantum Mechanical 

study 

 

S.Seyedi*a , M.Shabanib , A.A.Salaria and F.Mokhlesa 

a Department of Chemistry, Azad University of Tehran.Shahr –e- Rey 
bIslamic Azad University, Varamin-Pishva Branch, Tehran- Iran 

Email: saras3245@yahoo.com 

 

Abstract: 

In this research the bond of Oxygen-Metal in 12-crown-4 is compared with the bond of 

Nitrogen-Metal in 12-azocrown-4. At first, both of them is optimized first in gas phase and 

then in solvent phase using DFT/B3LYP method and 6-31G(d) Basis set. Then we put in hole 

of each one of them Sodium, Potassium, Calcium cations and optimized them in the gas and 

solvent phase. Binding energy is calculated for all systems. In all cases azocrown ethers have 

more negative binding energy than crown ethers. 

 

Keywords: Crown ether, Azocrown ether, Gas and Solvent phase, Density Functional Theory 

 

Introduction: 

Crown ethers belong to cyclic ethers that have cofactor ethers with high solvency. 

Heteroatoms cause the inside of crown ethers to be reach in electron. Therefore, crown ethers 

would behave as host in the presence of guest ion. In other words, cations can bind with 

heteroatoms in the ring. 

 

Methods: 

(A)In this study,12-crown-4 and 12-azocrown-4 are optimized using DFT/B3LYP method,6-

31G(d) Basis set and by Gaussian 2003.The optimized structures are shown in figure1. 
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Optimized structures energies in gas phase are shown in Table 1. 

 

 

Table 1: Calculated energies in gas phase 

crown ether(gas) energy(RB+HF-LYP)(a.u.) Binding Energy(a.u.) B.E.(kcal/mol) 
12-crown-4 -615.3110185 — — 

12-crown-4/Na+ -777.5072345 -0.11498721 -72.15550916 
12-crown-4/K+ -1215.114751 -0.07874284 -49.41184079 

12-crown-4/Ca2+ -1292.454244 -0.27636523 -173.4216691 
12-azocrown-4 -535.8318387 — — 

12-azocrown-4/Na+ -698.0555269 -0.14245938 -89.39454308 
12-azocrown-4/K+ -1135.652495 -0.09566665 -60.03168387 

12-azocrown-4/Ca2+ -1213.018363 -0.3196634 -200.5916605 

 

In this table binding energy in kcal/mol is calculated by multiplying the binding energy in 

(a.u.) with the constant value of 627.509.  Then energy of Sodium, Potassium andCalcium 

metallic ions are calculated with similar method and Basis set, in gas phase, as presented in 

table 2. 

 

Table2: Calculated energy for metallic ions 
Energy (a.u) Ion 

-162.08122881 Na+

-599.72498924 K+

-676.86686073 Ca2+

 

In the next stage, in separate experiments, each of the selected cations are put in the holes of 

optimized crown ether and azocrown ethers. Then, the structures were optimized, using 

similar method and Basis set. The binding energies are calculated using equation 1. 

E binding= E crown- ion – (E crown + E metallic ion)                                  (1)                          

The calculated binding energies were shown in table 1. 

  
Figure 1a:12-crown-4 

  
Figure1b:12-azocrown-4 
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(B) Now, at first 12-crown-4 and 12-azocrown-4 are optimized in solvent phase with CPCM 

model and the following solvents: Water, Acetonitrile, and Carbon Tetra Chloride. The 

optimized structures energies in solvent phase are listed in table 3. 

 

Table3: Calculated energy in solvent phase 

crown ether(sol) energy(RB+HF-
LYP) 

Binding 
E(a.u.) 

B.E.(kcal/mol)

12-crown-4/H2O -615.323612 — — 
12-crown-4/Na+/H2O -777.597777 -0.0175681 -11.02414086 
12-crown-4/K+/H2O -1215.201318 -0.014957 -9.385652113 

12-crown-4/Ca2+/H2O -1292.8078 -0.0017803 -1.117154273 
12-azocrown-4/H2O -535.8509024 — — 

12-azocrown-4/Na+/H2O -698.1457508 -0.0382515 -24.00316051 
12-azocrown-4/K+/H2O -1135.740064 -0.0264138 16.57489722 

12-azocrown-4/Ca2+/H2O -1213.369602 -0.0362919 -22.77349388 
12-crown-4/AN -615.3227494 — — 

12-crown-4/Na+/AN -777.5958295 -0.0190655 -11.96377284 
12-crown-4/K+/AN -1215.198874 -0.0154055 -9.6670899 

12-crown-4/Ca2+/AN -1292.799396 -0.0033026 -2.072411223 
12-azocrown-4/AN -535.8489756 — — 

12-azocrown-4/Na+/AN -698.1434011 -0.0404109 -25.35820345 
12-azocrown-4/K+/AN -1135.738211 -0.0285163 -17.8942349 

12-azocrown-4/Ca2+/AN -1213.36109 -0.0387705 -24.32883768 
12-crown-4/CCl4 -615.3169989 — — 

12-crown-4/Na+/CCl4 -777.5562353 -0.0601041 -37.71586369 
12-crown-4/K+/CCl4 -1215.161315 -0.042423 -26.62081431 

12-crown-4/Ca2+/CCl4 -1292.644214 -0.1167101 -73.23663814 
12-azocrown-4/CCl4 -535.8405147 — — 

12-azocrown-4/Na+/CCl4 -698.1040448 -0.0843977 -52.96031633 
12-azocrown-4/K+/CCl4 -1135.699771 -0.0573641 -35.99648903 

12-azocrown-4/Ca2+/CCl4 -1213.204953 -0.1539332 -96.5944684 
 

Now the energies of Sodium, Potassium, and Calcium metallic ions are calculated with 

similar method and Basis set and CPCM solvent model in the presence of three kinds of 

previously mentioned solvents. The results are presented in table 4. 

 

Table4: Calculated energy for metallic ions in variant solvent 

Energy(a.u.)/CCl4 Energy(a.u.)/AN Energy(a.u.)/H2O Ion 
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- 162.17913243    - 162.25401463     - 162.25659685 Na+ 

- 599.80189225    - 599.86071914    - 599.86274783     K+ 

- 677.21050413    - 677.47334306    - 677.48240672 Ca2+ 

Afterwards, each of the selected cations are put in the holes of optimized 12-crown-4 and 12-

azocrown-4. Then, the structures were optimized, using the previously mentioned solvents. 

The calculated binding energies were presented in table 3. 

 

Results: 

1-In all cases azocrown ethers have more negative binding energy than crown ethers in gas 

and solvent phases.   

2-In solvent phase, the binding energy resulting from optimizing in the presence of Carbon 

Tetra Chloride solvent is more negative than Acetonitrile and Water in all cases with all 

cations. 

3- In solvent phase, the binding energy resulting from optimizing in the presence of 

Acetonitrile solvent is more negative than Water in all cases. 

4- In gas phase, the binding energy for crown ethers and azocrown ethers in the presence of 

Ca2+ is more negative than Na+ and binding energy in the presence of Na+ is more negative 

than K+: 

Ca2+>Na+>K+ 

5- In solvent phase, the binding energy for crown ethers in different solvents is as the 

following: 

H2O: Na+>K+>Ca2+                                                                                                                                                                                             

Acetonitrile: Na+>K+>Ca2+ 

CCl4: Ca2+>Na+>K+ 

6- In solvent phase, the binding energy for azocrown ethers in different solvents is as the 

following: 

H2O: Na+>Ca2+>K+                                                                                                                              

Aceto Nitryle: Na+>Ca2+>K+ 

CCl4: Ca2+>Na+>K+ 
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Introduction:  

In this research we study solvent polarity effect on heteroatom-metal bond in 12-crown-4 and 

12-azocrown-4 using DFT/B3LYP method, 6-31G(d) Basis set, CPCM model and Gaussian 

2003. We use metallic ions: Na+, K+, Ca2+ in the presence of Water, Acetonitrile, Carbon 

Tetra Chloride solvents. Results of calculated binding energy show that azocrown ethers have 

more stable bond with metallic ions than crown ethers, because they have more negative 

binding energy than crown ethers. Comparing optimized structures in different solvents, it is 

concluded that if solvent has less polarity, binding energy would be more negative. Therefore, 

the binding energy resulting from Carbon Tetra Chloride is more negative than Acetonitrile 

and Water in all cases with all cations. Similarly, binding energy resulting from Acetonitrile is 

more negative than Water in all cases.    

 

Methods:  

We used two structures of 12-crown-4 and 12-azocrown-4 in solvent phase in the presence of 

three kinds of solvents: Water with maximum polarity, Acetonitrile with medium polarity and 

Carbon Tetra Chloride with low polarity.   

At first, 12-crown-4 and 12-azocrown-4 are optimized alone and in the presence of one of 

selected solvents by DFT/B3LYP method, 6-31G(d) Basis set, CPCM model and Gaussian 

2003. Then ions energies are calculated in the presence of each three kinds of solvents by 

similar method. Results are shown in table 1. 

 

 

Table1: Calculated energies for metallic ions in different solvents 
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Energy(a.u.)/CCl4 Energy(a.u.)/AN Energy(a.u.)/H2O Ion 
- 162.17913243    - 162.25401463    - 162.25659685 Na+ 
- 599.80189225    - 599.86071914    - 599.86274783     K+ 
- 677.21050413    - 677.47334306    - 677.48240672 Ca2+ 

 

Eventually, each of the selected ions is put in 12-crown-4 and 12-azocrown-4 holes in the 

presence of one solvent and they are optimized with similar method. The optimized figures 

for some of structures are as follows: 

  
  Figre1:12-crown-4 in 
water 

  
Figre2:12-crown-4with 
Na+ in water 

 
Figre3: 12-crown-4 with Ca2+ in 
Acetonitrile 

  
Figre4:12-Azocrown-4 
with K+ in CCl4 

 

Results of the optimization are shown in table 2. 

Table2: Calculated energies in different solvents 
crown ether energy(RB+HF-LYP) Binding Energy(a.u.) B.E.(kcal/mol) 

12-crown-4/H2O -615.323612 — — 
12-crown-4/Na+/H2O -777.597777 -0.0175681 -11.02414086 
12-crown-4/K+/H2O -1215.201318 -0.014957 -9.385652113 

12-crown-4/Ca2+/H2O -1292.8078 -0.0017803 -1.117154273 
12-azocrown-4/H2O -535.8509024 — — 

12-azocrown-4/Na+/H2O -698.1457508 -0.0382515 -24.00316051 
12-azocrown-4/K+/H2O -1135.740064 -0.0264138 16.57489722 

12-azocrown-4/Ca2+/H2O -1213.369602 -0.0362919 -22.77349388 
12-crown-4/AN -615.3227494 — — 

12-crown-4/Na+/AN -777.5958295 -0.0190655 -11.96377284 
12-crown-4/K+/AN -1215.198874 -0.0154055 -9.6670899 

12-crown-4/Ca2+/AN -1292.799396 -0.0033026 -2.072411223 
12-azocrown-4/AN -535.8489756 — — 

12-azocrown-4/Na+/AN -698.1434011 -0.0404109 -25.35820345 
12-azocrown-4/K+/AN -1135.738211 -0.0285163 -17.8942349 

12-azocrown-4/Ca2+/AN -1213.36109 -0.0387705 -24.32883768 
12-crown-4/CCl4 -615.3169989 — — 

12-crown-4/Na+/CCl4 -777.5562353 -0.0601041 -37.71586369 
12-crown-4/K+/CCl4 -1215.161315 -0.042423 -26.62081431 

12-crown-4/Ca2+/CCl4 -1292.644214 -0.1167101 -73.23663814 
12-azocrown-4/CCl4 -535.8405147 — — 

12-azocrown-4/Na+/CCl4 -698.1040448 -0.0843977 -52.96031633 
12-azocrown-4/K+/CCl4 -1135.699771 -0.0573641 -35.99648903 

12-azocrown-4/Ca2+/CCl4 -1213.204953 -0.1539332 -96.5944684 
 

In this table binding energy is calculated using equation 1. 

E binding= E crown- ion – (E crown + E metallic ion)                                  (1)                          
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Ion-heteroatom distances are shown in table 3. In this table A, B, C, D are the distances from  

first, second, third and fourth heteroatom to ion, respectively. 

Table 3: Ion-heteroatom distances 
crown ether(sol) A B C D Average 

12-crown-4/H2O — — — — — 
12-crown-4/Na+/H2O Na-O1=2.43386 Na-O2=2.38005 Na-O3=2.42784 Na-O4=2.56464 2.4515975
12-crown-4/K+/H2O K-O1=2.82061 K-O2=2.80799 K-O3=2.81564 K-O4=3.18263 2.9067175 

12-crown-4/Ca2+/H2O Ca-O1=2.64914 Ca-O2=2.54064 Ca-O3=2.62844 Ca-O4=2.63543 2.6134125 
12-azocrown-4/H2O — — — — — 

12-azocrown-4/Na+/H2O Na-N1=2.55229 Na-N2=2.48291 Na-N3=2.41346 Na-N4=2.48109 2.4824375 
12-azocrown-4/K+/H2O K-N1=3.06189 K-N2=2.86522 K-N3=2.82515 K-N4=2.86626 2.90463 

12-azocrown-4/Ca2+/H2O Ca-N1=2.66494 Ca-N2=2.67037 Ca-N3=2.58407 Ca-N4=2.67887 2.6495625 
12-crown-4/AN — — — — — 

12-crown-4/Na+/AN Na-O1=2.44961 Na-O2=2.39584 Na-O3=2.45599 Na-O4=2.54418 2.461405 
12-crown-4/K+/AN K-O1=2.80619 K-O2=2.7200366 K-O3=2.80952 K-O4=3.12889 2.885815 

12-crown-4/Ca2+/AN Ca-O1=2.64024 Ca-O2=2.56482 Ca-O3=2.65649 Ca-O4=2.57781 2.6020034
12-azocrown-4/AN — — — — — 

12-azocrown-4/Na+/AN Na-N1=2.52820 Na-N2=2.46413 Na-N3=2.40517 Na-N4=2.46597 2.4658675 
12-azocrown-4/K+/AN K-N1=3.04420 K-N2=2.86212 K-N3=2.83267 K-N4=2.86478 2.9009425 

12-azocrown-4/Ca2+/AN Ca-N1=2.64954 Ca-N2=2.62211 Ca-N3=2.61325 Ca-N4=2.64246 2.63184 
12-crown-4/CCl4 — — — — — 

12-crown-4/Na+/CCl4 Na-O1=2.37687 Na-O2=2.32319 Na-O3=2.38149 Na-O4=2.42454 2.3765225 
12-crown-4/K+/CCl4 K-O1=2.74907 K-O2=2.75531 K-O3=2.74892 K-O4=2.94865 2.8004875

12-crown-4/Ca2+/CCl4 Ca-O1=2.46739 Ca-O2=2.49568 Ca-O3=2.45606 Ca-O4=2.42694 2.4615175 
12-azocrown-4/CCl4 — — — — — 

12-azocrown-4/Na+/CCl4 Na-N1=2.47088 Na-N2=2.43687 Na-N3=2.37530 Na-N4=2.43773 2.430195 
12-azocrown-4/K+/CCl4 K-N1=2.96247 K-N2=2.83762 K-N3=2.80251 K-N4=2.83715 2.8599375 

12-azocrown-
4/Ca2+/CCl4 

Ca-N1=2.55627 Ca-N2=2.57789 Ca-N3=2.51062 Ca-N4=2.56800 2.553195 

Based on the results of these tables,diagram of energy according to dielectric constant is 

obtained.For example,this diagram for12-crown-4 in the presence of Ca2+is shown in 

diagram1,based on the results of table 4.  
Table 4: Energy and dielectric constant for 12-crown-4 

in different solvents and in the presence of Ca2+ 

Solvent 
Dielectric 

Cons. 
Ea.u. ∆E1(kcal/mol)

CCl4 2.228 
-

1292.644214
0 

Aceto 
Nitryle 

36.64 
-

1292.799396
-97.37810164

H2O 78.39 -1292.8078 -102.6516873
 

Diagram 1: Energy according to dielectric constant 
for 12-crown-4 

Also diagram for 12-azocrown-4 in the presence of Ca2+ is shown in diagram 2, based on the 

results of table 5.  
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Table 5: Energy and dielectric constant for 12-

azocrown-4 in different solvents and in the presence of 

Ca2+ 

solvent 
Dielectric 

Cons. )E(a.u.  ∆E(kcal/mol)

CCl4 2.228 -1213.204953 0
Aceto Nitryle 36.64 -1213.36109 -97.97737273 

H2O 78.39 -1213.369602 -103.3187293

Diagram 2: Energy according to dielectric constant for 
12-azocrown-4 

Similar diagrams may be obtained for other cases. 

 

Results and discussion: 

1-Bond length of heteroatoms with metals in crown ethers and azocrown ethers in three kinds 

of solvents, is in the following order: K+>Ca2+>Na+ 

2- As the dielectric constant increases, the energy become more negative. In other words, 

interaction of solvent with the solvate is increased.  

3-As the polarity of solvent increases, stability of solvate is also increased. 

4-Different solvent may be sorted as the following, based on the increasing order of negative 

energy: water< Acetonitrile< Carbon Tetra Chloride. 

 

Conclusion: 

In this paper solvent polarity effect on heteroatom-metal bond in 12-crown-4 and 12-

azocrown-4 using DFT/B3LYP method, 6-31G(d) Basis set, CPCM model and Gaussian 

2003, is studied. According to the results of this study, the binding energy resulting from 

Carbon Tetra Chloride is more negative than Acetonitrile and Water in all cases with all 

cations. Similarly, binding energy resulting from Acetonitrile is more negative than Water in 

all cases.  
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Introduction:  

In the past 10 years, many efforts have been focused on the hydrogen adsorption capacity of 

carbon nanotubes (CNTs) due to potential application of hydrogen for fuel cell vehicles[1,2]. 

However, most of these efforts failed to reach the gravimetric density (6.5 wt %) proposed by 

the U.S. Department of Energy (DOE) for the hydrogen plan of fuel cell vehicles. With the 

successful synthesis of silicon nanotubes (SiNTs) by the chemical vapour deposition (CVD) 

method in 2002[3], a lot of other methods were also developed to fabricate the SiNTs [4,5] 

and well-aligned SiNT arrays. Compared to carbon, silicon has more electrons in the outer 

shells, which leads to higher polarizability and a stronger dispersion force. Accordingly, the 

SiNT may exhibit a stronger van der Waals (VDW) attraction to gases than CNTs. Therefore, 

we have reported a multiscale theoretical method to investigate adsorption of hydrogen and 

helium in the SiNTs in our previous works, submitted in 14th physical chemistry conference 

[8,9], and in this paper we present the comparison of the gravimetric adsorption capacities of 

hydrogen and helium in the SiNT and CNT, at the same thermodynamic condition using 

Monte Carlo simulation method. 

 

Models and simulation methods:  

A standard MC simulation was carried out at a fixed volume, temperature, and sum of the 

species for the adsorption of pure H2 and He and H2/He mixtures on both SiNT and CNT. 

The cut off radius of 2.5 σ applied to the LJ potential interactions. For each isotherm point, 

5*107 configurations were generated. The system was achieved to equilibrate after 2*107 

steps, and the remaining 3*107 configurations were used to obtain ensemble average values 
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for thermodynamic properties. One SWNT placed in the center of box with dimensions of 

(100.0 Å 100.0 Å 45.0 Å). The intermolecular interactions between H2 -H2 [6] and He-He 

[7] were calculated using the (12-6 ) Lennard-Jones (LJ) potential. The total interactions 

between adsorbate and SWSiNTs were represented using the Morse potential equation which 

has been investigated in our previous work [8,9]. It should be mentioned that for investigating 

the adsorption of hydrogen and helium on (8, 8) SWCNT, the (12-6) LJ potential with the 

values of 28.2 K and 2.98 Å for εc-c and σc-c parameters were used [10]. In addition, Lorentz-

Berthelot combining rules were also applied for cross interactions .In this section with the 

intention of comparison the adsorption behaviour of hydrogen and helium in SiNT and CNT, 

all the Monte Carlo calculations are performed at the same thermodynamic states for both 

(5,5)SiNT and (8,8)CNT which is isodiameter to (5,5)SiNT, and equal heights of 37A. The 

adsorption capacities for both pure hydrogen and helium are represented in Figure 1. 

Figure 1. Comparison the adsorption capacity of a) hydrogen b) helium in (5, 5) SiNT and (8, 8) CNT at T=50K 

versus pressure. 

  

 

 

                                                 (a)                                                                          (b) 

All the adsorption isotherms are characterized by type1 (Langmuir shape). It is clear that the 

adsorption magnitude of both hydrogen and helium in (5, 5) SiNT is greater than that of (8,8) 

CNT. These results represent that, although silicon and carbon belong to group IV of periodic 

Table, further electrons in silicon outer shell make it more polarisable than CNT which results 

the stronger VDW interaction between gas and surface of SiNTs than that of CNT. Therefore, 

it stands to reason that the gravimetric adsorption capacities of gases show greater magnitude 

in SiNT compared to CNT. Our results indicate adsorption improvement of 83%, 74%, and 

68% for hydrogen and 42%, 28%, and 21% for helium in (5, 5) SiNT at corresponding 

pressure of 4, 8 and 10 MPa compared to adsorption in (8, 8) CNT. For the purpose of 

comparison the adsorption magnitude of hydrogen in the presence of helium in (8, 8) CNT 

with isodiameter (5, 5) SiNT, all CMC calculations are performed for both of SiNT and CNT 
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in the same theoretical condition .Our results obtained from this part of study are presented in 

Figure 2 and Table 1 and 2. It should be noted that the adsorption increase of hydrogen in the 

presence of helium in SiNT is greater than isodiameter CNT. 

 

Figure 2 : Comparison the gravimetric storage capacity of hydrogen in the mixture with helium and in the 

absence of helium in SiNT and CNT versus mole fraction at T=50 K and P=2 MPa. 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Comparison the gravimetric storage 

capacity 

of hydrogen in the mixture with helium and 

in the absence  of helium in SiNT and CNT 

 

Table1 2. Improvement of Gravimetric 

adsorption capacity of hydrogen in the 

presence of helium in SiNT and CNT at 

different mole fraction. 

 

 

Conclusion:  

In summary, comparative studies of similar simulation calculation for (8, 8) CNT with equal 

diameter as (5, 5) SiNT, indicates that the SiNT represent greater adsorption capacity 

compared to CNT. This issue is based on the stronger VDW interaction between hydrogen 

and SiNT compared to CNT as a result of further electrons in silicon outer shell, which makes 

it more polarisable than CNT. Furthermore, we explore that, the adsorption increase of 

hydrogen in the presence of helium in SiNT is greater than isodiameter CNT. Therefore, we 
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can noticeably suggest silicon nanotube as a performable material for efficiently hydrogen 

adsorption not only in pure state but also in the presence of helium. 
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Introduction 

Gelatin, a protein obtained from denatured collagen, is a biopolymer that is extensively used 

in food industry, pharmaceutical and photography industries. Simulation is a good way to 

predicate the mechanism of aggregation gelatin chains in solution. When aggregation 

(association or cross linking) dominates over fragmentation (scission or breakage), gelation 

may occur, manifested by an unbounded increase in the weight-average mass or molecular 

weight due to initial network formation [1]. In the present work, we have performed molecular 

dynamic (MD) simulation to model reversible associating polymers in aqueous solution of 

gelatin. 

 

Simulation details 

Gelatin contains many glycine, proline and 4-hydroxyproline residues and so on. A typical 

structure is -Ala-Gly-Pro-Arg-Gly-Glu-4Hyp-Gly-Pro. Calculations were performed with the 

GROMACS package using the gromacs force field (gmx) for all-hydrogen amino acid 

parameters. Non-bonded van-der-Waals' interactions are modeled by a Lennard-Jones 

potential with a cut-off distance of 1.0 nm. Water molecules were modeled using the SPC/E 

model. An 111111 nm3 cubic computational cell with periodic boundary conditions applied 

in all three principal directions and time step was 1 fs. All MD simulations were performed in 

the NPT ensemble, for three concentrations 1%, 2% and 2.8% at different temperatures 

including (275, 288, 293 and 313) K. The minimized complex structures were then subjected 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
606

first to an NVT simulation. The final structures from these simulations were then used to 

initiate isobar MD simulation for 1200 ps. 

 

Results and Discussion 

We used MD simulation to model reversible associating gelatin in aqueous solution, which 

mimic the triple-helix aggregation mechanism proposed to gelatin systems [2]. Also, in the 

present work, the several proposed models were examined to determine the mechanism of 

aggregation gelatin chains in solution with different concentrations. Figure 1 shows snapshots 

of gelatin system with concentration 2.8% at two temperatures (275 and 288) K.   

                 

 

Figure 1- Front views of representative snapshots for 4 gelatin chains in 2.8% gelatin system at  275K (left side) 

and 288K (right side). Water molecules are not shown for clarity. 

Our results show that at gelation point the intramolecular forces play more important role than 

intermolecular forces and also at high concentration (2.8%) and in gelation temperature, the 

opportunity for the formation of intramolecular forces is more than that in other temperatures.  

By increasing the concentration of gelatin system, the gelation point is delayed and gelation 
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temperature increases.  The obtained radial distribution function and the time history of the 

number of hydrogen bonding during simulation were two useful methods for interpreting our 

results. 

 

 

References  

[1] R. Li, B. J. McCoy. Journal of Colloid and Interface Science 291(2005) 375. 

[2] Y. Piñeiro et al. Physical Review E. 79 (2009) 041409. 

  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
608

Molecular Dynamic Simulation of the Influence of Charged Carbon 

Nanotubes on Gelation Behavior 

 

M. Foroutan a, N. Taheri Ghazvinib and A. Shamloo a 

Email: A.shamloo@khayam.ut.ac.ir 

a-  Department of Physical Chemistry, School of Chemistry, College of Science, University of Tehran, Tehran, 

Iran. 

b-  Department of Polymer science, School of Chemistry, College of Science, University of Tehran, Tehran, Iran. 

 

Keywords: Gelatin, Aggregation, Molecular dynamic simulation, Triple-helix, Nanotube 

 

Introduction 

The polymers that are composed of electrically charged monomers have a wide range of 

industrial applications. They are also important building blocks of live organisms such as 

DNA, RNA and GELTIN [1]. We can change the properties of reversible aggregation–

fragmentation processes by additives, temperature changes, or other thermodynamic state 

conditions. Charged surface are important additives for altering and enhancing the properties 

of polymers. In this paper we investigate the influence of charged nanotube as charged surface 

on the possibility of gelation, gel point, and gelation temperature. 

 

Simulation details 

A charged (5,5) single walled carbon nanotube was used as a charged surface. Gelatin 

contains many glycine, proline and 4-hydroxyproline residues and so on. A typical structure 

is -Ala-Gly-Pro-Arg-Gly-Glu-4Hyp-Gly-Pro. Calculations were performed with the 

GROMACS package using the gromacs force field (gmx) for all-hydrogen amino acid 

parameters. Non-bonded van-der-Waals' interactions are modeled by a Lennard-Jones 

potential with a cut-off distance of 1.0 nm. Water molecules were modeled using the SPC/E 

model. An 161616 nm3 cubic computational cell with periodic boundary conditions applied 

in all three principal directions and time step was 1 fs. All MD simulations were performed in 

the NPT ensemble. The minimized complex structures were then subjected first to an NVT 

simulation. The final structures from these simulations were then used to initiate isobar MD 

simulation for 1200 ps.  
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Results and Discussion 

Figure 1 shows snapshots for (5, 5) CNTs covered by gelatin chains at initial and the last time 

simulation in 288K. As shown in Figure 1, the gelatin chains located around the charged 

nanotube try to approach to it and by passing time they absorb on it. Figure shows well that in 

presence of nanotube, polymer chains are aggregated and there in no strong interaction 

between nanotube and polymer chains. In agreement with this result, recently, it has been 

shown that if interactions between polymer and charged nano surface, like nanotube and 

nanoparticles, are relatively weak, the polymer matrix promoted nano particle aggregation [2].  

 
 Figure 1- Views of representative snapshots for (5, 5) CNTs covered by gelatin chains at initial (left side) and 

the last time simulation (right side) in 288K.  

 

Increasingly attractive nano surface–polymer interactions led to strong adsorption of the 

polymer chains on the surface of the charged surface. The electrostatic interaction induces 

adsorption of gelatin chains on nanotube. It takes place before the formation of hydrogen 

bonding that leads to triplet helix clusters. Above observations has been supported by radial 

distribution functions and the time history of the number of hydrogen bonding during 

simulation. Our results show that in the presence of charged nanotube the time and 

temperature of gelation of system is increased.  
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Introduction  

The metal ions have important rules in structure and function of proteins and other 

biomolecules [1]. The rule of metals as cofactor is greatly magnified in activation of enzyme 

[2,3,4,5]. Understanding the mechanism of activation, inhibition and other reactions, in which 

the metal ions have a critical rule, are achieved by clarifying the interaction of metal ions with 

protein sequence. The alkali metal cations and specially sodium are undoubtedly much 

abundant ions in biological systems. They act as which bind weakly to organic are ideally 

suited in generating ionic gradients across membranes by the sodium/potassium pump for the 

maintenance of osmotic balance [Error! Bookmark not defined.]. The nervous system function 

seriously depend on the activity of the Na+/K+ pump, the transporter responsible for 

maintaining steep Na+ and K+ gradients across the neuron plasma membrane.  

The study of the interaction between sodium ion and biosystems may be unreachable because 

of the complexity of the biomolecules. it seems that the first estimation of these interactions 

can be obtained by studying the interaction of the metal ions with the simple molecule such as 

alcohol, amide, amine and other molecules containing functional group resemble to functional 

group exist in biomolecules. Therefore extended research was done to understand the nature 

of these interactions [6,7,8,9]. In this research interaction of sodium ion with amino acids 

were studied.  

 

Computational details and selection of models 

Optimum structures for several substituted Amino Acids, complex of sodium with these 

Amino Acids and sodium bond dimer of them were calculated by gaussian03 package and HF 

and B3LYP with the 6-311++g** basis set. In Fig.1 the general formula of Amino Acid in 

two ionic and neutral forms is shown. Chemical formula of groups where replaced instead of 

R1 and R2 is shown in Table 1. 
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Table 1. the chemical formula 
for the selected substitution  

  

R2 R1 R2 R1 
SH H H H 
SH SH CH3 H 

SiH3 H CH3 CH3 
SiH3 SiH3 F H 
NH2 H F F 
NH2 NH2 COOH H Fig.1 General formula of two neutral (a) and ionic forms (b) 

forms of Amino Acids   
 
After obtaining the optimum structure for each molecule, the nonbonding orbital analysis of 

them was done. Finally the thermodynamic properties of each species were calculated. 

 

Results and discussion 

1. Structure and stability 

The optimized structures for substituted Amino Acids were obtained. For instance the 

structure of Alanine which amino acid substituted with H and CH3 is shown in Fig.2Fig.5.  

Fig.2 structure and IR spectrum of sodium ion bonded dimer of two forms of Amino Acid in which R1=H and 
R2=NH2 

 
2. Neutral versus ionic form of Amino Acids 

The barrier for proton transferring from C-O-H group to NH2 gropu was calculated and the 

differences between them were studied in Fig.3. Fig.3 shows that in the situation R1=H and 

R2=H, the neutral form of amino acids are more stable. The difference in energy of two forms 

of amino acids were calculated and shows that this difference highly affected by substitutions.  

b a 
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Fig.3 Transformation energy barrier for proton from 
NH2 group to C=O group 

Fig.4  the results of sodium ion bond length versus � 
factor 

 
3. Bond length and enthalpy of formation 

The bond lengths of sodium ion to oxygen in dimer were calculated by same method 

mentioned previously. In Fig.4, the bond length of sodium to oxygen is plotted versus � 

factor. The � factor which represents the decrease in charge on sodium ion is defined as; 

Calculated enthalpy of formation also show same trend as demonstrated in Fig.4. 

 

Conclusion  

Different substituted amino acids were selected and difference in energy for neutral and ionic 

form of them was calculated. Results show that the energy difference between two structures 

significantly is affected by nature of substitutional group. In continuation, the structure of 

sodium ion bonded dimer of amino acids and its species were calculated. the bond length of 

sodium ion to oxygen in dimer, was calculated and it was shown that the strength of the bond 

increases as charge of sodium ion decreases. Finally the analysis of energy parameters of 

dimer formation process were done and observed trend was same as seen in analysis of bond 

length. 
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Introduction  

Rule of metal ions in biological systems structure and function not wearing to anyone. They 

have important rule in protein function and other biomolecules [1]. The rule of metals as 

cofactor is greatly magnified in activation of enzyme [2,3,4,5]. 

 The alkali metal cations are undoubtedly much abundant ions in biological systems. They act 

as which bind weakly to organic are ideally suited in generating ionic gradients across 

membranes and for the maintenance of osmotic balance [Error! Bookmark not defined.]. on the 

other hand the lithium ion as an alkali metal ion have an important application as anti mania 

drug for the depression disease [6]. Understanding the mechanism of activation inhibition and 

other reaction, in which the metal ions have a critical rule, is achieved by clarifying the 

interaction of protein sequences and the metal ions.  

Study of the interactions between lithium ion with biological molecule may be unreachable 

because of the complexity of the biomolecules. it seems that the first estimation of these 

interactions can be obtained by studying the interaction of the metal(lithium) ions with the 

simple molecule such as alcohol, amide, amine and other molecules containing functional 

group resemble to functional group exist in biomolecules. This research deals with the lithium 

ion bond dimer of some substituted ketones and study the effects of the group’s nature on 

structure, stability and heat of formation of them. This could be considered as beginning to 

understanding the interaction of metal ion on small organic molecules as an estimation of 

biological systems.  

 

Computational details 

Optimum structures for several substituted molecules of ketones, ketones bind with lithium 

ion and lithium bond dimer of them were calculated. Dimers studied in this research are homo 

dimer and hetero dimers that refers to same or different ligands used in their structure. all of 
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the calculations were performed by gaussian03 package and HF, B3LYP and MP2 with the 6-

311++g** basis set. in Table 1 the chemical formula of the selected substituted ketones has 

been shown. 

Table 2 the chemical formula for the optimized molecules 
 Name of monomer  Name of monomer Name of monomer 
1  (CH3)2-CO-(CH3)2 4  (SiH3)2-CO-(SiH3)2 7 F2-CO-F2 
2 CH3-H-CO-CH3-H 5 H2-CO-H2 8 NH2-H-CO-NH2-H 
3 SiH3-H-CO-SiH3-H 6 F-H-CO-F-H 9  (NH2)2-CO-(NH2)2 

 

After obtaining the optimum structure for each molecule, the natural orbital analysis of them 

was done and then the partial charge for them extracted. Finally the thermodynamic properties 

of each species were calculated. 

 

Results and discussion 

1. Lithium ion homo dimers  

Optimized structure for the monomer, monomer bind with lithium and lithium bond homo 

dimer of each substituted ketones molecules, in which two attached groups are the same, was 

obtained. For instance the structure of acetone, acetone bind with lithium ion and lithium ion 

bond dimer of acetone are shown in Fig.5.  

 
 

a b c 
Fig.5: Optimized structure for (a) acetone, (b) acetone bonded with lithium ion and (c) lithium ion bond dimer of 

acetone  
 
Stability of the dimers was estimated by noticing the infrared spectra for them. All homo and 

hetero dimers have no negative number in infrared spectrum so they are stable.  

 

 
Fig.6: infrared Spectrum for lithium ion bond dimer of acetone 
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Two bonds of Li+ to two carbonyl groups are almost the same. In this search, parameter  was 

defined as; 

=total charge-calculated charge on Li ion 

the Li-O bond length which located between lithium ion and some substituted ketone were 

plotted versus  in Fig.7. 

 

Fig.7 the Li-O bond length versus  Fig.8 enthalpy of formation of lithium ion bonded 
dimer 

In Fig.8 the enthalpy of formation for the lithium ion bonded dimer versus parameter  was 

plotted. Fig.7 shows that as the � increase, the bond length of Li-O decreases. This means 

that if one factor stabilize the positive charge and reduce it, the bonding of Li-O to it will be 

strengthened. In Fig.8 the enthalpy of formation for different substituted dimer is shown.   

 

Conclusion  

In this research the stability of lithium bond dimer of substituted ketones were studied to 

estimate the nature of their interactions. After optimization of the structure of homodimer, 

charge, bond length and energy analysis were done. Stability of all dimers were measured by 

calculation of Infrared spectrum. in bond length analysis of dimer it was seen that the bond 

length of Li decreases as � factor increases. 
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Introduction 

In the past decade, IR spectroscopy have become important techniques for obtaining 

information on chemical structures and are applied in virtually all branches of chemistry. 

Vibrational spectroscopy is used extensively in organic chemistry for the identification of 

functional groups of organic compounds as well as for studies on molecular conformation, 

reaction kinetics, etc [1]. Density functional theory (DFT) has become a major tool in the 

methodological arsenal of computational organic chemists. DFTmethods are increasingly 

applied to representative pharmacological compounds aiming to elucidate their molecular 

structures, electronic properties and bonds, the establishment of electronic and structural 

factors of selected reactions and their mechanisms. Experimental measurements and 

theoretical calculations on vibrational frequencies become one of the key factors in the 

molecular structure correlations design. For a proper understanding of IR and Raman spectra, 

a reliable assignment of all vibrational bands is essential. For this purpose, the quantum 

chemical methods, ranging from semi-empirical to DFT approaches, are invaluable tools [2-

4], each method having its own advantages. The semiempirical calculations provide very fast, 

and in certain circumstances fairly good theoretical results, being applicable to large 

molecular systems. HF methods are able to give good results provided a reasonable basis set 

and an appropriate correlation treatment is taken into account. On the other hand, DFT 

methods, particularly hybrid functional methods, have evolved to a powerful quantum 

chemical tool for the determination of the electronic structure of molecules. Among these, the 

B3LYP combination is the most used since it proved its ability in reproducing various 

molecular properties, including vibrational spectra. The combined use of B3LYP functional 
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and standard split valence basis set 6-31G* has been previously shown to provide an excellent 

compromise between accuracy and computational efficiency of vibrational spectra for large 

and medium-size molecules. In connection with our recent interest to multicomponent 

reactions, we report synthesis and FT-IR studies of 1,1,1-trifluoro-2-(5-aryl-1,3,4-oxadiazol-

2-yl)-2-propanol derivatives (4a-f) from three-components reaction between, (N-

isocyanimino)triphenylphosphorane, 1,1,1-trifluoroacetone and aromatic (or heteroaromatic) 

carboxylic acids (3-methylbenzoic acid, 1-naphthalenecarboxylic acid, 2-

naphthalenecarboxylic acid, 2-furancarboxylic acid and 2-thiophenecarboxylic acid) . The 

B3LYP/HF calculations for computation of FT-IR spectra have been carried out for the title 

compounds at the 6-31G* and 6-311++G** basis set levels. Predicted vibrational frequencies 

have been assigned and compared with experimental FT-IR spectra and they are supported 

each other. 

 

Computational details 

The vibrational wavenumbers were calculated using the Gaussian 98 software package 

on a Pentium IV personal computer. Geometry optimizations were performed with B3LYP/6-

31G* , B3LYP/6-311++G**, and HF/6-311++G** methods. The DFT technique employed 

the Becke3 (B3) (Becke 1992) exchange functional which supplement with Lee, Yang, Parr 

(LYP) (Lee et al., 1988) correlation functional. Molecular geometries were fully optimized by 

Berny’s optimization algorithm. 

 

Results and Discussion 

The (N-isocyanimino)triphenylphosphorane, 1,1,1-trifluoroacetone and aromatic (or 

heteroaromatic) carboxylic acids in dichloromethane react together in a 1:1:1 ratio at room 

temperature to produce 1,1,1-trifluoro-2-(5-aryl-1,3,4-oxadiazol-2-yl)-2-propanol derivatives. 

The reaction proceeds smoothly and cleanly under mild conditions and no side reactions are 

observed. The structures of the products were deduced from their IR, 1H NMR, 13C NMR 

and elemental analyses. In the present study, we report the B3LYP/HF calculation results for 

sterically congested 2,5-disubstituted 1,3,4-oxadiazoles derivatives in order to give their 

optimal molecular geometry and vibrational modes. Here, we focus on the use of modern 

density functional theory to fully account for the experimental vibrational IR data for the 
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products. In the literature, any theoretical vibrational studies on the title compounds were not 

found. The schematic drawing with the theoretical geometric structure is shown in this paper. 

The observed FT-IR bands and calculated wavenumbers and assignments are given. On the 

basis of our calculations and experimental infrared spectra, we made a reliable one-to-one 

correspondence between our fundamentals and any of our wavenumbers calculated by B3LYP 

and HF methods. For the title compound the strong band at 3406 in the FT-IR spectrum is 

assignes as υNH mode. The calculated value for this mode are 3405, 3406, 3420, and 3410 

cm−1 for HF/6-311++G**, B3LYP/6-31G*, and B3LYP/6-311++G** levels, respectively. 

The carbonyl stretching C=O vibration of ketone for compound appears at 1724. The 

calculated value for this mode are 1719, 1719, 1721, and 1720 cm−1 for HF/6-31G*, HF/6-

311++G**, B3LYP/6-31G*, and B3LYP/6-311++G** levels, respectively. 

The overall agreement between theory and experiment is quite reasonable for all methods that 

we have used. We further found a reliable one-to-one correspondence between our 

fundamentals and any of our calculated frequencies. There is an excellent agreement between 

experimental and theoretical results. In order to compare of this agreement, the correlation 

graphic based on the theoretical and experimental data has been investigated.  

 

Experimental(general) 

Starting materials and solvents were obtained from Merck (Germany) and Fluka 

(Switzerland) and were used without further purification. The methods used to follow the 

reactions were TLC and NMR. TLC and NMR indicated that there is no side product. Melting 

points were measured on an Electrothermal 9100 apparatus and are uncorrected. IR spectra 

were measured on a Jasco 6300 FTIR spectrometer. 1H and 13C NMR spectra were measured 

(CDCl3 solution) with a BRUKER DRX-250 AVANCE spectrometer at 250.0 and 62.5 MHz, 

respectively. Elemental analyses were performed using a Heraeus CHN-O-Rapid analyzer. 

Mass spectra were recorded on a FINNIGAN-MATT 8430 mass spectrometer operating at an 

ionization potential of 20 eV. Flash chromatography columns were prepared from Merck 

silica gel powder. 
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Introduction 

During the last decade an important breakthrough in the calculation of NMR spin–spin 

coupling constants took place when the coupled-perturbed approach was implemented within 

the DFT framework [1–3]. At present with this methodology an interesting variety of spin–spin 

coupling constants can be calculatedwithgood accuracy inpolyatomic systems using reasonable 

computational resources. Inthis way, using a combination of experimental and computational 

chemistry, new stereospecific trends of coupling constants can be studied. This knowledge can 

help to understand how several intra-molecular interactions affect some spin–spin couplings, 

increasing the utility of these parameters for studying larger compounds. Many properties of 

J(13C,13C) couplings are already known and excellent review papers are found in the literature 

describing some of them. The main aim of this work is to study the potential of J(5J(HC) spin–

spin couplings to determine the conformation of an aldehyde, CHO, group when it plays the 

role of a side-chain in an aromatic compound. The CHO group presents several interesting 

features, like, for instance the high stereospecificity of the,H) long-range coupling in 

benzaldehydes, 1, where Hff5J(His the formyl proton, and H is bonded to the aromatic ring. A 

similar stereospecificity was employed by several authors to determine the preferential 

conformation of monosubstituted pyridine aldehydes in solution through the measurement of 

such long-rangef,H) couplings. Such results are consistent with those obtained using other 

experimental techniques. 

 

Computational details 

All DFT calculations carried out in this work were performed using the hybrid B3LYP . 

This functional was chosen since it is known that for calculation of spin– spin coupling 

constants in hydrocarbons yield reliable results . It is important to note that lately, for 
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calculating spin–spin couplings Helgaker et al. studied the performance of three functionals 

However, the B3LYP functional was finally chosen since forJ(C,C) couplings in aromatic 

compounds a very good agreement was found between calculated and experimental couplings. 

 

Results and discussion 

In paper are compared the relative energies of rotamers cis, and trans ofcompounds 

calculated at the DFT-B3LYP/6-311G** level. These estimations of the energy difference 

between the two planar rotamers in both compounds were calculated without introducing 

any vibrational correction. For compound 2,thecis conformer correspondstothe C–HCf 

bondeclipsingtheringN–Cbond, while in compound the cis conformer corresponds to the C–

HCfbondeclipsingtheringC–C2312bond.Inagreementwith results known from the literature, in 

compound the cis rotamer, is preferential in 4.8 kcal/mol with respect to 13the trans rotamer, for 

calculations corresponding to an isolated molecule, i.e. 3Z1 in the PCM model. When 

compound 2 in an infinitely diluted DMSO solution (3Z 46.7 in the PCM model) is considered, 

then the present calculations predict that cis is still preferential with respect to trance, but only 

in 2.2 kcal/mol. However, this difference in energy is still large enough to estimate that at room 

temperature J(C,13C) spin–spin coupling constants in solution are practically contributed only 

by 2a and not by 2b.In3, the present calculations predict that 3a is still the preferential rotamer 

but for 3Z46.7itisonly0.3kcal/molbelow3b.Thisisinlinewithresultsknownfromtheliterature,and it 

can be assumed that the observed NMR parameters in solution, like those studied in this work. 

J(13C,13C) spin–spin couplings were measured at natural abundance in five pyridine aldehyde 

derivatives. Such couplings were also calculated at the DFT-B3LYP-6-311++G** level of 

theory where special attention was paid to their possible stereospecific behaviors.Dielectric 

solvent effects were calculated on all four isotropic contributions to J(13C,13C) couplings using 

the polarization continuum model,PCM. It is observed that the inclusion of dielectric solvent 

effects in general leads to a better agreement between calculated and experimental couplings. 

2J(13CC,13CA) couplings were observed to be sensitive to the aldehyde side-chain 

conformation (coupling pathway: CC–Ci–CA, where CC stands for the carbonyl-, Ci is the 

aromatic ipso- and CA is an adjacent aromatic-C atom). This is a positive coupling and becomes 

unusually large for a trans configuration between the carbonyl CaO and the CC–Ci bonds. In 

this conformation, there is an enhancement of conjugative interactions involving the p(CaO) and 
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p(CCaCi) bonding and antibonding orbitals. 

 

Conclusions 

Dielectric solvent effects on J(C,C) couplings in pyridine aldehyde derivatives seem to show 

a saturation effect for close to 10.It is observed that the general agreement between calculated 

and measured J(C,C) couplings is improved when taken into account dielectric solvent effects in 

calculated couplings. As noted previously in other aromatic compounds, calculated couplings at 

the DFT-B3LYP-6-311G**/EPR-III level of theory seem to perform very well in compounds 

studied in this work. According to results reported above, a is the preferential conformation  as 

a consequence of a particular interplay between electrostatic and negative hyperconjugative 

interactions involving the oxygen lone-pair of p character. The attractive electrostatic N–H 

interactions inhibit both two other compound hyperconjugations ., and therefore it seems they 

counteract the destabilizing effect of those inhibitions. Probably, similar conclusions hold. 
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The structures of two phosphoric triamides with formula C6H5NHP(O)[NHC6H4C(O)OCH3]2 

(1) and C6H5NHP(O)[NHC6H4C(O)OCH2CH3]2 (2) were optimized using Gaussian 98 

software at B3LYP and B3PW91 methods with standard 6-31G* basis sets. Nuclear 

quadrupole coupling constants () were calculated for the quadrupole 14N, 2H and 17O atoms. 

The  values for the oxygen atoms of P=O and C=O bonds are about 5.0 and 10.0 MHz, 

respectively. For the 14N atoms the  values are about 4.0-5.0 MHz, and for the 2H atoms they 

are near 200-300 kHz.  

 

Keywords: phosphoric triamides; ab initio computations; DFT; NQR 

 

Introduction  

Phosphoramidates chemistry covers a wide area for applications in science and technology 

[1,2]. Many efforts have been made for the synthesis, characterization and structural 

investigations on these compounds [3]. Ab initio quantum chemical computations were 

applied on them both to predict the structural parameters [4]. It is noteworthy that as far as we 

know the nuclear quadrupole coupling constants of these molecules have not been reported so 

far. Calculation of nuclear quadrupole coupling constants (s) of nuclei with spin ≥ 1 is a 

powerful tool to estimate the structural properties of the molecules [5]. In this work, the 

structures of two phosphoramidates were optimized at B3LYP/6-31G* and B3PW91/6-31G* 

methods using Gaussian 98 software [6]. Nuclear quadrupole coupling constants () were 

calculated for the quadrupole 14N, 2H and 17O atoms. The  values of 17O atoms in C=O bonds 

are nearly two times greater than those of P=O bonds.  
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Results and discussion 

In this study, the geometry of two phosphoric triamides with formula 

C6H5NHP(O)[NHC6H4C(O)OCH3]2 (1) and C6H5NHP(O)[NHC6H4C(O)OCH2CH3]2 (2) have 

been optimized using the Gaussian 98 software [6] at B3LYP/6-31G* and B3PW91/6-31G* 

levels of theory, Figure 1. In these molecules, the angles around the P atom indicate a distorted 

conformation. All P-N bonds are shorter than the typical P-N single bond (1.77 Å [7]) whereas 

the P=O bond lengths are longer than the P=O bond length (1.45 Å) [7]. In these molecules, the 

nitrogen environment is practically planar.  

    
1                                                                                          2 
Figure 1. Optimized structures obtained for compounds 1, 2. 

 
The stabilization energies were calculated using the equation E = E(molecule) - i E(i), i = 

atom (Table 1). The results show that compound 2 is more stable than 1 and also the B3LYP 

method presents higher negative stabilization energies than B3PW91. The calculated nuclear 

quadrupole coupling constants () were obtained about 4.0-5.0 MHz for 14N nuclei and near 

200-300 kHz for the 2H atoms. The  values for the 17O atoms of P=O and C=O bonds are 

about 5.0 and 10.0 MHz, respectively. 

 
Table 1. The stabilization energies (E, kcal mole-1) of compounds 1, 2* 

Compound B3LYP/6-31G* B3PW91/6-31G* 
1 -6942.899 -6002.564 
2 -7535.628 -6598.970 

*E = E(molecule) - i E(i), i = atom. 
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The structures of two organosilicon compounds with formula 

(OCH3)3Si(CH2)3NHC(O)NH(CH2)6NHC(O)NH(CH2)3Si(OCH3)3 (1)  

and (OCH2CH3)3Si(CH2)3NHC(O)NH(CH2)6NHC(O)NH(CH2)3Si(OCH2CH3)3 (2), 

obtained from the reaction of TMSA and TESA with 1,6-diisocyanatohexane, were optimized 

using Gaussian 98 software at HF and B3LYP methods with standard 6-31G* basis set. 

Nuclear quadrupole coupling constants () were calculated for the quadrupole 14N, 2H and 17O 

atoms. The  values for the oxygen atoms of C-O and C=O bonds are about 9.0-10.0 MHz, 

respectively. For the 14N atoms the  values are about 5.0 MHz, and for the 2H atoms they are 

near 300 kHz.  

 

Keywords: organosilicon; ab initio computations; DFT; NQR  

 

Introduction  

Hybrid inorganic-organic materials of organically modified silicas (ormosils) are one of 

the most significant classes of compounds owing to their various applications. Synthesis, 

characterization and complexation with Pd(II) of ormosils as well as applications of the 

complexes as catalysts in organic reactions were reported [1-3]. Ab initio calculations were 

done on mesostructured silica materials to predict the NMR chemical shifts as well as 

hypercojugative interactions [4]. In this work, the structures of two ormosils with formula 

(OCH3)3Si(CH2)3NHC(O)NH(CH2)6NHC(O)NH(CH2)3Si(OCH3)3 (1) and 

(OCH2CH3)3Si(CH2)3NHC(O)NH(CH2)6NHC(O)NH(CH2)3Si(OCH2CH3)3 (2) were 

optimized at HF/6-31G* and B3LYP/6-31G* methods using Gaussian 98 software [5]. 

Nuclear quadrupole coupling constants () were calculated for the quadrupole 14N, 2H and 17O 

atoms. 
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Results and discussion 

In this study, the geometry of two organically modified silicas (ormosils) with formula 

(OCH3)3Si(CH2)3NHC(O)NH(CH2)6NHC(O)NH(CH2)3Si(OCH3)3 (1) and 

(OCH2CH3)3Si(CH2)3NHC(O)NH(CH2)6NHC(O)NH(CH2)3Si(OCH2CH3)3 (2) have been 

optimized using the Gaussian 98 software [5] at HF/6-31G* and B3LYP/6-31G* levels of 

theory, Figure 1. In these structures the two C=O bonds indicate cis conformations with 

C=O…C=O torsion angles equal to 175°.  

     
1                                                                                          2 

Figure 1. Optimized structures obtained for compounds 1, 2. 
 

The stabilization energies were calculated using the equation E = E(molecule) - i E(i), i = 

atom (Table 1). In these molecules, the nitrogen environment is practically planar. The results 

show that compound 2 is more stable than 1 and also the B3LYP method presents higher 

negative stabilization energies than HF. The calculated nuclear quadrupole coupling constants 

() were obtained about 5.0 MHz for 14N nuclei and near 300 kHz for the 2H atoms. The  

values for the 17O atoms of C-O and C=O bonds are about 9.0-10.0 MHz. 

 

Table 1. The stabilization energies (E, kcal mole-1) of compounds 1, 2* 
Compound HF/6-31G* B3LYP/6-31G* 
1 -6923.130 -9102.260 
2 -8288.463 -10882.530 

*E = E(molecule) - i E(i), i = atom. 
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The hydrogen bonding interactions between two aspirin molecules and an  organosilicon 

compound with formula (OCH3)3Si(CH2)3NHC(O)NH(CH2)6 NHC(O)NH(CH2)3Si(OCH3)3 

were evaluated using Gaussian 98 software at HF method with standard 6-31G* basis set. The 

binding energy ΔEbind of the optimized system has been calculated taking into account the 

basis set superposition error (BSSE) correction. Also, the nuclear quadrupole coupling 

constants () were calculated for the quadrupole 14N, 2H and 17O atoms. The  values for the 

oxygen atoms of C-O, Si-O and C=O bonds are about 8.0-10.0 MHz. For the 14N atoms the  

values are 5.0 MHz, for the 2H atoms of NH and OH groups they are near 300 kHz but 200 

kHz for the 2H atoms of CH groups. 

 

Keywords: organosilicon; aspirin; hydrogen bond; NQR; BSSE; ab initio computations 

 

Introduction  

Organically modified silicates can be utilized to uptake inorganic metal cations for 

purification, extraction and separation purposes [1]. These types of compounds can also be 

used in fuel cells or carbon paste electrodes [2]. Luminescence and energy transfer of 

organically modified silica xerogels (OMSX) doped and undoped with Eu3+ and Tb3+ were 

studied [3]. Ab initio calculations were done on mesostructured silica materials to predict the 

NMR chemical shifts as well as hypercojugative interactions [4]. In this work, hydrogen 

bonding interactions between two aspirin molecules and an organosilicon compound with 

formula (OCH3)3Si(CH2)3NHC(O)NH(CH2)6NHC(O)NH(CH2)3Si(OCH3)3 were studied at 

HF/6-31G* level using Gaussian 98 software [5]. Furthermore, the nuclear quadrupole 

coupling constants () were calculated for the quadrupole 14N, 2H and 17O atoms. 
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Results and discussion 

In this study, the hydrogen bonding interactions between two aspirin molecules and an 

organosilicon compound with formula (OCH3)3Si(CH2)3NHC(O)NH(CH2)6 NHC(O) 

NH(CH2)3 Si(OCH3)3 were studied using the Gaussian 98 software [5] at HF/6-31G* level of 

theory, Figure 1. In these structures the two C=O bonds indicate pseudo-trans conformations 

with C=O…C=O torsion angles equal to -100°.  

 
 

Figure 1. Optimized structure obtained for the title compound. 
 

The binding energy, Ebind, was obtained (-15.59 kcal/mol) from the equation [6] Ebind = 

E(complex) – [E(MAA) + E(-or -glucose)] + BSSE. The basis set superposition error (BSSE) using 

counterpoise correction developed by Boys and Bernardi [7]. The calculated nuclear 

quadrupole coupling constants () were obtained 5.0 MHz for 14N nuclei, near 300 kHz for 

the 2H atoms of NH and OH groups but they are about 200 kHz for the 2H atoms of CH groups. 

The  values for the 17O atoms of C-O, Si-O and C=O bonds are 8.0-10.0 MHz. 
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Introduction 

The first discovery sparks of boron nitride (BN) nanostructure were appeared when Rubio 

anticipated it can be produced from substitution of C atoms in carbon nanostructures by B and 

N atoms [1]. Nowadays, it has been proved that the BN nanostructures are more favorable 

than carbon nanostructures to apply in many fields of science and technology. As a matter of 

fact, this distinction between BN structures and carbon nanostructures is owing to ionic 

character of BN bonds, which may induce an extra dipole moment and hence a stronger 

ability to absorb the atoms and molecules. 

One of the most important aspects of computational studies of BN structures is the exact 

recognition of their electronic structures and their charge density. Electron density analysis of 

molecules can be performed by various methods in quantum chemistry. A useful tool for this 

purpose is quantum theory of atoms in molecules (QTAIM) introduced by Bader [2]. The 

theory of atoms in molecules offers a concise description of the electronic structure of 

molecules in terms of the topological properties of the charge density. The current QTAIM 

formulation is constructed so that only the σ-skeleton can be detected via the total charge 

density topology for bond paths (BPs) and bond critical points (BCPs). However, for planar 

molecules, the molecular π system can be detected as well by AIM theory, and similar 

concepts can be generalized to π bonds too. This generalization is based on the fact that σ and 

π components of charge density rigorously do not mix for linear and planar molecules [3].  

In the present work, planar structure BN sheet are considered to investigate σ and π 

components of charge density, individually. To characterize the π system of BN sheet, the 

QTAIM concept of BCP is applied to the charge density topology, provided by both σ and π-
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type canonical molecular orbital. Including the different substitutions on BN sheet leads to a 

change in charge density on the surface of this molecule. The charge density reorganization 

on the BN sheet affects the properties which are related to charge density. This motivated us 

to study the charge density changes in BN sheets substituted by ߨ bond containing molecules 

such as cyanide, thiocyanate and isothiocyanate. 

 

Theoretical Method  

All the computational calculations including geometry and wave function optimization were 

carried out in HF/6-31g* level of theory by Gaussian 03W program. The frequency analysis 

was applied to confirm that the system possesses a minimum energy equilibrium structure. 

Figure 1(A) shows typical optimized structure of BN sheet where R refers to H, CN, SCN and 

NCS substitutions which are connected to nitrogen number 50 (N50) of BN sheet. The wave 

function for each structure was analyzed by AIM 2000 package [4]. This program was applied 

to represent the topological graphs of charge density corresponding to molecular σ and π 

systems. The BCPs and BPs graph for typical BN sheet structure with R substitution is 

separately presented in σ and π systems in Figure 1(B) and 1(C), respectively. In order to 

obtain π-BCP and BP graphs individually, the σ contribution of charge density of each 

structure was excluded and the analysis was performed only on π contribution. Figure 2 

represents the σ-AIM graphs (a, b, c, d) and their corresponding π graphs (e, f, g, h) for each 

substitution in large scale. The analyses demonstrate formation of double bond in connection 

between substitution and N50 of BN sheet for all structures which are presented by BCP 1 in ߪ 

bonds and 1a and 1b in π bonds. Table 1 summarizes the value of charge density ρ at BCPs 

number 1 to 7 represented in Fig.2 for both σ and π systems which are including most changes 

in charge density. 
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Figure 1: (A): Typical optimized structure of BN sheet substituted by R (R: H, CN, SCN and NCS). (B): The 
molecular graph of BN sheet showing the collection of σ-BPs and associated BCPs. (C): π-BPs and BCPs for BN 
sheet. 
 

In order to investigate the effect of substitutions on reorganization of charge density of BN 

sheets, the AIM atomic charges of B and N atoms and also B-N bond lengths of BN sheet and 

was obtained and tabulated in Table 2. 

Figure 2. σ-BPs and their BCPs for BN, BN-CN, BN-NCS, and BN-SCN sheets in a, b, c, and d and the same 

for ߨ in e, f, g, and h figures. 

 

Results and discussions 

The results in Table 1 and 2 show that the most significant changes occurs in atomic charges, 

bond lengths and ρBCPs related to B and N atoms of BN ring connected to substitution and its 

vicinal nitrogen atoms (N43 and N48). The other BCPs don’t show considerable changes in 

their properties respect to BN sheet without substitution. Because of symmetry in BN sheet 

molecule the atomic charge, bond length and ρBCP of the B49 and B41, N39 and N42, and also 

N43 and N48 are identical. Therefore, the results are expressed only for one of them in 

following tables. 

Table 1: Calculated charge density for BCPs 1-7 with significant changes respect to other BCPs on BN sheet. 

Structure 

Charge Density(ρBCP) 
 σ type BCPs π type BCPs 

1 2  4  6 
1 2  4 6 

a b a b a b a b 
BN Sheet 0.3422 0.200٤ 0.1984 0.195١ - 0.021٣ 0.020٥ 0.019٤ 

BN Sheet - CN 0.3481 0.1812 0.2075 0.2022 0.0395 0.0184 0.0222 0.0206 
BN Sheet - NCS 0.3582 0.1850 0.2078 0.2020 0.0467 0.0197 0.022٤ 0.0207 
BN Sheet - SCN 0.2266 0.1594 0.2158 0.2087 0.040١ 0.0124 0.024٤ 0.0223 

 

 
Table 2: AIM atomic charge and bond length for atoms and bonds with significant changes respect to BN sheet. 
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Structure 
AIM atomic charges Bond length (A˚) 

N٥٠ B٤٩ N٣٩ B٤٠ N48 N50-B49 B49-N39 N39-B40 B49-N48 
BN Sheet -1.853 2.433 -2.33١ 2.419 -1.876 1.427 1.447 1.443 1.434 

BN Sheet – CN -1.748 2.430 -2.336 2.423 -1.932 1.462 1.434 1.445 1.419 
BN Sheet – NCS -1.225 2.428 -2.332 2.423 -1.891 1.454 1.435 1.446 1.417 
BN Sheet – SCN -1.906 2.419 -2.310 2.426 -1.908 1.526 1.422 1.452 1.404 

 

Comparing the value of bond lengths and charge densities in above tables demonstrates an 

increase in σ type ρBCP number 4 and decrease in its associated bond length, B49-N48. Also, 

one can see a large decrease in ρBCP number 2 after substitution which causes some increase in 

N50-B49 bond length. It can be seen that, the same trend is exactly appeared in π bond systems. 

The conjugation of π bonds in BN sheet and its substitutions will affect atomic charges on BN 

sheet atoms near the substitution which is presented in Table 2. The substitutions change the 

polarity of BN bonds on BN sheet. This can help to attract other molecules.  

 

Conclusion  

The σ and π contribution of charge density were separated and studied separately by QTAIM 

for BN sheets with and without CN, SCN, and NCS substitutions. The results show that the π 

system obeys the same trend in σ system. The π bond containing systems conjugated with BN 

sheet cause to change in density, atomic charge and bond length of hexagonal BN ring 

connected to substitution and also the two vicinal N atoms of the ring. 

 

References  

[1] A. Rubio, J. L Corkill, M. L. Cohen, Theory of graphitic boron nitride nanotubes. Phys. 

Rev. B., 49, 1994, 5081. 

[2] R. F. W. Bader, Atoms in Molecules: A Quantum Theory, Oxford University Press Inc., 

New York, 1995. 

[3] S. M. Azami, J. Phys. Chem. A., 114, 2010, 11794.  

[4] R. F. W. Bader, AIM 2000 program package, Version 2.0: McMaster University: 

Hamilton, Ontario, 2002. 

  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
639

Quantum chemical studies of some Schiff bases as corrosion inhibitors on 

mild steel 

 

R. Shafieia, E. Jamalizadehb, S.M.A. Hosseinib* 
aDepartment of Chemistry,  Payame Noor University (PNU), Kerman, Iran 

b Department of Chemistry, Faculty of Science, Shahid Bahonar University of Kerman, Kerman 76175, Iran. 

(s.m.a.hosseini@mail.uk.ac.ir) 

 

Keywords: Quantum Chemical Calculation; Corrosion Inhibition; Schiff Base; Mild Steel 

 

Introduction 

Mild steel is widely used in fabrication of reaction vessels, store tanks, petroleum refineries, 

and so on. The main problem of using mild steel is its acidic solutions [1,2]. The use of 

organic inhibitors is one of the most practical methods for protection against corrosion in 

acidic media. Recently, H. Ashassi et al. experimentally found that Schiff bases i.e. 

Benzylidene-pyridine-2-yl-amine(A) , (4-Methyl-Benzylidene)-pyridine-2-yl-amine(B) , (4-

Chloro-Benzylidene)-pyridine-2-yl-amine(C) , Benzylidene-pyrimidine-2-yl-amine(D) , (4-

Methyl-Benzylidene)-pyrimidine-2-yl-amine(E) , (4-Chloro-Benzylidene)-pyrimidine-2-yl-

amine(F) show inhibitive properties for mild steel in 1M HCl  solution [3]. The present 

research find apparent correlation between parameters resulted by quantum chemical 

calculations related to the structure of Schiff bases and their ability to inhibit the corrosion 

process.  

 

Computational Details  

Complete geometry optimization of molecule and all quantum chemical calculations were 

performed at the DFT B3LYP level using 6-31G++(d,P) basis set. Furthermore, inhibitor/iron 

system optimization was performed by LANL2DZ basis sets. The calculations in water 

solvent and IEFPCM is used for this purpose. All calculations were performed with the help 

of Gaussian03 computer codes [4], working on 2.3 GHz dual processors. 

 

Results and Discussion 
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Highest occupied molecular orbital energy level (EH), the energy of the lowest unoccupied 

molecular orbital (EL), EL-EH, the dipole momentum (µ), the electron charge on nitrogen 

atoms (qN1) and (qN2) were determined, Table 1. In addition, the best adjusted linear 

regression coefficient (R2) for inhibition efficiency versus calculated quantum chemical 

parameters for inhibitors also represented. As results shows, the differences of inhibiting 

molecules efficiencies can be best expounded in terms of (µ) with correlation coefficients 

above 0.92. The calculated values of inhibition efficiency work out by regression analyses of 

IE% versus (µ) are given in Table 1. Comparison of calculated inhibition efficiencies with 

experimental results exhibits excellent agreement.  

Table 1. Quantum chemical parameters and experimental data for substituted inhibitors. 

Inhibitor 

Designation 

EH  (au) EL (au) EL-EH 

(au) 

µ (D) qN1 (ev) qN 2 (ev) IE% 

(Exp) 

IE% 

(Cald. ) 

A -0.241 -0.077 0.164 5.166 -0.173 -0.272 99.16 98.53 

B -0.237 -0.075 0.162 5.265 -0.168 -0.276 99.39 98.88 

C -0.242 -0.081 0.161 5.620 -0.168 -0.276 99.59 100.00 

D -0.250 -0.085 0.165 3.200 -0.167 -0.262 90.00 91.56 

E -0.244 -0.083 0.161 3.105 -0.172 -0.270 92.80 91.23 

F -0.250 -0.088 0.162 4.568 -0.157 -0.265 95.80 96.41 

R2 0.557 0.440 0.142 0.922 0.129 0.695   
 

From the molecular orbital density distribution of the inhibitors, one can see that the electron 

density of the HOMO and LUMO orbitals is well proportioned. This kind of structure is 

difficult to form chemical bond active centres, which proved the probability of the physical 

adsorption between the interaction sites [5] which is consistent with experimental results 

(G 33KJ.mol-1). To find favourite site for adsorption, inhibitor/iron system was optimized. 

The result of inhibitor molecule/iron atom optimization reveals adsorption position due to the 

lone pair electron of nitrogen atoms as the most stable state (Fig. 1).  
 

 

Fig. 1. The A molecule in interaction with iron atom. 
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Conclusion 

The relationship between molecular structure of these compounds and their inhibition 

efficiency indicated that the inhibition efficiency has lucid correlation with the dipole 

moment. Frontier orbital theory results proved the probability of the physical adsorption 

between the interaction sites. The result of inhibitor/iron optimization revealed adsorption 

position due to the lone pair electron of oxygen atoms of nitro group as the most stable state. 
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1. Introduction  

The role of Calcium in biological systems not wearing to anyone. Calcium, together with 

sodium, potassium and magnesium, is one of the metals required by living systems in macro-

amounts. indeed it represents 1.5–2% of an adult’s total body weight. The biominerals that 

constitute teeth and bones contain the majority of the body’s calcium (~99%). Yet the 1% that 

remains within the cells and tissues has enormous importance in the regulation of a whole 

series of cellular responses [i]. The processes in which Ca2+ play important roles, include 

muscle contractions, hormone secretion, glycolysis, gluconeogenesis, ion transport, cell 

division and cell growth[ii]. 

The intense researches were done previously to find the calcium binding to proteins [iii, iv, v]. 

As the result of importance of Ca2+ in biological systems, understanding the interaction of 

metal ion to protein chain is very important for knowing the mechanism of enzyme activation 

and other biological function of Calcium ion and the pharmaceutical function of it. This 

research deals with the calcium ion bond dimer of some substituted Amino Acids and study 

the effects of the group’s nature on structure, stability and heat of formation of them. This 

could be considered as beginning to understanding the interaction of calcium ion on Amino 

Acids as an estimation of biological systems.  

 

2. Selection of Compound and Computational Method  

Amino Acids are building block of proteins in which have amine (NH2) and carboxylic group 

acid attached to single carbon.  There are two forms of Amino Acids; neutral and ionic forms. 

General formula of two neutral (a) and ionic forms (b) forms of Amino Acids are shown in 

Fig.1. 
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Table3 list of substitutions which 

located instead of R1 and R2 

groups in Fig.1 

  

R2 R1 R2 R1 

SH H H H 

SH SH CH3 H 

SiH3 H CH3 CH3 

SiH3 SiH3 F H 

NH2 H F F 

NH2 NH2 COOH H Fig.9 General formula of two neutral (a) and ionic 

forms (b) forms of Amino Acids   COOH COOH 

The substitution R1 and R2 were chosen in manner that the properties of them are changed 

from electron withdrawing groups to electron releasing groups. In Table6list of substitution 

which selected to be locate in place of R1 and R2 is shown. Substituted Amino Acids, 

calcium ion bonded to Amino Acids and calcium ion bonded dimer of them was chosen to 

study the interaction of calcium ion with substituted Amino Acids. 

The structure of each species in this research include; Amino Acids, calcium ion attached to 

Amino Acids and calcium ion bonded dimer of them were optimized by HF method, 6-

311++G** basis set and gaussian03 package. Energy parameters, IR spectrum and NMR of 

each species were calculated by using same method and basis set described previously. 

3. Results and discussion 

3.1. Structure and stability of Amino Acids, calcium ion bonded to Amino Acids and 

calcium ion bonded dimer of them 

Structure of all species such as Amino Acids, calcium ion bonded to Amino Acids and 

calcium ion bonded dimer of them was calculated. The structure and IR Spectrum of the 

calcium ion bonded dimer of Amino Acid which R1 and R2 are H is shown in Fig.10.  

 

b a 
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Fig.10 structure and IR spectrum of calcium ion bonded dimer of two forms of Amino Acid in 

which R1=H and R2=H 

 

Since observing the IR spectrum of the dimers shows no negative vibrational mode in its 

spectrum, the dimers are stable.  

3.2. Calcium ion bond strength and enthalpy of formation for calcium bonded dimer of 

Amino Acids 

The calcium ion bond length to oxygen or nitrogen shows the strength of it. In Error! 

Reference source not found., the Ca2+ bond length versus calcium charge in dimer is plotted. In 

Fig.4, plot of the enthalpy of formation for the different dimers versus calcium charge in them 

is shown.  

 

 

Fig.11 the results of calcium ion bond length 

versus calcium charge in dimer  

Fig.12 the enthalpy of formation for the 

different dimers versus calcium charge in 

dimer 

2.234

2.284

2.334

2.384

1.9 1.905 1.91 1.915
-500

-300

-100 1.9 1.905 1.91 1.915



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
645

As shown in Fig.3 and Fig.4, when the charge in central calcium ion in dimer decreases the 

strength of calcium bond to amino acids is strengthen and the enthalpy of formation of dimer 

increases.  

4. Conclusion 

The structure and stability of calcium ion bonded dimers of different substituted amino acids 

which resembled the interaction of calcium ion with proteins, were calculated by ab initio 

calculations. The energy parameters of them were analyzed by same method and show that 

each parameter such as electron releasing or withdrawing properties of substitutions makes 

the dimer more stable. 
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Introduction 

Nickel has been widely used as anode for solid oxide fuel cells (SOFCs) because of its 

excellent catalytic ability for hydrogen oxidation, good electronic conductivity and low cost. 

Sulfur adsorption on metal surface has been of considerable interest due to the poisoning 

activity of S with respect to the catalytic properties of surfaces. The adsorption of sulfur based 

species found within hydrocarbon fuels have been known to cause the degradation of the solid 

oxide fuel cell [1]. 

 

Computational method 

In this work we investigated the adsorption of sulfur on Ni (111) surface corresponding to the 

coverage value of 0.25 ML, by DFT method using ABINIT package. The exchange– 

correlation functional is treated within the generalized gradient approximation (GGA) with 

Predew-Burke-Ernzerholf (PBE) functional is applied, for optimization and frequency 

calculations in this adsorption system [2]. A slab with 5 layers and 15 Å vacuum selected for 

these calculations as shown in Figure 1. Also the 4×4×1 and 6×6×1 k-point mesh are used for 

optimization and frequency calculations, respectively. The plane waves with 40 hartree cut off 

energy are used for all calculations. For Ni and S atoms, the Trouiller-Martins 

pseudopotentials are included in calculations [3]. 

 

Results and discussion: 

After structural optimization, the S-Ni bond length and the distance of S from the surface are 

2.17 and 1.60 Å, respectively. The stretching frequency of adsorptive bond is calculated from 

the fitting of three and five points within harmonic and Morse oscillator models, respectively. 

Each of these points is calculated statistically by moving S atom about the minimum location 

along the z direction. This method gives 240.4 and 341.3 cm-1, respectively for harmonic and 
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Morse potential models, for stretching frequency of adsorptive bond which is comparable 

with experimental data [4]. 

 

                                                        (a)                                      (b) 

Figure 1: P(2×2) adsorption structure of S on Ni(111) surface (a), and the selected slab model for it (b). 

Conclusions 

These results imply that for atomic adsorbates, the anharmonic effects are more important 

than molecular types. This phenomenon can be related to the mechanical and electrical 

anharmonicities. 
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Introduction:  

The ultraviolet light can leads to the formation of pyrimidine dimer in single and double 

strands of DNA [1] such as thymine dimer. There are eight potential isomers for pyrimidine 

dimer, including cyclobutane pyrimidine dimer (CPD) (cis-syn, trans-syn1, trans-syn2, trans-

anti, cis-anti), Dewar valence isomer, Spore and (6-4) photoproduct [2]. CPD is repaired by 

DNA photolyase enzyme. The electron transfer from enzyme to dimer results in the repair of 

dimer [3]. In this work, the relative stability of thymine dimer conformers and the chemical 

potentials of electrons have been considered for CPD by means of density functional theory 

(DFT) methods.  
 

Methods:  

Thymine dimers have been modeled by replacing the sugar phosphate backbone with 

hydrogen atoms. All conformers have been optimized at the B3LYP/6-31G** level of theory 

by Gaussian03 program package [4]. All conformers are presented in Figure 1. 

   

1 2 3 4 

 
  

5 6 7 8 

Figure1. structures 1-8 correspond to Spore photoproduct, trans-anti, cis-anti, trans-syn1, trans-syn2, cis-syn, (6-

4) photoproduct, Dewar valence isomer, respectively. 
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Results and discussion:  

As can be seen in Table 1, the trend in the relative energy is 1 > 2 > 3 > 4 > 5 > 6 > 7 > 8. In 

conformer 1, the thymine rings are identical in shape and one of CH3 groups fixes between 

two rings; thus, the steric crowding is minimized, such that 1 becomes the most stable 

conformer. During the dimerization process, one of the thymine rings converts into two 4-

membered rings in Dewar valence isomer (see Fig. 1). As a result, the Dewar valence isomer 

is the least stable conformer. The thymine rings do not change upon CPD formation. 

 Table 1. Relative energies (RE; in kcal/mol) and chemical potentials of electrons 

 1 2 3 4 5 6 7 8 

RE 0.00 11.96 12.28 13.31 13.31 15.87 26.04 80.29 

µ  -0.1531 -0.1500 -0.1492 -0.1491 -0.1480   

 

CPDs are more stable than Dewar and (6-4) photoproduct. The steric crowding affects the 

stability of CPDs. The trend in the chemical potential of electron (µ) in CPDs is 2 > 3 > 4 > 5 

> 6. The value of µ calculated for 2 is more negative than the other conformers. As a result, 

the electron transfer to 2 is more difficult than the other conformers. Since the value of µ is 

less negative in 6, the electron transfer to 6 is easier than the other conformers. The trend in 

the µ values of CPDs is in agreement with the relative stability of these conformers. The µ 

becomes more negative by the increase in the stability of conformer. 

 

Conclusions:  

The stability of thymine dimer conformers depends strongly to the stereochemistry. The cis-

syn is less stable than the other CPDs. The values of µ clearly demonstrate that the repair of 

cis-syn conformer by electron transfer from enzyme to dimer is easier than the other CPDs.  
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and FTIR Spectra of N,N'-(2,2-dimetylpropane)-bis 

(dihydroxylacetophenone) 

 

I. Sheikhshoaie*a and V. Saheba 
aDepartment of Chemistry, Shahid-Bahonar University of Kerman, Iran 

(shoaie@mail.uk.ac.ir) 

 

Introduction 

Schiff base compounds are important from both theoretical and experimental standpoints. 

These compounds have been used in several areas such as homogenous catalysis, bioinorganic 

chemistry and dye lasers [1,2]. In this research, a novel Schiff base is prepared and the 

crystallographic data for its structure is reported. Electronic structure calculations are 

performed to obtain the geometrical parameters and also FTIR spectrum of the title 

compound. The calculated results are compared with the experimental data.   

 

Method 

A novel Schiff base ligand N,N'-(2,2-dimetylpropane)-bis(dihydroxylacetophenone) (NDHA) 

is prepared through the condensation of 2-hydroxylacetophenone and 2,2-dimethyl 1,3- amino 

propane in methanol at room temperature. The yellow crystalline precipitate is used for X-ray 

crystallography and measuring Fourier Transform Infrared (FTIR) spectrum. The B3LYP and 

PW91PW91 method along with 6-31+G(d,p) basis set, and MP2 method along with 4-31G(d) 

are used to optimize the geometry and calculate the FTIR spectrum of the compound. The 

bond lengths, bond angles and vibrational frequencies are determined experimentally and 

compared with those obtained theoretically. A vibrational assignment and analysis of the 

fundamental modes of the compound is performed. 

 

Results and Discussions  

The crystal structure analysis of the title compound confirmed the structure of the compound 

as N,N'-(2,2-dimetylpropane)-bis(dihydroxylacetophenone). Experimental and theoretical 

Fourier transform infrared (FTIR) spectra of the compound are depicted in Fig. 1. The 
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geometry of the molecule is optimized at the MP2, B3LYP and PW91PW91 levels of theory. 

Some experimental selected bond lengths and bond angles are provided in a table in 

comparison with theoretical results.  
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Conclusions 

A number of important results emerge from this study. The computed bond lengths and bond 

angles at the MP2 level are in better agreement with experimental data in comparison with 

B3LYP and PW91PW91 density functional methods. However, the MP2 calculation, even 

with a small basis set 4-31G(d), is much more time–consuming than DFT methods. The 

vibrational frequencies computed at B3LYP are in good agreement with experimental data. 
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Abstract  

Electronic, structural, and spectroscopic properties of neutral and ionized singly mono-, di-, 

tri-, tetra-, fluorothiophenes and chlorothiophenes are studied using ab initio, density 

functional theory and B3LYP method with the 6-311++G** basis set. The effects of the 

number and position of the substituents on the electrochemical properties of the thiophene 

ring have been studied. Using the optimized structures obtained for these molecules and their 

cations, vibrational frequencies and NMR shielding constants of these compounds have also 

been calculated and analyzed. The results of this study, including NBO charge and spin-

density distribution, size and direction of the dipole moment vector, ionization potential, 

electric polarizability, HOMO-LUMO gaps and NICS analyses, show that among all of these 

compounds   3-fluorothiophene have the most suitable conditions for electropolymerization, 

this means that, compared with other fluorothiophenes, this  monomer have a higher capacity 

for electropolymerization as well as higher electric conductance. 

 

Keywords  :  DFT-B3LYP; Fluorothiophenes; Chlorthiophenes 

 

Introduction  

Conducting polymers because of change in their optical and electrical properties in 

nanometeric dimension are most probable systems for nanoelectronical applications [1]. 

polyanilines can produce  one-dimension morphologies, such as polymer nanostructures 

(nano-tube, -wire, -fiber, -filament -rod, -composite  and -particle) the most researches is done 

about that [2]. Nanomaterials paid attentions more scientist to itself because of the high 

applications of nanotechnology  in different sciences such as: medicine, petrochemical, 
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T: W=X=Y=Z=H
A: W=F, X=Y=Z=H
B: Y=F, W=X=Z=H
C: W=Y=F, X=Z=H
D: W=Z=F, X=Y=H
E: W=X=F, Y=Z=H
F: Y=Z=F, W=X=H
G: W=Y=Z=F, X=H
H: W=X=Y=F, Z=H
I: W=X=Y=Z=F

thiophene
2-fluorothiophene
3-fluorothiophene
2,3-difluorothiophene
2,4-difluorothiophene
2,5-difluorothiophene
3,4-difluorothiophene
2,3,4-trifluorothiophene
2,3,5-trifluorothiophene
2,3,4,5-tetrafluorothiophene

C5

C4C3

C2

S1
X7

Z9Y8

W6
A*: W=Cl, X=Y=Z=H
B*: Y=Cl, W=X=Z=H
C*: W=Y=Cl, X=Z=H
D*: W=Z=Cl, X=Y=H
E*: W=X=Cl, Y=Z=H
F*: Y=Z=Cl, W=X=H
G*: W=Y=Z=Cl, X=H
H*: W=X=Y=Cl, Z=H
I*: W=X=Y=Z=Cl

2-chlorothiophene
3-chlorothiophene
2,3-dichlorothiophene
2,4-dichlorothiophene
2,5-dichlorothiophene
3,4-dichlorothiophene
2,3,4-trichlorothiophene
2,3,5-trichlorothiophene
2,3,4,5-tetrachlorothiophene

materials, electronic, quantumic computers and etc [3]. conductive polymers are  typical of 

materials that play important roles in nanomatrial field [4].  

 
 
 
    

 

 

 

 

 

 

 

 

                                                                                                                                                 [Scheme] 

 

Figure 1. All possible mono-, di-, tri-, tetra- of  fluorothiophenes and chlorothiophenes. 

 

Methods 

As DFT-B3LYP method has proved usefull, appropriate and cost-efective method [5]. 

Calculation of the properties of over interesd it is used with 6-311+G** basise set throngent 

this study, as implemented in the G98W software. Structures of  fluorothiophenes and 

chlorothiophenes  are  optimized  using  B3LYP/6-311+G**  method. Atomic chaeges are 

calculated using NBO method [6].  

                                                                                                                                                  

 

 

 

Figure 2. 3-fluorothiophene tetramer (B tetramer). 

 

Results and Discussion  

To predict the bonding-characteristic behavior of the fluorothiophenes and chlorothiophenes 

rings in their corresponding polymer chains and to determine the extent of the ߨ-conjugation 

character of these polymers, we have used the Fn coefficient for each thiophene ring in the 
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isolated fluorothiophenes and chlorothiophenes. The calculated values of the Fn coefficient for 

all fluorothiophenes and chlorothiophenes shown that the molecule B have the smallest values of 

the Fn coefficient. In both series of molecules and their cation radicals, charge- and spin-

density distributions have similar trends with the number and position of the substituted 

chlorine and fluorine atoms. Also HLG values for all of the fluorothiophenes and 

chlorothiophenes are very good for transit than valance band to conducting band. NICS results 

showed that compound B has the largest quantity of negative value therefore this compound 

has the largest electrical current and conductivity.  For all fluoranilines and  their  cations, the  

positive  charge (obtained of NBO charge) is distributed mainly on the C3 position in Figure1. 

The distribution charge on the C3  carbon atom for monomer G cation radicale shows that, 

possibly, the electropolymerization  rate for  monomer  B  is  greater than thiophene and other 

copmounds.  Consequently,  it can  be said  that  compared  with other  fluorothiophenes and 

chlorothiophenes  the  electric  conductivity of polymer blends obtained from the B monomer 

is higher than other compounds. NICS results showed that compound B has the largest 

quantity of negative value (-15.85 for 0.5 angstrom upper than polymer rings), therefore this 

compound has the largest electrical current and conductivity at 0.5 angstrom upper than 

polymer rings.   

 

Conclusion  

Fluoroanilines have been designed as monomers for conductive polymers ( as candidate 

monomer for nano-wires) in the hope of having modified chemical and electrical properties. 

Density functional theory DFT-B3LYP/6-311+G** calculations have been carried out 

successfully to study. It was shown that compound B is possible candidate to replace 

thiophene in the synthesis of corresponding conducting polymers with modified 

characteristics compared to polythiophene. Compared to thiophene, monomer B is more 

soluble in water.  

                                                  

References 

[1] H. Shirani; S. Jameh-Bozorghi, J. Iran. Chem. Res. 3 (2010). 

[2] M. S. Ram, Srinivasan Palaniappan, Journal of  Molecular Catalysis 201, (2003), 289.  

[3] Campbel, T. E.; Hodgson, A. J.; Wallace, G. G. Electroanalysis, 11, (1999) 215. 

[4] Kincal, D.; Kamer, A.; Chield, A. D.; Reynold, R. J. Synth. Met., 92, (1998) 53. 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
655

[5] Z. Chan, C. S. Wannere, C. corminboeuf, R. Puchta, and P. V. R. Schlyere, Chem. Rew, 

105 (2005) 3842. 

[6] N. Sundaraganesan, H. Umamaheswari, B. Dominic Joshua, , J. Molecular Struct., 850 

(2008) 84. 

  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
656

Density Functional Theory of All Chlorothiophenes Radical Cations  

 

H. Shirani IL Beigia,* and S. Jameh-Bozorghib 

aYoung Researchers Club, Islamic Azad University, Toyserkan Branch, Toyserkan, Iran
 

*Email: shiranihossein@gmail.com 
bDepartment of Chemistry, Islamic Azad University, Toyserkan Branch, Toyserkan, Iran 

 

Abstract  

In this paper, electronic, structural, and properties of mono-, di-, tri-, and 

tetrachlorothiophenes radical cations are studied using the density functional theory and 

B3LYP method with 6-311++G** basis set. Also, the effects of the number and position of 

the substituent of chlorine atom on the properties of the thiophene radical cation ring have 

been studied using optimized structures obtained for these molecules; vibrational frequencies, 

nuclear chemical shielding constants, spin-density distribution, size and direction of the 

dipole moment vector, ionization potential, electric polarizabilities and NICS values of these 

compounds have been calculated and analyzed. 

 

Keywords  :  DFT-B3LYP, Chlorthiophenes radical cations, Conducting polymers 

 

Introduction  

Electrically-conducting polymers such as advanced materials and the new class of     

'synthetic metals' have drawn high attention in the last years [1,2]. There has been growing 

interest in research on conducting  polymer  nano since they incorporate the advantages of 

organic conductors with low-dimensional systems and so create interesting physicochemical 

properties and potentially useful applications [3-5]. Among intrinsic conducting polymers 

with conjugated double bonds, polythiophenes (PTHs) are suitable for commercial 

applications. The objective of the present research is to study electronic and structural 

properties of all chlorothiophene radical cations (shown in Figure 1) using DFT-UB3LYP 

method.  
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T: W=X=Y=Z=H
A: W=Cl, X=Y=Z=H
B: Y=Cl, W=X=Z=H
C: W=Y=Cl, X=Z=H
D: W=Z=Cl, X=Y=H
E: W=X=Cl, Y=Z=H
F: Y=Z=Cl, W=X=H
G: W=Y=Z=Cl, X=H
H: W=X=Y=Cl, Z=H
I: W=X=Y=Z=Cl

thiophene
2-chlorothiophene
3-chlorothiophene
2,3-dichlorothiophene
2,4-dichlorothiophene
2,5-dichlorothiophene
3,4-dichlorothiophene
2,3,4-trichlorothiophene
2,3,5-trichlorothiophene
2,3,4,5-tetrachlorothiophene

C5

C4C3

C2

S1
X7

Z9Y8

W6

 
Figure 1. All possible mono-, di-, tri-, and tetrachlorothiophene isomers studied in this research. 

Methods 

Initially, structures of representative mono-, di-, tri-, and tetrachlorothiophenes were 

optimized using UB3LYP/6-311++G** method [6]. The geometries are optimized using 

standard gradient techniques with default parameters set in G98W. Vibrational frequencies 

with their IR intensities are calculated with a scale factor of 0.8929. 

 

Results and Discussion                                                                                                                                        

To predict the bonding-characteristic behavior of the chlorothiophene radical cation rings in 

their corresponding polymer chains and to determine the extent of the ߨ-conjugation character 

of these polymers, we have used the Fn coefficient for each thiophene ring in the isolated 

chlorothiophene radical cations [1]. The calculated values of the Fn coefficient for all 

chlorothiophene radiacal cations shown that the molecule B have the smallest values of the 

Fn coefficient. In both series of molecules and their cation radicals, charge- and spin-density 

distributions have similar trends with the number and position of the substituted chlorine 

atoms. Also HLG values for all of the chlorothiophene radical cations are very good for 

transit than valance band to conducting band. NICS results showed that compound B has the 

largest quantity of negative value therefore this compound has the largest electrical current 

and conductivity.  

 

Conclusion  

B3LYP method with 6-311++G** basis set calculations have been carried out successfully to 

study the structural, electronic and spectroscopic properties of all chlorothiophenes. Based on 

B3LYP/6-311++G** optimized structural parameters, especially the quinoid character, values 

of dipole moment vector, spin density distribution, ionization potential, vibrational 

frequencies and NICS have been calculated and analyzed. Accordingly, Compound B is 

possible candidate among all compounds  in the synthesis of corresponding conducting 

polymers with modified characteristics. 
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Abstract  

Structural and electronic characteristics of the neutral and ionized mono-, di-, tri-, tetra-, and 

penta-fluoroanilines are studied using DFT- B3LYP method with the 6-311+G** basis set. 

Effects of the number and position of the substituents on the electrochemical properties of the 

aniline ring have been studied. Vibrational frequencies, nuclear chemical shielding constants, 

charge and spin-density distribution, size and direction of the dipole moment vector, 

ionization potential, electric polarizability, HOMO-LUMO gaps and NICS have also been 

calculated and analyzed. Results of this study show that among all of these compounds 2,5-

difluoroaniline and 2-fluoroaniline as candidate monomers for intelligent polymeric nano-

wires have the most suitable conditions for electropolymerization. 

 

Keywords  :  DFT-B3LYP, Conductive polymers, Nano-wires, Fluoroanilines 

 

Introduction  

Conducting polymers because of change in their optical and electrical properties in 

nanometeric dimension are most probable systems for nanoelectronical applications [1]. 

polyanilines can produce  one-dimension morphologies, such as polymer nanostructures 

(nano-tube, -wire, -fiber, -filament -rod, -composite  and -particle) the most researches is done 

about that [2]. Nanomaterials paid attentions more scientist to itself because of the high 

applications of nanotechnology in different sciences such as: medicine, petrochemical, 

materials, electronic, quantumic computers and etc [3]. Conductive polymers are  typical of 

materials that play important roles in nanomatrial field [4]. It has been known from the early 

years of conducting polymer research that polyaniline fibrils of ~100 nm in diameter can form 

“naturally” during electrochemical polymerization on the surface of the electrodes [5]. 
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C5

C6

C1
C2

C3
C4

Z14

N7

X11

Y13 V12

W 10

A : X=Y=W =V=H
B : X=F, Y=Z=V=W =H
C : Y=F, X=Z=V=W =H
D : Z=F, X=Y=V=W =H
E : X=Y=F, Z=V=W =H
F : X=Z=F, Y=V=W =H
G : X=V=F, Y=Z=W =H
H : X=W =F, Y=Z=V=H
I: Y=Z=F, X=V=W =H
J: Y=V=F, X=Z=W =H
K : X=Y=Z=F, V=W =H
L : X=Y=V=F, Z=W =H
M : X=Y=W =F, Z=V=H
N : X=Z=W =F, V=Y=H
O : Y=Z=V=F, X=W =H
P : X=Z=V=F, Y=W =H
Q : X=Y=Z=V=F, W =H
R : X=Y=Z=W =F, V=H
S : X=Y=V=W =F, Z=H
T : X=Y=Z=V=W =F

aniline
2-fluorobenzenamine
3-fluorobenzenamine
4-fluorobenzenamine
2,3-difluorobenzenamine
2,4-difluorobenzenamine
2,5-difluorobenzenamine
2,6-difluorobenzenamine
3,4-difluorobenzenamine
3,5-difluorobenzenamine
2,3,4-trifluorobenzenamine
2,3,5-trifluorobenzenamine
2,3,6-trifluorobenzenamine
2,4,6-trifluorobenzenamine
3,4,5-trifluorobenzenamine
2,4,5-trifluorobenzenamine
2,3,4,5-tetrafluorobenzenamine
2,3,4,6-tetrafluorobenzenamine
2,3,5,6-tetrafluorobenzenamine
2,3,4,5,6-Pentafluorobenzenam ine

H9 H8

Conducting filaments of polyaniline have been prepared in the 3-nanometer-wide hexagonal 

channel system of the aluminosilicate [6]. PANIs have been used as biosensors, gas sensors, 

microactuators, data storage, polymer batteries and electronic devices [7,8].  
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. All possible mono-, di-, tri-, tetra-, and penta-fluoroaniline isomers. 

 

Methods 

As DFT-B3LYP method has proved usefull, appropriate and cost-efective method [9]. 

Calculation of the properties of over interesd it is used with 6-311+G** basise set throngent 

this study, as implemented in the G98W software [10]. Structures of  fluoroanilines  are  

optimized  using  B3LYP/6-311+G**  method. Atomic chaeges are calculated using NBO 

method. 

 

Results and Discussion                                                                                                                                       

To predict the bonding-characteristic behavior of the fluoroaniline rings and to determine the 

extent of the -conjugation character of these polymers, we have used the Fn coefficient for 

each aniline ring {Fn= 2R23/( R12+R34).                                                                                                            

In this equation, R23 is the length of the C2-C3 bond  in the aniline ring at form cation 

radical, and [(R12 + R34)/2] is the average length of the C1-C2 and C3-C4 bonds. Molecules 

G and B  and their cations have the smallest values of the Fn coefficient(0.984 and 0.986 for 

B and G respectively ). Therefore, the quinoid character of monomers G and B is greater than 
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that of other fluoroanilines. This shows that double bonds in these molecules are more 

delocalized. This means that, compared with other fluoroanilines, these two monomers have a 

higher capacity for electropolymerization as well as higher electric conductance. Also spin 

density that is distributed mainly on the C4 and N7 positions in Figure1, is most for G 

monomer. Therefore the electropolymerization rate for monomer G is greater than aniline and 

2-fluoroaniline. Orientations of the polymer chains in the condensed phase are the most 

important parameters affecting the electric charge transport properties of polymers. It is 

obvious that the  HLG values for all of the fluoroanilines are very good for transit than 

valance band to conducting band. It should be noted here that HLG values are not the only 

parameters that determine electric conductance of a polymer film. Orientation and alignment 

of the monomers in the polymer chain are two other determining characteristics that play 

important roles in the electrical conductance. In terms of the zero-point energy (ZPE), it can 

be said that the ZPE for molecule B (67.55 kcalmol-1) is greater than that for molecules C and 

D. The value of the ZPE for molecule G (62.39 kcalmol-1) is greater than other isomers. 

 

 

 

 

 

 

[Scheme] Spin density, HOMO and LUMO for 2,5-difluoroaniline. 

 

Conclusion  

Fluoroanilines have been designed as monomers for conductive polymers ( as candidate 

monomer for nano-wires) in the hope of having modified chemical and electrical properties. 

Density functional theory DFT-B3LYP/6-311+G** calculations have been carried out 

successfully to study. it was shown that compounds B and G are possible candidates to 

replace aniline in the synthesis of corresponding conducting polymers with modified 

characteristics compared to polyaniline. Compared to aniline, B and G fluoroaniline 

monomers are more soluble in water. These characteristics increase the efficiency of the 

electrochemical polymerization processes on these two monomers for applications of 
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nanotechnology for produce nanofilaments and  nanowires  with these  two monomers.                                   
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Introduction 

Ionic liquid (IL), a kind of novel compound consisting of inorganic anion and organic cation,, 

known as ambient temperature molten salts, exhibit attractive properties including negligible 

vapor pressure, nonflammability, extraordinarily high chemical and thermal stability and 

controllable  hydrophobicity [1,2,3]. To the best of our knowledge, interaction between MIM+ 

and BF4
- ions has not been characterized theoretically by IR and NMR techniques. In the 

present paper, all ion pairs formed from interaction between MIM+ and BF4
- ions have been 

characterized in terms of vibrational frequency of normal modes, isotropic chemical shift and 

spin-spin coupling constants. 

 

Computational Details 

All the structures studied in this work were optimized by using B3LYP in conjunction with 6-

311++G(2d,2p) basis set The B3LYP calculated vibrational frequencies have been used to 

characterize stationary points and calculation of zero-point vibrational energy (ZPVE). The 

vibrational frequencies were calculated without scaling. Spin-spin coupling constants 

involving 13C, 15N, 19F, 11B and 1H in all monomers and complexes were computed at 

B3LYP/6-311++G(2d,2p) level . 

 

 

Results and Discussion 

The ionic liquid modeled herein is the cation  Mim+ (methyl imidazolium) coupled with the 

anion BF4
-. Molecular graphs (including the critical points and bond paths) of the all four 

complexes are shown in Fig. 1. As can be seen, all structures are cyclic with three hydrogen 
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bonds involved in the interaction. In A and B ion pairs, three F atoms of BF4
- act as proton 

acceptors and N–H and C–H bonds of Mim+ as proton donors. In C and D ion pairs, instead 

of N–H, two and three C–H bonds in Mim+ acts as proton donors, respectively. 
 

1. Vibrational frequencies. Owing to greater stability of A and B complexes with respect to 

the C and D ones, we discuss vibrational frequencies of A and B complexes. A substantial 

red-shift is observed in the fundamental N–H stretching vibrational frequency. The red-shifts 

of N–H stretching vibrational frequency of Mim+ involved in F···H–N interaction upon 

formation of A and B complexes are greater for A than B indicating F···H–N interaction in B 

ion pair is stronger than that of A one. The red-shift in stretching  vibrational  frequency of C–

H bond involved in interaction is 3.8 cm-1 for A and 18.3 cm-1 for B The analysis of normal 

modes of BF4
- shows a blue-shift of 149.3 and 139.8 cm-1 for the B–F stretching with respect 

to the corresponding free anion value of 1042.6 cm-1, which is accompanied by its bond 

contraction in the complex.  
 

2. Isotropic Chemical Shifts. The changes of isotropic chemical shifts of the bridging 

hydrogens, Δσiso(H), and change of electronic density (Δρ) at bridged H atoms are reported in 

Table 1. As can be seen, changes in isotropic chemical shift of bridging hydrogens for both 

complexes are negative. The negative character of Δσiso(H) is explained by the deshielding of 

the bridging hydrogen H that is induced by the formation of the hydrogen bond.  
  

3. One-and Two Bond Spin-Spin Coupling Constants. The intermolecular spin-spin 

coupling constants (SSCCs) 1J(X–H) and 2hJ(X–Y) across the X–H···Y hydrogen bonds in 

Mim+BF4- complexes are given in Table 2. The absolute value of 1J of N-H involved in 

interaction decreases upon complex formation and that of C-H increases. Sum of absolute 

value of 2hJ for most stable complex B is greater than that of A.  
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Fig. 1. Molecular graphs of the of A–D complexes. 
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  Δσiso(H)/ppm   Δρ(H)/au   
  A B  A B 
H12  -1.6339   -0.0269 
H13 -7.7810 -6.7034  -0.0289 -0.0299 
H14 -1.1557 -0.0198

    J   
  Mim+ A B 
C7-H12 209.94  214.69 
N8-H13 -95.46 -88.62 -91.20
C9-H14 194.93 197.16  
C7-F3   22.70 
C7-F4   3.24 
N8-F  -47.12 -41.07 
C9-F3  17.05  
C9-F4   0.41   

Table 1. Changes in NMR chemical shifts and electron density of bridging H caused by 

complexation Mim+ with BF4
- at B3LYP/6-311++G(2d,2p) level. 

Table 2. One- and two bond Spin Spin coupling constants (Hz) at B3LYP/6-

311++G(2d,2p) level. 
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Introduction 

Tautomer equilibrium given in Fig. 1 shows that two keto-enol tautomerisms are possible for 

β-dicarbonyls. The position of the keto-enol equilibrium for this class of compounds differs 

according to electronic characteristics of the substitutions and the nature of the solvents. The 

cis-enol forms of β-dicarbonyls are stabilized by a strong intramolecular hydrogen bond [1-3]. 

Several experimental data suggest that electron-withdrawing group substitution at β-position, 

such as the trifluoromethyl group (−CF3), decreases the strength of the intramolecular 

hydrogen bond (IHB), whilst substitution of alkyl group in this position increases the IHB 

strength. 1,1,1-trifluoro-5,5-dimethyl-2,4-hexanedione, TFMHD, has two different β-

substituted groups with different electron-withdrawing, donating and steric effects. Therefore, 

it is interesting to cross-check these effects on conformational stabilities, molecular structure 

and IHB strength. The aim of the present paper is to predict IHB strength of TFMHD by means 

of density functional theory (DFT) levels.  
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Method of Analysis 

All possible cis-enol conformers of TFMHD were fully optimized at the B3LYP level of 

theory with the 6-31G** and 6-311++G** basis sets, and at MP2, B3PW91 and  G96LYP 

levels with 6-31G** basis set, using Gaussian 03W program.  

 

Results and Discussion    

From the theoretical point of view, by considering the conformations of t-butyl and 

trifluoromethyl (-CF3) groups in TFMHD, with respect to the plane of the molecule and with 

respect to each other, 64 enol and 16 keto forms can be drawn for TFMHD molecule. The 

enol contents in pure liquid forms of trifluoroacetylacetone (TFAA, R1=CH3 and R3=CF3, in 

Fig. 1) and 5,5-dimethyl-2,4-hexanedione (DMHD, R1=CH3, R3=C(Me)3) have been reported 

to be 96% and 88%, while that of TFMHD is 100%. A comparison between these values 

gives a clear understanding for the enhancing effect of the substitution of the methyl groups 

by the t-butyl and trifluoromethyl groups on the enol content. Therefore we are getting 

focused on the enol conformers of TFMHD. 

Among the enol forms, only eight of them (I-VIII) are engaged in a six-member ring 

intramolecular hydrogen bonded system. The structures of these conformers, atom numbering 

of the system and their relative stabilities (in kcal/mol) are shown in Fig 2. The selected of 

fully optimized geometrical parameters of I, II and III conformers of TFMHD besides the 

averaged geometrical parameters for TFMHD, DMHD and TFAA, calculated at the 

B3LYP/6-311++G** level of theory, are given in Table 1. Several experimental data suggest 

that substitution of electron-withdrawing group, such as trifluoromethyl, at β-position of a β-

dicarbonyls decreases the strength of the intramolecular hydrogen bond, whilst substitution of 

an electron donor, such as t-butyl group, increases the IHB strength. TFMHD has two β-

substituted groups with different electron-withdrawing, electron donating and steric effects. 

According to the results summarized in Table 1, especially by comparisons of O···O, O···H 

and O−H bond distances and OHO bond angles, the IHB strength of TFMHD is concluded to 

be stronger and weaker than those of TFAA and DMHD, respectively.  
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Table1: The geometrical parameters of the cis-enol forms of TFMHD, 
DMHD and TFAA, all calculated at B3LYP/6-311++G** level. 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

Conclusion   

The geometries of three stable chelated enol forms of TFMHD are fully optimized at B3LYP 

(DFT) level of theory. Comparisons between the structural parameters show that the hydrogen 

bond strength of TFMHD lies between those of DMHD and TFAA.  

 

 TFMHD DMHD TFA
distances (Å) I II III Avg Avg Avg 

C–C 1.425 1.455 1.460 1.447  1.444 1.526 
C=C 1.380 1.360 1.357 1.366  1.372 1.378 
C–O 1.322 1.316 1.320 1.319  1.325 1.320 
C=O 1.238 1.244 1.241 1.241  1.247 1.237 
O–H 0.999 1.008 1.003 1.003  1.006 0.997 
O···H 1.649 1.607 1.640 1.632  1.608 1.672 
O···O 2.552 2.516 2.538 2.535  2.525 2.566 

C2–C7 (t-but) 1.519 1.522 1.521 1.521  1.534 1.492 
C4−C8 (CF3) 1.550 1.536 1.534 1.540 1.501 1.550 

angles(°)        
O1H6O5 148.0 147.3 146.6 147.3  149.2 146.8 

 

Fig 2: The atom numbering, relative stabilities and possible chelated cis-enol tautomers of TFMHD 

(a: B3LYP/6-311++g**, b: MP2, c: B3PW91 and d: G96LYP at 6-31G** basis set). 

 

Fig. 1: The keto-enol tautomerism leads to two 

different chelated enol forms for β-dicarbonyls. 
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Abstract 

TheSTudy of Thermodynamic some Polycyclic and heterocyclic compound in Proton affinity 

reactions with quantum mechanic methods. Using calculations of Abinitio (HF) method and 

Dencity Function Theory (DFT) with base sets of 6-311++G** and 6-31 G**.  
 

Keywords: polycyclic-thermodynamical- quantum mechanic,heterocyclic,Proton affinity 
 

Introduction 

Protonation/deporotonation is the first step in many fundamental chemical rearrangements 

and in most enzymatic reactions.Two quantities are used to characterize the ability of a 

molecule in the gas phase to accept aproton.The gas phase basicity is the negative of the free 

energy change associated with the reaction.The more frequently used index ,the 

porotonaffinity,is the negative of the enthalpy change at standard conditions.The recent 

progress in the Density Functional Theory (DFT)approaches make this method another 

candidate for reliable calculation of proton affinities ,howere ,the performance of the method 

in this field is still mostly untested. 

 

Method: 

Density functional theory (DFT) is a quantum mechanical theory used in physics and 

chemistry to investigate the electronic structure (principally the ground state) of many-body 

systems, in particular atoms, molecules, and the condensed phases. With this theory, the 

properties of a many-electron system can be determined by using functionals, i.e. functions of 

another function, which in this case is the spatially dependent electron density. Hence the 

name density functional theory comes from the use of functionals of the electron density. 
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DFT is among the most popular and versatile methods available in condensed-matter physics, 

computational physics, and computational chemistry. 

 

Results And Discussion 

The Thermodynamic Parameters such as enthalpy Gibbs free energy  , Thermal energy are 

calculated using quantum mechanicPrincipley such as maximum hardness Principle (MHP) , 

and minimum electrophilicity Principle (MHP) to compare the stability of reactants and 

products. 

 
 
 
 

H,G,QB3lyp/6-311++G**method(HF) 
Q G H Molecule 

۶۵٨۵/٢٩٨-٠۶/١٩۵-٢٢٩۴/٠-A 

۶۶۶۵/٢٢-٠۴/٠١٢٩/٠-٠B 

۶۶۴۴/٠٠-٠۶۴/٠١-٠۶٩/٠-C 

۶۵۴٠١٣٣/٠٠١٣-٩/٠۵/٠D 

۶۵٠١٣٢/٠-٠٠٧٢/٠-٧٧/٠E 

۴٠٠-٩١٢/٠۴٠٠-٧/٠۶٨/٠-F 

۵۶٠۴/٠١٣٩/٠-٠١١/٠-٠G 

٠-٩٧٢٧/٣٩۴۴١/٠٠۴٣٨/٠H 

۶٠٠-٧٣٣/٠۵۵/٠-۴٣٨۴/٠I 

۶۶٠٠-١١/٠۵٠١٣-٩/٠۴/٠J 

۶۵۵۴/٠١-٠۵٣/٠٠١۴/٠K 

۶۴۴٠١-٩/٠۴/٠٠١٣٣/٠L 

 
 

 

(C) 
Bicyclo(2,2,1)Heptan 

 

(G) 
Tricyclo (1,1,1,1)Hegzan 
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Conclusion 

 

The Obtained results show that calculation of thermal energy is more appropriate than other 

thermodynamic parameters, since in the calculation of enthalpy and Gibbs free energy gibbs 

with two methods of HF and B3LYP and two applied base sets, none of the products were more 

stable than reactanty materials., but in the calculation of thermal energy, all of the products 

were more stable than product , using any methods and base set.  
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Abstract: 

In the present study, Density Function Theory (DFT) was used to investigate the mechanistic 

factors affecting cp ligand fluxionally in a series of complexes [M* (η1-Cp) (L')]  including 

different metals and different ligands. Remarkable agreement was achieved with the 

experiment for the barrier heights of the 1,5-shift for complexes of transition metals such as 

[Fe(η1-Cp) (η5-Cp)CO)2].
 

The barriers have been properly rationalized in terms of hyperconjugation metal- cp 

bond strength and steric effects. The results reveal that hyperconjugation depends on the 

metal element and its charge. A detailed theoretical explanation of the factors involved in all 

of these 1,5 -shifts are also provided.  

 

Keywords:1,5 shift; Fluxionality; Hyperconjugation; Reaction energy; Aromaticity; Density 

Functional Theory (DFT). 

 

Introduction: 

With the purpose of confirming non-rigidity demeanor mechanism in several main metal 

complexes, theoretical studies have been used. In 1988, Mary Nick studied η1 and η5 ring 

shifts of [Ti (η5-Cp)2 (η1-Cp)] complex. Her findings revealed that there exists an excellent 

correlation with experimental data obtained at room temperature [1]. Later on, Vieiros [2] 

theoretically analyzed the flexibility of [Mo (η1-Cp) (η5-Cp)(Ntbu)2] complex using Density 

Function Theory (DFT) method. Also, Catton and co-workers [3-10] for the first time 

confirmed that metal migration around (η1-Cp) in [Fe(η1-Cp) (η5-Cp)CO)2] can occur via 

sequential 1-5 shifts. Subsequently, the interconversion (η1-Cp)  bonding  modes in transition 

and main metals complexes has been the subject of several experimental studies [3-11]. In this 
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paper, we aim to perform a theoretical study of the σ-π  hyperconjugation , aromaticity, as 

well as the 1,5-shift process in a variety of (η1-Cp) main metals by (η1-Cp) in the complexes 

[M(η1-Cp)(CH3)3]( M=C, Si, Ge`, Sn); [M(η1-Cp) (CH3)2](M=B, Ge, As, Sb) using DFT. 

Choice of the model complexes was made with the purpose to consider the effect of charge, 

metal center, and ancillary ligand. Furthermore, Nuclease Independent Chemical Shift (NICS) 

calculations were carried out so as to confirm aromatic character of the components.  

 

Computational Details: 

Gaussian 03 was used to fully optimize all the structures reported in this paper at B3LYP 

level of DFT. The effective core potentials of Hay and Wadt with double- ζ valence basis 

sets(LanL2DZ). The 6-31G(d) [33] basis set was utilized for H, B, and C. Polarization 

functions were also added for C (ζ f =0.6), Si (ζ f = 0.263), Ge (ζ f = 0.246), Sn (ζ f = 0.183), 

B (ζ f = 0.207), Sb (ζ f = 0.211), and As (ζ f =0.293) . Furthermore, NICS calculations were 

carried out at B3LYP level of DFT for structure optimization and by GIAO method in order 

to determine the aromatic character of (η1-Cp) ligand. Also, the natural bond orbital (NBO) 

calculations were performed at B3LYP level and 6-31G /LanL2DZ basis set. All the 

calculations were executed in Gaussian 03 software environment. 

 

Results and Discussion  

Density function theory (DFT) is considered fairly more reliable than Hartree Fock for NMR 

chemical shift calculations .Cheeseman et al. have carried out a systematic study of chemical 

shifts for a series of molecules and found that DFT results are better than SCF results of 

similar accuracy. In the beginning, aromaticity criterion of main metals in the groups III, IV, 

and V were investigated by NICS calculations. Fig. 1 demonstrates the profiles of these 

components. The results of NICS calculations listed in Table 1 are indicative of the fact that 

NICS values increase as we move down a main group. For instance, NICS value increase at 

[M (η1-Cp)(CH3)3]( M=C, Si, Ge`, Sn)  as we move down in the fourth group. An interesting 

correlation of ionization potentials with the fluxional behavior of 1 to 8 compounds indicates 

that the σ-π hyperconjugation of the relevant C cyclopentadienyl–M bonds with the ring diene 

systems, in the ground state structure of cyclopentadienyl compounds, appears to be an 

important factor in controlling the rate of sigmatropic rearrangement To estimate the reaction 
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energy resulted of [M(η1-Cp)(CH3)3]( M=C, Si, Ge`, Sn) and [M( cp1 ) (CH3)2](M=B, Ge, 

As, Sb) components, we designed the isodesmic reactions shown in Fig. 2. In these isodesmic 

reactions, the (η1-Cp)  ring is broken in such a way that the resultant small species does not 

contain conjugation.  It should be noted that different ΔE can be obtained from different 

isodesmic reactions. In a study , certain isodesmic reactions were designed in such a way that 

the resulting smaller molecules also contain significant conjugation. Therefore, the ΔE 

reaction energy based on such isodesmic reactions is smaller than our results. The calculated 

ΔE reaction energies listed in Table 1 are in good accordance with results acquired from 

NICS calculations. Fig. 2 demonstrates isodesmic reactions. In addition, values of aromaticity 

criterion increase down a group, which causes δM-C5 bond between (η1-Cp)ring and metal to 

become more flexible and delocalize easier around π-cp bond and causes an increase in 

migration of π- electrons and their effect on aromaticity criterion. δ bond between(η1-Cp)ring 

and metal is defined as an ionic bond. The more the electronegativity difference increases in a 

group, the lower electronegativity the metal atom has, according to Pauling principle [46] and 

that bond seems to be near to an ionic bond. Also, when the electronegativity difference 

between two atoms in a bond decreases due to reduction in electronegativity of metal (M), it 

is expected that the bond converts to a covalent bond. For instance, experimental results 

showed that according to Pauling principle, the electronegativity values of C, Si, Ge, and Sn 

in the fourth group for of [M(η1-Cp)(CH3)3]( M=C, Si, Ge`, Sn) are 2.55, 1.90, 2.01, and 

1.96, respectively. Also, electronegativity values of B, Ga, Sb, and As in the third and fifth 

groups for [M(η1-Cp)( (CH3)2](M=B, Ge, As, Sb)  are 2.04, 1.81, 2.05, and 1.8, respectively. 

These results show that electronegativity decreases down a group and as explained earlier, the 

bond exhibits ionic bond characteristics. When δ-bond between (η1-Cp) ring and metal (M) is 

non-rigid, it acts like an ionic bond; thus, π electron migration increases which causes an 

enhancement in aromaticity criterion.NBO Fock matrix based on B3LYP/ 6-31G and B3LYP 

/LanL2DZ optimized ground stable geometries. In the present work, the stabilization energies 

(E2) associated with (δ→π*) delocalization in 1-8 compounds were systematically and 

quantitatively calculated using NBO analysis. The results achieved by NBO analysis of 

donor-acceptor interactions in compounds 1-8 are 1.10, 6.78, 7.54, 14.72, 0.054, 0.09, 6.68, 

and 10.95 kcal/mol, respectively. These results revealed an increase at δM-C5→ π* resonance 

energies. Also, calculated results of stabilization energy corresponding to delocalization of 
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δM- C5→ π* bond at (η1-Cp)ring are in good agreement with hyperconjugation energy 

results.The calculated results of NBO method at B3LYP level and LanL2DZ basis set are 

listed in Table 2, which show that the metal decrease in a group leads to carbon increase; 

therefore, movement of π electrons increases which in turn causes aromatic characteristic to 

rise. Furthermore, Mulliken charge and Natural charge gained by NBO calculations of 

maintained components in Table 2 clarify that, negative charge of cyclopantadyenyl ring 

decreases as we move down a group; hence, charge of the metal atom gets positive and the 

bond between metal and the other atom will be similar to an ionic bond. Like other results 

illustrated in Fig. 2, highest values of E2 for the discussed compound in this section show that 

E2 values for heavy metals are higher in comparison with other metals. This pattern is 

opposite to results of Schleyer’s calculation on cyclopentadienes, in which 5,5-disubstituted 

with electropositive groups [49] that shown the conjugation energy increases from M=C to 

M=Sn. Therefore, it is expected that charge decrease on metal atom causes more convenient 

delocalization of δCM-C5 at π  η* 1–Cp bond.In comparison, hyperconjucation and stabilization 

energy (E2) in complexes containing M- C(η 1–Cp ) (M=main group elements) depend on the 

metal (M): these energies are higher in the case of heavier metals. It can be explained by 

electronegativity of M. In a main group, M- η1-Cp bond for heavier metals has lower 

electronegativity and bond characteristics are similar to an ionic bond. Thus, conjugation 

takes place easier in heavier metals of a main group. As a result, all comparisons in NICS and 

reaction energy results illustrate that aromatic character increases down a group, which is in 

good agreement with Graph 1 showing the reaction energy differences toward NICS values 

(Graph 1). Due to the fact that, the bond between (η1-Cp) group and metal atom (M) is more 

non-rigid, the electronegativity difference thus increases and causes the bond to be more 

ionic, which could be a reason for easier delocalization of δ-bond at π-cp bond, as well as π 

electrons movement and increase in hyperconjugation. As a result, all these factors encourage 

a component to show more aromatic characteristic. 

 

Conclusion: 

Density functional theory calculations have been used to study the fluxionally of cp ligands 

and the ligand (CH3) dissociation reactions in [M (η1-Cp) (cH3)3], M= C, Si, Ge, and Sn, and 
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[M (η1-Cp) (cH3)2], M=B, Ga, Sb, and As. In summery, the following conclusions can be 

made based upon the calculation findings: 

1-In this study, we have considered 1,5-shift migration of some transition and main elements 

including different ligands. On this base, NICS and reaction energy results show that, the 

aromaticity character increases due to flexibility increase of M and C(η1 C5H5) bond and 

electronegativity difference enhances. Also, natural and Mulliken charge of these elements 

calculated by NBO show minus charge on cp ring increasing down a group. As a 

consequence, the central metal gains positive charge and the bond between them converts to 

ionic bond; afterwards, the δ bond between M and C(η1 C5H5) delocalizes easily at π-cp 

bond and hence the π- electrons’ instability increases at cp ring which causes increment in 

hyperconjugation and aromaticity character.  

2-Two different isomers were located for the (η1-Cp) complexes. These two isomers are 

connected to each other via the rotation of (η1-Cp) about the M-C (η1-Cp) bond. The barrier 

to the rotation was found to be independent of the identity of metal center, ancillary ligands, 

and charge balance on the metal.  

3-The stabilization energies associated with 6-π hyperconjugation  (delocalization of the M-C 

(η1-Cp) δ bond to adjacent π* orbitals on (η1-Cp)  decreases while the net charge increases on 

the complexes of transition metals. Opposite of this phenomenon occurs for complexes of 

main metals.  

4-Hyperconjugation and stabilization energy (E2) in complexes containing M- η1–CP 

(M=main group elements) fundamentally depend on the metal (M) and the charge on the 

metal. These energies are higher for heavier metals. Despite the result obtained from our 

calculation, it is quite clear that M electronegativity of the metal should be high in the main 

group and electronegativity M- C(η1 – CP) bonding for heavier metals increases. Also, bond 

characteristics are similar to that of an ionic bond. Therefore, conjugation is carried out easier 

in heavier metals in a main group and aromaticity criterion also increases in such metals. 

 

Scheme 1. 
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Table1: Reaction energies obtained from the isodesmic equation , NICS(0) and NICS(1) values were calculated 

for the species [M(η1-Cp)(CH3)3]( M=C, Si, Ge`, Sn); [M(η1-Cp)(CH3)2](M=B, Ge, As, Sb) using the B3LYP/6-

31G, B3LYP/LANL2DZ calculations. 

 

 

 

 

 

 

 
 

Table2:The calculated NBO partial and natural charges:(q(1-Cp)) and (qM) on these complexes and also 
contribution of C5 in the σM-C5 bond for species[M(η1-Cp) (CH3)3]( M=C, Si, Ge`, Sn); [M (η1-Cp) 
(CH3)2](M=B, Ge, As, Sb). 
 

 

 

 

Chart1. The calculated ΔE (in kcal/mol) for compounds 1-8 plotted as a function of (NICS(1)). 

Sb As Ga B Sn Ge Si C [M(η1-Cp) 

(L)]L:(CH3)3,(CH)2] 

+3.8 +1.3 +13.6 +2.9 +7.7  +2.08  +3.41 -2.02 ΔΕ(KCal/Mol) 

-7.2 -5.3 -11.6 -6.1 -8.30 -5.70 -6.05 -3.10 Z=0 NICS 

-6.8 -5.7 -12.3 -6.6 -8.05 -6.50 -6.74 -4.20 Z=1 

Sb As Ga B Sn Ge Si C [M(η1-Cp)(L)] 

,L:(CH3)3,(CH3)2 

72.22% 67.95% 80.02% 71.78% 78.58% 75.72% 76.34% 51.24% 
Contribution 

of C5 in the σM-C5 bond 

0.516 0.2372 0.6482 0.597 0.9264 0.554 0.4403 -0.246 qM Mulliken 

charge -0.476 -0.135 -0.302 -0.240 -0.318 -0.220 -0.180 0.007 q(1-C5H5) 

1.295 1.034 1.775 1.014 2.091 1.887 1.904 -0.002 qM NBO 

(natural 

charge) 

-0.239 -0.387 -0.625 -0.359 -0.581 -0.521 -0.525 -0.043 q(1-C5H5) 

y = -0.4957x - 5.0812

R2 = 0.9707
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Introduction  

Quantum dots (QDs) have attracted great interests in recent years due to their 

particular electronic and optic properties. Among the various QDs, silicon quantum dots, 

SiQDs because of their good potential in biomedical applications and as candidates for new 

optoelectronics sensors and devices are special attractive [1]. SiQDs can be modified to 

achieve better properties by binding appropriate functional groups to their surfaces. 

Furthermore, thiol−alkyl acids have been one of the most commonly used surface chemistries 

for water solubility and bioconjugation. The thiol−alkyl acid surface chemistry is ultraviolet 

photo oxidation of ligands, and less efficient photoluminescence than other surface 

chemistries [2]. In this study, we investigate theoretically the small diameter SiQD (Si5H12) 

which was capped its surface with mercapto acetic acid. 

 

Computation Methods  

The Si5 QD has been considered in both ground and excited state. The ground state 

calculations were performed using the DFT- B3LYP/6-31G* level of theory. The excited state 

calculations were performed using the configuration interaction using single-excitation 

(CIS), which express the wave function of given excited state as a linear combination of 

singly excited determinants, each obtained from a Hartree-Fock reference determinant by 

replacing an occupied spin-orbital with a virtual spin-orbital. All calculations were performer 

by Gaussian 03W suite program.  

 

 

 

Results and Discussion  
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The difference between the highest occupied molecular orbital (HOMO) and the lowest 

unoccupied molecular orbital (LUMO) energy, known as the energy (band) gap or simply 

HLG, is an important factor in study of QDs. The calculated HOMO and LUMO energy 

levels, HLG, and absorption and emission energy for Si5 in both ground and excited states are 

shown in Table1. It can be seen from this table that the HLG of MAA-Si5 QDs are smaller 

than of corresponding H-Si5 QD in both ground and excited states. The absorption and 

emission energies decrease with increasing number of absorbed MAA molecules. The 

absorption wave length shows a red shift when Si5 capped with MAA molecules. It is 

found that the emission energy is less than the absorption energy and the emission peak 

exhibits a red-shift because of the relaxation under excitation.  

Conclusion 

The surface of SiQDs can be capped by MAA molecules, which can be effective in preventing 

surface oxidation. The absorbed MAA molecules reduce the optical gap in ground state and 

significantly enhance absorbance and fluorescence of SiQDs. Finally, our study verifies that the 

mercapto acetic acid is a good protecting molecule for SiQDs, as it reduces the surface 

oxidation rate and maintains optical properties in the visible region. 
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Table1. The energies of HOMO and LUMO (eV), and energy gaps between HOMO and LUMO, HLG (eV), the 

absorption and emission energies (eV) of Si5 in the ground and first singlet excited states. 

GROUND STATE EXCITED STATE 

 E(HOMO) E(LUMO) HLG E(abs) λ(nm) E(HOMO) E(LUM
O) 

HLG E(emi) λ(nm) 

Si5H12 -7.70 -0.16 7.54 7.559 164.22 -10.39 3.03 13.43 4.681 264.88 

Si5H11(MAA)1 -6.79 -1.02 5.78 4.454 278.34 -9.95 2.46 12.41 3.012 411.67 

Si5H10(MAA)2 -6.75 -1.23 5.52 4.453 278.40 -9.87 2.19 12.06 3.007 412.34 

Si5H9(MAA)3 -6.51 -1.13 5.38 4.447 278.80 -9.51 2.18 11.71 3.003 412.84 
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Abstract: 

 We studied gases molecules H2 and CO on single walled boron nitride nanotube and bundles 

using by Density Functional Method (DFT). Equilibrium position, adsorption energy and 

charge transfer are obtained for boron nitride nanotube armchair (4, 4). Both molecules adsorb 

weakly on nanotube single-walled and can be either charge donors to the nanotube. We find 

that the gas CO adsorption on the bundle interstitial is stronger than gas H2. However the 

binding energy of hydrogen on boron nitride nanotubes is increased by as much as %40 

compared to that on carbon nanotubes. [1] 
 

Key words: DFT, B3LYP, 6-31G, Basis set 
 

Introduction:  
Gas adsorption in boron nitride nanotube and nanotube bundles is an important issue for both 

fundamental research and technical application of nanotubes. Considerable experimental and 

theoretical efforts have been devoted to hydrogen storage in nanotube based materials.  The 

effect  of gas environment on the electronic  properties of boron nitride  nanotubes  have 

recently attracted certain attentions .The adsorption of carbon mono oxide (CO) gas on 

SWNT  BN(4,4)  at room temperature was study by DFT calculations . In this paper we report 

first principles calculations on individual SWNT and tube bundles with adsorption of variety 

of gas molecules including CO and H2. 
 

Computational methods: 

The self-consistent  field  (SCF)  electronic  structure  calculation  are performed  based  on  

density  functional  theory (DFT) . The equilibrium  geometry , adsorption  energy  and  

charge transfer are calculated  by  using  the  b3lyp  method  and  6-31g  basis set . we  find  

that  both the  equilibrium  distance  and the adsorption  energy are well  reproduced  by  our  

present  DFT  scheme . In order  to  investigate  the  binding of  hydrogen  or carbon  mono 

oxide  on  BN  nanotube  we perform  a  series  of  total  energy  calculations  using  density 

functional methods .  
 

Results and discussion: 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
683

 We  obtained  the  gas  molecule  on   different  sites  of  nanotube (Hc : hexagon center ,  Br: 

bridge  bundle BN ,  TB : on top of the  boron atom  and TN : on top of the nitrogen atom ). 

Q(e)Table [ 1 ]  summarizes  our  results  on the  equilibrium  tube-molecule  distance , 

adsorption  energy   and  charge transfer  for H2 and CO molecules on BN(4,4) SWNT . In  

general  these  gas  molecules  are  weakly  binded  to the  nanotube  and  the  tube-molecule  

interaction  can be  identified  as  physisorption . H2 molecule  is  charge  donor or acceptor  

with  small  charge transfer  (≥-0.0063  , ≤ 0.002  electron  per  molecule )  and  weak binding 

(<0.24 ev ) . For CO which is charge donor the charge transfer is not negligible. This is also 

reflected in their larger adsorption energies.  Both the gasses  have  larger  adsorption energies  

in  the  state  vertical  on the  top of  the  boron  atom (TB) .  But  no  substantial  electron  

density  overlap  is  found  in the region between  the gas  molecule  and  nanotube , 

indicating  that no  chemical  bond is  formed .The  binding  curve  for  CO  and  H2  

molecules  adsorbed  on  BN(4,4) SWNT  are  shown  in figure 1 and 2. 

Site                TB               TN                 Hc                   Br 

State        H        V         H        V        H       V          H        V 

   CO     

D(Ǻ)      3.5       2.5        3       3.5        3.5        2.5      3.5       4 

Ea(mev)      12      274      69       53        96       123      177       201 

Q(e) +0.009 +0.019 +0.008 +0.004 +0.008 +0.014 +0.01 +0.002 

H2     

D(Ǻ)       3.5         4       4        3         3.5        3       4.5        3.5 

Ea(mev)       148      236          102        19        43     35      195        83 

Q(e) +0.002 -0.0001 +0.0004 -0.0063 +0.001 -0.004   0.002     -0.0015 

Table 1: Equilibrium  tube-molecule  distance (D), adsorption energy  (Ea)  and  charge  transfer  (Q) of molecules  H2  and 
CO  on  BN(4,4) individual  SWNT . Results  are  given  for  the  sites : TB (top of a  boron atom ) , TN (top of a  nitrogen 
atom ),  Br(top of the center  BN  bond ) , Hc (top of the center  BN  hexagon)    and  state gas molecule : H (horizontal ) and  
V (vertical) 

The given numbers for D is the distance between center of the site (TB, TN, Hc, and Br) and 

center of the bond gas molecule in the horizontal form or center of the nearest atom gas 

molecule to tube in the vertical form. The adsorption energy Ea is defined as the total energy 

gained by molecule adsorption at equilibrium distance: Ea =Etot (tube + molecule) – E (tube) – 

E (molecule) 
 

Conclusions:  
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All molecules are weakly adsorbed on SWNT with small charge transfer, while they can be 

either a charge donor or an acceptor of the nanotube .The adsorption of some gas molecules 

on SWNT can cause a significant change in electronic and transport properties of the 

nanotube due to the charge transfer and charge fluctuation. The molecule adsorption on top of 

the boron atom and surface of the nanotube bundle is stronger that on the other sites. 

 

 
 
 
Figuer1: Adsorption energy (KCal/Mol) as function of tube-molecule distance (Å) for CO (left) and H2 (right)  
on BN(4,4) for vertical state 
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Abstract: 

 Studied gases molecules NO2 and CO2  on single walled boron nitride nanotube armchair 

using by Density Functional Method (DFT). Equilibrium position, adsorption energy dipole 

moment and charge transfer are obtained for both kinds of gases at state horizontal and state 

vertical. NO2 molecules adsorb on boron nitride nanotube armchair (4, 4) and can be either 

charge donors to the nanotube. The electronic properties of tube are sensitive to the adsorption 

of certain gases such as NO2 and CO. Our theoretical results show that adsorption polar 

molecules are stronger than none polar.      
 

Key words: DFT, B3LYP, 6-31G, Basis set 
 

Introduction:  
Gas adsorption in boron nitride nanotube and nanotube bundles is an important issue for both 

fundamental research and technical application of nanotubes. The effects of gas environment 

on the electronic properties of boron- nitride nanotube have recently attracted certain 

attentions. [1] Adsorption of Carbon die oxide (CO2) and nitrogen die oxide (NO2) gases on 

boron – nitride nanotube (4, 4) at room temperature is study by density functional calculation. 

The equilibrium geometry, adsorption energy and charge transfer are calculated by using the 

6-31G basis set and B3LYP method. The self consistent filed (SCF) electronic structure 

calculate are performed based on density functional theory (DFT).Different possible 

adsorption sites, TB (top of the boron atom), TN(top of the nitrogen atom), HC(top of the 

center of the boron-nitrogen hexagon) and Br(top of the center of the boron-nitride bond)  

have been considered. The effects of gas environment on the electronic properties of boron 

nitride nanotubes have recently attracted certain attentions. In this paper we report 

calculations on individual SWNT and tube bundles with adsorption of variety of gas 

molecules including CO2 and NO2. 
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Computational methods: 

The self-consistent  field   (SCF)  electronic  structure  calculation  are performed  based  on  

density  functional  theory (DFT).We  find  that  both the  equilibrium  distance  and the 

adsorption  energy are well  reproduced  by  our  present  DFT  scheme . In order  to  

investigate  the  binding of  NO2 or CO2  on  BN  nanotube  we perform  a  series  of  total  

energy calculations  using  density functional methods .  
 

Results and discussion: 

Table 1 summarizes our results on the equilibrium tube-molecule distance, adsorption energy, 

charge transfer and dipole moment for NO2 and CO2 molecules on boron-nitride nanotube(4, 

4). 

 Both  these  gases  molecules  are  weakly  bonded  to the  nanotube  and  the  tube-molecule  

interaction  can be  identified  as  physisorption. Both molecules studied are charge donors 

with small charge transfer (electron per molecule). For NO2 at near the tube (less than 2.5 

angstroms), molecule is charge acceptor and adsorb is not seen. An adsorption gas NO2 in the 

vertical state is seen larger than state horizontal. For CO2 molecule in the horizontal state 

adsorption energy and charge transfer is positive and adsorb is seen only top of the nitrogen 

atom on tube.  

For NO2 molecule the adsorption energy and charge transfer is negative for distance over the 

2.5 angstroms and molecule is donor charge. 

Site                TB               TN                 HC                   Br 

State        H        V         H        V        H       V          H        V 

   CO2     

D(Ǻ)      3.5     4      3.5          4.5       3.5        4.5        3.5      4.5  

Ea(mev)  -7.54     -20.81      -72.85      -61.58       +11.27       - 26.45      -71.98    - 10.41     

Q(e) 0.0084 0.0172 0.0045 0.0058 0.0085 0.0124 0.0084 0.0083 

Dipole 0.0923 0.6086 0.0038 0.2989 0.0578 0.4297 0.0376 0.3774 

NO2     

D(Ǻ)     3.5      2.5        3.25         3       3.25         3.5        3.5      4    

Ea(mev) +32.52 -45.96      -70.25       -142.67       -70.68       -45.97     -56.37   -228.96      

Q(e) 0.007 -0.0242 0.0087 -0.0107 0.0101 0.0027 0.0088   0.0018 

Dipole 0.2065 0.1033 0.2926 0.3765 0.2303 0.1328 0.1889  

Table 1: Equilibrium  tube-molecule  distance (D), adsorption energy  (Ea) , charge  transfer  (Q) and  dipole moment of 
molecules  CO2 and  NO2  on  BN(4,4) individual  SWNT . Results  are  given  for  the  sites : TB (top of a  boron atom ) , TN 
(top of a  nitrogen atom ),  Br(top of the center  BN  bond ) , HC (top of the center  BN  hexagon)    and  state gas molecule : 
H (horizontal ) and  V (vertical) 
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The given numbers for D is the distance between center of the site (TB, TN, HC, and Br) and 

center of the bond gas molecule in the horizontal form or center of the nearest atom gas 

molecule to tube in the vertical form. The adsorption energy Ea is defined as the total energy 

gained by molecule adsorption at equilibrium distance: Ea =Etot (tube + molecule) – E (tube) – 

E (molecule) 

E (BN) = -2868.11355 

E (CO2) = -188.5002697 

E (NO2) = -204.9874502 

 

Conclusions:  

The gas molecule adsorption on the nanotube boron-nitride armchair for polar molecules is 

stronger than non polar molecules. Polar molecules are donor charge and tube boron-nitride is 

acceptor charge. For adsorption gases molecules on boron nitride nanotubes, charge transfer 

must be from molecule to the tube and molecule must be able to charge transfer to the tube. 

CO2 molecule is non polar.    
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Introduction 

Carbimazole, methimazole (MMI) and propyltiouracil are anti-thyroid drugs. All anti-thyroid 

agents contain the thiourea pharmacophore. This pharmacophore must possess significant 

electron donor properties at the sulfur atom. Therefore, it has been proposed that the donor 

properties of anti-thyroid agents are the origin of their anti-thyroid action [1-2]. These anti-

thyroid drugs could interact with the cations. In the present paper, interaction between Mz+ 

with MMI has been investigated at various levels of theory. Two stable planar and 

perpendicular complexes were found on the potential energy surface of interaction between 

MMI and mentioned cations, as shown in Scheme 1. 

 

 

 

 

 

 

Scheme 1. 

Methods 

All geometries of MMI-Mz+ complexes were optimized with the HF/6-311++G(d,p), 

B3LYP/6-311++G(d,p), B3LYP/6-311++G(2d,2p), B3LYP/6-311++G(2df,2pd), MP2/6-

311++G(d,p) and MP2/6-311++G(2d,2p) levels as a part of the GAUSSIAN 03 computational 

package. In order to provide the frequencies needed in the computation of the thermodynamic 

functions, frequency calculations were also carried out for all these compounds. The NBO 
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analysis was carried out with the MP2/6-311++G(2d,2p) method for MMI–Mz+ complexes. 

AIM analysis was also performed by AIM2000 package and AIM method within the 

GAUSSIAN program at the MP2/6-311++G(2d,2p) level. 

 

Results and discussion 

All levels of theory show that the Gibbs free energy of the perpendicular form is smaller than 

the planar form. Therefore, the perpendicular complex is more stable than the planar one in 

agreement with the experimental results. The analysis of energy of complexes shows that 

complex MMI-Li+ is more stable than MMI-Na+ and MMI-Mg2+ complexe is more stable 

than MMI-Ca2+. In addition, results of HF, B3LYP and MP2 methods suggest that the MMI-

Mg2+(perp.) is more stable than the other complexes. NBO results also reveal that the lone 

pair of S, LP(S), participate as donor and the LP*(Mz+) anti bond as acceptor in a strong 

intermolecular charge transfer interaction. The charge transfer energy in most stable 

complexes is greater than weak stable ones. This interaction may be considered as a measure 

of the relative stability of these complexes. The bond critical point data showed that S…Li+, 

S…Na+, S…Ca2+ and S…Mg2+(perp.) interactions have electrostatic character, whereas 

S…Mg2+(plan.) one has partially covalent nature. The also results of AIM calculations show 

that the electronic density at BCP of S…Mz+ interaction in most stable complex is greater 

than less stable ones. 

 

Conclusions 

Our results show that the perpendicular forms of complexes are more stable than planar one. 

The interaction energies of the complexes with bivalent ions are larger than those of 

monovalent ions. In each MMI-Mz+ complex, binding energy increases as the size of cations 

decreases.    
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Introduction:  

H-bonding and π-stacking are two types of non-covalent interactions, which are the main 

interactions determining nucleic acid structure. H-bonding largely determines the stability of 

the double-helical structure of DNA [1]. The origins of stabilization are different for these 

interactions [2]; H-bonding originates mainly in electrostatic interaction while the stacking is 

mainly due to the dispersion energy [3].  In this work, the mutual relationship between π-

stacking and H-bonding in phenylalanine:(G···C) complexes (see Fig. 1; ··· and : are used for 

the H-bonding and π-stacking, respectively) has been considered by a DFT method. 

 

 

Methods:  

Phenylalanine has been modeled by replacing the side chain with hydrogen atom. The 

complete optimization of structures have been performed by the MPWB1K [4] functional 

with the 6-311++G** basis set using Gaussian03 program package [5] (Fig. 1).  

                                                

Figure 1. Stacking between Phenylalanine and six and five membered rings of guanine in G···C complex. 

 

 

 

    

1 2 3 4 
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Results and discussion:  

The binding energies calculated at the MPWB1K/6-311++G** level for trimolecular 

complexes are given in Table 1. 

 
 

Table 1. H-bonding energy, π-Stacking and total binding energy calculated at the MPWB1K/6-311++G** level 
of theory  

 T1 T2 T3 T4 D1 D2 D3 G···C 
EComp -30.06 -29.97 -30.45 -31.28     
EHB -26.81 -26.84 -26.78 -26.82    -26.94 
ES -1.60 -1.66 -1.97 -3.65 -3.48 -3.71  
 
T and D refer to phenylalanine:(G···C) and phenylalanine:guanine, respectively  
 
EHB and ES are the binding energies for bimolecular complexes with the structures optimized 

in trimolecular complexes (EHB for hydrogen bonded and ES for the π-stacked complexes).                               

The trend in the binding energies of complexes is T4 > T3 > T1 > T2. The H-bonding and π-

stacking energies are equal to -26.806 and -1.597 kcal/mol in complex T1. The H-bonding 

and π-stacking energies of optimized G···C and D1 complexes are equal to -26.937 and -3.646 

kcal/mol, respectively. Thus, the H-bonding weakens the π-stacking and vice versa, but the 

effect of H-bonding on π-stacking is stronger. The EHB and ES decrease by 0.131 and 2.049 

kcal/mol, respectively, upon mutual influence of H-bonding and π-stacking. In complex T2, 

the trend in the changes of EHB and ES are similar to the complex T1; EHB and ES decrease by 

0.100 and 1.818 kcal/mol, respectively. The highest change in EHB and the lowest change in 

ES correspond to complex T3. As a result, the most negative binding energy among 

complexes T1-T3 corresponds to T3. In T4 complex, the H-bonding energy is equal to -

26.824 kcal/mol in the presence of π-stacking and the trend in the change is similar to 

complexes T1-T3; but, due to the interaction of phenylalanine with both guanine and cytosine 

bases, the effect of hydrogen bonding on stacking can not be calculated.  

 

Conclusions:  

The interplay of π-stacking and H-bonding results in the weakening of both interactions. 

Despite increasing the distance between phenylalanine ring and the groups involved in H-

bond interactions in T3, when is compared with T1 and T2, the highest change in H-bond 

energy corresponds to T3. On the other hand, the lowest change in π-stacking energy 

corresponds to T3.     
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Introduction 

The interaction potential and the properties of fluid methane were the subject of numerous 

studies over the last two decades. The reason for this long-lasting interest is that methane is the 

major constituent of natural gas which is one of the most 

promising alternative energy sources and one of its main advantages is that it is much cheaper 

and environmental friendly than petroleum-based fuels. 

     The purpose of the present paper is to perform the molecular dynamics (MD) simulation to 

obtain some thermodynamic (internal energy and pressure), structural (radial distribution 

function), and transport (self-diffusion coefficient) properties of fluid methane at different 

temperatures and densities using the one site OPLS [1], five sites OPLS-SITE [2], and  two-

body HFD-like [3] potentials. To take three-body forces into account, a mean-field term of 

Hauschild and Prausnitz [4] extended as a function of density and temperature and used with 

the two-body HFD-like potential which introduced as total potential. The MD simulation of 

methane has been also used to determine a new equation of state (EOS).  

 

Results and discussion 

     The MD simulation has been performed to obtain reduced pressure and internal energy of 

methane using different potentials and compared with experiment [5] and previous MD and 

Monte Carlo (MC) simulations. It is shown that the simulated values of reduced pressure for 

methane were in good agreement with the experimental and literature values. It also shown 

that the three-body potential of Hauschild and Prausnitz has small but significant contribution 
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to the pressure values which decreases the simulated values to give better agreement with the 

experiment.  

   The simulated energy results of methane using the OPLS-SITE potential were in better 

agreement with the experiment than literature values and other potentials. In the other words, 

the energy results using the other potentials were smaller than those of the OPLS-SITE 

potential. It is also shown that the three-body potential of Hauschild and Prausnitz does not 

improve the energy results.  

     The MD simulation of the methane molecules has been used to determine methane EOS 

using the total potential for the reduced temperatures from 0.65 to 10 (105-1600 K) and 

reduced density from 0.1 to 1.0 (50-520 kg/m3).  

  We have also determined the radial distribution function, g(r), of liquid methane using 

different potentials at T*= 0.7 and ρ*= 0.8 and the reduced self-diffusion values at T*=1.0. It 

is shown that the HFD-like and OPLS potentials give almost the same values of the simulated 

g(r) which were in better agreement with x-ray scattering experiment [6]. It is also shown that 

the simulated reduced self-diffusion values using the total potentials and those using the 

OPLS-SITE potential have better agreement with the experiment [7] than the OPLS potential 

at lower and higher densities, respectively.  

 

Conclusions 

The MD simulation has been performed to obtain pressure, internal energy, radial distribution 

function, and self-diffusion coefficient of fluid methane using one site OPLS, five sites OPLS-

SITE, and  two-body HFD-like potentials. The significance of this work is that the three-body 

potential of Hauschild and Prausnitz extended as a function of density and temperature and can 

be used with the HFD-like potential to improve the prediction of the pressures of fluid methane 

without requiring an expensive three-body calculation. The molecular dynamics simulation of 

methane has been also used to determine a new equation of state. The results are in a good 

agreement with experimental and theoretical values. 
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Introduction: 

A hydrogen bond is the attractive interaction of a hydrogen atom with an 

electronegative atom such as nitrogen, oxygen or fluorine, that comes from another molecule 

or chemical group. The hydrogen must be covalently bonded to another electronegative atom 

to create the bond. A hydrogen atom attached to a relatively electronegative atom is a 

hydrogen bond donor. An electronegative atom is a hydrogen bond acceptor. These bonds can 

occur between molecules (intermolecularly), or within different parts of a single molecule 

(intramolecularly). The hydrogen bond (5 to 30 kJ/mole) is stronger than a van der Waals 

interaction, but weaker than covalent or ionic bonds. This type of bond occur in organic 

molecules such as DNA. Intermolecular interaction affects many biochemical processes, and 

it is important in the process of molecular recognition of  DNA by small molecules. The 

interaction between nucleic acid bases is responsible for the structure of DNA [1]. In this 

article we study hydrogen bonds between guanine-cytosine (3 bonds) and adenine–thymine (2 

bonds) by DFT (Density Functional Theory), AIM (Atoms In Molecule) and NBO (Natural 

Bond Orbital) computational methods [2]. 
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Computational Details: 

Several types of A–T, C-G base pairs are optimized with 6-311++G** basis set using 

B3LYP method. The modified bonds are calculated at the mentioned level in A°. Electron 

density have been calculated at the B3LYP/6-311G** level by using atoms in molecules 

(AIM). AIM is a useful tool in analyzing hydrogen bonds. The charge distribution has also 

been investigated using natural bond orbital (NBO) analysis. All calculations were performed 

using Gaussian 03 and AIM 2000 programs [3]. 

 

Results and discussion: 

The AIM methodology has been widely used to study of H-bonded systems and proved to be 

a useful and successful tool to the interpretation of the charge density. We have performed  

optimization of A:T and G:C pairs at B3LYP/6-311++G** and the obtained hydrogen bonds 

length, electron density and charge distributions, that are listed in this table.  

H-Bond Bond Length Electron density Charge 

O1–H2 2.82 0.0387 0.937 

H3 –N4 2.95 0.0337 0.952 

H5 –O6 2.93 0.0292 0.833 

H1–O2 2.95 0.0277 0.687 

N3–H4 2.88 0.0406 0.578 

hydrogen bonds length (A° ), charge distributions of the derivatives removed one electron 
and electron density (e/au3) calculated at the B3LYP/6311++G** 

 

Conclusions: 

We have investigated the performance of popular computational method (B3LYP) for 

determination stability of the hydrogen bonds in DNA base pairs. We have calculated 

hydrogen bonds of N – H…..O, N – H……N, in G:C pair and O……H – N,  N – H……N in 

A:T pair that saw O……H – N in G:C (2.82, 2.95A° and -31.644, -35.391 kcal/mol) pair are 

more stable than A:T (2.95A° and -17.431 kcal/mol) and N – H……O in A:T pair (2.88A° 

and -29.391 kcal/mol) is more stable than G:C pair (2.95A° and -17.162 kcal/mol). Also, the 

charge distribution analysis and electron density calculated prove to previous these 

stabilizations.  
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Introduction: 

A French chemist, Charles Frederic Gerhardt, was the first to prepare acetylsalicylic 

acid in 1853. In 1859, von Gilm obtained analytically pure acetylsalicylic acid (which he 

called "acetylierte Salicylsäure") by a reaction of salicylic acid and acetyl chloride. Aspirin is 

an acetyl derivative of salicylic acid that is a white, crystalline, weakly acidic substance, with 

a melting point of 135 °C (275 °F). The multi-step synthesis of aspirin that is shown below 

(These structures are written in shorthand.  Every unlabeled vertex is a carbon, and hydrogen 

need to be added until each carbon has 4 bonds). In the first step, we will be performing a 

hydrolysis of methyl salicylate, otherwise known as, Oil of Wintergreen.  In the second step, 

we will be performing a condensation reaction to produce us final product, acetylsalicylic 

acid. Methyl Salicylate is composed of an ester (RCOOR) (R indicates a carbon-containing 

group) and a phenol (C6H5OH).  In the presence of sodium hydroxide the hydrolysis of the 

ester takes precedence over any chemical change in the phenol [1], [2]. In this article, we 

Study synthesis of 2-acetoxybenzoic acid from methyl 2-hydroxybenzoate by calculations of 

DFT (Density functional theory) and HF (Hartree fock) in solvent (water) phase. We have 

calculated ΔfH
0, ΔfG

0 and rate of reaction. 

 

 

Computational details: 
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TS (QST2) and IRC methods have been used for finding energy maximum point and 

watching reaction route between reactants and products. All compounds have been fully 

optimized by density functional theory (B3LYP) with the 6-311++G** basis set. All 

calculations have been performed by using Gaussian 03 program [3]. 

 

Results and discussion: 

Thermodynamic properties of this reaction have been calculated in Table 1.  

                
Table1: Thermochemistry calculations (Hartree) at B3lyp/6-311++G** 

Parameter C8H8O3 NaOH C9H8O4 C2H4O2 
E0  -529.255582 -235.868879 -641.347907 -226.534237 
EZPE 0.160439 0.011302 0.169079 0.065963 
Etot 0.169326 0.014581 0.180209 0.070322 
Hcorr 0.170270 0.015525 0.181153 0.071266 
Gcorr 0.125869 -0.001075 0.130299 0.039217 
E0 + EZPE -529.095143 -235.857577 -539.178828 -226.468274 
E0 + Etot -529.086256 -235.854298 -539.167698 -226.463915 
E0 +

 Hcorr
 -529.085312 -235.853354 -539.209754 -226.462971 

E0 + Gcorr -529.129713 -235.869954 -539.217607 -226.495019 
 

The benefit way for calculation of reaction enthalpies and free energies is calculation of heat 

of formation and gaining their sum and subtraction. We have calculated sum of electronic and 

thermal enthalpies and free energies (E0 + Hcorr) and (E0 + Gcorr) by Gaussian 03 that they are 

shortcut route. Finally, we have calculated ΔfH
0 and ΔfG

0 by using these parameters. 

 

ΔH0 (298K)  = ΣProducts 
Δ

f
 H(298k) – ΣReactants 

Δ
f
H(298k) 

                      = ΣProducts (E0 + Hcorr) – ΣReactants (E0 + Hcorr) 
                                = {(-539.209754) + (-226.462971) – (-529.085312) + (-235.853354)}     

                      = -0.673058* 627.5095 = -422.35kcal/mol 

 

ΔG0 (298K)  = ΣProducts 
Δ

f
 G(298k) – ΣReactants 

Δ
f
G(298k) 

                     = ΣProducts (E0 + Gcorr) – ΣReactants (E0 + Gcorr) 

                     = {(-539.217607) + (-226.495019) – (-529.129713) + (-235.869954)} 

                     = -0.712959 * 627.5095 = -447.388 kcal/mol 
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Table2: E0 +Gcorr for compounds 
Compound E0 +Gcorr 

C8H8O3 + NaOH -64.9996 

C9H8O4 + C2H4O2 -65.7126 

TS -64.5821
 

K (T) = 
 ்  e -Δ±G ⁄ RT  

Δ±G0 = -764.5821 -(-764.9996) = 0.4175 Hartrees * 627.51 = 261.985 kcal/mol 

K (298) = 1.38*10-23(298)  ⁄ 6.62*10-34(1) ℮xp (- 261.985*1000  ⁄  1.98*298) = 3.77*10-55 s-1 

 

Conclusions: 

We have investigated and calculated the rate and route of this reaction by density functional 

theory and hartree fock methods and show that rate of this reaction is fast. Also, we have 

calculated ΔfH
0 and  ΔfG

0 (enthalphy of reaction and heat of formation) as a result of 

calculations ΔfH
0 < 0, ΔfG

0 < 0, that show us this reaction is a exothermic and spontaneous 

reaction.  
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Introduction 

The concept of Nucleus-Independent Chemical Shifts (NICS) was introduced by Schleyer [1] 

as a successful index for predicting the aromaticity of  molecules. After that, some other 

NICS-based incides are defined [2]. Recently a new method for indication of aromaticity in 

cyclic compounds is proposed based on the variation of NICS index at different distances 

from the ring center [3]. It is shown that the presence of a solitary maximum/minimum in the 

NICS-Rate curve (
∆ேூௌ∆ versus r) of a molecule indicates to aromaticity/antiaromaticity of the 

system; while if molecule shows both maximum and minimum in its curve, the absolute ratio 

of the maximum to the minimum NICS-Rates (NRR ൌ ቚேூௌିோ௧ሺ௫ሻேூௌିோ௧ሺሻቚ) is defined as a 

measure of aromaticity. NRR= 0.5 is found as the boundary between aromatic and 

nonaromatic systems. 

In this work, the calculation of NICS and NICS-Rate indices have been performed to 

investigate the aromaticity of those n-membered rings (n=4, 5, 6, 7 and 8) in which different 

C-C bonds are substituted by  isoelectronic B-N bonds. 

 

Results and discussion 

Sixty considered molecules are optimized at the Hartree-Fock (HF) level of theory with 

different basis sets included 3-21G**, 6-31G** and 6-311++G**. It should be mentioned that 

both neutral and ionic forms (cationic and anionic) of the 5-, 7- and 8-membered rings are 

considered in this study. The NICS values at different distances from the ring center of each 

molecule are calculated using the same level of theory and GIO approach. All the calculations 

are performed using the GAUSSIAN03W program. 
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The NICS-Rate curves of cyclobutadiene and its BN-substituted analogs are shown in 

Fig.1 for comparison as an example. Both of the NICS values and NICS-Rate curves of the 

BN-substituted compounds indicate to the less delocalization of -electrons in these rings 

with respect to the cyclobutadiene molecule; which cases a decrease in the anti-aromaticity of 

these systems. This decrease might be due to large electronegativity difference between boron 

and nitrogen atoms in the B―N bond. 

 
Fig. 1. NICS-Rate curves of the considered four-membered rings. 

The same comparison is made between the other rings with the same size. The 

obtained results show that in all cases, replacing C―C double bonds with B―N bonds in a 

conjugated system decrease the aromatic character of the molecule, which is nicely reflected 

in its NICS and NICS-Rate curve. In some cases (35 molecules) the NICS-Rate curves show 

both maximum and minimum. The NICS-Rate curves of the 6-membered rings are given as 

an example in Fig.2. The evaluated NRR values for these molecules again successfully predict 

the aromaticity order of the system.  

 

Fig. 2. NICS-Rate curves of the considered six-membered rings. 

Conclusions 

It is shown that BN-substituted conjugated rings significantly show less aromaticity/  

antiaromaticity with respect to their hydrocarbon analogs. It may arise from the decrease in -

electron ring current, which is due to large electronegativity difference between boron and 
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nitrogen in B―N bonds. Both NICS values and NICS-Rate curves show successfully this 

decreasing in aromatic character of the considered molecules. 
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Abstract 

Carbon monoxide adsorption on to (5, 5) single-wall boron nitride nanotube was studied 

using the density functional theory. Results show that when CO adsorption through C on the 

B atom of nanotube, has minimum adsorption energy and minimum distance between B-C 

atoms. 

 

Keywords: BN nanotube, Adsorption energy, Carbon monoxide, DFT  

  

Introduction 

Since the discovery of boron nitride nanotubes (BNNTs) [1], much attention has been 

paid to this novel material, particularly to its suitability to gas storage [2]. 

Chemical gases such as CO is highly toxic to human beings and animals as it inhibit the 

consumption of oxygen by body tissues. It is colorless, odorless, and tasteless, and thus, 

human beings do not have timely alertness to it presence. Therefore, gas sensors with high 

sensitivity to this gas are highly desired. 

 

Computational method  

The adsorption of CO on (5,5) BNNT was studied DFT theory employing 

MPW1PW91/6-31g basis set with periodic boundary condition and using a CO molecule per 

unit cell in the tube axis direction. In this case the cell length is 2.51 Å. 

 

Result and discussion 

In this work, two configuration of CO molecule (-CO, and -OC) are considered relative to 

the possible sites of BNNT (top of the B and N atom). The adsorption energy of single 

molecular CO on tube is defined 
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Eads = E (NTs+CO) −E (NTs)–E (CO),    (1) 

where E(NTs+CO) is the total energy of the system, E(NTs) is the energy of the substrate 

prior to CO adsorption, and. E(CO) is the total energy of a CO molecule in free space. The 

more negative Eads is, the stronger the chemical binding, conversely, the less negative, the 

weaker the binding. If the adsorption energy is positive, it is thermodynamically unlikely for 

the CO to adsorb to the substrate. Table 1 summarize our results on the equilibrium distances 

and adsorption energies. Obtained data show that physical adsorption was occured when the 

CO is adsorb through C atom on the B atom (Figure 1). The equilibrium distance of C atom 

and B of BN nanotube is 3.12 Å and the adsorption energy is 0.399 (ev). Endothermic 

energies, Eads> 0, mean that the adsorption is unstable energetically relative to the molecular 

CO and BN nanotube. 

 
Table 1: Calculated Adsorption Energy (Eads), equilibrium distance re(Å) 

for molecular CO Adsorption on the (5,5) BNNT 
 

Configuration   site   re(Å)  Eads(ev) 

  CO      B    3.12                  0.399 
  N  3.56   0.44 

OC    B  3.31   0.43 
  N  3.68   0.44 

 
Figur1: Binding energy (ev) of molecular CO adsorbed on BNNTs for B-CO configuration 

 

Conclusion 

Results show that CO molecule was physical adsorption on BNNT effectively by 

physisorption. 
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Introduction: 

Carbon exists in several forms in nature and one of carbon allotropes is fullerene. Fullerene 

was discovered as an unexpected surprise during vaporization of graphite by laser irradiation. 

The 1996 Nobel Prize for chemistry dedicated to H.W. Kroto, J.R. Heath, S.C. O’Brien, R.F. 

Curl, and R.E. Smalley in Rice Quantum Institute for their discovery in 1985. C60 is the most 

important member of the family of fullerenes [1]. The doping of carbon cages with boron and 

nitrogen atoms appears a promising way to modify the physical and chemical properties of 

fullerenes [2].  

 

Results and discussion: 

In the present work, adsorption behavior of an NO2 molecule on the two possible adsorption 

sites of C48B12 heterofullerene is taken into consideration and comparison. To demonstrate of 

the two possible adsorption sites on a C48B12 heterofullerene, we make used of the same 

labeling and numbering C60 Schlegel diagram in below Fig.  
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In this figure boron adsorption sites are defined with bold words and other boron sites don’t 

studied, because they were similar in position and neighboring atoms with the three 

considered sites.  Firstly, each of the three structures including perfect and NO2-attached 

C48B12 heterofullerenes at the two possible adsorption sites was allowed to fully relax during 

the geometrical optimization  process performed at the B3LYP-DFT method and 6-31G* basis 

set using Gaussian 03 [3]. The optimization process reveals that dramatic influences observed 

for the geometrical structure of C30B15N15 heterofullerene after the ammonia adsorption and B 

atom relaxes outwardly from spherical in the NO2-attached C48B12heterofullerene. At the next 

step, we calculated the nuclear quadrupole coupling constant [4] of B nuclei using B3LYP/6-

311G** level of theory.  

Table. The CQ (MHz) parameters of B-11 in the z direction for C48B12 heterofullerene and NO2-attached 
C48B12heterofullerene in the two adsorption sites 
 

Nuclei 
perfect Site I Site II 

(before adsorption) (after adsorption) (after adsorption) 
B 49 0.483732 0.477541 0.477625 
B 50 0.483696 0.466416 0.481121 
B 51 0.483638 0.475668 0.460572 
B 52 0.483732 0.104303 0.456026 
B 53 0.483638 0.482790 0.476459 
B 54 0.483696 0.477756 0.479211 
B 55 0.498291 0.476497 0.483062 
B 56 0.498149 0.504947 0.498741 
B 57 0.498124 0.491770 0.492583 
B 58 0.498291 0.490821 0.495348 
B 59 0.498149 0.493130 0.496385 
B 60 0.498124 0.498765 0.137902 

 

Conclusions: 

Probing the results shows a heterogeneous electrostatic environment in the perfect model. 

Electrostatic environment of B.55-60 are stronger than the other 11B. The CQ parameters of B 

nuclei at the interaction sites decrease significantly after ammonia adsorption. Therefore, the 

CQ parameters of B.52 and B.60 nuclei are significantly decreased in the NO2-attached forms 

which can be attributed to the rehybridization effect. This is consistent with the structural 

deformation induced by the NO2 adsorption. The other B nuclei do not show significant 

changes after the NO2 adsorption.  
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Ab initio study on the stability and reactivity of DNA base pairs 
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Introduction 

Although deoxyribonucleic acid (DNA) is a relatively stable chemical substance, it’s damage 

is often caused by various factors. While the stability of DNA investigated by both 

experimental and theoretical studies [1-3], there is not information to show how true coding in 

DNA replication is guarantied energetically. In this study the stabilization energy and 

reactivity of different possible base pairs including Adenine (A), Thymine (T), Cytosine (C) 

and guanine (G) estimated and compared to each other.  The results show that AT and GC 

base pairs are considerably stable than the other possible outcomes. It is known that hydroxyl 

radical is on of the highly reactive species which can interact with DNA and induces DNA 

double strand-breaks [4]. The previous investigations show that the hydroxyl radical can 

stably exist near the hydrogen bond between adenine and thymine, or between guanine and 

cytosine. In this study the effect of hydroxyl radical on the stabilization and reactivity of 

different possible base pairs were also investigated.  

 

Computational details 

In all cases, we neglect the backbone of DNA and focus on the base pairs. The structures were 

optimized with DFT method at the hybrid functional B3LYP (Becke’s three-parameter 

functional employing the Lee, Yang, and Parr correlation functional) and the energies 

calculated by using medium-size basis set 6-311++G(d,p) level. No molecular symmetry 

constraint was applied; rather full optimization of all bond lengths and angles was carried out. 

Local charge (LC) calculated according  to Mulliken population analysis (MPA).  

 

Results and discussion 

The optimized structure of different possible base pairs, AC, AG, AT, GC, GT and TC are 

shown in Fig. 1. Table 1 includes the stabilization energy of base pairs either in presence and 
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absence of OH radical for both OH-UP and OH-LOW configurations.  In the case of TC base 

pair the most stable configuration is OH-MIDDLE. As shown in Table 1, the stabilization 

energy of AT and GC pair bases are considerably superior to the other base pair 

configurations. Therefore, the formation of base pairs rather than AT and GC vanishes from 

energy point of view.  Furthermore, the GC base pair more stable than AT due to the further 

number of hydrogen bonding.  As can be seen in Table 1, while in presence of OH radical, the 

stabilization energy of AT and GC base pairs are decreased considerably, some base pairs 

become more stable due to interaction with OH radical.  Therefore, one may expected that the 

formation of a few less stable base pairs (i.e. AG) established by OH radical.  

 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                         Fig. 1. The optimized structure of possible base pairs. 
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Table. 1. The stabilization and HOMO-LUMO gap energy of different possible base pairs in      
                presence and absence of OH radical#.  

# Energy values are in kcalmol-1.               * Non Optimized structure.           ** OH localized at middle point. 

 

In order to estimate the effect of OH radical on reactivity of different base pairs, the HOMO-

LUMO energy gaps were also calculated.  As shown in Table 1, the reactivity of base pairs 

can be changed due to interaction with OH radical.  However, the variation of HOMO-LUMO 

gap energy by OH radical does not considerable and one cannot expect base pairs undergo 

electrophilic attack in presence OH radical.  
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Stabilization energy HOMO-LUMO gap 

Base pair 
Without 

OH 
 OH presence 

 (UP) 
OH presence 

(LOW) Without OH 
 OH presence 

 (UP) 
OH presence 

(LOW) 
AC 13.7 23.9 39.0 107.6 98.3 93.4
AG 14.1 -124.6 42.3 112.4 119.0 109.0 
AT 239.9 108.0 107.3 109.2 110.5 110.5 
GC 256.7 126.9 286.4 86.8 96.3 93.9 
GT 16.8 22.3 * 90.7 87.2 * 
TC 10.4 * 20.2** 121.2 * 116.6** 
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Introduction 

Deoxyribonucleic acid, DNA, is very important molecule in biological systems and is 

comparatively stable chemical substance. DNA made by four nucleobases adenine (A), 

thymine (T) or, guanine (G), and cytosine (C) which are used by nature for storing the 

information of life. It is well known that the coupling of base pairs can affected by free radical 

intermediates which are produced in living systems under normal conditions [1].  On the other 

hand chemical species such as phenyl and phenoxy radicals can be generated by ionizing 

radiation, which can damage macromolecules, including DNA, proteins and lipids [2]. In the 

case of DNA, any change in structure can be treated as a mutation and some phenolic 

compounds have been shown to be cytotoxic and/or genotoxic in a variety of biological 

systems. Although, the phenoxy and phenyl radicals are very common materials in the 

environment, the role of these species in DNA damage process has not been investigated. 

 

Computational details 

The structures of isolated species and molecular complexes were optimized with the 

DFT/B3LYP/6-31g(d) level of ab initio calculation. In all cases, we neglect the backbone of 

DNA and focus on the base pairs. No molecular symmetry constraint was applied; rather full 

optimization of all bond lengths and angles was carried out. The energies and charges 

estimated by using medium-size basis set 6-311++G(d, p) and B3PW91 level of calculation. 

For any base pair two different initial positions for radicals, from upward and beneath of base 

pairs have been taken. The stabilization energy is calculated as the difference between the 

energy of base pair-radical complex with respect to the energy of constraint species at infinite 

separation.    

 

Results and discussion 
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The optimized structure of base pair-radical complexes, AT-OH-Up, AT-Ph-Up, GC-OH-Up 

and GC-Ph-Up as samples are shown in Fig. 1. Table 1 includes the stabilization energy, SE, 

HOMO-LUMO energy gap,H-L gap, hydrogen bond lengths of base pairs either in presence 

and absence of two radicals. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.The optimized structures of some base pair-radical complexes 

 

As can be see from table 1, the interaction of hydroxyl and phenyl radicals with base pairs can 

reduce stabilization energy. The reduction in stabilization energy correspond with increasing 

in hydrogen bond lengths and distance between base pairs.  
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Table 1. The structural and electronic properties of base pair-radical complexes. 

 

* Stabilization energy.   ** The HOMO-LUMO energy gap. # Hydrogen bond length 

 

In addition, the effect of both hydroxyl and Phenyl radicals on stabilization energy of AT base 

pair is more than that of GC. Furthermore, the effect of hydroxyl radical on stabilization 

energy of base pairs is more than phenyl radical, comparatively. There is a considerable 

stabilization energy for GC base pair when radicals are placed in low position inside base 

pairs. The effect of radicals on reactivity of AT and GC base pairs, can be evaluated by 

comparison HOMO-LUMO energy gaps of base pairs. As shown in Table 1, both radicals can 

change the reactivity of base pairs, although they show contrast effect.  While both radicals 

decrease the reactivity of AT, the reactivity of GC has been increased due to interaction with 

hydroxyl and phenyl radicals.  

 

References 

[1] Clemens von Sonntag, Free-radical-induced DNA damage and its repair: a chemical 

perspective, Springer, 2006. 

[2] Yunbo Li and Michael A. Trush, Cancer Research (Suppl.) 54 (1994) 1895. 

  

Base pair SE* H-L gap** B1# B 2 B3  
AT 239.9 109.2 2.95 2.88 3.67 

AT_OH_Low 107.3 112.5 2.94 2.89 3.76 
AT_OH_Up 108.0 110.5  3.02 2.87 3.62 

GC 256.7 86.8 2.93 2.95 2.82 
GC_OH_Low 286.4 93.9 2.91 2.96 2.84 
GC_OH_Up 126.9 96.3 2.96 2.97 2.81 
AT_Ph_Low 96.1 117.3 2.94 2.90 3.74 
AT_Ph_Up 96.8 115.1 2.96 2.88 3.66 

GC_Ph_Low 298.6 90.6 2.92 2.95 2.82 
GC_Ph_Up 112.1 97.3 2.94 2.95 2.82 
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Introduction: 

Gas adsorption on inorganic nanotubes can be considered as a great issue for both essential 

research and applied application of this kind of nanotubes. The adsorptive characteristics of 

SWNTs in the gas phase caused their use as gas sensors of pollutant gases, storage of fuels, 

and removal of hazardous pollutants from gas streams [1].  With the successful synthesis of 

silicon nanotubes (SiNTs), [2] a few attentions has been paid to their application in hydrogen 

storage studies [3,4].  Compared to carbon, silicon has more electrons in the outer shells, 

therefore, SiNT may exhibit a stronger van der Waals attraction to nonpolar gases than CNTs. 

However, the interaction between SiNTs and other molecular gases than H2 has not been 

investigated. Therefore, in this study the adsorption of carbon monoxide, oxygen, nitrogen 

and methane molecules with both inside and outside of armchair (5,5) SiNT, were 

investigated by using density functional theory method. 

 
Computational Methods: 

All structures were optimized with DFT method at the hybrid functional B3LYP and the 

medium-size basis set 6-31g(d) level of calculation. Despite previous works [3,4] no 

molecular symmetry constraint or nanotube size reduction was applied, rather full 

optimization of all bond lengths and angles was carried out. Adsorption energies, Ead, were 

obtained as the difference between the energy of the SiNT-gas complex and the combined 

energies of the isolated SiNT and gas molecule. All calculations on the isolated species and 

molecular complexes were performed within GAUSSIAN 03 program package.  
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Results and Discussion: 

Typical optimized structures of different gases adsorbed on armchair (5,5) SiNT are shown in  

Figure 1and Table 1 includes the energies of adsorption of different gases on both inner and 

outer surfaces of (5, 5) SiNT.  

  

 
 

 

 

                                                     ( a )                                           ( b ) 

 

 
  

 

 

                                                  ( c )                                                  ( d ) 
 

Figure 1. The optimized structures of adsorbed gases on armchair(5,5) SiNT, 
(a) CH4, (b) CO, (c) H2 and (d) N2. 

 
 

As can be seen from Table 1, the maximum values of Ead were estimated for adsorption of CO 

and H2 gases on the outer and inner surface of nanotube, respectively.  Despite previous 

findings [3,4], the energy of adsorption of H2 on the exterior surface of nanotube is negligible. 

The same behavior is shown by CH4 and N2 molecules.  It is demonstrated that CO and N2 

molecules have similar behavior when they adsorbed on single wall carbon nanotubes. The 

considerable difference between energies of adsorption of N2 and CO molecules may be 

attributed to the high polirizable electronic shells of nanotube. Table 1 is shown that for all 

gases, the charge transfer between gas and nanotube is negligible. Therefore, a considerable 

variation of electronic properties of nanotube does not expected due to gas adsorption proces.  
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Table 1: The electronic properties of gas adsorption inside and outside of zigzag (5,5) Si nanotube. 

 CO 

(in) 

CO 

(out) 

N2 

(in) 

N2 

(out) 

H2 

(in) 

H2 

(out) 

CH4 

(in) 

CH4 

(out) 

Ead(kcal.mol-1) 0.42 1799.49 3.80 3.04 1767.15 0.03 0.37 0.01 

CT*(e) 0.007 0.002 0.001 0.000 0.00 0.000 -0.003 0.00 

* Charge (NPA) transfer to nanotube.  
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Introduction: 

Crystalline tectosilicates, such as zeolites, are among some of the most commercially 

important materials. Along with their traditional uses for catalysis, ion exchange, and 

separations, they have potential to synthesize ‘designer’ materials for specific applications [1]. 

Despite this effort, there have only been a few mechanisms proposed for the formation of 

such complex solids [2, 3]. Identification of the silicate species present in solution plays a key 

role and 29Si NMR spectroscopy proved to be a powerful technique for this purpose 

[3].However, extracting information about individual events using only experimental data is 

difficult, the chemistry of silica species has also been studied extensively using theoretical 

techniques [5]. In this study relation between chemical shift of twenty silicate species and 

their geometry was calculated and the equation between them was achieved that have a good 

agreement with experimental data. 

 

Method:  

Silicates optimization was performed by hyperchem and with semi empirical method and 

compared with their chemical shifts that calculated with standard Gaussian 03 program by 

RHF methods. 

  

Results and discussion: 

Figure (1) shows typical results for four silicate species in silicate solutions and table 1 gives 

calculated geometrical parameters. Correlation between 29Si NMR chemical shifts of Q4 

situation and these geometrical parameters were explained by several schemes. Results from 

these schemes indicated that all of the relations between Y (chemical shift) and these 

geometrical parameters are linear. The correlation for X1, X2, X3 have linear negative slope, 
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while for X3 and X4 the positive slope has been found. These correlations could be explained 

with the following equation:                                                                                                         

 BHOpsinasiopsinanRaRnaRnaQ bOSiHOtOSi
n

Q   )()()()( )()( 444 543210  

Computation of a1-a5 and B constant was carried by multivariate linear regression method. 

After the calculation final equation could be written by the following equation: 

1191166400020188660

9662234075463400070

.)(..

.)(.)(.)( )()(



 

HOpsinsiOpsin

nRRnRnQ bOSiHOtOSi
n

TMS

   

tables 1: gives typical calculated geometrical parameter 

 Figure (1) shows typical four silicate species in silicate solution 

  

:Conclusion        

In this study, correlation between angles and distance of atoms in silicates species were 

investigated. Chemical shift of Si atoms in silicates species were estimated by their 

geometrical parameters for twenty silicates species by multivariate linear regression. These 

results have a good agreement with experimental data.  
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Introduction 

The anomeric effect refers to the tendency of an electronegative substituent at C-1 of 

pyranosides, such as halogen atoms, to assume the axial rather than the equatorial 

conformation, contrary to the expectation from ordinary steric considerations. Since its 

discovery in 1955 [1] the anomeric effect has been a subject of numerous studies, and the 

origin of the effect seems now to be settled on a firm theoretical basis The phenomenon is not 

limited to carbohydrate chemistry but extends to stereochemistry of six-membered 

heterocyclic compounds such as 2-substituted thians (dithians) and 1,3-dithians. This effect 

extends also to acyclic molecules such as R–X–CH2– Z (X = O, S; Z = OCH3, halogen, etc.) 

[2,3]. This is called the ‘generalized anomeric effect. In the present study, the anomeric 

behavior of 5-(1,3-dithian-2-yl)-1H-tetrazol compound A has been investigated in the gas 

phase and solution. 

 

 

 

 

 

 

Scheme 1: the structure and numbering of isomers of titled compound 
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Computational method 

All the structures studied in this work were fully optimized, without symmetry restrictions 

using density fanctional theory at B3LYP/6-31++G(d,p), and B3LYP /6-311++G(d,p) levels 

of theory using the GAUSSIAN 98 program package[4]. Since the main purpose of the 

present work was to estimate the energy difference between the axial and equatorial 

conformations of compound A, therefore, the energy minimization of compounds(scheme1) 

was carried out only for the axial and equatorial position of the tetrazol groups on a chair 

conformation of the heterocyclicrings.  

 

Results and discussion 

The structure and numbering of the examined molecules showed in Scheme1. The results 

obtained from theoretical calculations will be discussed in the light of the effect of the 

tetrazole ring on the geometry of the dithian ring, of the relative stability of axial/equatorial 

conformers and of the effects of hyperconjugative interactions derived from the DFT analysis 

on molecular properties. In the Table 1 results of relative stability of four isomers of 

compound A are presented. Based on these results it was found that the most stable isomer is 

2Hax. The stability of isomer 2Hax over, 2Heq, 1Hax, 1Heq was found 0.81, 2.86, 4.34, 

respectively, calculated by B3LYP/6-31++G(d,p) method. Table 2 shows the geometrical 

parameters of four isomers that investigated in the present study. It is expected that the 

anomeric effect influence the geometrical properties, i.e. bond lengths, and bond angles. The 

calculated C1–S2 bond length in the equatorial conformation of 1Heq (1.8342 A °) is shorter 

than the axial (by 0.0228 A°) at the DFT B3LYP/6-311++G(d,p) level of theory. On the other 

hand, the calculated C1-C5 bond length in the axial conformation of 1Hax (1.5030 A °) is 

greater than the equatorial by 0.0105 A°.  

 

Table 1: relative stabilities of four isomers of titled compound (kcal/mol) 

2Heq 2Hax 1Heq 1Hax Basis set 

0.81  
0.96 

0  
0 

4.034  
4.37 

2.86 
3.13 

6-31 ++G(d,p) 
6-311 ++G(d,p) 
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Table2: bond lengths (Å) and bond angles (Degree) for the axial and equatorial isomers, calculated at B3LYP/6-
311 ++G(d,p) basis function 
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    1Hax               1Heq                       2Hax                          2Heq 
Bond 

lengths 
C1-S2 
C1-S3 
C1-H4 
C1-C5 
C5-N6 
N6-H10 
N6-N7 
N7-N8 
N8-N9 
C5-N9 

 

Bond Angle 
 

C1-S2-S3 
C1-C5-N9 
C1-C5-N6 
C5-N6-H10 
C5-N6-N9 
S3-C1-H4 
S2-C1-H4 

 

 
1.8507              1.8342                     1.84314                      1.8439 
1.8279              1.8342                     1.84316                      1.8439 
1.0925              1.0944                     1.09272                      1.0909 
1.5030              1.4924                     1.49563                      1.4883 
1.3518              1.3510                     1.33396                      1.3286 
1.0099              1.0100                         -                                     - 
1.3481              1.3497                     1.32988                      1.3242 
1.2875              1.2868                     1.32578                      1.3259 
1.3619              1.3615                     1.30885                      1.3042 
1.3168              1.3148                     1.36393                      1.3610 
 
 
 113.9524         114.4089                114.2936                     113.8600 
 128.5998         127.5174                122.0507                     122.6598 
 123.9865         124.7255                126.1732                     125.3036 
 129.6262         130.1887                       -                                  - 
 107.4080         107.7408                111.7761                     112.0366 
 104.1076         106.7899                103.9713                     108.0078 
 103.7265         107.7403                103.9718                     108.0080 
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One possible approach to treat Alzheimer’s disease (AD) is to restore acetylcholine levels by 

inhibiting acetylcholinesterase (AChE) with reversible inhibitors [1]. Clinical trials have 

shown that AChE inhibitors such as physostigmine, donepezil, rivastigime, and galantamine 

effectively improve memory in some patients. Beside the synthesis of the AChE inhibitors, 

QSAR studies were done on the variety of inhibitors. These techniques are very powerful 

tools for prediction of enzyme activity. It is also applicable in all area of science such as 

chemistry and physics. So we used QSAR methods for prediction of logIC50. In this work, 

QSAR of some indanone hybrids [2] and benzophenone [3] derivatives was studied using 

with large number of descriptors. The structure of inhibitors was drown and optimized in 

Hyperchem. Then, some of descriptors calculated by Hyperchem, Gaussian and Dragon 

softwares. The multiple linear regression was performed by SPSS. Different equations were 

obtained between log IC50 and descriptors. The free energy of interaction (docking energy) 

was estimated by Autodock. 

The following equation shows the correlation between logIC50 and of best selected 

descriptors. It has relatively good correlation.  

The descriptors were classified by PCA. Correlation between logIC50 and principal 

components is as follow:  

 

logIC50 = 0.234 – 0.471 Size -0.149 Aromaticity-0.104 Hydrophobicity -0.065 Shape 

 

Table 1 listed the descriptors and their definitions Fig. 1 shows correlation between predicted 

and experimental logIC50 
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Table 1 list of descriptors and their definition 

Descriptor  definition Class 

MW Molecular weight Constitutional  

GGI4 topological charge index of order 4 Galvez topol. charge indices 

PJI3 3D Petijean shape index geometrical descriptors 

BEHm2 
highest eigenvalue n. 2 of Burden matrix / weighted by atomic 
masses BCUT descriptors 

RDF100u Radial Distribution Function - 10.0 / unweighted RDF descriptors 

HATS5u leverage-weighted autocorrelation of lag 5 / unweighted GETAWAY descriptors 

  

 
Fig. 1 Correlation between predicted and experimental logIC50  

 

Key words: QSAR, Docking, PCA, Acetylcholinesterase, Huperines and piperazines. 
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Introduction: 

It is of interest to explore transfer of fluid through nanopores because of widespread 

applications for such systems [1]. While the mechanism of water permeation through channels 

is very complex, however, investigations such as effect of charge distributions as well as 

temperature on water permeation can shed light on the determinants of water and proton 

conduction in membrane water channels. We have investigated the effect of temperature on 

water permeation through some channels with different charge configurations, in the range of 

280 K - 370 K. 

 

Methods:  

We consider a system composed of four ordered parallel structure of Carbon Nanotubes 

(CNTs)which are of (6,6) armchair type. At the initial time, the CNTs are empty and the water 

molecules get into them after a 200 ps interval for minimization and equilibration. All 

molecular dynamic calculations have been carried out using NAMD code [2] with CHARMM 

force field. 

 

Results and discussion:  

In order to investigate the mechanism of water permeation through modified CNTs, we 

applied charge distributions on CNTs wall which are in accordance with the proposed 

biological as well as channel membranes [3]. We have carried out two simulations for each 
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system, one without induced pressure difference to find out the diffusion permeation (pd) and 

the other with induced pressure difference (pf) to obtain the osmotic permeation. 

We build tree kind of channels, one prototype CNT – denotes as model 0- and two modified 

ones. One is the modified CNTs with three positive and three negative charges on two sides 

of CNTs wall and positives on one side and negatives on the other side along z-direction, 

denoted as model 1. The other one, model 2, consists of modified CNTs with three charges on 

each side of CNT wall with two positive charges at two entrances and one negative charge 

between them with the opposite charge distribution on the other side. 

 

Figure 1: left: The side view of a channels; Right: the number of permeation event per channel for three model 

channels. 

As one sees in figure 1, the number of permeation increases with temperature which is 

consistent with the Arrhenius relation. There is also, an abrupt jump in the number of 

permeation. But, as it can be seen, the jump temperature (Tj) which belongs to each system is 

different. As you see in figure1, The abrupt change in model 2, which is higher in number of 

permeation, has the highest Tjand The model 1, which has the less number of permeations, 

has the lowest Tj. It means that for each system, the more number of permeations,leads to a 

higherTj. 

Such phenomena can be explained on the basis of the Arrhenius relation and the energy 

profile in the channel. This result shows that the Tj is porportional to the decrease or increase 

in hopping energy barrier for such systems. 
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Conclusion:  

Investigation of the dynamic properties though the nanopores could help finding the better 

applications as well as increasing the efficiency of such processes. The single file permeation 

through the nanochannels will be increased with temperature and there will be a jump in the 

permeation. This temperature jump is related to the number of permeations and for a higher 

temperature, the jumping temperature will be higher. 
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Introduction:  

Heterofullerenes which have one or more carbon atoms substituted by other elements such as 

boron or nitrogen are expected to be used as semiconductors and building materials for 

nanometer electronics due to their potential novel properties,[1–3] such as superconductivity, 

hardness, photoinduced electron transfer and nonlinear optics. In 1991, Smalley and co-

workers produced the first substituted fullerenes C60-2xBx(x =1–6) [4]. Later in the same 

year Rao et al [5] reported the preparation of a number of N-substituted fullerenes. 

Interestingly, Clusters of boron (Bx) and nitrogen (Nx) have also been reported by different 

groups. The isoelectron relationship between boron–nitrogen and dicarbon molecular 

fragment is well documented and is manifested in a variety of ways. Therefore it is reasonable 

to suppose that BN containing analogues of C60 will be stable. In this Letter, we report the 

results of a detailed density functional theoretical study (DFT) of the NMR and NQR 

parameters of a few BN-substituted C60 fullerenes. 

 

Computational aspect:  

All of the calculations reported in this Letter were carried out using the Gaussian suite of 

programs.. Geometries of all systems were fully optimized using B3LYP / 6-31+G* level of 

theory. Chemical shielding isotropy, σiso, is obtained by σiso =(σ11 + σ22 + σ33)/ 3. The 

principal EFG tensor eigenvalues, qzz, qyy, and qxx, have the following relation: |qzz| > |qyy| 

>|qxx|. The nuclear quadrupole coupling constant, CQ, is obtained by CQ = e2qzzQ/h (MHz). 

Another important parameter which refers to the deviation of charge distribution from 

cylindrical symmetry is the asymmetry parameter, ηQ= |(qxx - qyy)/qzz|. However, to the best 
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of our knowledge, there is no experimental NMR and NQR study on these clusters in the 

literature. 

 

Result and discussion:   

For the sake of clarity, the substitution patterns considered in the present study are illustrated 

by Schlegel diagrams, as shown in Figure 1. For example, the substitution of carbon atoms of 

one of the hexagon-hexagon bonds in the C60 fullerene by boron and nitrogen atoms will lead 

to the formation of C58BN with Cs symmetry. Substitution of carbon atoms continues in the 

same hexagonal ring until it is saturated with boron and nitrogen atoms. Complete BN 

substitution of one of the hexagonal rings will make a C3-symmetric heterofullerene 

(C54B3N3). Further BN substitutions are carried out by keeping the C3 symmetry in the 

system. Thus, three BN units are added in each step, and this substitution spreads in all 

directions of the previously substituted hexagonal ring. The carbon atoms connecting the 

pentagons that are in-plane with the C3 axis are left unsubstituted in each step. This 

eliminates the possibility of unstable BCN balls having homonuclear B-B and N-N bonds. 

This pattern of substitution continues until the formation of C12 B24N24 with Ci symmetry. 

In a majority of cases, chemical shielding of carbon atoms adjacent to nitrogen because of the 

high electronegativity of nitrogen is very deshielded but those of boron atoms not change. 

However this affects show the regular pattern when at least one hexagonal ring is saturated 

with boron and nitrogen.  It is worth pointing out that there is a good correlation between the 

dipole moment and component of EFG and CS tensors in most of the cases. 

 

Fig1. Schlegel diagrams of BN- substituted fullerenes 
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Conclusion: 

NMR and NQR parameters based on DFT calculations for a series of BN-substituted 

fullerenes suggest that properties of fullerenes can be fine-tuned by B, N substitution in the 

cage.  
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Abstract: 

 In this paper, we used a quantum mechanical approach to shed light on the antioxidant 

mechanism to scavenging hydroxyl radical (˙OH) and superoxide radical (O2
-˙) by vitamin p 

(rutin) in solution phase.  

 

Keywords: Rutin, Antioxidant, DFT calculation, BDE, Spin density. 

 

Introduction 

 In resent years, flavonoids have gained a tremendous interest as possible therapeutics 

against a wide variety of diseases, most of which involve radical damage. Until now, the 

mechanism of action and structural requirements has not been fully understood [1, 2]. In this 

study, DFT method appears to be the most relevant and appropriate for the description of 

phenolic compounds such as rutin, Figure 1. The B3LYP/6-311+G** method appears as a 

good compromise between the quality of the results and the computational cost. The 

molecular properties which we used to investigate a possible antioxidant mechanism of rutin, 

was the spin density distribution of the radical formed after subtraction of a hydrogen atom. 
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Computational details 

Ab initio calculations were carried out with the Gaussian program series 98 using B3LYP /6-

311+G** level. Full optimizations were performed without any symmetry constrains. QST2 

method was used to search for transition state. Transition state geometry was double checked 

by using IRC and FREQ calculations.  

 

Results and discussion 

Theoretical results confirm the important role of the B-ring and to shed light on the role of the 

3'-OH and 4'-OH groups in the antioxidant properties of rutin. The calculated results show the 

following bond dissociation enthalpy (BDE) sequence for the OH groups: 3'-OH < 4'-OH< 7-

OH<5-OH as expected. The reactivity of these two sites, 3'-OH and 4'-OH, of these results 

suggest that rutin has a potency to donate electron to reactive free radicals, converting them in 

to more stable non-reactive species and terminating the free radical chain reaction. Addition 

of hydroxyl radical to the rutin molecule lead to a stable intermediate which is converted 

directly to the stable products by releasing 10.8 Kcal/mol energy, Figure 2. In the nucleophilic 

attack of superoxide radical to the rutin an intermediate is initially formed and then the 

expected product is generated from second intermediate via a transition stat. The barrier 

energy for this reaction is about 6.5 Kcal/mol. 

 

 

Figure1. Structure of vitamin p (rutin).
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Figure 2. Energy diagram for the reaction of hydroxyl radical attack to the rutin.  
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Introduction 

Isatin and its derivatives have been attracted considerable attention because they have various 

biological activities. The isatin exhibits two chemically dissimilar carbonyl groups [1], a 

lactam-carbonyl and a keto-carbonyl, as shown by position 2 and 3, respectively, in Fig. 1. A 

crystallographic data for isatin reveals that it is almost planar, with a bond length between the 

two carbonyls of 1.55 Å [2]. This large value was attributed to lone pair electron repulsion 

between the two oxygen atoms [2]. As shown in Fig. 1, isatin mainly reacts at three sites, 

including electrophilic aromatic substitution at C5, N-alkylation at N1, and carbonyl reaction 

at C3 [3]. 

The present study is focused on synthetic strategies of an important derivative of isatin in 

medicinal chemistry. Two synthetic procedures are shown in scheme (1). 

 

 

 

 

 

 

 

 

 

 

The first pathway (a) is the direct condensation of isatin in the presence of strong base Et3N 

with 2-bromoethoxymethyl chloride (RX as electrophile for N-alkylation) that gave acyclic 

nucleoside A. Compound A subsequently converted to its hydrazone analogue F, using 

phenylhydrazine solution in EtOH. The second pathway (b) to obtain compound F may 

 

S h 1 R i h

 

 

 

Fig. 1: Atom numbering and 
different reaction sites of 
isatin (CE: carbon
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assume to be direct condensation of B with 2-bromoethoxymethyl chloride, but it gave very 

poor yield of F. Since the RX used is very strong electrophile, the poor yield of this reaction 

should be because of vanishing nucleophilic character of N1 atom of intermediate B. Some 

previous studies suggest this could be attributed to the formation of intramolecular hydrogen 

bonding (IHB) in the enol form of compound B, in which there is no adjacent H atom to the 

atom N1, and so the nucleophilic power of N1 diminishes.  

In this research, stable isomers and conformers for reactants and intermediates, and the 

reasons of their stability are investigated to illustrate the possible explanations of diminishing 

nucleophilic power of N1 in compound B. The best theoretical reason is discussed.    
 

Method  

All conformer optimizations were carried out using GAUSSIAN 03W software package 

applying DFT method. The level of B3LYP with 6-31G**, 6-311G** and 6-311++G** basis 

sets were used. NBO analyses were performed by GENNBO 5.0 for Windows, and NBO 3.1 

module in G03W. 
 

Results and Discussion 

All altered possible isomers of isatin have been optimized at different levels and the results 

are shown in Fig. 2. As it is obvious, the keto form (I1) of isatin is such more stable that the 

existence of enol-forms is very unlikely, in agreement with the experimental crystallographic 

data [2]. Fig. 2 also shows the relative stabilities of possible isomers of intermediate B. 

Obviously, there is no enol form in which the H1 proton is engaged in IHB. Also, in 

comparison to B1, other forms with IHB (B3 and B4) are unexpectedly very instable. 

Therefore, according to the calculations at all mentioned level, the presence of other forms, 

but only B1 is improbable. Since the H1 in IHB as the reason for vanishing nucleophilic 

power of N1 was rejected, the NBO calculations were employed to find the reason. The 

reactants I1 and B1 showed no remarkable difference in nucleophilic property of N1 in NBO 

analyses. So, in the next step, assuming two-step reactions of B1 and I1 with RX in presence 

of base, the anions B− and I− were considered as nucleophiles. Performing optimizations and 

NBO analyses for these anions and comparing the results provided interesting results. In B−, 

the atom N1 has two σ-bonds and a π-bond (N1−C7a), while there are only two σ-bonds in I−, 

without any π-bond. Instead, I− has two free lone pairs (one of sp1.83 hybrid and occupancy of 
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1.93, other in pure p orbital with occupancy of 1.40) on N1, while there is just one lone pair in 

B− (with sp1.90 hybrid and occupancy of 1.93). So, turning a lone pair in I− to a π-bond (having 

very strong interactions with some other orbitals) in B− could be the main reason of 

diminishing nucleophilic power of N1 in B−. Detailed studies of NBO analyses (such as NRT, 

CMO and NLMO calculations), and comparing B with B−, and I with I−, result in more 

satisfactory findings.  

 

 

 

 

 

 

 

 

  

 

Conclusion 

The H1 proton in IHB as the reason for vanishing nucleophilic power of N1 was rejected. The 

reactions of B1 and I1 with 2-bromoethoxymethyl chloride in presence of a base, are 

concluded to be two-step reactions, in which, in the first step the anions B− and I− form after 

base attack. Turning a lone pair in I− to a π-bond in B− could be the main reason of vanishing 

nucleophilic character of N1 in B−. 
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Fig. 2: Selected more stable forms of I and B and their relative stabilities (kcal/mol), all calculated at B3LYP  
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 Introduction 

Pesticides are necessary and essential in agricultural production. However, the risk of 

residues in the food consumed is present, which are damaged to human. Therefore detection 

of pesticides residues in agricultural production is very important. Chromatography is the 

most suitable analytical tool for pesticide determination in water and foods [1-4]. Retention 

time is a very important parameter for qualitative analysis in chromatography. In this study a 

successful combination of feature selection and feature mapping tools, CART and ANFIS, is 

represented for prediction of retention of pesticides in reversed-phase high-performance liquid 

chromatography with different mobile phase composition. The results are promising and 

indicate the power of the CART-ANFIS techniques in developing methods with good 

prediction ability.  

 

Experimental 

Retention data (log Kex) at different percents of water-acetonitrile mobile phase were 

obtained from the paper by D'Archivio et al. [5].  

Molecular modeling and geometry optimization were performed by HyperChem.  Dragon 

software was used for calculation of descriptors. SPSS software was used for running CART. 

MATLAB was used for running ANFIS (Fuzzy Logic Toolbox). 

 

Results and discussion  

Maximal tree was grown using the retention data. A total of 1497 descriptors obtained 

from Dragon software plus the amounts of %ACN were used as explanatory variables. The 

total dataset was randomly divided to three sets, as calibration, prediction and validation sets 
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with 119, 18 and 18 data, respectively. The regression tree was grown and then to select the 

optimal tree, ten fold cross-validation was used. The optimal tree was selected from the 

maximal tree, which was pruned back. For the optimal subtree with four terminal nodes, 

%ACN and two molecular descriptors were selected to describe the retention data. The 

selected molecular descriptors were logarithm of water/n-octanol partition coefficient        

(log Kow) and average molecular weight.  

The three selected descriptors by CART were applied as input layer in construction of 

ANFIS. The number and type of the MFs needed for developing the ANFIS model were 

optimized using root mean square error (RMSE) for the prediction set (control set).   

The architecture for optimized ANFIS model is shown in Fig. 1. Finally, to evaluate the 

predictive power of CART-ANFIS the optimized model was applied to all dataset 

(calibration, prediction and validation sets). The statistical results were shown in Tables 1.  

Correlation and residual plot for CART-ANFIS model is shown in Figs. of 2 and 3, 

respectively. The high value of R2=0.9940, for the total data set in Fig. 2 indicates that 

CART-ANFIS model can be considered as a powerful tool for the prediction of the retention 

time of pesticides. Propagation of the residuals on both sides of zero line in Fig. 3 indicates 

that the generated model has no systematic errors.   

Keywords: Pesticides; Reversed-phase liquid chromatography; Retention model; Adaptive 

neuro-fuzzy inference system; Classification and regression tree 

 
Fig. 1: optimized ANFIS model 

 

 

Table 1: statistical results for CART-ANFIS 
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Fig. 2: plot of ANFIS calculated log K values against the experimental ones of the training, prediction and 

validation sets 

 

Fig. 3: plot residuals versus exprimental values of log K for the CART-ANFIS 
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Introduction 

In recent years, numerous studies have been carried out on the interaction between noble 

gases and coinage metals. Coinage metals show low tendency to the binding in contrast with 

the other elements, and these elements have unusual and different reactivity; Au has very high 

chemical activity due to relativistic effects (discrepancies between values calculated by 

models considering and not considering relativity). However in the case of noble gases, the 

more reactive noble gases are Kr, Xe, and Rn , due to their large polarizability and low 

ionization potential. Recently nanocluster coinage metals and compounds have attracted 

considerable attention due to their unique physical and chemical properties which depend 

strongly on cluster size. In the past few years, atomic and molecular chemisorptions on small 

coinage metal clusters, especially gold, have received considerable attention, both 

experimentally and theoretically. Therefore, in the present work, we focused on the 

interactions between coinage metal clusters and three noble gases including Kr, Xe, and Rn. 

 

Method of Calculations 

The interaction potential energy surface of the dimer and trimer of coinage metal clusters 

(CM = Cu, Ag and Au) complexes with noble gas (NG= Kr, Xe and Rn) are calculated by 

MP2 and DFT methods. The pseudopotential-based correlation-consistent polarized valence 

double and triple- (cc-pVD(T)Z-PP) and augmented triple- (aug-cc-pVTZ-PP) basis sets 

based on the small core relativistic pseudopotentials (PPs) of Figgen et al., were employed for 

RG and CM. These calculations have been done using Gaussian 03 suite of programs. The 

bond length, interaction energy and spectroscopic constants were obtained and to reveal the 
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nature of bonds, the NBO, QTAIM, and EDA analyses were carried out on the optimized 

structures. 

 

Results and discussions                                                                                                                

The potential energy curves (PECs), for the interaction between dimer metal clusters and 

noble gases have been calculated in two different orientations and the equilibrium bond 

lengths and binding energies have been obtained for these complexes. The expected trend of 

an increase in binding energy with increasing atomic number in NG is observed for each 

metal. Figure 1-(a) shows the interaction energy for Au2…NG complexes. These binding 

energies (Eb) are in line with the trend of increasing polarizability of the NG atom and hence 

the increasing attractive dispersion forces. Figure 1-(b) also has shown interaction energy 

between CM2…Xe. On first inspection the ternd of increasing Eb values for Cu2…Xe, 

Ag2…Xe, and Au2…Xe complexes is unexpected, when the polarizibility of copper, silver, 

and gold are considered. Therefore, other effect beside dispersion forces should involve for 

interaction of these metal clusters with noble gases.                                                                                     

 

(a) (b) 

  

 

 

 

 

 

Figure 1: Potential-energy curves for the Au2…NG(a) and CM2…Xe(b) complexes at the MP2/aug-cc-pVTZ-pp 

level of theory.                                               
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Introduction  

Cyclodextrins are macrocyclic oligomers of α-D-glucose.Three kind of CDs are mostly 

applied. They have 6-8 units of glucose; as follows: α-CD (6 units), β-CD(7-units) and δ-

CD(8 units). CDs have a hydrophilic exterior and a hydrophobic cavity of appropriate 

dimension [1]. The purpose of this research is to obtain the most stable complex of α and β- 

CD/Benzocaine. 

 

Computational Method  

The complexes of α and β-CD/Benzo were optimized with HF and density functional 

theory (DFT) and B3LYP with 6-31G Basis set. The glycoside oxygen atoms of the α and β-

CD were placed onto the XY-plane. The primary hydroxyl groups of α-CD were placed 

pointing toward the positive Z-axis [2]. 

 

Results and discussion 

For the complex of β-CD With Benzocaine, energy of the inclusion Complex vs the z 

coordinate is  shown in Fig.1  we calculated the total energy of the α and β-CD/Benzocaine. 

The complex formation energy, �E, was calculated using the following expression: 

                                                        �E= E(complex) – (ECD+ Edrug)                                                  

(1) 

The electronic chemical potential(μ) was calculated as half of the energy of the HOMO and 

LUMO as follows:  
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                                                                     μ=(EHOMO+ELUMO)/2                                                                 

(2)  

The energies of HOMO and LUMO and Sabilization energy values  of Host-guest 

complexes are summarized in Table 1.The results indicate that the energy gap between α –

CD/Benzo is more than that of β-CD/Benzo with 1:1 stoichiometry 

Table1. Electronic energies, HOMO, LUMO and Gap energy of the of the inclusion complexation of α and β-

CDs with Benzocaine of the HF optimized structures 

Species ΔE(kj/mol)     EHOMO(eV)   ELUMO(eV)   EnergyGap      μ(eV)         η(eV)              ω 

Benzocaine - - 8.08 3.04 11.12 -2.52 5.56 0.57 

α-CD             - -8.43 3.50 11.94 -2.46 5.97 0.50 

β-CD             - -8.53 3.71 12.25 -2.41 6.12 0.47 

α-
CD/Benzo     

-4000 -8.33 2.65 10.99      -2.83 5.49 0.73 

β-
CD/Benzo  

-3000 -8.16 2.58 10.75      -2.78 5.37 0.72 

 

 

Fig.1 Graphic diagram  for the emulation of  the  inclusion Complexation of  Benzocaine into the β-CD 
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According to the results, in both of methods, HF and B3LYP with Basis set 6-31G,α-

CD/Benzo is more stable than β-CD/Benzo. 
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Introduction 

Heterocyclic tautomerism has been studied extensively for the past two decades due to its 

biological importance and highly solvent-dependent nature. 2-Aminothiazoles are able to 

tautomerize and can exist in either amino- or imino-form. Recently, molecular orbital 

calculations were performed on 2-, 4- and 5- aminothiazoles using different calculation levels 

in order to study the 1,3-hydrogen transfer between the amino group and the endocyclic 

nitrogen atom or carbon atom at position five [1]. In this work, the synthesis of a phosphonic 

diamide containing the 2-aminothiazole moiety is described and structural and conformational 

properties are analyzed. 

 

Methods  

N,N' bis(2-thiazolyl) phenylphosphonic diamide was prepared by treating chloroform 

solutions of 2-aminothiazole and phenylphosphonic dichloride using a 2:1 M ratio in the 

presence of triethylamine as a Lewis base catalyst. All quantum chemical calculations were 

performed with the GAUSSIAN 98 program package [2]. Structural and conformational 

properties are analyzed using a combined approach involving crystallographic data and 

theoretical calculations at the B3LYP and MP2 (with 6-311++G(3df,2p) and CBSB7 basis 

sets) level of approximations. 
 

Results and Disscussion 

The crystalline solid consist of the imine tautomer – with the tautomeric proton attached to the 

endocyclic nitrogen atom –, and the dihedral angles around the Nexo−C bonds amount 5.5(2) 

and 10.9(2)° – with the phosphorous on the same side of the endocyclic sulfur atoms. The 

B3LYP method computes a mixed structure with non-equivalent thiazole rings in which one 
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of endocyclic nitrogen atom in the thiazole ring is protonated, while the other thiazole group 

is deprotonated as the most stable form for the gas phase molecule. The two conformations 

(named as A and B in the molecular structures showed in Table 1) of the amine and imine 

tautomers are computed to be also stable forms, located at 1.09 (amine_A) and 2.44 kcal/mol 

(imine_A) higher in energy than the imine/amine form, respectively, at the B3LYP/CBSB7 

level. The order of the computed stability exhibits little effect on the basis sets. However, a 

different description is obtained by applying the MP2 method: a drastic change is obtained in 

the relative stability values. In this case the most stable tautomer corresponds to the amine 

form. The structure with only one thiazole ring protonated has intermediate energy values, i.e. 

ca. 4.6 kcal/mol at the same level of calculation. 
 

Table 1. Relative energies (kcal/mol) calculated at the B3LYP and MP2 methods for plausible tautomers of N,N´ 
bis(2-thiazolyl) phenylphosphonic diamide in different conformations. 

Form Molecular structure 

B3LYP MP2 

6-31+G* 
6-

311++G** 
CBSB7 

6-
311++G** 

CBSB7 

Imine_A 
 

3.11 2.87 2.44 13.10 11.58 

Imine_B 

 

4.89 4.62 4.55 14.98 12.62 

Imine/amine 

 

0.00 0.00 0.00 5.11 4.57 

Amine_A 

 

0.58 0.68 1.09 0.00 0.00 

Amine_B 

 

1.12 0.92 1.49 2.00 1.42 
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Conclusions 

The crystalline solid consist of the imine tautomer and the B3LYP method computes a mixed 

structure with non-equivalent thiazole rings as the most stable form for the gas phase 

molecule. 
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Introduction 

Extended Langmuir model is a model which correlates the surface tension data with bulk 

composition. One of main objectives of this model is considering the surface as a thin layer of 

finite depth [1, 2]. In the present work we have combined the Gibbs equation with extended 

Langmuir model and derived a new equation for estimating the depth of surface thin layer for 

dilute binary liquid mixtures. All of the investigated systems were fitted to extended-

Langmuir model and the parameters were estimated.  

 

Methods 

The beginning point to obtain the target equation is the Gibbs equation for binary mixtures[2]: 

)( B

s
B

A

s
A d

n
d

n
d 





                            (1)

  

In this equation nA
s and nB

s are number of moles component A and B on surface, ���is 

surface area, ���is surface tension of solution, ��is chemical potential and: 

i

i
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da
RTaRTdd  ln                              (2) 

where ai is activity of component i. 

By substitution this equation in equation (1), simplification and by using EL model has been 

obtained: 
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where vA
m and vB

m are volume fraction of component A and B, hs is thin layer depth of surface, 

β is� a constant and a measure of lyphobicity of solute and �B
a is activity coefficient 

component B. 

we can assume that hs decreases with xB in a linear form: 

B
ss fxhh  0                                         (4) 

where h0
s is depth of surface thin layer in infinite dilute and f is constant and definition of: 

 m
A

m
B vv �����������������������������������������    (5) 

one arrive 

B
B

m
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B
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dx
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              (6) 

By integration at boundary conditions xB=0 to xB and γA to γ, we have ߨ ൌ ܾԢݔ  ܽԢ݈݊ ൬1  Ω௩ಲ  ൰                (7)ݔ
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                                (9)     

Eq. (7) is a new equation which can be applied for the dilute region of binary liquid mixtures. 

Based on constants (a′, b′) of Eq. (7) one can obtain h0
s and f and finally the depth of surface 

layer, hs, as a function of bulk concentration, xB. 

 

Results and discussion 

Based on present study it was found that the depth of surface layer in extended Langmuir model is not constant 

and decreases in a linear form with increase of solute bulk concentration figure (1). The depth of surface layer in 

the dilute region increases with increasing the size of solute and decreases with temperature. 
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Fig.1 Variation of surface layer depth as a function of solute bulk mole fraction, for dilute aqueous solution of ethanol at 

25ºC. 

 

Conclusions 

The present work shows that Eq. (7) is a suitable equation for analysis of surface behavior of 

dilute binary solutions. 
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Abstract 

A quantitative structure–property relationship (QSPR) study was performed to develop 

models those relate the structures of 65 adamantane derivatives compounds to their Kovats 

Retention Index (RI). Modeling of RI of these compounds as a function of the theoretically 

derived descriptors was established by multiple linear regression (MLR). 

 

Keywords: Retention Index,Mathematical modeling,QSPR, MLR,HF 
 

Introduction 

In this report Quantum-chemical calculations were performed with  Gaussian 03 package and 

HyperChem program package, version 8.0, by HF methods  and at the 6-31+G** basis set. 

Also Multiple Linear Regressions (MLR) were employed to model the relationships between 

molecular descriptors and retention index of molecules using stepwise method.  
 

Methods 

The descriptors are obtained directly from the chemical structure, e.g. constitutional, 

geometrical, and topological descriptors. In this work, we used Gaussian 03 for ab initio 

calculations. HF method at 6-31+G** were applied for optimization of adamantan derivatives 

and calculation of many of the descriptors .At first adamantan derivatives were built by 

Hyperchem software. A large number of descriptors were calculated by Gaussian package and 

Hyperchem software. One way to avoid data redundancy is to exclude descriptors that are 

highly intercorrelated with each other before performing statistical analysis. Those descriptors 

that were too strongly correlated with the others were rejected. MLR models were constructed 

in the present work using SPSS software.  
 

results and discussion 

 The QSPR model were derived from using all descriptors and molecules followed by these 

equation: 
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RI = 109.020(±14.521) LogP + -44.556(±4.356) ΔGOCT + -12.523 (±1.178) Σ C 4+ 

2.299(±.315) M+ 831.202(±46.526) (R2 =0.919  F= 170.367 Q2= 0.9048  R=0.959   N=65)    

(HF/6-31+G**) 

Four descriptors for these compounds, molecular Mass (M), solvation Free Energyin Octanol 

(ΔGOCT), Partition Coefficient (LogP), Isotropic Parameterd (Σc4) are taken as inputs for the 

Hartree-Fock calculation (abbreviated HF) model.  

The experimental and calculated values of Retention  Index listed in Table1 
 

Compound RIEXP RICal  Compound RIEXP RICal  
Adamantane 1118 1099.27 Adamantane-1-carboxylic acid 1556 1584.50 
1, 2-dimethyl Adamantane 1236 1316.81 Adamantane-2-carboxylic acid 1529 1492.83 
1, 3 dimethyl Adamantane 1151 1193.68 Adamantane-2-carboxylic acid 1467 1423.49 
1,3,5 -Trimethyl adamantane 1163 1202.92  Methyl esters of- 2-methyl 1512 1546.76 
1-Adamantanol 1268 1256.19 Methyl esters of- 3-ethyl 1579 1555.42 
1-Bromomethyl adamantane 1488 1479.46 1-Bromo adamantane 1382 1413.28 
1-Buthyl adamantane 1443 1408.63 1-Fluoro adamantane 1159 1201.5 
1-Chloroadamantane 1298 1249.76 2-Chloro adamantane 1342 1377.65 
1-Chloromethyladamantane 1404 1362.70 2-Fuoro adamantane 1182 1278.58 
1-Ethyl adamantane 1260 1256.24 2-Propyl-2-adamantanol 1526 1472.48 
1-Isopropyl adamantane 1358 1329.26 3,5,7-Trimethyl-1- 1304 1366.28 
1-Propyl adamantane 1347 1331.91 3-Buthyy-1-adamantanol 1595 1541.09 
2 ,2-Dimethyl adamantane 1269 1271.71 3-Ethyl-5,7-dimethyl -1- 1421 1506.98 
2-Buthyl adamantane 1465 1430.19 3-Methyl-1-adamantanol 1283 1279.68 
2-Ethyl-2-adamantanol 1446 1385.04 3-Propyl-1-adamantanol 1495 1454.24 
2-Ethyl adamantane 1284 1276.72 Methyl-(1-adamanthyl) ketone 1443 1451.84 
2-Isobuthyl-2-adamantanol 1570 1551.93 Propyl-(1-adamanthyl) ketone 1609 1620.27 
2-Isobuthyl adamantane 1416 1438.35 2-Adamantanon 1320 1360.56 
2-Isopropyl adamantane 1349 1355.90 Di methyl ester of 5,7-di 1769 1850.73 
2-Methyl-2-adamantanol 1348 1327.72 1-Ethyl-3,5 di methyl 1279 1277.26 
2-Methyl adamantane 1196 1231.26 Methyl-(2-adamanthyl)ketone 1445 1450.45 
2-Propyl adamantane 1371 1353.87 3-(1-Adamanthyl)pentane 1559 1477.52 
3-5 Dimethyl 1 hydroxy methyl 1425 1356.64 1-Hydroxy methyl adamantane 1402 1332.95 
3 ,5-Dimethyl-1-adamantanol 1295 1255.58 Esters of adamantane1- 1449 1421.98 
3, 5-dimethyl -1-bromo 1401 1422.96 Esters of adamantane 1- 1603 1586.14 
3-Ethyl-1-adamantanol 1283 1379.15 Methyl ester of 3,5 di  methyl 1467 1447.18 
3-Isopropyl-1-adamantanol 1506 1515.69 2-Adamantanol 1329 1328.83 
5,7-Dimethyl1-3 adamantandiol1. 1438 1415.51 Ehyl-(1-adamanthyl)ketone 1529 1546.53 
Adamantane-1-carboxylic acid 1508 1502.96 2-Methylene adamantane 1160 1154.64 
Adamantane-1-carboxylic acid iso 1658 1654.57 2-Methyl-1-hydroxy methyl 1490 1457.73 
Adamantane-1-carboxylic acid iso 1532 1570.27 2-Buthyl-2-adamantanol 1620 1563.28 
Adamantane-1-carboxylic acid sec- 1631 1650.78 2-Bromoadamantane 1426 1451.86 

 

Commonly used descriptors in the QSPR analysis are presented in Table 2. 
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Descriptor Symbol Example 

Quantum 

chemical 

descriptors 

Molecular Polarizability MP 

Electrostatic Potentialc EP 

solvation Free Energy(in Octanol) ΔGOCT 

solvation Free Energy(in water) ΔGWATER 

Isotropic Parameterd Σ 

Mulliken Charge MC 

Molecular Dipole Moment MDP 

Highest Occupied HOMO 

Lowest Unoccupied LUMO 

difference between EGap 

Hardness Η 

 Electro negativity Χ 

Chemical 

Properties 

Softness ( S=1/ η ) S 

Partition Coefficient Log P 

Molecule surface area SA 

Hydration Energy HE 

Refractivity REF 

Mass M 

 

Conclusions 

The aim of this work is the development, using theoretical molecular descriptors, and the 

proposal of externally validated general QSPR models for the prediction of Kovats Retention 

index(RI) for a wide compounds.The use of descriptors calculated only from molecular 

structure eliminates the need for experimental determination of properties for use in the 

correlation and allows for the estimation of Kovats retention index(RI)for molecules not yet 

synthesized. 
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Introduction 

Gas-phase reactions of methylfluoride with the main-group atomic cations Ga+, Ge+, As+ and 

Se+ have been investigated experimentally by Zhao et al.[1].They observed the following 

reactions at room temperature: 

Ga+ + CH3F → Ga+(FCH3) 

Ga+ + CH3F → GeF+ + CH3 

As+ + CH3F → AsCH2
+ + HF  

Se+ + CH3F → No Reaction 

Recently, similar reactions with methane (CH4) were studied at room temperature [2]. Zhang 

et al.[3] interpreted the experimental results using  DFT calculations. We have performed 

similar DFT calculations to obtain the energies and structures of reaction products, 

intermediates and transition states.   

 

Computational Details 

The calculations were performed using Gaussian03. The geometries of all stationary points 

were optimized at the unrestricted UB3LYP level of theory; the 6-311++G** basis set 

without inclusion of relativistic effects was employed. Transition structures were found using 

the QST3 method. The ground and the first excited states of atomic cations were considered 

for the reactions. The ground electronic states are: Ga+(1S), Ge+(2P), As+(3P), Se+(4P), and the 

first excited states are : Ga+(3P), Ge+(4P), As+(1D), Se+(2D).  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
761

Results 

The preliminary results of our DFT calculations are listed in Tables1 and 2. 

Table 1. Relative energies (kcal mol–1) of reaction products and intermediates for Se+/CH3F. 

 Se+ + CH3F 
Se+(FCH3) 

(1) 

[FSeCH3]
+

(2) 
TS[2,3] 

[FSeHCH2]
+ 

(3) 

HF + [SeCH2]
+

(4) 

Doublet 46.72 -10.09 -44.57 13.40 -11.03 -40.50 

Quartet 0 -18.63 24.47 - - - 

 

Table 2. Relative energies (kcal mol–1) of reaction products and intermediates for As+/CH3F. 

 As+ + CH3F 
As+(FCH3) 

(1) 

[FAsCH3]
+

(2) 

[FAsHCH2]
+ 

(3) 

HF + [AsCH2]
+ 

(4) 

Singlet 34.40 -43.70 -73.07 -4.65 -38.92 

Triplet 0 -39.70 -34.85 21.01 -17.90 

 

Work in progress 

We are optimizing the structures of all intermediates and transition structures, and 

considering various reaction products for the As+/CH3F reaction. Our preliminary results for 

the Se+/CH3F reaction show that formation of [FSeCH3]
+ is possible through a quartet-doublet 

crossing of the potential energy surfaces.  
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Introduction 

One of the criteria,which is frequently used in aromaticity indication, is the isomerization 

method [1]. This method is based on the difference between total energies computed for a 

methyl derivative of the aromatic system and its structurally closely related nonaromatic 

exocyclic methylene isomer. The difference between the electrophilicity values of these 

isomers is called relative electrophilicity and is recently used as a measure of aromaticity of 

molecular systems [2]. Also a Morse-like function is considered for the energy of a system 

and a new electrophilicity (Morse Electrophilicity) is introduced [3]. In this contribution, it is 

attempted to study the aromaticity of some heteropentalenes using the relative hardness and 

electrophilicity values of these compounds. 

 

Methods 

Using Janak's and quadratic approximations, the definitions of hardness () and 

electrophilicity () as reactivity descriptors are: 

)(8

)( 2

HL

HL
J 







    HL     (1) 

and 

)(8

)( 2

EAIP

EAIP
Q 


    )( EAIP    (2) 

where H, L, IP and EA are the HOMO energy, LUMO energy, Ionization potential and 

electron affinity, respectively. Also according to the Morse model, the electrophilicityof a 

chemical species has the following form: 

  2)( 01   N
M e      (3) 
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where ,  and  are the adjustable parameters. The considered heteropentalenes are 

optimized by using Gaussisn 98W program with different methods and basis sets (HF and 

B3LYP with 6-31G** and 6-311++G** basis set). The obtained energies for the methyl and 

methylene isomers are used in calculations of the relative hardnesses (Δ) and relative 

electrophilicities (Δω) with both Janak and quadratic approximations. 

 

Results and Discussion 

The considered molecules are depicted in Fig. 1; and the calculated relative electrophilicities 

are gathered in Table 1. It should be noted that, according to the Maximum Hardness and 

Minimum Electrophilicity Principles (MHP and MEP), the relative hardness and relative 

elecctrophilicity values for aromatic systems should be positive and negative, respectively. 

The obtained results show that, in many cases relative hardness can not be a good descriptor 

for indicating the aromaticity; whereas the obtained relative electrophilicities from Morse 

model is reliable and correctly predict the order of aromaticities in these rings (see Table 1). 

Note that, a good correlation is observed between the obtained electrophilicities from Janak 

and quadratic approximations (R2=0.943), and therefore they give the same results; whereas 

such correlation is not observed between the Morse and Janak electrophilicities (R2=0.454). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Considered molecules in this study 
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Conclusion 

It is shown that the relative electrophiicity index is more successfull in identification of 

aromaticity in heteropentalene molecules then the relative hardness. In addition, using Morse 

like electrophilicity give more reliable aromaticities than the other approximations. 

 

Table 1. Calculated relative electrophilicities using both Janak’s, quadratic approximations and Morse like 
function with different levels of theory. All values are in a.u. 

 

References 

[1] P.v.R. Schleyer, F. Fuhlhofer, Org. Lett. 4 (2002) 2873. 

[2] S. Noorizadeh, E. Shakerzadeh, Chem. Phys. Lett. 484 (2010) 363. 

[3] S. Noorizadeh, E. Shakerzadeh, J. Phys. Chem A 112 (2008) 3486. 

  

B3LYP/6-31G** HF/6-311++G** HF/6-31G** 
Molecule 

∆ωM∆ωQ ∆ωJ∆ωQ∆ωJ∆ωQ ∆ωJ 
-0.50816277-0.510071971 -1.1546487040.4820917270.178330021-0.20029536 -0.22528587 1NN 
-0.07813823 -0.08784961 -0.561292302 1.987430813 0.674015969 0.307796825 0.220816482 1SS 
-0.040236501-0.203901659 -0.7469768631.396526799-0.198681123-0.265258876 -0.137200962 1OO 
-0.707814178-0.385657846 -0.859139363-1.06613550.3445836-0.197495747 -0.197062724 1NS 
-0.146914354-0.390741712 -0.9664675631.2221271480.298881066-0.324730151 -0.191888257 1NO 
-0.4102187830.004571411 -0.6305299320.9090997950.6811980670.243100186 0.100086056 1SO 
-0.246218537-0.047930448 -0.4765895270.9443594190.5061751170.365642056 0.047601951 1SN 
-0.089002448-0.289568585 -0.8096692621.586473370.35843153-0.202280132 -0.165972233 1ON 
-0.347184781-0.212904728 -0.3981434611.7278726040.4522380580.064893089 0.000863057 1OS 
-0.825050898-1.039979987 -2.152098855-0.256275991-0.114430073-0.57117341 -0.53641054 2NN 
-0.741564582-0.605395902 -1.807885978-0.5075317860.472210420.042153735 -0.135030547 2SS 
-0.552375429-0.873750859 -1.9628080090.1598748590.195763947-0.568740399 -0.51350123 2OO 
-0.882139289-1.188840177 -2.6452746170.9257076730.256648503-0.297698369 -0.672633594 2NS 
-0.525829203-1.125623144 -2.468501920.2811307193.39479058-0.72138747 -0.653318531 2NO 
-0.546163367-0.474367579 -1.4528499591.8917992090.472491340.274501392 -0.090415814 2SO 
-0.405000129-0.509655391 -1.392291268-0.1152169750.3998161590.139982708 -3.620620038 2SN 
-0.375364701-0.838824867 -1.8096912611.6717150730.129787733-0.509251076 -0.485755918 2ON 
-0.403788566-0.912878608 -2.1208054331.1222844780.2679688960.181676545 -0.50059139 2OS 
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Abstract:  

The logP for some Benzimidazole and derivatives drugs were calculated using PCM model at 

B3LYP/6-31+G** level, following the thermodynamic integration approach. The results 

reported here indicate that the log P calculated in this approach is closer to the experimental 

values compared to other Ab initio methods.  

Keywords: Free energy solvation, log P,  Ab Initio, Benzimidazole , PCM, QSAR 

 

Introduction 

A different approach to all of the above is to use information of the free energy of solvation in 

water and in octanol to estimate the partition coefficient From Gibbs free energies of solvation in 

two different phases at temperature T, one can calculate the corresponding partition coefficient, 

according to the following expression: 

 

 

Where R is gas constant and T is the temperature. The solvation free energy is used to compute 

the logP based on equation above and only solvation free energies in water and 1-octanol are 

needed to calculate log P. 

 

Results and Discussion 

In this study the geometry of the molecules used here was fully optimized in DFT calculations 

with the 6-31+G** basis set with the Gaussian 03 package. These values  and the logP obtained 

from Hyperchem software  and other methods (such as QSAR, using various software and 

algorithem) in different works are given in Table 1. 

Drugs Clogp(other metodes) cLogp  Logpexp Logp hyper 

Albendazole 2.2–2.92(a) 3.351 3.83 2.13 

Mebendazole 2.44–2.52(a) 3.1669 3.73 2.682 








 


RT

GG
P wsoloctsol

30.2
log ,,
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Figure1.The values calculated at B3LYP/6-31+G** 

 

Conclusions 

we have applied abinitio methods for the calculation of some properties and the free solvation 

energy in two solvents. The calculations began with the geometry optimization of drug 

0
2
4
6
8

10
12
14
16
18
20

DRUGS

logp hyper

logp exp

clogp B3lyp

clogp(other 
method)

Fenbendazole 3.07–4.01(a) 3.0712 3.93 3.001 

Benzimidazole 0.8–0.95(a) 0.5818 1.5 0.942T 

Thiabendazole 1.58–1.76(a) 1.1931 2.55 1.855 

flubendazole 1.98–2.41(a) 4.1685 3.32 1.699 

compund1 1.7(b) 2.459907 1.97 1.97 

compund2 2.02(b) 3.977095 2.37 2.413 

compund3 2.19(b) 3.093296 1.85 2.3 

I-CH3 3.96(c) 3.5131 4.85 4.367 

I-F 3.65 (c) 3.638305 4.5 3.149 

I-CL 4.27 (c) 3.527830 4.367 

I-OCH3 3.55(c) 3.64567 4.28 3.647 

II-CH3 3.14(c) 2.776601 3.6 3.734 

II-F 3.08(c) 2.864981 3.25 2.591 

II-CL 3.60(c) 1.244683 3.85 2.969 

II-OCH3 2.83(c) 2.754506 3.04 3.014 

III-CH3 3.85(c) 3.623575 4.55 4.668 

III-F 3.55(c) 3.74878 4.2 3.525 

III-CL 4.18(c) 4.183314 4.78 3.904 

III-OCH3 3.46(c) 3.58675 3.97 3.948 

5,6-dimethylbenzimidazole 

dimethylbenzimidazole 

1.89(d) 
1.060559 2.35 

1.877 

 
Oxibendazole 1.86–2.63(e) 2.9239 2.6 1.787 

oxfendazole 1.88–2.13(a) 3.859255 2.03 2.022 
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molecules using DFT method.The results showed that B3LYP /6-31+G** method provides 

results closer to experimental values compared to other methods.  

 

Figure2. show the Chemical structures of the Benzimidazole. 
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Introduction 

Reaction between 3-halopyridines and furan produce two different isomers (scheme 1) 

[1]. 2,3-pyridyne and 3,4-pyridyne are intermediates in these reactions. 3,4-pyridyne 

formations is faster than 2,3-pyridyne [2] because barrier energy of 2,3-elemination reaction 

of 3-halopyridine (except 3-fluoropyridine) is higher than 3,4-elimination. Reaction between 

pyridines and furan occurred through the Diels-Alder cycloaddition reaction. In this reaction 

percentage of products is difference. The main goal of this work is mechanistic study of this 

pericyclic reaction and suggested major and minor products, Also Natural Bond Orbital 

(NBO) analysis will use to investigate the nature of the bonds in reactant, transition states and 

products. 
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Theoretical methods 

DFT calculation were carried out using B3LYP/6-311+G** level of theory with the 

GAUSSIAN 2003 package of programs [3] on a personal computer. Energy-minimum 

molecular geometries were located by minimizing energy with respect to all geometrical 

coordinates without imposing any structure symmetrical constraints and transition state 

structures obtained by QST2 subroutine. 

 

Results and discussions 

DFT-B3LYP/6-311+G** calculation results showed that the activation energy for 

cycloaddition of furan to 3,4-Pyridyne and 2,3-Pyridyne are 15.028 and 35,2 kcal/mol 

respectively. Also these results revealed that Hreaction is -37.65 and -19.58 kcal.mol-1 

respectively. Therefore these reactions are exothermic and product of pathway B is major 

product. 
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Fig 1: calculated b3lyp/6-311+g** profile of pericyclic reaction of pyridine isomers and furan 

 

Conclusion 

Calculation results showed that pericyclic reaction through pathway A has higher barrier 

energy therefore path B is major pathway of reaction. These results have a good agreement 

with experimental data [2]. 
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1. Introduction: 

We have extensively studied the aggregation of 85 porphyrins derivatives. Here we have 

report on a thermodynamic study of such aggregation behavior on varying the derivatives of 

porphyrins. Porphyrins are a class of compounds which play a relevant role in chemistry and 

biology [1,2]. The different kinetics of aggregation is revealed from the results of our MD 

simulations, which is helpful for understanding the different effect of derivatives on 

aggregation to design new drugs for photodynamic therapy with better efficiency in future [3]. 

2. Materials and Methods: 

8 ns of MD simulation using the GROMACS program, thermodynamic study to predict the 

binding energy by Auto Dock tool, using ΔGbind = −RTlnK equation for calculation of 

equilibrium constant, generation of 1497 molecular descriptors by Dragon v.5.0 and QSPR 

study by MLR and PCA analyses with SPSS 16 were done for 85 porphyrin derivatives. 

3. Result and discussion:  

 The outcomes of the simulations have shown that, the presence of various side groups causes 

different aggregation pattern. The correlation coefficient for prediction of equilibrium 

constant by MLR and PCA methods were 0.923 and 0.732 respectively. Variation of averaged 

distances between the mass centers of five porphyrins vs. time (Fig.1), Correlation between 

predicted and experimental K (Fig.2) and structure of studied porphyrin (Fig.3) are presented. 

Results of equilibrium constant and binding Gibbs energy are presented in following table. 
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N

HNN

NH

R

R
R

R  

 

4. Conclusion: 

Different aggregation of porphyrin in aqueous solution depend on derivatives were observed 

from descending distance diagrams of simulation. Investigation of different substitute effect 

on self aggregation and free energy were investigated and results are presented. 

Table1. Definition of R and the values of free energy of Gibbs and binding constant 

No R ΔGbind K No R ΔGbind K 

1 CH2OH(1) -5.68 14641.09 44 NH3(1) -5.47 10269.86 

2 OCH3(1) -5.36 8528.906 45 NHCH3(1) -5.39 8972.11 

3 CH2OH(2,ortho) -6.51 59466.9 46 NO(1) -6.01 25561.57 

4 CH2OH(4) -6.72 84778.2 47 OH(1) -5.25 7083.078 

5 OCH3(3) -5.13 5783.849 48 Ph(1) -6.31 42422.88 

6 Br(4) -5.13 5783.849 49 C2H5(2) -5.98 24298.88 

7 CH2OH(4) -6.86 107388.2 50 CH3(2) -5.77 17044.23 

8 CH3(4) -6.52 60479.62 51 COH(2) -6.38 47745.94 

9 Cl(4) -5.64 13684.8 52 CONH3(2)  -7.51 321848.1 

10 C2H5(4) -7.04 145534 53 NH3(2) -6.76 90702.49 

11 NCH3(4) -9.07 4484529 54 NHCH3(2) -5.87 20179.71 

12 OH(4) -5.79 17629.7 55 NO(2) -6.9 114892.5 

13 OCH3(4) -5.05 5052.972 56 OH(2) -5.37 8674.153 

14 Ph(4)Br(1) -9.29 6502188 57 Ph(2) -7.78 507764.5 

15 Ph(4)CH3(1) -9.49 9114538 58 CH3(3) -6.18 34061.31 

16 Ph(4Cl(1) -9.42 8098384 59 COCH3(3) -6.84 103822 

17 Ph(4)Br(2,orto) -9.43 8236299 60 CONH3(3) -8.5 271840 

18 Ph(4)CH3(2) -9.56 10258195 61 NH3(3) -6.76 90702.49 

19 Ph(4)Cl(2,ortho) -9.47 8811851 62 NO(30 -7.78 507764.5 

20 Ph(4)Cl(3) -9.42 8098384 63 OH(3) -5.53 11364.94 

21 Ph(4)Br(4) -9.46 8664298 64 Ph(3) -8.8 2842533 

22 Ph(4)CH3(4) -10.07 24271270 65 CONH3(4) -7.58 362232.3 

23 Ph(4)Cl(4) -9.41 7962778 66 NH3(4) -6.53 61509.59 

24 Porphyrin -5.07 5226.541 67 Ph(4)C2H5(1) -9.52 9588174 

25 Ph(4)Br(3) -9.32 6840074 68 Ph(4)COCH3(1) -9.32 6840074 

26 Ph(4)COCH3(4) -9.87 17314796 69 Ph(4)(COH(1) -9.42 8098384 

27 Ph(4)NO(4) -8.37 1375162 70 Ph(4)CONH3(1) -9.3 6612920 
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28 Ph(4) -9.37 7442684 71 Ph(4)NH3(1) -9.32 6840074 

29 Ph(4)C2H5(4) -9.72 13440364 72 Ph(4)OCH3(1) -9.12 4879616 

30 Ph(4)CH2NH2(4) -8.19 1014720 73 Ph(4)OH(10 -9.12 4879616 

31 Ph(4)CH2OH(4) -8.85 3092960 74 Ph(4)C2H5(2) -7.62 387545.1 

32 Ph(4)CH3(3) -9.93 19161077 75 Ph(4)COCH3(2) -9.75 14138792 

33 Ph(4)CONH3(4) -8.85 3092960 76 Ph(4)COH(2) -9.35 7195518 

34 Ph(4)COH(4) -9.21 5680538 77 Ph(4)CONH3(2) -9.8 15384418 

35 Ph(4)NH3(4) -9.09 4638573 78 Ph(4)NH3(2) -9.25 6077493 

36 Ph(4)OCH3(4) -8.28 1181273 79 Ph(4)OCH3(2) -8.97 3787733 

37 Ph(4)OH(4) -8.34 1307232 80 Ph(4)OH(2) -8.83 2990245 

38 C2H5(1) -5.52 11174.64 81 Ph(4)COCH3(3) -9.3 6612920 

39 CH2NH3(1) -6.42 51082.42 82 Ph(4)COH(3) -8.84 3041169 

40 CH3(1) -5.46 10097.9 83 Ph(4)CONH3(3) -9.33 6956560 

41 COCH3(1) -5.84 19182.87 84 Ph(4)NH3(3) -8.59 1993869 

42 COH(1) -5.64 13684.8 85 Ph(4)OH(3) -9.74 13902040 

43 CONH3(1) -7.01 138344.9     

In conclusion, the porphyrins under investigation, exhibits different aggregation behavior with 

different rate and free energy depend on type of derivatives. 
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Introduction: 

Porphyrin pigments are key ingredients in biological electron-transfer processes such as 

photosynthetic and mitochondrial membrane reactions [1].The simulations have been 

confirmed that porphyrin aggregation is increased in a dose-dependent manner and the 

kinetics of formation of one such very large assembly has been reported. In particular, this 

porphyrin, upon salt addition, is able to form micrometric sized clusters [2]. The aim of 

present work is the presentation of the kinetic parameters of the selected derivatives and 

investigation of different substitute effect on self aggregation and kinetic of aggregation. 

 

Methods: 

All MD simulations were carried out using the GROMACS 3.3 .1 in 8ns. Variation of 

distance between the mass centers of porphyrin were obtained and averaged. Data of averaged 

distance were transferred in to ORIGIN version 5 software and first order exponential decay 

was used in order to calculate the relaxation time and kinetic constant of compounds. Kinetic 

parameters were determined by fitting scatter curve of distance. /
0

tedd   

 

Result and discussion: 

The kinetic of the porphyrin derivatives in aqueous solutions were investigated as a function 

of the concentration of compound and salt addition in to the system Relaxation times of 

compounds from fitted exponential first order diagrams were obtained. Distance diagrams are 

reported in following figures and from these diagrams increase in the aggregation of 
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porphyrin derivatives by increasing the number of porphyrin and salt in systems have been 

obtained. Relaxation times and kinetic Constant of different porphyrin derivatives are 

presented in the following table (1). Kinetic constants were calculated by the equation: k=1/ τ 

 

Conclusion: 

In conclusion, the porphyrins under investigation exhibit an aggregation behavior. Results of 

distance diagrams have shown different rate aggregation depend on derivatives. Kinetic 

constant of porphyrin aggregation were compared by increasing the number of porphyrins 

(concentration effect) and salt (NACL). It was shown that an increase in the kinetic constant 

are associated with increasing concentration and salt to the box of simulation. By increasing 

the number of porphyrin, rate of aggregation and the kinetic constant were increased and these 

effects have been proved to be important in kinetic of aggregation. 

 

Table1: Definition of R, relaxation times, kinetic Constant and number of molecule and salt 

Nom R No.mol No.salt τ k=1/ τ Nom R No. mol No.salt τ k=1/ τ 

1 H 2 0 1456.867 0.00069 16 4 CH3 5 15 6900,901 0,00014 

2 H 3 0 963.1325 0.00104 17 4 CH3 5 45 1294,866 0,00077 

3 H 5 0 290.6835 0.00344 18 4 CH3 5 55 874,8689 0,00114 

4 4Ph+1CH3 2 0 953,0436 0,00105 19 4CH2OH 5 15 2843,465 0,00035 

5 4Ph+1CH3 3 0 941,3569 0,00106 20 4CH2OH 5 45 1177,141 0,00085 

6 4Ph+1 CH3 5 0 835,6869 0,00120 21 4CH2OH 5 55 913,0813 0,00109 

7 4Ph+2 CH3 2 0 9105,764 0,00011 22 4OMe 5 15 6087,737 0,00016 

8 4Ph+2 CH3 3 0 3445,084 0,00029 23 4OMe 5 45 1424,428 0,00070 

9 4Ph+2 CH3 5 0 1586,311 0,00063 24 4OMe 5 55 598,1034 0,00167 

10 4 CH3 2 0 829590,2 0.000001 25 Ph+4 CH3 5 15 4147,334 0,00024 

11 4 CH3 3 0 45230,88 0.00002 26 Ph+4 CH3 5 45 1129,865 0,00088 

12 4 CH3 5 0 478,3542 0,00209 27 Ph+4 CH3 5 55 1113,7 0,00090 

13 H 5 15 3475.604 0,00029 28 Ph+4COH 5 15 2114,976 0,00047 

14 H 5 45 2013.249 0,00050 29 Ph+4COH 5 45 1989,838 0,00050 

15 H 5 55 564,2742 0,00177 30 Ph+4COH 5 55 738,0901 0,00135 

Number in R list show the number of R. 
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Figure1. Distance diagrams of concentration effect of system Nom.4, 5 and 6(left Fig), salt effect of system Nom 

19, 20 and 21(middle Fig) and structure of studied porphyrin (right) 

 

Aggregation rate of porphyrin derivatives were drastically increased by addition of salt or 

increasing concentration as we expected 
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Abstract 

We use density functional theory (DFT) method for accurate chemisorption energies to 

calculate the chemisorption energy for CO  on Co surface for various adsorbate densities and 

patterns.We identify adsorbate through-space repulsion,bonding competition,and substrate-

mediated electron delocalization as key factors determining the preferred chemisorption 

patterns for Co and adsorbate coverages. 

 

Keywords:Density functional theory, Carbon monoxide ,Cobalt (001), Chemisorption,  

 

Introduction 

The prototypical CO/transition metal adsorption systems,though extensively studied, continue 

to be of significant contemporary research interest[1-2].There are many studies that address 

adsorbate-adsorbate interactions,and it is beyond  the present scop to review these and other 

studies in full[3-4-5]. 

 

Computational Methods 

In the present study ,we investigate the chemisorption of CO on Co,adsorption site,and CO 

overlayer pattern.DFT calculations are carried out using the B3LYP and norm –conserving 

optimized pseudopotentials with the designed nonlocal method for metals [6-7].CO 

chemisorption is modeled at coverages of Θ=0.25,0.5,0.75,and 1 ML(monolayer).In these 

calculations,the CO bond is held perpendicular to the surface.Values for Echem are calculated 

as 

Echem=(-Esurface-CO+NECO+Esurface)/N       (1) 
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Where N is the number of CO molecules per unit cell.On the (001)surface of Co,we modeled. 

chemisorption at Θ=0.25,0.5,0.75,and 1 at top adsorption site,as shown in figure 1. 

 

 

 

                   Θ=0.25                                Θ=0.5                              Θ=0.75                                      Θ=1 

Figure1.Schematic of the (001) surface with CO at Θ=0.25,0.5,0.75,and 1 ML(monolayer). 

                

                     TABLE1:Results for CO Echem at Different Θ Values on the (001) surface of Co. 
                                                              All value Echemfor the top site is reported 

E(kJ/mol) 

 

E(kcal/mol) 

 

E(eV) 

 

Ead(a.u) 

 

EM-CO 

 

Θ 

 

site 

 

-277.434 

 

-66.308427 

 

-2.87545 

 

-0.10567 

 

-1273.46 

 

0.25 

 

top 

 

-235.930 

 

-56.388835 

 

-2.44528 

 

-0.08986 

 

-1386.84 

 

0.5 

 

 

-212.394 

 

-50.763514 

 

-2.20134 

 

-0.08089 

 

-1500.22 

 

0.75 

 

 

-198.117 

 

-47.351192 

 

-2.05337 

 

-0.07546 

 

-1613.58 

 

1 
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Figure2.Calculated chemisorption energies at different coverages 
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Results and discussion 

We can estimate the energetic cost of placing adsorbates at nearest-neighbor distances from 

our top site chemisorption results.Our data set includes different coverages exclusively top 

site chemisorbed structures at Θ=0.25,0.5,0.75,and 1 ML(monolayer). We deduce that  this 

increase in repulsion must be due to d electrons changing the adsorbed CO electronic 

structure.The increased number of CO on the surface appreciably affect the chemisorption 

energies. 

 

Conclusion 

We identify adsorbate through-space repulsion,bonding competition,and substrate-mediated 

electron delocalization as key factors determining the preferred chemisorption patterns for Co 

and adsorbate coverages.Results show that  the back-donation from the metal d-bonds into the 

CO 2π* orbitals increase.Increased filling of the 2π* orbitals strengthens the repulsion 

between chemisorbed CO molecules,while increased interadsorbate  separation weakens it.  
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Abstract 

Adsorption of CO on Co(001) surface has been investigated by density 

functionaltheory(DFT) method.Adsorption energies,structures,and vibrational frequencies of 

CO on this surface is studied. Adsorption in atop,bridge,and three-fold fcc position are 

considered.Particularly, we show that the atop site becomes most favorable for the c(2×1×1) 

structure at1/4 monolayer. 

 
                            a)Hollow                                            b)Atop                                        c) Bridge 

Figure1.Typical adsorption structures of CO on Co(001) 

 

Keywords:Density functional theory, Carbon monoxide ,Cobalt (001,) Adsorption 

 

Introduction 

Carbon monoxide (CO) adsorption on transition metal surfaces has been the subject of many 

theoretical studies up to now[1-2].There are much discussion on CO site preference on 

transition metals[3-4].Extending the work on Co,we have been continuously undertaking an 

extensive investigation of CO adsorption on Co surfaces to study the structure sensitivity of  

CO adsorption.Some result on Co(0001),Co(111),(1010־) have been already published and the 

result on Co(001)surface is reported in the present paper. 
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Computational Methods 

This work was carried out with the GAUSSIAN 03 program package[5]. The geometries of 

CO,Co(001) were respectively optimized using density functional theory (DFT) at the B3LYP 

level on different basis sets 6-31G*and LANL2DZ[6-7].For Co (001), an un-reconstructed 

c(2×1×1) surface unit cell(including 8 Co atoms) was chosen to model adsorption of CO for a 

low coverage of 1/4 monolayer. Adsorption energies were computed by subtracting the 

energies of the gas- phase  CO molecule and surface from the energy of the adsorption system 

,as shown in  

Ead=E(CO/Surface)-E(CO)-E(Surface)       (1) 

With this definition a negative Ead  corresponds to stable adsorption on the surface .The 

experimentally determinded Co lattice constant of 3.5441A˚was used for the production of the 

surfaces.Under the present computational conditions the C-O bond length for free CO 

molecule was calculated as 1.13759A˚ in good agreement with the experimental value of 1.13 

A˚[8].Frequency of free CO molecule (d(C-O)=1.13759 A˚) was calculated as2208.61019 

 cm-1This value is close The experimental harmonic value (2143cm-1)[8].Three adsorption 

sites(atop,bridge,and hollow) were investigated by attaching the carbon atom of CO to the 

surface. 

Table 1 

Calculated properties of cobalt-CO overlayer with admolecules placed at various sites (a=atop,b=bridge,f=three-

fold fcc) above Co(001)surface. 

 

Site               Surface                d(CO)                             d(Co-C)                      Ead                               ν 

         a                         Co(001)            1.1698                           1.735                       -2.8754504                1945.88                                

         b                                                   1.188                             1.927                     - 2.8710748                1777.52                                

         c                                                    1.1928                           1.99                        -1.7380329                1773.24                               

Molecule length d(CO),distance of C from the nearest Co atom d(Co-C). Ead(in eV)is the adsorption energies per 
molecule. ν(in cm-1) is the CO stretching-mode frequency. 

                                                                    

Results and discussion 

In Table 1, we present the calculated structure and energy data. ν  is the calculated CO 

stretching frequency.The C-O stretching frequencies are calculated as1945.88, 1777.52,                        
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and1773.24 cm-1 for the atop,bridge,and hollow sites respectively. The calculated frequencies 

for the atop,bridge,and hollow sites also agree well with the experimental data[9-10].                        

The Co-C and C-O distances for the atop,bridge,andhollow sites are in good agreement with 

the experimental LEED[11].The negative value of the adsorption energy indicates that the 

adsorption is an exothermic process.Furthermore adsorption energy on atop site is most 

favorable. 

 

Conclusion 

Adsorption of CO on Co(001) surface has been investigated by density functional 

theory(DFT) method.Adsorption energies,structures,and vibrational frequencies of CO on this 

surface is studied. Calculated C-O stretching frequencies agree experimental data.For 

Co(001),CO adsorbs at the bridge, hollow and atop sites at low coverage but the atop site 

becomes most favorable for the c(2×1×1) structure at1/4 monolayer. 
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Abstract 

Density functional theory method  have been employed to study all theoretically possible 

conformers of fluoroacetic acid. Molecular geometries and energetic monomers and dimers in 

gaseous phase have been obtained using B3LYP level of theory, implementing 6-

311++G(d,p) basis set. In addition, it was found that in comparison with acetic acid the 

strength of hydrogen 

bonding in fluoroacetic acid decreased.  

 

KeyWords: Hydrogen bonding, Fluoroacetic acid, DFT calculation,Gaussian03 
 

Introduction 

Hydrogen bonding has been a very interesting issue for chemists for a long time since it can 

account for characteristics of many chemical and biological phenomena. A sound knowledge 

of hydrogen bond is fundamental to understand chemical structures,enzyme catalysis, material 

properties, self assembly phenomena,and functions of molecular and biological devices and 

machines[1-3]. It is well known that carboxylic acids form in the gas phase and solution 

cyclic structure with two very strong O-H…O=C hydrogen bonds.  

 

Computational Methods 

The ground-state properties of the monomers and the dimers of fluoroacetic acid have been 

calculated by using B3LYP method at 6-311++G(d,p) basis set level. All computations have 

been performed on a personal computer using the Gaussian 03 program package and 

Gaussview molecular visualization program [4-5]. The uncorrected interaction energies were 

obtained by 

subtracting the energy of two fully optimized monomers from the energy of the dimers: 
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   Eint = EX-Y ‒ EX - EY   (1)  

where EX, EY and EX-Y are the electronic energies of first fluoroacetic acid molecule, second 

one and dimer, respectively.  

  

Table 1. Calculated total energies of fluoroacetic acid dimers and  Calculated binding energies of the doubly 

hydrogen bonded fluoroacetic acid dimers using the 6-311++G(d,p) basis set at B3LYP method. 

 

No. 

of F 

 

E(X-Y) 

 

Hydrogen 

bonding (a.u) 

 

Hydrogen 

bonding 

(kcal/mol) 

Hydrogen 

bonding (kJ/mol) 

 

0-0 -458.354609 

 

-0.02495317 

 

-15.6693431 

 

-65.52919285 

 

1-1 -656.8656272 

 

-0.0251349 

 

-15.78346046 

 

-66.00643162 

 

2-2 -855.4010413 

 

-0.02457528 

 

-15.43204708 

 

-64.53682087 

 

3-3 -1053.953782 

 

-0.02259182 

 

-14.18653337 

 

-59.32808255 

 

1-2 -756.133311 

 

-0.02483189 

 

-15.59318533 

 

-65.21070103 

 

1-3 -855.4104052 

 

-0.02456422 

 

-15.42510195 

 

-64.50777635 

 

2-3 -954.6779054 

 

-0.02407752 

 

-15.11947868 

 

-63.22965986 

 

1-0 -557.6106417 

 

-0.0255677 

 

-16.05523722 

 

-67.14300203 

 

2-0 -656.8787328 

 

-0.02567191 

 

-16.12067588 

 

-67.41666655 

 

3-0 -756.1560983 

 

-0.02567558 

 

-16.12298046 

 

-67.42630429 

 

The values  of Total energies and Calculated binding energies of the doubly hydrogen bonded  are in Hartree, 

(kcal/mol), (kJ/mol). 
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Figure 1. The optimized conformations of fluoroacetic acid dimers at 

B3LYP/6-311++G(d,p) level of theory.  

  

Table 2. Some optimized geometric parameter of the ten lowest energy conformers of fluoroacetic acid dimers 

obtained at B3LYP level of theory with the 6-311++G(d,p) basis set. 

No. of 

F 

0-0 1-1 2-2 3-3 1-2 1-3 2-3 1-0 2-0 3-0 

R(HO) 

 

1.6847 

 

1.68371 

 

1.68847 

 

1.68939 

 

1.71086 

 

1.73491 

 

1.71586 

 

1.64796 

 

1.74102 

 

1.76339 

 

Bond lengths in Å. 

 

Results and discussion 

The properties of conformers of fluoroacetic acid, well reproduced at the DFT using 6-311++G(d,p) 

basis set are presented in Table 1. The effect of replace of a hydrogen atom with a fluorine atom 

on the geometrical parameters can be compared with the aceticacid geometries. For example 

in the acetic acid, the previously calculated C=O and C-C bond lengths using b3lyp/6-

31+G(d) method were reported as 1.23158 Å and 1.50573 Å respectively.Comparison with 

our results shows that fluorination causes a decrease in the C=O and C-O bond lengths and 

increase in theC-C bond length. For instance, the C=O bond length calculated at b3lyp/6-

311++G(d,p) level decreased to 1.21649, 1.21459, 1.21359, 1.21343 Å and 1.21327 for the(1-

0),(2-0),(3-0),(3-1),(3-2)and(3-3) respectively. 

 

Conclusion 
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The hydrogen bond interaction of complex between fluoroacetic acid has been analyzed by 

B3LYP method employing the 6-311++G(d,p)basis set. Four monomers and ten dimers were 

considered and suggests that these structures are localgeometrical parameters in monomer so 

that carbonyl and carboxylic acid hydrogen bond lengths increase. In comparison with acetic 

acid, it was found that replacement of hydrogen by an electron with drawing group leads to a 

decrease of strength of hydrogen bonding.  
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Introduction 

Hydrogen bonding will be discussed in terms of observable properties such as geometrical 

parameters and interaction energy. The researches [1] have shown the usefulness of the AIM 

models in interpreting the strength of some simple hydrogen-bonded systems such as 

methanol-water, phosphonic acid, and phosphinoxides and aminoxides. We studied the 

hydrogen bonding effect on structure and relative stability of Molybdate-Phosphonic Acid 

(MPA) Complex in different solvents [2] and their dielectric constants have been carried out 

by using computational study at the level of density functional theory (DFT) methods [3]. 

Characterization of the hydrogen bonding interaction between Molybdate and Phosphonic 

acid has been well studied by theoretical calculations. Phosphonic acid complexes provide 

suitable benchmark systems for studying much weaker interactions than typical chemical 

bonds and require, therefore, calculations with high accuracy. The influence of the 

environment has been discussed with respect to the solvent effect computations using PCM 

solvation models. The PCM cavity is defined by using Pauling [4] radius for each solute 

atom. 

 

Methods 

All calculations were carried out with the GAUSSIAN03W program [5]. Geometry 

optimizations in the solvent phase for all components and complex were performed at the 

DFT [6] level with B3LYP and B3PW91 functionals and with two series of basis sets:  
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A. Dunning basis set plus polarized functions (D95**) for hydrogen and oxygen atoms; 

LANL2DZ for Molybdenum and Phosphor [7]. The effective core potential of Wadt 

and Hay is also included for Mo and P.  

B. Double-zeta valance basis set plus polarized and diffuse functions (6-31+G(d,p)) for 

hydrogen and oxygen atoms; LANL2DZ for Molybdenum and Phosphor. The 

effective core potential of Wadt and Hay is also included for Mo and P.  

 

Results and Discussions 

The equilibrium structure obtained respectively hydrogen-bond calculation in the 

B3LYP/(H,O):6-31+G**+(Mo,P):LANL2DZ. In this investigation are shown that the longest 

hydrogen bonds correspond to O…H bonds present in MPA complex, while small deviations 

of hydrogen-bond angles from 180° manifest themselves in the complex of MPA, with 

increase of polarity solvent. Interestingly, MPA complex, which according to the calculations 

are strongly bound species among the hydrogen-bonded systems have also the shortest 

hydrogen bonds and almost straight hydrogen-bond angles. The shorter hydrogen bonds and 

the straight hydrogen-bond angles do not necessarily reflect stronger binding. On the contrary, 

significantly high calculated interaction energies, display two O...H hydrogen bonds and the 

deviation from 180° in the corresponding O-H…O angles. 

 

Conclusion  

The hydrogen bond interaction of 1:1 complex between Molybdate and Phosphonic acid has 

been analyzed by DFT method employing different basis set levels. Our theoretical studies 

indicate that the stability information of a single complex in different polarity of solvents 

could not be directly used to obtain stability data for hydrogen-bonded assemblies in general. 

It is noteworthy that the geometrical analysis of the hydrogen bonds may present useful 

insights into their cooperative effects affecting the complex stabilities.  The best results of 

energetic and geometry for this group of complexes were obtained by B3LYP/(H,O):6-

31+G**+(Mo,P):LANL2DZ calculations. The calculated results showed the solvents with 

higher dielectric constants strengthen the intermolecular hydrogen bonding interaction 

between Molybdate and Phosphonic Acid. The best results for energetic and geometrical 
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ground state and solvent effect computations in used of different various polarities of solvents 

were obtained with Becke3LYP calculations.  
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Intruoduction 

    The equilibrium constant is an important physico-chemical parameter of a substance, and 

determination of the acidity  / basicity of chemical compounds are matter of general interest for 

chemists as well as a matter of practical interest for chemical and pharmaceutical industries 

[1]. There are several experimental methods for the determination of equilibrium constant. 

However; the correlation of theoretical and experimental data can allow the development of 

predictive models to determine the pKb of compounds for which no experimental data are yet 

available [2-3]. In this work, calculations of the pKb values were performed on aniline and its 

derivatives by using Gaussian 03 software. Gas-phase energies were calculated using common 

basis sets at Hartree-Fock (HF) and B3LYP levels. Free energies of solvation were computed 

using the polarized continuum model (PCM). Results were compared with the experimental 

pKb data. 
 

Method 

    The pKb values of anilines in aqueous solution were calculated in according to the 

following reaction 1 by using of equation 2. ܤ     ାܪ     ∆ீೌ°ሱۛ ሮ ାܪܤ                                                                                                        (1)   

°ܩ∆             ൌ െ2.303ܴܶ log                                                                                                                           ܭ

(2) 

Where ∆ܩ°  indicates to the free energy of protonation in an aqueous solution. The general 

approach to calculating ∆ܩ°  was used on the basis of the thermodynamic cycle A. ܤሺ݃ሻ  ାሺ݃ሻܪ ∆ீ°ሺ௦ሻሱۛ ۛۛ ۛۛ ሮ  ାሺ݃ሻܪܤ

            ୱ°BHାܩ∆              ୱ°Hାܩ∆     ܤ°ୱܩ∆                                                       

ሻݍሺܽܤ                                                     ሻݍାሺܽܪ ∆ீ°ሺሻሱۛ ۛۛ ሮۛ        ሻݍାሺܽܪܤ
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Scheme1. Thermodynamic cycle A 

Using the thermodynamic cycle A, the values were calculated using the equation 3. ∆ܩ° ൌ ൫ܩ° ାܪܤ െ °ܩ ൯ܤ  ሺ∆ܩୱ°BHା െ ሻܤ°ୱܩ∆  269                                                         (3) 

All of calculations in gas -phase and aqueous -phase were made on aniline and its derivatives 

by using Gaussian 03 software. The optimized basis set 6-31G** were used for all of 

computing levels. 
 

Results and discussion  

 The HF and B3LYP methods were applied to derive the free-energy changes of the gas-phase 

reaction, and the PCM model was used for the solvation energy in aqueous solution. The 

results for all 12 bases were shown in Table 1. As shown in figure 1, there is a very good 

correlation between the experimental and the calculated values of pKb with a correlation 

coefficient 0.920 and 0.953 for HF and B3LYP, respectively. It can be concluded which DFT 

calculations in comparison with HF calculations of basicity constants provide satisfactory 

results. 
 

 

Table1: The pKb values of compounds 
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B3LYP  HF EXPa Compound name No 

8.97 9.13 9.13 Aniline 1 
10.62 10.91 10.02 4-Chloro aniline 2 
8.12 7.05 8.92 4-Methyl aniline 3 
10.66 10.66 10.11 4-Bromo aniline 4 
14.01 13.99 12.26 4-Cyano aniline 5 
9.219.499.35 4-Fluoro aniline 6 
11.94 11.73 10.80 2-Fluoro aniline 7 
8.90 8.67 9.55 2-Methyl aniline 8 
13.36 13.16 11.47 2-Bromo aniline 9 
11.44 11.41 10.48 3-Chloro aniline 10 
11.31 11.36 10.47 3-Bromo aniline 11 
9.07 9.60 9.82 3-Ethoxy aniline 12 
     

Figure 1.Correlation of the experimental and 
calculated values with HF (A) and B3LYP(B) 
methods

a:The values taken from ref.[4] 
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Introduction 

Phosphorus ylides are important reagents in synthetic organic chemistry, especially in the 

synthesis of naturally occurring products, compounds with biological and pharmacological 

activity [1-6]. Most of the phosphonium salts are usually made from the reaction of phosphine 

and an alkyl halide [4-6], though they can be obtained by Michael addition of phosphorus 

nucleophiles to activated olefins[2,3]. In the current work, we now describe the reaction 

between triphenylphosphine 1 and dimethyl acetylenedicarboxylate 2 in the presence of NH 

dicarbonyl compounds 3 (such as 1,2-dibenzoylhydrazine, ethyl 2-(3-nitrophenylamino)-2-

oxoacetate and ethyl 2-(4-nitrophenylamino)-2-oxoacetate) which lead to the corresponding 

stable phosphorus ylides 4(a,c) involving the two Z- and E- geometrical isomers in fairly high 

yield.(Figure 1). The structures of compounds 4a-c were deduced from their IR, 1H, 13C and 
31P NMR spectra. 
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Figure 1: (I) The reaction between triphenylphosphine 1, dialkyl acetylenedicarboxylate 2 and 2-

aminothiophenol 3 for generation of stable phosphorus ylides 4 (4a or 4b and or 4c), (J) Two isomers Z and E 

(major and minor) of ylide 4 

 

Results and Discussion 

Theoretical study  

Determination of the more stable isomer is possible by 31P, 13C and 1H NMR techniques. For 

this reason, quantum mechanical calculations have been employed in order to gain a better 

understanding of the most important geometrical parameters and also relative energies of both 

isomers. In order to determine which is more stable form of both the Z-4 or the E-4 isomers in 

the synthesized ylides (4a, 4b and 4c) in comparison with the Z´-4 or the E´-4 speculative 

ylides 4a´, 4b´ and 4c´ [hypothetical reaction between di-tert-buthyl acetylenedicarboxylate 

(instead of dimethyl acetylenedicarboxylate) and triphenylphosphine in the presence of NH 

dicarbonyl compound that presented in this work],  first the structures were optimized at the 

HF/6-31G (gas phase) level of theory by using Gaussian03 program package.[4] Also relative 

stabilization energy and geometries have been calculated at the HF/6-31G (gas phase) and the 

B3LYP/6-311++G(d,p) (both gas and solution phases) levels of theory (for single point 

energy), respectively. Some bond lengths corresponding to the speculative and synthesized 

ylides are reported in Table 1; and relative energies to the speculative and synthesized ylides 

are reported in Table 2. 
  

 
 
Table 1. Some bond lengths (in Å) and dihedral angles (in degree) corresponding to the hypothetical and synthesized ylide 
for the two geometrical isomers. 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
796

  C1-C3 C8-O9 C8-O10 C3-C8 P4C3 P4C3C8O9 C1C3C8O9

(1) 

E-4a 1.498 1.244 1.372 1.399 1.799 3.121 -166.541 
Z-4a 1.497 1.242 1.375 1.400 1.801 -175.66 10.95 
E-4a´ 1.498 1.244 1.372 1.398 1.799 3.121 -166.543 
Z-4a´ 1.499 1.248 1.367 1.400 1.793 -178.567 9.372 

(2) 

E-4b 1.497 1.242 1.375 1.400 1.800 4.316 -164.759 
Z-4b 1.499 1.248 1.365 1.397 1.794 -177.381 10.488
E-4b´ 1.494 1.248 1.373 1.403 1.804 3.741 -167.652 
Z-4b´ 1.499 1.251 1.363 1.400 1.795 -176.564 10.339

(3) 

E-4c 1.498 1.242 1.375 1.400 1.800 4.962 -164.207 
Z-4c 1.499 1.249 1.363 1.400 1.796 -177.024 11.052
E-4c´ 1.495 1.247 1.365 1.403 1.804 4.534 -166.612
Z-4c´ 1.500 1.251 1.363 1.400 1.796 -176.012 10.836

 

 
 

Table 2. The relative energies (kJ.mol-1) for the two geometrical isomers corresponding to the hypothetical and synthesized 
ylide in both gas and liquid phases. 

phase 1, 2-Dichloroethane(=10) Ethyl Acetate(=6) 1,4-Dioxan(=2) Gas(=0) 
E-4a 4.78b 5.19b 4.43b 10.7 b(15.3)a 
Z-4a 0.00 0.00 0.00 0.00 
E-4a´ 8.28 10.9 10.7 10.9 (19.9) 
Z-4a´ 0.00 0.00 0.00 0.00 
E-4b 1.86 2.78 1.02 2.70 (3.73) 
Z-4b 0.00 0.00 0.00 0.00 
E-4b´ 15.9 16.6 16.1 11.9 (23.0) 
Z-4b´ 0.00 0.00 0.00 0.00 
E-4c 0.00 0.68 0.00 3.06 (5.13) 
Z-4c 0.33 0.00 1.63 0.00 
E-4c´ 15.6 15.9 14.8 13.7 (25.5) 
Z-4c´ 0.00 0.00 0.00 0.00 

a The data in the parentheses calculated at the HF/6-31G levels of theory. 
b The data calculated at the B3LYP/6-311++G(d,p) 

 

Kinetics Studies 

To gain further insight into the reaction mechanism between triphenylphosphin 1, dimethyl 

acetylenedicarboxylate 2 and ethyl 2-(4-nitrophenylamino)-2-oxoacetate 3c (as an N-H 

dicarbonyl compound) for generation of phosphorus ylide 4c, a kinetic study of the reactions 

was undertaken by UV spectrophotometeric technique. The results are accumulated in tables 3 

and 4 respectively. 

 

 

Table 3. Values of overall second order rate constant for the reactions between (1, 2 and 3c) and (1, 2 and 3a) in 
the presence of solvents such as 1, 2-dichloroethane and 1,4-dioxan, respectively, at all temperatures 
investigated. 

k2.M
-1.min-1 

ε Solvent reactions 
12.0ºC          17.0ºC            22.0ºC             27.0ºC 
481.3              545.1              622.4                742.1 10 1,2-dichloroethane 

1, 2 and 3c 
340.1              378.0              446.7                532.6 2 1,4-dioxan 
696.2              741.5              826.2                948.1 10 1,2-dichloroethane 

1, 2 and 3a 
505.2              564.0              654.7                761.5 2 1,4-dioxan 
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Table 4 The activation parameters involving G, S and H for the reactions between (1, 2 and 3c) and (1, 2 
and 3a) at 12.0ºC in 1, 2-dicholoroethane. 

reactions G(kJ.mol-1) H(kJ.mol-1) S(kJ.mol-1.K-1) 
1, 2 and 3c 101.65 14.96 -0.32 
1, 2 and 3a 100.77 9.86 -0.32 

 

Conclusions 

We have prepared the novel dicarbonyl compounds stable phosphorus ylides using a one-pot 

reaction between triphenylphosphine and dimethyl acetylenedicarboxylate compounds in the 

presence of N-H dicarbonyl compounds such as 1,2-dibenzoylhydrazine, ethyl 2-(3-

nitrophenylamino )-2oxoacetate and ethyl 2-( 4-nitrophenylamino )-2-oxoacetate. The result 

of kinetics investigation of can be summarized as follow: (1) The overall reaction order 

followed second-order kinetics and the reaction orders with respect to triphenylphosphine, 

dimethyl acetylenedicarboxylate and 1,2-dibenzoylhydrazine, ethyl 2-(3-nitrophenylamino)-2-

oxoacetate or ethyl 2-(4-nitrophenylamino)-2-oxoacetate were one, one and zero respectively. 

(2) The rates of all reactions were accelerated at higher temperatures. Under the same 

conditions, the activation energy for the reaction with 3c (19.7 kJ/mol) was higher than that 

for the reaction which were followed by the 3a (14.6 kJ/mol) in 1,2-dichloroethane (3) The 

rates of all reactions were increased in solvents with higher dielectric constant.(4) With 

respect to the experimental data, the first step of proposed mechanism was recognized as a 

rate-determining step (k2) and, This was confirmed based upon the steady-state 

approximation. (5) Also, the third step was identified as a fast step (k3). (6) The activation 

parameters involving G, S and H were reported for the two reactions. Herein, the 1H, 
13C and 31P NMR data showed that the two E- and Z- isomers in a series of synthesized ylides 

4a-c containing dimethyl acetylendicarboxylate have the abundance percentage of 65% (Z-

4a), 60% (Z-4b) and 60% (Z-4c) as the major forms. Herein, theoretical data, indicated that 

when di-tert-buthyl acetylenedicarboxylate is practically replaced instead of dimethyl 

acetylenedicarboxylate in reaction shown in Figure 1, due to the very high restricted barrier 

energy and the very large intramolecular hydrogen bond, a lone isomer can be generated as a 

product alone. 
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Introduction  

A hydrogen bond is the attractive interaction of a hydrogen atom with an 

electronegative atom, such as nitrogen, oxygen or fluorine, that comes from another molecule 

or chemical group[1]. The hydrogen must be covalently bonded to another electronegative 

atom to create the bond. These bonds can occur between molecules (intermolecularly), or 

within different parts of a single molecule (intramolecularly) [2]. This type of bond occurs in 

both inorganic molecules such as water and organic molecules such as DNA. Intramolecular  

hydrogen bonds are the most important interactions, as these interactions provide the stability 

for secondary structures, such as helices or sheets and responsible for the secondary, tertiary, 

and quaternary structures of proteins and nucleic acids. [3, 4,5]. As the result of the effect of 

the intramolecular hydrogen-bonding interactionson the protein structure, it plays important 

roles in regulating the structure and the function of chemical and biological systems [6].  

this research, deals with the existence of intramolecular hydrogen bonding and then the effect 

of this interaction on molecular rotation around an internal bond.  Additionally, the strength of 

this bonding was studied in this research. 

 

Compound Selection and Computational Details 

Selected compound must have at least on internal hydrogen bonding for this reason a 

substituted butane molecule were chosen in manner that the molecule have intramolecular 

hydrogen bonding. In Fig.13, general formula of selected substituted butane molecules is 

shown. In Table 4, list of substitution which can be used in place of R1 and R2 is shown. 
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Table 4 list of substitution which can be 

used in place of R1 and R2 

 

 

 

 

 

 

R1 R2 R1 R2 R1 R2 

OH OH OH NH2 OH F 

R1 R2 R1 R2 R1 R2 

NH2 NH2 NH2 F 

Fig.13 the general formula of substituted Butane 
molecule 

 
It is important to notice that there are two conformations of each molecule in which two 

conformations are the same in structure but one of them have a conformation which can form 

a hydrogen bonding and the other conformation cannot create intramolecular hydrogen 

bonding. For instance two conformations of molecule in which R1 and R2 are OH groups are 

shown in Fig.14. 

  
Fig.14 two conformations of OH-CH2-CH2-CH2-CH2-OH 

 

Results and Discussion 

For calculation of intramolecular hydrogen bonding, rotation around C-C bond was done for 

two conformations of each molecule and rotational barrier of them were calculated. 

Difference of potential calculated for these two conformations may be due to intramolecular 

hydrogen bonding. In Fig.15, potential barrier of two conformations of OH-CH2-CH2-CH2-

CH2-OH is shown.  
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A b
Fig.15 (a) the potential barrier and (b) difference of energy for two conformations of OH-CH2-CH2-CH2-CH2-

OH molecule. 
 

The difference between the values in two conformations, relate to strength of hydrogen 

bonding.  The maximum difference for each couple are calculated and then printed in Table5. 

 
Table5 differences between energy in two conformations 

R1 R2 
�E 

(kcal/mol) 
R1 R2 

�E 
(kcal/mol) 

 R1 R2 
�E 

(kcal/mol) 
 

OH OH -5.706 OH NH2 -5.448  OH F -3.405  

R1 R2 
�E 

(kcal/mol) 
R1 R2 

�E 
(kcal/mol) 

     

NH2 NH2 -3.540 NH2 F -2.570    

 
Discussion 

Rotational barrier for five substituted butane molecules were calculated in two conformations. 

Formation of intramolecular hydrogen bonding has intense effect on the potential barrirer. 

Additionally the difference of maximum in two potential barrier plots can be related to 

strength of hydrogen bonding. The values of DE which showed in Table5, demonstrate that 

the hydrogen bonding in molecules have two OH groups is more stronger than others and the 

molecule which has NH2 and F groups display minimum  strength in hydrogen bonding.   
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Introduction 

The PRH (proline-rich homeodomain) protein is a critical regulator of vertebrate 

development. PRH is able to regulate cell proliferation and differentiation and is a DNA 

binding protein that can repress and activate the transcription of its target genes using multiple 

mechanisms. The PRH protein contains a proline-rich N-terminal domain, a central 

homeodomain (H1-L-H2-T-H3) that mediates DNA binding, and an acidic C-terminal domain 

[1]. Based on biochemical data, Q50 homeodomains, like PRH, prefer DNA sequences such 

as TAATTA and TAATGG. Here we perform explicit water molecular dynamics simulations 

aimed at elucidating the intermolecular contacts in the PRH – DNA complex and the role of 

water molecules at atomic level of detail. 

 

Methods  

The starting coordinate of PRH–DNA complex was obtained from 3D alignment of the PRH 

(PDB: 2E1O) and the HD–DNA complexes (PDB: 1IG7) using 3D-superimpose in Strap. MD 

simulations of PRH-DNA complex were performed using the AMBER 03 force field and 

GROMACS 4.0.7 simulation package. The integration time step was 2 fs. Structures were 

collected every 4 ps for analysis. The following protocol was used for MD simulation: an 

energy minimization was performed using the steepest descent and conjugate gradient 

method. After that, 1000 ps of MD in NVT ensemble, was preformed for equilibration. 

Finally, Production run was performed for 5 ns in NPT ensemble. Two atoms are considered 

to form a stable direct H-bond (A···H–D) if the acceptor-hydrogen distance is less than 2.4 Å 

and the acceptor-hydrogen donor angle is greater than 130° [2]. Interfacial hydration water 
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molecules were identified by applying a cut-off of 2.6 Å for the distance of water to protein 

and DNA atoms simultaneously. 

 

Results and discussion   

Protein–DNA complexes are held together by hydrogen bonds, which can be either direct or 

mediated by water molecules. Table 1 presents the direct hydrogen bonds extracted from 

simulation. Only contacts populated > 40% in the last 1 ns of the trajectory are listed. As 

shown in Table 1, between secondary structure elements of the PRH, N-terminal (Gly 1, Lys 

2, Arg 7 and Phe 8) and Helix-3 (Gln 44, Gln 50, Asn 51, Arg 53 and Arg 57) residues are 

involved in direct hydrogen bond between PRH and DNA more than the rest. These observed 

interactions are in a good agreement with experimental data [3]. For example, Asn 51 is 

conserved in nearly all of the known homeodomains. It has been found to form hydrogen 

bonds with a conserved adenine in the DNA binding site. In this simulation, Asn 51 forms a 

hydrogen bond to Ade 6. We determined a particular water molecule to be interfacial water if 

it appears in the interface for a total of at least 300 ps of the last 1ns. As can be seen from 

Figure 1, most these interfacial water molecules are placed around the Helix-3 (recognition 

helix) and N-terminal. 

Table 1. 

Direct hydrogen bonds in MD simulation 

Residue DNA Population 

Asn 51 (H3) Ade 6 (b) 98 

Arg 7 (N-ter) Ade 5 (p) 97 

Gln 44 (H3) Ade 6 (p) 96 

Asn 51 (H3) Ade 6 (b) 94 

Gly 1 (N-ter) Ade 23 (b) 92 

Phe 8 (N-ter) Ade 5 (p) 88 

Arg 53 (H3) Ade 19 (p) 77 

Gln 50 (H3) Cyt 18 (b) 76 

Arg 57 (H3) Ade 20 (p) 43 

Lys 2 (N-ter) Ade 23 (p) 40 

b: base atoms, p: phosphate oxygens 
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Fig. 1. Hydration at the PRH-DNA interface 

Conclusion  

All these interactions are maintained during the simulations, albeit with varying population. 

Between N-terminal and Helix-3 residues, Arg 7 (97%) and Asn 5 (98%) have most 

population, consequently, most effect in stabilization of the complex during simulation, 

respectively. Interfacial water molecules, forming water mediated HBs, result in stability of 

complex. 
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Introduction: 

Molecular-scale electronics is developing rapidly because of advances in the synthesis of 

suitably tailored organic structures, bringing us closer to the ultimate miniaturization of 

nanoelectronic devices [1]. A dominant trend in the design of electronic and photonic devices 

in recent decades has been a decrease in their dimensions. According to Moore’s rule [2], 

which predicts an exponential decrease in the average size of the constituent elements of these 

devices, one may expect them to reach the order of molecular dimensions within a short time. 

In this work, we studied the performance of 1,2-bis(5-methyl-2,2-bithiophen-4-yl)cyclopent-

1-ene and close state of this molecule under external electric field with variable strengths in 

terms of a number of molecular response parameters. 
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Results and discussion:  
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All calculations has been carried out at the B3LYP/6-31G* level of theory using 

GAUSSIAN 03 software package [3]. Values of the HLG, EF and dipole moment (as an 

index measuring the response to external electric field), calculated for the nanoswitch at 

different electric field strengths are presented in below figures. The trend of the electric 

dipole moment clearly predicts that interaction of the proposed molecular switch with the 

poles (electrodes) of the nanoelectronic circuit increases considerably with increasing the 

external electric field strengths. This is due to the fact that at higher field strengths, the 

molecule undergoes structural changes that consequently change its electronic 

characteristics. The HLG values are consequently decreased by increasing the field 

strength. This trend shows that application of the external electric field results in more 

destabilization of both groups of occupied and virtual molecular orbitals, especially the 

frontier orbitals including HOMO and LUMO. 

 

 

 

 

 

 

 

 

Conclusions: 

 It can thus be concluded that the conduction band gap of this molecular switch is 

decreased with increasing strength of the electric field. These trends are consistent with 

what observed for structural changes and the Fermi level energies of the molecular switch 

decrease with increasing electric field strength. 
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Introduction 

The liquid density is a very important parameter for both heat transfer and mass transfer 

calculations in the design of chemical processes. Although experimental data can be very 

accurate, it is difficult to provide all the data needed for every compound. Thus, new 

predictive technique for liquid density is not only welcomed but a necessity for the chemical 

industries. In the past decade, the topic of neural network (NN) has generated widespread 

interest and popularity. The popularity of this technique is due to their success in data analysis 

because they are indeed self learning mechanisms which don't require the traditional skills of 

a programmer. In recent years, combination of group contribution method (GCM) with neural 

networks resulted in a new type of neural networks called GCM based neural networks. In 

this work we modeled and optimized an artificial neural network for density prediction of 1-

alkanols using group contribution method.  
 

Methods 

1-Data Set: The pvT data for different 1-alkanols [1-4] was randomly divided into 3 groups: 

training, validation and test sets consisting of 288, 87 and 65 data, respectively.  

2- Descriptor Selection: The selection of relevant descriptors is an important step to construct 

a predictive model. The first selected descriptors were temperature and pressure because 

density is related to them. The other descriptors are selected based on group contribution 

method. After analyzing the chemical structure of all compounds in this work, 3 functionally 

groups namely; methyl, methylene and CH2OH, were found useful. The number of 

occurrences of these functional groups for each compound as well as two experimental 

descriptors; temperature and pressure are used as input parameters for the model. 

3- Generation of Neural Network Based on Group Contribution: A feed forward artificial 

neural network with a Lenenberg-Marquardt algorithm was used to process the non-linear 

relationship between the relevant descriptors and density. A three layer network with a Log-
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sigmoidal transfer function was designed. The initial weights were randomly selected between 

0 and 1. The optimization of the weights and biases was carried out according to the 

Levenberg-Marquardt algorithm.  
 

Results and Discussion 

An artificial neural network (ANN) was constructed using 5 neurons in input layer and 1 

neuron in output layer that predicts density by network. The number of neuron in the hidden 

layer is unknown and need to be optimized. Plots of RMSET and RMSEV versus the number 

of node in the hidden layer show that 7 nodes in hidden layer is optimum value. Also the 

results demonstrate that overfitting does not exist for this artificial neural network model and 

training is stopped after 100 iterations. The capability of the model has been evaluated by 

predicting values of density by the optimized GCM-ANN model for the validation and test 

sets. The excellent prediction results, reveals the capability of this model. Also, the 

performance of the ANN model was evaluated by plotting the estimated values versus the 

experimental values of density for the validation and test sets, see Fig. 1. As a result, it was 

found that properly selected and train artificial neural network (ANN) could fairly represent 

dependents of the density for 1-alkanols to the molecular structures. 

 

 

 

 

 

 

 

 

 

Fig. 1. Plot of predicted density versus experimental density for (a) validation set and (b) test set. 
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Introduction 

In the study of a chemical, biochemical and environmental system, knowledge of a 

variety of physical and chemical properties of pure compounds and mixtures under specified 

conditions is required. It is not always possible, however, to find reliable experimental values 

of these properties for the compounds of interest in the literature, nor it is practical to measure 

such properties as the need arises. 

The method of group contribution has been a powerful tool for predicting physical and 

thermodynamic properties from the chemical structure and state of matters. This method is 

easy, quick, and reliable for prediction of different properties. In this work, a combination of 

group contribution method (GCM) and artificial neural network (ANN) were successfully 

developed for the modeling and predicting of density of n-alkanes over a wide range of 

temperature and pressure.  

 

Methods 

1-Data Set: The pvT data for different n-alkanes (C5, C8, C10 [1], C6 [2], C7 [3], C9 [4], C12 

[5], C15, C17 [6], C18, C19 [7]) at different temperatures (298.15-398.15K) and pressures 

(0.1- 460MPa) was randomly divided into 3 groups: training set, validation set and test set 

consisting of 427, 122 and 109 data, respectively.  
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2- Descriptor Selection: The first selected descriptors were temperature and pressure because 

density is related to them. The other descriptors are selected based on group contribution 

method. After analyzing the chemical structure of all compounds in this work, 2 functionally 

groups namely; methyl and methylene, were found useful. The number of occurrences of 

these functional groups for each compound as well as two experimental descriptors; 

temperature and pressure are used as input parameters for the model. 

3- Generation of Neural Network Based on Group Contribution:  A feed forward artificial 

neural network with a Lenenberg-Marquardt algorithm was used to process the non-linear 

relationship between the relevant descriptors and density. A three layer network with a 

logarithm-sigmoidal transfer function was designed. 

 

Results and Discussion 

An artificial neural network (ANN) was constructed using 4 input including the number 

of methyl and methylene groups, temperature and pressure and 1 neuron in output layer that 

predicts density by network. The number of neuron in the hidden layer is unknown and need 

to be optimized. Plots of root mean square error of training (RMSET) and validation 

(RMSEV) sets versus the number of node in the hidden layer show that 6 nodes in hidden 

layer is optimum value. Also the results demonstrate that overfitting does not exist for this 

ANN model and training is stopped after 80 iterations. The capability of the model has been 

evaluated by predicting values of density by the optimized GCM-ANN model for the 

validation and test sets. The excellent prediction results, reveals the capability of this model. 

Also, the performance of the ANN model was evaluated by plotting the predicted values 

versus the experimental values of density for the validation and test sets, see Fig. 1. As a 

result, using group contribution descriptors along with optimized ANN model the density of 

n-alkanes may be calculated properly. 
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Fig. 1. Plot of predicted density versus experimental density for (a) validation set and (b) test set. 
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Introduction 

Carbon nanotubes (CNTs) are promising nanoscale molecular sensors for detecting toxic 

gases and other species, such as NH3 and NO2[1]. Theoretical [2] and experimental [3] reports 

suggest that CO does not engage in charge transfer with bare SWNTs. DFT calculations have 

been also shown that Al-doped (8,0) SWCNT presents good sensitivity to CO, compared with 

the intrinsic SWCNT [4]. In this paper DFT calculations were performed to elucidate the 

relationship between the electronic structures of Al-doped SWCNTs and the adsorption of CO 

molecules to different positions of (10,0) SWCNT, in order to reveal some clues for chemical 

sensor design. 

 

Computational method 

DFT calculations were performed by Quantum Espresso package using local density 

approximation (LDA) with ultrasoft pseudopotential. The energy cutoff for plane wave 

calculations was set to be 50 Ry for all structures. The positions of all the atoms in the super 

cell were fully relaxed during geometry optimizations. On the other hand, the optimized k-

point was selected to be seven points. 

 

 

Results and discussion 
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Figure 1 represents the geometries of pristine and Al-doped (10,0) SWCNT. We find out 

that these doping of Al with larger diameter caused the deformation of the six-membered ring 

near the Al-atom protruding the SWCNT surface and significant changes in bond lengths.  

 

 

 

Figure 1. Optimized structures of (a) (10,0) SWCNT (b) 2.5% Al-doped (10,0)SWCNT 

 Band structures and density of states (DOSs) of these nanotubes near the Fermi levels are 

presented in figures 2a-2b. As shown in figure 2b after doping Al with 2.5% concentration, 

some new levels appear in the band region of the pristine CNTs, which are originated from 

acceptor nature of the doped Al impurities and therefore the tube is changed in to a p-type 

semiconductor.  

 

 

 

 

 

 

 

 

 

Figure 2. Band structures and DOSs of (a) pristine (10,0) SWCNT (b) 2.5% Al-doped (10,0)SWCNT 

 

To study the effect of adsorption of CO on nanotubes, three configurations for the adsorbed 

CO have been considered and the CO molecule was adsorbed from C or O directions toward 

the nanotube. The electronic band structure and DOS of the CO adsorbed (10,0) SWCNT do 

not change significantly near the Fermi level which confirms that the CO can only be 

adsorbed weakly on pristine SWCNTs. On the other hand, after CO adsorption on 2.5% Al-

doped SWCNT, some drastic changes of properties of the nanotube have been observed 

which make these modified nanotubes acceptable sensors for detecting the CO toxic gas (see 

figures 3a-3b) 

 

a b
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Figure 3. Band structures and DOSs of CO adsorbed 2.5% Al-doped (10,0) SWCNT from  

(a) C atom of CO (b) O atom of CO 
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Introduction 

Methylglyoxal (MG) is a metabolite of glucose [1]. It is a highly reactive α-oxaldehyde 

formed in many enzymatic and non-enzymatic reactions. It is found in trace amounts in the 

environment [2], food and beverages [2,3] and in the cell tissues. MG is produced from 

dihydroxy acetone phosphate (DHAP) by methylglyoxale synthase [1,4]. The combination of 

MG with amine groups of proteins and other metabolites are reported [2]. Methylglyoxal may 

be assayed in chemical and biological systems by fluorescent derivitization with 1,2-diamino-

4,5-dimethoxybenzene (DDB) to form 6,7-dimethoxy-2-methylquinoxaline (DMQ) [4,6]. On 

the other hand, during the last two decades there has been much interest in developing a 

methodology enabling theoretical prediction of pKf values, employing various quantum 

theoretical techniques [7]. In this study, the formation constants of MG with urea and DDP 

were determined by an ab initio method and at a temperature of 25 °C. 

 

Computational method 

In this study, the optimized geometries of the initial molecules (MG, Urea, 4Mio and 67Dmq) 

and the practical numbering system adopted for performing the calculations by the semi 

empirical PM3 method were included in program CS Chem3D version 5.0. All the geometries 

of the initial molecules were optimized with the Gaussian 98 program packages using the 
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B3LYP/6-31+G(d) methods and the default convergence criteria. Then, polarized continuum 

models (PCM) have been applied to calculate free energy differences for mentioned species.    

 

Results and Discussion 

According to the Gaussian calculations based on the quantum mechanics principals, the 

stability of molecules and formation constants are investigated. As shown in equations of 1 

and 2, MG in presence of urea and DDP can perform bellow reactions: 

MG + Urea        4Mio + 2H2O                                         (1) 

MG + DDB        67Dmq + 2H2O                                     (2) 

The calculations shown that the formation constant (Kf) of Urea-MG adduct is very low 

(2.53×10-23) and for the DDB-MG is high (1.19×1011). These results confirm experimental 

tests by HPLC that Urea-MG adduct (4Mio) is not stable and after formation, decompose 

during the time and produce free MG, that can be react with DDB in the solution. Therefore, 

4Mio  

(4-methyl-imidazol-2-one) is a control kinetic production and DMQ is a control 

thermodynamic production. The optimized structures of MG, Urea, 4Mio, DDB and DMQ are 

shown in figures 1 and 2. 

          
Fig. 1 The optimized structures of MG, Urea and 4Mio for carrying out the calculations. 

 
Fig. 2 The optimized structures of DDB and DMQ for carrying out the calculations. 
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Introduction 

      Usually, reaction mechanism is proposed according to the experimental evidences which 

are derived during the reaction. Although, experimental studies are straightforward, but 

detection of short lifetime and transitory compounds during a reaction is very difficult, 

expensive and time consuming process [1]. Alternatively, theoretical and computational 

chemistry are useful and powerful means in simulation of reaction mechanism and choosing 

the most favorable reaction pathway by understanding intermediates and transition states of 

the reaction mechanism. In this way, the reaction mechanisms could be theoretically 

confirmed completed or either proposed [2]. In the present work, the reaction mechanism of 

1H-benzo[d]imidazol-2-amine and 2-benzyli denemalononitrile were studied to evaluate the 

proposed mechanism for the reaction. 

 

Methods 

       Stereochemistry of the reaction of 1H-benzo[d]imidazol-2-amine and 2-benzyli 

denemalononitrile indicates that there are two possible pathways for the reaction which could 

either lead to the generation of 4-amino-2-phenyl-2,10-dihydropyrimido[1,2-a][1,3] 

benzimidazol-3-yl-cyanide (pathway 1)  or  2-amino-4-phenyl-2,10-dihydropyrimido[1,2-

a][1,2] benzimidazol-3-yl-cyanide (pathway 2) as reaction products. Here, efforts have been 

made to evaluate the proposed reaction mechanism by applying semi-empirical and DFT 

quantum mechanical calculations. Therefore, the theoretical methods were used to estimate 

the activation energy of each reaction step through construction of transition state and the 
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structure of the intermediate compounds. Comparison of the calculated activation energies of 

reaction steps can be used to find out the rate determining step in the mechanism, and 

consequently the more favorable pathway and major product.  

 

Results and Discussions  

        The two possible reaction pathways were investigated carefully and all of the transition 

states and intermediates were derived and optimized using AM1 semiempirical and B3LYP/6-

311G(d,p) methods implemented in Gaussian 03 software. Frequency calculations were 

carried out in order to confirm the structures which were suggested for ground states and 

transition states. Comparison of the activation energies for the two pathways (Figure 1) 

indicates that the larger activation energies for ring formation (i.e. TS2 and TS3) and 

hydrogen elimination (NH2 formation)  (i.e. TS3 and TS4) steps prevent the production of 2-

amino-4-phenyl-2,10-dihydropyrimido[1,2-a][1,2]benzimidazol-3-yl-cyanide (pathway 2), so 

that 4-amino-2-phenyl-2,10-dihydropyrimido[1,2-a][1,3]benzimidazol-3-yl-cyanide is formed 

as the energetically favored product in pathway 1. 

 
Figure 1: Comparison of energy profile and activation energies for reaction of 1H-benzo[d]imidazol-2-amine and 
2-benzyli denemalononitrile in a) pathway1 and b) pathway 2. 
 

 

Conclusions 

The reaction mechanisms were successfully simulated using the quantum mechanical methods 

in reasonable time and cost. It is obtained that the smaller activation energies for ring 
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formation and hydrogen elimination in pathway 1 derive it to be more favorable. These results 

completely confirm the experimentally proposed mechanisms for the reaction. 
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Introduction 

      The benzimidazole compounds possess broad spectrum of biological properties and were 

investigated for their antiviral (anti-HIV), anticancer and antibacterial activities. Therefore, 

synthesis studies and reaction mechanism evaluations of benzoimidazole are of great 

importance to chemists and biochemists [1]. It is shown that, theoretical and computational 

chemistry are useful and powerful means in simulation of reaction mechanism and choosing 

the most favorable reaction pathway by understanding intermediates and transition states of 

the reaction mechanism. In this way, the reaction mechanisms could be theoretically 

confirmed, completed or even proposed [2]. Here the reaction mechanism of 2-

aminobenzoimidazol and allenic nitriles was studied to evaluate the proposed mechanisms for 

the reaction. 

 

Methods 

       Stereochemistry of the reaction of 2-aminobenzoimidazol and allenic nitriles indicates 

that there are two possible pathways for the reaction which could either lead to the generation 

of 2-amino-4-(1-methylpropyle) pyrimido[1,2-a]benzimidazolesas (A) in the first pathway  or  

4-amino-2-(1-methylpropyle) pyrimido [1,2-a]benzimidazoles (B) in the second pathway as 

the reaction products [3]. To accomplish simulation of a reaction mechanism, various steps 

including geometry optimization, reactants collisions, intermediate and transition state 

recognitions have to be carried out. Therefore, PM3 semi-empirical method was applied to 

estimate the activation energy of each reaction step through construction of transition state 

and the structure of the intermediate compounds. Comparison of the calculated activation 
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energies of reaction steps can be used to find out the rate determining step in the mechanism, 

and consequently the more favorable pathway and major product.  

 

Results and Discussions  

The two possible reaction pathways were examined carefully and all of the transition states 

and intermediates were derived and optimized using PM3 semiempirical method implemented 

in Gaussian 03 software. Frequency calculations were carried out in order to identify the 

structures which are assigned to ground states and transition states [1-2]. 

Comparison of the activation energies for the two pathways (Figure 1) are indicative that the 

larger activation energies for ring formation (i.e. Ts 3) and hydrogen elimination (NH2 

formation) (i.e. Ts 5) steps prevent the production of B in the second pathway and thus, A is 

formed as the energetically favored product in the first pathway.  

 
Figure 1: Energy profile and activation energies for reaction of 2-aminobenzoimidazol and allenic nitriles 

through  

a) the first pathway and b) the second pathway. 

 
 

 

Conclusions 

    The reaction mechanism was successfully simulated using semiempirical methods. The 

whole reaction mechanisms can be examined completely and easily using the calculations in a 
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reasonable time and cost and it is also possible to proposed new routes when it is necessary. 

These findings are consistent with the experimental results. 
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Introduction: 

QSPR models are now well established and are used to correlate varied, and often complex, 

thermo-physical properties of molecules. The QSPR approach has been applied in many 

different areas [1,2]. The present study is devoted to applying a quantitative structure–

property relationship (QSPR) study to 138 organic compounds to investigate the quantitative 

effect of structural properties of compounds on their critical pressure (Pc).  

 

Results and Discussion: 

A subset of 138 molecules was selected from the DECHEMA database [3] and then divided 

into a training set of 120 compounds to develop the models and a prediction set of 18 

compounds to evaluate the model. The chemical structure of the molecules was drawn by the 

Hyperchem and CS Chem3D Ultra softwares. Semiempirical Austin Model 1 (AM1) 

calculations were used for geometry optimization of the studied molecules by these softwares. 

The Hyperchem, CS Chem 3D Ultra and Dragon softwares were employed for generating all 

descriptors. Eventually, 1172 descriptors were calculated for each molecule. After omitting 

the existing co-linearity between some calculated descriptors, the number of descriptors 

reduced to 620. A linear QSPR model for Pc was obtained using stepwise multiple linear 

regression (MLR) procedure. Among all achieved models developed by MLR method, a six 

parametric model was chosen as the best one: 

Pc` = 7.713 (± 0.562) - 1.090 (± 0.347) BELp2 - 1.190 (± 0.123) Mor13u - 3.614 (± 0.373) 

R5m + 2.594 (± 0.519) Mor21v - 8.639 (± 2.228) R2p+ - 0.4922 (± 0.168) MATS3v    (1) 

The statistical parameters of above-mentioned correlation are as follows:  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
826

 R2
training= 0.8199, R2

prediction= 0.7394, SE training = 0.3802, SE prediction = 0.5173, and F = 372.32. 

In equation (1), BELp2 corresponds to lowest eigenvalue n. 2 of Burden matrix / 

weighted by atomic polarizabilities, which is among BCUT descriptors. Mor13u is 3D-

MoRSE-signal 13 / unweighted and Mor21v is 3D-MoRSE - signal 21 / weighted by atomic 

van der Waals volumes, which both are related to 3D-MoRSE descriptors. R5m is R 

autocorrelation of lag 5 / weighted by atomic masses and R2p+ is R maximal autocorrelation 

of lag 2 / weighted by atomic polarizabilities and both are among GETAWAY descriptors. 

MATS3v is Moran autocorrelation-lag 3 / weighted by atomic van der Waals volumes and 

belongs to 2D autocorrelation descriptors. 

 

Conclusions 

QSPR models have a good ability to correlate and predict the critical properties such 

as critical pressure of organic compounds. 
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Extended Abstract 
 
Introduction: 

Plyamidoamine (PAMAM) dendrimers represent an exciting new class of 

macromolecular architecture called "dense star" polymers[1]. Unlike classical polymers, 

dendrimers have a high degree of molecular uniformity, narrow molecular weight distribution, 

specific size and shape characteristics, and a highly- functionalized end group surface. The 

manufacturing process is a series of repetitive steps starting with a central initiator core. Each 

subsequent growth step represents a new "generation" of polymer with a larger molecular 

diameter, twice the number of reactive surface sites, and approximately double the molecular 

weight of the preceding generation. The term "dendrimer" was derived from its tree-like 

branching structure. In 1985, Newkome et al.
 
published the first molecular tree - an “arborol” 

(Latin: arbor: tree) based on the 1 → 3 branching pattern, simultaneously Tomalia
 
published 

his 1 → 2 branched PAMAMs or “dendrimers”[1- 4].  

 

Method: 

The Molecular weight of any AB2 type dendrimers were calculated by suggested theoretical 

equation.The molecular weight determination of various generations of an AB2 dendrimer 

were calculated for PAMAM with ethylenediamine (EDA) core using the new suggested 

equation. The molecular weight of a dendrimer is the sum of the molecular weight of 

branches (Mr )and the molecular weight of core (Mcore) [5,6]. 

                                              Mwn = M Core + (LMNC 0z ) Mr    ( LouMass Model ) 
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In this reaserch was  synthesized the Polyamidoamine (PAMAM) dendrimer with core of 

diisopropanolamine. The core has one active sites (Zo = 1), which can construct two branches 

for generation 1(G1), six branches for generation 2(G2) and fourteen branches for generation 

3(G3) and 30 branches for generation 4(G4). Lou-Mass Number Collection (LMNC) can 

provide the number of branches in PAMAM dendrimer AB2 for any generation where n is the 

number of each generation. 

                                           LMNC = 2×2(2n-1)                                                             (1)                   

One can generalize the above equation (1) to any type of dendrimer AB2 by taking account of 

active positions (Z0) of the core to the equation (1): 

                                           LMNC = 2Z0(2
n -1)                                                             (2) 

So, the number of the branches for any generations and for any type of dendrimer AB2 (i.e. 

with Zo=1, 2, 3 and 4) can be obtained from the equation (2).  And could be illustrated as a 

mathematical collection (LMNC). 

LMNCZo =1 = {2, 6, 14, 30, 62, 126, …} 

LMNCZo =2 = {4, 12, 28, 60, 124, 252, …} 

LMNCZo =3 = {6, 18, 42, 90, 186, 378, …} 

LMNCZo =4 = {8, 24, 56, 120, 248, 504, …} 

The results for 3 generations of the AB2 dendrimer were outlined in Table 1. Calculation of 

molecular weight was carried out for Generation Number (Gn )of 1-3 PAMAM and the results 

were summarized in bellow Table. 

Table1: LMNCZo , Molecular weight Mw  

Generation 
Number(Gn ) 

LMNC 20 z  

 

Mw reported ref Calculate Mw 

Mcore=60,Mr= 15 
ref 
 

Error % 
 

        1          4        517 1,6       520 6     0.58 
        2         12      1435 1,6      1440 6     0.35 
        3          28       3256 1,6      3280 6     0.74 

 
The molecular weight of any AB2 type dendrimers were calculated by suggested theoretical 

equation and compared to those reported. It was found that there are no remarkable 

differences between the calculated and reported data [6]. 

Amin 
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Introduction: 

The general interest in the structure, spectroscopy and dynamics of van der Waals 

complexes has continued to increase during the last decade [1]. The interplay between 

experiment and theory has been crucial in the development of this area where often theory has 

been able to match the detailed and accurate experimental measurements [2-3]. The structures 

of van der Waals dimers of CO-O2 are studied using ab initio and density functional 

calculations. 

 

Methods:  

The intermolecular potential energy surfaces (IPES) of the CO-O2 system were 

investigated employing a series of basis set such as correlation-consistent basis sets, cc-

pVXZ, and aug-cc-pVXZ (X=D,T) at UMP2 and DFT B3LYP levels of theory. In addition, 

IPS was examined with cc-pVDZ and aug-cc-pVDZ basis sets at QCISD method. A 0.1 Å 

step size has been used for the intermolecular R between the CO and O2 of the monomers 

(from 2.5 to 10 Å). Six types of conformations of CO-O2 have been studied: two linear, one 

parallel, and three T-shaped [4].  

 

Results and discussion:  

The uncorrected potential energy curves at UMP2 and QCISD theory levels show the 

typical form of an interaction potential consisting of attractive and repulsive parts that result 

in a potential well depth. It is shown that the basic features of the potential energy curves do 

not vary for any type of basis set, but the characteristics specially, potential well-depth is 

sensitive to the type of basis set. Counterpoise correction (CP) has been used to eliminate the 
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basis set superposition error (BSSE) on the potential energy curves obtained for CO-O2 

system. In different relative orientation of two CO and O2 monomers with each other, the 

uncorrected and BSSE-corrected IPES's have been calculated and the characteristics of these 

potential energy curves such as well-depth, position minimum, well width and hard sphere 

collision parameter have been studied. The calculated potential energy curves are very 

sensitive to the basis set, theory levels, the intermolecular distance R, and the relative 

orientation of the two CO and O2 monomers.  

Fig. 1. shows the comparison of uncorrected and corrected results for T-shaped 

configuration using QCISD, UMP2, and B3LYP methods and aug-cc–pVDZ basis set. 

                                         

Fig 1. Uncorrected and corrected IPES’s using three different QCISD, UMP2, and B3LYP theory levels and aug-

cc–pVDZ basis set for T-shaped structure. 

 

Conclusions: 

The calculated potential energy curves are very sensitive to the basis set, theory levels 

and the relative orientation of the studied monomers. The best agreement with the 

experimental values of hard sphere, potential well, and vibration frequency is achieved by 

UMP2 theory level and aug-cc-pVTZ basis set [5]. 
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Introduction 

Phosphoryl containing ligands have potential to establish strong non-covalent interaction 

with lanthanides (Ln). Quantum mechanical calculations on the structural, electronic and 

energy aspects of non-covalent interactions of Ln3+ cations with phosphine oxides (POs) and 

phosphate esters (PEs) have been extensively performed [1–3], but not with phosphoramides, 

PAs. Hence, we have decided to compare the small isoelectronic ligands R3PO (group 1; R= 

CH3, NH2, OH and F, and group 2; R= CH2Me, NHMe, OMe and Cl) as complexant agents 

for lanthanides. The effect of cation size on the ligand binding strength was also investigated.  
 

Computational Methods 

The geometries of free ligands L and complexes L–Ln3+ were fully optimized in vacuum at 

B3LYP level using the Gaussian 98 package [4]. The 46+4fn electrons of Ln3+ ions were 

modeled by quasirelativistic effective core potentials (RECPs) of the Dolg et al. [5], with the 

affiliated (7s6p5d)/[5s4p3d] basis set for valence. The other small atoms were described by 6–

31+G* standard basis set. Atoms in molecules (AIM) and Natural Population Analyses (NPA) 

were performed to investigate the charge distributions in free ligands L and complexes L–

Ln3+. The interaction energies (∆Es) have been calculated and then corrected for basis set 

superposition error based on the counterpoise (CP) method [6].  
 

Results and Discussion 

The negative charge localized on phosphoryl oxygen atom, q(OP), and the p character of 

lone pair of OP, Lp(OP), decrease from PAs to phosphoryl trihalides (PHs) in the order 

PA>PO>PE>PH (Table 1). Thus, PAs are expected to be more potent for cation binding. 

The PA–Ln3+ distances are shorter than those of PO complexes. This difference is more 

sensible when the electron donation ability of ligands is increased. Table 2 shows that the 

OP···Ln3+ distance decreases in the order PH>PE>PO>PA. The charge density (ρ) value at 

the bcp of OP···Ln3+ increases slightly from PO to PA complexes. 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
834

Table 1. Electronic parameters of free ligands 

R Dipole Moment (Debye) q(OP)a Hybridization of Lp(OP) 

Me 4.650 –1.480 sp0.48

NH2 4.312 –1.492 sp0.49 
OH 3.355 –1.469 sp0.44 
F 1.583 –1.407 sp0.36 
CH2Me 4.846 –1.485 sp0.50 
NHMe 4.216 –1.493 sp0.52 
OMe 3.832 –1.471 sp0.47 
Cl 2.271 –1.370 sp0.45 

aThe AIM charges are represented 

The OP···Ln3+ distance decreases in series of La>Eu>Lu, due to the cation hardness effect. 

The charge transfer Lp(OP)→5d(metal) is more intense in PA complexes and the electronic 

population in metal 5d orbital increases as PH<PE<PO<PA. CP-corrected attraction energies 

(|∆ECP|) follow the sequence PA>PO>PE>PH. Complete CP-corrected interaction energies 

(∆EC-CP) are obtained when deformation energies of subunits are considered [7] in Eq; ∆EC-

CP= ∆ECP + ∆Edef(L) + ∆Edef(M). The term of ∆Edef(M) is zero for M because it is an atomic 

species. The results show that PAs are more deformable that POs. Hence, the trend in |∆EC-CP| 

values differs from that of |∆ECP| and it is in line with the trend in dipole moment of free 

ligands. 

Table 2. Ln–OP distance (Å), charge density (ρ, in au) at bcp of Ln…OP, natural electron configuration (NEC) 

of metal 5d orbital, interaction energies (∆Es, in kcal/mol) 
Ln3+ R d(Ln–OP) / ρ NEC of 5d Orbital ∆Edeformation ∆ECP-corrected ∆EC-CP 
La3+ Me 2.053 / 0.120 5d0.24 28.6 –256.5  –227.8 
 NH2 2.049 / 0.122 5d0.25 49.7 –274.4 –224.7 
 OH 2.082 / 0.111 5d0.19 46.7 –238.0 –191.2 
 F 2.161 / 0.091 5d0.13 26.2 –152.4 –126.2 
Eu3+ Me 1.961 / 0.134 5d0.29 31.7 –283.1 –251.4 
 NH2 1.957 / 0.136 5d0.30 55.3 –304.0 –248.6 
 OH 1.986 / 0.124 5d0.24 51.7 –264.4 –212.7 
 F 2.053 / 0.104 5d0.17 30.1 –173.0  –142.9 
Lu3+ Me 1.880 / 0.141 5d0.39 33.7  –307.6 –273.9  
 NH2 1.876 / 0.143 5d0.40 58.8 –330.1 –271.3 
 OH 1.900 / 0.132 5d0.31 55.0 –288.9 –234.0 
 F 1.957 / 0.113 5d0.22 33.2 –194.7 –161.5 
 CH2Me 1.869 / 0.146 5d0.43 34.9 –328.7  –293.8 
 NHMe 1.857 / 0.153 5d0.47 76.8 –370.2  –293.4 
 OMe 1.871 / 0.144 5d0.39 69.7 –340.8  –271.1 
 Cl 1.905 / 0.131 5d0.32 39.2  –250.4  –211.2 

 

Conclusions 

In summary, the strength of Ln-ligand bond in PA complexes is more than that in the other 

phosphoryl donors. The cation affinity of PAs is very close to that of POs and drops 

markedly in the cases of PEs and PHs. Taking into account that the synthesis pathway of PAs 
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is relatively inexpensive, they can be considered as good alternatives for POs in lanthanide 

complexation. 
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Introduction 

Phosphoramides are well known as good complexant agents for lanthanides (Ln) [1,2]. The 

treatment of the 4f orbital in lanthanide bonding is still a subject of challenge [3]. In this 

work, the Ce(III) complexes of known phosphoramides have been subjected to test the 

effective core potentials (ECPs) with 4f electrons included in both the main core and the 

valence shell during the geometry optimizations. Schematic illustration of the structure of 

complexes 1–3 are shown in Scheme 1. 

Scheme 1  

Cl H2OOH2

ClCl

P O

N

N

NH

O

O

X

PO

N

N

HN

O

O

X

X=H; (1)
X=F;  (2)
X=Cl; (3)

Ce

 

Computational Methods 

QM calculations have been carried out using the Gaussian 98 package [4] at B3PW91 level. 

The quasi-relativistic effective core potential (RECP) of Dolg et al., and its affiliated 

(7s6p5d)/[5s4p3d] basis set [5] were used for Ce, and 6-31G* for other small atoms.  In order 

to investigate the effect of f-shell electrons on the Ln–L bond, we have used both of 4f1-in-

core (47MWB) and 4f1-in-valence (46MWB) ECPs for Ce complexes with multiplicity 1 and 

2, respectively. 

 

 

Results and discussion 

The complexes 1–3 are marked as 1(46)–3(46) and 1(47)–3(47), where digits 46 and 47 in 

parentheses refer to the number of electron in ECP considered. It is found that the optimized 
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Ce–OP distances in n(46) structures are smaller (by about 0.014–0.021 Å) than those in n(47) 

ones (Table 1), indicating that the Ce–L distance decreases noticeably when 4f1 electron is 

explicitly considered in the valence. It should be noted that the Ce–OP distances in optimized 

n(46)  complexes are closer to the X-ray data comparing to those of n(47)  ones. 

Taking into account the natural electron configuration [core]4f1 for isolated Ce+3(47) cation, 

the electron configuration [core]5d1 can be considered as an evidence of 4f→5d electron 

transfer in Ce+3(46) for which 46 electrons are located in the ECP. King et al. [6] have 

previously shown that the possible [4fns2] → [4fn–15d16s2] promotion can be occurred in 

lanthanides, that affects the strength and stability of metal–ligand bond due to the 5d orbitals 

contribution to the Ln–L bonding [3]. The results of NPA in Table 1 show the natural electron 

configuration [core]6s0.164f0.015d1.31, as an example, for Ce in complex 1(46) with vacant 4f 

orbitals. It is noteworthy that the presence of electronic populations in 5d and 6s orbitals is 

not only due to the 4f→5d electronic promotion, but also is related somewhat to ligand to 

metal charge transfer (LMCT). We have recently shown that the Lp(OP)→5d(metal) transition 

is relatively strong in Ln-phosphoramide complexes [1]. Moreover, 4f orbitals do not form 

any constructive interaction with the frontier orbitals of ligands. The molecular orbital 

coefficients of 4f orbital are zero for all of the Ce–L bonds that is representative for the 

formation of Ce–L bond without the sharing of 4f electrons. However, the electronic 

population of 4f shell is translocated to 5d orbitals when they are considered in the valence. 

The shortening of Ln–L distance has some effects on the LMCT. The ChelpG charges for 

metal ions are represented in Table 1. The ChelpG charges for Ce ions in n(46) complexes are 

smaller (by about 0.1–0.2 |e|) than those in n(47) analogues. Table 1 shows also that the 

negative charge of chloride counterions increases slightly from n(46) to n(47) complexes. 

This indicates that LMCT is more intense in the former group, agreeing with the shortening of 

Ce–L distance in n(46) complexes. 

Table 1. Ce-L bond lengths and electronic features of complexes 1–3 

Compound d(Ce…OP)/Å 
 (ρ)a 

q(Ce) 
q(Cl) NECb of Ce3+ 

X-ray Calculated NBO / CHelpG 
1(46) 2.371(2) 2.393 0.050 2.518 / 1.639 –0.837 [core]6s0.164f0.015d1.31 
1(47) 2.407 0.048 ------- / 1.765 –0.846 – 
2(46) 2.373(4) 2.391 0.050 2.518 / 1.601 –0.837 [core]6s0.174f0.015d1.31 
2(47) 2.409 0.048 ------- / 1.740 –0.845 – 
3(46) 2.371(2) 2.389 0.053 2.558 / 1.474 –0.823 [core]6s0.174f0.015d1.26 
3(47) 2.410 0.049 ------- / 1.674 –0.831 – 

aCharge density (in au) at the bcp of Ce…OP bond path, bNEC stands for natural electron configuration 
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Conclusions 

In summary, although the NBO analysis revealed that f-electrons do not participate in Ln–L 

bonds, the decrease in Ce–L distances is related to some indirect effects of the f-electrons 

when they are considered in the valence. 
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Introduction 

Monolayers are characterized experimentally by their surface pressure-area isotherms. The 

surface pressure П = γ0- γm, where γ0 and γm are the surface tensions of pure water and the 

monolayer respectively. In our previous work [1] we reported pressure-area isotherms of 

DPPC monolayers at four different temperatures, ranging from 273K to 310K (See Fig.6 in 

ref. 1). We could show obvious liquid condensed (LC) to liquid expanded (LE) phase 

transition on a time scale of almost 60 ns. A complementary structural analysis confirmed the 

existence of the phase transition. It has been shown in computer simulations of simple liquids 

that the cutoff used to truncate the dispersion interactions can have a significant impact on the 

phase diagram, obtained. [2] 

Thus we selected two cut-off values (1.0 nm and 1.7 nm) to explore their effect on the shape 

and position of surface pressure-area isotherms. Also, we could see that how cut-off length 

affects the radial distribution functions and hydrocarbon lengths of the DPPC monolayer. 

 

Computational Details    

The initial configuration of DPPC monolayer was prepared by 64 times replicating a single 

DPPC molecule. The phospholipids were arranged in a square two dimensional lattice and the 

head groups were partially immersed in one of the water surfaces of a pre-equilibrated water 

film containing 4x103 water molecules. The Berger et. al. forcefield [3] and the TIP4P/2005 

water model, were selected to simulate the phospholipids and the water film respectively . All 

the interatomic bonds are rigid, and the angles and improper dihedrals are modelled through 

the GROMOS forcefield. Non bonded interactions were handled through a combination of 

Lennard-Jones and Coulombic terms and we employed full periodic boundary conditions in 

all the simulations. All the calculations and analysis were performed using GROMACS 

simulation software. [4] 
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Constant surface tension and temperature simulations on DPPC-TIP4P/2005 system were 

performed with the two cut-off values. In this way we can check the sensitivity of the pressure 

area isotherms and the structural properties of the monolayer to the cut-off value. 

 

Results and Discussion    

Fig. 1 shows the obtained surface pressure-area isotherms for the studied systems. Each point 

on the isotherms has been obtained from simulations, spanning, 60 ns. The isotherms clearly 

show that longer cutoff results in a shift of the surface pressure-area isotherm to lower areas 

per phospholipid with a concomitant decrease in the corresponding surface pressure. This 

observation is consistent with an increase in the dispersion interactions with the cut-off. The 

surface pressure isotherm of DPPC-TIP4P/2005 with cut-off value of 1.7 nm, shows the clear 

change of slope related to the LC-LE phase transition. 

 
 

 

Figure. 2 shows the RDF plots for DPPC-TIP4P/2005 system with the two cutoff values. 

Again the effect of cut-off is evident here. In the case of short cutoff, we do not see evidence 

for phase transition, whereas for the longer cutoff there is a distinctive change in the long 

range behavior of the RDFs, which is connected to the nucleation of the LC phase. 
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Fig. 1 Dependence of the surface pressure-area isotherms of DPPC monolayer with the cut-off 
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Introduction 

Hydrogen bonding is a well-known phenomenon and a steering factor in many physical, 

chemical and biochemical processes [1, 2]. However, due to the variety of interactions 

classified as H-bonds, it is very difficult to indicate strictly their properties [3]. There is 

conventional X-H…Y H-bonds where X-H indicates the proton donating bond, Y is the 

proton acceptor, and both X and Y atoms are usually electronegative. Such meaning is in line 

with the definition of hydrogen bonding stated by Pauling [4]. 

Nitrosomethane (CH3NO) is the simplest form of C-nitroso compounds. Therefore it can be a 

good model for investigation of properties and further researches about these compounds. It is 

obvious that medicinal properties and carcinogenic features of C-nitroso compounds can be 

investigated by studying this compound. 

By substitution a nitroso group on the carbon atom of nitrosomethane compound, 

dinitrosomethane will be formed and can be participated in the dinitrosomethane  Nitroso-

oxim methane equilibrium (Fig. I). At this equilibrium, there are two type of tautomer, 

dinitrosomethane (DNM) and Nitroso-oxim methane (NOM) which interconverts to each 

other by tautomeric equilibriums. The appropriate arrangement of Nitroso-oxim functional 

groups in NOM-11 causes forming a symmetric and simple RAHB system with two 

heteroatom (N) is formed.  
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Fig 1. Nitroso-oxim methaneDinitroso methane tautomeric equilibriums in DNM. 

 

Computational methods  

All of the computations in the present study were performed by Gaussian 03 series of 

programs [5]. The geometry optimizations were carried out by HF, B3LYP, MP2 and MP4 

methods with the most popular basis set, 6-311++G(d, p). Harmonic vibrational frequencies 

were evaluated at same levels in order to confirm the nature of the stationary points found and 

to account for the zero point vibrational energy (ZPVE) correction. Furthermore, to have more 

precise energies for conformational equilibriums the high level ab-initio methods, G2MP2, 

G2, and G3, were employed. The natural bond orbital (NBO) [6] and quantum theory of 

atoms in molecules (QTAIM) [7] were applied as a powerful approach for evaluation of the 

hydrogen bond strength in the chelated conformer.        

 

Results and discussion  

Theoretically, DNM has about 11 different conformers, which systematically arranged in two 

tautomeric classes, DN and NO with 3 and 8 members, respectively (Fig.2). The 

computational results reveal that lone pair-lone pair repulsion between oxygen and nitrogen 

atoms and -electron delocalization are two superior factors in determining the most stable 

conformation of dinitrosomethane and Nitroso-oxim methane tautomers, respectively. The 

relative energies all of the forms at different computational levels shows that the most stable 

form (NO-24) has relatively significant energy difference with other conformers due to lying 

N=O,C=N double bonds in trans state respect to each other, result in minimizing the lone pair 

repulsion between oxygen and nitrogen atoms (Fig.3). 

The evaluation of hydrogen bond energy by Spinosa, isodesmic and empirical energy-

geometry correlations methods at all of the computational levels in DNM and MA molecules 

clearly predict that, except the isodesmic method, in other methods energy of hydrogen bond 
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in DNM is higher than the corresponding value of MA[8]. In other word, it can be concluded 

that the presence of a heteroatom (N) significantly increased the IHB strength in DNM 

molecule. Also the results of quantum theory of atoms in molecules, the natural bond orbital 

analyses and geometrical parameters are consistent with the IHB energy conclusion. Our 

theoretical calculations reveal that the NO conformers are more stable than the DN ones. The   

population analyses of the possible conformations by NBO predict that the -electron 

delocalization, especially LP (O) π *C=N charge transfer, and repulsion energy are the origin 

of tautomeric preference.  
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Fig 2. All of the plausible theoretical conformers of DNM.  
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Fig3.Rearrangement of Trans state N=O, C=N double bonds and decline of lone pair-lone pair repulsion between 
oxygen and    nitrogen atoms in most stable conformers. 
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Introduction  

The nitrosamine compounds constitute a family of potent carcinogen, which are readily from 

a diverse set of nitrogen compounds and nitrite or its derivatives [1, 2]. By substitution a 

nitroso group on the nitrogen atom of nitrosamine compound, dinitrosamine (DNA) will be 

formed and can be participated in the Dinitrosamine (DNA)  Diazene, hydroxynitroso 

(DHN) tautomeric equilibrium. Theoretically, DNA has about 11 different conformers, which 

systematically arrange in two tautomeric classes, DNA and DHN with 3 and 8 members, 

respectively. (Fig.1). 

 

Computational methods 

  Computations were carried out at HF, B3LYP and MP2 levels with the most popular basis 

set, 6-311++G(d,p) and the equilibrium conformations were determined. Furthermore to have 

more reliable results, the total energies of all the equilibrium conformers were recomputed at 

the high level ab-initio methods such as G2MP2, G2, and G3 in gas phase .Quantum theory of 

atoms in molecules (QTAIM) [3] was applied as a powerful approach for evaluation of the 

hydrogen bond strength. 

 

Results and discussion 

In the present study Spinosa, isodesmic and empirical energy-geometry correlations methods 

are used in calculating IHB energy in DHN-11,DHN13 and MA molecules[4,5,6].It is evident 

from this calculation that, energy of hydrogen bond in DHN-11 is lowest than the 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
847

corresponding value of MA. Also. In other word, it can be concluded that the presence of tree 

heteroatom (N) significantly decreased the IHB strength in DHN-11 conformer. But DHN-13 

have lowest IHB energy due to the formation of hydrogen bonding with five-member ring, 

therefore order of IHB energy is as follows:                              MA > DHN-11 >DHN-13 

 

Conclusions 

   The computational results emphases that DNA-3 is the most stable form because there is the 

least   lone pair-lone pair repulsion between oxygen and nitrogen atoms. Also, DHN-13 is the 

most unstable form due to the formation of hydrogen bonding with five-member ring and 

higher repulsion energy (Fig2). 
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Fig2.lone pair-lone pair repulsion between oxygen and nitrogen atoms in DHN-13. 
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Introduction 

The liquid density is very important parameter for both heat transfer and mass transfer 

calculation in the design of chemical process. Although experimental data can be very 

accurate, it is difficult to provide all the data needed for the compounds of interest in the 

literature. Therefore, estimation methods are generally employed in these situations. The 

quantitative structure-property relationship (QSPR) method seems to be the most promising 

fields of the practical application of the thermodynamic models to describe the real systems. 

Using this approach, structural parameters such as geometric, electronic and physicochemical 

descriptors can be generated for molecules and a subset can be selected that best describes the 

density. Although, many different techniques have been used for constructing QSPR models, 

artificial neural network (ANN) has become popular for constructing these models in the past 

decade. The popularity of this technique is due to their success where complex nonlinear 

relationships exist among data. The main aim of the present work was to development of a 

quantitative structure– property relationship (QSPR) model using artificial neural network for 

density prediction of primary alcohols. 

 

Method 

The pVT data for different primary alcohols (C2 [1],C3 [2],C4 [3],C5 [4],C6 [5],C7 [6],C8 [7],C9 

[8],C10 and C12 [7]) was randomly divided into 3groups:training set ,validation set and test set 

consisting 396, 86 and 86 data, respectively. In order to calculate the theoretical descriptors 

the molecular structures were constructed with the aid of Hyperchem 7.1and were optimized 

using AM1algoritm. The molecular geometries of compounds were further optimized by 

dragon package2.1. As a result, total of 1481 theoretical descriptor were calculated for each 

compound in the data set. The method of stepwise MLR was used to select the most important 
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descriptor relating the density to the descriptors. Then, three-layer network with a 

tangantsigmoid (tansig) transfer function was designed. The optimization of ANN parameters 

(weights and biases) and architecture was carried out using Levenberg-Marquardt algorithm 

for back-propagation of error. 

 

Result and Discussion 

An ANN model was constructed using 3 input including two experimental descriptors; 

pressure and temperature, and one theoretically derived descriptor, geometric mean on the 

leverage magnitude (HGM) that were chosen by the stepwise variables selection techniques 

and 1 neuron in output layer that predicts density by network. The number of neuron in the 

hidden layer is unknown and need to be optimized. The root mean square error of training 

(RMSET) and validation (RMSEV) sets were obtained at various iterations for different 

number of neurons at the hidden layer and the minimum value of RMSEV was selected as the 

optimum value. Plot of RMSET and RMSEV versus the number of node in the hidden layer 

showed that 10 nodes in hidden layer is optimum value. Also the results demonstrate that over 

fitting does not exist for this artificial neural network (ANN) model and training is stopped 

after 100 iterations. Then, generated ANN with architecture 3-10-1 was trained using the 

training set for the optimization of the weights and biases The capability of the optimized 

ANN model has been evaluated by predicting values of density for the validation and test sets. 

The excellent prediction results, reveals the capability of this model. Also, the performance of 

this model was evaluated by plotting the estimated values versus the experimental values of 

density for the validation and test sets, see fig.1. The MSE and mean percentage error were 

0.1026 and 0.0268 for the validation set and 0.5831 and 0.0364 for the test set, respectively. 
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Fig.1.plot of predicted density versus experimental density for (a) prediction set and (b) test set. 

 

Conclusion 

The ANN model was developed for density prediction of 1-alcholes over a wide range of 

pressure and temperature. The performance of the ANN model was compared with MLR 

model. The results indicate the superiority of the ANN model over that of the MLR model. 
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Introduction 

The base for design and simulation of many chemical processing units is a set of physical and 

thermodynamic properties of compounds in a process that undergoes some forms of 

transformation. It is not always possible, however, to find experimental values of the 

properties for the compounds of interest in the literature. Since, it is not practical to measure 

them as the need arises, estimation methods are generally employed in this and other similar 

situations. One of these methods is linear modeling such as multiple linear regressions (MLR) 

method and partial least square (PLS) method. In the present work, we developed a MLR 

model for density prediction of 1-alkanoles using theoretically derived descriptors. 

 

Methods 

The pVT data for different 1-alkanol from 2 to 12 carbon atom number (C2 [1], C3 [2], C4 [3], 

C5 [4], C6 [5], C7 [6], C8 [7], C9 [8], C10 and C12 [7]) was randomly divided into 3groups: 

training set, validation set and test set consisting 396, 86, 86 data, respectively. In order to 

calculate the theoretical descriptors the molecular structures were constructed with the aid of 

Hyperchem 7.1 and were optimized using AM1 algorithm. The molecular geometries of 

compounds were further optimized by dragon package2.1. As a result, total of 1481 

theoretical descriptor were calculated for each compound in the data set. The method of 

stepwise MLR was used to select the most important descriptors and to calculate the 

coefficient relating the density to the descriptors. One calculated and two experimental 

descriptors, pressure and temperature, were selected as the most feasible descriptors. The 

calculated descriptor is geometric mean on the leverage magnitude (HGM). 
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Result and discussion 

Multiple parameter linear correlation of density values for different 1-alkanols versus the 

selected descriptors gives the results in Table 1.  

Table 1. The name of descriptors, their symbols and coefficients in multiple linear regression  

Name of descriptor Symbol Coefficient 

Pressure p 0.516 

Temperature T -0.705 

Geometric mean on the leverage magnitude HGM -2.236 

Constant  1053.898 

 

Therefore, the MLR equation is ρ=1053.898 - 2.236HGM - 0.705T + 0.516p. 

The capability of the model has been evaluated by predicting values of density by the 

constructed MLR model for the prediction and test sets. The excellent prediction results, 

reveals the capability of this model. Also, the performance of this model was evaluated by 

plotting the estimated values versus the experimental values of density for the validation and 

test sets, see fig.1. The MSE and mean percentage errors were 15.10 and 0.370 for the 

validation set and 16.92 and 0.383 for the test set.  
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Fig.1.plot of predicted density versus experimental density for (a) validation set and (b) test set 
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Abstract: 

We have theoretically investigated the mechanism of nucleophilicsubstation reaction SN1 by 

Gaussian software and HF, DFT, MP2(3-21g, 6-31g) basis set.In this paper the mechanism of 

reactionstudied with calculation energy of each step and determintion the structure transition 

state.The results show that the mechanism of reaction was doing with rarregment of 

molecules to stable carbocation and agreement to experimental result. 

 

Keyword:  Ab initio method, HF,Transitionstate,DFT, SN1 reaction 
 

Introduction: 

More than a hundred years after itwas recognized [1], the SN1 reaction continues to fascinate 

chemists. Despite a vast amount of information from synthetic and mechanistic studies of 

nucleophiles’ substitution reactions in solution and despite the quite helpful rule-of-thumb 

explanations of SN1 reactivity given in textbooks [2–5], the molecular characteristics that 

steer the outcome and velocities of nucleophilic substitution reactions are still under 

investigation and debate, and the underlying electronic structure relationships are rather 

poorly understood. There exists a very valuable literature on quantum chemical modelling of 

SN1 reactions, which was recently critically reviewed. For this reason the consistency of early 

calculations of barriers [6-17] by simpler and more approximate methods like HF, DFT and 

MP2 with small and medium sized basis sets should be reconsidered. 

For any nucleophilic substitution of this kind (only the anionic case is illustrated) 

Y- + RX → RY + X- 

Method: 

Quantum chemical calculations were carried out using the program system Gaussian 03 [18]. 

Relevant critical points (reactants, transition structures (TS), and products) of the potential 

energy surface were characterized by complete optimization of the molecular geometries 

using the hybrid density functional scheme B3LYP [18] with the 6-31G(d) basis set, which is 
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abbreviated by B3LYP/6-31G(d) as well as MøllerPlesset perturbation theory (MP2) [18] 

with the same basis set.  
 

Results and discussion: 

The reaction pathways between 1-bromo-2-3 dimethylpropane and anOH-follow the same 

pattern. The reaction pathway is characterized by four distinct structures; separated reactants,a 

two carbocation a transition structure (TS), and the separated products (SP). 
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For initial step each molecules optimization with B3LYP/6-31g (d) and  then calculation the 

energy of each structure with HF, MP2, B3LYP method(table1).The chart of shows in  this 

apparent that the stability of structure for  investigation of mechanistic with comparison 

energy of each structure(Figure2) 

For determainationthe structure translation state it was each reactant and productoptimization 

with B3LYP/6-31G basis set.anduse the QST2 method. The structure of transition stateand 

the diagram ofstudied TS shown in Figure2 

 
 

compound 
Theoritical 

HF(3-21G) HF(6-31G) MP2(6-31G) B3LYP(6-31G) 
1a -1728.621 -1735.334 -1735.652 -1737.384
2b -121.983 -122.615 -123.033 -123.546 
3c -122.129 -123.759 -123.035 -123.698 
4d -169.232 -170.099 -170.471 -171.250

     
 
 
 
 
 
 
 
 
 
 
 

E
(K

ca
l/

m
ol

) 

1a 2b 3c 

4d 

Table1.zero point energy (ZPE)(KJ mol-) for compound 

-1737.384

-123.546 

-123.698 

-171.250

TS 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
857

 
 
 

 

Conclusion: 

The present study provides adetailed insight into the reaction of in gas phase ,using electronic 

structure calculation.four stationary point have been located in the potential energy 

surface:reactant,twocarbocation,transition state structure and product.Geometries were 

optimized and vibrational frequencies were calculated at the DFT levels.intermediates and 

TSs of the reaction pathways in both single and triplet electronic state have been characterized 

by the vibration analysis and IRC calculation and possible mechanisms for the reaction were 

discussed in some detail. 
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Abstract  

Decomposition of 2-fluoro2,3-dihydropyridine(1), 2-chloro2,3-dihydropyridine(3), 2-

bromo2,3-dihydropyridine(5) to pyridine was investigated using ab initio Molecular Orbital 

(MO) and Density Functional Theory (DFT). For all HX (X=F, Cl, Br) elimination reactions 

examined here, transition states have a four-centered transition structure.  Study on the 

B3LYP/6-311+G** level of theory revealed that the required energy for the decomposition of 

compounds 1, 3 and 5 to pyridine is 32.483165 23.329822 and 19.987130 kcal mol−1, 

respectively. HF/6-311+G**// B3LYP /6-311+G** calculated barrier height for the 

decomposition of compound 1, 3 and 5 to pyridine is 52.061165, 31.720752 and 25.866177 

kcal mol−1, respectively. Also, MP2/6-311+G**// B3LYP /6-311+G** results indicated that 

the barrier height for the decomposition of compound 1, 3 and 5 to pyridine is  41.448885, 

41.768282 and 37.129175 kcal mol−1, respectively.  Natural Bond Orbital (NBO) population 

analysis and Nuclear Independent Chemical Shift (NICS) results showed that, reactants are  

non-aromatic but products of elimination reaction are aromatic, C-H and C-X bonds are 

broken and  H-X bond is appear.  

 

Keywords  :  Ab initio; NBO; 2-halo-2,3-dihydropyridine 
 

Introduction  

Decomposition mechanism of 2-halo-2,3-dihydropyridines to pyridine was investigated using 

ab initio Molecular Orbital (MO) and Density Functional Theory (DFT). The experimental 

study of the kinetic of dissociation process of 2-halo-2,3-dihydropyridinies, showed that the 

decomposition reaction of 2-halo-2,3-dihydropyridinie is a unimolecular process [1]. In this 

work, ab initio molecular orbital (MO), [2-5] DFT (B3LYP) methods [6] and NBO analysis 
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reaction 1 : 1        2 reaction 2 : 3       4 reaction 3 : 5        6

Ea ( kcal mol-1)

23.48 (B3LYP)

52.06 (HF)

41.45 (MP2)

Ea ( kcal mol-1)

23.33 (B3LYP)

31.72 (HF)

41.76 (MP2)

Ea ( kcal mol-1)

19.99 (B3LYP)

25.87 (HF)

37.13 (MP2)

were performed for the investigation of the pyrolysis reactions of 2-fluoro2,3-

dihydropyridine(1), 2-chloro2,3-dihydropyridine(3) and 2-bromo2,3-dihydropyridine(5) to 

pyridine. 

 

Methods 

Ab initio calculations were carried out using B3LYP/6-311+G**, HF/6-311+G**// B3LYP 

/6-311+G**, and MP2/6-311+G**// B3LYP /6-311+G** levels of theory with the 

GAUSSIAN 98 package of programs [7] implemented on a Pentium–PC computer with a 

7300 MHz processor. Initial estimation of the structural geometry of the compound 1, 3 and 5 

were obtained by a molecular mechanic program PCMODEL (88.0) and for further 

optimization of geometry, we used the PM3 method of the MOPAC 7.0 computer program 

[8,9]. The GAUSSIAN 98 package of programs were finally used to perform ab initio 

calculations at the B3LYP/6-311+G** level.  

 

 

 

 

 

 

 

 

 

 

Figure 1:  

 

B3LYP, HF and MP2 energy diagram of decomposition of compounds 1,3 and 5. 
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Results and Discussion                                                                                                                                       

Zero point (ZPE) and total electronic (Eel) energies (E0 = ZPE + Eel) for the energy 

minimum and energy maximum geometries of the decomposition of compound 1, 3 and 5 to 

pyridine were calculated on the B3LYP/6-311+G**// B3LYP/6-311+G**  level of theory. For 

single-point energy calculations, both HF/6-311+G**// B3LYP /6-311+G**and MP2/6-

311+G**// B3LYP /6-311+G** methods were used and are given in Table 1. Studies on the 

B3LYP/6-311+G**, HF/6-311+G**// B3LYP /6-311+G**, and MP2/6-311+G**// B3LYP 

/6-311+G** of theory show that the barrier height of the decomposition of the compound 1 to 

pyridine and HF (reaction 1) is 32.483165, 52.061165 and 41.448885 kcal mol−1, 

respectively. These calculation results for compound 2 revealed that the barrier height of 

reaction 2 is 23.329822, 31.720752 and 41.768282 kcal mol−1, respectively. Also, barrier 

height of reaction 3 is 19.987130, 25.866177 and 37.129175 kcal mol−1, respectively (see 

Figure 1). It is well known that the strength of C-X bonds decreases, while the bond length 

increases with the size of halide atom. The lengths of C-F, C-Cl and C-Br bonds determined 

were found to be 1.41, 1.86 and 2.04 Å, respectively, in agreement with energetic behavior 

and other experimental data. C2-C3 bond lengths in reactants are greater than transition states 

and products in reactions 1-3 that showed that C=C double bond formed in products. 

 
 
Conclusion  

Ab initio HF, MP2, and B3LYP density functional-theory calculations provide a picture from 

structural, energetic, and natural charge distributions points of view for the decomposition 

mechanisem of compound 1, 3 and 5 to pyridine and HX (X=F, Cl, Br). B3LYP/6-311+G**// 

B3LYP/6-311+G**, HF/6-311+G**// B3LYP /6-311+G**, and MP2/6-311+G**// B3LYP 

/6-311+G** results reveal that a lower barrier height for reaction 3 than that of reactions 1 

and 2. These results are justified by natural charge distribution values, calculated structural 

parameters and NBO results analysis in the ground-state structure of compounds 1,3 and 5 

and transition state structures of reactions 1– 3. NBO analysis revealed that resonance 

energies in products are greater than reactants. Therefore, the number of conjugated  bond 

increased in products. Also, NICS results showed that reactants are non-aromatic but products 

are aromatic compounds. Consequently, the calculated data could be considered as fairly 

acceptable and useful information from the QSAR point of view in the corresponding organic 
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compounds, which are further confirmed by the corresponding energetic and structural results 

generated by the NBO analysis and NICS results. 

                                                 

References 

[1] B. Liu, J. Chem. Phys. 80, (1984), 581. 

[2] A.D. Becke, J. Chem. Phys. 98, (1993), 5648. 

[3] C. Lee, W. Yang, R.G. Parr, Phys. Rev. 37, (1988), 785.  

[4] W.J. Hehri, L. Radom, P.v.R. Schleyer, J.A. Pople, Ab Initio Molecular Orbital Theory, 

Wiley,New York,(1986). 

[5] J.M. Seminario, P. Politzer (Eds.), Modern Density Functional Theory. A Tool for 

Chemistry,Elsevier, Amsterdam, (1995). 

[6]  Mo¨lder U, Burk P, Koppel IA. J. Mol. Struct. (THEOCHEM) ., 712 , (2004), 81–89. 

[7] Alkorta I, Elguero J. Struct. Chem., 16 , (2005), 77–79. 

[8] A. Rahaman, L.M. Raff, J. Phys. Chem. A 105, (2001) 2156. 

[9] S. Kuns_agi-M_at_e, E. V_egh, G. Nagy, L. Koll_ar, J. Phys. Chem. A 106, (2002), 6319. 

  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
863

Density Functional Theory Study of the Rreaction Mechanism of the DNA 

Repairing Enzyme Alkylguanine  

 

Z. Mahmoodia,*, H. Shirani IL Beigib, A. bodaghib, J. Hosseinib, H. Soleymanabadib, 

M.Nouralieib and H. Irannezhada 

 aDepartment of Chemistry, Islamic Azad University, Arak Branch, Arak, Iran 
bDepartment of Chemistry, Islamic Azad University, Toyserkan Branch, Toyserkan, Iran 

*Email: mahmoodi_zahra80@yahoo.com 

 

Abstract  

The reaction mechanism of human O6-alkylguanine-DNA alkyltransferase (AGT) is studied 

using density functional theory. AGT repairs alkylated DNA by directly removing the alkyl 

group from the O6 position of the guanine. A quantum chemical model of the active site was 

devised based on the recent crystal structure of the AGT–DNA complex. The potential energy 

curve is calculated and the stationary points are characterized. It is concluded that the 

previously proposed reaction mechanism is energetically plausible.  

 

Keywords  :  Density functional theory; AGT; DNA 
 

Introduction  

O6-Alkylguanine-DNA alkyltransferase (AGT), also known as O6-methylguanine-DNA 

methyltransferase (MGMT), repairs the alkylated DNA by directly removing the alkyl group 

from the O6 position of the guanine [1,2]. It works by transferring the alkyl lesion to an active 

site cysteine residue in an irreversible stoichiometric suicide reaction. After completing its 

task, the alkylated enzyme is degraded in the ubiquitin pathway. Human AGT is a target in 

cancer therapy because it repairs damage induced by anticancer chemotherapies [3]. The main 

features of the active site-base interaction for the human AGT are shown in Figure 1. In the 

present study, we use the hybrid density functional theory method to examine the energetic 

feasibility of this suggested mechanism. 

 

Methods 
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All geometries and energies presented in the present study are computed using the B3LYP 

density functional theory method as implemented in the GAUSSIAN 03 program package [4]. 

Geometry optimizations were performed using the 6-31G(d,p) basis set.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Proposed reaction mechanism of AGT. 

 

Results and Discussion                                                                                                                           

Having established that the proton transfer resulting in the creation of the thiolate anion is 

energetically feasible, the next step is to transfer the methyl group from the O6 position of the 

guanine to the thiolate, thereby repairing the DNA. The transition state (TS2) for this SN2 

methyl transfer was located and confirmed by a frequency calculation to have an imaginary 

frequency of - 475i cm-1.  
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Conclusion  

In this Letter, we have used a quantum chemical cluster model to examine the energetic 

feasibility of the chemical steps of the DNA repair mechanism of O6-alkylguanine-DNA 

alkyltransferase (AGT). The active site model is based on the recent X-ray structure of the 

AGT–DNA complex and consists of 74 atoms. The calculations confirm the suggested 

mechanism, in which Cys145 first is activated by a proton transfer to His146, mediated by a 

water molecule. The resulting thiolate is then able to perform a nucleophilic attack on the 

methyl group. 
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Abstract  

Comprehensive studies of the molecular and electronic structures, vibrational frequencies, and 

infrared and Raman intensities of the aniline radical cation, C6H5NH2 1 have been performed 

by using the unrestricted density functional (UB3LYP) and UMP2 methods with the extended 

6-311++G** basis set. For comparison, analogous calculations were carried out for the 

closed-shell neutral aniline. The studies provided detailed insight into the bonding changes 

that take place in aniline upon ionization. The natural bond orbital (NBO) Analysis has 

revealed that the pp-radical conjugative interactions are of prime importance in stabilizing the 

planar, quinoid-type structure of the aniline radical cation. The theoretical vibrational 

frequencies of aniline, calculated by the B3LYP method, show excellent agreement with the 

available experimental data. In contrast, the MP2 method is deficient in predicting the 

frequencies of several modes in aniline, despite the use of the extended basis set in 

calculations. The frequencies of aniline radical cation, calculated at the UB3LYP/ 6-

311++G** level, are in very good agreement with the recently reported experimental data 

from zero kinetic energy photoelectron and infrared depletion spectroscopic studies. 

 

Keywords  :  DFT-B3LYP; NBO; Aniline 
 

Introduction  

Recent progress in the infrared spectroscopy of isolated molecular clusters in a supersonic jet 

has made it possible to provide detailed information on the nature of hydrogen bond 

interactions between molecules. Aniline, the simplest aromatic amine, is a very good model 

system for studying molecular complexes by infrared depletion spectroscopy [1]. 
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Methods 

The optimized equilibrium structure, harmonic frequencies, infrared intensities, and Raman 

scattering activities of aniline have been calculated by the density functional threeparameter 

hybrid model [2] and ab initio MP2 method [3]. For the radical cation, the corresponding 

unrestricted (UB3LYP and UMP2) methods have been used. 

 

Results and Discussion                                                                                                                                       

C–N bond is slightly bent and it makes an angle g of about 1.5°–2.3° with the horizontal axis . 

It should be noted that the bond lengths and angles of the neutral aniline calculated at the 

MP2/6-311++G level are in excellent agreement with the microwave data. For example, the 

experimental C–N bond length as well as C–C distances in the ring are almost reproduced at 

this level of theory. The B3LYP calculated geometry of aniline is also in very good agreement 

with experiment. The results of the NBO analysis performed for the closed-shell ground state 

of aniline indicate that the electronic interactions in the ring are dominated by strong 

conjugation allowing each localized  bond orbital to delocalize into two adjacent * 

antibonding NBOs (ij* ). These interactions are similar to those calculated for 

benzene.46. Also, very important in the neutral aniline is the electron donation from the 

nitrogen lone pair orbital, LPN , to the antibonding acceptor *CC orbitals in the ring. The LPN 

orbital has 90.6% p-character and is occupied by 1.8508 electrons (this is consistent with a 

delocalization of electron density from the idealized occupancy of 2.0 e).  

 
Conclusion  

For the aniline radical cation, the calculations with the unrestricted B3LYP method indicates a 

planar, quinoidal-type structure of the molecule. The UMP2 method with the large basis set, 

6-311++G** Overestimates the quinoid character of the ring. According to B3LYP results, 

ionization of aniline leads to a delocalization of the positive charge to the phenol fragment, 

and to an almost equal increase of a charge on the nitrogen atom in the ring. In contrast, the 

UMP2/6-311++G** Calculation predicts the biggest accommodation of the positive charge on 

the C4 atom. 
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Introduction:  

Tautomerism is the movement of an atom or a group of atoms in a molecular structure and 

providing the new from that may this new from more stable or more unstable than initial form 

.One of the most important of available processes in containing carbonyl groups is their 

tautomerism that it operated in neutral environment with less intensity in comparison with 

acidic and alkaline environments[1].There are two forms in ketone and enol tautomerism . 

That usually ketone is less stable than enol. In such usually suitable catalyst in such 

mechanics , is acidic and alkaline catalysts.In this research we studied on the structure and 

rate of levels of energy of “1,3,5,2,4,6-triazatrisilinan-2-one”  in tautomerism reaction by 

using initial quantum mechanic and DFT methods. 

  
 

Figure 1 : Calculated B3LYP/6-311+ G** profile for Tautomerism structure “1,3,5,2,4,6-triazatrisilinan-2-one” 

Method 

The geometries of all compounds at gas phase were fully optimized at DFT(B3LYP)levels of  
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theory using the Gaussian 03 set of programs [2]. The standard 6-311+G** basis set was used 

for all atoms. Calculations were performed on a Pentium–PC with Intel(R)Core(TM)2 Duo 

CPU T9600, 2.8GHz processor. Initial estimation of the structural geometry of “1,3,5,2,4,6-

triazatrisilinan-2-one”was obtained by program Chemoffice 2010 and for further optimization 

of geometry was used the MM2 method of the Chem3D program [3]. 

 
Table1: Calculated energies (in Hartree) for the important geometries of  Tautomerism 

 

aRelative to the most stable geometry 

bNumbers in parenthesis are the corresponding values in kcal mol-1 

 

 

 

 
 
E0(Ts)     -1112.350987(Hartree)                              

 

                      

                

                        ∆E                           E0(Product)       -12.405413(Hartree) 

                 

                            

        E0(Reactive)  -1112.430366(Hartree)   

                                       

Figure2 : Calculated B3LYP/6-311+G** profile for tautomersim structure “1,3,5,2,4,6-triazatrisilinan-2-one” 

 

Result and discussion 

After calculation in the desired energy levels were predicted information that has been 

reported  

in the table below. 

 

Method B3LYP/6-311+G** 

Geometry Reactive Transition State Product 

ZPE 0.089144 0.084393 0.096953 
Eele -1112.5195103 -1112.4353734 -1112.5023668 
E0 -1112.430366 -1112.350987 -1112.405413 
∆Ea

0 0.079379(49.8103225)b
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Conclusion 

 Initial restructuring process of the energy levels of a product structure using quantum 

mechanic  

researches and density of function theory at the theory of the level of B3LYP with 6-311+G**  

basics set showed that this process can be done with reagent of 49.8103225 Kcal/mol energy 

and  

the mechanism of this reaction is Endothermic. 
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Introduction 

Structure (2) obtained from chloropyridine derivatives. The chloropyridine structure is a 

heterocyclic ring, analogous to the six-membered benzene ring but with three carbons 

replaced by nitrogens. chloropyridine compounds are often used as the basis for various 

herbicides. Cyanuric chlorides obtained  from react  through a chlorine group with hydroxyl 

groups present in cellulose fibres in nucleophilic substitution [1].This combinations mostly 

are used as a catalyse in some of specific reaction . In  many year ago ,studies such as this is 

done the level of theory in the case of ratio of aromatic stability of structure of (R)-5-

(azetidin-2-ylmethoxy)-2-chloropyridine. But this studies are done in the level of semi 

empirical and empirical . That the result was near to empirical result[2]. However spectrum  

IR, Raman and  NMR of combination are attained or obtained by DFT method and were 

attained or obtained spectrum empirical result that the results was useful and satisfactory.The 

aromatic stabilization energy (ASE) reveals higher stability of compoun Nuclear independent 

NMR Isotropic Chemical Shift (NICS), has become the most widely used aromaticity probe 

due to its simplicity and efficiency. In this research, ASE and NICS calculations were carried 

out for compounds  with using GAUSSIAN 03 package of programs [3].                                                           
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Figure1: Calculated B3LYP/6-311+ G** profile for  (R)-5-(azetidin-2-ylmethoxy)-2-chloropyridine 

 

Method 

The geometry of the system has been fully optimized with the hybrid DFT-B3LYP. DFT 

calculations were performed with the GAUSSIAN 03 programs  on a Pentium-PC computer 

with 3600 MHz processor. The vibrational frequency calculations of the molecule in the 

liquid phase, were carried by using the Onsager SCRF method at the  B3LYP/6-311+G**. 

 

Result and discussion 

The ASE, NICS, calculations of (R)-5-(azetidin-2-ylmethoxy)-2-chloropyridine calculated by  

DFT level with the 6-311+G(d,p) basis sets. The results of calculations show that ASE of 

compound by using B3LYP/6-311+G** is 375.72 Kcal/mol, respectively (table 1). The 

aromatic character of compound is demonstrated by their NICS values. The table 2 

summarize NICS (0), (0.5), (1.0) data at the uniform GIAO-B3LYP/6-311+G** levels of 

theory .  
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Table 1 : B3LYP/6-311+G** calculated zero point energies (ZPE) ,Electronic energy (Eele), Total energies(E0) 
and aromatic stabilization energies ASE for (R)-5-(azetidin-2-ylmethoxy)-2-chloropyridine. 

 

a: Energy according( kcal /mol) 

 

Table 2: GIAO-B3LYP/6-311+G** Calculated nuclear independent chemical shifts (NICS) values in ppm for 
(R)-5-(azetidin-2-ylmethoxy)-2-chloropyridine. 
 
 

Conclusion 

in the level of theory B3LYP/6-311+G**, its determined that the extent of aromatic 

stabilization energy of structure (R)-5-(azetidin-2-ylmethoxy)-2-chloropyridine in Gas 

solution is more than aromatic stabilization energy in that amount of that equals 375.723783 

(kcal.mol-1). However the most amount of the magnetic isotropic is placed 0.50 angstrom on 

top of the ring that equals  -9.9161 ppm. After the study of particulars structure combination 

of  (R)-5-(azetidin-2-ylmethoxy)-2-chloropyridine , its found that bond order and density of 

electrons  are the same in all the ring. However the structure of (R)-5-(azetidin-2-ylmethoxy)-

Method                                  B3LYP/6-311+G**   

Geometry                 1              

             

                      2                                      3     

ZPE                 0.213654  

                             

               0.191393                0.224070 

Eele            -995.8040831              -994.6232737          -996.3742848

E0             -995.590429               -994.431881           -996.150214 

ASE                                              0.598763(375.723783)a 

Structure No.of dummy atom Distance of hetrocycle 
center 

NICS values(ppm) 

 

3 1.00 -9.6309                   

2                     0.50 -9.9161                   

    1                                  0.00                   -8.5554                   
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2-chloropyridine  that include high electrostatic potential take Participation easily inside the 

electrophillic reaction.                                                     
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Abstract 

Numerical simulation of a 6H-SiC/3C-SiC edge emitting laser employing the active region 

with 3C well embedded in 6H barriers show photoluminescence (PL) that can be interpreted 

in terms of a type-II heterostructure character and a built-in electric field due to the 

pyroelectricity of 6H using an industrial-based numerical simulator was studied in this work. 

The basic design goal was to use silicon carbide polymers and decrease the threshold current 

and stable optical wavelength of the lasers with silicon carbide polymers reported in earlier 

similar devices. 

 

Keywords: Numerical simulation, Silicon carbide, 6H-SiC, 3C-SiC, Semiconductor laser  

 

Introduction 

Silicon carbide has many stable polytypes, including cubic zinc-blended, hexagonal and 

rhombohedral polytypes. In the cubic zinc-blended structure, labeled as 3C-SiC or β-SiC, Si 

and C occupy ordered sites in a diamond framework. In hexagonal polytypes nH-SiC  and 

rhombohedral polytypes n R-SiC, generally referred to as αη-SiC, n Si-C bilayers consisting 

of C and Si layers stack in the primitive unit cell. The aim of this work is to simulate a 6H-

SiC/3C-SiC edge emitting laser [1]. 

 

Theory 

 The basis of the simulation is to solve two-dimensional Poisson’s equation and the continuity 

equations for electrons and holes [2].  

.( )      (1) 
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  (2) 

1
.p p p

dp
G R j

dt q
           (3) 

To simulate semiconductor lasers, the basic semiconductor equations (1)-(3) are solved self-

consistently together with the Helmholtz, lattice heat flow and the photon rate equations.  

 

Simulation results 

Figure 1 shows the light-current (L-I) curve where the current increased from 0 to 3.4 A. If 

the laser is to be used in any kind of an optical system, it is important to consider the 

characteristics of the output beam. The maximum output power is limited by heating. Recent 

device modeling shows that spatial holebuming and leakage over the carrier confinement 

barriers are limiting the output power as the device heats up. As the temperature rises due to 

resistive heating, leakage over the 6H-SiC barriers starts to dominate over other 

recombination mechanisms and eventually causes the laser to stop emitting. 
 

 
Figure 1: light-current (L-I) curve. 

 

 

Conclusion 

In this paper, we have developed a numerical laser model operating in the 830-nm wavelength 

regime. The basic design goal was to use silicon carbide polymers and decrease the threshold 

current and stable optical wavelength of the lasers with silicon carbide polymers. 
 

1
.n n n

dn
G R j

dt q
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Introduction 

In 1987, Mokolajczyk and co-workers have indicated AEs in the Carbon-Sulfur-Cacrbon-

Phosphorus, CSCP, systems.1,2 The same year the magnitude of the anomeric effect involving 

the Ph2P-S group in 1,3-dithiane (ca. 3.8 kcal mol-1) has estimated by Juaristi et al.3 The AE 

in the CSCP system has been found in 2-(diphenylphosphinoyl)-1,3,5-trithiane and for some 

other phosphorus-containing substituents at the C-2 atom of 1,3-dithiane and oxathiane rings. 

Also, the AE involving sulfur has been found in various C-2-substituted thianes, 1,3-

oxathianes, 1,3-dithianes. In these compounds, the AE has interpreted in terms of ns→σ*C-

Substitution negative hyperconjugation by Pinto et al., Tschierske et al., and Juaristi et al. Such an 

interpretation has been based on the dependence of axial preference on electron-withdrawing 

properties of the C2-Substitution, however, the problem of the nature of the AE in the MCP 

(M = O, S and Se) systems is still a matter of controversy. 
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Computational details 

  Ab initio calculations were carried out using density functional theory (DFT: 

B3LYP/6-31G*//HF/6-31G*) and molecular orbital (MO: MP2/6-31G*//HF/6-31G*) based 

methods with the GAUSSIAN 98 package of programs.4 

 

Results and Discussion 

The NBO analysis, hybrid-density functional theory (hybrid-DFT) and ab initio molecular 

orbital based methods were used to study the impact of the anomeric effect (AE) on the 

conformational behaviors of 2-(diphenylphosphinoyl)-1,3-dioxane(1), [2-

(diphenylthiophosphinoyl)-1,3-dioxane (2), 2-(diphenylselenophosphinoyl)-1,3-dioxane (3)],  

2-(diphenylphosphinoyl)-1,3-dithiane (4), 2-(diphenylthiophosphinoyl)-1,3-dithiane (5), 2-

(diphenylselenophosphinoyl)-1,3-dithiane (6), 2-(diphenylphosphinoyl)-1,3-diselenane (7), 2-

(diphenylthiophosphinoyl)-1,3-diselenane (8) and 2-(diphenylselenophosphinoyl)-1,3-

diselenane (9).[1,2] In this work, the stereoelectronic interactions associated with the AE and 

also conformational and structural properties of compounds 1-9 were investigated 

computationally using both ab initio MO and DFT methods.  

MP2/6-311+G**//HF/6-31G* and B3LYP/6-311+G**//HF/6-31G* results revealed 

that the chair conformation with the equatorial diphenylphosphinoyl group of compound 1 is 

more stable than its axial conformation, while the strong axial preference is observed in 

compounds 2 and 3. On the other hand, the NBO analysis of donor-acceptor (bond-antibond) 

interactions revealed that the Anomeric Effect (AE) for compounds 1-3 are -9.82, -6.55 and -

5.26 kcal mol-1, respectively. Contrary to the decrease of the AE values from compound 1 to 

compound 3, the precise structural parameters (which could influence the srteric repulsions) 

could fairly explain the strong axial preference in compounds 2 and 3. Further, the correlation 

between the AE, structural parameters and conformational behavior of compounds 4-9 has 

investigated. 

 

Conclusion 

It can be concluded that the conformational behavior of compounds 1-9 are not 

controlled only by AE associated with LPσ* delocalizations, therefore, it seems that other 
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factors (such as: steric interactions, orbital overlap (S) and dipole moment) could influence 

the conformational preference in compounds 1-9. 

 

References: 

[1] Mikolajczyk, M., Graczyk, P., and Blaczewski, P. Tetrahedron Lett. 1987, 28, 573-576.  

[2] Mikolajczyk, M. Pure Appl. Chem. 1987, 57, 983-988. 

[3] Juaristi, E., Lopez-Nunez, N. A., Valenzuela, B. A., Valle, L., Toscano, R. A., and 

Soriano-Garcia, M. J. Org. Chem. 1987, 52, 5185-5189. 

[4] Frisch, M. J., et al., GAUSSIAN 98 (Revision A.3), Gaussian Inc. Pittsburgh, PA, USA, 

1998. 

 

  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
882

Interfacial binding between single-walled carbon nanotubes and 

hydrophobic and hydrophilic polymers  

 

M. Foroutan, M. Moshari 

Department of Physical Chemistry, School of Chemistry, College of Science, University of Tehran, Tehran, Iran, 

Mahshad.Moshari@khayam.ut.ac.ir 
 

Key word: Carbon nanotubes, Vinyl pyrrolidone, Vinyl acetate, Interaction Energy, Gyration 

radius.  

 

Introduction 

Significant efforts have been made to design and fabricate nanotube-based composites 

(nanocomposites) since the pioneering report on carbon nanotube (CNT)–polymer composites 

by Ajayan et al.1 Now, It is well-known that the structure and properties of the interface 

between CNTs and polymer matrix play a major role in determining the mechanical 

performance and structural integrity of such nanocomposites. The recent research works 

emphasize that the interaction between the CNT and the polymer is strongly influenced by the 

specific monomer structure of polymer. 2  In this work the molecular dynamic (MD) 

simulation method is used to study the interfacial binding between the single-walled CNTs 

and two polymers, poly vinyl pyrrolidone (polymer A) as a hydrophilic polymer and  poly 

vinyl acetate (polymer B) as a hydrophobic polymer.   

 

Computational Procedure  

We used a canonical ensemble (constant NVT) with undefined boundary conditions for 

considering the simulated volume were equals to infinite. The velocity form of Verlet 

algorithm method and the Nose-Hoover thermostat algorithm were used to integrate the 

equations of motion with a time step of 1.0 fs and temperature control of 300 K, respectively.  

All MD simulations have performed using the AMBER force field.   Non-bonded van-der-

Waals interactions were modeled by a Lennard-Jones potential with a cut-off distance of 0.9 

nm.  

 

Results and Discussion 
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The intermolecular interaction energies between CNTs and copolymer molecules, the plots of 

radial distribution function and the gyration radios are three methods which were used to 

describe the behavior of simulated systems. 

 

Figure 1- MD simulation snapshots (cross-sectional view) of the wrapping of a CNT (10,10) 

by  poly vinyl pyrrolidone (Left side) and poly vinyl acetate (Right side). 

To characterize the overall size of polymer chains on the CNT surface, we calculated their Rg.  

Figure 2 shows the radius of gyration evolution for polymers A and B. As this figure shows, 

the radius of gyration of hydrophobic polymer B is more than that of hydrophilic polymer A, 

since the interaction energy of hydrophobic polymer B is more than that of hydrophilic 

polymer A. It is reminded that carbon nanotubes have hydrophobic nature and have proper 

interaction energies with hydrophobic materials. 

 
Figure 2- The radius of gyration (Rg) evolution for polymers A and B after interaction with CNT. 
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Introduction 

Carbon monoxide (CO), is a colorless, odorless and tasteless gas which is highly toxic to 

humans and animals in higher quantities. Many studies have been performed for adsorption 

and sensing of carbon monoxide in order to eliminate this gas. Since their discovery by 

ijima,[1] carbon nanotubes (CNTs), due to their structural features, such as high aspect ratios, 

large surface area, as well as unique thermal and electronic properties, have been a candidate 

for gas sensing[2], but it has been recognized that pure CNTs could not adsorb and also sense 

CO effectively[3]. With the synthesis of silicon nanotubes (SiNTs) in 2002[4], a lot of  

methods were also developed to fabricate the SiNTs and well-aligned SiNT arrays. Compared 

to carbon, silicon has more electrons in the outer shells, which leads to higher polarizability 

and a stronger dispersion force[5]. In this paper, we report a theoretical method to investigate 

adsorption of CO in the SiNT arrays. 

 

Methods 

We considered an armchair (5, 5) silicon nanotube. The dangling bonds were saturated by 

hydrogen atoms at the two end. Our structures optimizations and the total energy calculations  

are based on density functional theory (DFT). To achieve more accurate data, the CO 

molecule and its nearest six silicon atom were treated with the 6-311++G(d,p) basis set, 

whereas the other atoms were treated with the 3-21G basis set. All the calculations were 
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carried out by the MPW1PW91 exchange-correlation function, which can supply a more 

accurate dispersion force than B3LYP[5]. 

 

Results and Discussion 

There are three typical adsorption sites: on-top, bridge, and hollow. All these cases have 

been considered for adsorption of CO on the SiNT surface. Our results show that, among 

different adsorption orientations, CO adsorbing on the hollow sites with the C-O bond vertical 

to the tube surface is the most favorable adsorption mode for both inside and outside the SiNT 

wall. the CO molecules can be adsorbed on the hollow sites with the binding energy of about 

−0.40 eV. To investigate the effect of the CO adsorption on the electronic structure, we plot 

the partial density of states (DOS) of the system with and without the CO molecule. DOS 

plots show that the electronic properties have changed upon the CO gases.  

 

Conclusion 

In summary, the ab-initio studies indicate that the SiNT array gives a higher CO 

adsorption energy than the CNT array. Excellent performance of the SiNT array in CO 

adsorption is attributed to the denser electron cloud of the SiNT surface compared to the CNT 

surface, which produces much stronger van der Waals attraction to carbon monoxide. SiNT 

due to its sensitive electronic structure shows the great respond against the molecules 

adsorption and it is very suitable to sense the gas molecules such as carbon monoxide. 
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Introduction 

Hydrogen and oxygen evolution from water using semiconductors and light is an 

important issue in the exploitation of solar radiation as a sustainable energy. Hydrogen 

generation from clean and environmentally friendly sources such as solar energy is required. 

Photoelectrochemical (PEC) water splitting, also known as solar-driven water splitting, is one 

of the most promising means of producing hydrogen from a renewable source. In 1972, 

Fujishima and Honda first reported the photo-assisted splitting water into H2 and O2 on TiO2. 

In this process, water molecules are broken into hydrogen and oxygen, using sunlight. There 

are several advantages to this approach, such as abundance of solar energy, inexpensive raw 

materials, and ease of mass production [ ]١ .                                                                          

 

Methods 

Geometry optimizations of the heteroleptic ruthenium dye sensitizers in the ground state 

and in  water solution have been performed with DFT using the Gaussian 98W program. The 

geometries were fully optimized in gas at hybrid DFT levels by B3LYP functions. For Ru we 

use  a LanL2DZ basis set. All geometry optimizations were computed in water solution using 

the CPCM solvation model and with the 3-21G basis set. The vertical excitation energies 

were calculated for all geometries by the B3LYP functional within the TD-DFT methodology. 

Natural bond orbital (NBO) analysis was also conducted on optimized geometries with the 

NBO program. 
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Results and Discussion 

The  Results shows that all of the spectra in the range of 350-600 nm are contributed by 

MLCT transitions, that is, excitation from the highest occupied Ru 4d orbitals to the lowest 

unoccupied bipyridine ligand π* orbitals. In this region, the simulated spectrum of the gas-

phase  heteroleptic ruthenium dye shows one peak at 446.17 nm with the oscillator strength of 

0.1325 and in present electric fields peaks at 717.35nm with the oscillator strength of 0.0021. 

Our results strongly indicate that the field effect on metal organic-dye could  be red-shifed. 

Such electric fields could lead to a change in the absorption spectrum due to the Stark effect. 

This  peak corresponds to the lowest-energy excitation, which shows strong HOMO→LUMO 

character. An analysis of the HOMO and LUMO  clearly shows that this excitation 

corresponds to an electron transfer from the metal center to the bipyridine ligands. For the 

heteroleptic ruthenium dye in  water  solution calculated using the C-PCM model, the peak of 

the spectrum appears at 464.23 nm, a 18.05-nm red shift from the gas-phase spectrum. The 

oscillator strength of the lowest-energy excitation increases from 0.132 to 0.135.   

 

Conclusion 

The molecular geometries, electronic structures, and optical absorption spectra of 

heteroleptic ruthenium dye both in the gas phase and in water solution have been investigated 

by mean of combined DFT/TD-DFT calculations. A frontier orbital analysis shows that the 

five HOMOs have predominantly Ru 4d character whereas the four LUMOs are composed of 

the antibonding combination of the C 2p orbitals of bipyridines. The spectra in the range of 

350-600 nm originate from metal-to-ligand charge-transfer (MLCT) transitions, whereas the 

spectra in the range of 350-400 nm are excitations mainly from the metal Ru 4d orbitals to the 

carboxyl group π* orbitals. The solvent effect strengthens the short-range interaction by 

dispersing the repulsive interaction and weakens the long-range interaction by coupling the 

respective dipole moments of different moieties. Inclusion of field effects decreases the 

oscillator strength and results in red shifts of the spectra of heteroleptic ruthenium dye.     
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Introduction 

The conversion of sunlight to electricity using dye-sensitized solar cells (DSCs) represents 

one of the most promising methods for future large-scale power production from renewable 

energy sources[1-3] . Up to now, two kinds of dye sensitizers, which are generally known as 

metal-organic complexes and metal-free organic dyes, were studied extensively. In metal-

organic complexes, especially the noble metal ruthenium polypyridyl complexes, including 

N3 and black dye etc. that were presented by Gratzel et al., have proved to be the best dye 

sensitizers with overall energy conversion efficiency greater than 10% under air mass (AM) 

1.5 irradiation [4-5]. Organic dyes, because of their many advantages, such as high molar 

extinction coefficients, convenience of customized molecular design for desired 

photophysical and photochemical properties, inexpensiveness with no transition metals 

contained, and environment-friendliness,10 are suitable as photosensitizers for DSC. Among 

the organic dyes employed for DSSCs so far, coumarin dyes are one kind of promising dye 

stuff and have been studied systematically [6-7].                                                                          

 

Methods 

Geometry optimizations of the NKX-2807 coumarin dye  in the ground state and in 

ethanol solution  . Calculations were performed with DFT using the Gaussian 98W program. 

The geometries were fully optimized in vacuo at hybrid DFT levels by B3LYP functions. All 

geometry optimizations were computed in water solution using the CPCM solvation model 
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and with the 6-311G(d) basis set. The vertical excitation energies were calculated for all 

geometries by the B3LYP functional within the TD-DFT methodology.  

 

Results and Discussion 

This Results shows that all of the spectra in the range of 200-700 nm are contributed by 

transitions from the highest occupied orbitals to the lowest unoccupied orbitals. In this region, 

the simulated spectrum of the gas-phase  NKX-2807 dye shows one peak at 525.08 nm with 

the oscillator strength of 1.31. This  peak corresponds to the lowest-energy excitation, which 

shows strong HOMO → LUMO character. For the NKX-2697  dye in  ethanol  solution 

calculated using the C-PCM model, the peak of the spectrum appears at 590.2 nm, a 65nm red 

shift from the gas-phase spectrum. The oscillator strength of the lowest-energy excitation 

increases from 1.31 to 1.56.  

 

Conclusion 

In this study, we have theoretically investigated the excited-state energies and properties 

in a NKX-2807 coumarin dye molecule for use dye sensitizer solar cell applications. For this 

dye, excited-state energies and properties were obtained using the TD-DFT formalism  both in 

gas and ethanol. TD-DFT calculation has provided valuable information on the nature of the 

electronic transitions that are involved in the light absorption and electron transfer process. 

The solvent effects are taken into account by the CPCM. The ethanol solution is found to 

induce a red shift in the vertical excitation energy due to the stabilization of the HOMO. we 

conclude that the red shift in solution is mainly caused by the polarization of the solvent 

.Organic dyes with a coumarin derivative as the electron donor, connected with methine and 

thiophene as the π-conjugation linkage and two-CN groups as the electron acceptor, have 

been studied as sensitizers for DSSCs. In the light of the concept of the D-Π-A structure, 

increasing the electron-withdrawing ability of acceptors would red shift the absorption peak. 

Our preliminary results indicate that linking two-CN groups to the π-conjugation bridge was 

successful in extending the photoresponse to longer wavelength. 
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Introduction 

To obtain the exact structure of molecule of kaempferol study of its molecular energy and 

IR.Spectra in order to obtain the physicochemical characteristics of Kaempferol and study of 

the biological and biochemical characteristics of this substance . 

Kaempferol is a natural flavonoid . Kaempferol is has been isolated from tea, broccoli, 

Delphinium, Witch-hazel, grapefruit, brussels sprouts, apples and other plant sources[1].  

 

Chemical name3,5,7-trihydroxy-2-(4-hydroxyphenlyl)-4H-1-benzonpyran-4-one[2] 

Kaempferol is well-known as one of anti oxidants biologically and thus can be used as an 

effective medicine for defeating a number of cancers[3].  

Method 

In this research  shape and energy molecule in gas phase was limited using Ab initio quantum 

and Restriced Hartree-Fock (RHF)was examind through series of 6-31G to 6-311++G(d,p). 

 
Method Energy(au) 

RHF/6-31G -1022.46140114 

RHF/6-31+G -1022.49157297 

RHF/6-31++G -1022.49212840 

RHF/6-311G -1022.69700718 

RHF/6-311++G** -1023.15121223 
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Keampferol Structure by Gaussian View  software                Keampferol  optimize Structures in RHFmethod is           

                                                                                                           used with 6-31++G serie 

 

After energy calculating by Gaussian 2003 software ,we  Compared them with Kaempferol 

energy experimental (1022.58au)  [4].  

In this research, we obtained Kaempferol FTIR spectrum in order  to better analyze the 

spectra and comparing the spectrum of Kaempferol molecule with IR computational 

spectra[5] of Kaempferolmolecule, Kaempferol FTIR spectrum was obtained from Fourier 

transfrormation [6]of experimental IR spectrum  that carried out  by using Digitizer program 

and  MATLAB  7.4 software. 

 

Kaempferol molecule’s FTIR spectrum 

 

Method Standard deviation 

B3LYP 6-31G 4.476342 

B3LYP 6-31G(d) 4.778566 

B3LYP 6-311+G 3.899832 

B3LYP 

6-  311+G(d,p) 

4.0280852 

B3LYP 

6-311++G 

3.967397 

B 3LYP 6-311++G(d,p) 4.132597 
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We obtained IR spectra calculating by Gaussian 2003 software,  then we compared them with 

Kaempferol molecule’s FTIR spectrum.  

               
Kaempferol IR spectra  B3LYP method is used with 6-311+G series 

 

Result and discussion 

Comparing measuared Energy with  Energy experimental [1022.58au] of Kaempferol 

molecul ,RHFmethod is used with 6-31++G series the most similarity with experimental 

Comparing measured frequencies of IR spectra  with experimental spectrum and Comparing 

standard deviations of Kaempferol molecule, B3LYP method is used with 6-311+G series  

has minimum standard deviation and the most similarity with experimental results 

 

conclusion 

Kaempfero is well- known as one of anti oxidants biologically and thus can be used as an 

effective medicine for defeating a number of cancers . This molecule is also effective on 

prevention of oxidation disadvantages in cells,fats and DNA.prevents from arteries blocks 

and also prevents from oxidation and formation of low-density of lipoprotein in blood. 

Therefore with this research  can be carried out  for optimization of particulars and  molecule 

function through investigation of the said parameters. 
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Introduction: 

The importance and vital role of amino acids and their peptides in living systems is well 

known. The protonation and proton transfer processes of amino acids are among the most 

important factors in determining structure٫ property and function of these biological 

molecules٫ such as energy transfer٫ charge distribution٫ acid-base reactions٫ and catalysis[1]. 

Based on the proton affinities of the various possible sites٫ the protonation of amino acids is 

generally presumed to occur at the amine nitrogen of the n-terminus or a nitrogen of a basic 

side chain. The protonated form of gas-phase amino acids has been the subject of extended 

theoretical studies for several years[2]. 

Phenylalanine is one of the three aromatic amino acids in which the aromatic residues 

are the side chains. The aromatic residues have been recognized as very important groups in 

biological systems because of their structural and functional roles[3]. 

This work deals with the calculation of phenylalanine protonation constants in the gas 

phase using a computational method and compare with the values obtained in aqueous 

solution. 

 

Theoretical Section 

The geometry optimization and calculation of the properties of the neutral and 

protonated phenylalanine were carried out at the DFT level of theory with B3LYP functional 

using 6-311++G(d٫p) basis set. 

The protonation constant, pKa, of an acid HA is given by: 
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0
a deprot,aq

1pK = ∆G
2.303RT  

In above equation, 0
deprot∆G  is defined as  

     
0 0 0 0
deprot HA- +A H

= ∆ + ∆ - ∆∆G G G G  

The standard Gibbs free energy of each species in the gas phase and at its standard state (ideal 

gas at 1atm and 298K), 0
[HA(g)]∆G , 0

[A (g)]
∆G  , is obtained by  

0 298

0
0Kg = + ZPE+∆G ∆∆GE   

where E0K is the total energy of the molecule at 0K, ZPE is the ziro-point energy and 0 298∆∆G 

represents the Gibbs free energy change from 0 to 298K at 1atm. E0K, is calculated at the 

optimum geometry, ZPE and 0 298∆∆G   are calculated from the vibrational frequencies. 

Translational and rotational free energy contribution is also calculated in the ideal gas 

approximation[4]. 

 We use +
0
[H (g)]

kcal∆G =2.5RT - T∆S=1.48-7.76=-6.28 mol at 298K and 1atm. 

 

Result and discussion: 

The protonation constants of phenylalanine were calculated in gas phase using density 

functional theory and also in aqueous solution by a potentiometric method for comparison and 

are listed in following table. 

gas phase aqueous solution 
protonation 

constants 

150.7 1.83 pKa1 

234.7 9.13 pKa2 

As shown in above, Ka values increase and therefore pKa values decrease in gas phase rather 

than aqueous solution. The difference between pKa1 and pKa2 in gas phase in comparison with 

solution appeared that solvent molecules have the important role in stability of species. This 

can be due to the effect of the strong intramolecular hydogen bonds or the solvent-solute 

electrostatic and nonelectrostatic interactions in solution. These reasons are caused to 

decrease protonation constants in aqueous solution in comparison with gas phase. 
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Introductions 

Nuclear magnetic resonance spectroscopy is a widespread and well-established method of 

structural analysis. In particular, NMR spectroscopy plays an important role in detection and 

characterization of hydrogen bonds. Ab initio calculations of effect of size of clusters on the 

nuclear spin-spin coupling constants in H-bonded systems have lately attracted a lot of 

attention. The modeling of the nuclear spin-spin coupling constants in molecules interacting 

with the environment is still a new field, but the interest in this subject is growing [1,2]. 

Aniline and its derivatives are convenient systems to study intermolecular H-bonding [3]. To 

the best of our knowledge, influence of size of H2O cluster and substituents in para position 

on the spin-spin coupling constants (SSCC) correspond to the transfer of proton between H2O 

and p-substituted anilide anion has not been reported. The aim of the present study is to 

investigate the correlation between SSCC and binding energy, structural parameters, electron 

density topography and shift of vibrational frequency in X–C6H5NH-(H2O)n →                  

X-C6H5NH2(OH-)H2On-1
 switching process. (X= H, CH3, OCH3, NO, NO2, CHO) 

 

Computational details 

The geometries of all complexes were optimized at B3LYP/6-311++G(2d,2p) level of 

theory. The B3LYP calculated vibrational frequencies have been used to characterize 

stationary points and calculation of zero-point vibrational energy (ZPVE). Spin-spin coupling 
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constants involving 13C, 15N, 17O, and 1H in all monomers and complexes were computed at 

B3LYP/6-311++G(2d,2p) level.  

 

Results and discussions 

There is a relationship between electronic BE and sum of 2hJ(N···O) SSCCs  in X-A-(W)1,2 

and X-Ph-NH2(OH-)(W)2,3 complexes (Fig. 1a). Complex with greater BE has greater 2hJN···O. 

The linear correlation between Red-shift of O–H stretching frequencies (Δν/cm-1) versus the 2hJN···O 

SSCCs in  X-A-W1,2 are depicted in (Fig. 1b). Relationship between sum of 2hJN···O and 2hJO···O 

SSCCs and sum of corresponding H-bond distances (R) in X-A-Wn complexes are given in 

Fig. 2a. Correlation between sum of 2hJN···O and 2hJO···O SSCCs and sum of ρ(r) at the 

corresponding HBCPs in X-A-Wn complexes are shown in Fig. 2b. As can be seen correlation 

between mentioned properties and two-bond SSCC is linear in our interested complexes. 

 

 

  

 

 

 

 

 
 

 

Fig. 1. Correlation between absolute value of BE and 2hJ(N···O) SSCCs  in X-A-(W)1,2 (symbolized as W1 and 

W2) and X-Ph-NH2(OH-)(W)2,3 (symbolized as W3 and W4). (b) Red-shift of O–H stretching frequency (Δν/cm-

1) versus the 2hJN7··· O14 SSCC in X-A-W1,2. 
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Fig. 2. (a) Correlation between sum of 2hJN···O and 2hJO···O SSCCs and sum of corresponding H-bond distances (R) 

in X-A-Wn complexes. (b) Correlation between sum of 2hJN···O and 2hJO···O SSCCs and sum of ρ(r) at the 

corresponding HBCPs in X-A-Wn complexes. 
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Introduction 

Boron nitride nanotubes (BNNTs) are inorganic analogues of carbon nanotubes (CNTs) and 

possess physical properties suitable for broad variety of applications [1]. BNNTs are wide gap 

semiconductors with almost same band gaps of 5.5 eV, independent of the tube diameter, 

helicity, and the number of tube walls, and they are chemically and thermally more stable. In 

the present communication, we present a case study of torsional motion of H2O2 inside a 

carbon nanotube. Several studies have been done in the past about the torsional dynamics of 

H2O2 and its variants [2]. However, the effect of confinement has not been discussed so far. 

The chirality changing torsional motion of H2O2 is suitably selected so that it can give 

additional information on the nature of the interaction by scanning through the surface of the 

cage during its internal motion.  

 

Computational Methods 

The density functional theoretical method with the B3LYP functional and the 6-31G* basis 

set was used for all the calculations. As a first step, (5, 5) armchair BNNTs (B25N25H20) with 

length of 10 Å have been selected. The terminal boron and nitrogen atoms are hydrogenated 

to saturate the valency of the atoms and have diameter of 7.16 Å. While keeping the bond 

lengths and bond angles of H2O2 at their optimized equilibrium geometry values, the dihedral 

angle is varied from 0 to 180 at 10 intervals. Single point energy calculations have been 

carried out for each of these geometries. Similar calculations have been done for H2O2 

encapsulated inside nanotubes, keeping the geometries of BNNT as in their optimized 

structures. Various orientations of H2O2 inside the BNNT are considered. The binding energy 
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(E bind) of H2O2@BNNT for all the geometries is calculated as follows: E bind= E complex – (E 

BNNT + E H2O2) 

 

Results and discussion 

The relative orientation of the guest species inside a carbon nanotube affects significantly the 

interaction between the guest species and the host cage. Considering the size of the nanotube 

under investigation, H2O2 can orient inside the tube in different ways. However, we limited 

our study to some selected orientations. This includes mainly two categories: (I) orientation of 

the O–O bond along the tube (AT) axis and (II) orientation of the O–O bond perpendicular to 

the tube (PT) axis and pointing towards the centre of the two diametrically opposite B-N 

bonds. For the second case, we considered two sub categories: (II.a) O–H bonds pointing 

towards the open end of the tube when H2O2 is in its cis geometry and (II b) O–H bonds 

pointing towards the surface of the cage (orientation of H2O2 perpendicular to that in (II.a)). 

Hereafter these orientations are referred to as AT, PTA and PTP type geometries, 

respectively. In all the above cases, the centre of mass of the O–O bond is coincident with the 

centre of the tube. Snapshots of the torsional motion of H2O2 in the various geometries 

discussed above are given in Fig. 1 and the variation of the binding energy with respect to the 

dihedral angle as shown in Fig. 2 

 
Fig. 1. Snapshots of the torsional motion of H2O2 inside the carbon nanotube for various types of geometries 

considered in the present study 

 
Fig. 2. Variation of the binding energy as a function of the dihedral angle of H2O2 for different types of 

orientations inside (5,5) 

 

Conclusion 
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Among the three types of orientations AT, PTA and PTP for the (5,5) nanotubes, the AT-type 

geometry shows stabilization of the guest species inside the cage. The PT-type geometries of 

H2O2 are unstable inside the tube. When the O–O bond is oriented perpendicular to the cage, 

the shortest distance between the oxygen atom and the B-N atoms (2.8 Å) is less than the sum 

of their corresponding vander Waals radii (3.2 Å). When compared to the dipole moment of 

free H2O2 for different dihedral angles, the dipole moments of the complexes is significantly 

reduced. 
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Introduction 

Amino acids are building blocks of proteins (polypeptides), which are the most important 

class of biological macromolecules. The primary attention has, however, been paid to glycine 

(Gly) which is the simplest amino acid. Since it represents a small and highly polar organic 

molecule containing several functional groups, its studies are of fundamental importance for 

understanding chemical bonding and evaluating links between modern theories and 

experimental observations [1–2]. Most of nitrosamines are carcinogenic compound and play 

an important role in the development of tumors and cancer in animals. N-nitrosamines are 

believed to require metabolic activation to exert their carcinogenic effect [3].  

 

Methods 

For the study of interactions between glycine and nitrosamine, DFT computations were 

carried out using B3LYP hybrid density functional method and the 6-311++G (2d,2p) basis 

set on a Pentium 4 computer. The counterpoise procedure (CP) was used to correct for basis 

set superposition error (BSSE) in the calculation of binding energy. 

 

Result and discussion 

First of all, we considered all sites for interaction between glycine and nitrosamine. We found 

seven minima structures. As shown in Fig. 1, all optimized complexes have cyclic structures 

with two H-bonds involved in the interaction. The GN5 structure is nine membered cyclic 

complex, GN2,GN3 and GN6 structures are seven membered cyclic complexes and GN1, 

GN4 and GN7 structures are eight one. From Fig. 1, GN1,GN5 and GN7 structures contain 

two H…O hydrogen bond interactions, while GN2, GN3, GN4 and GN6 structures contains 
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two H-bonds type interactions (O…H and N...H). The calculated interaction energies for GN 

complexes are listed in Table 1. The electronic binding energies (De) range from -50.99 to -

12.76 kJ/mol. From the values presented in table 1, it can be seen that the relative stability 

order of the seven complexes is GN1> GN2> GN3> GN4> GN5> GN6> GN7. The structure 

GN1 is the most stable and cyclic structure GN7 is the less stable. 

 

 

 

 

 

 

Fig. 1. Optimized structural for GN complexes 
 
Table 1. Binding energies (kJ/mol) obtained at B3LYP/6-311++G (2d, 2p) levelof theory. 

 Bsse De DeBsse 
GN 1 1.76 -50.99 -49.23 
GN 2 1.73 -46.18 -44.45 
GN 3 1.32 -29.26 -27.94 
GN 4 1.26 -28.30 27.04 
GN 5 1.35 -21.89 -20.54 
GN 6 1.22 -12.85 -11.63 
GN 7 1.26 -12.67 -11.41 
De = Electronic binding energy, De

Bsse= De+ Bsse 
 

Conclusions 

All the structures studied in this work were optimized by using B3LYP method with 6-

311++G(2d,2p) basis set. Seven minima structures were found for glycine–nitrosamine 

interactions. All optimized complexes have cyclic structures with two H-bonds involved in 

the interaction. The structure GN1 is the most stable and cyclic structure GN7 is the least 

stable. 
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Introduction: 

Bipyridine is a chemical compound with C5H4N2 formula, and Bpy, names It is a chelat 

ligand and forms complexes with most of transition metals .many of these complexes have 

optical properties For the first time the pure 2,2'-bipyridine was synthesized by copper 

picolinate distillation. At last of 19th centry. more facile methods developed by Ni catalyst. 

 

Computational method: 

Optimization calculation of ligands and complexes were performed by Gaussian 98 software; 

chem  Office, chem draw , chem craft and Gaussian 98 softwares were used too. Initially 2, 

2’-bipyridine was optimized at HF/6-31g, B3LYP/6-31g**, B3LYP/6-311g levels and 

B3LYP/6-31g** method/basis set was selected for later calculation. Then -COOH, -CH3 and –

NH2 groups at 4, 4' position and one -CH3 group at 3 positions added to ligand and 

optimization, for calculation of thermodynamic parmeters and prediction of these compounds 

properties such as bond angles were performed. 

Then Zn, Cd and Hg transition metals for creation of complexes were investigated, 

optimization computations of complexes were performed and influence of different metals on 

electronic properties of complexes was studied by BSSE method.  

 

Result and discussion: 

In aspect of experimental results was considered tetrahedral geometry for complexes. 
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Structural parameters such bond lengths, bond angles and dihedral angles were determined. It 

is considered Cl-M-N-N dihedral angles is 105.47466°, 102.32392°, 99.1878° for Zn, Cd and  

Hg  complexes respectively which shows Zn complex is closer to tetrahedral structure.  

 

 
TABLE 1: Calculated dihedral angles for complexes by B3LYP/6-31g** Method 

Thermodynamic parameters including logK, ΔG, ΔE, ΔH and ΔS were calculated. Zn 

complex with 1139.5443 for logK has the most stability. 

 

 TABLE 2: Calculated Thermodynamic parameters  

  
  

Basis set super position energy calculation was performed to correction energy results. Ecorr 

was  -1479.7333, -1463.163 and -1417.8135 for Zn, Cd, Hg respectively which indicate more 

stability for Zn complex.  In general, results show that zinc complex structure is closer to 

tetrahedral geometry and is the most stable complex.    

TABLE3: Calculated BSSE 
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Abstract: 

Formylmethionine  is always the first  amino acid  in  polypeptide chain , although  frequently   

it  is removed after translation .In this  case we  studied  about  amino acid  linkage  to the 

proper   tRNA which this  process is  controlled by  the    amino-acyl-tRNA  synthesize 

.Theoretical   study of binding the  amino acid   (formylmethionine)  to  tRNA    has  been  

performed   using quantum computational ab initio HF and density functional B3LYP method 

using 3-21G(d,p) basis set in the different solvents to calculate structural optimization and the 

major stabilizing orbital for the bond (fMet-tRNA ) were calculated by natural bond 

orbital(NBO) methodology.  

 

Keyword: Natural bond orbital(NBO), fMet-tRNA ,Hartree-fock(HF),Density functional 

theory(DFT) 

 

Introduction 

 It is generally accepted that initiation of protein synthesis in Escherichia coli starts with 

formyl-methionine, directed by the codons AUG or GUG. Protein synthesis proceeds by 

transfer of the growing polypeptide chain from the tRNA bound to the ribosomal P site to the 

incoming aminoacyl-tRNA in the adjacent A site. After translocation of the ribosome in the 

30 direction of the mRNA, by the action of elongation factor G, the A site again becomes 

empty and the next codon exposed so that a new aminoacyl-tRNA ternary complex can be 

selected [1].Synthetic polynucleotide containing AUG And/or GUG codons as well as natural 

mRNA  have been used  extensively in order to elucidate the mechanism of initiation of 
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protein synthesis [2].we selected adenine of tRNA structure(first nucleotide in acceptor arm of 

tRNA structure )     and then perform modeling of fMet-tRNA. (Fig 1)  

 
Fig .1: structure of  Adenine  +  fMet  of  fMet-tRNA 

 

Results and discussion 

In this paper HF and DFT/B3LYP methods with 3-21G* basis set were Employed for 

investigating the  structure  optimization  and energy minimization of   fMet-tRNA (Fig1) 

have been summarized in Table 1.The HF and DFT energies are of particular interest because 

they provide results for interactions appearing in solvent medium considered in this letter, 

which are in accord with biological behavior of Adenine  + fMet of fMet-tRNA. Furthermore, 

recent papers often tend to ask about the role of water    solvent effect on the stability of 

Adenine + fMet of fMet-tRNA structure. The detailed results of relative energy values for 

Adenine + fMet of fMet-tRNA structure in gas , DMSO  , CHCL3 and water solvents 

optimized at the HF and B3LYP  levels of theory with 3-21G* basis set are summarized   in 

Table (1)  

 
                                                   Table1:optimization Energy  for each Method 
 
33-21G* 

E(kcal/mol) 
Gas                             CHCL3                               DMSO                          H2O 

 
HF                        -3738.1213366                  -3738.1244432              -3738.1213031              -3738.1213011 

 
B3LYP                  -3755.0439622                 -3755.0463986              -3755.0438037              -3755.0438020 

 

The most important interaction between “filled” (donor) Lewis-type NBO   and “empty” 

(acceptor) non-Lewis  is reported in Table (2) , the level of B3LYP/ 3-21G* basis set at the 

DFT theory. we observed interaction  between Donor NBO , the LP( 1,2)  of O29 , O32  and 

Acceptor NBO,  the σ*(C30-O32) , π*(C30 - O32)  ,  σ * (O29 - C30) of   fMet-tRNA  

structure.                            
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Table2:Second Order Perturbation Theory Analysis of Fock Matrix in NBO Basis Threshold for printing:0.50  

(kcal/mol)                                    

 
B3LYP/3-21G* method 

 
Phase Donor NBO (i) Acceptor NBO (j) E(2) ( kcal/mol  ) 
Gas LP ( 1) O29 

LP ( 2) O29 
LP ( 1) O32 
LP ( 2) O32 

σ* C30 - O32 
π* C30 - O32 
σ* O29 - C30 
σ* O29 - C30 

7.25 
55.35 
0.72 
37.09 

CHCL3 LP ( 1) O29 
LP ( 2) O29 
LP ( 1) O32 
LP ( 2) O32 

σ* C30 - O32 
π* C30 - O32 
σ* O29 - C 30 
σ* O29 - C 30 

7.28 
55.66 
0.71 
36.98 

DMSO LP ( 1) O29 
LP ( 2) O29 
LP ( 1) O32 
LP ( 2) O32 

σ* C30 - O 32 
π* C30 - O32 
σ* O29 - C30 
σ* O29 - C30 

8.34 
50.45 
1.55 
37.09 

H2O LP ( 1) O29 
LP ( 2) O29 
LP ( 1) O32 
LP ( 2) O32 

σ* C30 - O 32 
π* C30 - O32 
σ* O29 - C 30 
σ* O29 - C 30 

7.25 
55.35 
0.72 
37.09 

 
 

Conclusion 

1-we observed a decrease  in the bond lengths of the O29-C30 of the structure by the increase 

of solvent dielectric constant. 

2-The results obtained through theoretical calculations revealed that there is an effective  

interaction between  the O32 lone pair(Lp)and sigma antibonding orbital (σ*)of O29-C30.This 

interaction can reflact the electron transference(hyperconjugative effect) between  the orbital 

localized in these atoms. 

3-there was an increase in the relative stability of the interested  structure  through the 

improvement of basis set and including electron correlations , Hence, the most stable structure 

is perceived in the CHCL3 solution at the B3LYP/3-21G* level of theory. 
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Introduction 

The study of the quantitative relationship between property/activity and molecular 

structure (QSPR/QSAR) is an important research area in computational chemistry and has 

been widely used in the predication of physico-chemical properties and biological activities of 

organic compounds [1]. In this work, a QSPR study is performed to develop an accurate 

model for the prediction of Gibbs free energy of formation ( o
fG ) for a  set of 36 alkenes. For 

this purpose, multivariate linear regression (MLR) is applied to establish quantitative linear 

relationship between o
fG  and molecular descriptors. 

 

Methods 

The experimental standard ∆Gf° values (in kJ mol-1) at 298 K of 36 alkenes were taken 

from the Chemical Properties Handbook [2]. The data set was randomly split into a training 

set of 27compounds and a test set of 9 compounds for the MLR model. HyperChem, Gaussian 

98 and Dragon packages were used for calculation of 49 molecular descriptors. dipole 

moment, HOMO and LUMO energies, minimum and maximum partial charges, Polarizabilty, 

hardness, etc were calculated by the ab initio b3lyp/6-311G(d) using GUASSIAN 98 

software. The stepwise regression and cross-validation were performed respectively using the 

statistical software SPSS and MATLAB software. 

Result and Discussion 

The result was the following three-variable equation: 
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341.1784735.3979.2378.34  PSsGo
f  (1) 

In Equation (1), Ss is the Sum of kier–Hall electrotopological states, P is Polarizabilty  and 

  is electrophilicity. Without standardization of above equation, it is not possible to discuss 

about importance of variables in the prediction model. Following equation is obtained after 

standardization: 

147.1406.863.0  PSsGo
f  (2) 

The goodness-of-fit of the resulted QSPR models were judged using statistical parameters 

such as correlation coefficient (R), Squared correlation coefficient (R2), Adjusted R2 (R2
Adj), 

standard error of regression (S.E), and variance ratio (F ) at specified degrees of freedom. The 

generated QSPR equations were also validated by leave-one-out cross – validation correlation 

coefficient (R2
cv). The predictive ability of a QSPR model should be tested on an external set 

of data that has not been taken into account during the process of developing the model. In 

particular, to assess the predictive power of QSPR models the correlation coefficient between 

the predicted and observed property of compounds from an external test (r2), the correlation 

coefficients for regressions through the origin (predicted versus observed activities, or 

observed versus predicted activities, i.e., r0
2 or r'0

2 respectively), and the slope of the 

regression lines through the origin (k and k', respectively) were calculated [3]. Considered a 

QSPR model to be predictive, if all of the following conditions are satisfied: (i) R2
cv > 0.5, (ii) 

r 2 > 0.6, (iii) r0
2 or r'0

2 is close to r2 and (iv) 0.85 ≤ k ≤ 1.15 or 0.85 ≤ k' ≤ 1.15. the statistical 

parameters and the multi-collinearity among variables respectively are shown in Table 1. The 

plot of predicted versus experimental ∆Gf° for the training shown in Figures 1 suggest that the 

alkenes follow a straight line. 

TABLE 1. Statistical parameters 

R R2 R2
Adj S.E F R2

cv r2 r 2 r'0
2 k K'

0.998 0.995 0.994 4.11 1547.34 0.990 0.9985 0.9891 0.9894 0.91 1.0 
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Fig. 1: Predicted versus experimental values of ∆Gf° for training set by MLR 

 

Conclusions 

The results show close agreement between Predicted values and experimental ones, which 

demonstrates the reliability of the QSPR model. 
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Introduction 

In 1992, Matias and co-workers analyzed the structure of compound 5 by neutron 

diffraction technique.1 The bond lengths not involving hydrogen atoms are in agreement with 

reported X-ray analysis2 to within 0.004 Å.  There is insufficient published experimental 

information about the stereoelctronic interactions in 2,3-dichloro-, 2,3-dibromo- and 2,5-

dibromo-1,4-dioxanes and also there is no published experimental or quantitative theoretical 

data about the donor-acceptor delocalization effects on the conformational properties of trans-

2,3-dihalo-1,4-dioxane [halo = F (1), Cl (2), Br (3)] and  trans-2,5-dihalo-1,4-dioxane [halo = 

F (4), Cl (5), Br (6)]. In this work, the stereoelectronic interactions associated with the AE and 

also the conformational and structural properties of compounds 1-6 were investigated 

computationally using complete basis set composite method CBS-4, hybrid-DFT  based 

methods and natural bond orbital (NBO) analysis.3,4 

 

Computational details 

  Composite complete basis set (CBS) and hybrid DFT calculations were carried out 

using the CBS-4 and B3LYP/6-311+G** levels of theory with the GAUSSIAN 03 package of 

programs.3 The main purpose of the present work was to study the impacts of the 

stereoelectronic interaction effects, dipole-dipole interactions and the total of the pairwise 

steric exchange energies (PSEE) for disjoint interactions between i and j natural localized 

molecular orbitals (NLMOi,j) (PSEE) on the conformational preferences (i.e. axial and 

equatorial conformations) in compounds 1-6. An NBO analysis was then performed for the 
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axial and equatorial conformations of compounds 1-6 by the NBO 5.G program contained in 

the PC-GAMESS interface.4  

 

Results and Discussion 

Complete basis set CBS-4, hybrid-density functional theory (B3LYP/6-311+G**//B3LYP/6-

311+G**) based methods and NBO interpretation were used to study the conformational 

behaviors of trans-2,3-dihalo-1,4-dioxane [halo = F (1), Cl (2), Br (3)] and  trans-2,5-dihalo-

1,4-dioxane [halo = F (4), Cl (5), Br (6)]. Both methods showed that the axial conformations 

of compounds 1-5 are more stable than their equatorial conformations but CBS-4 resulted in 

an equatorial preference for compound 6. The Gibbs free energy difference (Geq–Gax) values 

(i.e. ΔGeq-ax) at 298.15 K and 1 atm between the axial and equatorial conformations decrease 

from compound 1 to compound 2 but increase from compound 2 to compound 3. Also, the 

calculated ΔGeq-ax values decrease from compound 4 to compound 6. The NBO analysis of 

donor-acceptor (LP→σ*) interactions showed that the anomeric effects (AE) increase from 

compound 1 to compound 3 and also from compound 4 to compound 6. On the other hand, 

the calculated dipole moment values between the axial and equatorial conformations [Δ(µeq - 

µax)] decrease from compound 1 to compound 3. The conflict between the increase of AE and 

the decrease of Δ(µeq - µax) values could explain the variation of the calculated ΔGeq-ax for 

compounds 1-3. The Gibbs free energy difference values between the axial and equatorial 

conformations (i.e. ΔGax-ax and ΔGeq-eq) of compounds 1 and 4, 2 and 5 and also 3 and 6 have 

been calculated.  

 

Conclusion 

The AE increase from compound 1 to compound 3 and also from compound 4 to compound 6. 

the rationalization of the conformation preference solely in terms of the AE fails to account 

quantitatively for the conformation  preferences in compounds 1-6. The decrease of the 

calculated Gax-eq from compound 1 to compound 2 and its increase from compound 2 to 

compound 3 could be a result of conflicting effect of the AE and ∆(μeq-μax). 

 

References 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
920

[1] G.A. Jeffrey, J.R. Ruble, P. Matias, P.K. McMullan, P. Luger, J. Buschmann, Acta Cryst., 

C49, 707-709 (1992). 

[2] C. Altona, C. Knobler, C. Romers, Acta Cryst., 16, 1217 (1963). 

[3] M.J. Frisch, et al, Gaussian 03, Revision B.03, Gaussian, Inc., Wallingford CT, (2004). 

E.D. Glendening, J.K. Badenhoop, A.E. Reed, J.E. Carpenter, J.A. Bohmann, C.M. Morales, 

F. Weinhold, Theoretical Chemistry Institute, University of Wisconsin, Madison, WI, (2004). 

NBO Version 5.G. 

  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
921

Theoretical Investigation of Corrosion Inhibition Effect of Imidazole and its 

Derivatives on Mild Steel Using Cluster Model  

 

M. Mousavi*a, M. Mohammadalizadeha, A. Khosravanb 

a Department of Chemistry, Faculty of Sciences, Shahid Bahonar University of Kerman, P.O. Box  76175-133 , 

Kerman, Iran 

(*Email:mmousavi@mail.uk.ac.ir) 
b Department of Material Sciences and Engineering, International Center of Science, High Technology & 

Environmental Sciences, P.O. Box 76315-117, Mahan, Kerman, Iran 

 

Keywords: Mild steel corrosion, Imidazole derivatives Cluster model, DFT calculation 

 

Introduction  

Corrosion is an electrochemical destructive process of a metal or alloy with its 

environment which leads to loss of useful properties of materials. Imidazoles, benzoimidazols 

and their derivatives are organic inhibitors which can form feedback coordinate covalent 

bonds with metal surface. Theoretical and computational chemistry are useful and powerful 

means in choosing the most appropriate and effective inhibitor by understanding the 

inhibition mechanism prior to any experiment. In the present work, efforts have been made to 

develop a method which enables us to directly predict the inhibition behavior of imidazole 

and a series of its derivatives on mild steel surface. 

 

Methods 

According to cluster model, the interaction of the corrosion inhibitor molecule with 

the metal surface is considered, locally. The cluster model has been applied to hcp crystal 

lattice of cementite, which involve features of (001). Four different adsorption modes could 

be visualized in the (001) plane and are described as modes A to D. Thus, the quantum 

chemical study is restricted to the calculation of interaction energy between the inhibitor 

molecule and the unit cell atoms upon which the adsorption is directly tacking place. The 

interaction energy between the inhibitor molecule and the metal surface, Eint., can be 

calculated according to Eq. 1: 

Eint. = Einhibitor-cluster – (Ecluster + Einhibitor)                          (1) 
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where, Einhibitor, Ecluster and Einhibitor-cluster are electronic energies of the inhibitor molecule, the 

mild steel cluster and of the inhibitor-mild steel system, respectively [2].   

 

Results and discussion  

  The interaction energies of imidazole and its seven derivatives on the (001) surface of mild 

steel were determined by using DFT quantum chemical calculations and the cluster model. 

Here, the structures of inhibitor molecules and mild steel unit cell were optimized via 

B3LYP/6-31++G (d,p) and B3LYP/LANL1MB methods, respectively. Subsequently, the 

calculation of interaction energies begin by placing the inhibitor molecule in front of the mild 

steel unit cell at a non-interactive distance (2.5 Ǻ) based on one of the adsorption modes (A to 

D). It is then followed by gradually decreasing the distance in stepwise manner (0.05 Ǻ) until 

the system reaches an equilibrium state with the most favorable interaction energy. At each 

step, the geometry optimization and the energy calculation of the inhibitor-mild steel unit cell 

system were carried out using B3LYP/LANL1MB method, so that the equilibrium distance 

(rmin) and the minimum energy (Emin. or Einhibitor-cluster) for the system could be extracted. 

Finally, interaction energy for the inhibitor-mild steel system was calculated by using 

electronic energies in the Eq. 1. It is necessary to mention that after calculating the energies, 

zero point energy (ZPE) and basis set superposition error (BSSE) corrections were also 

imposed. 

To find out which mode of adsorption is mostly in favor of corrosion inhibition, a 

comparison between the interactions energies of each adsorption mode (A to D) had to be 

made. Correlation coefficient between the calculated interaction energies of A and C modes 

and the experimental corrosion inhibition were found to be 0.94 and 0.95, respectively. This 

means that, nearly 90% of inhibition variation of the imidazole derivatives can be described 

by considering perpendicular interaction of the inhibitors and iron atoms in the mild steel unit 

cell.   

 

 Conclusions 

It was found that the interaction energies of inhibitor molecules only with iron atoms 

can lead to a good agreement with the experimental corrosion efficiencies. The adsorption of 

imidazole and its derivatives on mild steel surface takes place mostly through perpendicular 
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adsorption of the nitrogen atom of imidazole ring on iron and carbon atoms of the mild steel 

unit cell. It seems that the corrosion inhibition ability of any compound which may be used as 

an inhibitor can be estimated by applying the regression equation which relates the calculated 

interaction energies with corrosion inhibition efficiencies, and in this way the number of 

experimental runs and the cost of investigation will decrease considerably in any corrosion 

inhibition study. 

 

References  

[1] R. M. Issa, M. K. Awad, F. M. Atlam, Appl. Surf. Sci. 255 (2008) 2433-2441. 

[2] M.R. Arshadi, M. Lashgari, Gh. A. Parsafar, Materials Chemistry and Physics 86 (2004) 

311–314.  

[3] S. G. Zhang, W. Lei, M. Z. Xia, F. Y. Wang, J. Mol. Struct. (Theochem) 732 (2005) 173-

182. 

  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
924

Selectivity Coefficient and Extraction Power Modeling of 1, 1-Dimethylsila-

17-crown-6 and 18-Crown-6 for Some Alkali Metal Cations  

M. Mousavi*, M. Zohrabi 

Department of chemistry, Shahid Bahonar University of Kerman, P.O.Box 76169, Kerman, Iran  

(* Email: mmousavi@mail.uk.ac.ir)  

 

Keywords: Selectivity coefficient modeling, DFT calculations, DMS17C6, 18C6 

 

Introduction 

Selectivity of any chemical sensor is clearly one of its most important characteristics 

as this property often determines whether the sensor can be used reliably for the target sample 

or not. In electrochemistry, selectivity of a sensor is shown by selectivity coefficient (KA,B), a 

constant which is directly related to distribution coefficient and is mostly determined 

experimentally. Recently, theoretical calculations have become a powerful tool for 

understanding the mechanism of selective capture and transportation of metal ions by 

ionophores [1]. In the present work, efforts have been made to develop a method which 

enables us to evaluate selectivity and extraction power of 1,1-dimethylsila-17-crown-6 

(DMS17C6) and 18-crown-6 (18C6) for some alkali metal ions.  

 

Methods 

In order to study the relative stability of “host–guest” complexes, the free “host” 

(ionophore) and its corresponding complexes with Li+, Na+, K+  were studied. The following 

coordination reaction model was used to calculate the relative binding energy of the 

complexes with cations:               M+ + L ↔ ML +                                            (1) 

In this study, the selectivity and extraction power is determined by distribution coefficient 

(Ke) which is defined as the ratio of formation constants of the complexes (Kfc) to formation 

constant of hydrated cation (Kfw), as follow:        Ke = Kfc/Kfw                        (2)                                    

in which Kf is given by ∆Gf = −RT ln Kf [1]. The selectivity coefficient is considered as an 

equilibrium constant for ion exchange reaction between ions A and B and can be defined as 

KA,B= KfcA/KfcB [2].  
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 All calculations for the system were conducted using B3LYP/6–31G(d,p) density functional 

theory (DFT) method. The binding energies were corrected by zero point energy (ZPE) and 

basis set superposition error (BSSE). The solvent effects were studied by polarized continuum 

dielectric model (PCM).  

 

Results and discussion 

The calculated parameters for the complexes and hydrated cations are listed in the 

following table. The calculated results indicate that, the affinity order between the cations 

under consideration and both ionophores is K+> Na+> Li+. The vibration frequencies 

calculated for these complexes are all positive which indicates that these complexes are 

located at the minimal points of the potential energy surfaces. 

 

  

[M(DMS17C6)]                                           [M(18C6)] 

 ∆Gint.* Kfc Ke KA,B ∆Gint.* Kfc Ke KA,B 

K+ -256.19 7.67E+44 7.16E-18 1 -283.74 5.16E+49 4.82E-13 1 

Na+ -341.12 5.81E+59 6.57E-20 1.32E-15 -356.10 2.45E+62 2.77E-17 2.11E-13 

Li+ -414.93 4.97E+72 5.95E-24 1.54E-28 -426.19 4.67E+74 5.58E-22 1.10E-25 

*Gibbs free energy of interactions (kJ/mol) in gas phase at 298 K.  

Conclusions  

It is concluded that the metal extraction efficiency for the complexes of DMS17C6 

and 18C6 fall in the order of K+ > Na+ > Li+, so that they extract K+ more selectively. The 

DMS17C6 shows higher selectivity towards K+ than does 18C6. The higher selectivity of 

DMS17C6 for metal ions is the result of synergism between the ionic size effect and the 

electron-withdrawing ability of the metal ion. The results obtained are in complete agreement 

with the experimental results reported elsewhere [3]. This method of calculation could be 

used to design or choose a suitable ionophore for a specific cation and in this way the number 

of experimental runs and the cost of investigation should decrease considerably.  
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Prediction of  high-pressure vapor-liquid equilibria in binary mixtures of 

carbon dioxide and benzene compounds by artificial neural networks and 

genetic algorithm 
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Department of chemistry, Islamic Azad University, Gachsaran Branch, Gachsaran, Iran   

Abstract 

High-pressure vapor-liquid equilibria (HP-VLE) are of increasing interest in physical 

chemistry, mainly owing to the growing field of supercritical extraction. Here the results of an 

experimental study of HP-VLE of binary systems of a supercritical fluid (carbon dioxide) and 

a benzene compound (ethylbenzene, isopropylbenzene (cumene), 1,2,4- trimethylbenzene 

(pseudocumene), 1,3,5_trimethylbenzene (mesitylene), ethenylbenzene (styrene) and 

isopropenylbenzene (methylstyrene)) at temperatures between about 313 and 393 K and at 

pressures between about 6 and 18 MPa are reported. The results are simulated by artificial 

neural networks. For increasing the efficiency of neural networks, genetic algorithm was used 

to optimize parameters of the neural network such as the number of neurons in the hidden 

layer, the momentum rate and the learning rate. Finally, the model of neural network 

optimized by genetic algorithm was selected as the best model due to its agreement with 

experimental data and greater flexibility compared to equation of state. 

 

Keywords : Neural networks, Carbon dioxide, VLE, Genetic algorithm, Aromatics 

 

Introduction 

For all binary systems the vapor-liquid equilibrium was measured at 313, 353 and 393 K. For 

the mixture with isopropylbenzene the temperatures 333 and 373 K were investigated 

additionally. The experimental data for carbon dioxide- isopropylbenzene are given in Tablel. 

Literature data are available for the systems with ethylbenzene [1,2], 1,3,5-

trimethylbenzene[3] and ethenylbenzene [2], which will be compared with the results of the 

present work in the result section. 

Artificial neural networks  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
928

Artificial neural networks that are mathematical techniques to deal with different types of 

problems are the networks of interconnected processing elements or neurons. ANNs can be 

trained to learn the relationship between two sets of input and output data. Multilayer 

perceptrons (MLPs), the best known type of neural networks, consist of input, hidden and 

output layers. The number of independent parameters affecting the outputs specifies the 

number of neurons in the input layer. The number of neurons in the hidden layer has been 

determined by minimizing MSE (mean square error). For this purpose 80% of data were used 

for training and cross-validation, and the remainders were used for testing the networks. Input 

variable of this network contain molecular weight, acentric factor, critical pressure, 

temperature and density. K value is the output of this network. 

Table 1 : Vapour-liquid equilibria for the system carbon dioxide (1) + isopropylbenzene (2) 
 

T (K) P (MPa) 
X1 

(mol/mol)  
Y2 

(mol/mol) 

 

T (K) 
P 

(MPa) 
X1 

(mol/mol)  
Y2 

(mol/mol) 
313.2 
(Training) 

6.10 0.5704 0.0018  373.2 
(Testing) 

5.69 0.2805 0.0106 
6.60 0.6362 0.0022 8.18 0.4005 0.0127 
7.10 0.7071 0.0023  9.59 0.4680 0.0144 
7.61 0.8066 0.0028   12.24 0.5899 0.0178 
8.11 0.9040 0.0045  13.54 0.6361 0.0287 

 14.26 0.6700 0.0299 
333.2 
(Testing) 

6.15 0.4333 0.0031  15.49 0.7642 0.0559 
7.17 0.5127 0.0041 16.28 0.7716 0.0613 
8.18 0.5882 0.0054  
9.20 0.6866  0.0062 393.1 

(Training) 
6.15  0.2734 0.0195  

10.21 0.7857 0.0099  8.18 0.3508 0.0203 
10.72 0.8392 0.0130 10.21  0.4350 0.0231 

 12.24 0.5105 0.0260 
353.2 
(Training) 

6.15 0.3591 0.0067  12.26 0.5961 0.0363 
8.18 0.4691 0.0062  16.28 0.6743 0.501 
10.21 0.5838  0.0085 18.31 0.7800 0.0921 
12.25 0.7041 0.0188  
12.24 0.7079 0.0184 
13.84 0.8086 0.0307 

 

Results and discussions 

In this study, four different experimental data sets have been used to design the networks. 

The numbers of neurons for the hidden layers have been achieved by GA–ANNs. Table 2 

gives the optimal mean square error and number of neurons in the hidden layer by the GA 

method. 

 

Table 2 : Result of neural networks with different neurons in hidden layer According to table 2, the network 
with 9 neurons in hidden layer is selected and trained. The result of network for training data and testing data are 
shown in Figure 1 and 2 respectively. 
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Number 
of 

neurons 
in 

hidden 
layer 

1 2 3 4 5 6 7 8 9 10 

MSE 1.7×10-3 1.3×10-3 2.2×10-4 4.6×10-4 8.0×10-4 1.7×10-4 2.7×10-4 2.1×10-4 1.6×10-4 2.8×10-4 
R2 0.970 0.981 0.9910 0.989 0.983 0.9923 0.9904 0.9908 0.9973 0.9903 

                                 
Fig 1 : Simulating results for training data                                             Fig 2 : Simulating results for testing data 
 
These figures show that artificial neural network simulation agree with experimental data. 
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Estimation of liquefied natural gas (LNG) densities from its composition, 

temperature and pressure without dielectric constant data by artificial 

neural network 
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*Email: S.Mousavian@iaug.ac.ir  

 

Abstract 

In this study a new approach based on artificial neural networks (ANNs) has been used to 

estimate liquefied natural gas (LNG) densities. The main parameters affecting the density of 

LNG are mainly composition, temperature and pressure.  

In order to develop, train and test such models, a comprehensive, accurate and consistent set 

of density data has been obtained for the major components [6] of LNG and for mixtures of 

these components. Most of these data were obtained with a magnetic suspension densimeter. 

[6] Comparing the results of this ANNs and the calculated results from dielectric constant [5] 

shows that the results of ANNs have a better agreement with experimental data. 

 

Keywords: Density, Artificial neural networks, LNG, Experimental data 

 

Introduction 

A large-scale project has been carried out to provide one or more mathematical models to 

predict the density of a liquefied natural gas (LNG) mixture to within an uncertainty of 0.1%, 

given the temperature, composition and pressure of the liquid mixture. Such models will serve 

as a basis for custody transfer. The mathematical models developed for this purpose have 

ranged from simple empirical models [1-4] to those that are theoretically based [2-4] and, 

consequently, much more complex. For example there is a model based on dielectric constant 

data to estimate density of LNG but the dielectric constant of a fluid is closely related to its 

density through the Clausius-Mossotti (CM) function. This work try to estimate the density of 

LNG based on artificial neural networks without any parameter of container. 

 

Artificial neural networks  
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In general neural networks are simply mathematical techniques designed to accomplish a 

variety of tasks. Neural networks can be configured in various arrangements to perform a 

range of tasks including pattern recognition, data mining, classification, and process 

modeling. ANNs are networks of interconnected simple units (nodes) that are based on a 

greatly simplified model of the human brain. 

The architecture of an ANN consists of input, hidden, and output layers. The number of 

neurons (nodes) in the input and output layers is the same as the number of the known 

independent parameters. The number of hidden neurons has been determined during the 

training process by trial and error method. Input variable of this network contain molecular 

pressure, temperature and mole percent of  N2, CH4, n- C4H10, i- C4H10, C2H6, C3H8, n- C5H12, 

i- C5H12. Density of LNG is the output of this network. 

 

Results and discussions 

For this purpose 71 different data were used. Sixty nine percent of data were used for training 

and cross-validation, and the remainders were used for testing the networks. The numbers of 

neurons for the hidden layers have been achieved by trial and error method. At first a network 

with one hidden layer were used. The result of this network with different neurons in hidden 

layer is shown in table 1. 

Table 1 : Result of neural networks with different neurons in hidden layer for network with one hidden layer 
Number 

of 
neurons 

in 
hidden 
layer 

1 2 3 4 5 6 7 8 9 10 

MSE 0.05296 0.03701 0.1418 0.0508 0.07792 0.03934 0.07792 0.06085 0.1297 0.1111
R2 0.989 0.9904 0.9904 0.9908 0.991 0.991 0.991 0.9924 0.9924 0.9924
 

The amounts of MSE show that the network with one hidden layer isn't suitable for 

estimation of density. Then a network with two hidden layer were used. The numbers of 

neurons in hidden layers obtain 4 and 3 respectively by trial and error. The result of this 

network is shown in figure 1 and figure 2 for training data and all data respectively. 
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Fig 1 : Simulating result for training data                                              Fig 2 : Simulating result for all data 

 

These figures show that the NNs model have good agreement with experimental data. 
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A new approach for estimation of PVT properties of Trifluoroiodomethane 

(CF3I) in gaseous phasebased on artificial neural networks model 

 

S.S.Mousavian* , M.Omidi, D.Ashouri, R.AlizadehN.Ghizinia, 

Department of chemistry, Islamic Azad University, Gachsaran Branch, Gachsaran, Iran  
*Email: S.Mousavian@iaug.ac.ir 

 

Abstract 

Equations of state are useful for description of fluid properties such as pressure-volume-

temperature (PVT). However, the success estimation of such correlations depends mainly on 

the range of data which have originated. Therefore new models are highly required. In this 

work a new method is proposed based on Artificial Neural Network (ANN) for estimation of 

PVT properties of compounds.Some 143 pressure-volume-temperature data points in gaseous 

phase for trifluoroiodomethane (CF3I) havebeen measured using Burnett/isochoric 

methods.Different training schemes for the back propagation learning algorithm, such as; 

Scaled Conjugate Gradient (SCG), Levenberg-Marquardt (LM) and Resilient back 

Propagation (RP) methods were used. The accuracy and trend stability of the trained networks 

were tested against unseen data. The LM algorithm with eight neurons in the hidden layer has 

proved to be the best suitable algorithm with the minimum Mean Square Error (MSE) of 

0.0018. The ANN’s capability to estimate the PVT properties is one of the best estimating 

method with high performance. 

 

Keywords: PVT, Artificial neural network, CF3I, property 

 

Introduction 

According to the Nov. 25, 1992 Copenhagen revision of the Montreal Protocol, CFCs have 

already been phased out in developed countries. As a traditional and effective refrigerant, 

CFC-12 is widely used in numerous applications. Alternatives to CFC-12 must be developed 

that are environmentally acceptable and can be used in high capacity, high efficiency 

applications. So far many achievements have been made in developing alternatives to CFCs. 

HFC-134a has been widely used as a replacement for CFC-12, especially in the USA, Japan, 
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UK and France. However, it requires physical retrofitting of equipment and does not mix with 

conventional lubricants. It also has a higher global warming  potential (GWP) value. Even 

though they are flammable, hydrocarbons are considered to be another promising alternative, 

especially in Germany. CF3I has been found to be non-ozone depleting, miscible with mineral 

oil and compatible with refrigeration system materials. It also has an extremely low GWP 

value and very low acute toxicity. Therefore, it is also been considered as a promising 

alternative, especially as a component in mixtures, to replace CFC-12 [2,3]. However there 

has been no reliable data published in recent years. Therefore, the thermophysical properties 

of CF3I are of great interest, especially the pressure volume-temperature (PVT) properties. 

 

Artificial neural networks 

The architecture of an ANN consists of input, hidden, and output layers. The number of 

neurons (nodes) in the input and output layers is the same as the number of the known 

independent parameters. The number of hidden neurons has been determined during the 

training process by trial and error method. Input variable of this network contain pressure and 

temperature. Density of CF3I is the output of this network. 

 

Results and discussions 

Sixty nine percent of data were used for training and cross-validation, and the remainders 

were used for testing the networks.A network with one hidden layer was used. The result of 

this network with different neurons in hidden layer is shown in table 1. 

Table 1 :Result of neural networks with different neurons in hidden layer 
Number 

of 
neurons 

in 
hidden 
layer 

1 2 3 4 5 6 7 8 9 10 

MSE 10.4694 0.5483 0.1176 0.0207 0.0131 0.1136 0.0545 0.0013 0.0073 0.0303 
R2 0.9956 0.9998 0.9999 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

According to table 1, the network with 8 neurons in hidden layer is selected and trained. The 

result of network for all data and testing data are shown in Figure 1 and 2 respectively. 
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        Fig 1 :Simulating results for all data                                              Fiq2 :Simulating results for testing data 

 
These figures show that artificial neural network simulation agree with experimental data. 
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dipeptides including histidine 
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(Email: nrgs.bagheri@gmail.com) 

 

Introduction 
Proteins are at the center of action in biological processes. Nearly all the molecular 

transformations that define cellular metabolism are mediated by protein catalysis. Virtually 

every property that characterizes a living organism is affected by proteins [1]. Proteins differ 

only in the sequence in which amino acids are assembled into polymeric chains. The secret to 

their functional diversity lies partly in the chemical diversity of the amino acid but primarily 

in the diversity of the three-dimensional structures that these building blocks can form, simply 

by being linked in different sequences. The unique functional properties of proteins can be 

understood only in terms of their relationship to the 3D structure of proteins [2]. It is therefore 

of interest to determine the factors, that resolve the 3D structure of protein from primary 

structure. The prediction of 3D structure of a protein from the knowledge of linear sequence 

of amino acids has been described as the determination of the second half of the genetic code 

[3].  

 

Computational Methods 

All molecules properties, including geometry, electric field gradient and electronic 

structure parameters have been obtained at B3LYP/6-311++G** level of theory, as this 

method and basis set has been used successfully in literature for amino acids. Such 

calculations have been performed using GAUSSIAN 03 package . AIM theory by Bader and 

AIM2000 software  have been applied in this research as well. 

Results and Discussion 

The sevene dipeptides were constructed with different combinations in which histidine is 

fixed at the N-terminus position. The C-terminus position is named as X-position. In these 

dipeptides, the X-position is varied with different amino acids, which are connected to the 
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fixed histidine end at N-terminus position. Seven different amino acids are chosen for X-

position and they are asparagines (Asn), alanine (Ala), glycine (Gly), serine (Ser), arginine 

(Arg), tyrosine (Tyr) and valine (Val). All these are taken as neutral species. In order to 

distinguish stability of amino acids under investigation, we use an index based on electric 

field gradient. Electric field gradient based on ethan and ethylene references has been applied 

for first time by Pakiari and Bagheri in 2010. The electric field gradient tensor is a symmetric 

second rank tensor with zero off diagonal elements which can be expressed in an axis system. 

Furthermore, it can be shown that the field gradient tensor is traceless. Thus, the quantity of 

22 zVq   is a component which can be assigned to “EFG” in this research. After 

structures optimization of amino acids and frequency test has been done for all structure, 

electric field gradient tensor calculation has been calculated for all histidine ring as 

delocalized form of aromatic ring. ∑EFG(0) for delocalized and localized forms has been 

calculated and  EFG(0) is obtained for histidine rings of all seven dipeptide  in which 

histidine is fixed at the N-terminus position. These studies show that His-val is the most 

aromatic compounds among these molecules under study. 

 

X-amino acid ∑EFG(0)  EFG(0) 
His- Asn ١٧٫١٠٣5 1.4606 
His- Ala ١٧٫١١۶١ 1.4732 
His- Val ١٧٫١۴١٠ 1.4981
His- Gly ١٧٫١١۴٨ 1.4719 
His- Ser ١٧٫١٠٩9 1.4670 
His- Arg ١٧٫٠٧٠۶ 1.4277
His- Tyr 17.1153 1.4724 

 

Conclusion 

The structural parameters investigated in this work through some light on the conformational 

stability of small amino acid sequences. Optimizations of the structures of the dipeptides 

applying DFT-B3LYP [6-31g*] level of theory gives pretty well energy values. The bond 

length and bond angle data of the amide plane obtained after rigorous calculations do not 

vary much. So, we can say that the amide plane is more or less fixed. Aromaticity indices of 

histidine rings show that the stability of the ring is sensitive to kind of amino acid residues. 

So , we can say that the histidine ring has more aromaticity in presence of valine while is less 

aromatic in presence of  arginine.  
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Introduction 

Single-walled carbon nanotubes (SWCNTs) can be dispersed as individuals in water using 

surfactants. Any change in the surface charge density of the surfactant, or its solubility, that 

eliminates the electrostatic repulsion between the nanotubes will cause SWNTs to aggregate. 

By controlling the intermolecular and surface forces of surfactant in water, it is possible to 

engineer the resultant VdW attraction between SWNTs [1]. On the other hand, one technique 

has been improved by Arnold et al. [2], who, using bile salts such as sodium cholate in 

addition to surfactants, demonstrated that it is possible to separate SWNTs on the basis of 

their diameter and electronic structure. However, it is still not clear how surfactants self-

assemble on carbon nanotubes in the presence of salt. A detailed understanding of the 

structure of surfactant aggregates adsorbed on SWNTs in the presence of salt is the goal of 

this work. 

 

Simulation details  

We used a canonical ensemble (constant NVT) with undefined boundary conditions for 

considering the simulated volume were equals to infinite. The velocity form of Verlet 

algorithm method and the Nose-Hoover thermostat algorithm were used to integrate the 

equations of motion with a time step of 1.0 fs and temperature control of 300 K, respectively. 

Non-bonded van-der-Waals' interactions are modeled by a Lennard-Jones potential with a cut-

off distance of 1.0 nm. Water molecules were modeled using the SPC/E model. In our 

simulation the time step was 1 fs. Simulations were conducted for 3ns., for system containing 

1153 water molecules, 25  surfactant CTAB molecules and (3, 12, 25, 50) salt NaCl 
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molecules and a (5,5) CNT. 

 

 

Result and discussion  

In the present study, we performed a MD simulation in a four-component system, including 

water, surfactant (CTAB), SWNTs and salt, to address the unresolved issue regarding the self-

assembly structure of adsorbed CTAB surfactants onto SWNT surface in the presence of salt. 

Efforts have also been made to calculate the radial distribution function (RDF) and potential 

of mean force between two nanoscopic components, in order to shed new light on the 

dispersion and stability mechanism of SWCNT in aqueous CTAB solution in the presence of 

salt.  

To the best of our knowledge, this is the first simulation of complex interaction behavior on 

the atomic level in a four-component system. Figure 1 shows simulated system containing 

SWCNT, salt, surfactant and water. 

 

 

 

 

 

 

 

 

Figure 1- Front view of representative snapshot for (5,5) CNT covered by surfactants in the presence of salt 

molecules. Water molecules are not shown for clarity. 

 

We calculated the radial distribution functions (RDFs) for all components of system including 

cation and anion of salt, carbon atoms of nanotube and different atoms of surfactant.  Our 

results indicates that salt addition have a significant effect on the distribution of surfactant 

molecules around the carbon nanotube. Also the RDF between N of surfactant head groups 

and Cl- atom of NaCl show that when more Cl- ions located around polar head group of 

surfactant, tendency of surfactants for aggregating around CNT, increases. 
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Introduction 

Carbon nanotubes (CNT) have attracted widespread interest in research and increasing 

industrial attentions [1]. However due to strong van der Waals forces, carbon nanotubes tend 

to form aggregated CNTs in solutions. Surfactant adsorption has an important role in the 

standard procedure for the preparation of high weight fraction individually dispersed single-

walled carbon nanotubes [2]. In the present work the aqueous solutions containing cetyl 

trimethylammonium bromide (CTAB) surfactants and (5, 5) single-walled CNTs are studied 

at six temperatures, (300, 310, 320, 330, 340 and 350) K using molecular dynamics 

simulation approach.   

 

Simulation details 

Molecular dynamics (MD) simulations of our system were carried out using a 3.6 nm by 4.0 

nm by 4.0 nm3 cubic computational cell with periodic boundary conditions applied in all three 

principal directions. Non-bonded van-der-Waals' interactions were modeled by a Lennard-

Jones potential with a cut-off distance of 1.0 nm. Water molecules were modeled using the 

SPC/E model. In our simulation the time step was 1 fs. and the simulation were conducted for 

3ns. 1153 water molecules and 25 CTAB molecules were placed in the cell. 

 

Result and discussion 

The two-layer adsorption of CTAB surfactant molecules around the nanotube at 300 K can be 

seen in figure 1a. As figure 1a shows by increasing the temperature from 300 K to 350 K, the 

second shell of surfactants is destroyed and monolayer adsorbed around nanotube and micelle 
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structures of surfactant are appeared. Figure 2 shows the potential of mean force between 

carbon nanotube and surfactants. This figure shows that by approaching the surfactants to 

nanotube, the potential is reduced totally. It can be assigned to association of surfactant 

molecules around the CNT. At the temperature associated with the maximum value for energy 

barrier, surfactants can pass the energy barrier and could reach to the first layer, thus the 

number of surfactants of the first layer is decreased. 

 
Figure 1- Front views of representative snapshots for (5,5) CNTs covered by surfactants at 300 K (Left) and 350 

K (Right). Water molecules are not shown for clarity. 

 

 

 

 

 

 

 

 

 

Figure 2- Potential of mean force between carbon nanotube and surfactants. 

Also, we investigated the radial distribution functions for surfactant-surfactant interaction in 

the presence of nanotube and water at all six temperatures. The obtained results show as 

temperature increases the interaction between the surfactant tail groups decreases.  
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Introduction 

Finding solution to the protein folding problem has been steadily pursued for decades [1]. 

During the last several decades very studies were carried out on peptides to find the rules that 

govern protein folding [2].Tripeptide models are ongoing models in peptide folding studies.In 

a tripeptide, three amino acid residues are bound together at their amid groups, forming a 

short oligopeptide chain [3]. All residues except glycine amino acid, exist as pairs of 

enantiomers (L and D stereoisomers), since they have stereo center at their α-carbons [3]. 

Protein folding can be defined as a function of backbone torsional angles (Φ,ψ,ω) [4]. 

 

Methods 

In this research we determined the stability of various conformers of HCO-GLY-L-LEU-

GLY-NH2 tripeptide that obtained from varying of side chain torsional angles χ1 and χ2           

(see Fig 1). For this purpose the abinitio molecular calculations were carried out at HF/6-31G 

(d) level of theory. All of calculations performed by using Gaussian03 program. [5] 

This research contains two steps: 

In the first step , the side chain torsional angle (N9, C11, C13, C15) (χ1), was changed at 30° 

intervals from 0° to 360° and by using optimization calculations at HF/6-31G(d) level the 

stable conformers were obtained. 

In the second step, torsional angle (C11, C13, C15, C16) (χ2), was rotated at 30° intervals from 0° 

to 360° when the χ1 was fixed in three minima that found from the first step ( see  Fig.1). 
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Fig.1. Schematic diagram with torsional angle definitions for HCO-GLY-L-LEU-GLY-NH2 

 

Results and discussion  

The results that obtained contain:  

1. First step  

Three minima for χ1 are gauche (-)(g-),(χ1=-60° ), gauche (+)(g+),(χ1=60° ), and anti(a) 

(χ1=180° ) conformers, that among of them (g-) conformer has the lowest energy (see Fig.2). 

2. Second step: 

2.1.Three minima for χ2 are in: 300°(-60°), 210°, 60° angles respectively when the χ1 

was fixed in (g-) conformer (see Fig.3). 

2.2.Three minima for χ2 are in: 210°, 270°, 60° angles respectively when the χ1 was 

fixed in (g+) conformer. 

2.3.Three minima for χ2 are in: 180°, 270°, 60° angles respectively when the χ1 was 

fixed in anti (a) conformer. 

                            
Fig.2.  Relative energy curve as a function of                                Fig.3. Relative energy curve as a function of 
                         dihedral angle (χ1)                                                        dihedral angle (χ2) when the χ1 was  fixed 
                                                                                                                            in the most stable state (g-)          
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The results obtained from two steps show when χ1 and χ2 are -60° (g
-g-) the structure has the 

most stability. And also the angles of optimized backbone are in state of extended 

conformation or βL βL βL (in βL conformer, backbone torsional angles in ideal state are Φ=-

180°, ψ=180°) 
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Abstract 

Our DFT calculations lead to some C34 heterofullerenes (C34, C33Si and C33N) .The relative 

stability is predicted based on the theoretical data. In addition, vibrational spectra of proposed 

stable neutral species, as well as the infrared intensities are calculated. 

 

Key word: fullerene, doped, B3LYP, Bindng Energy  

 

Introduction 

Carbon can be in several forms. Amorphous, graphite and diamond. Fullerenes are accepted 

as the fourth form of solid carbon. They are basically, large carbon cage molecules. By far the 

most common one is C60. Since the discovery of fullerenes in mid eighties and nanotubes in 

nineties,a whole range of studies have been conducted on these particles[1-6].  

Since the discovery of carbon fullerene there have been intense efforts towards finding or 

designing fullerene structures of other materials to have a better control over material 

properties in general. 

 

Computational methods 

Full geometry optimizations are accomplished without any symmetry constraints by means of 

DFT hybrid functional B3LYP [7-10] as implemented in GAUSSIAN 98 [11]. Vibrational 

frequency computations confirm that the fully optimized structures are indeed minima 

(NIMAG = 0).Binding energies per atom are calculated. 

 

Results and Discussion 
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C34 and C33X, (X=Si and N)   is given in Fig.1. 

 

 a) b) 

Fig.1. Optimized geometry of a) C34 and b) C33X (X=Si , N). 

Binding energy per atom, a criterion of stability, is calculated to be 6.072 eV/atom for C34 at 

the B3LYP/cc-pVDZ level (table 2). Substituting C atoms with X reduces this value which is 

the result of the weakness of X–C bond vs. C–C bond. Their calculated binding energy are 

4.384, 4.875eV/atom, respectively for X= N and Si, less than that of C34 with 33 equivalent 

C–C bonds. Normal harmonic vibrational frequencies and their related information are 

calculated. Finally, the very strong IR bands are predicted at 1673.10 and 1845.11 cm-1, with 

intensities of 430.37 and 572.08 km/mol for C34, at 1659.86 and 1814.95 cm-1, with 

intensities of 973.837and 1018.847 km/mol for C33N, at 1660.57 and 1812.327 cm-1, with 

intensities of 977.847and 1058.547 km/mol for C33Si.     

 

Conclusion 

We compute the structural and IR properties of C34 and C33X  heterofullerenes at the 

B3LYP/cc-pVDZ level. Some interesting results are found. From the data obtained from 

calculation, we found that there is strong correlation between the stability of pure C34 

fullerene molecule and the numbers of different C–C bonds. 
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Introduction 

The synthesis of monolayer graphite (i.e. graphene) is under study both experimentally and 

computationally. In recent years, hydrogen-based fuel systems have been considered to be a 

highly important topic of research for future energy schemes as hydrogen is a more efficient 

fuel in comparison to the existing carbonaceous fossil fuels . Despite many recent 

technological developments in the hydrogen-based fuel systems, it is still an enormous 

challenge to have a safe and efficient reversible hydrogen storage system at ambient 

conditions . One of the possible ways for such storage is the efficient hydrogen 

adsorption/desorption in a controllable system. Now a day a large amount of experimental and 

theoretical work were reported on the characterization of the interaction between the graphene 

surface and the adsorbate molecules. The unusual properties of carriers in graphene are a 

result of the gapless and roughly linear electron dispersion at the vicinity of the Fermi level at 

two inequivalent points of the Brilouin zone. In this work, we perform main calculations for 

the H atom   adsorbated on graphen.For studies and calculation of adsorption we used Density 

Functional Theory (DFT) approaches method. 

 

Computational method 

In this work we optimized the geometries of the graphene and graphene with hydrogen using  

PW91VWN,PW91PL,MPWLYP,G96LYP,G96PL/3-21G,6-31G,6-31G*/3-21G,6-31G,6-

31G* levels of theory, All calculations were performed by Gaussian 98 program package. 

 

Results and Discussions 

In recent years, hydrogen-based fuel systems have been considered to be a highly 
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important topic of research for future energy schemes. Carbon, being a small atom with a 

half-filled shell, is able to mix its valence s and p orbital to various degrees, thereby forming 

the building block for extended structures of incredibly different electronic, magnetic and 

mechanical properties. We present the most important structural parameters determined for 

the addition of a hydrogen atom to graphene . The structures determined for the graphene with 

a hydrogen atom is presented in Figure 1. The outward movement of the carbon atom that is 

bonded to hydrogen is 0.48 Å. This result is determined by Casolo et al. , using the plane 

wave code VASP. 

 
 
 
 

 
                                          
 

 
 
 
 

Figure1. Graphene with a hydrogen atom optimized by PW91VWN/6-31G* level of theory. 

We studied the chemisorptions of hydrogen on geraphen containing 24 carbon atoms. The 

geometric parameters in PW91VWN are 1.119A° for C-H bond, 1.532A°, 1.525A°, and 

1.525A° for the C-C bond which are near the C-H chemisorptions. The smallest value in all 

basis sets is related to PW91VWN and the largest one is related to MPWLYP. As expected, 

we have found that the energy of geraphene with H using PW91VWN method is smaller than 

the one experienced by the MPWLYP; the computed values are -580172.0675  and -

575371.6925 kcalmol-1, respectively.Entropy has been evaluated by standard statistical 

thermodynamic methods. Finally, Gibbs free energy of the reaction has been evaluated by 

using expression (1): 

 
ΔG (T) = ΔH (T)-T ΔS (T)                (1) 

 
The entropies, enthalpies and Gibbs free energies are important thermo chemical parameters 

for below reaction: 

Geraphene + H----- Geraphene-H 
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Conclusions 

In this paper, we have presented results of theoretical investigations when the addition of 

hydrogen to graphene. Structural parameters determined were in excellent agreement with our 

5 methods and 3 basis sets. The free energy change for the single H addition to graphene at 

298 K and enthalpy and entropy changes was determined. 
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Introduction:   

Fullerenes are begining to find a diverse range of applications including biomedical [1], 

antioxidants, bio-and chemical sensors, encapsulation noble gases inside the Fullerene cages, 

and gas adsorption on Fullerene [1-3]. 

In the H2 molecule, the valence electrons are all involved in the H-H σ-bond and there are no 

additional electrons which may interact with the substrate atoms. Consequently, 

chemisorption of hydrogen on Fullerenes is almost invariably a dissociative process in which 

the H-H bond is broken [4], thereby permitting the hydrogen molecule interact with the 

surface of Fullerenes at vertical position on pentagon carbon. 

 

Methods: 

 We investigated the adsorption behavior of H2 on Fullerene Nano structure surfaces, 

including stabilities, Binding Energies, adsorption  Enthalpies (∆Hads), and change of charge 

on the adsorbent carbon based on a density-functional theory method, PW91, with 6-31G 

basis set by Gaussian 98 package [5]. Harmonic vibrational frequencies were calculated to 

confirm that the optimized structures were local minima on the potential energy surface, 

therefore we considered that C-H and H-H distances to be variable and other distances are 

fixed (fig1). Also atom in molecules (AIM) quantum theory were carried out to study the 

interaction forces. QTAIM calculations have been done using AIM2000 package [6]. The 

AIM analysis for the optimized structures has been performed to obtain the topological 

properties of the bonds, such as the bond critical points (BCP), Laplacian of ρb ( b
2 ) at  

bond critical points , and  density of  total energy (Hb ) (fig2). 
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Results and Discussion: 

The ∆Hads , ∆Gads , ∆Sads Binding Energy and change of Charge values show that the 

(C24(D6d),H2) structure may be more chemically stable than the C20(Ih) and C26(D3h) structures 

(table1).  

As is known, the ( b
2 )identifies whether the charge of the region is locally depleted ( b

2  

>0) or concentrated ( b
2  <0). All of the interactions between H2 and Fullerenes are van der 

walls, 

because of values of b
2   >0,  ρb  order of 10-3  and  Hb>0 . (Table2) 

Tablel: Thermodynamic functions at 25 °C 

 

 

 

 

Table2: QTAIM Results 

 

 

 

 

 

 

 

 
 
 

 

 

Fig1:Optimized geometry of  C24 , H2                             fig2: Critical points of  bonds of  C24,H2 

                     at  PW91/6-31G 
 

Conclusions: 

EBinding  
kcal.mol-1  

Δcharge 

(ads)  
ΔS(ads)   

cal.mol-1  
ΔG(ads)   

kcal.mol-1  
ΔH(ads)   

kcal.mol-1  
Structure 

1.255 -0.004 -11.197 2.532 -0.353 C20,H2 

1.883 -0.032 -9.566 2.478 -0.374 C24,H2 

0.756 -0.004 -16.729 4.747 -0.242 C26,H2 

Hb  

a.u  

Gb  

a.u  

Vb  

a.u  

 

a.u 

)  a.u  (ρb  Fullerens  

(fopt)  

+0.0007 +0.0019 -0.0012 +0.0025 0.0036 C20,H2  

+0.0004 +0.0016 -0.0012 +0.0022 0.0030 C24,H2  

+0.0006 +0.0019 -0.0013 +0.0025 0.0036 C26,H2  


b 2

4

1
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Based  on  results it can be concluded  that  (C24(D6d),H2) structure may be more chemically 

stable than the (C20(Ih) , H2) and (C26(D3h) , H2) structures . 
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Introduction 

Considerable progress has been achieved in the past thirty years on planar coordinate carbons, 

including tetra-, penta- and hexa-coordinate planar carbons [1]. 

It is recently proposed a general pattern for planar tetra-, penta-, hexa-, hepta-, and octa-

coordiante silicon [2,3]. It is also designed planar hexa-coordinate silicon (phSi) in the perfect 

hexaagons of Cu6H6Si [1]. 

In the present study, we report new quantum chemical calculations for hexa-coordinate silicon 

in Cu6H6Siq complexes that contain Si centers in a perfect hexagonal hydrocopper (Cu6H6) 

with D6h, C2v and C6v symmetries that q is as neutral, negative and positive in these complexes 

(Figure 1). 
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Cu6H6Si (C2v) Cu6H6Si (C6v) 

 
Cu6H6Si (D6h) Cu6H6Si+ (D6h) 

 
Cu6H6Si- (D2h) Cu6H6Si- (D6h) 

Figure 1. Optimized geometries (left) and critical points of bonds and rings (right) Cu6H6Siq complexes at B3LYP/6-
311+G(d,p). 
(Red points are Bond Critical Points: BCPs; Yellow points are Ring Critical Points: RCPs;The lines are Bond Paths: BPs.) 

 

Computational Methodology 

Here, we use the density functional theory (DFT) with B3LYP. These calculations were 

performed within 6-311+G(d,p) basis set and imaginary frequencies checked at the same 

theoretical level. All ab initio calculations have been performed using Spartan '08, Version 

1.2.0 [4] and PC GAMESS, Version 7.1.G [5] and QTAIM calculations have been done using 

AIM2000 package [6]. 

The optimized bond lengths R (Å), lowest vibrational frequencies υmin (cm-1), total 

energy and Zero-Point Correction of Cu6H6Siq complexes are obtained as Table 1. 
Also quantum theory of atoms in molecules (QTAIM) was carried out to gain the 

electron densities of Cu5H5Siq complexes at equilibrium geometries (Figure 1 and Table 2). 

 

 

Results and Discussions 
According to Table 1, these results show that Cu6H6Si complexes with C2v and C6v 

symmetries are local minimum species and with D6h symmetry is transition state species. The 
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Cu6H6Si+ complex with D6h symmetry is local minimum species. The Cu6H6Si- complexes 

with D2h and D6h symmetries are transition state species. 

 

Table 1. Optimized bond lengths R (Å), lowest vibrational frequencies υmin (cm-1), total energy and Zero-Point 
Correction of Cu6H6Siq complexes at B3LYP/6-311+G(d,p) 

 Cu6H6Si  
(C2v) 

Cu6H6Si 
(C6v)

Cu6H6Si 
(D6h)

Cu6H6Si+  
(D6h)

Cu6H6Si- 
(D2h) 

Cu6H6Si- 
(D6h)

RCu-Cu (Å)  2.452 2.454 2.462 2.523 2.515 
2.411 

2.465 

RCu-H  (Å)  1.601 
1.602 

1.601 1.600 1.595 1.649 
1.643 

1.662 

RCu-Si (Å)  2.475 
2.476 

2.475 2.462 2.523 2.410 
2.463 

2.465 

υmin  (cm-1)  39.10 41.19 -21.59 43.49 -38.65 -39.59 
Total energy (a.u.)  -10136.27447 -10136.27468 -10136.27440 -10136.04205 -10136.35357 -10136.34764 
ZPE (kcal/mol)  32.888 32.111 32.011 33.081 29.339 28.495 
 LM LM TS LM TS TS 
LM: Local Minimum, TS: Transition condition 

 

The AIM analysis [7] for the optimized structures has been performed to obtain the 

topological properties of the bonds, such as the Laplacian of b  ( b
2 ) at bond critical 

points, the bond critical points (BCP) and the ring critical points (RCP) and also the bond 

paths (BP). As is known, the b
2  identifies whether the charge of the region is locally 

depleted ( 02  b ) or concentrated ( 02  b ). The former is typically associated with 

interactions between closed-shell systems (ionic bonds, hydrogen bonds, and van der Waals 

molecules), whereas the latter characterizes shared interactions (covalent bonds), where the 

electron density concentrates in the internuclear region [8]. The latter is required for bond 

formation.  
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Table 2. Bond lnghts (Å), b  and b
2  of the bonds in Cu6H6Siq complexes at B3LYP/6-311+G(d,p) 

complex BCP’s number 
Connected 

Atoms 
Bond lenghts b  b

2  

Cu6H6Si (C2v) 1 
2 

Cu-Si 
Cu-H 

2.475, 2.476 
1.601, 1.602 

0.046 
0.097 

0.006 
0.049 

Cu6H6Si (C6v) 1 
2 

Cu-Si 
Cu-H 

2.475 
1.601 

0.046 
0.097 

0.006 
0.049 

Cu6H6Si (D6h) 1 
2 

Cu-Si 
Cu-H 

2.462 
1.600 

0.047 
0.097 

0.006 
0.049 

Cu6H6Si+ (D6h) 1 
2 

Cu-Si 
Cu-H 

2.523 
1.595 

0.044 
0.098 

0.006 
0.048 

Cu6H6Si- (D2h) 1 
2 

Cu-Si 
Cu-H 

2.410, 2.463 
1.649, 1.643 

0.057, 0.048 
0.093, 0.088 

0.007, 0.006 
0.048, 0.043 

Cu6H6Si- (D6h) 1 
2 

Cu-Si 
Cu-H

2.465 
1.662

0.053 
0.085

0.007 
0.043

 
The complete list of bond critical points of electron density and their mathematical 

characters have been gathered in Table 2 for Cu6H6Siq complexes. According to Table 2, in all 

cases closed-shell interactions exist between Cu-Si and Cu-H connected atoms. In attention to 

Gillespie-Popelier discussion [9] and Table 2, Cu-Si and Cu-H bonded interactions in 

Cu6H6Siq complexes are ionic. No bond path between Cu-Cu atoms has been observed in all 

species. 
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Introduction 

 In this paper, we report on a simple and convenient methodology for rapidly predicting 

the crystalline densities of energetic nitramines based on the quantum chemical computations. 

This group of compounds is a source of explosives or propellants that possess predominantly 

high energy content, and they have numerous important applications in both civilian and 

military fields for a long time.  

 

Computational details 

 In comparison with other methods, B3LYP/6-31G(d,p) is most accurate and economical 

to predict the solid-state densities of energetic nitramines [1]. So the density functional theory 

(DFT) with B3LYP method and 6-31G(d,p) basis set have been employed to predict the 

molecular volumes and densities of a series of energetic nitramines including acyclic and 

monocyclic molecules (Figure 1 and 2).  

BCMN 
 
 
 
 
 

BCEN 
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DNU EDNA 

 
 
 

Figure 1. Optimized geometries of acyclic nitramines at B3LYP/6-31G(d,p). 
 

m-DNDC P-DNDC 
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RDX
 

Figure 2. Optimized geometries of monocyclic nitramines at B3LYP/6-31G(d,p). 
 

All DFT calculations were performed by Spartan '08, Version 1.2.0 [2] and PC 

GAMESS7.1.G package [3]. The QTAIM computations were done on the appropriate wave 

function derived from DFT computation in molecules. All these computations were 

performed using AIM2000 program [4]. 

 

Results and discussion  

The molecular volume is summation of atomic volume of atoms in a molecule that can 

be obtained by Quantum Theory of Atoms in Molecules (QTAIM). The atomic volume is 

defined as the space bounded by the intersection of the zero-flux surface(s) bounding the atom 

from the molecular interior and a chosen outer isodensity envelope (if a side of this atom's 

basin extends to infinity). While a molecule extends in principle to infinity, an outer 

isodensity of =0.001 a.u. is usually chosen as its outer bounding surface [5,6].  

The result show that the calculated   in Table 1 is in good agreement with the 

experimental crystalline densities [1]. 

 

Table 1. Calculated molecular volumes and crystalline densities of  acyclic and monocyclic nitramines at 
B3LYP/6-31G(d,p) in comparison with experimental densities 

 (exp) [1] 

gr/cm3 

  (cal) 

gr/cm3 vol [0.001]* M (g/mol) Material 
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1.50 1.49 1051.10 140.11 Bis(cyanomethyl)nitramine (BCMN) 
1.36 1.38 1359.86 168.16 Bis(cyanoethyl)nitramine (BCEN) 
1.98 1.85 909.94 150.07 N,N´-dinitrourea (DNU) 
1.71 1.60 1050.29 150.11 Ethylene dinitroamine (EDNA) 
1.57 1.59 1237.06 176.14 1,3-Dinitro-1,3-diazacyclohexane (m-DNDC) 
1.63 1.60 1231.13 176.14 1,4-Dinitro-1,4-diazacyclohexane (p-DNDC) 
1.81 1.79 1391.78 222.14 1,3,5-Trinitro-1,3,5-triazacyclohexane (RDX) 

*The atomic volume is integrated over atomic basin (Ω) to the contour surface of 0.001 a.u. 
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Malaria kills 1–2 million people each year and 300–500 million new clinical cases of malaria 

are reported annually [1]. We used a series of 4-aminoquinoline antimalarial compounds with 

experimentally determined ADME properties were taken from the literature [2]. In silico 

predictive models for antimalarial activity (IC50), Blood-to-plasma concentration ratio (Rb), 

and Inhibition of cytochrome P450 (CYPs) were developed for new 4-Aminoquinoline 

Antimalarial Compounds using multiple linear regression (MLR) analysis. Genetic algorithms 

(GA) were used as a variable selection method [3]. 

Antimalarial activities against Chloroquine-sensitive (3D7) and Chloroquine-resistant (W2) 

strains of P. falciparum were constructed with up to five descriptors. The plots of validation 

models are shown in Figure 1. 

 
Figure 1. Plot of the predicted vs. observed of growth inhibition of 3D7 and W2 strains of P. falciparum. The 
LOO cross-validation compounds are represented as grey dots and six derivatives used as test set as black dots 
 

Drug distribution in blood, defined as drug blood-to-plasma concentration ratio (Rb), is a 

fundamental pharmacokinetic parameter. The MLR models have good statistical quality with 

low prediction error. The correlations between the predicted and experimental values of Rb 

are shown in Figure 2.  
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Figure 2. Plot of the predicted vs. observed log Rb that was measured for each of the compounds at 1 and 10 
μM. The LOO cross-validation of compounds are represented as grey dots and test set as black dots 
 

Inhibition of CYPs can lead to drug-drug interactions and therefore it is considered important 

to evaluate potential drug candidates for CYP-inhibitory activities.  

Computational models were generated to predict the cytochrome P450 1A2, 2C9, 2C19, 2D6, 

and 3A4 inhibitions using GA based MLR methods. External validation yielded statistically 

significant and accurate predictions. The training and test sets and statistical parameters for 

each CYP model are also presented in Table 1. 

 

Table1. Prediction ability of the MLR models in the external validation set for Different P450 Inhibitors 
 Training set  Test set 
CYP R2 R2

adj RMSE F  R2
pred RMSE 

2B6 (1�M) 0.98 0.96 0.03 19.51  0.74 0.01 
2B6 (10�M) 0.96 0.94 0.01 43.13  0.39 0.02 
2C9 (1�M) 0.95 0.92 0.01 34.90  0.61 0.02 
2C9 (10�M) 0.97 0.95 0.02 58.67  0.91 0.04 
2C19 (1�M) 0.95 0.93 0.01 36.67  0.84 0.02 
2C19 (10�M) 0.96 0.94 0.01 55.82  0.78 0.01 
2D6 (1�M) 0.93 0.89 0.04 24.37  0.82 0.03 
2D6 (10�M) 0.95 0.93 0.08 50.51  0.92 0.13 
3A4 (1�M) 0.90 0.85 0.01 16.39  0.96 0.01 
3A4 (10�M) 0.92 0.89 0.03 28.60  0.97 0.07 
3A4 (1�M) 0.94 0.91 0.01 29.12  0.92 0.02 
3A4 (10�M) 0.87 0.81 0.05 16.32  0.89 0.07 

 

Keywords: Plasmodium, Blood-to-plasma ratio, Cytochrome P450, QSAR  
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 Introdauction 

Since the preferred geometry of many molecules can be viewed as the result of the 

maximization of an interaction between the best donor lone pair and the best acceptor bond,1 

the stereoelectronic interactions are expected to play an important role in the conformational 

properties of heterocyclic compounds.2,3 The most dominant conformation-controlling factor 

in carbohydrate compounds is known as the anomeric effect (AE).4 Although the importance 

of the hyperconjugative interactions in some acyclic compounds has investigated, there is 

insufficient published experimental information about the stereoelctronic interactions in 

methanediol (1), methanedithiol (2) and methanediselenol (3). 

 

Computational details 

  Hybrid DFT calculations were carried out using the CBS-4 and B3LYP/6-311+G** 

levels of theory with the GAUSSIAN 03 package of programs.5 The main purpose of the 

present work was to study the impacts of the stereoelectronic interaction effects, dipole-dipole 

interactions on the conformational preferences (i.e. axial and equatorial conformations) in 

compounds 1-3. An NBO analysis was then performed for the axial and equatorial 

conformations of compounds 1-3 by the NBO 5.G program contained in the PC-GAMESS 

interface.6  
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Results and Discussion 

Hybrid-density functional theory (B3LYP/6-311++G**) based methods and NBO 

interpretation were used to study the conformational behaviors of of methanediol (1), 

methanedithiol (2) and methanediselenol (3). The most stable conformations of compounds 1-

3 were found by changing and scanning the dihedral angles H1-C2-O3-C3. The results obtained 

showed that the axial symmetrical (C2) conformations of compounds 1-3 are more stable than 

their plane symmetrical (Cs) and unsymmetrical (C1) conformations. The Gibbs free energy 

difference at 298.15 K and 1 atm values between the axial symmetrical (C2) and plane 

symmetrical (Cs) conformations (i.e. ΔGCs-C2) decrease from compound 1 to compound 3  but 

the Gibbs free energy difference values between the axial symmetrical (C2) and 

unsymmetrical (C1) conformations conformations (i.e. ΔGC1-C2) increase from compound 1 to 

compound 3. The NBO analysis of donor-acceptor (LP→σ*) interactions showed that the 

generalized anomeric effects (GAE) decrease from compound 1 to compound 3. In addition, 

the calculated dipole moment values between the axial symmetrical (C2) and plane 

symmetrical (Cs) conformations [Δ(µCs - µC2)] decrease from compound 1 to compound 3. 

There is no conflict between the decrease of GAE and Δ(µCs - µC2) values. The correlations 

between the GAE, bond orders, pairwise steric exchange energies (PSEE), ΔGCs-C2, ΔGC1-C2, 

dipole-dipole interactions, structural parameters and conformational behaviors of compounds 

1-3 have been investigated. 

 

Conclusion 

The AE decrease from compound 1 to compound 3, the rationalization of the 

conformation preference solely in terms of the AE succeeds to account quantitatively for the 

conformation preferences in compounds 1-3.  
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Abstract 

            In the investigation we measured H (D) thermal Energies for hydrogen(H) and 

deuterium (D) adsorption on Ni(111) at coverage =0.25 0n A top site. Finite temperature 

quantum behavior of hydrogen adsorbates on Ni(111) surface is simulated using DFT 

calculations. This allows consideration of substrate atom dynamics.We showed that D thermal 

Energie is more than H in whole of the temperatures and  thermal Energies increased with 

decreasing of temperatures from 1000 K to 15 K. From 200K down to 15K,the quantum 

delocalization of the adsorbate is considerable, and therefore, temperature dependence of 

distributions is weak. In this case, the isotope effect is larger[1-2-3].  

  

Keywords: Density- functional calculation; Nickel (111) surface; DFT study; Hydrogen ; 

Deuterium; Isotope effect; Chemisorptions.                                                                         

 

Introduction 

To better understand the mechanism of adsorption of selection, is very important knowing the 

nature Insights species participating in the reaction, the main goal of this study calculated the 

heat of adsorption at the different temperatures by methods of density-functional theory 

(DFT) of quantum chemistry calculations with GAUSSIAN03 program package. In this study 

used deuterium (hydrogen), Deuterium is isotope of hydrogen. 

  

 

Computational Methods  

For the calculation at first we start of Ni surface. Unit cell of the nickel has a fcc crystal 

,Miller index in this calculation is (111).The was used for the production of the 
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experimentally determinded Ni lattice constant of 3.5228 A˚ surfaces. The geometries of 

H(D),Ni(111) were respectively optimized using density functional theory (DFT) at the 

B3LYP level on different basis sets 6-31G*and LANL2DZ. Top site is considered in this 

calculation. Adsorption energies were computed by subtracting the energies of the gas- phase 

 H(D) atom  and surface from the energy of the adsorption system,as show in                           

Ead=E(H/Surface)-E(1/2H2)-E(Surface)   

For simplification of calculation, we optimize two parameters, that is, the distance between 

hydrogen atoms (RH–H) and the distance between cluster surface and hydrogen atoms (R┴), 

while the metal cluster was fixed with the lattice constant. We also fixed the direction to 

hydrogen atom as top site.                                                                                   

 

Results and discussion  

We considered .are three sites; top,bridge and Hallow(threefold)  monolayer surface (111) 4Ni 

 top site in this calculation. Calculation  results is visible in Table (1).  

 

Table 1 - Energy of chemical adsorption of hydrogen atom on Ni4 (111) surface   

site  EM-H2 E ads(a.u) E ad(ev) E ads(kJ/mol) d ( Α°)(Ni-H) d┴( Α°) 

top 0.25 -677.76 -0.231345 -6.29 -607.4 1.48974 1.48974 

 

Isotope effects on chemical adsorption of heat 

Hydrogen has three isotopes. We want to compare the heat of chemical adsorption of two 

isotopes, D and H together. Isotopes have equal number of electrons then optimize their 

structure is identical and the difference is in the number of neutrons and the atomic mass. We 

can calculate heat of adsorption D If mass of deuterium  replacs hydrogen in the range of 

optimized structure in terms. We rise temperature of 15 K 1000. In Table 2, we present the 

calculated energy data. By decrease the temperature; decreases chemical adsorbtion  H and D 

on Ni4 (111) single-layer, free energy and increase thermal enthalpy and thermal energy and 

zero point does not change (all energies in terms of Hartry have been reported). Can be 

concluded to reduce the temperature by reducing the movement of gas molecules on the 

surface, time of contact gas adsorbed are increaseing with surface, physical adsorption is 

increased and possibility will increase chemical adsorption. 
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Table 2 - Effect change of temperature on chemical adsorption in the D and H on Ni4 (111) monolayer. 
  K  thermal Energies zero-point Energies thermal Enthalpies thermal Free Energiesدما 

1000 H -677.723564 -677.754115 -677.723564 -677.907321 

D -677.727392 -677.755214 -677.724225 -677.908858 

400 H -677.74445 -677.754115 -677.743183 -677.804761 

D -677.745489 -677.755214 -677.744222 -677.805917 

298.15 H -677.745705 -677.752446 -677.744761 -677.78754 

D -677.748387 -677.755214 -677.747443 -677.79066 

130 H -677.751808 -677.754115 -677.751397 -677.767007 

D -677.752904 -677.755214 -677.752493 -677.768118 

100 H -677.752527 -677.754115 -677.75221 -677.763508 

D -677.753624 -677.755214 -677.753307 -677.764615 

70 H -677.753169 -677.754115 -677.752948 -677.760245 

D -677.754267 -677.755214 -677.754045 -677.761349 

15 H -677.753972 -677.754115 -677.753924 -677.755107 

D -677.75507 -677.755214 -677.755023 -677.756207 

 
Relationship Temperature with heat of chemical adsorption H and D on Ni4 (111) monolayer, 

is visible respectively in tables (3) and (4). For adsorbed best results -677.723564 heat  of 

adsorption H in 1000 K that is released the lowest heat of adsorption we have considered as a 

baseline we have and calculated based on changes thermal Energies. 

 
Table 3 -The relationship Temperature with heat of chemical adsorption in  H on Ni4 (111) monolayer. 
K) (  T  adsorption energies (kcal/mol) Change of thermal energies  thermal energies (Hartry)  

1000 0 0 -677.723564 

400 13.105965 -0.020886 -677.74445 

298.15 13.8934775 -0.022141 -677.745705 

130 17.72311 -0.028244 -677.751808 

100 18.1742825 -0.028963 -677.752527 

70 18.5771375 -0.029605 -677.753169 

15 19.08102 -0.030408 -677.753972 

 
Table 4 - The relationship Temperature with heat of chemical adsorption in  D on Ni4 (111) monolayer. 

K) (  T adsorption energies (kcal/mol) Change of thermal energies thermal energies (Hartry) 

1000 2.40207 -0.003828 -677.727392 

400 13.7579375 -0.021925 -677.745489 

298.15 15.5764325 -0.024823 -677.748387 

130 18.41085 -0.02934 -677.752904 

100 18.86265 -0.03006 -677.753624 

70 19.2661325 -0.030703 -677.754267 

15 19.770015 -0.031506 -677.75507 
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All the temperatures chemical adsorption Deuterium more than Hydrogen If we compare the 

results of the tables (3)and (4) . 

Figure 1 - Comparison the strength of the adsorption hydrogen and deuterium at various temperatures. 

 

 

These can be justified due to the Entropy and Enthalpy of  deuterium  are more than hydrogen 

at all temperatures. So based on    G0=H0-TS0   deuterium adsorb stronger than  hydrogen on 

Ni4 (111) surface. The Gibbs free energy will be more negative. On the other hand based on –

(G-E0)=Rlnq  and is equal the zero point energy(E0)  in hydrogen and deuterium then Gibbs 

free energy is a direct relationship with "q" function (function sharing), on the other hand 

We know that the "q" function is divided into direct relationship with mass, so can be 

concluded that the "q" function of  the deuterium more and Gibbs free energy will be more 

negative because the mass of deuterium is more than hydrogen. 

 

Conclusion 

1. Thermal Energies increased with decreasing of temperatures from 1000 K to 15 K. Reduce 

temperature to reduce movement of gas molecules on the surface by self adsorption, increase 

physical adsorption and the subsequent increases in chemical adsorption. 

2. D thermal Energie is more than H in whole of the temperatures 
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Abstract 

The adsorption of atomic H on all three low-index of Ni (111) and (100) surfaces has been 

studied using gradient-corrected density-functional calculations. Our technique is based on 

ultrasoft pseudopotential. Ni4 and Ni8 clusters are used as a small single and second layer 

models, Full H-coverage and 0.25, 0.5, 0.75   H-coverage in atop, bridge, and hollow position 

are considered[1]. Trends in the adsorption energy, repulsion between adsorbed hydrogen 

atoms, and diffusion barriers are discussed in detail. The results are compared with 

experiments, showing a good agreement with the structural models derived from experimental 

data. the (DFT) studies indicate the Ni(001)and Ni(111) surfaces as a strongly correlated 

energetically heterogeneous surface that the hydrogen atoms may adsorb either on bridge sites 

(energetically more favorable) or hollow sites and by increasing the surface coverage, the heat 

of adsorption decreases. [2-3]  

Keywords: Chemisorption; Density functional calculations; Hydrogen atom;; Nickel; Surface. 

 

Introduction  

Hydrogen energy has attracted a great deal of attention from the viewpoint of energy saving 

and environmental problem [4–5]. In recent years, hydrogen-absorbing alloys are utilized for 

the transportation of hydrogen and as catalyst, since they have ability for quick occlusion and 

release of hydrogen, without great change of the structure and the composition of the crystal 

[1,3]. On the other hand, it has long been known that transition metals become brittle when 

small concentration of hydrogen impurity exists, called ‘hydrogen embrittlement’. Although 

most character of hydrogen has been known, this phenomenon is still unsolved. In order to 

treat hydrogen occlusion and hydrogen embrittlement microscopically, it is necessary to 

elucidate the mechanism of hydrogen adsorption on metal surface as the first step. In the 
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present work we focus on the nickel metal. There are many experimental data for low-index 

surface of nickel for more than 40 years [6–7]. Consequently, a wealth of experimental data 

has accumulated, and a clear picture of the features induced by adsorption has emerged. It is 

interesting however, that only a few accurate density-functional calculations have been 

reported to date. The major motivation of the present work is to fill this gap. 

 

Computational method 

We have employed the B3LYP/LANL2DZ level for Ni and B3LYP/ 6-31G** for  H of 

calculation with GAUSSIAN03 program package. In the LANL2DZ basis set, the core 

electrons of nickel atom are incorporated into Hay–Wadt effective core potential, while the 

3s, 3p, 3d, and 4s electrons are explicitly treated as split valence basis set [8,9].The (001)and 

(111)surfaces are adopted the adsorption surface. We picke up Ni4,Ni8small clusters as nickel 

surfaces, shown in Figs. 1-3, respectively ,where the distances between nickel atoms are fixed 

with the lattice constant. The results of calculation on cluster models strongly depend on the 

cluster size, and one should make comparison between the results for the different model sizes 

for more precise estimation. Though we actually calculated the models with much larger 

sizes,the SCF calculations did not converge due to the quasi-degeneration of molecular 

orbitals for Ni clusters,unfortunately. The experimentally determinded Ni lattice constant of 

3.5228A˚was used for the production of the surfaces. For simplification of calculation, we 

optimize two parameters, that is, the distance between hydrogen atoms (RH–H) and the 

distance between cluster surface and hydrogen atoms (R┴), while the metal cluster was fixed 

with the lattice constant. We also fixed the direction to hydrogen molecule as the threefold, 

bridge, and top sites. Adsorption energies were computed by subtracting the energies of the 

gas- phase  H atom  and surface from the energy of the adsorption system,as show in  

Ead=E(H/Surface)-E(1/2H2)-E(Surface)   

 

 

Results and discussion  

1.Ni4(111)surface 

c.Hollow       b.Bridge        a.TOp     



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
978

Fig. 1. Schematic illustration of H  adsorption on  Ni4(111) cluster for three sites. 

Table 1 :Summary of reaction energies and geometries for hydrogen on Ni (111) surfaces. 
site  EM-H2 E ads (a.u) E ads(ev) E ads 

(kJ/mol) 
d ( Α°)  (Ni-H) d┴( Α°) 

bridge 0.25 -677.77 -0.24209 -6.6 -635.6 1.61218 1.20066
Hollow 0.25 -677.76 -0.232963 -6.34 -611.64 1.79203 1.22351

top 0.25 -677.76 -0.231345 -6.29 -607.4 1.48974 1.48974

 

2 .Ni4(001) surface 

b.Bridge                a.TOP             
Fig.2. Schematic illustration of H  adsorption on  Ni4(001) cluster for three sites. 

  
Table 2 : Summary of reaction energies and geometries for hydrogen on Ni (001) surfaces. 

 
 

3 .Ni8(001) surface 

b.Bridge  C. Hollow          a.TOP        
Fig.3. Schematic illustration of H  adsorption on  Ni8(001) cluster for three sites.  

Table 3: Summary of reaction energies and geometries for hydrogen on Ni8 (001) surfaces. 
site  EM-H2 E ads (a.u) E ads(ev) E ads (kJ/mol) d┴( Α°) 
Hollow 0.25 -1355.0492 -0.306 -8.331 -803.8 1.12 
bridge 0.25 -1355.0548 -0.312 -8.5 -818.45 1.3 

top 0.25 -1355.0245 -0.281 -7.66 -738.88 1.55 
0.5 -1355.4262 -0.0914 -2.5 -240.0 1.48 

0.75 -1356.1555 -0.1373 -3.7 -360.5 1.52 
1.0 -1356.5742 -0.0825 -2.5 -216.8 1.466 

  

H  adsorption on  Ni4(111) cluster for bridge and top sites.

bridg
e 

0.5 -678.25 -0.113241 -3.1 -297.31 1.5969 1.00015 

top 1 -679.41 -0.009095 -0.25 -23.9 1.4337875 

site  EM-H2 E ads (a.u) E ads(ev) E ads 
(kJ/mol) 

d ( Α°)  (Ni-H) d┴( Α°) 

bridge 0.25 -677.7748 -0.1191527 -3.24231 -312.8 1.7 1.29
top 0.25 -677.7607 -0.1050887 -2.85961 -275.9 1.57 1.57 
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The tests for the Ni8 (001) surfaces are summarizd in Table 3. By increasing surface coverage 

the heat of adsorption is decreased Because There are interactions between adsorbed 

hydrogen atoms.and the relationship is approximately logarithmic and follows Frndlysh 

isotherms. Perpendicular distance of hydrogen from the surface also decreases because the 

occupied orbitals of the hydrogen molecule interacts with 3dz2 orbital ,while virtual orbitals 

with 3dxy and 3dx2-y2. When the contribution of orbital 3dx2-y2 and 3dxy lower than 3dz2 

increases lines of the anti-bonding hydrogen molecules. As a result increases distance R H-H 

and decreases d .The hydrogen atoms can be absorbed in bridge and Hollow sites that 

chemical adsorption in bridge sites is more favorable. 

  

Conclusion 

In this work we proposed the model of adsorption H on Ni(001) and Ni(111) surfaces has 

been investigated by density functional theory(DFT) method. Adsorption energies ,structures 

Perpendicular distance,of H on this surface is studied. H adsorbs at the bridge, hollow and 

atop sites the bridge site becomes most favorable and by increasing surface coverage the heat 

of adsorption is decreases. 
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Abstract 

The adsorption  and dissociation of gasses on the metal surfaces has been large interest in the 

past years by quantm mechanics studies for catalizers[1-2] .We consider there different 

adsorption sites,Top,Bridge and Hollow (threefold) sites for H2 adsorption on Ni(001) in the 

present work intraction and adsorption properties of  hydrogen with a Ni(001) single crystal 

surface are examinad  using Hartree-Fock study and density function theory calculations 

based on pseudo-potential treatment[3-4].This study predicts that H2 prefer to dissociation and 

adsorb at Ni(001)single crystal surface and show H2 in bridge and hollow sites,more  

dissociate than the top sites[5-6]. 

 

Keywords: Nickel (001); DFT study; Hydrogent; Chemisorptions.                                                                    

 

Introduction 

Adsorption of hydrogen is commonly used for selective measurement of metal surface area of 

supported nickel catalysts[7-8]. The method is based on a simple assumption that the 

stoichiometry of hydrogen adsorption on supported nickel attains the same value as for 

unsupported nickel. However, now it is evident that various supports influence the interaction 

of hydrogen with nickel considerably [9-10] and the effect depends on number of factors such 

as type of support, way of preparation and pretreatment conditions [11]. Although the 

importance of this fact in relation to characterization of supported catalysts is well recognized, 

there are no current studies of that problem.To better understand the mechanism of adsorption 

of selection, is very important knowing the nature Insights species participating in the 

reaction, the main goal of this study Chemical proof of hydrogen adsorption on the Ni(001)  

surface by methods of  DFT calculations with GAUSSIAN03 program package.                                               
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Computational Methods 

For this purpose hydrogen molecule on the surface Ni4 (001) monolayer, are three sites 

adsorbed . Unit cell of the nickel has a fcc crystal .The was used for the production of the 

experimentally determinded Ni lattice constant of 3.5228 A˚ surfaces. The geometries of 

H,Ni(001) were respectively optimized using density functional theory (DFT) at the B3LYP 

level on different basis sets 6-31G*and LANL2DZ. Top,brigde and hollow(threefold) sites are 

considered in this calculation. Adsorption energies were computed by subtracting the energies 

of the gas- phase  H atom  and surface from the energy of the adsorption system,as show in 

Ead=E(H/Surface)-E(1/2H2)-E(Surface) 

 

For single-point calculations in this way we act in the molecules near the surface and calculate 

single-point energy. In the other stages Hydrogen molecules put at varying distances from the 

surface and sited single-point calculation in each of the points. After determining the most 

appropriate distance from the surface increases length bond of hydrogen- hydrogen,and we 

observe  heat of absorption. If  heat of adsorbtion more negative with the  length of bond 

hydrogen- hydrogen, so type of adsorption is dissociative chemical absorption  otherwise 

physical adsorption.                                                                                                                       

 

Results and discussion 

1.Top site 

Allow hydrogen molecules attraction 1.0  to 1.7 Å distance from the surface to top site 

locations with a scan command and calculated adsorb  energy. the distance 1.58 had the most 

negative energy and is stable. The distances and energy values in Table (1) has been recorded. 

   
Figure 1 -Schematic illustration of changing distance H2 from the surface Ni4 (001) monolayer in top site . 

 
Table 1 – Values of single Point Energy Adsorbed (in terms of Hartry) by changing the distance H2 from the 
surface Ni4 (001) monolayer on top site. 
 
 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
982

d� Å HartryEM-H2 d� Å EM-H2 Hartry 

1.0 -678.00347 1.5 -678.18258 

1.1 -678.08685 1.54 -678.18336 

1.12 -678.13574 1.58 -678.18353 

1.25 -678.18258 1.62 -678.18322 

1.4 -678.17689 1.7 -678.18165 

 

In the next stage put hydrogen (6x-1Ni) d 1.58 Å of surface and increased length of bond 

hydrogen- hydrogen (7H-6H) of  0.74279 (length of bond hydrogen optimazatiom)to  0.8428 

Å energy absorption the terms of kJ / mol according to the crystal energy Ni4 (001) (-

676.9866401 Hartry) and mentioned relations obtains. In this case decreases the adsorption 

energy from - 13.4 to -15.7 (kcal / mol) which indicates that hydrogen molecules are               

segregated to some extent.                                                                                                          

2.Hollow site 

hydrogen molecules put 0.6  to 1.6 Å distance from the surface on nickel in hollow site and 

change 5x- 6x distance . Results and shape of structure has been recorded on Figures (2) 

and(3) . 

 

  

Figure 2 - Schematic illustration of H2  adsorption on  Ni4(001) cluster for threefold site. 

As can be seen, 1.2 Å distance of surface had the most negative energy and is more stable. 

 

  

 

Figure 3 - Schematic illustration of heat of absorption by chenges distance H2 on Ni4 (001) surface in Hollow 

site.  

In the next stage put hydrogen (6x-1Ni) d1.2  Å of surface and increased length of bond 
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hydrogen- hydrogen (7H-8H) of  0.74279 (length of bond hydrogen optimazatiom)to  1.06 Å 

energy absorption the terms of kJ / mol according to the crystal energy Ni4 (001) (-

676.9866401 Hartry) and mentioned relations obtains. In this case decreases the adsorption 

energy from 2.8 to -7.44 (kcal / mol) which indicates that hydrogen molecules are 

segregated to some extent.  Figure (4) reflect this. Hydrogen molecule partial resolution will 

be better adsorbedative. 

 

Table 3 - Effect of increasing length of bond hydrogen- hydrogen on energy absorption in hollow site. 

d (H-H) Å d (H-X) Å EM-H2 Eads(a.u) E(kcal/mol) 

0.7428 0.3714 -678.1576 0.004532 2.843516 

0.8028 0.4014 -678.16397 -0.00184 -1.15366 

0.8428 0.4214 -678.1668 -0.00467 -2.92948 

0.9228 0.4614 -678.16975 -0.00762 -4.78061 

1.0428 0.5214 -678.17399 -0.01186 -7.44121 

  

 
  

Figure 4 - Schematic illustration of - Effect of increasing length of bond hydrogen- hydrogen on energy 
absorption in hollow site. 

 

3. bridge site. 

Allow hydrogen molecules attraction 1.0  to 1.57 Å distance from the surface to bridge site 

(change 6x-5x)1.352 Å distance of surface had the most negative energy and is more stable.  

Results are shown in Table (3) and Figure (5)and (6) . 

 

  
Figure 5 - Schematic illustration of the structure for changing the distance from the surface H2 Ni4 (001) single-

layer absorption in bridge site. 
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Table 3. Values of single Point Energy Adsorbed (in terms of Hartry) by changing the distance H2 from the 
surface Ni4 (001) monolayer on bridge site. 

d� Å EM-H2 d� Å EM-H2 

1.084 -678.15909 1.232 -678.17121 

1.152 -678.16621 1.332 -678.17362 

1.162 -678.16702 1.352 -678.17371 

1.172 -678.16777 1.372 -678.17368 

1.212 -678.17026 1.572 -678.16953 

  

 
  

Figure 6. Schematic illustration of heat of absorption by chenges distance H2 on Ni4 (001) surface in bridge site. 
  

In the next stage put hydrogen (6x-1Ni)  1.352 Å of surface and increased length of bond 

hydrogen- hydrogen (7H-8H) of  0.74279 (length of bond hydrogen optimazatiom)to  0.86 Å 

energy absorption the terms of kJ / mol according to the crystal energy Ni4 (001) (-

676.9866401 Hartry) and mentioned relations obtains. In this case decreases the adsorption 

energy from -7.26 to -13.0 (kcal / mol) which indicates that hydrogen molecules are 

segregated to some extent in bridge site ,too.The value of energy in this site is more than 

negative two other sites.                                                                                                                 

  

Conclusion     

The adsorption of hydrogen on the nickel surface in all three sites is and dissociative 

chemisorption. if compare the energy of adsorption in three sites together  , we find the top 

site more favorable for  physical  adsorption then separation of molecules and chemical 

absorption will occur in bridge site.                                                                                              
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 Introduction:  

Among the various types of nanomaterials, fullerenes are of great interest due to their unique 

properties, which make them very attractive for a wide range of applications specially in bio-

area [1]. Oxazepam, one of the major benzodiazepines derivatives, are used for its sedative, 

anxiety-relieving and muscle-relaxing effects. Oxazepam works by acting on receptors in the 

brain called GABA receptors [2]. It’s well recognized that the transport and bioavailability of 

drugs are significant factors in improving their distribution, therapeutics, and selectivity, and 

in ameliorating their toxic effects. Carbon based nano structures have been proposed as 

effective nanovectors for the drug delivery of therapeutic compounds [3]. In this work, we 

have investigated the possibility of formation of stable complex between C60 fullerene and 

oxazepam by using Density Functional Theory (DFT) calculations. 

 

Method:  

We have employed the first-principles approaches (ab initio) using numerical atomic orbitals 

as basis set. We make use of the generalized gradient approximation (GGA) with the Perdew–

Burke–Ernzerhof (PBE) functional in density functional theory and the standard norm-

conserving Troullier–Martins pseudo-potentials. We have used the SIESTA code, which 

solves the standard Kohn–Sham equations and has been demonstrated to be very efficient for 

large atomic systems. The calculations are done using a double-ζ basis composed of 

numerical atomic orbitals of finite range augmented by polarization functions (DZP) for all 

simulated atoms [4]. 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
987

-10

0

10

20

30

40

50

-12 -10 -8 -6 -4 -2 0 2

C60
oxazepam
most stable configuration

D
O

S 
(States
/eV)

Energy(eV)

 

Results and discussion:  

Several configurations were selected for oxazepam molecule approaching the five and six-

member rings of the cage, the bridge sites above the C-C bonds and the top site directly above 

the (C-top) via its Cl, hydroxyl oxygen (OH) and carbonyl oxygen (CO) active sites. The 

calculated binding energies show that the adsorption of oxazepam via carbonyl oxygen active 

site upon the C atom of the C60 is the most stable configuration (Fig1). The binding energy 

was obtained by using the basis set super position error (BSSE) correction via the formula:  

                        Eb = E (C60-Oxaz.) - [E (C60ghost – Oxaz.) + E (C60 – Oxaz.ghost ) ]   

where the E(C60/ Oxazepam) is the total energy of the C60 interacting with the Oxazepam. 

The ‘ghost’ molecule/C60 corresponds to additional basis wave functions centered at the 

position of the Oxazepam or the C60, but without any atomic potential. 

 

       Fig.1 The most stable configuration                                        Fig.2 Plot Dos 

The results obtained for the most stable configuration show that the binding energy and the 

amount of electron transfer between Oxazepam and C60 nanocage are -0.138  Kcal/mol and 

0.01e, respectively. The density of state (DOS) for the combined system of Oxazepam–C60 as 

shown in Fig. 2. It can be seen from the figure that the DOS of the combined system of the 

Oxazepam–C60 complex is almost exactly the superposition of the DOS of the individual 

parts. This finding indicates that the Oxazepam is interacting weakly and that no significant 

hybridization between the respective orbitals of the two entities takes place. 
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Conclusoin:  

A weak interaction can be seen from the low amount of charge transfer and the weak 

adsorption energy of Oxazepam-C60 complex even for the most stable configuration. 
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Introduction 

1,2-diacylcyclopentadiene (1,2-DACP) compounds (also known as fulvene compounds) 

belong to a category of γ-dicarbonyl compounds with the capability of forming intramolecular 

hydrogen bond (IHB) (see Fig.1). In the enol form of these compounds, as a result of IHB, 

and because of a long π-electronic conjugation between carbonyl and cyclopentadiene double 

bands, a 7-membered ring-like structure (see Fig.1) is formed which is referred to as chelated 

or enolone ring (like 6-membered chelated ring in β-dicarbonyls). Since the chelated ring is 

heptagonal [1], the spatial orientations (distances and angles) for O and H−O segments of 

molecule are more proper to form much stronger O···H−O hydrogen bond in 1,2-DACPs, in 

comparison to that of β-dicarbonyls. Also the longer resonance structure of delocalized π-

electrons makes the resonance assisted intramolecular hydrogen band, RAHB [2], in this type 

of γ-dicarbonyls to be stronger than that of β-dicarbonyls.  

In the present work, 1,2-dithenoylcyclopentadien (DTCP) has been investigated with special 

attention to its IHB, in order to obtain detailed information on the conformational relative 

stabilities, structures and electron conjugation in its resonance assisted hydrogen bond 

(RAHB). It is also important to estimate the barrier height for proton transfer and the strength 

of the IHB, which is the main factor governing the conformational stability. 

 

Method of Analysis  

All quantum calculations were carried out with the GAUSSIAN 03 software package, 

applying the modern density functional theory, DFT, at B3LYP level using variety of basis 

sets. 
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Results and Discussion 

There are 74 different keto and enol conformers for DTCP. Among 16 more stable cis-enol 

forms, there are only 4 chelated enol forms, i.e. the CE1, CE2, CE3, and CE4 conformers in 

Fig. 2, which have the seven-membered chelated ring of the IHB. These are so stable that the 

presence of other conformers in significant amounts in the sample is unlikely. This is 

predicted from all levels of calculation that the conformations CE4 and CE1 are the most 

stable and the most unstable chelated forms, respectively. 

The barrier heights for proton transfers in the mentioned four chelated conformers of 

DTCP are given in Table 1. The barrier height energies, EBH, for these conformers, calculated 

at B3LYP/6-31G** level using HC forms in Fig. 2 as transition state, are in the range of 0.31-

0.39 kcal/mol. For α-cyanoacetylacetone (CNAA) and dibenzoylmethane (DBM) molecules 

with the strongest IHBs that have been reported for β-dicarbonyls, the proton transfer barrier 

heights were calculated to be 1.33 and 1.61 kcal/mol, respectively. Thus, the barriers for 

proton transfer in all DTCP conformers are significantly much lower than those in all 

mentioned β-dicarbonyls. These results also confirm that the IHB in DTCP conformers is 

stronger even than those in the strongest IHBs reported in β-dicarbonyls. This is confirmed by 

theoretical IHB energies (EHB) reported in Table 1.   

Comparing C=C, C−C and S−C bond lengths of each thienyl group in DTCP with the 

corresponding bonds of heterocyclic aromatic thiophene molecule with C2v symmetry, 

suggest a well-oriented π-electron conjugations between the thienyl rings and the enol ring of 

DTCP. 

It has been shown in the enol forms of β-dicarbonyl compounds that the Gilli’s symmetry 

coordinates, q1 (dC–C - dC=C), q2 (dC–O - dC=O), and Q (q1+ q2) [3], offer a criterion for the bond 

equalization in their chelated ring due to their resonance assisted hydrogen bonding (RAHB). 

The values of q1=0.15 and q2=0.17 for the standard bond distances in the absence of π 

delocalization [3] lead to Q=0.32 for the completely π-localized enol forms, while Q=0.0 

corresponds to the fully π-delocalized structures [2, 3]. For comparison, the calculated values 

for Q parameters of DTCP and several compounds with RAHD are also given in Table 1. The 

trend of these values is as: DTCP < DBM < BA (benzoylacetone) < TTFA 

(thenoyltrifluoroacetone) < CNAA < TMHD (2,2,6,6-tetramethyl-3,5-heptanedione) < AA, 
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from which three points can be clearly indicated. First, the resonance conjugation of phenyl, 

thienyl, cyclopentadiene and cyano groups assist the delocalization of π-electrons in chelated 

ring of IHB. Secondly, the IHB strengths (according to NMR proton chemical shift studies), 

which don’t follow the mentioned trend of Q values, should depend on some other parameters 

besides the resonance assisting of functional groups in IHB. Third, the delocalization in 7-

membered chelated ring of DTCP γ-dicarbonyl compound is very much more assisted 

compared to that in 6-membered chelated ring of β-dicarbonyl molecules. 

Conclusion 

The IHB in DTCP conformers is stronger even than those in the strongest IHBs reported in β-

dicarbonyls. Well-oriented π-electron conjugations between the thienyl rings and the enol ring 

of DTCP are confirmed. Also, the delocalization in 7-membered chelated ring of DTCP γ-

dicarbonyl compound has been shown to be very much more assisted compared to that in 6-

membered chelated ring of β-dicarbonyl molecules. 
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Table 1: Gilli’s symmetry parameter (Q), IHB 
energy (EHB) and barrier height energy (EBH) of 
DTCP and some selected β-dicarbonyls (energies in 
kcal/mol). 
 DTCP DBM BA TTFA CNAA TMHD AA 

EBH
a 0.39 1.61 NC 1.89 1.33 1.28 1.71 

EHB
b 19.34 16.15 16.07 13.89 16.26 17.09 15.87

Qb 0.082 0.133 0.140 0.142 0.144 0.147 0.150

a:calculated at B3LYP/6-31G**; NC: not calculated . 
b: calculated at B3LYP/6-311++G**. 
 

Fig 2: Cis-enol and H-centered forms of DTCP, and 
their relative stability, calculated at B3LYP/6-31G** 

level. 
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Abstract 

Some new cadmium complexes of a symmetric bidentate Schiff base(L) were synthesized 

and characterized by IR, 1H and 13C NMR spectroscopies. Moreover, optimized structures, 

molecular parameters and vibrational frequencies were calculated at the 

B3LYP/LANL2DZ level of theory. Some important parameters such as bond lengthes, 

bond angles, dihedral angles, ΔH, ΔG, total energy and etc were extracted for optimized 

structures. 

 

Keywords: Schiff base, Complex, Cadmium, Optimization.  

 

Introduction 

Several Schiff base have been studied in the past because of their wide applicability. The 

derivatives of such compounds and their metal complexes, and also after suitable structural 

modifications, may be used as bioactive materials for medicines, biological, 

pharmacological, clinical and analytical applications[1-4].  

 

Experimental 

Preparation of N,N′-bis((E)-3(2-nitrophenylallylidene)benzenediamine and its complexes.  

To a solution of 3-(2-nitrophenylpropenal (4 mmol) in absolute methanol (10 mL) was added 

a solution of ethylenediamine (2 mmol) in absolute methanol (10 mL) and severely stirred for 

3-4 hours to obtain the ligand with good purity with yield of 75%. The cadmium(II) 

complexes were prepared by stepwise addition and stirring of the ligand (0.5 mmol) to the 

respective 0.5 mmol of cadmium(II) halides in methanol (15 mL) for 1-3 hours.  
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Computational method 

All DFT calculations were done by using the Gaussian 98 program [5] with B3LYP [6] 

method and LANL2DZ basis set. All molecules have been used without any symmetry 

restriction and C1 symmetry was assumed for all molecules. Calculations have been done in 

the gas phase.  Some important parameters were extracted. 

 

Results and discussion 

The results of optimization show that the geometry of complexes is pseudo-tetrahedral as it 

would expect for d10 group metal ions in four coordinated complexes. The optimized structure 

of CdLI2 is seen in scheme 1. Some important bond lengths, bond angles and totional angles 

are summarized in Table 1, 2 and 3. 

                                                                                 Table 1- Some important bond lengths. 

                        
                              Figure 1 

Table 2- Some important bond angles.                                 Table 3- Some important tortion angles.                

 
 

Various energies of complexes after optimization at the mentioned level of theoretical method 
are summarized in Table 4. The results show the values HF-energy, ΔH, ΔG and total energy 
of complexes are being more positive from cadmium chloride complexes to cadmium iodide 
one. 
 
Table 4- HF-energy, ΔH, ΔG and total energy of ligand and itscomplexes 

molecule CdLCl2 CdLBr2 CdLI2 Ligand 
M-N 2.25 2.24 2.27 - 
M-N' 2.27 2.26 2.26 - 
M-X 2.56 2.75 2.94 - 
M-X' 2.56 2.75 2.98 - 
C2=N 1.34 1.34 1.33 1.33 
C2'=N' 1.33 1.33 1.33 1.33 

molecule CdLCl2 CdLBr2 CdLI2 

N'-M-N 77.39 78.73 78.22 

N'-M-X 111.75 112.70 112.43 

N'-M-X' 108.76 108.28 102.78 

N-M-X 111.78 110.18 111.99 

N-M-X' 111.38 114.23 112.66 

X-M-X' 125.52 123.80 127.32 

molecule CdLCl2 CdLBr2 CdLI2 Ligand 
N'-C1'-C1-N -48.16 -50.38 -50.87 -61.98 
N-C2-C3-C4 -29.90 -22.71 -31.12 -0.13 
C3-C4-C5-C6 117.15 118.76 -10.51 17.30 
N'-C2'-C3'-C4' 178.92 179.34 179.29 179.98 
C3'-C4'-C5'-C6' 178.23 178.63 179.01 -179.70 

Molecule CdLCl2 CdLBr2 CdLI2 L(ligand) 

HF energy -1354.2112 -1350.6574 -1347.0991 -1276.0508 

Corrected ZPE 0.35744395 0.357097029 0.356954801 0.353874796 
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Finally, optimized structures, molecular parameters were calculated at the B3LYP/LANL2DZ 
level of theory. Theoretical data results pseudo –tetrahedral geometry for complexes. 
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Corrected total  energy -1353.853784 -1350.300298 -1346.742126 -1275.69695 

Corrected Gibs Free energy -1353.925169 -1350.374257 -1346.816731 -1275.760272 

Total elect. En -1353.808259 -1350.254453 -1346.696197 -1275.657169 

Corrected Enthalpy -1353.821821 -1350.268001 -1346.709739 -1275.670586 
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Introduction 

S)-1-acetylcyclohex-3-enecarbonitrile is one ofcompositions that produce during 

cycloadditionreaction of Diels-Alder ,that the mechanism of itsproduction operate 

experimentally based on belowreaction[1]: 

 

 

                   1                                                                    2                                                                               3 

Calculation methods 

The calculations of quantum mechanics in theory levelby using UHF and DFT theory method 

operated on thestructure of 1 structure . Inorder to this, firstly the structure of initial matter 

andproduct matter designed by using ChemOffice 2008software[2], and initial optimization 

operated by usingWinmopac version 2.0 software and PM3 method .Thetransition mode of 

structure simulate by using keywordSADDLE and then transition state GAUSSIAN 

03Wpackage program and keyword QST3 implemented on apentum-PC computer with a 530 

MHz processor , usedfor finalization[3]. Eventually, the final optimization andcalculation of 

energy levels operated in theory of thelevels HF/6-311+G** and B3LYP/6-311+G**.  

 

Result and discussion 

The results (E0) total energy , (Eele) electronic energy ,(ZPE)zero point energy and 

(Ea)activation energy reported infolowingtable.  
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a value energyin kcal mol-1 

 

Conclusion 

The process of production of (1R,4S,4aS,5S,8R)-1,4,4a,5,6,7,8,8a-octahydro-1,4-epimino-

5,8-ethanonaphthalene structure during cycloaddition Diels-alder reaction studied during 

quantum mechanics calculation and density functional theory (DFT) in level of the HF/6-

311+G** and B3LYP/6-311+G** that results show a kind of σ head to head overlap between 

two p orbital of alkene with tow orbitals that belong to dyene carbon that lead to production 

of two new C-C (σ bond) and as a result production of pericyclic ring transition state.This 

reaction is endothermic and the rate of activation energy for this reaction is equivalent with 

40.04642(kcal.mol-1) and transition state has high energy level ,almost equal -

327565.68(kcal.mol-1) . 
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Method B3LYP/6-311+G** HF/6-311+G** 

Geometry ZPE Eele E0 ∆E0 ZPE Eele E0 ∆E0 

Reactive 0.270743 - 522.351594 -522.080851 

0.063819 

(40.04642)
a 

0.289866 -518.8389858 -518.549120 

0.081736 

(51.28934)
a
 

Transition 
State 

0.265329 -522 .282361 -522.017032 0.284637 -518.7520217 -518.467384 

Product 0.266714 -522.3023188 -522.035605 0.289865 -518.8389857 -518.549120 
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Introduction 

The process of this reaction has been done empirical in the laboratory and totally space 

position of R1 and R2 to each other follows Wood ward – Hoffman rules [1,2].  

 

          
            
 
 
 
            Reactive                                           TS                                              Product  
 

R1 , R2 = CH3 

 

Method 

For calculation density functional theory (DFT) and Ab initio methods in theory of the level 

B3LYP/6-311+G** and HF/6-311+G** used Gaussian 03w package program[2]. Also for 

this purpose used computer Pentium 4 with intel 2.13 GHZ processor.  

Result and discussion 

 Total calculation for rearrangement mechanism of structure vinyl cyclopropane To 

cyclopentane by theoretical methods reported in following table. 
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TABLE1: The results calculated energetic (in Hartree)  

Methods B3LYP/6-311+G** HF/6-311+G** 

Structure Reactive TS Product Reactive TS Product 

ZPE 0.116334 0.109885 0.116334 0.123689 0.114676 0.123693 

Eele -195.3452652 -195.218966 -195.3452649 -194.024097 -193.819665 -194.024096 

E0 -195.228939 -195.109081 -195.228931 -193.900408 -193.704989 -193.900404 

∆E0 0.1262992   (79.252748)a 0.204432  (128.28108)a 

  aNumbers in kcal mol
-1 

 

Conclusion 

Results showed that this reaction is a rearrangement which follows Wood ward – Hoffman  

rules. Transforming  structure vinyl cyclopropane To cyclopentane will be accompanied by 

transition state of 2-(Z)-pentene-1,5-diradical. This transition state exist in  Z form and E 

form. But finally only Z form turns to cyclopentane which is accompanied by 79.252748  

Kcal/mol energy reagent.  
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Introduction 

Analysis of combustion products and combustion condition such as oxidizer to fuel ratio, 

combustion chamber pressure and environmentally consideration ,thrust profile are one of the 

important section off accept or reject of the fuel. One of the pollutant gases are Carbone 

monoxide, so we want to find a reliable relation for analysis mole fraction of Carbone 

monoxide in combustion of liquid butane and liquid oxygen by special software in high 

pressure. 

 

Result and discussion 

In general reaction between butane and oxygen are in this form: 

C4H10+ 6.5 O2 →4 CO2+ 5 H2O 

Oxygen to fuel mass ratio is:
ଶ଼ହ଼ . We use CEC2 software [1] for analysis mole fraction of 

Carbone monoxide in combustion products.  By considering that we use stoichiometry mass 

balance between oxidizer and fuel. Because of high pressure and temperature combustion 

products are reacted together and formed other species like Carbone monoxide The relation 

which concluded is:       ܺ ൌ ܼܻି.ଶଶ                                     (1.1) 

X is mole fraction of Carbone monoxide in combustion products and Y is ratio of nozzle exit 

area to nozzle throat area (AE/At), and Z is a function of pressure:  

                                                            
٢ -Chemical Equilibrium composition Calculation 
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                                          ܼ ൌ െ0.0002ܲ  0.198              (1.2)   

Pressure is entered in relation (1.2) at atmosphere unite. In Table1 You see the calculation 

results and software results and error percent between calculations and software.   

Table 1. Comparison between theoretical calculation and software results in mole fraction of                                

                                                              Carbone monoxide 

AE/AT P( atm) Calculated  result Software  result %error 
13 25 0.1115 0.1127 -1.07 

9 40 0.1172 0.1186 -0.91 

8 30 0.1215 0.1221 -0.46 

2 20 0.1666 0.1639 -1.64 

5 50 0.1319 0.1324 -0.38 

16 35 0.1038 0.1020 +1.77 

 

Conclusion: 

Carbone monoxide is an important pollutant gas which causes destroying Ozone layer. By 

achieving a reliable relation for analysis mole fraction of Carbone monoxide in a typical 

liquid propellant engine we can analysis mole fraction of Carbone monoxide and by 

adjusting condition such as pressure and temperature you can obtain good performance.   
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Introduction: 

The CO-CO2 equilibrium depends on two important factors, temperature and pressure. In 

high temperature, the equilibrium will shift to CO formation because direction of the reaction 

toward CO2 is exothermic. According to Le Chatelier law, the formation of CO2 in high 

pressure is favorable [1,2]. In this paper, the effect of high pressure and temperature on CO-

CO2 equilibrium in C2-C8 hydrocarbons combustion products is investigated by CEA code. 

 

Methods: 

Most gas-phase thermodynamic functions were calculated from molecular constant data 

using ideal gas partition functions. All result accomplished by CEAgui, a graphical-user-

interface for CEA2, version 2 of NASA Glenn's computer program Chemical Equilibrium 

with Applications. The analysis, definitions, and examples are the same as those given in the 

CEA manuals [3]. Pure oxygen was selected as oxidant in a stoichiometric mixture. 

 

Results and Discussion: 

Results of computation are shown in Tables 1 and 2. As shown, the mole fraction of CO is 

increased in higher pressures. Also with increasing in combustion chamber pressure we see 

that the temperature will increase. There is very important result that the pressure of 

combustion chamber is more effective than temperature in CO-CO2 equilibrium. Thus, for 

higher combustion chamber pressures, we can obtain a better combustion rate and more 

energy and efficiency. 

 

 

Conclusions: 
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Increasing combustion chamber pressure will increase CO2 mole fraction and decrease CO 

mole fraction in combustion products of C2-C8 hydrocarbons. Thus, the higher combustion 

chamber pressures lead to a better combustion rate and more energy and efficiency. 

Table 1. Mole fractions of CO & CO2 in combustion products 

Combustion chamber 

pressure (bar) 39.477 49.346 59.215 69.085 
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C2H6 0.17549 0.15556 0.17421 0.15791 0.17311 0.15989 0.17214 0.16162 

C3H8 0.18777 0.16451 0.18643 0.16700 0.18527 0.16910 0.18425 0.17093 

C4H10 0.19457 0.16938 0.19319 0.17195 0.19201 0.17412 0.19097 0.17600 

C5H12 0.19891 0.17243 0.19751 0.17505 0.19631 0.17726 0.19527 0.17913 

C6H14 0.23832 0.15715 0.23733 0.15945 0.23646 0.16139 0.23569 0.17957 

C7H16 0.20415 0.17597 0.20275 0.17860 0.20150 0.18090 0.20042 0.18287 

C8H18 0.20582 0.17714 0.20439 0.17983 0.20316 0.18210 0.20208 0.18408 

 

Table 2. Combustion chamber Temperatures (K) 

Combustion chamber 

pressure (bar) 
39.477 49.346 59.215 69.085 

C2H6 3598.13 3631.99 3659.83 3683.48 

C3H8 3612.39 3646.70 3674.91 3698.90 

C4H10 3620.13 3654.67 3683.09 3707.26 

C5H12 3625.08 3659.78 3688.33 3712.79 

C6H14 3641.77 3676.75 3705.52 3729.96 

C7H16 3631.27 3666.33 3694.87 3719.29 

C8H18 3633.15 3668.10 3696.86 3721.32 
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Introduction 

The Shannon entropy [1], which is a measure of delocalization of electron density, is one of 

the cornerstones of the Quantum Information theory. Tsallis [2] proposed a generalization of 

the Boltzmann-Gibbs entropic measure. The new entropy functional, which is called Tsallis 

entropy, has the form: ܶሺݎሻ ൌ ଵି ሺሻ ௗିଵ           (1) 

in which p(r) is the normalized probability distribution function and q is a positive number, 

which describes the degree of non-additivity. For ݍ ՜ 1, the Tsallis entropy reduces to the 

Shannon entropy. 

In recent years some attempts have been made to use the Information theory concepts 

in the chemical systems [3]. In this contribution, it is attempted to derive first and second N-

derivatives of the Tsallis entropy density. The obtained relations, which show the variation of 

the information content of a system during the change of electrons, are evaluated for some 

atomic systems. 

 

Result and Discussion 

Since in density functional theory, the electron density is considered as the carrier of 

information, for a homogenous of N electrons which are constrained in a volume V, the 

density per particle or shape function (ߪሺݎሻ ൌ  ሻ/ܰ) can be considered as the probabilityݎሺߩ

distribution function. Therefore the Tsallis entropy could be written in the following form: 

ேܶሺݎሻ ൌ  ఙሺሻିఙሺሻିଵ ݎ݀ ൌ   (2)        ݎ݀ ሻݎேሺݐ

where ݐேሺݎሻ is considered as the Tsallis entropy density. The first derivative of this density 

with respect to the number of electrons is given by: 
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ቀడ௧ಿሺሻడே ቁజ ൌ ሺሻିఙሺሻேሺିଵሻ ሼ1 െ  ሻିଵሽ       (3)ݎሺߪ ݍ

where f(r) is the Fukui function. The difference ݂ሺݎሻ െ  ሻ, carries information about theݎሺߪ

inhomogeneity in the electron density of system. Therefore it seems that the change in the 

Tsallis entropy density of a chemical system during the course of a reaction is due to the 

inhomogeneity of electron density. For a one-electron system this derivative changes to: ቀడ௧భሺሻడே ቁజ ൌ ሺሻିఘሺሻሺିଵሻ ሼ1 െ  ሻିଵሽ       (4)ݎሺߩ ݍ

The difference between these two derivatives (eqs. (3) and (4)) may consider as the electronic 

correlations entropy. These derivatives are evaluated for the first two raw elements of the 

periodic table. The obtained electron densities using MP2/6-311++G** method from the 

AIM2000 software are used for the calculation of Fukuies. Taking the Li atom as an example, 

the radial distribution of the first derivative of the Tsallis entropy density (with different q) are 

shown in Fig. 1. 

 
Fig. 1. Radial distribution of Tsallis entropy derivative for Li atom. 

The obtained second derivative of the Tsallis entropy density has the following form: ቀడమ௧ሺሻడேమ ቁజ ൌ ൣଵି ఙషభሺሻ൧ିଵ ൜ሺమሻሺሻே െ ଶሾሺሻିఙሺሻሿேమ ൠ െ ሾሺሻିఙሺሻሿమேమ  ሻ   (5)ݎିଶሺߪ ݍ

where f(2)(r) is dual descriptor, which could be considered as an indicator for both the 

nucleophilic and electrophilic regions . Therefore this derivative can be used as an 

orientation/selectivity descriptor in a chemical reaction. 

 

Conclusion 

It is shown that the first and second derivatives of the Tsallis entropy density, which is the 

generalized form of the Shannon entropy density, have something to do with the 
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inhomogeneity of the electron density. This inhomogeneity causes the changes in statistical 

entropies during the course of a reaction. 

 

References 

[1] C.E. Shannon, Bell Syst. Tech. J. 27, 379 (1948). 

[2] C. Tsallis, J. Stat. Phys. 52, 479 (1988). 

[3] S. Noorizadeh and E. Shakerzadeh, Phys. Chem. Chem. Phys. 413, 347 (2010). 

  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
1007

The influence of the substituents on the structural properties of the 

pyridines complexes of OsO4 and methyltrioxorhenium 

 

Fatemeh Niroomand Hosseini* 

niroomand55@hotmail.com 

 Department of Chemistry, Islamic Azad University, Shiraz Branch, Shiraz, Iran 

 

Keywords: rhenium; osmium; equilibrium; pyridines 

 

Introduction 

Osmium tetroxide has been widely employed for the cis-dihydroxylation of olefins under 

mild conditions. This reaction is of fundamental importance in nature and many oxidation 

systems have been developed for this transformation [1]. On the other hand, 

methyltrioxorhenium CH3ReO3 or MTO, containing a metal-methyl bond, is a reactant stable 

to hydrolysis, and can act in the presence of H2O2 or O2 as a highly efficient and selective 

catalyst for a number of reactions, among them epoxidation of alkenes [2]. In both cases, N-

donor ligands like pyridine and its derivatives (i.e OsO4.L and MTO.L) can accelerate the rate 

of the reactions.  

 

Method 

Density functional calculations were performed with the program suite Gaussian03 [3]. 

The LANL2DZ basis set was used with B3LYP method. All geometries were optimized. To 

evaluate and ensure the optimized structures of the molecules, frequency calculations were 

carried out using analytical second derivatives. In all cases only real frequencies were 

obtained for the optimized structures. 

 

Result and discussion 

To consider the influence of the remote substituents on the structural properties of the 

OsO4.L and MTO.L complexes, where L = pyridine and its derivatives, density functional 

theory (DFT) were performed with the program suite Gaussian03 [3] for 6 different pyridine 

complexes. The bond distances from DFT-optimized structures (B3LYP/LANL2DZ) for the 
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compounds OsO4.L and MTO.L along with DFT-optimized structures for these complexes are 

calculated. In each case the geometry at the metal is distorted trigonal bipyramidal, but the 

bond length of the N-Os(VIII) and N-Re(VII) is influenced significantly by the substituent on 

the pyridine ring. The M-N (M=Os or Re) bond lengths of the OsO4.L and MTO.L complexes 

apparently depend on the basicity of the pyridine ligands. For example the Re-N bond length 

of the 4-methylpyridine complex is more than 0.043 Å shorter than the corresponding bond 

length for the 3-chloropyridine complex (2.445 Å vs 2.488 Å, respectively).  

 
Figure.  The DFT-optimized structures and calculated bond distances for the compounds OsO4.L and MTO.L. 

 

Conclusion 

On the basis of density functional theory (DFT) calculations, the M-N (M=Os or Re) bond 

lengths of the OsO4.L and MTO.L complexes apparently depend on the basicity of the 

pyridine ligands. 
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Introduction 

The pKa value plays a very significant role in many aspects of drug absorption, metabolism, 

and excretion [1]. Pharmaceutical companies now days need to evaluate the pKa of any 

potential lead before proceeding to its optimization. However, the experimental evaluation of 

the pKa of the potential drugs is not always possible and can be tedious. Therefore, an 

accurate computational approach is needed [2]. In this work, calculations of pKa values were 

performed on the enoxacin and norfloxacin drugs by using Gaussian 98 software. Gas-phase 

energies were calculated using common basis set at B3LYP level. Free energies of solvation 

were computed using the polarized continuum model (PCM). Results were compared with 

experimental pKa data. 

 

Method 

The pKa values of the compounds in aqueous solution were calculated in according to the 

following dissociation reaction 1 by using of equation 2. 

AH(aq)                   A-
 (aq)+ H+(aq)                                                                  

(1) 

ΔG0(aq) = -2.303 RT logKa                                                                                                                         (2) 

Where ∆ܩ°  indicates to the free energy change of the dissociation reaction in aqueous 

solution. The general approach to calculating ∆ܩ°  was used on the basis of the 

thermodynamic cycle A (see figure1). 

Using the thermodynamic cycle A, the values were calculated using the equation 3. 

ΔG0(aq) = [G0(g) A- - G0(g) AH] + [ΔG0(solv) A- - ΔG0(solv) AH] -270.88                        

(3) 
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All of calculations in gas -phase and aqueous -phase were made by using Gaussian 98 

software. The optimized basis set 6-31G** were used for all of computing.  
 

Results and discussion 

The B3LYP method was applied to derive the free-energy changes of the gas-phase reaction 

and the PCM model was used for the solvation energy in aqueous solution. Firstly, the 

calculations of the pKa values were determined for 7 acids and results were shown in Table 1. 

As shown in figure 2, there is a very good correlation of between the experimental and the 

calculated values of pKa with a correlation coefficient 0.884 for  B3LYP method according to 

follow equation: 

pKa(exp)= A pKa(Calc)+ B                        
(4) 

Where A and B are the constant parameters. Finally, the pKa values of the enoxacin and 

norfloxacin drugs contain to extended aromatic rings were predicted by using the equation 4 

and the results were given in table 2. As been observed, the experimental and predicted values 

have a difference of less than 0.2 pKa unit.  

 

 

  

 

  

 

AH(g)      ΔG0(gas)           A-
 (g) +    H+(g) 

                                                             

 AH(aq)      ΔG0(aq)         A-
 (aq) +    H+(aq) 

              Figure1. Thermodynamic cycle A 

Compound pKa(calc) pKa(exp) 

Benzoic acid  3.51 4.2 
4,fluoro-Benzoic acid 4.11 4.15 
4,cyano-Benzoic acid 3.18 3.55 

4,phenyl-Benzoic acid 4.54 4.49 

3,chloro-Benzoic acid 3.54 3.84 
3,bromo-Benzoic acid 3.67 3.81 
4,methylamino 
Benzoic acid 

5.96 5.03 

Compound pKa(Predicted) pKa(exp) 

Enoxacin     6.12 6.31a 

Norfloxain            6.26   6.40b 

y = 0.492x + 2.147
R² = 0.884

3

4

5

6

3 4 5 6 7

pK
a(

ex
p)

pKa(calc)

∆GAH ∆GA - ∆GH+

Table 1. The pKb values of compounds  Table 2.  Comparison of experimental and 
predicted values of compounds 

a: The value taken from ref.[3] 

b: The value taken from  ref.[4] 
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Abstract 

Hammett constants (σ) can be important factor to understanding substitution and position 

effects on Benzoic acid. This report describes a computational study of ∆G◦ and σ for six 

substituted  Benzoic acid (x= F,Cl,OH,NH2,CN,NO2) and Phenylacetic acid substituted (X= 

OH,NH2) at para and  meta positions in gas and aqueous phases by DFT method and compare 

to avilable experimental and theoretical results. 

 

Key words: Hammett Constant, Benzoic acid, Phenylacetic acid substituted, Aqueous phases 

 

Introduction 

Hammett quantified the effect of substituent on any reaction by defining an empirical 

electronic substituent parameter (σ) which is derived from the acidity constants, Ka ُ◌ s of 

substituted benzoic acids.The Hammett Equation relates the relative magnitude of the 

equilibrium constants to a reaction constant ρ and  a substituent constant σ.For the ionization 

of benzoic acid and Phenylacetic acid in pure water at 25  ◌۫C, the constant ρ is defined as 1.00 

and 0.56, separately. 

 

Methods 

In this work , we employed DFT method with Lee-yang-Parr  ُ◌ s correlation Functional 

(B3LYP ) and 6-31 G** basis set. All calculation were carried out with the Gaussian 98 

program[1] by a CPU corei7(2G RAM) computer with the windows XP operating system.The 

solvent effect is taken into account using the self-consistent reaction field (SCRF) method [2]- 

this method is based on the onsager reaction field theory of electrostatic salvation [3]-by using 

either the Integration Equation Formalism Polarizable Continuum Model (IEF-PCM)[4].The 

harmonic vibrational frequencis of the fully optimized structures were calculated to confirm 

the stationary point as a local minima with all positive frequencies,and to provide the 
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thermodynamic quantitative properties. 

 

Results 

We study the linear free energy relationship and valuse of σ for six substituted benzoic acid ( 

X = F,Cl,OH,NH2,CN,NO2) at para and meta positions in gas phase and in aqueous phase.The 

calculated free energies by B3LYP/6-31G** of molecular and ionic forms of benzoiec acid 

and six substituted benzoic acid (X= F,Cl,OH,NH2,CN,NO2) at para and meta positions in gas 

phase are in agreement with the Ref[5],calculated by MP2/6-31+G(d,p)(Table1). The linear 

free energy relationship and values of calculated and experimental for σ are given in 

Table2.[6,7]. 

 

Conculsion 

The Hammett plot for calculated results show Fairly good linear correlations at gas phase(r= 

0.97 (para),r=0.85(meta))and at aqueous phase(r=0.95(para),r=0.89(meta))in compare to 

experimental  linear correlation. The electron donating substituent NH2 at meta and  para and 

OH at para positions have negative value for σ. The other substituents have positive value for 

σ, due to electron withdrawing effect.   

The results have shown that substituent resonance effects are  dominated by the greater σP for 

NO2 and CN, and inductiv effects for NH2,OH, F and Cl substituents to be important 

(Table2).We use this strategy for σ calculations at phenylacetic acid substituted (X= OH, 

NH2) in gas and aqueous phases. ∆G◦ in aqueous phase are given by the expression:  

 C6H5COOH(aq) + H2O → C6H5COO- 
(aq)  + H3O

+ (aq)   

ΔG1°= -2.3RT log {([A-]aq [H3O
+]aq)/([HA]aq [H2O] )}= -2.3RT log{Ka/H2O} 

ΔG1°=1.36 Pka +2.36 

That Δ G°f H3O
+

(aq)  and ΔG° H2O(l)  are -237.19 kJ/mol. 

PKH -PKx = ρσ  

 From the frequency calculations with all positive frequencies , we obtained the G◦ value for 

structures ( molecular and ionic form ) in gas and aquoeus phases. It is predicted  that on 

benzoic acid the electron donating substituents (NH2 at meta and para and OH at para 

positions ) with negative value of σ may decrease the acidity constant of the reaction.The 

electron withdrawing substituent (F,Cl,CN,NO2,(OH)meta) with σm > 0 and  σp> 0  can  
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increase  the acidity constant of the reaction.We found that substituents of OH at para and 

NH2 at para and meta positions on phenyl acetic acid decrease the acidity constant due to 

electron donating  properties. Substituent of  OH at meta on phenyl acetic acid with electron 

withdrawing role is leading to increase of acidity constant.  

Table1: calculated G°  values  
 

 

 
 
 
 

 
 

a.Ref[5,6,7] 
 

 

                                             
Table2: Calculated σ in 

gas & aqueous phases and Experimental values 

 

  

 

 

 

 

 

 

 

 

 

a.Ref[5]: calculated by 

MP2/6-31 +  G (d,p) 
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Cl  4.99 4.50 1.03 0.76 0.37 0.22 
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Introduction 

One of the major difficulties related to crude oil storage tank is accumulated sludge at the 

bottom of the storage tank. Sludge which is mostly composed of asphaltene and wax particles 

decreases the tank storage capacity and causes corrosion [1]. The temperature is the 

importance parameter which has an effect on wax precipitation. During the different seasons 

of the year as solar radiation increases or decreases, the temperature of the oil tank goes up or 

down. In the present work, we evaluate the crude oil temperature in order to determine wax 

precipitation conditions. A numerical method and Angstrom model have been developed for 

solving the energy equation and estimating the solar radiation respectively, to predict the 

average crude oil temperature. 

 

The Experimental procedure 

In the experimental investigation, a crude oil storage tank (28th storage tank) in the Khark 

Island is selected as the case study. Average crude oil temperature have been measured and 

compared by the numerical result and those values calculated from API. The numerical 

procedure for predicting crude oil temperature and wax precipitation could be divided into the 

following steps: predicting the solar radiation, developing a numerical method for solving the 

energy equation and calculating the average crude oil temperature.  

 

 

 

Results & Discussion 
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For estimating solar radiation several engineering models have been proposed [2]. In all of the 

models the weather condition and geographic location are important factors. By Angstrom 

model, solar radiation can be calculated using the following equation ுு° ൌ ܽ  b SS°                                                               (1) 

Where H0 is cloudless hourly global irradiation received, a and b are coefficients that must be 

chosen according to the location and weather conditions , S and S0 are average sunshine 

duration and cloudless sunshine duration, respectively. The results of numerical method and 

experimental data for tank temperature are shown in table 1. As the surface is imposing to 

ambient condition (and solar radiation), the surface temperature is expected to be higher than 

average tank temperature especially at later of the day. This could be seen in results of table 1. 

But generally, the numerical results are in good agreement with measured values.  

 

Table 1: Comparison between numerical and experimental values of tank temperature 

Date Time Experimental Numerical Analysis 

2 June 2009 10:30  A.M. 41.8 oC 40.13 oC 

25 February 2009 8:30    A.M. 19.8 oC 20.49 oC 

25 February 2009 2:30    P.M. 22.7 oC 21.49 oC 

 

Conclusions 

Based on the numerical method, a program has been developed which is capable of predicting 

transient (or averaged) the crude oil tank temperature. The numerical results of tank 

temperature have been compared with available experimental values and show a good 

agreement. It could be seen that the numerical method predicts slightly higher and lower 

temperature during first and last 6 months of the year comparing to API proposed equation 

respectively. This is probably due to simplicity of the API (AP-42 standard) which did not 

consider the effects of other parameters such as wind speed in this equation. It should be 

noted that knowing the precise crud oil temperature is mandatory for predicting of wax 

precipitation in storage tanks.   
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Introduction 

There are several major difficulties related to crude oil storage tank. One of the major 

difficulties is accumulated sludge at the bottom of the storage tank. Sludge which is mostly 

composed of asphaltene and wax particles decreases the tank storage capacity and causes 

corrosion. Although the temperature and pressure affects asphaltene and wax precipitation, 

but for crude oil storage tank, the temperature is the only parameters (pressure is nearly 

constant) which has an effect on wax precipitation and consequently on the accumulated 

sludge in the tank [1]. During the different seasons of the year as solar radiation increases or 

decreases, the temperature of the oil tank goes up or down. We evaluated the crude oil 

temperature in parallel study and here, amount of wax precipitation has been predicted. A 

thermodynamic model has been developed to determine the wax precipitation based on 

average crude oil temperature that calculated from energy equation. 

 

The Experimental procedure 

In the experimental investigation, a crude oil storage tank (28th storage tank) in the Khark 

Island is selected as the case study and average crude oil temperature have been measured for 

two days and compared by the numerical result and the values calculated from API standard 

for a crude oil storage tank in the Khark. The tank is an external pontoon floating roof type 

with 114 meter in diameter and 17 meter in height. The tank could store up to 1 million barrel 

of crude oil with API=33.36. During the current study, the tank has been filled with light 

crude oil.  
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Results & Discussion 

The modeling of wax precipitation in crude oil is based on the thermodynamic description of 

the equilibrium between the solid wax and the oil liquid phases. The thermodynamic 

equilibrium relates to the solid and liquid fugacities. The relation between pure solid and 

liquid component fugacity can be obtained using the following equation that discussed by 

Firoozabadi [2]. 

 fpure i
s ሺP,Tሻ=fpure i

l ሺP,Tሻ*exp ቆ∆Hi
f

RTi
f ൬1-

Ti
f

T
൰൨ - ቀP∆vi

RT
ቁቇ   

In this way, the effects of tank temperature on amount of wax precipitation were determined 

and shown in Fig. 1. 

 
Fig. 1. The effect of temperature on wax precipitations (weight %) 

Conclusions 

In the present work, the results shown that the wax appearance temperature (WAT) is 

approximately 28°C and the wax precipitation will be occurred when the crude oil 

temperature is below the wax appearance temperature. Also, it is known that wax 

precipitation disappears for more than 3 months when the absorptivity of the exterior surface 

paint increases from 0.1 to 0.9. This is probably resulted in considerable drop in sludge 

formation in bottom of the tank. 
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Abstract 

Theoretical investigation has been performed on electron transport properties of 

diphenylacetylene based molecules sandwiched between four Geometry metal Au clusters. 

Linker such CN have been considered to study the role of linkage in the conduction proper 

ties of the molecular wire. The electronic conduction has been analyzed from the change in 

the shape of molecular orbitals and the evolution of the HOMO– LUMO gap of the molecule-

gold complexes under the influence of the electric filed. 

 

Keywords: conjugated molecular, Au clusters, Nanowire, Molecularwire. 

 

Introduction  

 It is well recognized that the energy difference between highest occupied molecular 

orbital(HOMO) and the lowest unoccupied molecular orbital (LUMO) known as HOMO–

LUMO gap (HLG) is a key parameter determining the conductance property .In our 

investigated systems, the para hydrogens of two phenyl rings have been replaced by linker CN 

classified into atomic.  

 

Computational details  

The calculations have been performed at the density functional theory level with the B3LYP 

functional. The basis set is split 6-31G* for CN atom and the Los Alamos National 

Laboratory effective core potentials with a double-zeta valence (LANL2DZ) for the gold 

atoms. All of the calculations described in this work were per performed with the 

GAUSSIAN 03 software package. The calculations are preceded in three steps. In the first 
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step a geometry optimization of diphenylacetylene joint to linker CN (Scheme 1) was carried 

out. Then the interaction between molecules with four state Au cluster’s were studied.  

 
Scheme 1 

Results and discussion  

Comparison of the energy levelsTable 1 gives a comparison of the energy levels of HOMO 

and LUMO levels as well as their gap HLG) for Electronic structure of free molecules. The  

shape of HOMO and LUMO orbitals for the free molecules the higher the delocalization, the 

faster the electron tr ansfer [1]. 

 

Table 1 summarizes the geometries and energeticsof these complexes. 
 HOMO  LUMO  HLG  DL-m  <c-L-m  Dm-m  

NC DPA CN  

 

-6.659  -2.618  3.951  2.12  ---------- ---------- 

AU NC DPA CN  

 

-5.451  -2.839  2.611  2.12  102.26  ---------- 

AU NC DPA CN AU  

 

-4.356  -4.178  0.178  2.12  102.26  ---------- 

AU3 NC DPA CN AU3  

 

-4.014  -3.824  0.19  2.12  104.94  2×2.72  

2.64  

AU3 NC DPA CN  

 

-4.420  -3.164  1.255  2.12  104.94  2×2.72  

2.64  

 

Interaction with gold cluster  

a)                         b)  

c)                    d)         

We compared just the bond distance between terminal atom and Au because the geometries 

for other atoms of the phenyl rings are barely affected. The energy gaps for the free molecular 

diode decrease when an additional metal atom is added. This is due to the localization of the 

LUMO energy level on the metal atoms. The addition of Au atoms stabilizes the HOMO 

energy levels of the molecule The result of Au atom addition is consistent with an earlier 

calculation.  

 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
1025

Effect of external field: 

 In fig 1 At zero field DPAs have longer single bonds and shorter double bond. When EF 

increases the carbon–carbon single bonds are shortened and the double bonds tend to be 

elongated resulting in a decreased bond length alternation. This variation of bond lengths 

corresponds to the balance of the conjugation within the whole molecule under the interaction 

with electric field. The pelectron density changes all over the molecule due to the polarization 

of the bonds. 

      Fig1: 
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Abstract:  

Cytochromes are,in general,membrane-bound hemoproteins that contain heme groups and 

carry out electron transport.Fullerenes are family of carbon allotropes,molecules composed 

entirely of carbon,that take the forms of spheres,ellipsolids and cylinders. Topological have 

been successfully used to construct effective and useful mathematical methods to establish 

clear relationships between structural data and the physical propertiesof these materials. In 

this study,the number of carbon atoms in the fullerenes was used as an index to establish a 

relationship between the structure of Cytochroms c , b , a3, p-450 as the  most well-know 

redox systems and fullerenes Cn(n=60, 70, 76, 82 and 86),which create [Cytochrom c]@Cn,A-

1 to A-5,[Cytochrom b]@Cn,B-1 to B-5 ,[Cytochrom a3]@Cn,C1-C5, [Cytochrom p-

450]@Cn, D1-D5. The relationship between the number of carbon atoms and the free energies 

of electron transfer (ΔGet(1) to ΔGet(4) ) are assessed using the ET equation for A-1 to A-5,  B-1 

to B-5, C-1 to C-5 and D-1to D-5 supramolecular [Y].Cn(Y=Cytochrom c, Cytochrom 

b,Cytochrom  a3,Cytochrom p-450 ) complexes.calculations are presented for the four 

oxidation potentials (oxE1 to oxE4) of fullerenes Cn. The results were used to calculate the four 

free energies of electron transfer (ΔGet(1) to ΔGet(4) ) of supramolecular complexes A-1 to A-5 , 

B-1 to B-5 , C-1 to C-5 and D-1 to D-5 for fullerenes Cn(n=60-300) . 

 

Keywords: Fullerenes,Cytochroms,Free energy,Electron transfer,Oxidation potential 
 

 

Introduction:  

Cytochroms are found in the mitochondrial inner membrane and endoplasmic reticulum of 

eukaryotes, in the chloroplasts of plauts, in photosynthetic micro organisms , and in bacteria. 

Since the discovery of the fullerenes (Cn) one of the main class of carbon compounds,the 
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unusual structure and properties of these molecules have been discovered and many potential 

applications and physicochemical properties have been introduced .   

 

Mathematical Methods: 

Using the number of carbon atoms contained within the Cn fullerenes, several valuable 

properties of the fullerenes can be calculated.The values were used to calculate the four free 

energy of electron transfer(ΔG(1) to ΔG(4) ),according to the Rehm-Weller equation for 

[Cytochroms]@Cn.Both linear (MLR:Multiple Linear Regressions) and nonlinear 

(ANN:Artificial Neural Network) models were used in study.All graphs were generated using 

the Microsoft Office Excel 2003 program.The Rehm-Weller equation estimates the free 

energy change between an electron donor(D) and an acceptor(A) as 

                  ΔG0 = e [ED
0-EA

0]-ΔE*+ω1                                           (  Equation-1 ) 

Where  e  is the unit electrical charge, ED
0 and EA

0 are the reduction potentials of the electron 

donor and acceptor,respectively,ΔE*is the energy of the singlet or triplet excited state and ω1 

is the work required to bring the donor and acceptor within the electron transfer(ET)distance. 

 

 

Results and Discussion:  

In the reports has shown that all redox data for Cytochroms c, b, a3, P-450 were determined 

by cyclic voltammetry. The reported readuction potentials of them are(-0.39V),(-0.36V),(-

0.34V),(-0.165V).Here,we calculated four free energies of electron transfer (ΔGet(1) to ΔGet(4)) 

of other supramolecular complexes of Cytochroms (c,b,a3,P-450) with fullerenes C60 to C300( 

[Cytochroms]@Cn). 
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Conclusions: 

By using the equations of this model,a good approximation for ΔGet(1) to ΔGet(4) 

for[Cytochroms] @Cn supramolecular complexes of the fullerenes Cn(n=60-300) was 

calculated.The novel supramolecular complexes discussed have neither been synthesized nor 

reported previously. 
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Introduction: 

Heterofullerenes are fullerene molecules in which one or more carbon atoms are replaced by 

heteroatoms via on-ball doping [1]. The doping of carbon cages with boron and nitrogen 

atoms appears a promising way to modify the physical and chemical properties of fullerenes 

[2]. (BN)n clusters are currently much interest for their great stability [3], therefore the 

inclusion of both nitrogen and boron dopants is the best candidate for the formation of 

heterofullerenes with general formula C60-2nBnNn. BN doped C60 contain the same number of 

π electrons as C60 and therefore both compounds are isoelectronic. The calculation of nuclear 

magnetic resonance (NMR) using density functional theory (DFT) techniques has become a 

major and powerful technique in the investigation of molecular structure [4]. 

 

Results and discussion : 

 In the present work, adsorption behavior of an NO2 molecule on the three possible 

adsorption sites of C30B15N15 heterofullerene is taken into consideration and comparison. To 

demonstrate of the three possible adsorption sites on a C30B15N15 heterofullerene, we make 

used of the same labeling and numbering C60 Schlegel diagram in below Fig. In this figure 

boron adsorption sites are defined with bold words and other boron sites don’t studied, 

because they were similar in position and neighboring atoms with the three considered sites. 
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Firstly, each of the four structures including perfect and NO2-attached C30B15N15 

heterofullerenes at the three possible adsorption sites was allowed to fully relax during the 

geometrical optimization  process performed at the B3LYP-DFT method and 6-31G* basis set 

using Gaussian 03 [5]. The optimization process reveals that dramatic influences observed for 

the geometrical structure of C30B15N15 heterofullerene after the ammonia adsorption and B 

atom relaxes outwardly from spherical in the NO2-attached C30B15N15 heterofullerene. At the 

next step, the chemical shielding (CS) tensors of B and N nuclei were calculated using 

B3LYP/6-311G** level of theory and converted to experimentally measurable nuclear 

magnetic resonance (NMR) parameters, i.e. chemical-shielding isotropic (CSI) and chemical 

shielding anisotropic (CSA).  

 

Conclusions: 

In the perfect model, the NMR parameters (CSI and CSA) show that the B.37 and B.38 have 

the smallest CSI, and B.57 has the largest CSI, furthermore, N.40 has the smallest and N.32 

has the largest CSI. Our calculations revealed that in the NO2-attached form the B atom 

chemically bonded to NO2 molecule has the largest chemical-shielding isotropic (CSI) value 

among the other boron nuclei. The CSA of B.37, B.54, B.58 and N.61 nuclei are decreased 

after the adsorption and indicated that the electronic charge distribution around these nuclei 

becomes more symmetric as a result of the adsorption. 
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Introduction 

Boron contained compounds are electron deficient compounds and have been extensively 

used as catalysts in chemical reactions. There have been many experimental and theoretical 

reports [1–3] about the donor–accepter complexes involving BH3, BF3, BCl3 and etc. Still, 

boron is an essential trace element, and excess or scarcity of boron will cause adverse effect 

on them [4–6]. In this paper, we chose the B3LYP method of density functional theory (DFT) 

and the Hartree-Fock method (HF) theory of ab initio calculations to study intermolecular 

interaction as the electron correlation is evident in these systems, to study the dacarbazine –

BX3 (X=F, Cl) systems.  

 

Computational details 

In this work, full geometry optimizations have been performed with the GAUSSIAN03 

Package at the Becke3-parameter hybrid exchange functions and Lee-Young-Parr correlation 

functional (B3LYP) level using the 6-31G** basis set. The Hartree-Fock method (HF) theory 

of ab initio calculations has been used as well for comparison.  

 

 

 

Results and discussion 

Eight energy minimum conformers, four conformers (a)–(d) for dacarbazine-BF3 and four 

Conformers (e)–(h) for dacarbazine-BCl3, were obtained without imaginary frequencies by 
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calculations at the B3LYP/6-31G** levels from the various initial configurations for 

dacarbazine-BX3. For (a)–(c) and (e)–(g), BX3 is placed near the N atom and for (d) and 

(h),BX3 is located over the O atom. All the optimized geometries at the B3LYP/6-31G** 

level with atomic labels are shown in Fig. 1. Surface potential energy calculations are carried 

out with scanning B-O and B-N bond participating in the donor-acceptor complexes. 

 

Thermodynamic properties of dacarbazine-BX3 systems 

The changes of enthalpy, ∆rH
0, and Gibbs energy, ∆rG

0, for the formation reaction of the 

complexes can be obtained (Table 1). From Table 1 it can be seen that the most stable 

conformers, a and e, in the two systems have the highest. 

 

                        (a)                                          (b)                                                 (c)                                   (d) 

  

                          (e)                                          (f)                                    (g)                                     (h) 
Fig. 1 Optimized structures (B3LYP/6-31G**) and atomic labels of conformers for dacarbazine-BX3 complexes 

 
  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
1034

Table 1 Thermodynamic data for the formation of dacarbazine-BX3 (X=F, Cl) complexes at 298.15K and 
101.325 kPa calculations at the B3LYP/6-31G** level 

µ(D) ∆G r
o/ kJ·mol−1  ∆Hr 

o/ kJ·mol−1 Go
298.15/Hartree Ho

298.15/Hartree conformer 

      ۶٣٨٫٢٣١٨۶٠-  ۶٣٨٫١٧۶۴٢۵-  dacarbazine  
      ٣٢۴٫۵۶۶٨۴٢-  ٣٢۴٫۵٣۶٢۴٣-  BF3 
      ١۴٠۵٫۵٨۴٢٢۶-  ١۴٠۵٫۵۴٩۶٩٩-  BCl3 

١٠٫٣۶٨٣  -34.803 -92.359 ٩۶٢٫٨١١٩۵٩  -٨۶٢٫٧۴٧٨۴۶-   a 
١۶٫۶۵١١  -23.00 -79.067 ٩۶٢٫٨٠٧۴۶٩  -٣۶٢٫٧۴٢٧٨٣- b 
٣٫٣٣٢۶  8.856 -54.153 ٩۶٢٫٧٩۵٩  -٣٢٩۶٢٫٧٣٣٢٩۴-  c 
٢٫٩٧٩۴  29.324 -33.950 ٩۶٢٫٧٨٧۵٩  -٣٣۶٢٫٧٢۵۵٩٩-  d 
١٩٫١۵٧٢  -30.340 -83.283 ٢٠۴٣٫٨٢٧۶۴٢٠  -٢۴٣٫٧۵٧٨۴۵-  e 
١٢٫۴٣٩٠  -19.975 -78.912 ٢٠۴٣٫٨٢٣۶٩۴-  ٢٠۴٣٫٧۵۶١٨٠-  f 
۶٫٣٢١۴  47.634 -16.086 ٢٠۴٣٫٧٩٧٩۴٢٠  -٣۴٣٫٧٣٢٢۵١-  g 
۵٫٠١۵١  37.904 1.7328 ٢٠۴٣٫٨٠١۶۴٢٠  -٩۴٣٫٧٢۵۴۶۴-  h 

 

 

Conclusions 

Four different conformers corresponding to the minimum points on the molecular energy 

hyper surface were found for each of the dacarbazine-BF3 and dacarbazine-BCl3 systems. In 

conformers of (a) and (e), the oxygen atom of cytosine donated its lone-pair electron to the 

empty p orbital of the boron atom and it exhibited the most structural stability. 
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Introduction  

Anthracycline antibiotics are among the most effective chemotherapy agents currently in use 

for cancer treatment; however irreversible cardiac damage is a major dose-limiting toxicity, 

restricting life-time cumulative dose. It is important to determine whether a candidate 

molecule is capable of penetrating the toxicity in drug discovery and development [1]. The 

aim of this paper is to establish a predictive model for LD50 penetration using simple 

descriptors. The usefulness of the quantum chemical descriptors, calculated at the level of the 

DFT theories using 6-31G* basis set for QSAR study of anti-cancer drugs was examined. 

Multiple Linear Regressions (MLR) was employed to model the relationships between 

molecular descriptors and biological activities of molecules using stepwise method as variable 

selection tools. 

Keywords: QSAR, anti-cancer drugs, LD50, DFT 

 

Methodology 

The biological data used in this study are the drug concentration required to inhibit 50% of 

sensitive cell growth (LD50) of the set of 13 anti-cancer drugs derivatives [2, 3]. For this 

purpose, descriptors of the structure are commonly used. All of the molecules were drawn 

into the Hyper Chem. In this work, we used Gaussian 03 for abinitio calculations. DFT 

method at 6-31G* were applied for optimization of anti-cancer drugs and calculation of many 

of the descriptors. A large number of descriptors were calculated by Gaussian package and 

Hyperchem software. 

 

 

Results 
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In a QSAR study, generally, the quality of a model is expressed by its fitting ability and 

prediction ability, and of these the prediction ability is the more important. With the selected 

descriptors, we have built a linear model using the training set data, and the following 

equation was obtained: 

pLD50=18.79(±1.399)+41.62MC1 (±3.66)+ 34.12MC24 (±8.36) 

 N=13   R2=0.933 F=69.224        R2
adj= 0.919     Q2

LOO=0.899    Q2
LGO=0.893 

In this equation, N is the number of compounds, R2 is the squared correlation coefficient, 

Q2
LOO, Q2

LGO are the squared cross-validation coefficients for leave one out, bootstrapping 

and external test set respectively, F is the Fisher F statistic. The figures in parentheses are the 

standard deviations. The built model was used to predict the test set data and the prediction 

results are given in Table 1. As can be seen from Table 1, the calculated values for the 

LD50are in good agreement with those of the experimental values. The predicted values for 

LD50 for the compounds in the training and test sets using equation were plotted against the 

experimental LD50 values in Figure 1. 

 
 

 

Figure1. The predicted versus the experimental LD50by MLR. 
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Table 1.Chemical structures and the corresponding observed and predicted LD50values by the MLR method. 

Compounds Exp. Pred. Ref. Compounds Exp. Pred. Ref. 

Carminomycin 13.5a 16.01 
2 

Hydroxy doxorubicin 17.9 15.39 
3 

Valrubicin 13.9 15.38 
2 

esodaunorubicin 18.7 16.60 
2 

Esorubicin 14.1 15.79 
3 

aclacinomycin 18.7 18.11 
3 

Epirubicin 14.2 15.58 
3 

Danorubicin 20 20.93 
3 

Idarubicin 16.2 16.10 
3 

Doxorubicin 21.8 20.98 
3 

Alkavin 16.5 15.71
2 

Pyrromycin 36 36.08 
2 

Morpholino doxorubicin 17 15.78 
2     

a= mg/kg 

Conclusion: 

In this article, a QSAR study of 13 anti-cancer drugs was performed based on the theoretical 

molecular descriptors calculated by the GAUSSIAN software and selected. The built model 

was assessed comprehensively (internal and external validation) and all the validations 

indicated that the QSAR model built was robust and satisfactory, and that the selected 

descriptors could account for the structural features responsible for the anti-cancer drugs  

activity of the compounds. The QSAR model developed in this study can provide a useful tool 

to predict the activity of new compounds and also to design new compounds with high 

activity. 
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Introduction 

nowadays find the reply to energy problems through the employment of the environmentally 

secure "solar energy" has received much attention [1]. The alteration of quadricyclane, 2,  to 

norbornadiene, 1, leads to create heat energies. The 1 / 2 system is used  for solar energy 

storage [2], in molecular switching [3], in isoelectronic devices , as a data storage compound 

[3], as photodynamic chemosensor for metal cations, as a potential photoresponsive organic 

magnet [4] and as an energetic binder for solid rocket propellants .  

 

Computational Methods 

The molecular structures of four-substituted norbornadienes (1X) and quadricyclanes (2X), were 

studied using ab initio methods. Geometry optimizations were carried out by B3LYB/6-

311++G** in the Gaussian 03 program. 

 

Results and Discussion 

As a continuation of our works, in this research we studied the photochemical energy storage in 

the ground states of 1X / 2X system (X attached at both carbon atoms of C2=C3 and C5=C6 ) with 

substitution of four electron donating groups (pull-pull), four electron withdrawing groups 

(push-push) and electron donating-electron withdrawing groups (pull-push). It has been found 

that extent of solar energy storage at carbon C2, C3, C5 or C6 is generally more than at either 

carbons (C1 and C7) [5]. Thus, we select carbon C2, C3, C5 and C6 to investigation of solar 

energy storage. Another words C2, C3, C5 and C6 is more sensetive to substitutent effect than C1 

and/or C7.  
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Extend of the solar energy stored in this system is measured simply by calculating the energy 

gaps between the ground states of 1X and 2X. Apparently, there was no practical need to 

consider the excited states and/or the type(s) of the mechanism involved. Thermal energy gaps, 

ΔE(1x)-(2x), enthalpy gaps, ΔH(1x)-(2x) and free energy gaps, ΔG(1x)-(2x), in kcalmol-1, between 

norbornadienes (1X) and their corresponding quadricyclanes (2X) were calculated at B3LYP/6-

311++G** level of theory. 

X

X X

X
X

X

1
2

7

1
2

7

1
2

7
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3 3

 

X =-CO N H 2,-CN ,-CO 2H ,-O H ,-N H 2                            Y =-O H ,-N H 2

5

6

5

6

5

6
Y

Y

Y
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Y

 

Gibbs free energy gaps between 1X and 2X, ΔG(1x)-(2x), is the least when two electron 

withdrawing substituents (pull-pull) were attached at double bond C2=C3 and two electron 

donating substituents (push-push) were attached at double bond C5=C6 (Table 1). The ΔG(1x)-

(2x), is the most when four electron donating substituents (push-push) were attached at double 

bond C2=C3 and C5=C6. However, the ΔG(1x)-(2x), is increased when electron donating and 

electron withdrawing substituents (push-pull) were attached at two sides of double bonds 

C2=C3 and C5=C6, respectively. Hence, extend of solar energy storage is the least for 1CONH2,OH 

(-22.45) and the most for 1OH (-32.76) (in kcal/mol) (Table 3). The solar energy storage 

changes for compounds 1X are in the order: 1OH (-32.13) > 1NH2 (-30.25) > 1CN (30.13) > 

>1CONH2(-29.67) >1CN-NH2 (-28.13) > 1CO2H-OH (-22.89) > 1CONH2-0H (-22.45). 

The other discussions and sunlight absorption spectra would be presented. 

 

Conclusion 

Gibbs free energy gaps between 1X and 2X, ΔG(1x)-(2x), or solar energy storage is increased 

when two electron donating and two electron withdrawing substituents (push-pull) were 

attached at both sides of double bonds C2=C3 and C5=C6. However, The ΔG(1x)-(2x), is the most 

when four electron donating substituents (push-push) were attached at two sides of double 

X

X
X

X X

X

X

X
h

1X 2X
Heat

1

7
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bonds C2=C3 and C5=C6. Extend of solar energy storage is the least for 1CONH2,OH  and the 

most for 1OH. 
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Introduction 

Since 1991, when the first stable carbene has been prepared and described [1], the chemistry 

of carbenes has greatly been developed. Carbenes are important intermediates in a variety of 

the chemical reactions. They have been extensively studied both experimentally and 

theoretically [2–3]. Moreover, there has been significant synthetic interest in the production of 

the silylene and germylene analogues of the carbine. In this work, DFT calculations were 

carried out to study the substitution effects on the singlet–triplet splitting of Arduengo-type 

carbenes XC4H3C (Scheme). 

X..
1

2

34

5 6

 

Computational Methods 

The molecular structures of XC4H3C were studied using ab initio methods. Geometry 

optimizations were carried out by B3LYB/6-311++G** in the Gaussian 03 program. 

 

Results and Discussion 

The ΔGs-t between the singlet and triplet states of XC4H3C were increased at B3LYP/6-

311++G** level in the order (in kcal/mol): X = -F (-11.44) > -Cl (-10.99) > -Br (-10.79) > -

NO2 (-10.70) > -CF3 (-10.32) > -H (-9.59) > -CH3 (-9.56) > -OH (-9.21) > -NH2 (-6.13). The 

calculated ΔGs-t for XC4H3C indicated that the singlet states of XC4H3C were generally 

stabilized when the electron donating groups were used at α-position. However, the stability 

of the singlet state is the most when halogen substituents were used at α-position of XC4H3C. 

The influence of the substituents on the carbene ground-state multiplicity has been discussed 

in the introduction section.    
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The bond length C1:-C2 in contrast to C1:-C5, increased when the electron donating 

substituents were used. Electron donating substituents push the nonbonding electrons toward 

carbenic center at the direction of C5-C1. We found that the lone pair electrons at carbenic 

center achieve a σ2 configuration for the singlet state of C4H4C. Therefore, a vacant p orbital 

remains at carbenic center which could accommodate to electron current. However, the bond 

length C1:-C2 in contrast to C1:-C5, slightly increased when the electron withdrawing 

substituents were used. The electrons in σ2 orbital could not overlap with p orbital of carbon-

carbon double bond as well as with electron withdrawing substituents. 

Except for X = NH2 and –OH, a larger bond angle C2-C:1-C5 was found for the singlet states 

of XC4H3C respect to corresponding to triplet states. Larger bond angle C2-C:1-C5 for the 

singlet states of XC4H3C led to p character of nonbonding electron; destabilizing the singlet 

states. However, bond angle C2-C:1-C5 for the triplet states of XC4H3C have a slight changes 

when the electron donating  and withdrawing substituents were used.  

The lowest chemical hardness (η=0.071 a.u.), chemical potential (μ=-0.151 a.u.) as well as 

electronegativity (χ=0.151 a.u.) were reasonably belong to the singlet state of -NH2C4H3C. 

The highest electrophilicity value (ω) for the triplet states of -XC4H3C is higher respect to the 

related singlet states. However, the highest electrophilicity value (ω=0.204 and ω =0.259 a.u.) 

were reasonably obtained for the singlet and triplet states of -NO2C4H3C, respectively. The 

highest maximum charge transfer (ΔNmax = 2.120) was obtained for the singlet state of -

NH2C4H3C. 

 

Conclusion 

Calculated ΔGs-t at B3LYP/6-311++G** level for α-substitued divalent five-membered rings 

XC4H3C indicated that the singlet states of XC4H3C were generally stabilized when the 

electron donating substituents were used at α-position. The higher η, μ, χ, D and ΔNmax were 

obtained to the singlet state of -NH2C4H3C while the higher ω was obtained for the singlet and 

triplet states of -NO2C4H3C.  
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Introduction 

The simplest but most highly strained fulvalene, C6H4, is named triafulvalene, 1C. Triafulvalene 

remains unknown until last with comparatively few reports directed to the synthesis of 1C and its 

derivatives [1-4]. This molecule has never been synthesized but the synthesis of the substituted 

species which restricted to three accounts of ring-fused derivatives have been reported [1-2]. 

Later, the steric substituents have been used due to increase the stability of the substituted 

benzotriafulvalenes [3]. In this paper, the aromatic character and other properties of triafluavenes 

and their heavier analogues, XC5H4, 1X and 2X (X = C, Si, Ge, N, P, and As) was calculated.  

 

Computational Methods 

The molecular structures of 1X and 2X were studied using ab initio methods. Geometry 

optimizations were carried out by B3LYB/6-311++G** in the Gaussian 03 program (Scheme). 
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X = C, 1C; Si, 1Si; Ge, 1Ge

N, 1N; P, 1P; As, 1As
X = N, 2N; P, 2P; As, 2As

 

Results and Discussion 

The stability of 1X and 2X may be related to the aromatic character of each ring. Therefore, the 

aromatic character for two rings of 1X and 2X determined through magnetic criterion. Nuclear 

independent chemical shifts (NICS) calculation procedure is the most important magnetic 

criterion for the determination of the aromatic character. The NICS calculations were separately 

carried out for both rings of 1X as well as 2X. All NICS calculations were done at B3LYP/6-

311+G** level of theory. The aromatic character is not a directly measurable or computable 
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quantity. Aromatic character is generally evaluated on the basis of magnetic, energetic and 

geometric criteria. Magnetic criterion is measured through nuclear independent chemical shifts 

(NICS) calculations. NICS(1.0) calculations for 1X as well as 2X indicated that 1C has a non-

aromatic character. DFT calculations revealed the highest aromatic character for 1Ge respect to 1Si 

and 1C in the heteroatom-ring. However, the highest aromatic character was obtained for 1N and 

2As in the heteroatom-ring. Moreover, the highest aromatic character was obtained for 1Si, 1As and 

2As in the non-heteroatom ring. It may be concluded that the replacement of heavy atoms at three-

member ring was generally raised the aromatic character since the three-membered ring achieve a 

more positive charge at atoms (1') as well as aromatic character respect to negative charge at 

atoms (1). Therefore, the three membered rings tend to have two electrons (according to Huckel 

4n + 2 rule) in the ring when a heavy atom or a electropositive atom was used in the ring. The 

obtained aromatic character for 1X and 2X via magnetic criterion by NICS (1.0) procedure 

confirmed the aromatic character which obtained through geometric parameters.  

 

Conclusion 

Full geometry optimizations were indicated that global minimum structures for 1C, 1Ge and 2Si 

have planar conformation while for 1Si, 1Ge and 1Sn have nonplanar conformation. DFT 

calculations indicated an aromatic character in a ring of 1X and 2X, which was exchanged with a 

heavier atom. 
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Introduction  

The metal ions have important rules in structure and function of proteins and other 

biomolecules [1]. The rule of metals as cofactor is greatly magnified in activation of enzyme 

[2,3]. Understanding the mechanism of activation, inhibition and other reactions, in which the 

metal ions have a critical rule, are achieved by clarifying the interaction of metal ions with 

protein sequence. The alkali metal cations, specially sodium and potassium are undoubtedly 

much abundant ions in biological systems. They act as which bind weakly to organic are 

ideally suited in generating ionic gradients across membranes by the sodium/potassium pump 

for the maintenance of osmotic balance [Error! Bookmark not defined.]. The nervous system 

function seriously depend on the activity of the Na+/K+ pump, the transporter responsible for 

maintaining steep Na+ and K+ gradients across the neuron plasma membrane. Study of the 

interaction between potassium ion and biosystems may be unreachable because of the 

complexity of the biomolecules. it seems that the first estimation of these interactions can be 

obtained by studying the interaction of the metal ions with the simple molecule such as 

alcohol, amide, amine and other molecules containing functional group resemble to functional 

group exist in biomolecules. In this manner, extended research was done to understand the 

nature of the interactions [4,5]. In this research the interaction of potassium ion with amino 

acids as building blocks of proteins studied. This research can be considered as starting point 

in finding the interaction of potassium ion interaction with proteins. 

 

Selection of Compound and Computational Method  

Amino Acids are building block of proteins in which have amine (NH2) and carboxylic group 

acid attached to single carbon.  There are two forms of Amino Acids; neutral and ionic forms. 

General formula of two neutral (a) and ionic forms (b) forms of Amino Acids are shown in 

Fig.1. 
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Table6 list of substitutions which located 

instead of R1 and R2 groups in Fig.1 

  

R2 R1 R2 R1 
SH H H H 
SHSH CH3H

SiH3 H CH3 CH3 
SiH3 SiH3 F H 
NH2H FF
NH2NH2 COOHHFig.16 General formula of two neutral (a) and ionic forms (b) 

forms of Amino Acids   COOH COOH 
 

The substitution R1 and R2 were chosen in manner that the properties of them are changed 

from electron withdrawing groups to electron releasing groups. In Table6 list of substitutions 

which selected to be locate in place of R1 and R2 is shown. Substituted Amino Acids, 

potassium ion bonded to Amino Acids and potassium ion bonded dimer of them was chosen 

to study the interaction of potassium ion with substituted Amino Acids. 

The structure of each species in this research include; Amino Acids, potassium ion attached to 

Amino Acids and potassium ion bonded dimer of them were optimized by HF method, 6-

311++G** basis set and gaussian03 package. Energy parameters, IR spectrum and NMR of 

each species were calculated by using same method and basis set described previously. 

 

Results and discussion 

1. Structure and stability of Amino Acids, potassium ion bonded to Amino Acids and 

potassium ion bonded dimer of them 

Structure of all species such as Amino Acids, potassium ion bonded to Amino Acids and 

potassium ion bonded dimer of them was calculated. The structure  and IR spectrum of the 

potassium ion bonded dimer of Amino Acid which R1 and R2 are H is shown in Fig.17. 

 

 

 

b a 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
1048

 
Fig.17 structure and IR spectrum of potassium ion bonded dimer of two forms of Amino Acid in which R1=H 

and R2=H 
 

Since observing the IR spectrum of the dimers shows no negative vibrational mode in its 

spectrum, the dimers are stable.  

2. potassium ion bond strength and enthalpy of formation for potassium bonded dimer 

of Amino Acids 

The potassium ion bond length to oxygen or nitrogen shows the strength of it. Decrease in 

potassium positive charge or � factor can be defined as Eq.1 

 

In Error! Reference source not found., the bond length of K+ to Oxygen or Nitrogen versus 

decrease in potassium charge or � factor is plotted. In Fig.4, plot of the enthalpy of formation 

for the different dimers versus � factor is shown.  

 

Fig.18 the results of potassium ion bond length versus 
� factor 

Fig.19 the enthalpy of formation for the 
different dimers versus � factor 

 

As shown in Fig.3 and Fig.4, when the charge in central potassium ion in dimer decreases 

(higher � factor) the strength of potassium bond to amino acids is strengthen and the enthalpy 

of formation of dimer increases.  

 

Conclusion 
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The structure and stability of potassium ion bonded dimers of different substituted amino 

acids which resembled the interaction of potassium ion with proteins, were calculated by ab 

initio calculations. The energy parameters of them were analyzed by same method and show 

that each parameter such as electron releasing or withdrawing properties of substitutions 

reduced positive charge on potassium ion, makes the dimer more stable. 
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Introduction:  

One of the major drawbacks in the way of transition to Hydrogen economy is difficulty of 

achieving materials that can store Hydrogen with high gravimetric and volumetric density, 

fast kinetics, and favourable thermodynamics that the reversible Hydrogen adsorption and 

desorption at near-ambient conditions can occur [1-3]. Regarding difficulties of storage via 

gas compression, liquefaction or metal hydride, studying new perception of Hydrogen storage 

such as physical adsorption on nano-materials has been considered to meet the goals of U.S. 

Department of Energy (DOE)[2,4,5]. With the successful synthesis of silicon nanotubes 

(SiNTs) by the chemical vapour deposition (CVD) method in 2002[6], a lot of other methods 

were also developed to fabricate the SiNTs [7]. Compared to carbon, silicon has more 

electrons in the outer shells, which leads to higher polarizability, stronger dispersion force and 

accordingly stronger van der Waals (VDW) attraction to gases than CNTs. Since few studies 

have been done on hydrogen adsorption area in SiNT [8,9], a more potential candidate for 

hydrogen storage compared to CNT, We reported a multiscale theoretical method to 

investigate adsorption behaviour of Hydrogen in the presence of Helium in SiNTs. The 

multiscale theoretical method combines the first-principle calculations to obtain the binding 

energy between Hydrogen and Helium with SiNTs, shown in our previous study [10], and a 

canonical Monte Carlo (CMC) simulation, presented in this paper, to evaluate the Hydrogen 

adsorption capacity in the mixture of H2 /He in SiNTs, where the calculated binding energy is 

provided as an input in the CMC simulation. 

Models and simulation methods:  
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In view of the fact that Helium is a small inert gas atom with no strong VDW interaction 

either among its molecules or with others, we inject this gas to Hydrogen in order to develop 

our understanding on the effect of Helium to Hydrogen system. A standard MC simulation 

was carried out at a fixed volume, temperature, and sum of the species for the adsorption of 

pure H2 and H2/He mixtures on SiNTs. The cut-off radius of 2.5 σ applied to the LJ potential 

interactions. For each isotherm point, 5*107 configurations were generated. The system was 

achieved to equilibrate after 2*107 steps, and the remaining 3*107 configurations were used to  

 

obtain ensemble average values for thermodynamic properties. One SWSiNT placed in the 

center of box with dimensions of (100 Å 100.Å 45Å). The intermolecular interactions 

between H2 -H2 [8] and He-He [11] were calculated using the (12-6) Lennard-Jones (LJ) 

potential. The total interactions between adsorbate and SWSiNTs were represented using the 

Morse potential equation, which is investigated in our  

Previous work [10] and reported in Table 1. 

Figure1 reveals the effect of helium on the adsorption capacity of Hydrogen in three different 

pore width and constant temperature and pressure of 50 K and 2 MPa, respectively. Results 

show remarkable enhancement in the gravimetric storage capacities of H2 in the presence of 

He as compared to pure H2. This improvement of hydrogen adsorption capacity is attributed 

to the potential interaction between hydrogen and helium which is two times weaker than that 

for pure hydrogen (εH2-He=20.89 K), therefore, hydrogen in the presence of helium can adsorb 

more easily than pure system. The amount of Hydrogen adsorption and the percentage of 

Table 1. Calculated Morse potential parameters for interaction of H2 and He with hollow sites of three 

different SiNTs 

outside the tube wall for  

(9, 9) SiNT 

outside the tube wall for 

 (7, 7) SiNT 

outside the tube wall 

for  

(5, 5) SiNT 

Morse potential 

parameter 

He H2HeH2He H2 
0. 304 0. 973 0. 297 0.983 0. 36 1. 1 D( kcal/mol ) 

5. 956 4.98 5. 719 4. 768 5. 745 
4. 
83 

g 

3. 575 2. 944 3. 637 2. 98 3. 586 
2. 
79 

re( A) 
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improvement in adsorption capacity of H2 for (5, 5), (7,7) and (9, 9) SiNTs at T=50 K and 

P=2 MPa in XH2= 0.3, 0.5 and 0.7 are reported in Table 2 and 3.  
 

Figure 1: Gravimetric storage capacity of hydrogen in the mixture with He and in the pure system versus mole 

fraction in SiNTs of different pore sizes, T=50 K and P=2 MPa. 

                             
 
 
                         

 
  
  
  
  
  
  
  
  

  
  

 
 
 
 
 
 
 
 

 

 

 

 

Conclusion:  

In summary, Injection of helium to system leads to hydrogen dilution and must be carefully 

considered from two aspects. From one side, dilution of hydrogen during addition of helium 

increases the safety of system which is undoubtedly more opportune for fuel cell applications. 

Table 2: Gravimetric adsorption capacity of H2  in different SiNTs and mole fractions 

H2 Wt% in (5, 5)SiNT H2 Wt% in (7, 7) SiNT H2 Wt% in (9, 9) SiNT 

H2 in H2 /He mixture Pure H2  H2 in H2 /He mixture Pure H2  H2 in H2 /He mixture Pure H2  

0.3 1.1244 0.8735 1.3445 1.0876     1.3247 1.1144 

0.5 1.5457 1.1235 2.0985 1.6267     2.4724 2.0345 

0.7 1.9876 1.4856              2.58 2.0563     2.9989 2.5067 

Table 3: % Improvement of Gravimetric adsorption capacity of hydrogen in the presence of helium at different 
SiNTs and mole fraction 

%Improvement of gravimetric 

adsorption capacity in (9, 9) SiNT

%Improvement of gravimetric 

adsorptioncapacity in (7, 7) SiNT

 

%Improvement of gravimetric

adsorption capacity in (5, 5) 

SiNT 

 

 

٢٨٫٦٣٨٩ ٢٣٫٣٠٣١ ١٨٫٨٧٣ 0.3 

٣٧٫٥٧٢٨ ٢٩٫٠٠٤٦ ٢١٫٥٢٣١ 0.5 

٣٣٫٧٩١٠٦ ٢٥٫٤٦٥٥١ ١٩٫٦٣٢٥١ 0.7 
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on the other hand, considering this fact that helium cannot be a strong competitor in 

adsorption for hydrogen and it only perform as a diluter factor, addition of helium to the 

system decrease the interactions between molecules, increase the possibility of hydrogen 

approach to the surface of tube and consequently enhance the magnitude of hydrogen 

adsorption. It is meant that comparison the identical number of hydrogen molecules in pure 

and mixture systems under the same theoretical conditions indicate the enhancement in 

hydrogen adsorption in the presence of helium compared to pure state. Moreover, It should be 

mentioned that the maximum hydrogen adsorption improvement is attributed to (5, 5) SiNT 

and XH2 =0.5 at the constant temperature and pressure of 50 K and 2MPa, respectively. 
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Introduction 

Cucurbit[n]uril is a family of homologues which are most favored cavitands for host-guest 

complex formation [1]. Encapsulation of drugs inside a Cucurbit[n]urils provides two 

benefits. First, it protects the drugs from degradation. Secondly, encapsulation can increase 

the specificity of the drugs, and uptake into cancerous cells [2].  

Computational Method 

     All the structures were optimized using the density functional theory (DFT) and B3PW91 

with LANL2DZ basis set. The inclusion process was simulated by putting the guest in one 

end of CB[n] n=5, 6 and 7 cavity and then letting it pass through the CB[n] n=5, 6 and 7 

cavity by steps.  

Result and Discussion 

Energies were computed at the level of DFT/LANL2DZ, on the optimized geometry. The 

electronic chemical potential (μ) was calculated as half of the energy of the highest occupied 

molecular orbital (HOMO) plus the lowest unoccupied molecular orbital (LUMO) as follows: 

ߤ    ൌ ሺாಹೀಾೀାாಽೆಾೀሻଶ     (1) 

The operational definition of hardness (η) was obtained as follow: 

ߟ     ൌ ሺாಽೆಾೀିாಹೀಾೀሻଶ     (2) 

hard molecules thus have a large HOMO-LUMO gap and soft molecule have a small one. To 

examine the binding properties of these complex formation, we calculated the total energy of 

the CB[n]/Nedaplatin n=5, 6 and 7 as well as the pristine CB[n] and nedaplatin molecule. The 

complex formation energy, E, was calculated using the following expression: 
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ܧ    ൌ ሺ௫ሻܧ െ ൫ܧሾሿ   ௗ௨൯   (3)ܧ

The stability energy values for the complexes as well as each components, and HOMO, 

LUMO and energy gap for complex formation between CB[n] n=5 ,6 and 7 with Nedaplatin 

are listed in Table 1. Chemical potential (μ) values show the transfer of charge from the metal 

center to the CB[n] unit and NBO analysis shows the existence of hydrogen bonding between 

the oxygen portal and amine hydrogen. The results of potential energy surface show that the 

Nedaplatin is located out of the cavity of the CB[n] with 1:1 stoichiometry. High values of 

Gap energy for CB[n]'s show that they are rigid molecules and resist with change of electron 

density. 

 

Table1.Electronic energies and HOMO, LUMO, Gap energy and chemical potential of the inclusion 

complexations of CB[n] n=5, 6 and 7 with Nedaplatin  

 

 
Fig.1: Typically contour plots of LUMO for CB[6]/Nedaplatin complex. 

 

 

 

Type E(Kcal/mol) ∆ࡱ(Kcal/mol) HOMO(eV) LUMO(eV) Gap energy μ(eV) 

CB[5] -1,886,973  - -6.64  0.381 7.021 -3.126 

CB[6] -2,264,376 - -6.694 0.462 7.156 -3.116 

CB[7] -2,641,773 - -6.748  0.462 7.21 -3.143 

Nedaplatin -335,894 - -5.388 -0.517 4.871 -2.939 

CB[5]/Drug -2,222,898 -31 -3.537 -0.354 3.183 -1.946 

CB[6]/Drug -2,600,284  -14 -3.755 -0.082 3.673 -1.919 

CB[7]/Drug -2,977,692 -25 -3.839 -0.027  3.812 -1.932 
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Conclusions 

Results show that the Complex formation of Nedaplatin with CB[5] is more stable than other 

complexes. 
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Introduction 

     The successful development of metal-containing anticancer drug clearly starts with cis-

DIAMINEDICHLORO-PLATINUM (II), cis-[PtCl2(NH3)2], often referred to as Cisplatin. 

Cisplatin, as one of the leading metal-based drugs, is widely used in the treatment of cancer. 

Significant side effects and drug resistance, however, have limited its clinical applications[1]. 

A hydrophobic cavity and many polar carbonyl groups surrounding the opening portals are the 

common features of a relatively new receptor family, the cucurbit[n]uril compounds (Q[n]s) [2]. 

 

Computational Method  

     All calculation on host-guest inclusion complex formation of the CB[n] n=5, 6 and 7 with 

anticancer Cisplatin drug were made with GAUSSIAN G03 package.  

 

Result and discussion  
     To understand the formation and stability of the inclusion complex we have calculated the 

formation energy and ∆E for the CB[5], CB[6] and CB[7] with Cisplatin as the host at the 

DFT/LANL2DZ and the results are provided in Table 1. The electronic chemical potential (μ) 

and electrophilicity (߱) were calculated as follow:  

ߤ      ൌ ሺாಹೀಾೀାாಽೆಾೀሻଶ            (1)  

          ߱ ൌ  (2)           ߟ22ߤ

The operational definition of hardness (η) and Gap energy were obtained as follow: 

ߟ      ൌ ሺாಽೆಾೀିாಹೀಾೀሻଶ       (3)                              
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ܽܩ                                  ൌ ܱܯܷܮ െ  (4)                                      ܱܯܱܪ

 

The complex formation energy, E, was calculated using the following expression: 

  

ܧ∆    ൌ ሺ௫ሻܧ െ ൫ܧሾሿ   ௗ௨൯                    (5)ܧ

 

Table1. Electronic energies and HOMO, LUMO, Gap energy, µ, ࣁ    and ߱ of the inclusion complexations of   

CB[n] n=5, 6 and 7 with Cisplatin  

 

     Results show that the complex formation is stable than isolated molecules. Positive ∆ܧ  for 

CB[5,6]/ Cisplatin shows that complex formation of the Cisplatin is endothermic for CB[5,6]. 

     The results of potential energy surface show that the Cisplatin penetrate into the cavity of the 

CB[n] and the formed complexes have minimum energy. NBO analysis shows the existence of 

hydrogen bonding between the oxygen portal cucurbit and amine hydrogen drug.  

The results of electrophilicity show that the Cisplatin is as lewis acid. 

The structures of all complexes at the minimum energy of complexation optimized at the level of 

DFT/LANL2DZ. 

 

Type E(Kcal/mol) ∆ࡱ(Kcal/mol) HOMO(eV) LUMO(eV) Gap 

energy 

 (eV)࣓ (eV)ࣁ (eV)ࣆ

CB[5] -1,886,973 - -6.64 0.381 7.021 -3.129 3.51 1.395 

CB[6] -2,264,376 - -6.694 0.462 7.156 -3.116 3.565 1.362 

CB[7] -2,641,773 - -6.748 0.462 7.21 -3.143 3.592 1.375 

Cisplatin -164,621  - -6.313  -1.796  4.517  -4.054 2.258 3.639 

CB[5]/Drug 2,051,568 -  26  -5.113  -0.435  4.678 -2.774 2.339 1.644 

CB[6]/Drug -2,429,003  -6 -5.116 -0.218 4.898 -2.667 2.45 1.452 

CB[7]/Drug -2,806,368  26  4.707 - -0.008 4.715 -2.357 

   

2.349 1.182 
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Fig.1: Graphic diagram for emulation of the inclusion complexation of Cisplatin into CB[6]. 
 
 

                    

                           (a)                                                                               (b) 

Fig.2: Optimized structure of a) side view of CB[5]/Cisplatin b) birds eye-view of CB[5]/Cisplatin  
 

Conclusion 

.     Results show that the Complex formation of Cisplatin with CB[6] is more stable than other 

complexes. 
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Introduction:  

There is considerable interest in the study on hydroxylated naphthazarins because of their use in 

development of cardioprotective preparations [1] and other applications [2-3]. Some substituted 

monohydroxylated naphthazarins were synthesized and studied by IR spectroscopy in aprotic 

organic solvents at ambient temperature. ¹H NMR studies have shown that naphthazarins 

undergo rapid proton exchange between α-hydroxyl and carbonyl groups for time –averaged 

spectra [4] . FTIR and Raman spectra, vibrational assignment, and density functional theory 

calculations of naphthzarin showed two weak intramolecular hydrogen bond [5]. 

 

Method of Analysis:  

Geometrical calculation was performed using Gaussian 03 program. Geometries of 

hydroxynaphthazarins are fully optimized with hybrid density functional B3LYP using  6-

311++G** and 6-31G ** basis sets  . The vibrational frequencies and ¹H chemical shifts of these 

compounds were computed at the levels and basis sets. 
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FIG . 1. Numbering system and the structure  of 2-hydroxynaphthazarin  and 7-hydroxynaphthazarin 

                                                               

Results and discussion:  
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The geometry of 2-hydroxynaphthazarin and 7-hydroxynaphthazarin and the atom numbering 

system are given in Fig. 1. Some geometrical parameters and also ¹H chemical shifts are 

compared in Table 1. According to Table 1, substitution of one of the hydrogen atoms in 

naphthazarin (NZ) by a hydroxyl group in C2 reduces the O5... O4 distance about 0.01 A˚.  

This result is in agreement with the ¹H NMR chemical shift which indicates a downfield by 

about 0.23 ppm. 

                                                               

Table 1. Some structural parameters and proton chemical shifts of  hydroxynaphthazarins and naphthazarin . 

Parameter 2-hydroxynaphthazarin 7-hydroxynaphthazarin Naphthazarin d 

δH5-O5 a 12.96 12.79 12.73 

O5…O4b 2.58  1.71  2.59  

O5-H5…O4c 146.77 147.06 146.31 

H5-O 5 1.02 0.96 0.99 

δH8-O8 a 11.69 13.09 12.73 

O1…O8 b 2.63  2.58  2.59  

O8-H8…O1 c 144.77 145.41 146.31 

H8-O8 b 1.02 0.96 0.99 

a) Hydrogen chemical shift (ppm), b) distance (A˚), c) angle (degree)   d) data from [5]. 

Conclusion:  

Comparison of the vibrational frequency and structural parameters and also ¹H chemical shifts 

of 2-hydroxynaphthazarin with NZ reveals a weaker H-bond in O8...H8 and stronger hydrogen 

bond in O5...H5 than that in NZ. The calculated O…O distances are in good agreement with 

NMR results. 

The hydrogen bond in 7-hydroxynaphthazarin is stronger than NZ, which is in good agreement 

with O…O distances and ¹H NMR chemical shift. 
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Abstract 

The protonation constants of Glycine have been determined in different aqueous solutions of 

methanol at 25 ˚C and constant ionic strength 0.1 mol dm-3 sodium perchlorate, using 

potentiometric technique. The present work is concerned with the study of protonation equilibria 

of Glycine in water-methanol mixture solution over a wide pH range. Macroscopic and 

microscopic properties of water-methanol mixtures have been employed to analyze the solvent 

effect on protonation constants. Macroscopic parameters of media such as dielectric constant (D) 

and microscopic solvatocromic parameters of Kamlet and Taft (α, β and π*) have been used for 

this purpose. Potentiometric method has been used to analyze the diprotonated (H2L
+) and 

monoprotonated (HL) forms of glycine in different aqueous solutions of methanol, 

simultaneously. pH dependence of absorbance of H2L
+ and HL have also been analyzed. The 

protonation constants of Glycine in aqueous –methanol solution were obtained at 25˚C over the 

composition range of 0 to 40 vol.% methanol at constant ionic strength. The solvent effect and 

variation of solvent composition on LogK values were discussed. 

 

Keywords: Protonation constant, Slvent effect, Kamlet and Taft’s parameters, Glycine 

 

Introduction 

Chemists are usually interested to understand solvent effects on the overall solution capabilities 

that depend on all possible intermolecular interactions between solute and solvent molecules. 

The search for finding a correlating factor goes back to the work of Thomson and Nernst who 

suggested a connection between the dielectric constant of a solvent and its dissociating power 

[1,2]. The interactions between solvent and solute molecules are separated in literature into 

specific and nonspecific. As a result, linear functions with few parameters for description of the 
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solvent effect are proposed. One of the most interesting is that proposed by Kamlet and Taft [3]. 

Moreover, the solvent–solvent interactions produced in solvent mixtures can affect the solute–

solvent interactions and therefore they can also affect preferential salvations. In the present 

work, The protonation constants of Glycine in aqueous –methanol solution were obtained at 

(25±0.1)˚C over the composition range of 0 to 40 vol.% methanol at constant ionic strength 0.1 

mol dm-3 sodium perchlorate, using potentiometric technique. 

 

Experimental 

Methanol was obtained from Merck as analytical reagent grade material and was used without 

further purifications. The chloridric acid (Fluka or Aldrich) was used without further 

purification. The purity of chloridric acid checked  by titration with standard  base, was found to 

be better than 99%. The NaoH solution was prepared from titrisol solution (Merck) and its 

concentration was determined by several titrations with standard HCl. Titration of Glycine 

solution in acidic form at the same ionic strength as the sample under study, carried out to 

determine pH. The solutions were protected from atmospheric CO2. All dilute solutions were 

prepared from double-distilled water with a specific conductance equal to 1.3±0.1 µΩ-1cm-1. 

Precisa pH 960 101 Stirrer potentiometer and a balance mod. Sartorius CP124S (With 0.1 mg 

accuracy) were used in this work.The potentiometry measurements were made in a 

thermostatted cell compartment at the desired temperature (25±0.1)°C on THERMOMIX MM 

thermostat. 

 

Results and Discussion 

If we consider the dissociation of Glycine  

(1)   H2L
+ ↔ HL  + H+ 

(2)   HL  ↔ L-  + H+  

The dissociation constants K1d and K2d are given by                   and 

The protonation constants K1 and K2 are versus of dissociation constants Kd1 and Kd2 

respectively. Using the solvatochromic solvent parameters, the multi-parameter Eq. (3) has been 

proposed 

(3)   LogK = A+ aߙ  ߚܾ    ∗ߨܵ

where A represents the regression value and π* is the index of the solvent 

dipolarity/polarizability, which is a measure of the ability of a solvent to stabilize a 

][

]][[

2
1 




LH

HHL
K d ][

]][[
2 HL

HL
K d
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charge or a dipole by its own dielectric effects. The π* scale was selected to run from 

0.0 for cyclohexanone to 1.0 for dimethylsulfoxide. The α coefficient represents the 

solvent hydrogen-bond donor (HBD) acidity; in other words, it describes the ability of 

a solvent to donate a proton in a solvent to a solute hydrogen-bond. The α scale 

extends from 0.0 for non-HBD solvents to about 1.0 for methanol. The β coefficient is 

a measure of a solvent hydrogen-bond acceptor (HBA) basicity and describes the 

ability of a solvent to accept a proton in a solute to a solvent hydrogen-bond. The β 

scale was selected to extend from 0.0 for non-(HBA) solvents to about 1.0 for 

hexamethylphosphoric acid triamide [4]. The protonation constant values and Kamlet 

and Taft’s solvatochromic parameters are collected in Table 1. 

       

       Table 1 

       The protonation constants of Glycine in different solutions of methanol+water at 25 ˚C                                                                  

        and Kamlet and Taft’s solvatochromic parameters 

 b  a D LogK2LogK1 %Methanol 

0.18 1.24 1.14 0.18 1.13 78.74 9.84 2.40 0 

0.23 1.18 1.12 0.23 1.18 72.99 9.62 2.50 10 

0.29 1.12 1.10 0.29 1.11 67.11 9.55 2.58 20 

0.35 1.06 1.07 0.30 1.06 60.98 9.49 2.66 30 

0.41 1.00 1.03 0.41 1.02 52.15 9.34 2.74 40 

 

We used the Gauss–Newton linear least-squares method in the computer program to refine the 

log K by minimizing the error squares sum from Eq. (4): 

(4)   S=∑(ai-bi)
2 

Where ai is a quasi-experimental formation constant and bi is the calculated one. The solvent 

polarity parameter of media, π*, increases with increasing the mole fraction of water in aqueous 

solutions of methanol. If  the π* of media was the only factor for the solvent effect, it may be 

expected that log K1 in water should be greater than those of all the other aqueous solutions of 

methanol. However, the protonation constant (logK1) increases with increasing the solvent 

hydrogen-bond acceptor basicity parameter, β, and decreases with increasing the solvent polarity 

π*, as well as increases with decreasing the hydrogenbond donor acidity parameter of the 

solvents, α. For LogK2 this results is vice versa. The coefficients of π*, α and β in Eq. (3) are 
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very different to each other and are in the order of β >π*>α, and indicate that the hydrogen-bond 

acceptor basicity parameter is the most important one in determining of logK1 and α>β>π* 

indicate that the hydrogen-bond donor acidity parameter is the most important one in 

determining of logK2.  
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Introduction 

Calix[n]arenes are cyclic oligomers obtained by condensation of formaldehyde with p-alkyl-

phenols in the basic environments[1].Calix[n]arenes are basket-shaped compounds with 

potential interest for host-guest complexation[2].Fine control of the size of calix[n]arenes,by 

changing the value of n and introduction of various functional groups on the lower or upper 

rims, makes it possible to prepare a variety of molecules with various applications[3].In this 

work the four functionality ligating groups in the lower rim(Fig.1)as well as in the upper rim of 

the ligand are independently modified to increase their binding abilities and make them more 

specific for chelating by the metal ions.The selectivity of the alkali and alkali earth cations 

towards the ligands is specified and discussed. 

 

Spectrophotometric Measurements 

All measurements were carried out at 25° C using a spectrophotometer scanning (UV-Vis 2101 

Shimadzu) with a computer. 2 mL solution of the ligand (2.010-4 – 2.510-4 mol dm-3) were 

titrated with stepwise addition of an alkali or alkali earth cation solution (1.010-3 mol dm-3), all 

in the same solvent (methanol-chloroform 30:70 by volume). The UV-Vis spectra of the 

mixtures undergo small changes at 270-310 nm, but the measured absorbances were sufficient to 

allow the treatment of the data with the computer program. 

 

 

Results and discussion 
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The complex MpLq formed is characterized by its stoichiometry, p and q, where M and L 

represent each metal ion and each ligand, respectively.To determine the formation constant of 

complexation, K, Eq. 1 is defined,       pM+ + qSC4  ⇌ M+
pSC4 q            K = [M+

pSC4 q] / [M
+]p[SC4]

q                                      

(1) 

Absorbance, A, was measured by successive addition of an alkali and alkali earth metal 

cation solution to the ligand solution, see experimental section. Treatment of the 

spectrophotometric data obtained during the titrations were conducted with the computer 

program Squad [2]. All proposed species existed in significant concentration were checked over 

a reasonable range of data. As expected, polynuclear complexes were systematically rejected by 

the computer program. The model finally chosen, formed by ML, resulted in a satisfactory 

numerical and graphical fitting for all systems. The average formation constant values of the 1:1 

complex species of the ligand with cations in the specified wavelengths are listed in Table 1. 

C(CH3)3

C(CH3)3(CH3)3C OPr PrO

OPr

OPr

NH2  

 

Fig. 1. The structure of 5,11 , 17-tris(tert-butyl)-23 amino-25, 26, 27, 28- tetrapropoxy   calix[4]arene(L) 
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Table 1.Average values of log K at different wavelengths for the alkali and alkali earth cations at 25 C 

metal ion log K 

Mg2+ 4.96  0.04 

Ca2+ 4.49  0.03 

Sr2+ 3.71  0.05 

Ba2+ 3.19  0.04 

 

         Figure 2 shows a break point when the concentration of metal ion to the ligand ratios 

reaches unity,indicating the formation of 1:1 complexes of the ligand with all cations. This 

behavior indicates a relatively stable complex for Li+ and Mg2+ and less stable species for the 

other cations specially for Cs+ and Ba2+. Figure 3 shows that the formation constant values of 

the complexes increase with decreasing the ionic radius of the cations.The binding selectivity 

of the ligands towards the alkali cations based on the formation constant values of the 

complexes is in the order of Li+  Na+  K+  Rb+ Cs+ and for the alkali earth cations is in 

the order of Mg2+  Ca2+  Sr2+  Ba2+. Also, alkali earth cations form more stable complexes 

than the other cations because of high electrostatic interactions by ligand. 

 
Fig. 2. Spectrophotometric titration plots of the ligands L, (a) by the alkali metal, and (b)alkali earth metal ions, 

at 25 C and 270 nm. 
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Fig. 3. The plots of  log K versus the ionic radii of the alkali and alkali earth cations at 25 C. 
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Introduction 

  After passing several experimental stages , similar and like structure 1-(cyclopenta-2,4-

dienyl)-1H-phosphole  is synthesized in the laboratory .This structure has the different  

properties : Chemical Formula C9H9P , Exact Mass 148.04 , Molecular Weight 148.14 , m/z 

148.04 (100.0%), 149.05 (9.8%) , Elemental Analysis C, 72.97; H, 6.12; P, 20.91 -  Boiling 

Point 476.45 (K) - MR  53.17 (cm3/mol)  Henry's Law 0.38 .[1] 

 
 
                                                                                                                             2.867675 
(B3LYP) 

                                                         ∆E (kcal.mol-1) =     
                                                   ∆E                                                               3.535962 (HF) 

 

                                           
                                                                                      
Calculation method 

      Initial optimization operated by using Winmopac version 2.0 software and AM1 method 

.The transition mode of structure simulate by using  keyword SADDLE and then transition 

state GAUSSIAN 03W package program  and  keyword QST2 implemented on a pentum-PC 

computer with a 430 MHz processor , used for finalization[2]. Eventually, the final 
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optimization and calculation of energy levels operated in theory of the levels HF/6-311+G** 

and B3LYP/6-311+G**. Also NBO-version 03 program used for calculations of natural bond 

orbital  

 

Result and discussion 

 Researches on quantum mechanic and DFT  at  the  theory  of  the   level B3LYP and HF for 

sigmatropic rearrangement mechanism of  structure  2-(cyclopenta-2,4-dienyl)-2H-phosphole 

and changing it to structure  1-(cyclopenta-2,4-dienyl)-1H-phosphole  were reported in  the  

table  below. In  this  table  reported  energies  (in Hartree)  for the important geometries of 

sigmatropic rearrangement reaction. 

aNumbers in parenthesis are the corresponding values in kcal mol-1 
 
Conclusion 

     Investigations have been done the mechanism of sigmatropic rearrangements of changing 

the structure1-(cyclopenta-2,4-dienyl)-1H-phosphole to the 2-(cyclopenta-2,4-dienyl)-2H-

phosphole using the quantum mechanic and DFT method and the results show that this 

process can be done with reagent of 2.867675 Kcal/mol (B3LYP method) and 3.535962 

Kcal/mol (HF method)  energy . The mechanism of this reaction is exothermic .The results of 

NBO also show that this reaction is accompanied by the transfer of pay electrons and 

breaking of sigma bond between two rings and constructing a new sigma bond between 

phosphorus and ring that of donor - acceptor interaction shows the resonance energy л→л* 

delocalization. Too in this structure bond order not same and similar. 
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Method B3LYP/6-311+G** HF/6-311+G** 

Geometry Reactive Transition 
State 

Product Reactive Transition 
State 

Product 

ZPE 0.149296 0.149139 0.149295 0.160112 0.159973 0.160109 

Eele -689.7683617 -689.7636356 -689.7683616 -686.8007301 -686.7949561 -686.8007266 

E0 -689.619066 -689.614496 -689.619067 -686.640618 -686.634983 -686.640617 

∆E0 0.00457(2.867675)a 0.00563(3.535962)a 
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Introduction 

Ionic liquids (ILs) came into focus recently as new materials offering several highly 

promising applications. Their physico-chemical properties allows one to use them as solvents 

in chemical synthesis and in newly designed batteries, fuel cells or super capacitors. The 

modification of the Tao-Mason equation of state to predict volumetric properties of several 

classes of ILs is the subject of the present work.    

 

Theory 

The general frame of the Tao-Mason EOS is [1]: 

4
2

/
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1
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)())()((
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   (1) 

Where 

143.0A 1  ;           (2) 

]1[65.264.1 )093.1(
2  eA ;         (3) 

)]002.0(50.4)002.0[(26.0093.1 2/1         (4) 

the second virial coefficient from the following expression [2]: 

2 4

( ) 0.1 0.054 0.00028vap vap
nb

H H
B T

RT RT


    
     

         (5)
 

The following equation was employed to predict the enthalpy of vaporization: 

( )vap i i j jH IL n H n H              (6)
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In this equation, in  i the number of elements of the ith type in the ionic liquid and jH  the 

contribution of the jth structural correction [3].  

Results and discussion  

In the present study, we followed the modification of the above-mentioned EOS cited in ref. 

4 and applied to 30 ionic liquids. Our results showed that the proposed EOS can accurately 

predict the density of studied ILs. From 3330 experimental points examined in this work, the 

overall average absolute deviation (AAD) was found to be 1.34%.   

Typically, Fig. 1 shows the deviation of calculated densities of ionic liquid [Bmim][BF4] 

from experimental ones [5]. 
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Introduction: 

Technique of liquid – liquid extraction is one of the most important separation processes in 

the chemical industries. The accurate interpretation of phase equilibria for multi-component 

mixtures is a fundamental key to improve this technique [1, 2]. In this work, the liquid-liquid 

phase behavior of aqueous acetic acid in three other organic solvents (cyholexane or 

cyclohexanol + cyclohexanone) at 298.2 K at normal pressure is presented. The experimental 

tie–lines data were correlated by the UNIQUAC equations [4].  

 

Methods: 

The experimental points that identify tie-lines in the phase diagram were measured by using a 

glass cell. The prepared mixtures with known compositions were located inside the cell and 

were vigorously agitated with a magnetic stirrer for 4 h, in order to allow a close contact 

between the phases. The mixtures were then settled for 4 h to completely separate in two 

liquid phases and to get the equilibrium. After separation, samples of both phases collected 

from each phase and analyzed to determine their compositions. The concentrations of acetic 

acid in both of the phases were indicated by potentiomeric NaOH titration in presence of 

phenolphthalein as an indicator.  

 

Results and Discussion: 

The experimental tie lines data for the ternary mixtures of (water + acetic acid + cyholexane 

or cyclohexanol or cyclohexanone) at 298.2 K are presented. 
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The effectiveness of extraction of the acetic acid by organic solvents is given by the 

separation factor, S. The separation factor is defined as the ratio of distribution coefficients of 

acetic acid, D2, to water, D1, S = D2 / D1. The experimental results are shown the separation 

factor for cyholexane (56.2) > cyclohexanol (13.3) > cyclohexanone (6.5) solutions, therefore 

can be concluded that cyholexane is better for extraction of acetic acid from aqueous 

solutions. 

The UNIQUAC model was used to correlate the experimental data. The experimental ternary 

LLE data of (water + acetic acid + cyholexane), (water + acetic acid + cyclohexanol) and 

(water + acetic acid + cyclohexanone) were correlated using the UNIQUAC model. Fig 1 is 

shown phase diagram for the ternary system of (water + acetic acid + cyholexane) at 298.2 K. 

 
Figure 1. LLE phase diagram for (water + acetic acid + cyholexane) 

at 298.2 K. (●) Experimental points, () Correlated data 
  

The root-mean-square deviation (RMSD) can be taken as a measure of precision of the 

correlations. The RMSD value was calculated from the difference between the experimental 

and calculated mole fractions according to the following equation: 

 

                                                                                                     
(2) 

                
Values of RMSD for (water + acetic acid + cyholexane), (water + acetic acid + cyclohexanol) 

and (water + acetic acid + cyclohexanone) at 298.2 K are 0.56, 0.63 and 0.91, respectively. 
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Conclusions:  

The LLE data for the ternary systems of (water + acetic acid + cyholexane), (water + acetic 

acid + cyclohexanol) and (water + acetic acid + cyclohexanone) were studied at 298.2 K. It 

can be concluded that cyholexane is better for extraction of acetic acid from aqueous 

solutions than cyclohexanol and cyclohexanone. The UNIQUAC solution model was 

satisfactorily used to correlate the experimental LLE results for acetic acid studied mixtures. 
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Introduction: 

Nowadays critical phenomena in fluids and fluids mixture are one of the paid intentioned 

topics in physics and chemistry. Studying physical and thermo physical properties of fluids 

and fluids mixture near their critical points are very difficult which is arised as a result of 

fluids sudden behavior change near critical point [1]. As an example, fluids obey Mean-field 

equation of state far away from critical point, while near the critical point we can't study them 

with the classical equations of state [2]. 

Fluids exhibit large fluctuation in order parameter near critical point and it has been shown 

that critical fluctuation causes non-analytical singularity in thermodynamic surface near 

critical point [3].  Indeed, close to critical point, the range of fluctuation becomes much larger 

than any microscopic length so that molecular interactions aren’t important anymore and this 

results universality. 

Although the scaling hypothesis is very powerful but the range of its validity is very short, 

and most of the researchers who study the fluids behavior need an equation of state that cover  

much more wider range. Therefore, a crossover function is inserted to equation of state which 

changes the shape of the equation near and far away from critical point. It means that near the 

critical point equation of state predicts correct critical exponents and amplitudes  along with 

the prediction of classical exponents and amplitudes far away from the critical point (Mean-

Field) that results in a  wider range for the equation of state[4]. 

In this work susceptibility critical amplitude of water system was evaluated using complete 

scaling theory to obtain corresponding critical amplitude both above and below the critical 

point. Then, by employing the complete scaling diameter density, two system dependent 

parameters ܽଷ and bଶ were calculated followed by the calculation of the complete scaling 

critical and  mean field amplitudes, and the corresponding parameters of crossover parametric 
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equation of state for this system. Finally the parametric crossover equation of state with 

applying complete scaling model has been introduced.  

Fisher proposed that to consider all asymmetric nature of the critical phase transition it is 

needed to relate scaling fields to all physical fields. So he defined scaling filed as : ݄ଵ ൌ  ߤ∆  ܽଵ∆ܶ ෩  ܽଶ∆ܲ ෩ ,   ݄ଶ ൌ ∆ܶ ෩  ܾଶ∆ߤ   ܾଷ∆ ෨ܲ,   ݄ଷ ൌ ∆ܲ ෩  ܿଶ∆ߤ   ܿଷ∆ܶ ෩             

(1) 

All above coefficients aren’t independent and related to each other, for example Anisimov 

showed that ܽଶ ൌ ܽଷܿଷ ൌ െܽଷ ቀడ෨డ ෨்ቁୡ, ܿଷ ൌ ቀడ෨డ ෨்ቁୡ୶ୡ,ୡ. By using above equations the 

thermodynamic relations may be obtained as follow:  ߩ ൌ ଵାఝభାమఝమଵିయఝభିయఝమ                                                                                                                            

(2) 

 

Method:  

Power low equations aren't useful far away from critical point because they show real critical 

exponent but fluids far from critical point obey mean filed theory and show mean filed 

critical exponent . 

To make these equations applicable far away from critical point a function ܻ (crossover 

function) is added to some equations . This function obeys a coupled equation as : 1 െ ሺ1 െ ሻܻݑ ൌ ሺ1ݑ  Λଶ ⁄ଶሻߢ ଵ ଶ⁄ ܻఔ ∆ೞ⁄                                                                                     

(3) 

where ߢଶ ൌ ሺଶఔିଵሻܻݎ ∆ೞ⁄  which is plotted in fig.1 

The asymptotic crossover parametric model can be applied to a fluid such as water to find all 

thermodynamic data at a specific point in the phase diagram. As an example one can find 

heat capacity amplitude with the aforementioned parameters equal to 31.7 (ܣା ൌ1.6821݈݉ ሻ which is in agreement with the value reported in Ref. [5]. Finally, we 

evaluated the gas and liquid phase density by using crossover parametric equation of state 

and complete scaling with the aid of  the evaluated set of parameters. Applying eqs. (3), and 

fixing ቀ ௸భ మ⁄ ቁ ൌ 3.14 we obtained ݑത=0.379 for water system.  
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Conclusion: 

The effect of complete scaling on asymptotic crossover parametric equation of states was 

studied and the corresponding critical amplitudes formulations were derived. The theory has 

been applied to water vapor - liquid coexistence and susceptibility data as a one component 

fluid. As complete scaling predicts, to evaluate Γି , parameters ܽଷ and ܾଶ were needed. Here, 

by fitting the available density diameter data the mixing parameters, ܽଷ and ܾଶ were obtained 

and consequently, Γേ above and below the critical point was calculated. Employing Γି  and ܤ  as the susceptibility and density difference amplitudes two system dependent parameters ݉ and ݈  were calculated.  
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Introduction  

    The accurate determination of acidity and stability constants values are fundamental to 

understanding the behavior of ligands and their interaction with metal ions in aqueous 

solution [1]. Thallium has been recognized as a toxic element for many years. This element 

acts on the central nervous system and induces inflammatory response. Thallium (I) shows 

marked similarities to that of potassium cation. On the other hand, the recent increased use of 

peptides in biomedical therapy is a result of their large range of activity and specificity, 

usually with low toxicity and rapid metabolization [2]. Thus, the interaction between metal 

ions with amino acids, peptides and proteins plays an important role in biochemistry and 

biology. Spectrophotometry is one of the most powerful methods for the investigation of 

solution equilibria [3-5]. In view of the above, the present work reports a study of thallium (I) 

complexes with dipeptides of glycyl-L-phenylalanine (gly-L-phe) and L-phenylalanylglycine 

(L-phe gly) at 25 oC and constant ionic strength using a combination of potentiometric and 

spectrophotometric techniques. 

 

Method  

    All the chemicals used were of analytical reagent grade. Thallium (I) nitrate, gly-L-phe and 

L-phe gly (Merck) were employed without further purification. All the standard solutions 

were prepared using deionized and twice-distilled water with specific conductance equal to 

(1.8 0.1) ��-1cm-1. A Horiba pH-meter, M-12 was used for pH measurements. The 

hydrogen ion concentration was measured with an Ingold UO 3234 glass electrode and 
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Ingold UO 3236 calomel electrod. Spectrophotometric titrations were performed on a UV-Vis 

Lambada 25 double beam spectrophotometer from 200 to 350 nm and optical path 1.000 cm. 

All measurements were carried out at temperature (25.0  0.1) oC and ionic strength 0.1 mol 

dm-3 NaClO4. The pH-meter was calibrated for the relevant H+ concentration [3]. Volumes of 

25 cm3 acidic solution of Tl+ in the concentration range 5 10-6 mol dm-3  was titrated with  

an  

 

Table 1. Average values of the protonation and formation constants of Tl (I) with L-phe gly and Gly-L-phe at 

25 oC and ionic strengths, I, 0.1 mol dm-3 NaClO4
. 

Species log �011 log �021 log���� log�101 

L-phenylalanyl glycine 3.7037 0.0029 7.5236 0.0032 12.15 0.20 3.39 0.20 

glycyl-L-phenyalanine 3.2314 0.0020 8.1106 0.0047 11.36 0.11 2.13 0.06 

alkali solution of each ligand (the ratios of metal ion to ligand 1:100). Ionic strength was 

maintained at 0.1 mol dm-3 NaClO4. The –log [H+] and absorbance were measured after 

addition of a few drops of titrant, and this procedure extended up to required –log [H+]. 

 

Results and Discussion  

    The complex MxHyLz
(nx+y-z)+ formed is characterized by its stoichiometry (x:y:z), where M 

and L represent the metal ion and a fully dissociated ligand, respectively. To determine the 

formation constant of the complexation, eq 2 is defined by �xyz [2]  

xM+ + yH+ + zL-          MxHyLz
(x+y-z)+     �xyz = [MxHyLz

(x+y-z)+] / ([M+]x[H+]y[L-]z)                   

(1) 

Different models including ML2, MH2L and M2L … were tested and the formation constants 

for the species were calculated by the program. The models finally chosen, formed by 

Tl(HL)+ and TlL, for L-phe gly and gly-L-phe in the pH range of study 1.5 to 10.5 (figure 1).  

 

 

Conclusion 

    In this work, the study of Tl (I) with L-phe gly and gly-L-phe interaction was attempted in 

order to better understand the influence the presence of a benzyl group in the stability of 
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dipeptides to bind thallium (I). Table 1 shows the formation constant values of MHL and ML 

species formed by L-phe gly are much higher than the corresponding values of gly-L-phe. 

(I)    (II)

Fig. 1. Distribution curves for (I) Tl (I)-phe gly and (II) Tl (I)- gly-L-phe
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Introduction 

   Research results have clearly demonstrated that certain metal ions play a basic role in 

directing a number of biochemical processes. Thallium has been recognized as a toxic 

element for many years. Since thallium (I) shows marked similarities to that of potassium 

cation, its interaction with nucleotides, the monomeric units of DNA and RNA, in aqueous 

would be of a major biochemical interest [1]. In the living cell, there are found 

nucleoproteins. These compounds control heredity on the molecular level [2]. This revealed 

the need for comprehensive studies of metal ion-bioligand interactions, as model systems. 

Spectroscopic methods are in general highly sensitive and are frequently used to analyze 

chemical equilibria in solution [1-5]. In 1971 Lawton and Sylvestre introduced chemometric 

methods for spectral analysis. In the present work, the formation constants of thallium (I) ion 

with the heterocyclic bases of adenine and adenosine in aqueous solution were studied using 

a combination of potentiometric and spectrophotometric methods at different temperatures 

and constant ionic strength by means of computer fitting of the pH-absorbance data with 

appropriate mass balance equations. A sophisticated method based on chemometrical 

concepts was applied in order to determine formation constants. For this purpose, the 

computer program equispec was used to extract the desired information from the spectral 

data. The affect of temperature on the formation constants were studied and thermodynamic 

functions have been obtained for the complexes of thallium (I) with heterocyclic bases. 

Methods 

    Adenine, adenosine and thallium (I) nitrate were of analytical reagent grade (Merck). 

These chemicals were used without further purification. All solutions were prepared in 
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deionized water with specific conductance equal to (1.8±0.1) ��-1 cm-1. A HORIBA M-12 

pH-meter furnished with a combined glass-saturated calomel electrode was calibrated at pH 

3.00 and 9.00 [2]. A HP-8453 spectrophotometer controlled by a computer was used for UV-

Vis spectra acquisition. The data were transferred to a computer for subsequent analysis using 

MATLAB software, version 6.5 and for processing by using equispec program, version 3.1. 

All measurements were carried out at six different temperatures and ionic strength 0.1 mol 

dm-3 NaClO4. Volumes of 10 cm3 acidic solution of Tl+ (3.85×10-5 to 2.8×10-4 mol dm-3) 

were titrated with an alkali solution of the heterocyclic bases (5.6×10-5 to 2.8×10-4 mol dm-3).  

 

Results and Discussion 

    The formation constants thallium (I) ion with the heterocyclic bases of adenine and 

adenosine were determined using a potentiometric and spectrophotometric technique. 

Different models including ML, MHL and several polynuclear and protonated species were 

tested by the program. The models finally chosen, formed by ML and MHL for the studied 

systems, resulted in a satisfactory fitting. The calculated values of the formation constants for 

different experiments are showed in Figure 1. The results show apparent formation constants 

are corresponding to thermodynamic constants.  

(I)  (II)  
Figure 1. Curve log�� vs. 1/T for (I) Tl(I)-Adenine, (II) Tl(I)-Adenosine systems  

 

 

Conclusion 

    The formation constants of Tl (I) with adenine and adenosine at different temperature were 

evaluated with equispec program. Equispec is a computer program using the matrix based 

MATLAB environment for second order global analysis of spectrophotometric equilibrium 

data. The enthalpy and entropy of the reactions were determined from the dependence of the 

equilibrium constants on the temperature, Van't Hoff equation (Table 1).  
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Table 1. Values of thermodynamic parameters for the Tl (I) with  heterocyclic bases at 25 ºC 

 p M+ + q H+ +r L-        Mp Hq Lr 
(p+q-r)    �pqr=[ Mp Hq Lr 

(p+q-r)]/ ([M+]p [H+]q [L-]r) 

 �H 
(KJ/mol) 

�S 
(J/mol) 

�G 
(KJ/mol)

log�111 
�H 

(KJ/mol)
�S 

(J/mol)
�G 

(KJ/mol) log �101 

Adenine -30.92 -45.18 -44.17 
13.07

0.11 
-32.15 0.62 -31.96 7.10 0.13 

Adenosine 17.58 42.27 4.98 
14.45

0.17 
82.81 151.16 37.74 

15.44
0.19 
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Introduction 

Recently, investigation on the thermophysical properties of esters, due to their widespread 

use in industrial processes has increased [1-3]. Despite of the investigation on esters, few 

studies have been reported on thermodynamic properties of isoamyl acetate binary mixtures 

.The studied mixtures were isoamyl acetate + alcohols (C1-C4). Excess molar volume was 

obtained from density data. 

Experimental 

Density measurements for pure components and binary mixtures were carried out with an 

Anton Paar digital vibrating U-tube densimeter (DMA-4500) with an uncertainty of 

-3-5 cmg 105  . The mixtures were prepared in dark airtight stopper bottles by mass, using a 

Mettler AB 204-N balance accurate to 0.1 mg, with entire range of composition. The 

uncertainty of the mole fraction was less than ±1·10-4. 

Results and discussions 

The measured densities of six binary mixtures containing isoamyl acetate + (methanol, 

ethanol, 1-propanol, 2-propanol, 1-butanol and 2-butanol) at different temperatures were used 

to calculate E
mV . The E

mV  values were calculated by the following equation. 

 
),( 1

i
1

i

2

1
i

E
m





  MxV
i
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where iM  is molecular mass, i  and   are density of the pure component and mixture 

respectively. The binary mixtures values were fitted to a Redlich–Kister equation [4] and 

graphically were represented in Figure 1. The values of E
mV  for all the binary mixtures 

(except for isoamyl acetate + methanol mixture) are positive over the whole range of 

composition and from T = (293.15 to 333.15) K. The E
mV  values increase with increasing 

carbon chain length of alkanol as well as temperature. The positive E
mV  is related to 

interactions with structure disrupting effect and negative E
mV  is due to interactions with 

structure making effect as well as packing effect. 

  

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1. Excess molar volumes of two binary mixtures at different temperatures:(a),{Isoamyl acetate (1) + methanol };▲, 293.15 

K;� , 303.15 K; , 313.15 K; , 323.15 K; , 333.15 K. {Isoamyl acetate (1) + ethanol };+ , 293.15 K; ∆,303.15 K; *,313.15 K; �, 

323.15 K; ●,333.15 K. (b),{Isoamyl acetate (1) + 1-propanol };▲, 293.15 K;� , 303.15 K; , 313.15 K; , 323.15 K; , 333.15 K. 

{Isoamyl acetate (1) + 2-propanol };+ , 293.15 K; ∆,303.15 K; *,313.15 K; �, 323.15 K; ●,333.15 K. (c) ,{Isoamyl acetate (1) + 1-

butanol };▲, 293.15 K;� , 303.15 K; , 313.15 K; , 323.15 K; , 333.15 K. ),{Isoamyl acetate (1) + 2-banol };+ , 293.15 K; 

∆,303.15 K; *,313.15 K; �, 323.15 K; ●,333.15 K. 

Conclusion 

Density of six binary mixtures containing isoamyl acetate and primary and secondary 

alcohols (C1-C4) were measured over a wide range of temperatures. Excess molar volume, 

was calculated by density data and fitted to Readlich–Kister equation. The E
mV  values are 

positive (except for isoamyl acetate + methanol mixture) in the entire range of composition 

and temperatures and become more positive with increasing temperature.  

a b c 
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Introduction 

Refrigerants are the working fluids in refrigeration, air conditioning and heat pumping 

systems. Therefore, it is needless to state that the thermodynamic properties of this class of 

fluids play an essential role in various kind of design for equipment and the selection of 

refrigerants. The thermodynamic properties of refrigerants and their harmful effects on the 

environment should be known before they can be considered for large scale applications. 

Hence, there is a strong and current need of an equation of state (EOS) suitable to represent 

both volumetric and equilibrium properties of refrigerant to be used as working fluids in 

existing and future refrigeration. one of the equation of states that is based on statistical 

mechanics and are be used for predicting properties of refrigerants is Tao-Mason equation of 

state (TM EOS)[1]. 

 

Method 

In the present study, we modify TM EOS and then use Sheikh-Papari-Boushehri (SPB) [2] 

and Tsonopoulos [3] correlation equations. 

 

Results and Discussion 

The objective of the present work is to simplify the TM equation of state in order that this 

EOS can be used in low temperature with few parameters. We have successfully modified 

this EOS for pure fluids, selecting pure refrigerant fluids as the test systems and calculated 

densities, enthalpies and entropies as thermodynamic properties. The considered refrigerants 

are: R11, R12, R13, R14, R21, R22, R23, R32, R41, R113, R114, R115 R116, R123, R124, 
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R125, R134a, R141b, R142b, R143a, R152a. R218, R227eaR236fa, R245fa, R245ca, RC318 

 .R236eaو 

Conclusion 

The new equation of state is capable of predicting vapor and liquid densities, enthalpies and 

entropies of considered fluids with average absolute deviations (AAD) of 0.58%, 1.41% 

,3.90% and 3.92% in the temperature interval 100K≤T≤600K and pressure range 0 bar≤P≤70 

bar (table1). 

Table 1: Vapor densities, enthalpies and entropies of Refrigerants 
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R11  200-
500 

     0-70      0.7      0.47 300-
600 

     0-30      4.14      4.37 

R12 150-
450 

0-70 0.38 0.54 200-
400 

0-30 4.21 4.24 

R13 100-
300 

0-70 0.78 0.9 200-
400 

0-35 3.36 3.54 

R14 100-
300 

0-40 0.4 1.4 200-
400 

0-40 2.25 2.14 

R22 200-
550 

0-50 0.28 1.29 200-
500 

0-30 3.74 3.83 

R114 300-
500 

0-40 0.71 0.70 300-
500 

0-20  3.40 3.16 

R115 180-
380 

0-60 1.36 0.84 300-
500 

0-25 3.22 3.13 

R116 180-
380 

0-45 0.78 0.8 200-
400 

0-25 2.45 2.11 

R124 230-
330 

0-60 0.24 0.93 250-
450 

0-13 4.53 4.50 

R125 175-
375 

0-60 0.74 0.57 300-
500 

0-25 3.00 2.85 

R134a 170-
370 

0-60 0.59 0.52 250-
450 

0-20 4.09 4.22 

R236ea  250-
500 

0-60 0.66 1.24 300-
500 

0-20 4.17 4.34 

R236fa 200-
500 

0-60 0.34 0.59 300-
500 

0-20 4.37 4.39 

R245ca 200-
500 

0-60 0.43 0.72 300-
500 

0-10 4.96 5.02 
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Introduction:  

Jack bean urease (JBU) possesses nickel ions in the active site, whose task is to activate the 

substrate and water for the reaction. Ureases play an important role in the overall nitrogen 

metabolism in nature. Their key function is to provide organisms with nitrogen in the form of 

ammonia for growth [1,2]. The rapidly increasing importance of urea fertilizer in world 

agriculture has stimulated research to find methods of reducing the problems associated with 

the use of this fertilizer. One approach to overcome the problems is to find compounds that 

would inhibit the Urease activity. Heavy metal ions inhibit ureases .Hg2+, Ag+, and Cu2+ ions 

practically known as the strongest inhibitors [3]. In this study, we have attempted to find the 

binding parameters and conformational changes of JBU due to its binding with Cu2+ ion. 

 

Methods:  

Jack bean urease and Cu(NO3)2 obtained from sigma chemical Co. The buffer solution used 

in the experiments was 30 mM Tris, pH 7.0, which was obtained from Merck. Experiments 

were carried out at two temperatures of 27 and 37 C. The experiments were performed with 

the 4-channel commercial microcalorimetric system, Thermal Activity Monitor 2277 

(Thermometric, Sweden).  

 

Results and Discussion:  

We have shown previously [4] that the heats of the macromolecules + ligand interactions, q, 

can be   reproduced by Eq. 1 in the aqueous solvent systems: 
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BBBAAABBBAAAB xLxLxLxLxxqq  ))(()(max
                   (1) 

The parameters  A  and B  are the indexes of JBU structural changes in the low and high 

Cu2+ concentrations, respectively. The positive values for  A  or B  indicate that Cu2+ 

stabilized the JBU structure and vice versa. If the ligand binds at each site independently, the 

binding is non-cooperative. p>1 or p<1 indicate positive or negative cooperatives of 

macromolecule for binding with ligand respectively; p = 1 indicates that the binding is non-

cooperative. For a set of identical and independent binding sites; also, we have previously [5] 

introduced the following equation: 

(∆q/qmax)M0= ((∆q/q)L0)(1/g)-Kd/g               (2) 

 

Fig 1: Comparison between the experimental heats T=300K (fitted triangle),  T=310K (open 

triangle) for JBU + Cu2+ interactions and calculated data via Eq. 1. 

The Positive 
B  values for JBU + Cu2+ interaction indicate that Cu2+  presumably promote 

JBU aggregation or inhibit the ureolytic activity by inducing protein polymerization along 

with blockage of sulfydryl groups. The negative 
 A  values indicate that JBU + Cu2+ 

complexes are unstable and Cu2+ ions are weakly bound to JBU in the low Cu2+ concentration 

domain. P=1 indicates that the binding is non-cooperative. 
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Table 1: Binding parameters for JBU + Cu 2+ interactions recovered from Eqs. 1 and 8. 

Parameters(K) P  A  
B  

∆H/ kJ mol -

1 

Kd/ μM g 

T=300 1 -0.078 ± 0.031 1.604 ± 

0.013 

-15.198 ± 

0.013 

284.883 ± 

0.081 

12 

T=310 1 -0.138 ± 0.021 1.282 ± 

0.011 

-14.597 ± 

0.011 

345.855 ± 

0.023 

12 

 

Conclusions:  

It was found that the linear range of JBU inhibition by Cu2+ ions for this mixture was from 

0.11 to 2.5 mM [Fig.1]. It was indicated that there are a set of 12 identical and non-

cooperative sites for Cu2+ ion. The binding of Cu2+ ion with JBU is exothermic with 

dissociation equilibrium constants of 284.883 and 345.855 μM at 300 and 310 K, respectively 

[Table 1]. 

 

References:  

[1] Krajewska B. J Enzyme Inhibit Med Chem2008; 23:535–542. 

[2]Krajewska B, Zaborska W, Chudy MJ. J InorgBiochem.2004; 98:1160–1168. 

[3] Font M, Dominguez MJ, Sanmartin C, Palop JA, San-Francisco S, Urrutia O, Houdusse 

F, Garcia-Mina JM. J Agric Food Chem. 2008; 56:8451–8460. 

[4] Rezaei Behbehani G. J Therm Anal Calorim.2009; 96:631–635. 

[5] Saboury, A. A. J. Iran. Chem. Soc., 3 (2006) 1. 

  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1098

Thermodynamic Study Of Ni(II)-G lycinamide Complex By 

Spectrophotometric Method In Various Temperatures And pH=4.0 , I=0.4 

 

Nilofar.Tajdinia* 

nilofar_tajdini@yahoo.com  

aDepartment of Chemistry, Islamic Azad University, Vramin Pishva, Iran 

 

Keywords: Glycinamide, SQUAD, Optical absorption, Formation constants 

 

Introduction 

Nickel is an essential element for many archea, bacteria and plants and may yet be found to 

play a role in the metabolism of higher organisms [1]. Ni(II) crosses cell membranes via 

calcium channel and probably competes with Ca2+ for specific intracellular receptors [2]. 

 

Methods 

All experiments were carried out in double distillated water at pH=4.0 potassium hydrogen 

phthalate ,hydrochloric acid buffer and 0.4M NaClO4 .  In all experiments, the complex 

solutions were freshly prepared before spectral analysis.  In typical experiment, 2ml of 

Ni(NO3)2 solution 0.034M in 0.4M NaClO4 (ionic strength) was titrated by glycinamide 

0.272M solution.UV-Vis spectra of combinations were recorded in range of 200-800nm in 10 

minutes after adding 50µl glycinamide solution.about 15 adds were taken place.about 50 

wavelengths showing suitable variations by adding glycinamide solution were chosen and 

their absorbance rate was recorded. 

 

Results and discussion 

The figure1 show typical titration spectras of Ni(NO3)2 upon increasing addition of 

glycinamide at 25.0oC. The observed spectral changes were used for determining the 

combining constants due to by using SQUAD program which was developed to empower the 

evaluation of the best combining constants due to absorbance measurements by using a non-

linear least-square method. The input data consist of (a) the absorbance values(b) the total 

glycinamide and Ni(NO3)2 concentrations.  
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(1)  

  
Fig. 1.The titration absorption spectra of Ni(NO3)2 (0.034M) by Ga (0.272M) in NaClO4 0.4M at 298K 
 

Table1:Thermodynamic parameters and binding constants for binding of  Ni(NO3)2 to Glycinamide  
 

  

 

 

 

 

 

 

 

 

 

 

  

   TdRHKd o /1/ln 





 
  

TGHS ooo /





 







  

T 

(K) 

log β 
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(kJ mol-1) 

S0
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(J mol-1 K-1)  

283 5.51±0.85 -29.9 293.8 1143.8 

288 6.72±0.67 -37.1 293.8 1149.0 

293 7.42 -41.6 293.8 1144.7 

298 8.33±0.00 -47.5 293.8 1145.3 

303 9.15 -53.1 293.8 1144.9 

KRTG o ln
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Fig2,3. The vant’t Hoff plot of Ga to  Ni(NO3)2   

 

Conclusion 

in respect to our results,the stoichiometry of glycinamide-Ni(NO3)2 combining are as 1:1 

and 2:1. shaping these combinations in our results is increased entropy (∆So>0). shaping 

constants are as magnitude in a satisfactory way concluding relative stability of studied 

complexes (∆Go<0). 
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Abstract 

The interaction of human growth hormone (hGH) with some divalent metal ions was studied 

by isothermal titration calorimetry at two temperatures of 27 C and 37 C in aqueous 

solution. It was found that there are a set of, three, three and two identical and non-interacting 

binding sites for Cu2+, Zn2+ and Hg2+ ions,respectively. We found the intrinsic dissociation 

equilibrium constant (K) and the molar enthalpy of binding (H). The results obtained 

indicate that the stability of the protein increases due to the binding of metal ions using ITC.  

 

Keywords: Human Growth Hormone (hGH), Isothermal Titration Calorimetry (ITC),   Metal 

Ion, Metal Binding. 

 

Introduction 

There are some reports on the binding properties and structural changes of hGH due to its 

interaction with metal ions [1-10]. The metal-binding site in hGH is located in the 

hydrophobic core. A well-resolved crystal structure of hGH has been obtained, showing that 

metal-binding site is likely composed of 18His and 21His on helix I and 174Glu on helix IV [4]. 

Some metal ions like Zn2+, Cd2+, Hg2+ and Co2+are known to promote hGH reversible 

dimerization. But in the presence of some other ions like Ca2+, Ba2+, Mg2+, Pb2+, Al2+, Fe2+ 

and Fe3+, there is no significant dimerization of hGH in solutions [2]. In this paper, the 

interaction between some metal ions and hGH has been investigated in neutral aqueous 

solution to clarify thermodynamics of Cu2+, Zn2+ and Hg2+ binding properties. One of the 

unique aspects of this report is using a simple calorimetric data analysis to attempt clarify the 

stability of this protein.  

 

Material and Method 

hGH were provided by the National Research Center of Genetic Engineering and 
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Biotechnology (NRCGEB), Tehran, Iran. The isothermal titration microcalorimetric 

experiments were performed with Thermal Activity Monitor (TAM) 2277, Thermometric, 

Sweden. Metal ions solution (100 mM) was injected by use of a Hamilton syringe into the 

calorimetric titration vessel, which contained 1.8 mL hGH (60 �M). Injection of metal ion 

solution into the perfusion vessel was repeated 30 times, with 20��L per injection.  

 

Result and Discussion 

According to the recently data analysis method, using:   

                                              
g
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)( 00

max

                    (1) 

The number of site bindings are 3, 3 and 2 for Cu2+, Zn2+ and Hg2+,respectively, obtained 

from the slope and value of K , obtained from the vertical-intercept plot for a set of identical 

and independent binding sites are 1.32 mM, 1.64 mM for Cu2+ and 1.54 mM, 1.93 mM for 

Zn2+ and 4.2 mM, 5.1 mM for Hg2+ at 27 C and 37 C, respectively. Dividing the qmax 

amounts by g values, give H=16.40 kJ/mol for Cu2+ and H=17.1 kJ/mol for Zn2+ and H= 

14.2 kJ/mol for Hg2+ at 27 C and 37 C, respectively. 

For a set of identical and independent binding sites, we have before shown [11-14]. 

              2/12)()(/1 iiii CKBKBAH                (2) 

A series of reasonable values for K is inserted into equation (2) and corresponding amounts 

for ∆H are calculated and the graph ∆H versus K is constructed. Curves of all titration steps 

will intersect in one point, which represents true amounts for ∆H and K.  

In conclusion, there is a set of three , three and two identical and non-interacting binding sites 

for Cu2+, Zn2+ and Hg2+ ,respectively, on the surface of hGH. In the current study, it can be 

concluded that the this metal ions bonding process increases the protein stability of hGH.  
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Introduction  

A knowledge of thermodynamic and transport properties of binary aqueous solutions 

is important in engineering, designing new technological processes and also in developing 

theoretical models. In this work, densities, speed of sounds, and viscosities of binary aqueous 

solutions of PEG400, PEGDME2000 and ternary solution of {PEGDME2000 + PEG400 + 

water} were determined experimentally at T = (293.15, 298.15, 303.15, 308.15, and 313.15) 

K.  

 

Methods 

PEGDME2000 and PEG400 were obtained from Merck. All solutions were prepared 

afresh by mass with precision 10-7 kg. Density and sound velocity of mixtures were measured 

using a densimeter with uncertainty of ±3.0×10-6 g·cm-3 and ±0.1 m·s-1, respectively. 

Viscosity measurements were carried out with a viscometer with accuracy of ±0.001 mPa·s 

and uncertainty was estimated to be ± 0.5 %. 

 

Results and discussion 

The obtained density (d) data at T = (293.15 K to 313.15) K for binary aqueous 

solutions of PEGDME2000 and PEG400 were used to calculate the apparent specific volume 

of the polymer, �app,p, and were correlated with Redlich-Mayer equation [1] and another 

equation suggested by Laliberté and Cooper [2] for binary solutions. At five temperatures the 
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performance of Redlich-Mayer equation with six parameters is better than the Laliberté and 

Cooper [2] equation with five parameters for representing apparent specific volume of both 

binary polymer solutions.  

In this work, we examined the reliability of Laliberté and Cooper [2] equation for 

prediction of density of investigated ternary system. 

���� ൌ 1

���ഥ�ା�p1�ഥ app,p1ା�p2�ഥ app,p2
                                                                                          (1) 

The average relative deviation (ARD (d) = 0.32) show that there is a good agreement between 

experimental and predicted density values by the equation (1) over a wide range of 

temperature and concentration for the studied {PEGDME2000 + PEG400 + water} system.                            

Based on the speed of sound and density values, the isentropic compressibility values, 

s  (Pa-1), were calculated for the investigated binary polymer solutions through Laplace–

Newton’s equation.  

The measured viscosity () values of (PEGDME2000 + water) and (PEG400 + water) 

systems at different temperatures have been correlated with the Eyring-Wilson [3] and 

Eyring-NRTL [4] models. In both the Eyring-Wilson [3] and Eyring-NRTL [4] models we 

added the temperature dependency proposed by Wu [5] for polymer solutions. Comparison 

between experimental and calculated viscosity data are shown in figure 1 for (PEG400 + 

water) system. We can conclude that while the performance of Eyring-NRTL model [4] is 

better than Eyring-Wilson model [3] for (PEGDME2000 + water) system, for (PEG400 + 

water) system the Eyring-Wilson model [3] works better than the Eyring- NRTL model [4]. 
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FIGURE 1. Plot of experimental and calculated viscosity values as a function of polymer mass fraction (��) at 

different temperatures for (PEG400 + water) system: ◊, T = 293.15 K; ∆, T = 298.15 K; +, T = 308.15 K; ○, T = 

313.15 K; ____, Eyring-Wilson model; - - - -, Eyring-NRTL model. 

 

A Grunberg-like equation was used by Gunduz [6] has been used to correlate the 

viscosity data of {PEGDME2000 + PEG400 + water} at T = (293.15, 298.15, 308.15, and 

313.15) K. The proposed equation has the following form for the {PEGDME2000 (p1) + 

PEG400 (p2) + water} system: 

���mix ൌ �1���p1  �2���p2  �1�2�                                                                                    

(2) 

 On the basis of the obtained ARD values, we conclude that this equation is fairly 

good in representing the viscosity of the investigated ternary system. This equation is fairly 

good in predicting the viscosity for the investigated ternary system at temperatures at which 

no experimental data are available. 

 

Conclusion 

Apparent specific volume values for the binary polymer solutions were calculated 

based on the density and were successfully fitted to the Redlich-Mayer with temperature 

dependency and to an empirical equation proposed by Laliberté and Cooper for binary 

electrolyte solutions. The viscosity data for aqueous binary polymer solutions were correlated 

with Eyring-Wilson and Eyring-NRTL models satisfactorily. Finally, the applicability of 

correlation and prediction method used by Gunduz was tested for the investigated ternary 

system at different temperatures.  

References: 

 [1] S. Kirinčič, C. Klofutar, Fluid Phase Equilib. 149 (1998) 233–247. 

[2] M. Laliberté, E. Cooper, J. Chem. Eng. Data 49 (2004) 1141–1151. 

[3] R. Sadeghi, J. Chem. Thermodyn. 37 (2005) 445-448. 

[4] L.T. Novak, C.C. Chen, Y. Song, Ind. Eng. Chem. Res. 43 (2004) 6231-6237. 

[5] Y.T. Wu, Z.Q. Zhu, D.Q. Lin, L.H. Mei, Fluid Phase Equilib. 121 (1996) 125-139. 

[6] U. Gunduz, J. Chromatogr. B 681 (1996) 263-269. 

  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1107

Thermodynamic investigation of L-methionine partitioning in aqueous   

two-phase systems of  PPG + sodium phosphate salts + H2O                           

at different temperatures 

 
1Alireza Salabat, 1,2Somayeh Tiani Moghadam*, 3Rahmat Sadeghi 

1. Chemistry Department, Arak University, P. O. Box 38156-879, Arak, Iran 

2. Sama technical and vocational training school, Islamic Azad University, Arak Branch, Arak, Iran 

3. Department of Chemistry, University of Kurdistan, Sanandaj, Kurdistan 66135, Iran 

 

Abstract 

The partitioning behavior of L-methionine has been studied in aqueous two-phase systems of 

poly (propylene glycol) + sodium phosphate salts + H2O at different temperatures. The 

effects of tie line length, salt type, and temperature on the partition coefficient of this amino 

acid have been studied. In addition, thermodynamic parameters (H, Sand G) as a 

function of temperature were calculated. The results showed that increasing tie line length led 

to decreasing of the partition coefficient. We also showed that the partition coefficients of the 

amino acid in the systems containing Na3PO4 are greater than the other two salts. Moreover, 

it is verified that increasing temperature led to decreasing the partition coefficient.  

Keywords: ATPS; PPG; Sodium phosphate salts; Partition coefficient; Methionine 

 

Introduction 

Liquid-liquid extraction using aqueous two-phase systems (ATPS) is a powerful technique 

for the separation and purification of biological materials [1]. In our previous work 

partitioning behavior of three amino acids, in aqueous two-phase systems formed by PPG and 

some inorganic salts have been studied [2]. The partitioning behavior of three other amino 

acids, have been Investigated in two different types of polymer-based and surfactant-based 

aqueous two phase systems [3,4]. In continuation of our research works on application of 

ATP systems, the partitioning behavior of the amino acid L-methionine, in aqueous two-

phase systems of PPG+ sodium phosphate salts + H2O at different temperatures has been 

studied.  
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Experiments 

1. Materials. PPG 400, Sodium di-hydrogen phosphate, di-sodium hydrogen phosphate, tri-

sodium phosphate, L-methionine and double distilled and deionized water. 

2. Preparation of two-phase systems. Aqueous two-phase systems were prepared from solid 

PPG 400 and one of the salts and L-methionine in pure water. The mixtures were shaken for 

about 60 min and then placed in a thermostatic water bath at different temperatures for at 

least 48 h, as indicated by the absence of turbidity in each phase. After equilibration of the 

systems, samples of approximately 3 mL from the upper and lower phases were removed for 

analysis. 3. Analysis of the samples. The liquid-liquid equilibrium data for ternary systems 

PPG + sodium phosphate salts + H2O taken from Sadeghi et al. [5]. The amino acid 

concentrations were determined by electrochemical method.  

 

Results and Discussion 

1. Effect of TLL on the amino acid partitioning. Figures 1 to 3 show the dependence of 

partition coefficients on the TLL at different temperatures for various salts. As can be seen, in 

all systems with increasing TLL the partition coefficient of the amino acid is decreased. 

2. Effect of salt type on the amino acid partitioning. As a sample for 298.15 K this effect has 

been presented in Fig. 4. As a result the partition coefficients of methionine in the systems 

containing Na3PO4 are greater than the other two systems. 

3. Effect of temperature on the amino acid partitioning. The effect of temperature can be 

seen from Figures 1 to 3. These figures show that increasing temperature lead to decrease of 

the partition coefficients.  

4. Thermodynamics of the amino acid partitioning 

The standard enthalpy, entropy and Gibbs free energy changes (H, S and G) were 

calculated for the first tie-line of the ATP systems. For system Na3PO4 at 298.15 K, 

methionine transfer to the top phase is enthalpically driven may be due to a strong interaction 

between PPG and salt. 
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Conclusion 

In this research partition coefficients of amino acid L-methionine were obtained in aqueous 

two phase systems of PPG400 + phosphate salts + H2O at different temperatures. The effects 

of the salt type, tie-line length and temperature on amino acid partitioning were also 

determined. The results showed that in all systems increasing tie-line length lead to decrease 

of the partition coefficient. Moreover, it is verified that the partition coefficient of the amino 

acid in the system containing Na3PO4 is greater than the other two salts. 
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Fig. 1. Effect of temperature and tie-line length 

on the partition coefficient of L- methionine in 

ATPS of PPG 400 + NaH2PO4 + H2O at            * 

298.15 K,  303.15 K, � 308.15, � 313.15 K, + 

318 15 K

Fig. 2. Effect of temperature and tie-line length 

on the partition coefficient of L- methionine in 

ATPS of PPG 400 + Na2HPO4 + H2O at         * 

298.15 K,  303.15 K, � 308.15, � 313.15 K, + 

318 15 K

Fig. 3. Effect of temperature and tie line length 

on the partition coefficient of L- methionine in 

ATPS of PPG 400 + Na3PO4 + H2O at             * 

298.15 K,  303.15 K, � 308.15, � 313.15 K, + 

318 15 K

Fig. 4. Effect of salt type on the partition 

coefficient of L- methionine in ATPS of      PPG 

400 + Salts + H2O at 298.15 K;                        � 

NaH2PO4,  * Na2HPO4, � Na3PO4 
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Thermodynamic parameters associated with the transfer of methionine from the salt-enriched 

phase to the polymer-enriched phase also were calculated. The obtained results sowed that, 

for all systems (except for Na3PO4 at 298.15 K), free energy changes adopt positive values 

and then entropic changes overcome enthalpic changes and for system Na3PO4 at 298.15 K, 

the enthalpic changes overcome entropic changes. It is also verified that transfer of 

methionine from bottom phase to top phase is an exothermic process and the decrease in 

temperature should be favorable to this process. 
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Introduction 

Densities   of the ternary mixtures consist of 2-methyltetrahydrofuran  + chlorobenzene + 

cyclopentanone at 298.15 K and constituted binary mixtures 2-methyltetrahydrofuran  +  

cyclopentanone,  chlorobenzene  + 2-methyltetrahydrofuran, and chlorobenzene + 

cyclopentanone  was measured for the liquid region and at ambient pressure for the whole 

composition  range. Excess molar volumes, E
mV from the mole fraction average for the mixtures 

were derived from the experimental data. The binary and ternary data of E
mV , was correlated as 

a function of  the mole fraction by using the Redlich–Kister and the Cibulka equations, 

respectively. The experimental results are analyzed to discuss the nature and strength of 

intermolecular interactions in these mixtures. 

 

Methods 

Binary and ternary mixtures were prepared by mixing of components and each mixture was 

immediately used after it was well-mixed by shaking. The densities of mixtures were measured 

with an Anton Paar digital densimeter.  

 

 

Results and Discussion 

Excess molar volumes, 
E

mV , from mole fraction average, for three binary mixtures  at 298.15 K 

was calculated from:       
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The excess molar volume E
mV  (x = 0.5) decreases in the sequence: 2-methyltetrahydrofuran  

+  cyclopentanone > chlorobenzene + cyclopentanone > chlorobenzene  + 2-

methyltetrahydrofuran. Figure 1 shows the excess molar volumes for the three binary 

mixtures at  298.15 K. For the mixture 2-methyltetrahydrofuran  +  cyclopentanone the 

negative values for E
mV  is due to dipole-dipole interactions between carbonyl group of 

cyclopentanone and oxygen atom of 2-methyltetrahydrofuran ring. The interactions between 

chlorobenzene + cyclopentanone   give a negative contribution to E
mV  [1]. The negative value 

of E
mV  for this mixture suggest a specific interaction between components due to the 

existence of London and dipolar forces between ketone and chlorobenzene. For the mixture 

chlorobenzene  + 2-methyltetrahydrofuran the negative values of E
mV  may be due to dipolar 

forces between chlorine atom of chlorobenzene and oxygen atom of                   2-

methyltetrahydrofuran ring.  

      The excess molar volumes E
mV ,  represented mathematically by the Redlich–Kister 

equation for correlating the experimental data. [2]       i
i

E
m xAxxV )12()1(                           

(2) 

 The derived data, E
mV , for the ternary mixture were correlated respectively using the 

equation 

                                        123321123  xxxVV bin
EE                                                      (3)     

and 

                                             
 


3

1

3

i ij

ij
E

bin
E VV                                                              (4) 

 The ternary contribution term ∆123 was correlated using the expression suggested by Cibulka 

[3] 

                                            22110123 xBxBB                                                        (5)  

The ternary parameters, B0, B1, and B2, were determined with the optimization algorithm 

similar to that for the binary parameters. The fitting parameters and the corresponding 
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standard deviations are given in Table 1. As can be expected, the ternary mixture shows 

negative values of E
mV  values of at all compositions.   

 

Conclusions 

      Densities, for binary and ternary mixtures consist of 2-methyltetrahydrofuran, 

chlorobenzene, and cyclopentanone have been measured at 298.15 K for binary and ternary 

mixtures, respectively, and the corresponding excess volumes have been calculated. The 

derived values have been discussed, and we conclude that the main property responsible for 

negative excess molar volumes is the dipolar force between unlike molecules.  

 

                                                     Figure 1. Excess molar volumes E
mV  of binary mixtures: ♢, 2-methyltetrahydrofuran +      

cyclopentanone; △, chlorobenzene + 2-methyltetrahydrofuran; ● chlorobenzene + 

cyclopentanone. 

Table 1. Parameters and Standard Deviations of ternary Mixtures at 298.15 K 

       E
mV / cm3·mol-1           0B            1B           2B             

       0.61093           –0.85117    –0.47422       9.8×10-3    
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Introduction 

Urmia Lake - salt lake in northwestern Iran - has been facing a grave crisis over the past 10 

years. Reduction of water depth by 6 meters and the salinity ranges from 330 to 400 gr/lit, 

increasing water salinity to saturation level is alarming indications of gradual total 

desiccation of the beautiful and unique ecosystem, the Lake Urmia [1]. Urmia Lake is 

classified as oceanic; being of the sodium- chloride- sulfate type. Na, K, Ca, Li and Mg are 

the main cations with Cl, SO4, and HCO3 as the main anions [2]. In this paper, study of some 

physico-chemical properties of Urmia lake water, variation of the ion activity coefficients of 

major ions and density of lake water due to water evaporation is simulated. 

 

Methods 

The system of equations developed by Pitzer was used in calculating the ionic activity 

coefficients in solutions of moderate and high concentrations. These equations give a good 

account of the properties of the major seawater components [3]. Therefore, we decided to use 

the Pitzer model for the estimation of conventional single-ion activity coefficients of major 

ions in Urmia lake water [4]. For study of the changes in the density of Urmia lake water, 

salinity is best suited to characterize a conservative constituent. The evaporation salinities 

were determined by the chlorinity variation on the evaporation time and compared with 

experimental data [5]. 
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Results and discussion 

We used information published by Heydari et al. about evaporation of lake water at 25 °C [6]. 

 The measured compositions are shown in figure 1. Increasing of ion activity coefficient 

depend of ion concentration on evaporation time (fig.2). 

 

 

Increasing of Cl concentration led to increase in density. There is good agreement between 

experimental [6] and measured density (fig.3). 

 
 

 

Conclusions 

Due to recent years of progressive dry climate in the area the water level of  Urmia lakehas 

decreased significantly. The excess of evaporation has led to a significant increase in salt 

concentration in the Urmia Lake water body. Cl ion is at slightly higher concentration in the 

lake water. In this work, single-ion activity coefficients of major ions in Urmia lake water and 

Fig1. change in ion concentrations during 
the evaporation time 

Fig2. change in ion activity coefficient 
during the evaporation time 

Fig. 4 variation of lake water density in the isothermal evaporation: experimental [9] (■) and measured (- -)  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1116

density, have been estimated using thermodynamic equations of mixed electrolyte in 25 ͦc 

temperature. There was good agreement between experimental and measured density. 
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ABSTRACT 

Excess molar volumes ܸா, for ternary and constituted binaries of 2-chlorobutane, 

butylacetate and isobutanol were derived from density measurements and correlated as a 

function of mole fraction by using the Redlich–Kister and the Cibulka equations for binary 

and ternary mixtures, respectively. Partial molar volumes, തܸ,, partial molar volumes at 

infinite dilution തܸ, , and apparent molar volumes ఝܸ, , were also calculated. For all binary 

mixtures, ܸா,  is positive. The experimental results of the constituted binary mixtures have 

been used to test the applicability of the extended real associated solution (ERAS-model) and 

Prigogine–Flory–Paterson (PFP) theory.  

Introduction  

The thermodynamic properties of room temperature polar liquids (RTPLs) as solvent with 

other polar compounds in some extent, especially volumetric properties have been received 

an increasing attention in the last years from fundamental and applied points of view [1]. 

Much effort of RTPLs  has been devoted to the study of RTPLs + alcohol binary systems, 

mainly motivated by their solubility. In this work excess molar volumes of ternary and 

constituted binary mixtures of 2-chlorobutane, butylacetate and isobutanol by means of the 

ERAS-model [2] and PFP theory [3] are investigated. 

Methods 

2-chlorobutane (w > 0.99), butylacetate (w > 0.99), isobutanol (w > 0.99), were purchased 

from Merck and used without further purifications. The density of the compounds and their 

binary and ternary mixtures were measured with an Anton Paar digital densimeter. Binary 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1118

and ternary mixtures were prepared by mixing of components and each mixture was 

immediately used after it was well-mixed by shaking. 

 

Results and Discussion 

Excess molar volumes for all mixtures were calculated from density results as follow:     

ܸா     ൌ   ଵିߩሺܯݔ െ ିଵሻேୀଵߩ                                                                                                    

where ρ, is the density of the mixture, and ρi,  is the density of pure component. The 

corresponding ܸா, values of ternary mixtures at 298.15 K are plotted Figure 1. The 

experimental results for all binary and ternary mixtures were fitted by Redlich–Kister [4] and 

Cibulka [5] equations. Excess molar volumes for binary mixtures are described qualitatively 

by the PFP and ERAS-models. The standard deviations between experiment and models are 

satisfactory for systems under study. Table 1 presents the coefficient of Redlich–Kister, PFP 

and ERAS-models.  

 

Conclusion 

Excess molar volumes V E
m , of binary and ternary mixtures of 2-chlorobutan + butylacetate + 

isobutanol were calculated by using measured densities at 298.15 K. V E
m , for all binary 

mixtures are positive over the whole range of mole fractions. Positive values would indicate 

that molecular interactions between different molecules are weaker than interactions between 

molecules in the same pure liquid and that repulsive forces dominate the behavior of the 

solutions. PFP and ERAS-models were applied to V E
m , and results showed that the ERAS-

model was better to reproduce the experimental data rather than PFP theory. 

 

 

 

              Table 1. Coefficients of Redlich–Kister equation, PFP theory and Eras-model. 

component A0    A1                A2 
2,1      P* Free olume Interactional            KAB 

      
*v  

2-Chlorobutane 0.236 –0.03 –0.092 8.5 502.895 –0.0733 0.1689 0 0 

  Butylacetate 1.276 –0.189         0.193 14.5 464.819 –0.1192 0.2523               0.88  –3.55      

  Isobutanol 3.827   0.019 0.106 52.5 472.134 –0.0105 0.9115 4.35    –0.514 
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Introduction 

In this project, we have reported densities ρ, viscosities η, and refractive indices nD, for  the 

binary mixtures formed by butyl acetate  + 1-chlorobutane + 1-chloropentane + 1-chlorohexane 

+ 1-chloroheptane and + 1-chlorooctane at  298.15 K. The derived   viscosity deviations ∆η, 

and the refractive index deviations ∆nD, were calculated and were  fitted to the Redlich–Kister 

equation to determine the fitting parameters and the standard deviations. The viscosity data for 

the binary mixtures were correlated to the semi-empirical McAllister's three-body interaction 

[2].  

 

methods 

Binary and ternary mixtures were prepared by mixing of components and each mixture was 

immediately used after it was well-mixed by shaking. The densities of mixtures were measured 

with an Anton Paar digital densimeter and  viscosities were measured with an Ubbelohde 

viscometer. Refractive indices were measured using a digital Abbe-type refractometer.  

 

Results and Discussion 

Viscosity deviations ∆η, and refractive index deviations, ∆nD , were calculated for binaries of  

butyl acetate + 1-chlorobutane, + 1-chloropentane, + 1-chlorohexane, + 1-chloroheptane and + 

1-chlorooctane at  298.15 K. The deviation of the viscosity from the mole fraction average ∆η, 

is given by:                        iix                                                                            (1)                           

where η is the absolute viscosity of the mixtures and ηi is the absolute viscosity of pure 

component i.  The   values are graphically represented as a function of mole fraction at 298.15 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1121

K (Fig. 1).  It is observed that the ∆η values are negative for all the studied systems over the 

whole composition ranges. This reveals that the strength of specific interaction is not the only 

factor influencing the viscosity deviation of liquid mixtures. The molecular size and shape of 

the components also play an equally important role. The deviation in the refractive index ∆nD, 

was calculated from the mole fraction average as:                                       DiiDD nxnn                        

(2)                                                                                                                                                          

For the whole composition range, the ∆nD, values are positive for butyl acetate  + 1-

chlorooctane, + 1-chloroheptane, + 1-chlorohexane, and negative for butyl acetate + 1-

chloropentane and  + 1-chlorobutane (Fig. 2). The negative values are explained in terms of 

vacant spaces between unlike molecules. The mixing functions ∆η, and ∆nD were represented 

mathematically by the Redlich–Kister equation for correlating the experimental data.    

 kQ 12 1212,1   xAxx k               (3)                                    

where ∆Q1,2 refers to ∆η, or ∆nD for each binary pair, x1  and x2 is the mole fraction of each 

component, and Ak values are the coefficients. The values of coefficients Ak are summarized 

along with the standard deviations between the experimental and the fitted values of the 

respective functions in Table 1. The standard deviation is defined by:  

  1/2
n

1i

2calcd
i

exptl
i QQ

σ















 
 pn

                                                                    where n is the 

number of experimental points and p is the number of adjustable parameters. McAllister's [3] 

multibody interaction model is widely used for correlating the kinematic viscosity of binary 

mixtures with mole fraction.                                                                         

 

Conclusion 

Densities, viscosities, and refractive indices for binary mixtures consist of butylacetate + 1-

choloroalkanes were measured at 298.15 K and the corresponding viscosity and refractive index 

deviations have been calculated. The results showed that the main property responsible for 

thermodynamic behavior is the repulsive force in studied systems. The negative viscosity 

deviations indicates that the forces between pairs of unlike molecules is less than the forces 

between like molecules due to repulsive forces and difference in shape and size of component 

molecules. Refractive index deviations proved that empty spaces and vacancy play an important 

role in electromagnetic behavior.  
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Fig.1. Viscosity deviations vs. mole fraction.                               Fig. 2. Refractive index deviations vs. mole fraction. 

 

Table 1  Values of , Ak ,  and standard deviations, ߪ,  viscosity and refractive index deviations for binary 

mixtures  

system A0 A1 A2 A3 A4 ߪ 

x -butyl acetate +  (1 – x) 1-chlorobutane  

 /mPa s 

nD 

 

 –0.035 

  –0.005 

 

–0.2 

 

 

     

 

    

    

    

 

 

 

 

0.0001 

0.0001 

x butyl acetate (1)  +  (1 – x) 1-chloropentane (2) 

 /mPa s 

nD 

 

–0.065 

–0.016 

 

–0.007 

–0.001 

 

0.01 

   

  

 

0.0002 

0.00007 

x butyl acetate (1)  + (1 – x) 1-chlorohexane (2) 

 /mPa s 

nD 

0.041 

   0.006 

0.0064 

0 

  0.07 

   –0.002 

 0.014 

  

 

 

 

0.0004 

0.0001 

x butyl acetate (1)   +  (1 – x) 1-chloroheptane (2) 

 /mPa s 

nD 

     

 –0.0003 

    0.004 

    

–0.003 

0 

  

 0.037 

 –0.004 

 

    

0.004    

    

 

 

 

0.0003 

0.00006 

x butyl acetate (1)   +  (1 – x) 1-chlorooctane (2) 

 /mPa s 

nD 

 –0.110 

    0.023 

   –0.014 

–0.003 

–0.029 

   –0.01 

 

 

    

    

    

  

0.0005 

0.0001 
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Table 2 Adjustable parameters of viscosity correlating McAllister equation and standard deviations  

Equation  butyl acetate  + 

 1-chlorobutane 1-chloropentane 1-chlorohexane   1-hloroheptane 1-chlorooctane 

lnA12 

lnA21 ߪ 

  –0.4417 

  –0.5964 

    0.0002 

  –0.3856 

  –0.4495 

    0.0013 

  –0.2295 

  –0.1412 

     0.0016 

   –0.3002 

   –0.3079 

     0.0002 

    0.0376 

  –0.1442 

     0.0003 
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Introduction:  

Excess properties of mixtures provide information about the molecular interactions between 

the various components and can be used for the development of molecular models describing 

the thermodynamic behavior of mixtures [1]. This paper is a part of an ongoing research 

effort to measure and characterize the properties of mixtures containing alkanols [2]. It 

reports the densities and excess molar volumes of Alkanols at various Temperatures (293.15, 

298.15,303.15,318.15) K.  

 

Methods:  

1,3-propanediol, methanol, ethanol, 1-propanol, 1-butanol, 1-pentanol were purchased from 

Merck with purity higher than 99 %, (All) and used without further purifications. The density 

of the pure compounds and mixtures was measured by pycnometer. The temperature in the 

cell was regulated to ± 0.01 K. 

 

Results and Discussion:  

The excess molar volumes of the solutions of molar composition ݔ were calculated at various 

temperatures (293.15,298.15,303.15,313.15) K from the densities of the pure liquids and their 

mixtures according to the following equation 

)( 11

1
 


 ii

N

i
i

E
m MxV                                                                                                       (1) 

where   is the density of the mixture,  i is the density of pure component i, xi is the mole 

fraction, Mi is the molar mass of component i, and N stands for the number of components in 

the mixture. The corresponding V E
m  values of binary mixtures of 1,3-propanediol (1) + 1-
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alkanols (2) measured and plotted against mole fraction of 1,3-propanediol at T = 298.15 K 

in Figure 1. Each set of results were fitted using a Redlich–Kister  polynomial [3] , which for 

binary mixtures is 

)1
0

11 21()1(
kN

k
k

E xAxxY  


                                                                                              (2)                             

Where x1  is the mole fraction of 1,3-propanediol. Ak  is adjustable parameter obtained by 

least-squares method, and k is the degree of the polynomials. Excess molar volume of 1,3-

propanediol with 1-alkanols is negative in the region of enrichment of 1- Alkanols and 

become positive when the mole fraction of 1,3-propanediol increased. The negative range of  

V E
m  values indicate strong specific interactions through dipolar association between 1-alkanols 

and 1,3-propanediol molecules. Positive one is due to strike hindrance between 1,3-

propanediol and 1-alkanol molecules. 

 

Conclusions: 

Excess molar volumes of1,3-propanediol and 1-alkanols were obtained from experimental 

results and fitted by Redlich–Kister type equation. Excess molar volume is both negative and 

positive at the mole fraction range. 

 

FIGURE 1. Excess molar volumes V E
m  vs. mole fraction of 1,3-propanediol for binary mixtures of 1,3-

propanediol with ( ) methanol, ( )  ethanol, ( ) 1- propanol, () 1-butanol, (▲) 1-pentanol, at 
 T = 298.15 K. The solid curves were calculated from coefficients of equation (2). 
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Introduction 

The Thermodynamics of organic mixtures project [1] is a project in which systems of 

organic liquids are investigated in order of increasing complexity of molecular structure and 

interactions. Attention is paid to the electronic structure and configuration of the organic 

molecules. In this study, we present excess molar volume for binary mixtures of (2-Methyl-1-

buthanol (MB) + N,N-Dimethyl aniline (DMA) + Benzyl alcohol (BA)) at atmospheric 

pressure and T = (298.15, 308.15 and 318.15) K over the entire range of composition. The 

aim of this work is to provide a set of data in order to assess the influence of the temperature 

on the molecular interactions between organic mixtures.  
 

 

Methods 

The pure components were high purity grade reagents from Merck. The densities at 

T=298.15K agreed closely with the literature values. Binary mixtures were prepared just 

before use by mass using a Mettler AB-204 balance with a precision of ± 10-4 g. The densities 

of the pure components and mixtures were measured using an Anton Paar DMA 4500 digital 

vibrating U-tube densimeter, with automatic viscosity correction. The densities of the 

samples were observed with a reproducibility of ±10-5 g/cm3. 

Results and Discussion 

The E
mV  values were calculated from the mixtures densities,  , and the densities, i , 

and molar masses, iM ,of pure components i (i = 1,2) by using the relation [2]: 
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1 2 1 1 2 2[ (1 ) ] / [ / (1 ) / ]E
mV xM x M xM x M            (Eq. 1) 

The experimental E
mV of the binary mixture at different temperatures are graphically 

represented in Figure 1. This Figure indicates that binary mixtures of DMA+MB and BA+MB 

showed positive and negative values of E
mV  in all mole fractions respectively. Binary mixture of 

DMA+BA shows an inversion sign in the behavior of the values of  E
mV . 

 

Excess molar volume Vm
E (cm3/mol) for the binary mixtures of DMA (x1) + [(a) MB, (b) BA) ],  

BA (x1) +[ (c) MB] at: () 298.15 K; (▲) 308.15 K; (■) 318.15 K. 

  

The experimental results for all systems were fitted by the method of least squares 

with all points weighted equally to the Redlich–Kister polynomial equation [3]: 

3 1

0

/( . ) (1 ) (1 2 )
j

E i
m i

i

V cm mol x x A x



      (Eq. 2) 

where x denotes the mole fraction of component(1), Ai is the polynomial coefficients, j is the 

polynomial degree, respectively. 

The standard deviation of fit (σst ) is defined by: 

3 1 2 1/ 2
exp/ . [( ( ) ) / ]E E

st cal i
i

cm mol V V N n       (Eq. 3.) 

where N is the number of experimental data and n s the number of the fitted parameters. In 

each case, the optimum number of coefficients is ascertained from the examination of the 

variation in standard deviation (σst ) [2].  
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Conclusions 

It can be observed from the experimental results that E
mV  curves are shifted in a 

regular way with increasing temperature. Due to the steric effect, the molecular packing or 

contraction is stronger for (BA)+ (MB) compared to (BA)+ (DMA).and weak interactions in 

(DMA)+(MB) mixture and this interaction decreases with the increase in temperature. 
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Introduction   

Density (ρ) and viscosity (η) of liquid mixtures are required in the most engineering 

calculations where fluid flow or mixing is an important factor. Moreover, knowledge of the 

dependence of densities and viscosities of liquid mixtures on composition is of great interest 

from a theoretical stand point since it may lead to better recognition of the fundamental 

behavior of liquid systems. The studies of excess thermodynamic properties are of 

considerable interest in understanding the intermolecular interaction in binary liquid mixtures 

[1]. 

 

Materials and Methods 

N,N-dimethylformamid, Ethanol and water all of high purity x > 0.99 on a mole basis were 

purchased from Merck. The mass measurements were made on a single pan Mettler balance 

with an accuracy of 0.0001g. Density (ρ) measurements of pure components and the binary 

mixtures over the complet composition rang were carried out Anton Paar oscillating U-tube 

densimeter (DA 500) with ± 10-4 g.cm-3 accuracy. 

It was calibrated with double - distilled water and air. The kinematic viscosity was measured 

with Ubbelohde viscometers with a Schott-Geräte automatic measuring unit model AVS 400 

having a transparent thermostat which allows temperature stabilization at tolerance of 0.01 K.  

 

Results and discussion 
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Excess molar volumes can be explained in terms of positive contributions from due to 

breaking of like interactions of the pure liquids and negative contributions from the formation 

of unlike interactions. Positive excess viscosities and excess Gibbs energies of activation for 

viscous flow indicate that there are interaction between unlike molecules [2]. The excess 

molar volume (VE), viscosity deviation (∆η), and excess Gibbs energy of activation for 

viscous flow (G*E) were calculated through the following equation [3]: 

VE = ൌ ெଵ ଵାெଶଶఘ െ ቂMଵXଵఘଵ  MଶXଶఘଶ ቃ           ሺሻ  

Where for each equation, x, M and ρ are the mole fraction, the molar mass, the density, 

respectively.   

  
Fig. 1. Experimental viscosity (η 

m) and experimental excess molar volume (VE) of the binary mixtures (DMF + 

Water) as a function of mole fraction  

 

Conclusions 

The densities and viscosities of aqueous (N,N-Dimethylformamide + Water) and (N,N-

Dimethylformamide + ethanol) solutions have been measured over the entire concentration 

range at temperatures from 293.15 to 313.15 K. Viscosity values decrease with temperature 

for N,N Dimethylformamid  + Water aqueous solutions. The viscosity and density data have 

been fitted by a suitable polynomial relation to estimate the interaction parameters.  
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Introduction 

In recent years, there has been an increasing interest in exploiting the potential of 

ionic liquids as reaction media aimed to develop green chemistry, avoiding the use of volatile 

organic solvents [1]. It seems that the investigation of solute-solvent interactions between the 

ionic liquid, organic solvent and Schiff base [2] can be interested. Volumetric properties are 

regarded sensitive tools for understanding of molecular interactions in solutions. 

Therefore, In this work, we present our results on density measurements of 1-pentyl-

3- methylimidazolium bromide [PMIm]Br + N4-Type-Schiff base + acetonitrile ternary 

mixtures (MeCN) at the range of temperatures at atmospheric pressure. The standard partial 

molar volumes the studied mixtures have been calculated using these experimental data and 

used to interpretation of various solute-solvent interactions occurring between components of 

solution.  

  

Experimental 

1-Pentyl-3-methylimidazolium bromide, [PMIm]Br was synthesized by direct 

alkylation of N-methylimidazole with an excess of 1-bromoheptane in a round bottom flask 

at 353.15K for 48 h under a nitrogen atmosphere. Density data were continuously measured 

using a vibrating tube densimeter apparatus (Anton Paar, DMA 4500M).  

 

Results and discussion 

The experimental density, d, values as function of ionic liquid concentration, m, for 

mixtures, [PMIm]Br + N4-Type-Schiff base + acetonitrile ternary mixtures at T = (298.15–

328.15)K. The apparent molar volumes, V  of [PMIm]Br were calculated from the densities 

of the solutions using the following equation:  
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0

0

d dM
V

d mdd


                                                                                                                (2) 

where m is molality of [PMIm]Br in N4-Type-Schiff base+ acetonitrile solutions, d  and 0d

are densities of the solutions and pure solvent, respectively, M is molar mass of [PMIm]Br. 

The calculated V  values are given in Table 1. The standard partial molar volumes of the 

[PMIm]Br, 0V were calculated by the least-squares method through the fitting of the 

following equation [3] 

0
vV V S m                                                                                                                              

(3) 

The standard partial molar volumes, 0V  along with the S  values are given in Table 1. 

 

Table 1 

The Values of Standard Partial Molar Volume of [PMIm]Br in N4-Type-Schiff base+ acetonitrile solutions, 
0V / 

m3·mol-1, Slope, Sv / m
3·mol-3/2·kg1/2 Various Experimental Temperatures 

 

T(K)             288.15                            298.15                          308.15                      318.15 

m           106· 0V �    106·Sv            106· 0V       106·Sv        106· 0V �����06·Sv��      106· 0V          106·Sv 

0.00 

0.02 

0.04 

0.06 

0.08 

167.97 

167.54 

167.17 

166.97 

166.01 

13.561 

14.783 

15.202 

16.869 

17.680 

164.23 

163.90 

163.71 

163.40 

162.98 

17.71 

19.15 

20.68 

22.79 

23.79 

163.59 

162.73 

162.51 

162.42 

161.08 

19.95 

20.34 

21.45 

22.80 

24.33 

162.92 

162.10 

161.83 

161.63 

161.40 

21.11 

22.15 

24.12 

25.96 

27.34 

 

It can be concluded that the addition of N4-Type-Schiff base to this ionic liquid in 

MeCN solutions release the MeCN molecules from the first solvation shell of solvated ionic 

liquid and thus probably strong solute-solvent interactions is  formed between MeCM and 

N4-Type-Schiff.   

 

Conclusions 

The results show that the values of 0V  for [PMIm]Br decrease with increasing 

concentration of N4-Type-Schiff base. These results suggest that addition of N4-Type-Schiff 
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base to this ionic liquid in MeCN solutions leads to weakening the solute-solvent interactions 

between MeCN and [PMIm]Br ionic liquid due to the hydrogen bonding between the H(2)-C 

position of imidazolium ring of the ionic liquid cation and Schiff base. 
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Introduction 

Recently, tetradentate Schiff base compounds have been prepared and extensively studied in 

many areas such as optical data storage devices [1]. Therefore, there is necessary to study of 

solute-solvent interactions occurring in the mixtures of Schiff base compounds with other 

compounds such as ionic liquids as neoretic solvents with unique thermophysical properties 

[2]. In this work, electrical conductances of ionic liquid, 1-pentyl-3-methylimidazolium 

bromide, [PMIm]Br  in the presence of acetonitrile + N4-type-Schiff base binary mixtures 

have been measured. The experimental conductivity data have been analyzed by means of the 

low concentration Chemical Model (lcCM) conductivity equation [3] and the ion association 

constant, KA, limiting molar conductivity, �� and distance parameter, R have been obtained, 

and the results was used to interpretation of solute–solvent interactions and the effect of ionic 

liquids on the studied tetradentate Schiff base. 

 

Experimental 

1-Pentyl-3-methylimidazolium bromide, [PMIm]Br was synthesized by direct 

alkylation of N-methylimidazole with an excess of 1-bromoheptane in a round bottom flask 

at 353.15K for 48 h under a nitrogen atmosphere. Electrical conductance measurements were 

carried out on a digital conductivity meter (Metrohm, 712) with a sensitivity of 0.1%. 

Results and discussion 

The measured molar conductivities, � of ionic liquid in N4-Type-Schiff base (L1) + 

MeCN binary mixtures at T = 298.15K show that the molar conductivity of ionic liquid 

decreases with an increase in Schiff base concentration.  
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The low concentration Chemical Model of conductivity equation is applied for the 

correlation of conductance data.  

       (1) 

where α is the fraction of oppositely charged ions acting as ion pairs, and γ are the ion 

association constant of ionic liquids, distance parameter, and the corresponding mean activity 

coefficient of the free ions, respectively. The values of KA, �0 and R obtained by this 

procedure are summarized in Table1 

 

Table1 KA, �0, R, and σ(�) of ([PMIm]Br +L1 + MeCN in low concentrations at 

 

 

 

 

 

 

 

This table shows that that the values of 0  for ionic liquid decrease with increasing 

Schiff base concentration.  It can be explained in terms of increase in viscosity of the medium 

with an increase in Schiff base concentration which causes retarding the mobility of the ions 

in solution and strong ion association with an increase Schiff base content of the mixtures.  

The Ka values also increase with increasing of Schiff base content in MeCN. This 

trend is also an indication of the strong interaction between cation and anion of ionic liquid in 

the presence of Schiff base. This conclusion can be interpreted in terms of structural changes 

of the studied ternary mixtures. 

 

Conclusions  

 

These results suggest that addition of ionic liquid to MeCN solutions of Schiff base 

leads to strengthening the solute-solvent interactions between MeCN and Schiff base due to 

the strong dipolar interactions between them.  

  0 S c 

1

2
 Ec ln c  J

1
c J

2
c 

3

2










Molality(L1) KA �0 1010 × R(m) σ(�) 

0.0000 49.2 22.06 28.4 0.25 

0.0452 53.9 16.26 22.6 0.17 

0.0991 64.9 17.10 17.2 0.10 

0.1211 65.5 16.62 9.61 0.23 

0.1550 94.7 16.30 5.4 0.14 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1138

 

References 

[1] Gakias, S.; Rix, C.; Fowlessa, A.; Wills-Johnson, G.; Latham, K.; White, J. A J. Mol. 

Struct. 2005, 737, 69 – 74. 

[2] J. Dupont, R.F. Souza, P.A.Z. Suarez, Chem. Rev. 102 (2002) 3667–3692. 

[3 J.M.G. Barthel, H. Krienke, W. Kunz, Physical Chemistry of Electrolyte 

Solutions—Modern Aspects, Steinkopff, Darmstadt, Springer, New York, 1998. 

  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1139

A modified Mean spherical Approximation model for prediction of mean 

ionic activity coefficient in mixed electrolyte solution 

 

Mahin Memarnejad a, M.R. Dehghani a,* 

a School of Chemical Engineering, Iran University of Science and Technology, Tehran, Iran 
Thermodynamic Research libratory 

Email address: m_dehghani@iust.ac.ir 

 

Aqueous electrolyte solutions have many applications in many industrial and natural 

processes. In this field many thermodynamic models have been presented for prediction and 

correlation of thermodynamic properties in electrolyte solutions. In the primitive version of 

MSA model, the cation diameter usually has been considered as a function of electrolyte 

concentration or ionic strength while the anion diameter has been kept constant and equal to 

its Pauling size. In this work the Dehghani-Modarress Mean Spherical Approximation model 

has been used and extended for prediction of mean ionic activity coefficients in single and 

mixed aqueous electrolyte solutions at different temperatures. In order to predict the mean 

ionic activity coefficient, a concentration dependency has been considered for both cationic 

size parameter and dielectric constant of solvent. To calculate the mean ionic activity 

coefficient at different temperatures using the DM-MSA model, a temperature dependency 

has been considered for model parameters. This model has been evaluated through 

calculation of  average absolute relative deviation (AARD%) for mean ionic activity 

coefficient obtained and results have been compared with extended UNIQUAC model. 

 

Keywords: Electrolyte solutions, Mean spherical approximation, Mixed electrolyte solutions; 

Activity coefficient 
 

Theory 

In this work, cation diameter and dielectric constant have been selected as model parameters.  

Experimental data on mean ionic activity coefficients have been utilized for determination of 

model parameters. Using these parameters, the values of the mean ionic activity coefficient 

have been calculated for the single and mixed electrolyte solutions. The values of AARD % 

have been compared with those obtained by the previous version of MSA models as well as 

Extended UNIQUAC model. Parameters of Extended UNIQUAC model are surface area and 
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volume parameters as well as energy parameters. These parameters are those obtained by 

Thomsen et al. A linear temperature dependency has been considered for three parameters of 

DM-MSA model. The values of parameters of MSA model for several single electrolyte 

solutions and AARD% are tabulated here. In addition, temperature dependency of parameters 

in a range of temperature and mean AARD% are presented in a table. These values have been 

compared with Extended UNIQUAC model. As it is shown, the DM-MSA model can 

calculate the mean ionic activity coefficient efficiently and better than previous versions of 

this model and Extended UNIQUAC model. 

Table 1 

Electrolyte Parameters of the DM-MSA  
m max 

AARD(%) 

���(Å) �+1(Å mol-1l) �(mol-1l) DM-MSA GV-MSA BMCSL-MSA 

KNO3 -0.3992 0.0441 0.127 3.5 0.1397 3.5625 1.3524 

NaClO3 1.4966 -0.1384 0.2822 3.5 0.1767 1.4753 1.2933 

NaClO4 1.6526 -0.2431 0.2264 6 0.1621 3.5412 3.0523 

HBr 5.4516 -0.143 0.2412 3 0.0508 0.0671 0.0464 

HCl 5.1569 -0.1285 0.1726 6 0.0733 0.2524 0.0676 

BaCl2 5.6901 -0.2584 0.1736 1.8 0.5463 0.7926 0.5549 

SrCl2 6.0484 -0.177 0.2027 4 0.4405 1.1084 0.3904 

MgCl2 6.5118 -0.2725 0.1529 5 0.3363 1.988 0.3162 

LiCl 4.9957 -0.1016 0.1935 5 0.1677 0.246 0.1739 

CaCl2 6.602 -0.2846 0.256 6 0.8306 1.2102 1.3068 

CsCl 1.7531 -0.0075 0.0143 10 0.125 0.3218 0.2896 

NH4Cl 3.7253 -0.0018 0.2056 3 0.2352 0.3182 0.2406 

RbI 2.1392 -0.0164 0.1012 5 0.0936 0.1055 0.1021 

Total AARD%       0.26 1.153 0.706 

 
 
 
Table 2-Temperature dependence parameters 

 

Electrolyte 
 �0(Å K-

1) 
�1(Å mol-1L 

K-1) 
a0(K

-1) T/ K 
MAARD% 

C 

(mol kg-1)Extended 
UNIQUAC DM-MSA1 

NaCl 0.0279 -0.0027 -0.5015 273.15-373.15 2.091 0.778 4 
KCl 0.0194 -0.0016 -0.3669 273.15-373.15 1.496 0.4436 4 
HCl 0.0024 -0.0001 -0.4226 273.15-323.15 0.663 0.4419 4 

BaCl2 0.0808 -0.0229 -0.966 273.15-318.15 6.5454 0.8108 1.5 
SrCl2 -0.0117 0.0035 -0.3419 283.15-343.15 5.938 1.084 0.3 

NH4Cl -0.0068 0.0016 -0.1617 323.15-373.15 3.563 3.4916 6
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Introduction 

The implication of molybdenum(VI) and (V) in the function of several metaloenzymse and 

particularly in enzymatic redox reactions prompted us to study the coordination chemistry of 

molybdenum with ߙ-amino acid ligands in aqueous solution [1,2]. The redox enzyme 

xanthine oxidase is a thiolo enzyme which is thought to involve molybdenum-sulfur bonding 

[2]. The molybdoprotein constituent of nitrogenase is olso a sulfur-containing enzyme, and it 

is tentatively presumed to contain molybdenum-sulfur linkages, although with much less 

compelling evidence than in the xanthine oxidase case [2]. The equilibria of Mo(VI)in 

aqueous solution are complex, and various polynuclear species are formed in acidic solution 

(pH<4)[3]. in basic solution, little or no complex is formed [4] due to the exceedingly high 

stability of MoO4[2]. In this study the stability constants and molar ratio of the complexes of 

Mo(VI) with DL-Penicillamine in aqueous solution were calculated by continuous variation 

method. 

 

Experimental 

DL-Penicillamine (E. Merck, analytical reagent grade) was recrystallized from hot water 

washed with ethanol, and dried over P2O5, and the concentration of its solution was checked 

by several titrations against standard alkalis. The NaOH solution was prepared from titrisol 

solution (E. Merck), and its concentration was determined by titration with standard HCl. 

Perchloric acid, sodium per chlorate, and sodium molybdate were supplied from E. Merck   

and were used without further purification. All dilute solution were prepared from double 

distilled water. All measurements were performed at (25േ0.1)  Ԩ and pH=5.85. The constant 
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ionic strength was maintained to 0.1  mol.dm-3 with sodium per chlorate. Spectrophotometric 

measurements were performed on a UV_vis Shimadzu 2100 spectrophotometer with a GDU-

20 computer and thermo stated matched 10 mm quartz cells. 

 

Results and Discussion 

Spectrophotometric Studies (UV-IR) . Using the continuous variations method, we 

determined the absorbances of solutions of Mo (VI) and Penicillamin of total concentration 

8.0 ൈ10-3 mol.dm-3 in the UV range (260- 275 nm) at a constant –log [H+] of 5.8. The 

observed absorbances were corrected for unreacted Mo from eq 1 and plotted in Figure 1. 

                                          AC = Aobs _0ߝ[Mo (VI)]                         (1) 

 
Figure  1. Continuous variation plots corrected absosbances of MoO3L

-2 versus mole 

Fraction of Mo (VI) at 25 Ԩ , an ionic strength 0.1 mol.dm-3 NaClO4, and different  

Wavelength: (A) 260, (B) 265, (C) 270, (D) 275 nm.  

In Figure 1, a rather sharp maximum at a mole fraction of Mo (VI) equal to 0.5 was obtained, 

indicating a 1:1 complex formation. At the maximum point of the plot, the concentration of 

the complex is:  

                                       [C]=AC/ߝC                                                                        (2) 

At –log [H+] =5.8, the composition of the complex indicated by spectrophotometric 

measurements is MoO3L
-2.The formation of a 1;1 complex with tridentate penicillamine, 

thus, has Mo/ligand/proton equal to 1:1:2 stoichiometry as: 

                       MoO4
-2 + L2- + 2H+ ֎  MoO3L

2- + H2O                   (3) 

With the stability constant, KS, as 

                     KS = [MoO3L
2-]/[MoO4

2-][L2-][H+]2                           (4) 
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The IR spectrum of this complex that were crystallized at –log [H+] =6 shows that the 

tridentate ligands coordinated to a cis-trioxo molybdenum core according to Figure 2.  

o

o

Mo

o

oNH

S
c

c

c

o

H
2

H
2

  
Figure  2. 

Conclusion 

DL_Penicillamine, an ߙ - amino acid, forms reasonably stable complex with Mo (VI) . The 

complexation of the complex was determined by the continuous variations method. It was 

shown that Mo (VI) forms a mononuclear 1:1 complex with DL_Penicillamine of type 

MoO3L
-2 at –log [H+] = 5.8.The higher log KS values obtained for the Mo (VI) + 

penicillamine system shows that this complex  is more than stable complex of cysteine 

because inductive effects of the two CH3 groups in the penicillamine.  
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Introduction 

      Thermal expansion coefficients α , and their excess values Eα , and  isothermal  coefficient 

of  pressure excess molar enthalpy 
xPH ,T

E
m )/(  ، of the binary and ternary mixtures formed by 

1-butanol + hexylamine + n-heptane were measured at  (288.15 to 323.15) K for the liquid 

region and at ambient pressure . The thermal expansion coefficients α , and their excess 

values Eα , and  isothermal  coefficient of  pressure excess molar enthalpy 
xPH ,T

E
m )/(  ، were 

calculated from experimental densities.  

 

Methods 

   The excess  thermal expansion  coefficients and  isothermal  coefficient of  pressure excess 

molar enthalpy  were correlated as a function of the mole fraction  by using  the  Redlich–

Kister [1-3] equation  for binary and , Cibulka[1-3], Jasinski  and Malanowski[1-4]  , Singe et 

al[1-4], Pintos et al [1-4], Calvo et al[1-4], Kohler[1], and Jacob - Fitzner [1-4]  for ternary 

mixture ,respectively. in this work  for predicted the experimental and other thermodynamic 

parameters we used the flory model [5]. 

 

Results and discussion  
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The Flory  model has been commonly employed to analyse the molar volume of the mixture 

and the excess molar volume parting  from the equation of the state in function of the reduced 

variables: 
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In the present study the value of the reduced volume for the liquids and their mixtures v- was 

determined for α values of the mixtures usig the eq (5) . The excess function 











T

V E
m  was 

computed by analytical differentiation of eq (2)  at (288.15 K to 323.15 K)  and  E
mV  of this 

work we have also obtained isothermal  coefficient of  pressure excess molar enthalpy , 

xPH ,T
E
m )/(  , and excess thermal expansions coefficient Eα . 

 

 

 

 

Conclusions 

  The comparison between experimental and theoretical values are graphically represented in 

Fig1 (A1 and A2). The obtained results show a good agreement between theory and 

experimental data. The flory parameters for pure components at different temperates are 

given in Table1. 
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Table 1. Flory and related parameters of pure components at different temperature 
 

~

T  
~

v  
/ K-1 *T  mol-1) /(cm3· *V  ρ/g ·cm-3 

  
104α/K-1  T/K    

0.0531 1.2265 5423.6663 74.2960 0.813373  9.298 288.15 1-Βutanol  
0.0596 1.2690 5424.4009 74.2902  0.786238  10.201  323.15  
0.0585 1.2616 4924.9229 104.3629  0.768637  11.055 288.15 hexylamine  
0.0639 1.3009 5056.3912 105.3227  0.738636  11.732  323.15  
0.0617 1.2842 4670.3564 113.4265  0.687954  12.249 288.15 n-Heptane 
0.0678 1.3326 4763.0440  114.2979  0.657896  13.349 323.15  

                                               
Fig. 1 . Plot of excess thermal expansion coefficients  αE,  against mole fraction for {(Α1); hexylamine+ n-
heptane , (A2); 1-butanol + hexylamine }at[()288.15 K, (■)293.15K, (▲)298.15K,(∆)303.15K,(•)308.15K, 
(○)313.15K,(□)318.15K, (+)323.15 K). Solid lines represent the corresponding correlations by the Flory theory 
equation. 
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Introduction 

   This paper, as part of a continuing study in our laboratory [1–3], presents experimental 

densities for the binary systems formed by  n-butylacetate + 1-butanol, 2-butanol,+ 1,2-

butanediol  and 1,3-butanediol. Experimental data for these properties allow us to test various 

.fitting and predictive equations appearing in the literature. As computer design of chemical 

properties requires mathematical models to predict or describe transport properties of pure 

liquids and their mixtures over the entire range of composition engineering. The excess 

properties are analyzed because of their importance for inferring which type of interactions 

predominates in liquid mixtures. 

 

Methods  

   The density of the compounds and their binary mixtures were measured with Anton Paar 

DMA 4500 oscillating U-tube densitometer, operated in the static mode and the uncertainties 

were estimated to be within ± 1 · 10–5g · cm3. The temperature in the cell was regulated to ± 

0.01 K with solid-state thermostat. The apparatus was calibrated once a day with dry air and 

double-distilled freshly degassed water.  

 

Results and discussion  
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  Densities, and excess molar volume of the binary mixtures formed by n-butylacetate + 1-

butanol,2-butanol,+ 1,2-butanediol  and 1,3-butanediol were measured at (298.15 to 308.15) 

K for the liquid region and at ambient pressure (81.5) k Pa , for the whole composition range. 

the excess molar volumes, E
mV  , of the binary mixtures were calculated from the densities 

using the following equation: 

                 


 
n

1 i

ii
n

1i

ii13 ).molcm(
i

E
m

MxMx
V


                                                                  (1)                                                       

where n is the number of components, xi is the mole fraction of component i in the mixture, 

Mi its molecular weight, and ρ and ρi are the measured densities of the mixture, and the pure  

component, respectively the experimental data of constitute were correlated as a function of 

the mole fraction by using the Redlich–Kister[3] equation for binary . The values of E
mV  as 

well as the Redlich–Kister fits are plotted in Fig.1 for the concentration dependence of the 

excess molar volumes.                                                                             

 

Table1 .. Parameters of  Redlich-Kister [3]  and  the standard  deviations  for  binary mixtures  {  n-butylacetate + 

1-butanol, and  n-butylacetate +1,2-butanediol)}at T=(298.15,303.15, and 308.15)K.  

)molcm/( 13E
m

V      p       

  4 3 2 1 0  q 
1-butanol(2) }                                                                         +n-butylacetate (1){        

0.001  -0.2009  29.6942  -0.0013  0.84082  -130.056  0 
  21.4267  0.0047  -2.8349  426.867  0.00034  1  
  0.0064  -3.9195  598.642  0.0002 -0.13791  2 

1,2-butanediol (2) }                                                                          +n-butylacetate (1){  
0.004  1.7313  -265.684  -0.003  1.8665  -288.696 0 

  902.753  0.00361101  -2.195  333.913  -0.0028  1  
  0.0106  -6.4119 972.418  0.00991  -5.9821  2 
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Excess molar volumes (  E

mV )   for {(◇) n -butylacetate (1) +  1-butanol (2 )},{ (△) N -butylacetate (1) +  2-

butanol (2 ) }, {(□) N -butylacetate (1) +  1,2-butanediol (2 )}, {(○) N -butylacetate (1) +  1,3 -butanediol (2 )}at 
303.15 K The solid curves were calculated from parameters of equation (2) given in table 1. 
 
Refrences 

[1] M.Rezaei-Sameti,  H.Iloukhani, M. Rakhshi, Russ.J. Phy .Chem A. 149 , (2010) 2023. 

[2] M.Rezaei-Sameti,  H.Iloukhani, M. Rakhshi,  J. Mol. Liq. 149 , (2009) 96.  

[3] H. Iloukhani, M. Rakhshi,  J. Mol. Liq. 149, (2009)  86. 

   

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

0.00 0.20 0.40 0.60 0.80 1.00

x1

V
m

E (
cm

3 . 
m

ol
-1
)



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1151

Density of Refrigerants from Cubic Equations of State 

 

Seyed Ahmad Razavizadeh 

Department of Chemistry, Islamic Azad University, Darab, Fars, Iran 

 

Keyword: Equation of state, Refrigerants, Density, Thermo physical properties 

 

 

Introduction 

Before van der Waals some attempts were made to represent the real behavior of 

gases, but none of these attempts were general, until van der Waals presented simple and 

generalized equation of state. 

Accurate knowledge and prediction of the thermo-physical properties of refrigerants, 

is of great importance to evaluate the performance of refrigeration cycles and to determine 

the optimum composition of new working fluids in pure and mixture states. The development 

of models for representation and prediction of physical properties and phase equilibria as well 

as the improvement of current equations of state (EOSs) is of particular interest for the 

refrigeration industry. In addition to experimental measurements, the common way to 

determine the thermodynamic properties of pure fluids and fluid mixtures is by means of 

equation of state. There are a large number of cubic EOSs in literature, but we investigated 

the EOSs that don't need any compound dependent data except Tc, Pc, Zc and acentric factor, 

ω and so their usage is simple[1-6]. 

 

Results  

The deviations of the equations of state for compressed liquid, saturated liquid, and 

near critical region densities are shown in Table 1. 

 

Conclusion 

Cubic equations of state are useful in prediction of density of refrigerants in good 

precision, and depend on refrigerant type, temperature and pressure range; the best equation 

can be used. We recommended ALS, PTV, Kubic and PR equations for gaseous, PTV and 
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ALS for compressed liquid and PTV for saturated liquid densities because of their precision 

and simplicity, although ST has a good result for compressed and saturated liquid densities. 

 

Table 1. Deviation of equations of state from experimental data 

Author 
Compressed 

liquid density 
Saturated liquid 

density 
Gaseous 
density 

Near critical 
region 

Adachi, Lu and Sugie (ALS) 4.82 6.74 1.15 11.24 

Harmens-Knapp (HK) 7.64 8.25 1.38 10.88 

Kubic 8.29 8.21 1.11 12.20 

Kim, Lin and Chao (KLC) 7.21 6.69 4.87 28.16 

Soave (SRK) 9.53 13.03 2.56 19.42 

Schmidt and Wenzel (SW) 5.02 6.83 1.25 12.84 

Yu and Lu  (YL) 5.16 7.01 1.25 12.58 

Nasrifar and Moshfeghian (NM) 5.23 7.21 1.80 12.08 

Peng-Robinson(PR) 5.69 7.18 1.16 13.44 

Patel-Teja (PT)  
5.49 7.14 1.17 10.56 

Iwai, Margerum and Lu (IML) 17.70 20.58 2.41 29.22 

Trebble and Bishnoi (TB) 5.96 6.81 2.31 7.96 

Salim and Trebble (ST) 4.70 4.92 3.03 8.03 

Twu, Coon and Cunninghum(TCC) 6.04 8.09 1.17 12.18 

Valderrama (PTV2
4.78 4.62 1.17 8.50 

Translated Peng-Robinson (TPR) 5.13 7.18 1.23 12.68 

Twu-Sim-Tasson (TST) 9.65 9.56 1.28 9.15 

Mohsen-nia  Modarress and 
Mansoori (MMM) 7.33 7.47 1.63 12.46 
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Introduction 

The development of refining process of liquid paraffins related to problem of improving 

their quality by removing aromatic compounds is essential. Aromatic hydrocarbons as the 

priority pollutants to deal with,are environmental hazardous and carcinogens[1]. Most of 

these compounds are hydrophobic with high boiling and melting points and possess low 

water solubility and electrochemical stability. Therefore they can exist and be accumulated in 

the environment for long times. Adsorption has been an effective separation process for a 

wide variety of applications, especially for removal of unwanted pollutants[2]. Molecular 

sieves have been applied industrially for many years for the separation of impurities from n-

alkanes by selective adsorption[3]. 

In this research measurment of equilibrium extent, kinetic of adsorption of aromatic 

hydrocarbon includes alkylbenzenes,alkylnaphtalene and biphenyls from C10-C13 n-parraffin 

mixture on zeolitic molecular sieve 13X  was carried out in batch mode[4]. The kinetic model 

of pseudo-second order equation has been successfully applied to predict the adsorption 

(R2=99.97). Various thermodynamic parameters, ΔH°, ΔS°and ΔG° ,were computed from 

equilibrium constant values. Finally we find that the aromatics adsorption on molecular sieve 

13X  is a spontaneous and exothermic nature process. 

 

Methods 

1. Materials: 

      Molecular sieve 13X was prepared by Zeochem company by Z10-3 code with unit cell 

formula : Na86 [(AlO2)86(SiO2)106]·xH2O 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1154

Some physical properties of molecular sieve 13X are presented in table 1. 

Carbondioxide 

capacity 

(mg/g)  

Loss on ignition 

(575c/3h, %Wt)  

Moisture 

capacity 

(mg/g)  

Commercial 

bead size  

(mm)  

Crushing 

strength 

(N)  

Bulk 

density 

(kg/m3)  

Pore 

Diameter 

(nm)  

175  1.5  255  1.5-2.5  25-80  610-640  1 

Table 1. physical properties of Molecular Sieve 13X. 

The C10-C13 n-paraffin mixture with 3.5% aromatic  content from Iran Chemical Industries 

Investment Company(I.C.I.I.C.) was used as dearomatization feed [5]. 

2.Procedure: 

The adsorption process for equilibrium studies was performed in a batch mode by a rotary 

evaporator using 50mL of liquid normal paraffin and 10 g of molecular sieve 13X different 

temperature upto 145°C. The molecular sieve 13X  was activated at 350°C for 1 hour prior to 

the adsorption process. Kinetic studies were made by a batch technique at room temperature 

(25+1°C). known amount of 13X were placed in teflon flasks of 250 ml capacity containing 

50 ml paraffin mixture with 3.4%w aromatic content. 
 

Results and discussion 

1. Thermodynamic parameters 

The effect of temperature on aromatics removal by molecular sieve 13X was 

studied(Fig.1).Removal efficiency decreases with the increase of temperature.This could be 

attributed to this fact ,that higher temperature is unfavorable to exothermic reaction once 

equilibrium is attained.The equilibrium experimental data was used to calculate various 

thermodynamic parameters, ΔH°,ΔS°and ΔG°using following equation: 

KC=CAe /CSe  

ΔG°=-RT ln KC 

ln KC= ΔS°/R- ΔH°/RT 

where KC is the equilibrium constant, CAe is the amount of adsorbate on the adsorbent per L 

of solution at equilibrium(mg/L),CSe is the equilibrium concentration of adsorbate in the 

solution(mg/L).T is the solution temperature(K) and R is the gas constant and is equal to 

8.314 J/mol K. 

ΔH°, ΔS°were calculated from the slope and intercept of linear plot of 1/T versus ln KC 

(Fig.2).The values of ΔH°=-3.027 kJ/mol , ΔS°=1.886 J/mol K and ΔG° varies from 

-3.58 to -3.8 kJ/mol at different temperatures. 
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Fig 1.Effect of temperature on aromatics adsorption      Fig 2.Equilibrium constant as a function of tempreature 

2. Kinetic parameters 

     The effect of contact time on aromatics removal on molecular sieve 13X was 

obtained(Fig.3). It was observed that the aromatics adsorption rate increase dramatically in 

the initial times of experiment and reach equilibrium after 195 min. Pseudo second-order 

model was used for analysis of aromatics adsorption kinetics. This model is representes as: 

t/qt =1/k2qe
2 +1/qe t 

where qt  is the amount of adsorbate (mg/gr) at time t, k2 is the rate constant(g/mg min). 

Pseudo second-order kinetic plot for aromatics adsorption on 13X at 25°C was shown in 

Fig.4.Values of qe =85.47(mg/gr) and k2 =0.0011(g/mg min) calculated from the slope and 

intercept of linear plot of t versus t/qt. 

 

 

 

 

 

 

 

 

 

 

 

 

   Fig 3. Effect of contact time on qt                      Fig 4.Pseudo second order kinetic plot for aromatics 

adsorption 

  (initial aromatic solution 50 ml 3.4% on 12 gr 13x)                 (intial aromatic solution 50 ml 3.4%w on 12 gr 13x) 
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Conclusion 

     The results indicates that aromatics adsorption by 13X is spontaneous and exothermic 

process. The positive value of the standard entropy change ΔS° indicates that randomless 

increasewith the removal of aromatics. The higher correlation coefficient value 

(R2=99.97)indicates that the aromatics adsorption by 13X follows pseudo second-

ordermodel. 
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Introduction 

 A modified perturbed hard sphere chain equation of state has been developed for fluid 

mixtures. Knowing the critical constants of fluids as well as one adjustable substance-

dependent parameter r as input data [1] is sufficient for this purpose. We have tested the 

predicted equation of state against the experimental data [2] for several mixtures of propane 

and n-butane. The agreement with experiment is quite good.   

 

Method           

 The present equation of state can be generalized to mixtures of any number of 

components as: 
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where xi  and xj are mole fractions of components i and j, respectively, ri is the number of 

segments for the i-th component [1], gij (d
+) is the  pair radial distribution function of hard-

sphere mixtures at contact proposed by Song. et al. [3]. Fi=xiri, Fij=(FiFj)
1/2, and the 

summations run over all the components. For each unlike pair of components (i ≠ j), 

additional parameters, aij  and bij  are calculated by extending eqs.(8) and (9) from ref. [4] to 

mixtures as: 
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Finally, a simple geometric mean for (TC)ij/rij and an arithmetic mean for (C)ijrij as follow 
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can be employed to calculate aij and bij in the right hand side of eqs. (2) and (3). These 

extended formulae, are shown to give accurate results for fluid mixtures in the following 

section.  

 

Results and Discussions  

Actually the purpose of this work is to show how the proposed equation of state can predict 

PVTx properties of fluid mixtures without knowing the detailed shape of the potential enegy 

curve. Just it is sufficient to know the critical constants of pure fluids to determine the 

temperature–dependent parameters of the EoS. Comparisons with experimental data [2] in the 

Table I. show that the agreement is quit well over a wide range of temperatures and pressures.  
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Table I. predicted results for the compressed liquid densities of mixtures 
(propane + n- butane) 

     X1   T (K) P (MPa)    ρexp(kg·m−3)   NPa AAD%b 

0.2729 280 1-200 578.8-701.5 19 
 

-1.7654 
 

 360 2-200 467.0-663.1 18 
 

-1.554 
 

 440 10-200 365.4-628.5 15 
 

-1.020 
 

0.7308 320 2-200 489.9-659.1 18 
 

-2.714 
 

 360 3-200 409.7-639.8 17 
 

-3.012 
 

 400 10-200 383.2-620.6 15 
 

-3.073 
 

 440 20-200 389.8-604.1 14 
 

-2.973 
 

  a NP: number of data points     b 





N

i i

caliiNAAD
1 exp,

,exp,1001%
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Introduction 

The interaction of water-soluble cationic porphyrins with DNA has been intensely 

studied due to its potential applications, which include probing for the structure and dynamics 

of nucleic acids, photodynamic therapy, cancer detection, virus inhibition, and artificial 

nucleases via their interaction with DNA[1]. In this work the binding of meso-tetrakis 

(tetrafluoro trimethyl ammonium)phenyl porphinato Nickel (II) acetate, [Ni(II)(TF4TMAPP)] 

to calf thymus DNA has been studied in view of thermodynamic using UV/Vis spectroscopy. 

The physicochemical properties of [Ni(II)(TF4TMAPP)] were investigated in 5mM 

phosphate buffer, pH 7.0 at varios environmental conditions.The melting curves of DNA at 

260 nm  was studied and analyzed at various mole ratios of above mentioned porphyrin to 

DNA. 

 

 Results and discussion: 

The results represents no appreciable changes in the position of the spectra bands due to 

increasing of ionic strength. The interaction of[Ni(II)(TF4TMAPP)] with calf thymus DNA at 

various conditions such as ionic strength, concentration and temperature was also 

investigated using UV/Vis technique. UV/Vis spectra of [Ni(II)(TF4TMAPP)] in the various 

DNA concentration were analyzed in order to obtain the affinity and stoichiometries of 

binding using SQUAD software. The thermodynamic parameters of binding were estimated 

by running the measurements at various temperatures using Vant Hoff equation(Table 1 and 

Table 2). To determine binding mode of [Ni(II)(TF4TMAPP)] to DNA of thermodynamic 
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stability of DNA in 5mM phosphate buffer, pH 7.0 at various mole ratio's complex 

[Ni(II)(TF4TMAPP)] to DNA was studied. Analysis of curves of thermal denaturation was 

done using Santro and Bolen equation[2], non-linear least-squares analysis was used to fit all 

the data points of a transition curve according to the relation : 

 

 

 

 

Table 1. Thermodynamic parameters and affinity constants for binding of [Ni(II)(TF4TMAPP)] to DNA at 

5mM phosphate buffer, pH 7.0 and various temperatures                 

 

Table 2. Thermodynamic parameters and affinity constants for binding of [Ni(II)(TF4TMAPP)] to DNA at 

5mM phosphate buffer, pH 7.0 and various temperatures  

 

 

 

 

 

 

 

ΔS1º(J.mol -1.K -1)   ΔH1º(KJ/mol) ΔG1º(KJ/mol) logK1(M  -1) T(K) 

305.31±57.71 61.31±16.23 -29.67±0.97  5.20±0.27  298 

301.41±58.54 61.31±16.23 -30.92±1.51 5.33±0.25  303 

305.91±55.94 61.31±16.23 -32.91±1.00 5.58±0.18  308 

304.26±58.12 61.31±16.23 -33.92±1.86 5.66±0.28  313 

305.39±58.12 61.31±16.23 -35.8±2.25 5.88±0.37 318 

ΔS2º(J.mol -1.K -

1)   

ΔH2º(KJ/mol) ΔG2º(KJ/mol) logK2(M  -1) T(K) 

181.80±29.05 54.15±8.14 -23.68±0.51  4.15±0.09  298 

178.80±28.98 54.15±8.14 -24.37±0.64 4.20±0.11 303 

175.90±28.74 54.15±8.14 -25.24±0.71 4.28±0.12 308 

173.10±26.02 54.15±8.14 -27.21±0.00 4.45±0.00 313 

170.38±30.59 54.15±8.14 -28.8±1.58 4.73±0.26 318 
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Fig.1:Melting profiles in the different molar ratios [Ni(II)(TF4TMAPP)] /[DNA] 

 

Conclusions 

The results represents the existence of two heterogen binding modes for [Ni(II)(TF4TMAPP)] 

with ct-DNA and The driving force in binding is entropy.  
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Introduction 

The interaction of water-soluble cationic porphyrins with DNA has been intensely Studied 

due to its potential applications which include probing for the structure and dynamics of 

nucleic acids , detection of cancer, virus therapy, photodynamic therapy via their interaction 

with DNA[1]. 

  

Results and discussion 

In this work the binding of meso-tetrakis (tetrafluoro trimethyl ammonium)phenyl porphinato 

manganese (III) acetate,  Mn(TF4TMAP) to calf thymus DNA has been studied in view of 

thermodynamic using UV/Vis spectroscopy.The interaction of Mn(TF4TMAP) with calf 

thymus DNA at various conditions such as ionic strength, concentration and temperature was 

also investigated using UV/Vis technique. UV/Vis spectra of Mn(TF4TMAP) in the various 

DNA concentration were analyzed in order to obtain the affinity and stoichiometries of 

binding using SQUAD software. The denaturation curves of ct-DNA was investigated. Using 

this curves the melting temperatures(the first derivative of curves) was calculated. Melting 

temperature of DNA decreased upon addition of  Mn(TF4TMAP) that also confirms the 

groove and outside binding modes. 
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Table 1. Thermodynamic parameters and affinity constants for binding of Mn(TF4TMAP)to DNA at 5mM 

phosphate buffer, pH 7.0 and various temperature 

 

 

 

 

 

 

 

 

Table 2. Thermodynamic parameters and affinity constants for binding of Mn(TF4TMAP)to DNA at 5mM 

phosphate buffer, pH 7.0 and various temperatures 

  

Table 3. DNA melting temperature changes up on increasing the molar ratio of  Mn(TF4TMAP)to DNA  

 

 

 

 

Conclusion:  

Mn(TF4TMAP) does not show concentration dependent aggregation over an extended 

concentration range. Addition of NaCl shows no significance electrolyte effect, no new band 

appears even in high concentration of salt. This result means that Mn(TF4TMAP)does not 

form well defined aggregates (i.e. H or J type) even in high concentration of salt. 

Mn(TF4TMAP) binds to external region of ct-DNA. The DNA-binding process was 

endothermic for Mn(TF4TMAP)and has the large positive entropy value. These can be 

represent the predominate role of hydrophobic interactions and outside binding mode. The 

decreasing of melting temperature (Tm) of DNA upon addition of porphyrin represents the 

ΔS1º(J.mol -1.K -1)  ΔH1º(KJ/mol)  ΔG1º(KJ/mol)  logK1(M  -1)  T(K) 

123.02±8.76 12.36±1.07 -24.30±1.54 4.26±0.27 298 

123.20±8.25 12.36±1.07 -25.59±1.47 4.34±0.25 308 

123.05±6.71 12.36±1.07 -28.00±1.13 4.46±0.18 328 

123.09±8.52 12.36±1.07 -29.25±1.81 4.52±0.28 338 

ΔS2º(J.mol -1.K -1)  ΔH2º(KJ/mol)  ΔG2º(KJ/mol) logK2(M  -1)  T(K)  

282.04±7.75 67.62±1.86  -16.43±0.45 2.88±0.08 298 

285.58±7.56 67.62±1.86  -20.34±0.47 3.45±0.08 308 

284.64±7.59 67.62±1.86  -25.74±0.63 3.93±0.10 328 

282.37±5.89 67.62±1.86  -27.82±0.13 4.30±0.02  338 

  

0.1012 

  

0.0523 

  

0.026 

  

0 
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existence of outside and groove binding mode[2]. The results represents the existence of two 

distinct binding sites for Mn(TF4TMAP) on ct-DNA.The trend of spectral changes represents 

groove and outside binding modes.The thermodynamic parameters of binding were estimated 

by running the measurements at various temperatures using Vant Hoff equation. The results 

show that the driving force in binding is entropy. That is also is consistant with outside and 

groove binding modes 
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Introduction 

From practical and economical aspects, the (liquid + liquid) extraction is a popular process 

for separation of aromatic hydrocarbons from alkanes [1]. The basic aim of these 

investigations was focused on the finding a non-toxic, inexpensive, and easily recoverable 

solvent for extraction processes in the industrial units [2]. The design and operations of 

(liquid + liquid) extraction processes require reliable LLE data of the different systems 

involved in a given process.  In this work, we report the LLE results for the system {ethylene 

glycol (1) + toluene (2) + n-octane (3)} at T = (295.15, 301.15, and 307.15) K. The obtained 

results were correlated by the NRTL [3] and UNIQUAC [4] activity coefficient models and 

the parameters of the models, were evaluated and reported.  

 

Experimental 

The measured LLE data were determined by using a glass cell with a water jacket to maintain 

a constant temperature. The mixtures were prepared inside the glass cell and were vigorously 

agitated with a magnetic stirrer for 1 h and then left to settle for at least 20 h. The samples of 

both phases were analyzed by using a Perkin–Elmer model 8500 gas.  
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Table 1. Experimental LLE data for ternary mixtures {Ethylene glycol (1) + toluene (2) + n-Octane (3)} 

x o
1 x

o
2  x

o
3 x

e
1 x

e
2 x

e
3 S K 

{Ethylene glycol (1) + toluene (2) + n-Octane (3)} at T = 298.15 K  

0.0025 0.2790 0.7185 0.9333 0.0620 0.0047 33.93 0.222 
0.0046 0.3618 0.6336 0.9048 0.0901 0.0051 30.93 0.249 
0.0076 0.4752 0.5172 0.8683 0.1261 0.0056 24.47 0.265 
0.0077 0.5308 0.4615 0.8532 0.1412 0.0056 21.92 0.266 
0.0084 0.7736 0.2180 0.8146 0.1798 0.0057 15.11 0.267 

{Ethylene glycol (1) + toluene (2) + n-Octane (3)} at T = 301.15 K  

0.0068 0.2853 0.7079 0.9167 0.0762 0.0071 26.62 0.267 
0.0078 0.3655 0.6267 0.8925 0.1002 0.0073 23.60 0.247 
0.0082 0.4901 0.5017 0.8497 0.1422 0.0081 17.96 0.290 
0.0088 0.5129 0.4783 0.8405 0.1512 0.0083 16.94 0.294 
0.0089 0.6812 0.3099 0.7863 0.2051 0.0086 10.84 0.301 

{Ethylene glycol (1) + toluene (2) + n-Octane (3)} at T = 307.15 K  

0.0067 0.2294 0.7639 0.9298 0.0622 0.0083 24.94 0.271 
0.0069 0.3278 0.6653 0.8914 0.0992 0.0094 21.37 0.302 
0.0074 0.4387 0.5539 0.8580 0.1317 0.0103 16.14 0.300 
0.0081 0.5006 0.4913 0.8270 0.1611 0.0119 13.28 0.321 
0.0085 0.6103 0.3812 0.7907 0.1966 0.0127 9.670 0.332 

 

 

Result and discussion 

The mole fractions of each component and selectivity and distribution coefficient in the two 

equilibrium phases are presented in table 1. In the phase diagram (figure 1) the experimental 

and calculated mole fractions of two phases at equilibrium are presented. The obtained 

experimental selectivity and distribution coefficients show that toluene can be extracted from 

(toluene + n-octane) mixtures by using ethylene glycol as a suitable solvent. The 

experimental selectivity factors at three temperatures (295.15, 301.15, and 307.15) K are 

presented in figure 2, according to these figure, increasing the temperature decreases the 

selectivity.  
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Figure ١. LLE data at T = 295.15 K: , experimental;  

○, NRTL; ▼,UNIQUAC 

 

       Figure 2. Plot of experimental selectivity  

       T =.▼, 295.15 K �;  301.15 K;  307.15 K. 
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Abstract 

In this work, the formation of complex species of dioxouranium(VI) ion with leucine 

were studied in aqueous solution in the pH range of 1.0-3.5 at 25°C and constant ionic 

strength 0.1 mol dm-3 NaClO4 using a combination of potentiometric and spectrophotometric 

techniques. Results showed evidence for formation of the following species: UO2HL2+ and 

UO2(HL)2
2+. 

 

Keywords: Dioxouranium(VI), Leucine, Spectrophotometry, Stability constant 

 

Introduction 

Uranium is a trace constituent in rock phosphate, which is extensively used as a 

source of phosphorous for fertilizers and livestock feed supplements. Calcium phosphate, for 

example, a source of calcium used as an animal feeding supplement, can present 

concentrations of uranium as high as 200 ppm. Thus, the investigation of the pathway, 

uranium (from feeding) → animal → human, is particularly important, as far as the 

radiological protection of the general population in concerned. Interaction between amino 

acids, peptides, and proteins with transition metal ions plays an important role in 

biochemistry and biology. Great attention has been paid to elucidating and interpreting the 

thermodynamic and structural characteristics of these biological ligands complexes. 

 

Experimental 

The present work deals with the study of dioxouranium(VI), UO2
+, complexes by 

leucine. The method of determination of the stability constant based on the relation                  

 A = f([H+]) [1-2]. Using a combination of spectrophotometric and potentiometric methods, 
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absorbance and pH were measured for a solution containing UO2
+ with a large excess of 

ligand. Treatments of the spectrophotometric data in the range 250-285 nm (in the interval of 

5 nm) obtained during the titrations as a function of the H+ concentration was conducted with 

the computer program (Microsoft Excel Solver). The program allows calculation of stability 

constants for different stoichiometric models.  

 

Results and Discussion 

The complex MxHyLz
(nx+y-z)+ formed, is characterized by its stoichiometry (x:y:z), 

where M and L represent the metal ion and ligand, respectively. To determine the stability 

constant of the complexation or protonation of the ligand, equation (1) is defined by xyz [1]. 

xM+n + yH+ + zL-    MxHyLz
(nx+y-z)+    (1) 

xyz = [MxHyLz
(nx+y-z)+] / ([M+n]x[H+]y[L-]z)   (2) 

The method of determining M was previously described [1] and its values at different 

wavelengths are used in this work. Using a suitable computer program (Microsoft Excel 

Solver), the data were fitted for estimating the formation constant of equation (2). We used 

the Gauss - Newton nonlinear least - squares method in computer program to refine the 

absorbance by minimizing the error squares sum from the following equation. 

U = (ai – bi)
2  

where ai is a quasi-experimental and bi is a calculated one.  

The protonation constant of the ligand has been used for computation of the stability 

constants, xyz, of the metal-ligand. In aqueous solution the ligands exist in its anionic form 

(L-), zwitterionic species (HL), and cationic form (H2L
+). In acidic pH, in this case, the 

predominant species for complexation is HL. The spectrophotometric titration data were 

analyzed as before [2]. For finding the proposed species, the spectrophotometric titration data 

were analyzed by offering the following species to the computer program: UO2L, UO2HL+, 

UO2HL2, UO2H3L2
+2, UO2H3L3

+, UO2H4L4
+. As expected, all the proposed species were 

systematically rejected by the computer program except UO2HL+ and UO2(HL)2
+. A value for 

the formation constant of UO2H2L
+2 was calculated by the program, but the species was not 

considered further because the estimated error in its formation constant is unacceptable, and 

its inclusion does not improve the goodness of the fit. The model finally chosen, formed by 

UO2HL+ and UO2(HL)2
+, resulted in a satisfactory numerical and graphical fitting. The 
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equilibrium distribution of the species of UO2
2++ leucine system as a function of – log[H+] is 

shown in Fig. 1 at 25 C and ionic strength 0.1 mol dm-3 NaClO4, as a typical example. 

 

                    
Fig. 1. The equilibrium distribution of the species in UO2

2+ + leucine system as a function          of – log[H+] at 

25 C and ionic strength 0.1 mol dm-3 NaClO4. 
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Introduction: 

The availability of solvent and polymer activity coefficient is of great importance in the 

design and operation of polymer processes and separation processes such as polymer 

devolatilization, per-evaporation, the selection of the optimum membrane for a given 

separation process. The removal of solvents or nonpolymerized monomers from the produced 

polymer requires the knowledge of vapor-liquid equilibrium (VLE), i.e., the solvent activity 

coefficients [1,2]. In the first part of this work, vapor-liquid equilibria behavior of the 

solutions of wide range of polymers including poly(ethylene glycol) 400 (PEG400), 

poly(ethylene glycol dimethylether) (PEGDME) 250, 500 and 2000, and poly(propylene 

glycol) 400 (PPG400) in methanol, ethanol and 2-propanol were determined at  T = 318.15 K 

by the vapor pressure osmometery method. In the second part of this work, the obtained 

solvent activity data were correlated by a thermodynamic model which is a combination of 

the modified Flory-Huggins model based on the salvation theory and a segment based local 

composition model (for physical interactions). 

 

Methods  

In this work, solvent activities of investigated polymer solutions were obtained from the 

vapor pressure osmometery. The vapor pressure osmometery was performed with the help of 

an osmomat K-7000 (Knauer). With this method, the vapor pressure is measured indirectly 
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by using thermistrors to measure voltage changes caused by changes in temperature. First the 

osmometer was calibraied using different solutions of  LiBr  for each solvent, yielding a 

function which correaltes the panel reading to the corresponding concentrations of the LioBr 

solution. Then the measurements for the different polymer solutions were carried out. The 

water activity for the standard  LiBr solutions at different concentrations and alcohol solvents 

at T = 318.15 K has been calculated from the correlation of Pitzer ion-interaction model [3-

5].  

Results, Discusion and Conclusions 

In the first part of this work, the experimental solvent activity of solutions of PEG400, 

PEGDME250, 500 and 2000 and PPG400 in methanol, ethanol and 2-propanol were obtained 

at 318.15 K. The effect of solvent, molecular weight and structure of polymer on the vapor-

liquid equilibrium behavior of the studied solutions were investigated. It was found that for a 

certain polymer mass fraction, solvent actvities of aqueous and nonaqueous polymer solution 

increase by increasing molecular weight of polymer. Also for particular polymer in different 

solvent, with adding carbon to molecule of solvent, the solvent activity decrease. A new 

molecular thermodynamics model has been used for the correlation of the vapor-liquid 

equilibrium data of the investigated polymer solutions. The model gives a good 

representation of solvent activities over  measured  concentration range. In this model, the 

excess Gibbs free energy GE of polymer solutions is considered as consisting of two additive 

parts, chemical contribution, ܩா  and physical contribution, ܩ௬௦ா . 

ாܩ  ൌ ாܩ  ௬௦ாܩ                     

The chemical contribution incorporates the chemical association theory to account for the 

hydrogen bonds between solvent and polymer. The physical contribution is represented by a 

segemnt based local composition model.  
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Introduction:  

The thermodynamic and transport properties of liquids and liquid mixtures have been used to 

understand the molecular interactions between the components of the mixture and also for 

engineering applications concerning heat transfer, mass transfer and fluid flow[1]. This paper 

is a part of an ongoing research effort to measure and characterize the properties of mixtures 

containing alkanols[2]. It reports the densities and excess molar volumes at 

temperatures(293.15,298.15,303.15 and 313.15)K.  

 

Methods:  

Diisopropylamine, methanol, ethanol, 1-propanol, 1-butanol, 1-pentanol were purchased from 

Merck with purity higher than 99 %, (All) and used without further purifications. The density 

of the pure compounds and mixtures was measured by pycnometer. The temperature in the 

cell was regulated to ± 0.01 K. 

 

Results and Discussion:  

The excess molar volumes of the solutions of molar composition ݔ were calculated at various 

temperatures from the densities of the pure liquids and their mixtures according to the 

following equation 

)( 11

1
 


 ii

N

i
i

E
m MxV                                                                                                       (1) 

where   is the density of the mixture,  i is the density of pure component i, xi is the mole 

fraction, Mi is the molar mass of component i, and N stands for the number of components in 

the mixture. The corresponding V E
m  values of binary mixtures of Diisopropylamine (1) + 1-
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alkanols (2) measured and plotted against mole fraction of Diisopropylamine at T = 298.15 K 

in Figure 1. Each set of results were fitted using a Redlich–Kister  polynomial [3] , which for 

binary mixtures is 

)1
0

11 21()1(
kN

k
k

E xAxxY  


                                                                                              (2)                             

Where x1  is the mole fraction of Diisopropylamine. Ak  is adjustable parameter obtained by 

least-squares method, and k is the degree of the polynomials. Excess molar volume of 

Diisopropylamine with 1-alkanols is negative over the whole range of mole fractions. The 

negative V E
m  values mentioned systems indicate strong specific interactions through dipolar 

association between 1-alkanols and Diisopropylamine molecules over the entire composition 

range, revealing that the chemical forces between the dissimilar molecules are dominant in 

these investigated mixtures. 

 

Conclusions:  

Excess molar volumes, Diisopropylamine and 1-alkanols were obtained from experimental 

results and fitted by Redlich–Kister type equation. negative values of excess molar volume 

suggested that the main factor in the interactional forces is chemical interactions 

 

 

FIGURE 1. Excess molar volumes V E
m  vs. mole fraction of Diisopropylamine for binary mixtures of 

Diisopropylamine with ( ) methanol, ( )  ethanol, ( ) 1- propanol, () 1-butanol, (▲) 1-pentanol, at 

 T = 298.15 K. The solid curves were calculated from coefficients of equation (2). 
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Introduction  

 Magnesium is an essential element in biological systems. It occurs typically as the Mg2+ ion. 

It is an essential mineral nutrient for life [1,2]and is present in every cell type in every 

organism. For example, ATP (adenosine triphosphate), the main source of energy in cells, 

must be bound to a magnesium ion in order to be biologically active. What is called ATP is 

often actually Mg-ATP.[4].Similarly,magnesium plays a role in the stability of all 

polyphosphate compounds in the cells, including those associated with DNA and RNA 

synthesis [1].The presence of Mg2+ can affect the break down reaction of DNA it is required 

for a number of steps during nucleic acid (DNA and RNA) [2,3]. For the understanding the 

mechanism of magnesium ion activity in biological system functions, it is necessary to study 

the interaction of magnesium ion with protein chain. But the protein sequence has 

complicated structure and number of atoms exceeds from limits that the computational 

instrument could be calculate the interactions. Interaction of magnesium ion with simple 

system such as amino acids may be considered as estimation of interaction of metal ion with 

protein. In this research the structure and properties of magnesium ion bonded to the different 

substituted amino acids were calculate by ab initio methods. 

 

Selection of Compound and Computational Method  

Amino Acids are building block of proteins in which have amine (NH2) and carboxylic group 

acid attached to single carbon.  There are two forms of Amino Acids; neutral and ionic forms. 

General formula of two neutral (a) and ionic forms (b) forms of Amino Acids are shown in 

Error! Reference source not found.. 
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Table1 list of substitutions which 

located instead of R1 and R2 groups in 

Error! Reference source not found. 

 

R2 R1 R2 R1 

SH H H H 

SH SH CH3 H 

SiH3 H CH3 CH3 

SiH3 SiH3 F H 

NH2 H F F 

NH2 NH2 COOH H Fig.1 General formula of two neutral (a) and ionic forms (b) forms 

of Amino Acids   COOH COOH 

 

The substitution R1 and R2 were chosen in manner that the properties of them are changed 

from electron withdrawing groups to electron releasing groups. In Error! Reference source not 

found.list of substitution which selected to be locate in place of R1 and R2 is shown. 

Substituted Amino Acids, magnesium ion bonded to Amino Acids and magnesium ion 

bonded dimer of them was chosen to study the interaction of magnesium ion with substituted 

Amino Acids. 

The structure of each species in this research include; Amino Acids, magnesium ion attached 

to Amino Acids and magnesium ion bonded dimer of them were optimized by HF method, 6-

311++G** basis set and gaussian03 package. Energy parameters, IR spectrum and NMR of 

each species were calculated by using same method and basis set described previously. 

 

Results and discussion 

1. Structure and stability of Amino Acids, complex of Magnesium ion with Amino Acids 

and magnesium ion bonded dimer of them 

Structure of species involve in formation of dimers of different Amino Acids include; 

substituted amino acids,  magnesium ion bonded to Amino Acids and magnesium ion bonded 

dimer of them was calculated by methods as mentioned previously. The structure of the 

magnesium ion bonded dimer of Amino Acid which R1 and R2 are H and NH2 respectively 

are shown in Error! Reference source not found..   

ba 
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Fig.2 structure and IR spectrum of magnesium ion bonded dimer of two forms of Amino Acid in which R1=H 

and R2=NH2 

Since observing the IR spectrum of the dimers shows no negative vibrational mode in its 

spectrum, the dimers are stable.  

2. strength of magnesium ion bond and enthalpy of formation for magnesium bonded 

dimer of Amino Acids 

The bond length of oxygen or nitrogen with magnesium ion shows the strength of it. 

Decrease in magnesium positive charge or � factor can be defined as Eq.1 ߪ ൌ ଶା݃ܯ ݀݁ݐ݈ܽݏ݅ ݂ ݁݃ݎ݄ܽܿ െ   ݎ݁݉݅݀ ݊݅ ଶା݃ܯ ݂ ݁݃ݎ݄ܽܿ
The Mg2+ bond length versus decrease in magnesium positive charge or � factor is shown In 

Error! Reference source not found.. In Error! Reference source not found., the plot of the 

enthalpy of formation for the different dimers versus � factor of them is shown.  

 

Fig.3 the results of magnesium ion bond length 

versus � factor  

Fig.4 the enthalpy of formation for the different dimers 

versus � factor 

As shown in Error! Reference source not found. and Error! Reference source not found., when 

the charge in central magnesium ion in dimer decreases, the strength of magnesium bond to 

amino acids is strengthen and the enthalpy of formation of dimer increases.  

 

Conclusion 
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The structure and stability of magnesium ion bonded dimers of different substituted amino 

acids which resembled the interaction of magnesium ion with proteins, were calculated by ab 

initio calculations. The energy parameters of them were analyzed by same method and show 

that each parameter such as electron releasing or withdrawing properties of substitutions 

makes the dimer more stable. 
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Introduction 

The protonation constant values of gallic acid were studied at 25 C and different 

ionic strengths, 0.1-1.0 mol dm-3 NaClO4, using a combination of spectrophotometric and 

potentiometric techniques. The dependence of protonation constants on ionic strength was 

taken into accounts using a Debye-Huckel type equation (molar concentration scale) and the 

SIT (specific ion interaction theory) approach (molal concentration scale).  

As is well known, thermodynamic data always refer to a selected standard state. The 

definition given by IUPAC is well adopted and states that at the standard state the activity 

coefficient of a solute in a solution should be unity. However, this is a strict condition and 

usually not accessible for many (or maybe all) reactions and so any measurements (or all) 

cannot be made accurately in this state. Precise thermodynamic information for these systems 

can apparently be obtained in the presence of an inert electrolyte of sufficiently high 

concentration, ensuring that the activity factors are reasonably constant throughout the 

measurements.  

 

Experimental 

All measurements were carried out at 25 C. The ionic strength was maintained from 

0.1 to1.0 mol dm-3 with sodium perchlorate. A Jenway research pH-meter, model 3520 (with 

a precision of 0.001 units), was used for –log[H+] measurements. The pH-meter was 

calibrated for the relevant H+ concentration with a solution of 1.0010-2 mol dm-3 perchloric 

solutions containing 0.09 mol dm-3 sodium perchlorate, for adjusting the ionic strength to 0.1 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1182

mol dm-3. The same procedure was performed for the other ionic strengths. The junction 

potential corrections were calculated from Eq (1) 

 -log[H+]real = -log[H+]measured + a + b[H+]measured                  (1) 

where a and b were determined by measuring the hydrogen ion concentration for two 

different solutions of HClO4 or NaOH with sufficient NaClO4 to adjust the ionic strength. 

Spectrophotometric measurements were performed on a UV-Vis Shimadzu 2100 

spectrophotometer with a Pentium 4 computer and using thermostated matched 10 mm quartz 

cells.  

 

Results and Discussion 

The dependence on ionic strength of protonation constant was taken into account by 

using the SIT model [1]. The protonation constants were determined experimentally and the 

values are then converted to the molality scale according to the conversion factors determined 

by Baes and Mesmer. Finally, the thermodynamic protonation constant, Km, is determined 

from the experimental constant, Km, using a weighted linear extrapolation to the zero ionic 

strength. The logarithm of the thermodynamic protonation constant may be written as: 

 log K = log Km + log HnL(1-n)- - log L- - nlog H+   (2) 

Substituting the activity coefficients of each species into Eq (2) and rearranging gives 

 log K1 = logKm
1 + Z*D - 1Im     (3) 

 log K2 = log Km
2 + Z*D - 2Im     (4) 

where Z* = [(charges)2
reactants – (charges)2

products], K
m is the apparent protonation constant in 

molal scale, and  represents the summation of the specific ion interaction terms as 1 = 

(L-, Na+) + 2(H+, supporting electrolyte anion) - (H2L
+, supporting electrolyte anion) and 

2 = (L-, Na+) + (H+, supporting electrolyte anion) for various supporting electrolytes. 

Considering Eq (3), the values of 1 and log Ko
1 are obtained using a weighted linear 

regression of the log Km
1 + Z*D as a function of the ionic strength (in molal scale). The 

procedure has been applied for the determination of log Ko
2 and 2, using Eq (4).  
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Abstract 

In this work a new method has been proposed to calculate surface tension for isomers of pure 

hydrocarbons. The relative molar mass, critical temperature and acentric factor are three 

parameters which are applied. This method was used to calculate surface tension values for 

54 isomers of n-alkane and 5 isomers of the 1-alkene homologous series in a relatively large 

range of temperatures.  Average relative errors for 488 points of these 59 isomers are less 

than 2.30 %. 

 

Keywords: Surface tension, Pure hydrocarbon isomers, Calculation method, Homologous 

series 

 

Introduction 

Surface tension is one of the most significant thermophysical properties. It is important for 

most separation processes involving mass transfer operations like extraction, distillation, 

absorption and adsorption and for the coating and adhesives industries such as paints, 

detergents, and agrochemicals. The petroleum industry requires the surface tension data of 

pure hydrocarbons. Some scientists have tried to develop experimental methods of measuring 

this thermophysical property [1-7] and on the other hand; some investigators have interested 

in developing theoretical models to predict this phenomenological behavior [8-15].  

 

Calculation method 

The method proposed in this work is:  ߛ ൌ  ߬1.2    (1)   ܯ߱

In this equation, γ  is the surface tension; τ  is a reverse reduced temperature scale    
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(τ = 1-T/Tc), T and Tc are temperature and vapour-liquid critical temperature in kelvin, 

respectively; ω is acentric factor and M is the relative molar mass. The experimental data and 

acentric factor are taken from two references [16-17]. 

 

Results and discussions 

Eq.(1) was applied for calculating surface tension values for six pure hydrocarbons at several 

temperatures and table 1 gives a summary of the results. 54 isomers of n-alkane and 5 

isomers of the 1-alkene homologous series are considered in a relatively large range of 

temperatures. As it can be seen in table 1, the correspondence between calculated values and 

experimental ones is satisfactory and acceptable.  

 

Table1  

Results of the estimation of surface tension values for hydrocarbon isomers 

Average Relative Error in percent (ARE%) , the temperature range (ΔT) 

Hydrocarbon     ΔT (K)            Number of isomers              ARE (%) 

n-hexane    283-333     4   1.48 

n-heptane    253-363  8   2.23 

n-octane    283-373           14   1.83 

n-nonane    283-333           28   2.29 

1-hexene    283-303  3   1.66 

1-heptene    283-303   2   1.99 

 

Conclusion 

This method was applied for calculating the surface tension of 488 points of 59 different pure 

isomers of the n-alkanes and 1-alkenes homologous series in a relatively large range of 

temperatures. Only three simple parameters, M, Tc , ω ; which are the relative molar mass, the 

critical temperature and acentric factor respectively; are used for calculating surface tension 

and comparison between experimental values and calculated ones, supports this calculation 

method. Average relative errors for 488 points of these 59 isomers are less than 2.30 %. 
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Introduction:  

A general regularity has been found based on an effective pair potential of Lennard-Jones 

(12, 6) for both dense nonmetallic and nonionic fluids and solids; namely, (Z-1)V2 linearly 

varies with respect to ρ2, this equation of state (EoS I) is known as LIR [1]. Unexpectedly, 

solid and liquid Ne indicate a significant deviations from EoS I [2]. The purpose of this 

research is to investigate the accuracy of the EoS I for the other systems including quantum 

light molecules such as He, H2, and D2 in both fluid and solid states, at different 

temperatures. Like neon, we  have noticed that these systems, don’t well obey EoS I. It is also 

shown in this work that, at higher temperatures and for the heavier species, EoS I becomes 

valid, due to decreasing the quantum effect.  
 

Methods and Results:  

We have used experimental pvT data for dense systems of light molecules in fluid state, for 

densities greater than the Boyle density and temperatures lower than twice of the Boyle 

temperature and also in the solid state to check the accuracy of the EoS I. As an example, 

results for H2 at different temperatures are shown in Table 1. 
      

 

 

 

 

 

 

   

R2    (mol/L) ρΔ p (MPa)∆  T(K) 

0.9560  44 - 99  0 - 1961  4  

0.9944  28 - 57  10 - 220 50  

0.9978  28 - 57  40 - 300  100  

0.9999  30 - 57 30 - 57 150  

Table1. Fitting EoS I in experimental data for H2 at given temperatures [3, 4]. 
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 As shown in Table 1, it is obvious that H2 at 4 K shows a significant deviation from EoS I. 

But, it behaves more according to EoS I when temperature increases. 

    Considering the fits to EoS I for monoatomic and diatomic molecules, it is interesting to 

check the predictive power of EoS I for some other molecules, the results are shown in Table 

2. As we   see, EoS I is more appropriate for the heavier molecules. 

 

 

Discussion:  

dense systems of light molecules don’t well obey the EoS I because of the unbalance 

interactions of repulsion and attraction, due to the quantum effect. To verify such a 

conclusion, we have shown that the hard-sphere fluid remarkably deviates from EoS I, for 

wich only the repulsive forces exist among molecules (see Figure 1). 

 

. 

   

  As shown in Figure 1, Percus-Yevick (PY), Scaled Particle Theory (SPT) and Carnahan   

Starling (CS) EoSs baed on the hard sphere model indicate significant deviation from EoS I.                  

 

R2 
ρ∆ 

(mol/L)  

p∆  

(kg/cm2) 
T(K) 

Monoatomic 

molecules 
R2 

ρ∆ 

(mol/L)

∆p 

  (kg/cm2) 
T(K) 

Diatomic 

molecules

0.9339 58 - 156 0 - 20000 4 He 0.9569 44 - 99 0 - 20000 4 H2 

0.9974 71 - 106 0 - 20000 4 Ne 0.9516 51 - 1050 - 20000 4 D2 

0.9992 41 - 57 0 - 19000 77 Ar 0.9841 34 -  510 - 19000 65 N2 

PY

SPT 

CS 

              Figure 1. (Z-1) V 2 vs  ρ 2  for (PY), (SPT) and (CS) EoSs [5] 

Table 2. Fitting EoS I in experimental data for given molecules [3]. 
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Conclusion:  

the dense systems of light molecules deviate from EoS I both in fluid and solid states because 

of unbalance interactions of repulsion and attraction. Also, since the quantum effect for light 

molecules of dense systems decreases with temperature, they behave more according to EoS I 

at higher temperatures. Furthermore, EoS I becomes more suitable for heavier molecules 

because of insignificant quantum effect.  
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Introduction: 

Determination of physicochemical properties of iron and its stability constants with a variety 

of ligands  is done[1-2]. The goal of this research is to determine the forms of composed 

complexes between the IRON(III) and 1-(2-tenoil)-4-treeFloro-2-[2-Hydroxi-3,5-

Disolfophenilazo] -1,3 butadion.The multiple linear regression (MLR) is used as calculation 

method and the calculation algorithm is implemented in the Mathematica 7 environment. 

 

Metods and Discussion:  

According to Beer’s law , the absorbance of a solution is linear with respect to containing 

species concentrations 

A C    

 Where, A  is a r c  dimensional matrix containing absorbances of r  solutions  in c  

different wavelength, and C  is the r k  dimensional matrix containing the concentration of 

each species in the  r  different solutions, k is the number of species existing in the solution. 

The   is a k c  dimensional matrix containing the absorbance coefficients of each species. 

The   can be calculated from the following formula[3,4]. 

  1T T ExpC C C A


   

The error is defined as  following formula 

   TCal Exp Cal ExpError Trace A A A A     
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To calculate of the stability constants, pqr , we have minimized  the above mentioned Error 

function until the convergence criteria is reached.  

 

Conclusions. 

 The equilibrium equation in the systems which were investigated can be represented by the 

generic expression (charges omitted for simplification)  

p q rpM qL rH M L H          
[ ]

[ ] [ ] [ ]
p q r

pqr p q r

M L H

M L H
       

Where, M, L and H stand for Fe(III), Ligand ( fully deprotonated ) and proton concentrations, 

p, q  and r denote the stoichiometric coefficients. Formation constants were calculated using 

the computer program that has been programmed in Mathematica 5.2 environment. Our study 

have showed that four complexes MLH , ML  , 2ML  , MLOH   were formed in the 

solution. Considering the 2ML H , 2 2M L   and similar complexes cause the increase of the 

error and negative absorbance coefficients that were not acceptable.  
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Thermodynamic and transport properties such as volumetric, acoustical and viscometric of 

polymer solutions has been proven to be a very useful tool for understanding solute-solvent 

and solute-solute interactions in these solutions [1]. Although poly(vinylpyrrolidone) (PVP) 

is a very important polymer in respect to its uses [2], however information on the 

thermodynamics properties of aqueous or non-aqueous solutions of PVP is scarce in the 

literature [3]. In present study, precise density, ultrasonic velocity and viscosity 

measurements have been carried out on PVP in water, methanol, ethanol, acetonitrile, 1-

propanol, 2-propanol and 1-butanol at T = (288.15, 293.15, 298.15, 303.15, 308.15 and 

313.15) K at atmospheric pressure. The density and sound velocity of the mixtures were 

measured at different temperatures with a digital vibrating-tube analyzer (Anton Paar DSA 

5000, Austria) with proportional temperature control that kept the samples at working 

temperature within ±10-3 K. The uncertainties of density and ultrasonic velocity 

measurements were better than ±5×10-6 g·cm-3 and ±2×10-1 m·s-1, respectively. Viscosities 

were measured with an Ostwald-type viscometer. The flow time of investigated solutions was 

measured with accuracy better than 0.05 s. For each solution the flow time was measured at 

least three times. The viscosity measurement was reproducible to within 1.0 %. From these 

experimental data, the infinite dilution apparent specific volume and isentropic 

compressibility values of PVP in the investigated solvents have been obtained and their 

variations with temperature and type of solvents have also been obtained. The results have 

been interpreted in terms of the interactions between different solvents and the polymer. The 

variations of viscosity with the concentration of polymer, temperature and type of solvent 
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have been determined and correlated successfully with the segment-based Eyring-Wilson and 

NRTL viscosity models. It was found that the Wilson model produces better results than the 

NRTL model.  

The values of the standard partial specific volumes, , for PVP in the investigated solvents 

increased along with an increase in temperature and at each temperature follow the order 

methanol < ethanol < 2-propanol < 1-propanol < butanol < water < acetonitrile. The values of 

the standard partial specific expansibilities, 0
E , for PVP in water, methanol, 2-propanol and 

acetonitrile decrease by increasing temperature, however, those in ethanol, 1-propanol and 1-

butanol increase by increasing temperature. For the temperature range T ≤ 298.15 K, the 

values of 0
E  follow the sequence water > 1-butanol > 2-propanol > 1-propanol > acetonitrile 

> ethanol > methanol but for temperature range T > 298.15 K follow the order water > 1-

butanol > 1-propanol > 2-propanol > ethanol > acetonitrile > methanol. The infinite dilution 

apparent specific isentropic compressibilities, , of PVP in water and acetonitrile have 

positive values and in other investigated solvents have negative values. The results show that 

the values of  for PVP in non-aqueous solutions decrease as temperature increases, 

however these values in aqueous solutions increase by increasing temperature. At each 

temperature, the values of  of PVP in the investigated solvents follow the order acetonitrile 

> water > 1-butanol > 1-propanol > ethanol≈2-propanol > methanol. It may be expected that 

the PVP-solvent interaction follows the sequence water, acetonitrile, 1-butanol < 1-propanol 

< ethanol, 2-propanol < methanol. From the temperature dependence of   and 0ss   , we 

can conclude that the PVP-water and PVP-non-aqueous solvents interactions respectively 

become weaker and stronger as temperature increases. The polymer concentration 

dependence of viscosity of the investigated PVP solutions becomes greater as temperature 

decrease and at the same condition, the magnitudes of both of η and η-η0 follow the order 

acetonitrile < methanol < water < ethanol < 2-propanol < 1-propanol < 1-butanol. 
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Introduction                                                                                                                      

Guanosine is a purine nucleoside comprising guanine attached to a ribose (ribofuranose) ring 

via a β-N9-glycosidic bond. The structure of guanosine bears similarities to that of the 

antiviral drug aciclovir, often used in herpes treatment.Guanosine is required for an RNA 

splicing reaction in mRNA, when a "self-splicing" intron removes itself from the mRNA 

message by cutting at both ends, re-ligating, and leaving just the exons on either side to be 

translated into protein.[1] 

Moreover, a Daniel type equation was established for the dependence of formation constant 

on ionic strength. The main purpose of this work is investigating the effect of different ionic 

strengths, 0.1 to 1.0 mol dm−3 on the protonation constant of guanosine using 

spectrophotometry and potentiometry titration method.[2]  

 

Methods 

guanosine(C10H13N5O5), were obtained from Merck as analytical reagent grade materials and 

used without further purification. Sodium chloride was from Merck and was dried under 

vacuum at room temperature for at least 72 hours before use. NaOH solution was prepared 

from a titrisol solution (Merck). HCl was from Merck and was used as supplied. In the 

current work, protonation constant of an Guanosine determined using spectrophotometry 

method in UV region of temperature 25+ 0.1oC in ionic power of 1 molar of NaCl (0.1,  0.3 , 

0.5 , 0.7, 1.0). During the experiment, titration of pH range between 1 to 12, frequently 

measured and absorption rate in warelength of 280 to 340 recorded per 5 Nanometer.[3] 
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Results and Discussion 

The method is principally based on A=f(pH) So, different reactions written, Considering 

experimental result and proper modeling of the species and then it is simulated using 

mathematica software. Required calculations performed on various models in Excell software 

and the best model obtained with minimization of errors. Finally, the model parameters 

calculated using kitting method Excell and the protonation constant of different values 

obtained in different warelength and ionic powers.[4]  
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The parameters C and D were determined by a regression method with a suitable computer 

program and reported in Table 1. 

Table 1. Parameters for the dependence on ionic strength of the species stability constants 

at 25 °C 

 

 

 

Results of a series of investigations done by Daniele et al. showed that, when all the 

interactions occurring in the solution are considered, in the range 0≤I≤1 mol dm−3, the 

empirical parameters are dependent on the stoichiometry of the formation reaction. It is 

noticeable that the introduction of the term D(I1.5– I*1.5) very often improves the goodness of 

the fit.  

 

Conclusions 

At low ionic strength (less than about 0.1 mol dm−3) these interactions are of primary 

importance. However, as the ionic strength increases, the ionic atmosphere becomes more 

compressed and screens the ionic charges more effectively, so that intermolecular interactions 

species C D 

[H2L] 0.35 0.26 

[L]2- -0.3 0.92 
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(dipole–dipole or multipole– multipole) become more important. These forces at higher ionic 

strength possibly play a primary role between the ions and contribute to the C and D terms in 

Eq. (1). 
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Introduction                                                                                                                      

Guanosine is a purine nucleoside comprising guanine attached to a ribose (ribofuranose) ring 

via a β-N9-glycosidic bond. The structure of guanosine bears similarities to that of the 

antiviral drug aciclovir, often used in herpes treatment.Guanosine is required for an RNA 

splicing reaction in mRNA, when a "self-splicing" intron removes itself from the mRNA 

message by cutting at both ends, re-ligating, and leaving just the exons on either side to be 

translated into protein.[1-2] 

The protonation constants are important for environmental scientists, chemical engineers, 

chemists, and specialists in related fields as these alter the reactivity, spectral properties, 

physical behavior, and solubility.[3] The main purpose of this paper is investigating the effect 

of temperature on the protonation constant of guanosine using spectrophotometry and 

potentiometry titration method.  

 

Methods 

guanosine(C10H13N5O5), were obtained from Merck as analytical reagent grade materials and 

used without further purification. Sodium chloride was from Merck and was dried under 

vacuum at room temperature for at least 72 hours before use. NaOH solution was prepared 

from a titrisol solution (Merck). HCl was from Merck and was used as supplied.  

The ionic strength was maintained to 0.1 mol dm-3 with sodium chloride. The pH-meter was 

calibrated for the relevant H+ concentration with a solution of 0.01 mol dm-3 chloridric acid 

solution containing 0.09 mol dm-3 sodium chloride (for adjusting the ionic strength to 0.1 mol 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1198

dm-3). For this standard solution, we set –log[H+] = 2.0. Junction potential corrections have 

been calculated from eq 1 

-log[H+]real = -log[H+]measured +a +b[H+]measured  (1) 

where a and b were determined by measuring of hydrogen ion concentration for two different 

solutions of HCl or NaOH with sufficient NaCl to adjust the ionic media.[4] 

The protonation constants of uracil have been determined spectrophotometrically based on 

the relation A = f(pH). The measured absorbance, A, (270- 300 nm in the interval of 0.5 nm) 

and –log[H+] from the spectrophotometric titration were conducted with the computer 

program. The program allows calculation of the protonation constants with different 

stoichiometry. The number of experimental points (absorbances versus –log[H+]) was more 

than 40 (maximum 50) for each titration run. During the experiments, the solutions were 

stable and the absorbance values did not change with time. 
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K1 ,K2 is equilibrium constants and CL is total concentration of guanosine. 

  

 

KH is protonation constant and Kd is dissociation constant and is reverse of KH. The 

protonation constants of guanosine were calculated at 20, 25, 30, 35 and 40°C using 

potentiometry titration method. Amounts of calculated log K1 and log K2 are listed in Table 1. 

 

TABLE 1: Amounts of calculated log K in different temperatures 

Temperature/°C 20 25 30 35 40 

log K1 2.43 2.34 2.25 2.2 2.15 

log K2 9.3 9.25 9.17 9.09 8.84 

Conformation of theoretical and experimental curves is a main criterion for the positive 

amounts of protonation constants and also the proper amounts of molar absorption 

coefficients.  
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According to guanosine usages in medicine and pharmacology, the effect of temperature 

changes on the protonation constant of guanosine has been investigated in this research. 

Results indicate that when temperature increases the log K1 and log K2 decreases gradually 

and pK1 and pK2  increases. With temperature increase intense of protonation increases.  
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Introduction 

The interest of researchers to metals melts is significant in connection with their use as 

coolants in nuclear reactors. The surface tension has an important effect on the heat and mass 

transfer from interfaces. The main purpose of this work is to develop an approach that can 

accurately describe both the phase equilibrium and surface tensions for metals (Li, Na, K, Rb, 

Cs, Mg, Ca, Sr, Ba, Fe, Zn, Cd, In, Sn, Pb, Bi). To this end, the PC-SAFT [1] and density 

gradient theory (DGT) are used. 

 

Method  

The DGT was combined with PC-SAFT equation of state (EOS), in order to describe both the 

phase behaviors and the surface tension of different types of metals. In the DGT, the interface 

is a region in which the density changes from that of the high-density phase to that of the low 

density phase. Based on The Cahn–Hilliard theory the relationship between the energy in the 

interface and surface tension can be driven [2] 

   2 (1)
L

V

f z d z




         

     0 ( 2 )f z f z z p              

Where γ is surface tension, ρ(z) is the local number density of molecules at position Z, κ is 

the influence parameter and f0[ρ(z)] is the free energy density, μ and p are the chemical 

potential and pressure for bulk phases, respectively. The only two inputs of the theory are the 
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Helmholtz free-energy density and the influence parameter. The PC-SAFT equation of state 

was applied to determine Helmholtz free-energy density and bulk properties. The influence 

parameter is obtained by fitting to the experimental data of surface tension. 

 

Results and discusion 

The PC-SAFT equation of state is applied to metals in a wide range of pressure and 

temperature. The parameters of PC-SAFT were identified by correlating saturated liquid 

density. Fig. 1 presents the surface tensions for 8 metals calculated by DGT. From these 

figure, one can find that, by regressing the influence parameter with experimental data, PC-

SAFT and DGT give satisfactory results for surface tensions. 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4. Comparison between calculated (line) and experimental[3] results for surface tension metals.  
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Introduction 

Ionic liquids (ILs) have received increasing attention due to their promising practice 

applications in chemistry and engineering [1]. They have a wide variety of unique 

thermophysical properties which include negligible vapor pressure, good thermal and 

chemical stability, high ionic conductivity, wide liquid region and so on. Liquid surface 

tension is also important in design of industrial applications. In this work, we propose simple 

regularities for surface tension of ILs, which has been applied for alkali metals, and alkali 

halids [2].  

 

Method  

The surface tension of ionic liquids is studied according to phenomenological scaling and the 

law of corresponding states. The reduced coordinates σ*-T*, where σ* represents the reduced 

surface tension and T* is the reduced temperature, are introduced for the prediction of the 

values of the surface tension from the melting point up to boiling point. It has been shown 

that the correlation can be expressed as a unique straight-line plot that requires only the 

melting and boiling point parameters, and can predict the surface tension accurately. 

 

Results and discusion 

It has been shown that the relationship between reduced surface tension, as well as with the 

reduced temperature, can be expressed as a unique straight-line plot with a linear correlation 

coefficient of 0.984. In this work we employ kTb as the characteristic energy and no 

molecular parameters are involved. The proposed correlation has a simple form for easy 
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calculation, requiring only the melting and boiling point parameters, which are usually easy 

to acquire, and can predict the surface tension accurately. For a database of 385 data points 

for 30 ILs, the mean percent deviation observed was only 2.98%.  

 

Fig 1.  Correlation results of reduced surface tension, γ*, vs. reduced temperature, T*, for ionic liquids. 

We illustrate the procedure by specific examples, that not to be used in correlation and results 

show the agreement with experimental data. A comparison between the predicted surface 

tension values and the QSPR correlation [3] for the some ionic liquids is reported. It is 

apparent that our correlation results are in good overall agreement with the experimental data 

over the entire temperature range. 

 

Conclusions 

The surface tension of 30 ionic liquids is studied according to law of corresponding states. It 

has been shown that the correlation can be expressed as a unique straight-line plot. The 

correlation uses more readily available input data than that of the critical point data or 

potential parameters. As far as our results show, the present correlation could be applicable to 

other ionic liquids. 
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Introduction 

Organotin(IV) compounds have been shown to have high antitumour activity in vitro 

in a wide variety of human tumors. The increasing interest in the chemistry and biochemistry 

of organotin complexes has led to extend studies on their interactions with different naturally 

occurring ligands e.g. carbohydrates, nucleic acid derivatives, amino acids and peptides [1]. 

Therefore understanding of the interaction of organotin compounds with possible biological 

targets is highly desirable. In spite of these effects, the mechanism of action of these drugs in 

the living cell is not well understood. The activity of these compounds led to the hypothesis 

that these drugs hydrolyze easily in aqueous media and transport the active part (R2Sn) inside 

the cells where it possibly reacts with DNA. The present work deals with the study of 

dimethyltin(IV) dichloride complexes by tyrosine. 1 H NMR investigation in aqueous 

solution confirmed the species formation. 

 

Experimental 

All measurements were carried out at 25 C. Spectrophotometric measurements were 

performed on a UV-Vis Shimadzu 2100 spectrophotometer. 1H NMR spectra of the ligand 

and the complexes were recorded on a Bruker DRX-300 MHz spectrometer in H2O-D2O (1:1 

by volume) using TMS as an external reference. The solutions were prepared by mixing 

Me2Sn(IV) with tyrosine in H2O-D2O solution to give a 1:1 mole ratio. The concentrations of 

the NMR samples were 1 mM. 

Determination of the stability constant based on the relation A = f(pH) was performed 

using the computer program Squad. Absorbance, A, and pH were measured for a solution 
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containing dimethyltin(IV) and tyrosine. Treatments of the spectrophotometric data obtained 

during the titrations as a function of the [H+], were conducted with the computer program. 

The program allows calculation of the stability constants for different stoichiometry models.  

 

Results and Discussion 

Using a combination of spectrophotometric and potentiometric methods different 

models including ML and MHL and several polynuclear and protonated species were tested 

by the computer program. As expected, polynuclear complexes were systematically rejected 

by the program (the charges are omitted for simplicity). The models finally chosen, formed 

by MHL and ML for the ligand, besides the hydrolysis products of Me2Sn(IV)2+ resulted in a 

satisfactory of numerical and graphical fitting.  
1H NMR of methyl signals both for tyrosine and the formed complex were recorded at 

different pH values. It was observed that the 2J(Sn-1H) values increase with decreasing the 

pH in NMR titration, which indicate a complex species besides the metal ion exists in 

solution [2]. Another reaction is occurred due to deprotonation of coordinated H2O molecule 

and results the formation of a mixed hydroxo complexes. Evaluation of the titration curves, 

shows that the hydrolyzed species, are M(OH) and M(OH)2. 
2J(Sn-1H) values provide useful 

information on the C-Sn-C bond angle of the compounds in a sample and indirectly on the 

possible coordination numbers and geometry around the Sn atom. Two bond coupling, 2J(Sn-
1H), of the Me2Sn(IV)2+ alone and its complex species with tyrosine were determined via the 
1H NMR spectra at different pH. It was observed the signal of the methyl protons in 

Me2Sn(IV)2+ are sharp and has almost the same chemical shift as in the solution of 

Me2Sn(IV)2+ alone. Using the quadratic equation of Lockhart, the average C-Sn-C bond angle 

at low pH and higher pH values for the species calculated from the coupling constants, are 

175 and 135, respectively. On this basis the structures of Me2Sn(IV)2+ and its complexes 

with tyrosine are proposed as an octahedral at low pH and distorted trigonal bipyramidal 

arrangement at higher pH. 
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Abstract 

After mentioning the origin of the most common metaphor for entropy ("disorder" 

metaphor) in the late 1800s by Boltzmann and listing some errors and confusing in its use in 

texts, we urge the abandonment of order-disorder in introducing entropy. Then, we discuss 

about the validity of the descriptor spreading, which involves the notions of space, time, and 

energy in a fundamental way.  

 

Introduction 

As is well-known, in 1865 Clausius gave the name entropy to a unique quotient for the 

process of a reversible change in thermal energy divided by the absolute temperature (dqrev/T) 

[1]. Helmholtz in 1882 called entropy "Unordnung" (disorder) [2], and Gibbs wrote "entropy 

as mixed-up-ness" [3] and subsequently used by many authors. In the nineteenth century the 

greater "disorder" was chosen by Boltzmann to describe its higher entropy. Then the 

movement of macroscopic objects was also added to this idea. That is, a chemist may discuss 

entropy in his textbook with "things move spontaneously [toward] chaos or disorder". Or, 

may express, "Desktops illustrate the principle of a spontaneous tendency toward disorder in 

the universe…" 

The most egregious errors in the past century of associating entropy with disorder have 

occurred simply and over the years, popular authors have learned that scientists talked about 

entropy in terms of disorder, and thereby entropy has become a code word for the "scientific" 

interpretation of everything disorderly from drunken parties to dysfunctional personal 

relationships, and even the decline of society. 

                                                            
1 .forouzandehdel@mehr.sharif.ir 
2 . shafiee@sharif.edu 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1208

Claude E. Shannon's 1948 paper began the era of quantification of information and in it 

he adopted the word "entropy" to name the quantity that his equation defined [4]. This 

occurred because a friend, the brilliant mathematician John von Neumann, told him "call it 

entropy no one knows what entropy really is, so in a debate you will always have the 

advantage"[5]. 

So, they increase the complications of entropy definitions, some of these 

misunderstandings and definitions are listed below: Entropy of: 'Boltzmann' or 'Statistical', 

'Boltzmann-Gibbs', 'Configurational' or 'positional', 'multiplicity' or 'optiony', 'Shannon' or 

'information', ' Teachman-Shannon', 'Shannon-Weaver', 'Boltzmann-Shannon', 'Gibbs-

Shannon', 'Boltzmann-Gibbs-Shannon (BGS)', 'Hartley', 'missing information', 'Fuzzy', 

'human', 'freedom', 'unavailability of energy', 'flow' or 'Prigogine', 'production', 'low', 

'material', 'mental', 'psychic', 'reduction', 'islands', 'Political', 'social', 'mixing', 'External', 

'Psychological', 'Teleonomic', 'consumption', etc. (for example see [6-9].) These contain a 

broad range including physics, mathematics, chemistry, psychology, politics, economics, art, 

architect, etc. that these are only small parts of confusing aspects of entropy. All these 

definitions and names (which are sometimes the same conceptually) are for just a word like 

entropy which has been introduced by Clausius for dqrev/T.  

 

Discussion 

Do all of these definitions characterize entropy? Here we discuss about one of the most 

common interpretations of entropy, i.e., the notion of disorder. Defining entropy increase as a 

change from order to disorder is misleading at best and incorrect at worst. Although 

Boltzmann described it this way in 1898, he did so innocently in the sense that he had never 

calculated the numerical values of W in ΔS = kBln (W/W0) (because the equation as well as 

kB were not known, and W0 was indeterminable before 1900–1912).  In fact, kB = R/NA was 

first stated and calculated by Planck in 1900 [10]. 

In addition, Boltzmann could not have had a valid quantitative way to evaluate his 

"complexions" (equivalent to modern microstates) because the distribution of energy among 

discrete levels via quantum mechanics was not developed until long after his death. Finally, 

Boltzmann's “probabilities” (W) had no reference value, no W0, prior to the third law, whose 

basis (W0 = 1) was established between 1906 and 1912. Therefore, Boltzmann's error in 
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stating “entropy is disorder” was innocent. Pitzer’s calculation of a mole of any substance at 

near 0 K shows that none can be more ordered than having the possibility of 

1026,000,000,000,000,000,000 different accessible microstates! [11] If liquid water at 273 K with its 

101,991,000,000,000,000,000,000,000 accessible microstates (quantized molecular arrangements) is 

considered "disorderly", how can ice at 273 K that has 101,299,000,000,000,000,000,000,000 accessible 

microstates be considered "orderly"? 

On the other side, there is no general definition of disorder in the context of 

thermodynamics. Burgers observed that disorder “leads to anthropomorphic forms of 

reasoning which are often misleading.” [12]. Many people usually think that they can 

recognize disorder whenever they see it. Styer found that their confidence was misplaced 

when he tested their evaluation of "lattice gas models", patterns used in a wide variety of 

studies of physical phenomena [13]. His results showed that five diagrams that were checked 

were invalid; they had probably been selected to appear disorderly but were statistically not 

truly random. 

Lambert critically assessed usage of the disorder metaphor in chemistry text books, and 

has successfully convinced the authors of 25 textbooks to remove statements relating entropy 

with disorder from new editions of their books [14]. Some other physicists support his 

statements in extended discussions with various examples. 

Setting aside the “disorder” interpretation, one may state that entropy can measure the 

spontaneous dispersal of energy: how much energy is spread out in a process, or how widely 

spread out it becomes at a specific temperature. The metaphor of spreading is based explicitly 

upon space, time, and energy [15]. Space is intimately involved because energy tends to 

spread spatially as much as possible. This includes spreading of energy spatially during 

processes and temporal spreading over accessible microstates states in thermodynamic 

equilibrium. The spreading metaphor is powerful and offers a physically motivated, 

transparent alternative to the metaphors mentioned above. So, one may conclude that it is 

appropriate to view entropy’s symbol S as shorthand for spreading. 

 

Conclusions 

      Although, scientifically, it seems that spreading is more appropriate than disorder, it is not 

free of deficiencies. The main problem is that exclusively its emphasis is on the energy aspect 

which arises some difficulties until the systems remains isolated. In this case the total energy 
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changes become zero. Therefore, there is neither heat transfer for changing the distribution of 

molecules nor work exchange. So no changes occur in energy states (i.e., "free expansion"). 

In some cases like the "crystallization of supercooled solution" and even "the crystallization 

of supersaturated solution(i.e., supersaturated solution of sodium sulfate)" not only does the 

energy spreading but also it concentrates  A naive approach to justify the increase of 

spreading amount of energy in free expansion is the quantum particle in a box model. At 

room temperature since particles only occupy the ground rotational and vibrational states, 

only transitional states can be changed and these energy states influence the quantification of 

the microstates. In the cases of "free expansion" or "doubling the amount of a gas or liquid" 

or generally in other cases of volume increasing, certainly, the time of consequent collisions 

and main free path are increased due to volume increase. Consequently, the number of 

collisions in specified intervals will be decreased. In effect, the velocity distribution is 

changed and therefore the rate of occupied microstates is deduced. 
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Introduction:  

Accurate models that can be reliably used for phase equilibrium calculations for systems 

containing surfactants are relatively scarce; a few investigations have used SAFT type 

equations of state (EOS’s) for such mixtures. The CPA EOS has also been applied to phase 

equilibria for mixtures of glycolethers by Garrido et al. [1], and they have shown that this EOS 

can correlate experimental results for these systems accurately. Garcia Lisbona et al. [2] used 

the SAFT HS EOS for modeling three aqueous solutions of polyoxyethylene mixtures. 

Despite these preliminary results, the use of a more sophisticated version of the SAFT EOS is 

expected to improve the agreement with experiment of data. In this work the SAFT-VR 

equation of state has been applied for glycol-water, glycol-alkane and glycol-alcohol systems. 

The effect of different assumptions regarding model parameters and the number of 

associating sites has also been investigated. 
 

Theory:  

In the SAFT-VR approach [3], for a system of N molecules at temperature T, the Helmholtz 

free energy (A) is expressed as:                                                                             (1)                                          

The superscripts refer to contributions accounting for an ideal gas (ig), dispersion interactions 

between the monomeric segments of the molecules (mono), formation of molecular chains 

from the segments (chain), and possible molecular association (hydrogen-bonding, etc.) 

(assoc) . Each associating molecule features a number of associating sites to mediate 

hydrogen bonding. The general equations that are used for the chain and association terms are 

common among most SAFT models, and the only differences are the correlations used for an 

exact representation of the radial distribution function (rdf) at contact distance, and dispersion 

energy terms corresponding to the studied fluid. In this work the square-well fluid model is 
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used for the dispersion term as developed in the original SAFT-VR model [3]. All necessary 

thermodynamic properties are derived from eq. (1) using standard relations. 
 

Results and Discussion:  

Vapor-liquid equilibrium for binary systems containing a surfactant has been studied in this 

work. Initially, pure component parameters have been obtained using available experimental 

data for vapor pressure decrease and/or phase composition. The parameters obtained for the 

pure components are used for the mixed systems, by applying binary interaction coefficients. 

The results are summarized in Table1. In binary systems composed of water with 1, 2-

ethandiol, methanol with C1E1 and C2E1 and iC3E1, both components can form associating 

bonds, whereas in the other systems only one component is associating. Experimental data 

for a range of temperatures have been used to fit the dispersion and association energy binary 

interaction coefficients (kij and kij
HB, respectively). Elliott combining rules and a van der 

Waals 1-fluid mixing rule has been applied. A comparison of results with different number of 

sites in the associating component shows that for these systems two sites produce the best 

results. 

Table 1: Optimized binary interaction parameters of the SAFT VR model for binary surfactant mixtures 

Binary System kij Kij
HB %∆P ∆y 

methanol+2methoxyethanol 0 0 2.73 0.020 

methanol+2ethoxyethanol   -0.078 -0.151 1.40 0.030 

water+1,2ethandiol   0 -0.183 2.72 0.015 

water+2methoxyethanol -0.0584 -0.1662 8.34 0.055 

water+2ethoxyethanol -.0150 0.1930 11.2 0.075 

water+ C4E0 -.0343 -0.0039 3.97 0.030 

water+C4E1 -0.1143   0.0311 2.72 0.015 

hexan+2ethoxyethanol  -0.250 0 12.6 0.049 

cyclohexan+2ethoxyethanol  -0.250 0 12.6 0.049 

heptane+2isopropoxyethanol  -0.075 0 5.90 0.033 

hexan+ 2isopropoxyethanol  0.0812 0 6.80 0.011 

Octane+C4E1 -0.300 0 6.49 0.020 

Conclusion:  

The SAFT-VR equation of state has been extended in this work to binary surfactant- water 

and surfactant-alkane systems. It has been successfully applied to model VLE in surfactant 

mixtures, including azeotropic binary systems, and an assessment of different assumptions 

regarding the molecular model has also been presented. 
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Introduction 

Concerning the scientific and industrial importance of long chain organic compounds, 

endeavors have been made in this research to use a simple and accurate equation of state for 

prediction of thermodynamic properties of these compounds. Using GMA equation of state, 

different groups of long chain organic compounds, including alkanes, alcohols, ketones and 

1-carboxylic acids have been studied. 

 

Theory 

The GMA equation of state [1-3] is based on the average potential energy and is given as:   

3(2 1) ( ) ( ) (1)mZ V A T B T     

where Z, Vm, and ρ are compressibility factor, molar volume, and molar density, respectively. 

The intercept and slope of this equation depend on temperature via the equations: 

0 1 2 0 1 2( ) 2 / 2 ln / (2) , ( ) 2 / 2 ln / (3)A T A A RT A T R B T B B RT B T R       

where A0–A2 and B0–B2 are constants.  

 

Results and discussion 

We have used the experimental PVT data for C6H12 to C28H58, 1-Propanol, 2-Propanol, 1-

Butanol, 2-Butanol, 1-Pentanol, 2-Pentanol, 3-Pentanol, 1-Hexanol, 1-Octanol, 1-Decanol, 1-

Hexadecanol, 1,2-Butandiol, 2-Propanone, 2-Butanone, 3-Pentanone, 2-Hexanone, 1-

Butanoic Acid, 1-Pentanoic Acid, 1-Hexanoic Acid, 1-Heptanoic Acid, 1-Octanoic Acid, 1-

Decanoic Acid, 1-Dodecanoic Acid, 1-Tetradecanoic Acid and 1-Hexadecanoic Acid to plot 

3(2 1) mZ V  against ρ for each isotherm. As the table 1 shows the linearity holds very well for 
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all isotherms (some results). A more sensible test for the GMA equation of state is to 

calculate the differential thermodynamic properties, such as internal pressure (Pi), isothermal 

compressibility (κ) and thermal expansion coefficient (α) at different temperatures and 

pressures (Table 2 - 4). 

Conclusion 

It has been concluded and ascertained that GMA Eos is capable of predicting the density of 

these compounds with a high degree of accuracy. A more sensitive test for any state equation 

is the prediction of differential thermodynamic properties. For such a test, GMA Eos 

predicted these properties with an acceptable degree of accuracy. 

Table1: The minimum and maximum square of correlation coefficient (R2) of Eq. (1) 

fluid T(K)  min max atmP P   1
min max mol L     2 for GMAR  

C28H58 353.15-403.15 0.9869-1475.9439 1.900-2.102 0.9994 

1-Decanol 298.15-348.15 0.9869-396.7432 5.009-5.368 0.9999 

2-Hexanone 288.15-338.16 25.1369-3755.835 7.732-9.615 0.9997 

1-Hexadecanoic Acid 353.15-373.15 0.9869-88.8231 3.230-3.313 0.9996 

 

Table2: The average of absolute percent deviations of the calculated isothermal compressibility 

Fluid 

 min max KT T
 

 min max atmP P
 

 1
min max mol L   

 

   exp cal exp100 / , Average min max    

 

C15H32 310.8-408 344.6-3445.5 3.4971-4.0120 2.96(0.0450-5.39) 

2-

Hexanone 

288.15-

338.16 25.1369-3755.835 7.7323-9.6155 2.97(0.0731-5.451) 

 

Table 3: Absolute percent deviations of the calculated thermal expansion coefficient 

fluid T(K)  1mol L    1
exp K    1

cal K   exp exp( ) / 100cal   

C8H18 
298.03 6.1289 0.001164 0.001163 0.154 

348.14 5.764 0.001303 0.00128 1.758 

3-Pentanone 
 

313.15 9.2609 0.00123 0.001177 4.325 

338.15 8.996 0.00127 0.001139 10.285 
 

Table 4: Absolute percent deviations of the calculated pressure 

fluid T(K)  1mol L    ,expiP atm   ,i calP atm  ,exp , ,exp( ) / 100i i cal iP P P 

C16H34 
323.15 3.33196 2884.136 3010.349 4.37608 

373.15 3.1796 2565.63 2556.572 0.353046 

2-Butanone 
288.15 11.267 3394.618 3850.865 13.44028 

338.15 10.56 2982.402 3378.232 13.27216 
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Introduction 

    Pyrroles are heterocycles of great importance because of their presence in numerous 

products such as antioxidants[1], antibacterial, antitumor, anti-inflammatory[2],and 

antifungal agents. Moreover, they are a highly versatile class of intermediates in the synthesis 

of natural products as well as in heterocyclic chemistry[3]. Many methods have been 

developed for their synthesis, which include Knorr, Paal-Knorr, and Hantzsch syntheses and 

1,3-dipolar. cycloaddition reactions[4]. 

 

Methods 

   Theoretical methods have used to study all of the channels of this reaction. Ab initio 

calculations were carried out using the Gaussian 03 program. The geometries of all the 

stationary points were optimized at the MPWB1K [5], methods with 6-311++G** basis set.  

 

Results and Discussion 

   In this study thermodynamics of the following reaction have investigated . 

N

OH

CH3

R

N

CH3

O

 

                                       Molecule1                            Molecule2          

   In this study we have reported one dimensional PES for some trajectories of the reactions of 

studied. (see diagram 1).  As shown in this diagram, hydrogen atom is separated from oxigen 

atom of molecule 1,  to produce  molecule 2 via transition state. 
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Diagram1.Potential energy surface for reaction of molecule 1 to produce molecule 2, with X=H 

Harmonic vibrational frequencies were obtained at the MPWB1K/6-31++G(d,p) level in 

order to characterize stationary points as local minima or first-order saddle points and to 

obtain zero-point vibration energy corrections. The number of imaginary frequencies (0 or 1) 

indicates whether a minimum or a transition state has been located.Table 1.  

Table 1. Harmonic Vibrational Frequency (cm-1) for Various Species at MPWB1K/6-311++G(d,p)  level. 

 

 

 

 

Conclusion 

Generalized free energy of activation for reaction have  investigated  to calculated 

equilibrium constant.rate constants,  negative and positive of gibbes energy are important to 

comparison of stability of different reactions. 

 

 
 

Hf/6-311++G** 

Frequencies(cm-1) Moleculen 

3302.1,3314.9,3952.7,3143.1,3183.8,3275.6,1587.4,1673.3,1489.4,1495.1,1539.4,1418.4,
1452.8,1462.3,1174.3,1228.7,1306.1,1084.3,1108.2,1149.9,1084.3,1108.2,1149.9,811.9,1
011.9,1032.9,668.9,742.01,754.08,613.4,618.8,622.9,297.8,329.1,452.5,59.5,128.1,172.5 

Molecule1 

3167.6,3240.9,3305.9,3080.1,3122.4,3140.3,1640.3,1816.2,3036.6,1490.7,1495,1540.4,13
51.7,1453.5,1464.3,1208.1,1252.6,1343.2,1113.8,1146,1197.1, 
966.5,982.2,1070.9,760,866.3,942.3,576.9,610.5,751,305,405.3,496.5,99.4, 147.2,208.1

Molecule2 
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R 

23.77  ∆G(kj/mol)  

6.813 K  
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Introduction 

   Compounds with an imidazole ring system have many pharmacological properties and can 

play important roles in biochemical processes[1] .Several methods of imidazole synthesis can 

be found in the literature, including hetero-Cope rearrangement[2].four-component 

condensation of arylglyoxals; the combination of primary amines, carboxylic acids, and 

isocyanides on Wang resin[3] .   

Methods 

   Theoretical methods have used to study all of the channels of this reaction. Ab initio 

calculations were carried out using the Gaussian 03 program. The geometries of all the 

stationary points were optimized at the MPWB1K [4], methods with 6-311++G** basis set.  

Results and Discussion 

   In this study thermodynamics of the following reaction have investigated  

   

                   

 

                     Molecule1                                Molecule2                                   Molecule3   

 In this study we have reported one dimensional PES for some trajectories of the reactions of 

studied. (see diagram 1).  As shown in this diagram, hydrogen atom is separated from oxijen 

atom of molecule 1,  to produce  molecule 2 via transition state. 
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Diagram1.Potential energy surface for reaction of molecule 1 to produce molecule 2, with X=H 
  

Harmonic vibrational frequencies were obtained at the MPWB1K/6-31++G(d,p) level in 

order to characterize stationary points as local minima or first-order saddle points and to 

obtain zero-point vibration energy corrections. The number of imaginary frequencies (0 or 1) 

indicates whether a minimum or a transition state has been located.Table 1.  

 

Table 1. Harmonic Vibrational Frequency (cm-1) for Various Species at MPWB1K/6-311++G(d,p)  level. 

 

Conclusions 

   Generalized free energy of activation for reactions have  investigated  to calculated 

equilibrium constant. rate constants,  negative and positive of gibes energy are important to 

comparison of stability of different reactions. 

Hf/6-311++G** 

Frequencies(cm-1) Moleculen 

3152.6, 3188.02, 3229.4, 3081.6, 3106.1, 3145.6, 1519.5, 1724.8, 1860.6, 1442.5, 

1472.5, 1508.1, 1323.7, 1349.06, 1427.8, 1156.4, 1197.2, 1270.8, 1027.6 , 1058.9   

Molecule1 

3206.2, 3300.1, 3940.8, 1660.1, 3096.5, 3168.1, 1525.2, 1532.3, 1655.5, 1402.4, 1458.3, 

1494.7, 1169.4, 1269.2, 1291.07, 1078.89, 1132.5, 1158.5, 736.1, 752.1, 879.1, 514.6, 

662.6, 668.8, 261.3, 309.7, 474.4, 63.35, 88.63, 192.1   

Molecule2 

3130.7, 3180.30, 3239.06, 3064.02, 3069.3, 3098.23, 1536.51, 1720.6, 1844.90, 1469.57, 

1496.19, 1503.15, 1328.51, 1338.96, 1448.96, 1166.96, 1222.37, 1288.28, 1047.0806, 

1059. 2531, 1151.81, 888.92, 938.57, 1021.93, 683.32, 718.11, 738.63, 274.90, 403.96, 

475.22, 124.26, 149.51, 207.65 

Molecule3 
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Abstract 

Liquid-phase equilibrium data of aqueous mixtures with organic solvents play an important 

role in the design and development of separation processes. In particular, liquid-liquid 

equilibria (LLE) investigations for ternary mixtures are important in the evaluation of 

industrial units for solvent extraction processes [1,2]. 

Experimental tie-line results and phase diagrams were obtained for the ternary systems of 

[water + butyric acid and propionic acid + isobutyl acetate and cyclohexane] at T=298.2K 

and atmospheric pressure. The experimental tie-line data were also compared with those 

correlated by the UNIQUAC and NRTL models. The consistency of the values of the 

experimental tie-lines was determined through the Bachman correlation equation. 

Distribution coefficients and separation factors were evaluated over the immiscibility regions 

and a comparison of the extracting capabilities of the solvents were made with respect to 

distribution coefficients and separation factors. The separation factor is defined as the ratio of 

distribution coefficients of the acid (2) to water (1), 12 / DDS   .Where D1 and D2 are the 

distribution coefficients of water and the acid, respectively (Table1).Our purpose of this work 

is finding the best solvent for extraction of the butyric acid and propionic acid from aqueous 

solution. We determined the equilibrium values preparing the ternary mixtures of known 

compositions. For this process and measuring the LLE values was used a 250 cm3 glass cell 

connected to a thermostat at T=298.2K. A water jacket was used to control the temperature of 

the cell to within ±0.1%. The prepared mixtures were placed in the extraction cell and were 

vigorously agitated by a magnetic stirrer for 4h.The mixtures were then settled for 4h at 

constant system temperature to separate completely into two liquid phases. After separation, 

samples of both phases were transparent and were carefully collected from each phase and 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1225

analyzed to determine their compositions. The concentrations of acids in both phases were 

determined by potentiometric NaOH titration in the presence of phenol phthale in as an 

indicator. The water content of the organic phase was measured by the Karl-Fisher method 

using Mettler Toledo DL 38 Karl–Fisher titrator. 

Table1. Separation factors (S) and distribution coefficients of acids (D2) and water (D1). 

 

Tie-line data for these ternary systems were obtained at T=298.2K. Each ternary system 

exhibits Type-1 behaviour of the LLE. The experimental results indicate the superiority of the 

cyclohexane as the preferred solvent for the extraction of the two acids from its aqueous 

solutions. The immiscibility region was found to be large when the cyclohexane was used as 

an organic solvent for extraction of the two acids. The cyclohexane for extraction of butyric 

acid is better than the propionic acid.  

 

Keywords: LLE data; Ternary mixture; NRTL model; UNIQUAC model 
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D2 D1 S D2 D1 S 

water(1)+ propionic acid (2)+ isobutyl acetate (3)  water(1)+butyric acid (2)+isobutyl acetate (3)  

8.54 0.27 31.44 46.42 0.29 161.65 

7.10 0.34 20.74 26.67 0.32 83.78 

6.43 0.41 15.72 20.00 0.35 56.93 

4.64 0.48 9.58 13.08 0.42 30.94 

3.88 0.56 6.96 9.30 0.53 17.47 

water(1)+ propionic acid (2)+ cyclohexane(3)  water(1)+butyric acid (2)+ cyclohexane (3) 

1.30 0.002 585.52 16.66 0.02 939.14  

1.11 0.001 963.28 13.15 0.02  514.44 

1.06 0.005 218.60 12.77 0.04 329.24 

1.08 0.007 163.19 11.36 0.07 162.60  

1.09 0.013 82.61 9.45  0.12  77.78 
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introduction  

Stable crystalline phosphorus ylides are obtained in excellent yields from the 1:1:1 

addition reaction between 5,5-diarylthiohydantoins and dialkyl acetylenedicarboxylates in the 

presence of triphenylphosphine. These phosphoranes undergo smooth intramolecular Wittig 

reaction followed by an electrocyclic ring opening to produce dialkyl (E)-2-(2,5-dihydro-5,5-

diaryl-2-thioxo-1H-imidazol-4-yl)fumarates in good yields. Dynamic effects were observed 

in the 1H NMR spectra of these compounds and were attributed to restricted rotation around 

the Carbon-Carbon single bonds. 

 

Results and Discussion 

The 1H and 13C NMR spectra of compounds 4 show two different aryl groups, and the 
1H NMR spectra of compounds 4b and 4d exhibit characteristic (AB)X3 patterns for the 

diastereotopic methylene protons (Scheme 1). The Ar-CH3 region of the 1H NMR spectrum 

of 4d in CDCl3 at ambient temperature (25°C) exhibits two sharp singlets for the Ar-CH3 

groups. The 1H NMR of 4c in 1,2-dichlorobenzene at 25°C is similar to that measured in 

CDCl3. Increasing the temperature results in coalescence of the Ar-CH3 resonances. At 90°C, 

a relatively broad singlet was observed for the Ar-CH3 groups. This dynamic NMR effect is 

attributed to restricted rotation around the single bond attaching the vinyl substituent to the 2-

thioxo-1H-imidazole ring. 

Although an extensive line shape analysis in relation to the dynamic NMR effect 

observed for 4c was not undertaken in the present work, the variable temperature spectra are 

sufficient to calculate the free energy barrier as well as enthalpy and entropy of activation for 
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the restricted C–C bond rotation. From the coalescence of the methine protons and using the 

expression k = πΔν/1.42, the first-order rate constants (k) were calculated. Application of the 

absolute rate theory with a transmission coefficient of 4c gives a free energy of activation 

(ΔG≠) of 17x4.218 ± 2 kJ mol-1 for 4c, where all known sources of errors are estimated and 

included [1-5]. 

+PPh3

HN

NH

O

S

Ar

Ar HN

N

S

Ar

Ar
HN

N

O

S

Ar

Ar

CO2R

PPh3
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CO2R

CO2R

CO2R

+

Ar
C6H5
4-Me-C6H4

R
Me
Et

R       Ar
Me
Me
Et
Et

3a
3b
3c
3d

4a
4b
4c
4d

C6H5
4-Me-C6H4
C6H5
4-Me-C6H4

R       Ar
Me
Me
Et
Et

C6H5
4-Me-C6H4
C6H5
4-Me-C6H4

1a
1b

2a
2b

SCHEME 1. Synthesis of compounds 3 and 4. 
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Introduction  

   keto-enol tautomerism refers to a chemical-equilibrium between a keto form (a ketone or an 

aldehyde) and an enol (An alcohol). The enol and keto forms are said to be tautomers of each 

other. The interconversion of the two forms involves the movement of a proton and the 

shifting of bonding electrons; hence, the isomerism qualifies as tautomerism.  

   The keto-enol reaction is very important in structure of peptide and proteins[1] and proton 

transfer reaction  the tautomerization is important in DNA reactions [2]. In this research the 

structure and thermodynamics of substituted ketones were calculated and the effect of 

substitutions on the proportion of energy in two structures was studied.  

 

Methods 

   Theoretical methods have used to study all of the channels of this reaction. Ab initio 

calculations were  carried out using the Gaussian 03 program. The geometries of all the 

stationary points were optimized at the MPWB1K [3], methods with 6-311++G** basis set.  

 

Results and Discussion 

In this study thermodynamics of the following reaction have investigated The calculated 

relative energies at MPWB1K/6-311++G** levels of theory are reported in diagrams 2. 
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                                   Molecule1                     Molecule2                             Molecule3   

   In this study we have reported one dimensional PES for some trajectories of the reactions of 

studied. (see diagram 1).  As shown in this diagram, hydrogen atom is separated from carbon 

atom of molecule 1,  to produce  molecule 2 via transition state. 

 

 

 

 

 

  

 

Reaction path (bohr)   

Diagram1.Potential energy surface for reaction of molecule 1 to produce molecule 2, with X=H 

Relative energies of different species which corrected for zero point energies are plotted in 
diagram 2. as shown in these figure molecule 1 is more stable than molecule 2 and 3 (for 
x=H, CH3 and Ph) . For X=Ph energy of molecule 2 and 3 are comparable.   

 

 

 

 

 

 

 

 

Diagram2. Relative energies of different species for reaction in kJ mol-1 at the MPWB1K/6-31++G(d,p) level. 

All values are corrected for zero point energies. 
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Conclusions 

   Generalized free energy of activation for all reactions have  investigated  to calculated 

equilibrium constant. 

Rate constants,  negative and positive of gibes energy are important to comparison of stability 

of different reactions. 
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X=Ph X=CH3 X=H  R2 

0.79 4.48 2.37 ∆G(kj/mol) 

0.73 0.17 0.38 K  

X=Ph X=CH3 X=H  R1 

2.9 -2.37 1.581 G(kj/mol)  

0.313 0.95 0.531 K  
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Introduction 

   Heterocycles play a major part in biochemical processes and are also side groups of the 

most typical and essential constituents of living cells [1].    

   The indole ring system is probably the most ubiquitous heterocycle in nature. Owing to the 

great structural diversity of biologically active indoles, it is not surprising that the indole ring 

system has become an important structural component in many pharmaceutical agents [2],[3] 

. 

 

Methods 

   Theoretical methods have used to study all of the channels of this reaction. Ab initio 

calculations were carried out using the Gaussian 03 program. The geometries of all the 

stationary points were optimized at the MPWB1K [4], methods with 6-311++G** basis set.  

 

Results and Discussion 

   In this study thermodynamics of the following reaction have investigated . 

N

H

O

O
N

O

OH
R

 
                                 Molecule1                                    Molecule2          

   In this study we have reported one dimensional PES for some trajectories of the reactions of 

studied. (see diagram 1).  As shown in this diagram, hydrogen atom is separated from 

Nitrogen atom of molecule 1, to produce  molecule 2 via transition state. 
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Diagram1.Potential energy surface for reaction of molecule 1 to produce molecule 2, with X=H 

 

Harmonic vibrational frequencies were obtained at the MPWB1K/6-31++G(d,p) level in 

order to characterize stationary points as local minima or first-order saddle points and to 

obtain zero-point vibration energy corrections. The number of imaginary frequencies (0 or 1) 

indicates whether a minimum or a transition state has been located.Table 1.  

 

Table 1. Harmonic Vibrational Frequency (cm-1) for Various Species at MPWB1K/6-311++G(d,p)  level. 

 

 

Conclusion 

   Generalized free energy of activation for reaction have  investigated  to calculated 

equilibrium constant. 

Hf/6-311++G** 

Frequencies(cm-1) Moleculen 

3242.3,3251.7,3701.8,1894.4,3223.8,3235.8,1686.5,1708.7,1877.8,1435.5,1528.3,1543,12

81.5,1333.7,1378.7,1182.2,1220.2,1230.9,1012.1,1061.3,1131,900.6,970.6,984.8,774.7,83

5.6,886.2,667.06,739.3,750.5,553.4,553.8,651.7,431.1,492.1,522.6,277.2,321.04,392.7,96,

137.9,255 

Molecule1 

3145.6,3251.4,3841.6,1880.1,3222.1,3232.7,1686.5,1698.5,1742.6,1482.1,1506.8,1527.1,

1259.7,1325,1397.8,1182.5,1194,1227.5,1006.2,1052,1177.8,901.06,977.9,983.07,773.5, 

818.5,888.3,649.5,734.5,746,566.7,604.4,643.7,422.9,488.2,547.7,291.7,294.3,374.2,116,

138.4,275.2     

Molecule2 
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   Rate constants,  negative and positive of gibbes energy are important to comparison of 

stability of different reactions. 

 

 

 

 

R 

0.1765  ∆G(kj/mol)  

-0.0712 K  
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Introduction 

In this work, we apply an equation of state based on statistical-mechanical perturbation 

theory to liquid mixtures. Three temperature-dependent quantities are needed to use the 

equation of state (EOS): the second virial coefficient, B(T), effective van der Waals 

covolume, b(T), and a scaling factor, α(T). Based on the theory, all the three temperature-

dependent parameters depend only on the repulsive branch of the potential function, and 

therefore, by our procedure, can be found from ΔHvap and nb . It has considerable predictive 

power. 

 
 
Method  

In this section, we summarized the results of derivation of the statistical mechanical 

equation of state, which was derived by Ihm et al. [1], from statiscal-mechanical perturbation 

theory. This equation of state is: 

 
ij ij

ijijjiijijijji GxxFBxx
kT

P 


)(1                                                            (1) 

where xi and xj are mole fractions, and the summations run over all components of mixture.  

The quantities αij and Bij are related to the pair potential uij (r ). Gij and Fij are defined [2] as 

follow 
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where 
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k

kk dx 3

6
1

3                                                                                                            (4) 

with δk = 0.22λk . 

The equation for calculating dk is :    

3

3
2

kk db                                                                                                                                                          (5) 

The simplest combining rules for predicting unlike-molecule interactions from like-molecule 

interactions are an arithmetic mean for ρnb
-1/3 and a geometric mean for ΔHvap . 

(ρnb)ij
-1/3 = (1/2)[(ρnb)i

-1/3 + (ρnb)j
-1/3]                                                                               (6) 

(ΔHvap)i j= [(ΔHvap)i (ΔHvap)j]
1/2                                                                                      (7)     

Once (ρnb)ij and (ΔHvap)ij are known, the values of αij, bij and (B2)ij follow according to Ref 

[3]. 

 

Result and Discussions 

This work proves that the ISM equation of state can be applied to predict the PVT behavior 

for fluid mixtures. The most important advantage of this EOS than other equations is 

simplicity and also needs less input information for fluids. In practical, knowledge of only 

two constants, heat of vaporization and liquid density at the normal boiling point that are 

almost available for fluids is sufficient to determine the PVT surface of the fluids.The results 

in Table I. Show that agreement between our calculated data and experimental data is very 

good. 
 

Table I. Comparisons between Calculated and Experimental 
Values [4] of Compressed Liquid Densities for Mixtures of 

(x1 n-butane + x2 isobutane) 

     X1   T (K) P (MPa)   ρexp(kg·m−3)  NPa AAD%b 

0.2625 280 1-200 580.7-706.1 19 2.378 
 320 1-200 530.1-685.5 19 3.153 
 440 20-200 485.3-648.3 16 3.634 

0.4913 320 1-200 541.4-689.5 19 2.837 
 440 30-200 483.2-637.8 13 3.691 

0.7508 360 2-200 478.2-669.8 18 4.237 
 440 10-200 384.5-635.7 15 4.824 

  a NP: number of data points     

 b 





N

i i

caliiNAAD
1 exp,

,exp,1001%
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Introduction:  

Knowledge of the dependence of viscosities of polymer solutions on composition is of great 

interest from a theoretical standpoint. Close examination of performance of Eyring-local 

composition models [1-3] in the modeling of viscosity values of polymer solutions indicates 

that for some systems satisfactory results are not obtained using these models. Here, we 

proposed a new local composition model (modified-NRF) for excess Gibbs energy of 

polymer solutions using local cell theory and considering different reference state 

assumptions and correction terms. The model has been used along with Eyring’s absolute rate 

theory in the correlation of viscosity values of binary polymer solutions and nanofluids.  

 

Theoretical framework:  

Following Chen’s approach we assume the existence of two types of cells, depending on the 

central species. One of the cells has a solvent central molecule and the other cell has a 

polymer segment as central species. Considering different reference state assumptions and 

correction terms we obtained the mNRF equation for polymer solutions as: 
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where wx and px are the mole fraction of solvent and polymer. T is temperature and R is the 

universal constant of gases. Z is the nonrandom factor which was set to 8 in this work. 

Subscripts s and s´ represent the segments of polymer chain; w, w´ and w˝ show the solvent 

molecules. wpr ,  approximates the ratio of the molar volume of the polymer and 

corresponding solvent molecule, w˝. 

 

Results and discussion:  

Proposed model on the basis of Eyring’s absolute rate theory has been utilized in the 

correlation of viscosity values of nanofluids and polymer solutions with following equation: 

    









 RT

g
VV

mNRFex

i
ii

,2

1
lnln    

                           
(2) 

where η and V are the viscosity and molar volume of mixture, respectively. Subscript i 

represent the pure component i. In the correlation of viscosity values of polymer solution 

temperature dependency for Eyring-mNRF model is considered as: 
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(3) 

In Table 1 and 2 the obtained absolute average relative deviations, AARD, of the 

aforementioned model in the correlation of the viscosity values of binary polymer solutions 

and nanofluid are given along with the AARD values determined from other local 

composition models.  
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Table 1. Absolute average relative deviation, 100.AARD, of different viscosity models for the polymer + 
solvent Systems  

system 
Mn  

(g.mol-1) 
T 

(°C) 

number 
of data 
point 

Eyring-
polymer-

NRTL 

Eyring-
segment-

based-
liquid-
NRTL  

Eyring- 
polymer- 
Wilson 

Eyring- 
polymer- 

NRF 

Eyring- 
polymer- 

NRF- 
Wilson 

Eyring- 
mNRF 

PEG 
+ethylacetate 

400 25-
35 

33 12.77 1.77 2.15 1.42 1.75 1.35 

PPG + ethanol  ۴٠٠ 25-
55 

٨٨ 6.89 1.50 1.50 1.76 1.51 1.46 

PPG +2-propanol ۴٠٠ 25-
55 

١٠٩ 1.81 1.44 1.19 1.27 1.19 1.18 

PVP + H2O  4088 25-
55 

108 1.70 1.68 1.86 1.36 1.29 1.29 

PS + styrene 166000 20-
60 

81 9.37 11.66 16.86 76.83 76.83 8.31 

 
Table 2. Absolute average relative deviation, 100.AARD, of Eyring-mNRF and Eyring-NRTL models obtained 
from viscosity fitting of nanofluids  
 

system 
number of 
data point 

range of volume 
fraction 

Eyring- 
mNRF- 

Eyring-
NRTL 

CuO-H2O 33 0.01-0.09 3.32 5.22 
Al2O3-H2O ٨٨ 0.01-0.094 9.02 9.80 

 
Conclusion:  

New excess Gibbs energy model, mNRF, has been developed based on the local cells theory. 

The performance of the proposed model in the correlation of viscosity values of the binary 

polymer solutions and nanofluids has been tested. It was found that the performance of 

mNRF model in the correlation of transport properties of the binary polymer solutions and 

nanofluids is better than other local composition models. 
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Introduction 

In continuation of our research works on dynamic 1H NMR phenomenon, we now 

describe this effect in reaction between dimethyl acetylenedicarboxylate and 2-

mercaptobenzoxazole in the presence of triethyl phosphate.Synthesize of which has been 

reported previously[1]. 

 

Results and Discussion 

1. Dynamic 1H NMR for Ylide 4d Involving Triethyle Phosphite 

The 1H, 13C and 31P NMR spectra of ylide 4d (synthesis of which has been reported 

previously[1]) are consistent with the presence of two isomers (see Figure 1-I). The ylide 

moiety of these compounds is strongly conjugated with the adjacent carbonyl group and 

rotation around the heteroaryl-carbon, carbon-carbon single bonds and also the partial 

carbon-carbon double bond in the Z-4d and E-4d rotational isomers are slow on the NMR 

time scale at ambient temperature. Herein, the 1H NMR spectra of 4d exhibits two 

doublets for methine proton (H-C-C=P, 3JPH) at δ= 7.48 and 7.44 ppm, for the major and 

minor geometrical isomers, respectively. Effects of dynamic 1H NMR around the each 

bond will be discussed next. 
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Figure 1. (I) Synthesis of ylide 4d involving three possible dynamic 1H NMR effects around heteroaryl-carbon , 

carbon-carbon single bonds and also carbon-carbon double bond. 

2. Dynamic effect for the E-4d isomer ,as a result of restricted rotational process around 

the heteroaryl-carbon and carbon-carbon single bonds at 242 K and 236 K, respectively 

The 1H NMR spectrum for the E-4d showed a resonance arising from methine proton (H-C-

C=P, 3JPH) that is appreciably broadened in comparison with a corresponding doublet that 

measured at ambient temperature. This resonance coalescence at approximately -31 ºC (242 

K) which is relevant to restricted rotational process around heteroaryl-carbon single bond. 

Moreover, when temperature was considerably reduced under zero, other coalescence 

occurred at -37ºC (236 K) that is related to the rotational process around the carbon-carbon 

single bond. Investigation of 1H NMR spectra for E-4d  at variable temperature allowed us to 

calculate the rotational energy barrier (ΔG#) for the both restricted rotational processes 

around the heteroaryl-carbon (see Table 2) and also carbon-carbon single bonds (see Table 

3). Using the expression kC = πΔυ/√2, first order rate constants calculated for both bond 

rotational processes. Application of the absolute rate theory with a transmission coefficient 

(k) of one gave free Gibss rotational energy barrier. With respect to the experimental data 

involving Tc and Kc, values of ΔH# and ΔS# [2,3] calculated for each process. Those are 

reported in Tables 2 and 3. Effect of temperature on the rate constant was investigated on the 

basis of measurement of different chemical shift in a series of other separate experiments. 
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The results were too small so that the changes in first order rate constant and Gibss free 

energy barrier are negligible in comparison with the results obtained at -31º C (242K). 

 

Table 2. Selected 1H chemical shifts (at 500.1 MHz, in ppm, Me4Si) along with activation parameters of 

phosphorus ylide 4d involving a 2-mercaptobenzoxazole, in acetone, for rotation around the heteroaryl-carbon 

single bond in the E-4d isomer. 

Tc 

K 

δ 

ppm 

Δν 

Hz 

ΔG# 22-24 

kJ/mol 

kc 
22-24

 

s-1 

ΔH# 23 

kJ/mol 

ΔS# 23 

kJ/mol K 

Ea 

kJ/mol 

242 
6.52, 

6.45 
31.9 12±1 70.8 70 0.24 72 

 

Table 3. Selected 1H chemical shifts (at 500.1 MHz, in ppm, Me4Si) along with activation parameters of 

phosphorus ylide 4d involving a 2-mercaptobenzoxazole, in acetone, for rotation around the carbon-carbon 

single bond in the E-4d isomer. 

Tc 

K 

δ 

ppm 

Δν 

Hz 

ΔG# 

kJ/mol 

kc 

s-1 

236 3.63, 3.51 58.00 11±1 182 

 

 

Conclusions 

In briefly,three possible dynamic 1H NMR effects were investigated in a 2-

mercaptobenzoxazole phosphorus ylide 4d using a one-pot reaction between triethyl 

phosphite 3 and dimethyl acetylenedicarboxylate 1 in the presence of NH heterocyclic 

compound such as 2-mercaptobenzoxazole 2 Activation parameters around the carbon-

carbon single bond and partial carbon-carbon double bond for the Z-4d and E-4d isomers 

were successfully calculated separately.  
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Abstract 

The formation constant of the species formed in the systems to thymidine have been 

determined in different temperature and constant ionic strength(0.1 mol .dm-3  sodium 

perchlorate)                                    using a combination of spectrophotometric and 

potentiometric techniques.  The protonation and formation constants in various media were 

determined and thermodynamic parameters in software versus of vant-hoof and clark-Glew  

equation are calculated.  

 

Keyword: thymidine , protonation constant,spectrophotometer , tempereature effect 

 

Introduction 

Thymidine and its nucleotides and nucleosides are very important compounds due to its vital 

roles within the living cells and in regulation of various in biological systems.[ 1,2 ] 

The acid-base behavior of nucleotides, bases and poly-nucleotides is essential to deduce the 

speciation and the possible conformation changes with pH or the amount of  organic solvent 

in solution acid dissociation constants are among the most useful physic-chemical 

measurements describing the extent of ionization of functional groups with respect to pH. 

This parameter is important in research areas such as pharmaceutical drug discovering and  

development,where it often has a vital role in order to understand the pharmacodynamic 

properties of new drug substances.[3,4] 

 

Experimental 

Thymidine (C10H14N2O5) obtained from fluka as analytical reagent grade materials and used 

without further purification. Sodium perchlorate was from Merck and was dried under 

vacuum at room temperature for at least 72 hours before use.NaOH solution was prepared 
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from a titrisol solution (Merck). Perchloric acid was from Merck and was used as supplied. 

All dilute solutions were prepared from double-distilled water with a conductivity equal to 

1.3±0.1μScm-1 . 

All measurements were performed between 25 to 50 °C.The ionic strength was maintained to 

0.1 mol dm-3 With sodium perchlorate. The pH-meter was calibrated for the relevant H+ 

concentration with a solution of 0.01 mol dm-3 Perchloric acid solution containing 0.09 mol 

dm-3 Sodium chloride .The protonation constants of thymidine have been determind 

spectrophotometrically based on the relation A= f(pH). The measured absorbance,A,(250-

280nm in the interval of 5nm) and –log[H+] from the spectrophotometric titration were 

conducted with the Computer program. The program allows calculation of the protonation 

constants with different stoichiometry. The number of experimental points ( absorbances 

versus – log [H+] ) was more than 40 ( maximum 50 ) for each titration run. During the 

experiments , the solution were stable and the absorbance values did not change with time. 

 

Results and Discussion 

If we consider the dissociation of thymidine 

(1)   H2L
+ ↔ HL  + H+ 

(2)   HL  ↔ L-  + H+  

The dissociation constants K1d and K2d are given by                   and 

The protonation constants K1 and K2 are versus of dissociation constants Kd1 and Kd2 

respectively.  

The values of –logK in different temperatures are shown in below table. 

Temperature/oC 298.15 303.15 308.15 313.15 318.15 323.15 

-logK 9.91 9.765 9.66 9.512 9.453 9.352 

 

According to the obtaind results , -logK  decreases   as the temperature increases , indicating 

a negative ∆H0 .The thermodynamic parameters were calculated from the slope and intercept 

of logK versus 1/T using the Van,t  Hoff equation , which are ∆H0= -27.864 KJmol-1 and ∆S0 

= 96.124 Jmol-1K-1. However , the thermodynamic parameters considering the extended 

isobar lequation are as: ∆H0=-27.853 KJmol-1and ∆S0 =96.160 Jmol-1K-1. 
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Introduction: 

Blood is a very complex mixture and is often referred to as liquid organ [1]. Blood can be 

separated by sedimentation into two main parts, the blood cells and blood plasma. After blood 

is withdrawn from a vein and allowed to clot, the clot slowly shrinks. As it does so, a clear 

fluid called serum is squeezed out. Thus, Serum is blood plasma without fibrinogen and other 

clotting factors [2]. Blood is an important fluid and the measurement of its viscosity and 

density can be used for distinguish diseases. The viscosity of blood depends on the viscosity 

of the plasma, in combination with the hematocrit [3]. 

 

Experimental: 

Human blood serum and plasma from 10 healthy blood donors (male/female) were provided 

by blood transfusion service in Kashan. A 25 cm3 calibrated glass pycnometer was used for 

density measurements. Viscosities of the samples were measured using a calibrated modified 

Ostwald viscometer (Cannon-Fenske glass capillary viscometers, CFRU, 9721-A50). A 

thermostatted water bath was used to attain thermal equilibrium. The temperature of the water 

bath was measured to a precision of ( 1.0 K). 

 

Results and discussion: 

The obtained density measurement results are reported in table 1. Fig. 1 shows the serum 

density variations versus temperature. Table 2 presents the results of viscosity measurements 

of serum and plasma samples. The viscosity variations of plasma as a function of temperature 

are showed in Fig 2. Fibrinogen is one of the plasma's proteins and in despite of only 5.5 

percent volume of the whole proteins is the largest protein and acts as a macromolecule. 
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Fibrinogen has the most influence on plasma viscosity due to the dumbbell-shape and 

symmetrical molecular construction. Therefore, it can be expected that the viscosity of 

plasma at same temperature is higher than that for serum. The obtained data contradict the 

expected trend. This can be concluded that using chemicals such as citrates which is used as 

anticoagulation in the transfusion service may cause the contradiction. The obtained results 

showed that the measured densities and viscosities increase with an increase in temperature. 

Table 1. The measured density of plasma and serum. 

)K(T  
 )g.ml-1( Plasma density  )g.ml-1( Serum density  

Sample 
1 

Sample 
2  

Sample 
3  

Sample 
4 

Sample 
5 

Sample 
1

Sample 
2 

Sample 
3  

Sample 
4  

Sample 
5 

298  1.0238  ٠٢۵٠٢  ٢.١۴۶.٠٢  ١۵۶.٠٢ ١۴٠٢ ٣.١۵٠٢ ٧.١۵٠٢ ٩.١۵۴.٠٢ ١۶٠٢  ٢.١۵۵.١ 

303  ٠٢  ٠٢٣١.١  ٠٢٣٧.١ ٠٢٢٢.١۴٠٢٣٨.١ ٠٢٢٨.١ ٠.١ ٠٢۴٠٢ ٠٢٣٧.١ ٢.١۴٠٢٣٩.١  ٨.١ 

308  ٠٢٠۵.٠٢٢  ٠٢١٧.١  ٠٢٢٣.١  ١۶.٠٢١٩.١  ٠٢٣٢.١ ٠٢١٨.١ ٠٢٢٧.١ ٠٢٢٣.١ ٠٢١٣.١ ١ 

310  ٠١٩۶.٠٢١  ١۵.٠٢٠ ٠٢٢٠.١  ٠٢١٢.١  ١۶.٠٢١ ١۵.٠٢٢ ٠٢١١.١ ٠٢٢٧.١ ١۵.٠٢١٢.١  ١ 

313  ٠٢٠  ٠١٨٧.١۶.٠٢٠  ١۴.٠٢٠  ٠٢١٣.١ ٠١٩٨.١ ٠٢١٣.١ ٠٢٠٨.١ ٠١٩٧.١ ٠٢١٢.١  ١۴.١ 
 

Table 2. The measured viscosity of plasma and serum. 

 )K(T  
 )mpa.s( Plasma viscosity )mpa.s( Serum viscosity  

Sample 
1 

Sample 
2  

Sample 
3  

Sample
4 

Sample 
5 

Sample 
1

Sample 
2 

Sample 
3  

Sample 
4  

Sample 
5 

298  ۴٠۶٧.١  ۴١٫  ٩٣٩.١۴۶١٫  ٠٣۵٠۶۵  ۴١٩۴.١  ۶۴١٨.١  ۶١٠٠.١  ۶٠۴٧.١  ۶۵١٣.١  ۶١۵٣.١  

303  ٣ ٢٧٨٣.١۵٣٢٨ ٢١.١۴.٢٨ ٣٧٢٢.١ ١۶٧.١ ۴۶٩۶.١ ۴۶١٢.١ ۴۵۴۶.١ ۴٩٧٨.١ ۴۶٨٣.١ 

308  ١۴٨۵.٢  ١۴۴۴.٢١  ١۴٢  ٢.١۵۴٣٣٨  ٣٢٨٩.١  ١٩١٩.١  ١.١۶.٣  ٣٢٢٢.١  ١۵۴۴.٣٢  ١۴٠.١  

310  ١٠۴١  ١٧٣٣.١  ٨.١۶٣۵.١٨٩  ١۶.٢٨٣  ١٢٩٧.١  ١۶.٢٩ ٣١٣٩.١ ٢٧٩٩.١ ٣٠١٢.١ ١۴٠.١ 

313  ١١  ٠٩٧٧.١  ١٠٩٠.١  ٠٣٣٣.١۴۵.٠  ١۶٢٢٢  ٠١.١۴.٢٠  ٢٢٠٠.١  ١۵٢  ٧.١۵٢۶.٢١١١.١  ١  
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Introduction 

Aqueous two-phase systems (ATPS) are generated by mixing two mutually incompatible 

polymers [e.g. dextran and poly(ethylene glycol), PEG], one polymer and one salt (e.g. PEG 

and sodium citrate), or one ionic liquid (IL) and one salt in an aqueous solution above a 

certain critical concentration. Each phase contains mainly one of the compounds and a small 

amount of the other, with water as solvent in both phases with mass fraction (80 to 90) % in 

equilibrium phases. In recent years, ATPSs based on ILs (i.e., hydrophobic IL-water or 

hydrophilic IL-salt-water) have been investigated since Rogers et al. [1] demonstrated that 

the addition of potassium phosphate to an aqueous solution of a hydrophilic IL produces 

ATPS. These new ATPSs have been successfully used to separate testosterone, 

epitestosterone, opium alkaloids, and bovine serum albumin. The ILATPSs also have been 

demonstrated for extraction of antibiotics such as penicillin G, amoxicillin, and ampicillin  

[1]. In this work, the effects of the addition of (NH4)3Cit, K3Cit, Na3Cit, (NH4)2HPO4, and 

(NH4)3PO4 on the liquid-liquid phase diagram, apparent molar volume, and isentropic 

compressibility of aqueous solutions containing the model ionic liquid 1-butyl-3-

methylimidazolium iodide, [C4mim][I], are investigated at different temperature. 
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Methods  

The density and sound velocity of the mixtures were measured at different temperatures with 

a digital vibrating-tube analyzer (Anton Paar DSA 5000, Austria) with proportional 

temperature control that kept the samples at working temperature within ±10-3 K. The 

experimental apparatus employed for determination of liquid-liquid equilibrium data is 

essentially similar to the one used previously [2]. A glass vessel was used to carry out the 

phase equilibrium determinations. The glass vessel was provided with an external jacket in 

which water at constant temperature was circulated using a thermostat. The temperature was 

controlled to within ±0.05 K. The binodal curves were determined by a cloud point titration 

method. A salt solution of known concentration was titrated with the IL solution or vice 

versa, until the solution turned turbid. The composition of the mixture was determined by 

mass on a Sartorius CP124S analytical balance.  

 

Results, Discusion and Conclusions 

In the resent work, in order to the study of the effects of electrolytes as well as temperature 

on the phase fluid behavior, apparent molar volume, and isentropic compressibility properties 

of aqueous solutions of [C4mim][I], the liquid-liquid phase diagram, density, and speed of 

sound of aqueous solutions containing the ionic liquid [C4mim][I] and inorganic and organic 

salts, (NH4)3Cit, K3Cit, Na3Cit, (NH4)2HPO4, and (NH4)3PO4 were measured at different 

temperature. The strength of salting-out effect for the investigated anions and cations 

respectively decreases in the order PO4
3-

  Cit3- (high salt concentration)  HPO4
2-

  Cit3- 

(low salt concentration) and Na+  K+  (NH4)+. The mutually liquid-liquid demixing in the 

studied aqueous IL-electrolyte systems is promoted by decreasing temperature and increasing 

charge on the anion of electrolyte. It was found that there is a relation between the relative 

concentration of various salts to form two-phase systems with [C4mim][I] and apparent molar 

volume or isentropic compressibility of transfer of [C4mim][I] from water to aqueous 

solutions of these salts. The effectiveness of the anions and cations of the investigated salts in 

the increasing the volume of [C4mim][I] follows the sequence PO4
3-

  HPO4
2-

  Cit3- and Na+ 

 K+  (NH4)
+, respectively. The effectiveness of the anions and cations of the investigated 

salts in the increasing the apparent molar isentropic compressibility of [C4mim][I] follows the 

sequence PO4
3-

  Cit3-  HPO4
2- and Na+  K+  (NH4)

+, respectively. Furthermore, the 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1252

effectiveness of the investigated electrolytes in the increasing the apparent molar volume or 

isentropic compressibility of [C4mim][I] increases by decreasing temperature which is in 

consistent with our observation that by decreasing temperature the mutually liquid-liquid 

demixing in the studied aqueous IL-electrolyte systems is promoted. 
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Abstract 

The temperature dependence on protonation constants of adenosine is studied using a 

combination of spectrophotometric and potentiometric methods at different temperature (25-

50 °C) and various wavelengths (250 to 280 nm). The protonation constants were determined 

using a least squares regression analysis method with a suitable computer program. The Van’t 

Hoff and Clark Glew equations have been employed to estimate the values of thermodynamic 

parameters of the protonation. The results show that the protonation constants decrease with 

increasing the temperature. 

 

Keywords: Adenosine,  Spectrophotometry, Protonation constant, Temperature effect 

 

Introduction 

Adenosine (C10H13N5O4) and its nucleotides and nucleosides are very important 

compounds due to their vital roles within the living cells and in regulation of various 

functions in biological systems. This compound is the building blocks in both DNA and is 

involved in a wide variety processes like cellular metabolism, cell bioenergetics, human 

cancer and immunodeficiency virus (HIV) markers. The acid-base behavior of nucleotides, 

nucleosides, bases and poly-nucleotides is essential to deduce the speciation and the possible 

conformational changes with pH or the amount of organic solvent in solution [1-2]. Acid 

dissociation constants are among the most useful physico-chemical measurements describing 

the extent of ionization of functional groups with respect to pH. These parameters are 

important in research areas such as pharmaceutical drug discovering and development, where 

it often has a vital role in order to understand the pharmacodynamic properties of new drug 

substances. Despite its recognized importance, there are only a few experimental 

contributions on the acid-base behavior and thermodynamic properties of adenosine. 
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Knowledge of the thermodynamic properties of adenosine is of great interest for decoding of 

the mechanism of multi-dentate ligand dissociation and for revealing the influence of the 

nature of the solvent and hydrophobicity. The protonation constants are important for 

environmental scientists, chemical engineers, chemists, and specialists in related fields as 

these alter the reactivity, spectral properties, physical behavior, and solubility.  

 

Experimental  

Adenosine obtained from Fluka as an analytical reagent grade material and used 

without further purification. Sodium perchlorate was from Merck and was dried under 

vacuum at room temperature for at least 72 hours before use. NaOH solution was prepared 

from a titrisol solution (Merck). Perchloric acid was from Merck and was used as supplied. 

All dilute solutions were prepared from double distilled water with a conductivity equal to 

1.3 ± 0.1 µS cm-1. All measurements were performed at 25 °C. The ionic strength was 

maintained to 0.1 mol dm-3 with sodium perchlorate. The pH-meter was calibrated for the 

relevant H+ concentration with a solution of 0.01 mol dm-3 perchloric acid solution containing 

0.09 mol dm-3 sodium chloride (for adjusting the ionic strength to 0.1 mol dm-3). For this 

standard solution, we set –log[H+] = 2.0 Junction potential corrections have been calculated 

from eq 1 

-log[H+]real = -log[H+]measured +a +b[H+]measured    (1) 

where a and b were determined by measuring of  hydrogen ion concentration for two 

different solutions of HClO4 or NaOH with sufficient NaClO4 to adjust the ionic media. 

 

Results and Discussion 

The protonation constants of adenosine have been determined spectrophotometrically 

based on the relation A = f(pH). The measured absorbance, A, (250- 280 nm in the interval of 

5 nm) and –log[H+] from the spectrophotometric titration were conducted with the computer 

program. During the experiments, the solutions were stable and the absorbance values did not 

change with time. 
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Table 1. The values of  log K in different temperatures 

Temperature/ °C 25 30 35 40 45 50 

log K 3.889 3.731 3.620 3.522 3.402 3.297 

 

                                        [H+] [L-] 

HL  H+ + L-    K =       [HL] 

According to the obtained results, logK decreases as the temperature increases, 

indicating a negative ΔH°. The thermodynamic parameters were calculated from the slope 

and intercept of log K versus 1/T using the Van’t Hoff equation. 
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One of the most important thermodynamic properties of aqueous solutions is water activity 

which is an important and key thermodynamic property, because, it is closely related with the 

other thermodynamic properties such as vapor pressure, osmotic coefficient, activity 

coefficient, excess enthalpy, excess entropy, excess Gibbs energy and excess volume. It 

should, therefore, be useful to have information about vapor-liquid equilibria of the aqueous 

solutions in order to understand better and possibly predict the solution behavior. Vapor-liquid 

equilibria of electrolyte in water has been studied extensively [1], while the corresponding 

information on ionic liquids in water and in aqueous electrolyte solutions is more scarce. 

Therefore, in this study, the improved isopiestic method [2] has been used to obtain activities 

of water for ternary 1-hexyl-3-methylimidazolium chloride + monomethyl malonate potassium 

salt + water and the corresponding binary aqueous solutions at 298.15 K.  

The isopiestic apparatus was similar to the one used by Ochs et al. [2]. The apparatus used for 

determination of water activity in the binary solutions consisted of five-leg manifold attached 

to round-bottom flasks. Two flasks contained the standard pure NaCl solutions, two flasks 

contained the pure sample (1-hexyl-3-methylimidazolium chloride or monomethyl malonate 

potassium salt) solutions and the central flask was used as a water reservoir. The apparatus 

used for determination of water activity in the ternary solutions consisted of seven-leg 

manifold attached to round-bottom flasks. Two flasks contained the standard pure NaCl 

solutions, one flask contained the pure 1-hexyl-3-methylimidazolium chloride solution, one 

flask contained the pure monomethyl malonate potassium salt solution, two flasks contained 
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the 1-hexyl-3-methylimidazolium chloride + monomethyl malonate potassium salt solutions 

and the central flask was used as a water reservoir. The apparatus was held in a constant-

temperature bath at least 120 h for equilibrium. The osmotic coefficients for the standard 

aqueous NaCl solutions at different concentrations have been calculated from the correlation 

of Colin et al. [3].  

In the present work, activities of water for 1-hexyl-3-methylimidazolium chloride + H2O, 

monomethyl malonate potassium salt + H2O and 1-hexyl-3-methylimidazolium chloride + 

monoethyl malonate potassium salt + H2O systems at 298.15 K were measured at 298.15 K. 

From these measurements, values of the vapor pressure and osmotic coefficient of solutions 

and activity coefficient of solute and solvent were determined. Molar excess Gibbs free energy 

and molar Gibbs free energy change due to mixing of studied systems were calculated from 

the Pitzer model. The linear isopiestic relation (Zdanovskii-Stokes-Robinson rule) derived 

using the semi-ideal hydration model was applied for the constant water activity lines of the 

ternary system. Furthermore, comparisons between the vapor pressure depression of ternary 

solutions and the sum of those for the corresponding binary solutions with same molality of 

the ternary solution were made. The results have been interpreted in terms of the solute-water 

and solute-solute interactions. 
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Introduction 

Tyrosinase is a copper-containing enzyme involved in melanin biosynthesis of various 

organisms. It is a monooxygenase catalysing the o-hydroxylation of monophenols to the 

corresponding catechols and the oxidation of catechols to the corresponding o-quinons. In 

mushroom as well as in fruits and vegetables, the enzyme is responsible for browning of 

wounded tissue exposed to air, a commercially undesirable phenomenon. Tyrosinase 

inhibitors have attracted interest recently due to undesired browning in vegetables and fruits 

in post-harvest handling [1]. Among the inhibitors, a distinction could be made between 

copper chelators, such as dithiocarbamate derivatives. One of the most powerful techniques 

useful to obtain additional information about the structure of biomacromolecule in 

biophysical chemistry field is isothermal titration calorimetry (ITC). In the present 

investigation, thermodynamic analysis is presented of the interaction between mushroom 

tyrosinase (MT) and phenyl dithiocarbamate at two temperatures of 27 and 37°C in 

phosphate buffer (10 mM; pH=6.8) by ITC. The extended solvation model provides more 

insights into this interaction for further understanding of the effect of phenyl dithiocarbamate 

on the stability and the strucrural changes of MT. 

Model. 
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Methods 

Mushroom tyrosinase was purchased from Sigma and phenyl dithiocarbamate was 

synthesized.  

The isothermal titration microcalorimetric experiments were performed with the four channel 

commercial microcalorimetric system, Thermal Activity Monitor 2277, Thermometric, 

Sweden. Injection of phenyl dithiocarbamate solution (2.5 mM) into the calorimetric titration 

vessel, contained 1.8 mL MT (8.3 μM) was repeated 20 times, with 20 μL per injection.  

 

Results and Discussion 

The heats of the ligand+biomacromolecule interaction in the aqueous solvent systems, can be 

accounted for quantitatively in terms of Eq. 1 [2]:  

' θ ' ' θ θ ' ' 'q = q x - δ (x L + x L ) - (δ - δ )(x L + x L )x (1)max B B B B B B BA A A A A A
px [Ligand]' ' 'B Tx = x = 1- x x = (2)B B BAx + px [Ligand]maxBA

 

The obtained p=1 shows that the binding is non-cooperative. 

ΔH ΔHdilut dilutL = ΔH + x ( ) L = ΔH - x ( ) (3)B BA Adilut dilutx xB B

 

 
 

The positive values of δθA and δθB indicate that MT is substantially stabilized by phenyl 

dithiocarbamate at both of two temperatures. Derived heats of this solvation model is in 

principle compatible with experimental heats of ITC as shown in Fig. 1. 

 

Fig. 1. Comparison between the experimental heats, q, for the interaction 

between Phenyl Dithiocarbamate and Mushroom Tyrosinase at 27°C (●), 

37°C (O) and calculated datas (lines) at both temperatures via Eq. 1. 

 

 

Using Eq. 2, the number of binding sites (g) and dissociation equilibrium constant (Kd) can 

be calculated and Finally, ∆G° and ∆S° can be calculated [3]: 

a

K qΔq Δq 1 (ΔH° ΔG°)d maxM = ( )L - , ΔH° = , ΔG° = -RTLnK , ΔS° = (4)0 0q q g g gmax T
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Conclusions 

It was found that phenyl dithiocarbamate acted as a non-cooperative inhibitor of MT and 

there is a set of two identical and independent binding sites for phenyl dithiocarbamate on 

MT. All thermodynamic parameters are summarized in table 1. 

p  A
θδ  B

θδ  
Kd 

(μΜ)  
Ka  

(μΜ-1)  
g  

H°∆ 
(kJ mol-1)  

G   ∆    (kJ 
mol-1)  

S ∆ T  
 (kJ mol-1)  

T 
 (K)  

1 3.9 3 341.4 0.0029 2 12.1 -19.9 32 300 
1 4.7 5.3 288.7 0.0035 2 12.5 -21 33.5 310 

 

References 

[1]. S. Seo, V. K. Sharma, N. Sharma, J. Agric. Food Chem., 51 (2003) 2837. 

[2]. G. Rezaei Behbehani, J. Chinese Chemical Letters, 20 (2009) 751. 

[3]. A. A. Saboury, M. S. Atri. M. H. Sanati, M. Sadeghi, J. Thermal Analysis and 

Calorimetry, 83 (2006) 175. 

  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1261

Temperature-Dependent Viscosity of the Ionic Liquid 1-hexyl-3-

methylimidazolium hexafluorophosphate Using New Potential Function 

 

F. Niroomand Hosseini*a, S. Mosavib 

aDepartment of Chemistry, Islamic Azad University, Shiraz Branch, Shiraz, Iran 

(Email: niroomand55@hotmail.com) 
bDepartment of Chemistry, Islamic Azad University, Marvdasht Branch, Marvdasht, Iran 

 

Keywords: Ionic Liquid, Equation of State, Potential Function, Viscosity. 

 

Introduction 

Ionic liquids (ILs) are typically composed of organic cations and organic/inorganic anions. At 

ambient room temperature, they exist as liquids and have a wide variety of unique properties 

(for instance, negligible vapor pressure, favorable solvation behavior, low viscosity, and high 

reactivity and selectivity [1]). These features ensure that ILs are good candidates for “green 

chemistry” applications. ILs have been suggested to replace the environmentally unfriendly 

volatile organic solvents. In the past decade, there has been considerable interest in the 

applications of ILs (e.g., chemical reactions, separation processes, and renewable batteries 

[2,3]). Particularly, by varying the cation, anion, and/or substituent groups, the properties of 

ILs could be readily tuned to fit into a specific requirement. The increasing utilization of ILs 

in chemical and industrial processes requires reliable and systematic thermophysical 

properties such as activity coefficients, heats of mixing, densities, solubilities, vapor-liquid 

equilibria (VLE), and liquid-liquid equilibria (LLE). In addition, the transport properties are 

also needed (viscosity, electric conductivity, mutual diffusion coefficients, etc.). However, 

experimental measurements are time consuming and usually are difficult to control; thus, it is 

highly desirable to have predictive methods. 

 

 

 

Results and discussion 

The transport properties of a fluid are due to interparticle collisions, and therefore they must 

depend on the details of interaction potential at the short range. Most theoretical 
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investigations for thermophysical properties have shown that transport properties are 

sensitive to the steepness of the repulsion wall of the potential function. From this view, 

therefore, Lennard-Jones (12-6-3) type needs to be more justified for application in the 

calculation of transports [4]. By applying thermodynamic equation of state, it has been 

predicted that the isotherms VZ )1(   for dense ion liquid are linear functions of )(ρ  in the 

range of 312 K to 470 K. The interaction potential of this ion liquid is modeled by (12-6-3)-

potential function so much the isotherms persist linear in the whole regions. The molecular 

parameters of the potential function minr  and ε  have been calculated from PVT data of liquid 

state. The values of reduced collision integrals *)2,2(  and *)3,2(  are calculated from 

Chapman-Enskog solution [5] of the Boltzmann equation by using the LJ(12-6-3) potential 

function. For the calculate of the collision integrals, the algorithm of O’Hara and Smith is 

used. According to the kinetic theory of gases, the viscosity of a fluid can be predicted. 

Although the Enskog’s theory can not be directly employed for the calculation of viscosities 

at liquid densities, but Alder et. al. [6,7] were able to describe the deviation from Enskog’s 

theory by a correction factor as a function of the molar volume to predict viscosity at liquid 

state [8]. 

 

Conclusion 

The comparison of our results for viscosity based on calculation of the modified Enskog’s 

theory with experimental data shows that effective pair potential yields reasonable 

predictions of the viscosity of ion liquid over a wide range of temperature. 
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Introduction 

In recent years, aqueous polymer solutions, especially poly(ethylene glycol) + water systems, 

have found wide-spread applications, mostly because of their use in two-phase aqueous 

systems for separation of biomolecular mixtures [1]. poly(ethylene glycol)s or PEGs are a 

linear or branched, with a wide variety of applications in the pharmaceutical, chemical, 

cosmetic, and food industries[2]. Despite the success of the aqueous two phase separation 

technique, data on the properties of phase systems that are necessary for the design of 

extraction processes and for the development of models that predict phase partitioning are few. 

previously published data showed the physical property of water and PEG solution [3-5]. In 

this work, we report the thermodynamic property of (PEG + water) prepared using PEG 

average molar mass 200 g/mol-1 over the entire composition range within the temperature range 

(298.15 , 303.15, 308.15) K.  

 

Experimental  

Materials. Analytical grade PEG with the number average molecular weight of 200 was 

purchased from Merck. Double-distilled water was used in making the solutions.          

Apparatus and procedure. The mass measurements were made on a single  pan  Mettler balance 

with an accuracy of ± 0.01 mg. Density (ρ) measurements of pure components and binary 

mixtures over the complete composition range were carried out using Anton Paar oscillating u-

tube densitometer (DA 500) with ± 10-4 g·cm-3 accuracy. The kinematic viscosity was 

measured with Ubbelohde viscometer with a Schott-Geräte automatic measuring unit model 

AVS 400 . 
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Results and discussion 

The density and refractive index followed a linear behavior with temperature and solute 

concentration, but viscosity and excess molar volume followed a nonlinear relationship 

(figure1,2). The refractive index, as well as density and viscosity, increases with an increase in 

the concentration of PEG-200 and increases with decrease in temperature. This behavior is 

observed at each of the three temperatures utilized in this study. In order to afford the extent of 

molecular-level interactions within (PEG + water)   we estimated excess molar volume (VE) 

from experimental  

 

 

density data using the relationship                                   

Here, x1, x2, and 2ߩ ,1ߩ  refer to the mole fractions and densities, respectively, of components1 

and 2 in the mixture at a given temperature, and ߩm is the density of the mixture. M1 and M2 are 

molar masses of components 1 and 2, respectively. The excess molar volumes at each 

temperature for (PEG + water) are presented as a function of X1, the mole fraction of PEG 

calculated using PEG average molar mass, in figure 1,2. It is clear that the values of the excess 
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molar volume are negative and are significant at each temperature throughout the entire 

composition range for all four (PEG + water). Interestingly, the maximum absolute excess 

molar volume for a (PEG + water) is observed in the water-rich region irrespective of the PEG 

average molar mass in the mixture, and it appears to shift to even more water-rich region as the 

average molar mass of PEG becomes higher in the mixture. Importantly, the absolute values of 

excess molar volumes for (PEG + water) appear to decrease with increasing temperature. The 

negative excess molar volumes usually indicate contraction in volumes upon mixing. 
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Introduction:  

Excess properties of mixtures provide information about the molecular interactions between 

the various components and can be used for the development of molecular models describing 

the thermodynamic behavior of mixtures [1]. Density, viscosity and refractive index data of 

binary liquid mixtures are very important from theoretical points of view, to understand 

liquid theory [2]. This paper reports the densities and excess molar volumes of Nitromethane 

and Alkanols at Temperatures(293.15-298.15-303.15-308.15) K.  

 

Methods:  

nitromethane, methanol, ethanol, 1-propanol, 1-butanol, 1-pentanol were purchased from 

Merck with purity higher than 99 %, (All) and used without further purifications. The density 

of the pure compounds and mixtures was measured by pycnometer. The temperature in the 

cell was regulated to ± 0.1 K. 

 

Results and Discussion:  

The excess molar volumes of the solutions of molar composition ݔ were calculated at various 

temperatures from the densities of the pure liquids and their mixtures according to the 

following equation 

)( 11

1
 


 ii

N

i
i

E
m MxV                                                                                                       (1) 

where   is the density of the mixture,  i is the density of pure component i, xi is the mole 

fraction, Mi is the molar mass of component i, and N stands for the number of components in 

the mixture. The corresponding V E
m  values of binary mixtures of nitromethane    (1) + 1-

alkanols (2) measured and plotted against mole fraction of nitromethane    at T = 308.15 K in 
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Figure 1. Each set of results were fitted using a Redlich–Kister  polynomial [3] , which for 

binary mixtures is 

)1
0

11 21()1(
kN

k
k

E xAxxY  


                                                                                              (2)                             

Where x1  is the mole fraction of Nitromethane   . Ak  is adjustable parameter obtained by 

least-squares method, and k is the degree of the polynomials. Excess molar volume of 

Nitromethane     with methanol and ethanol is negative in the region of enrichment of 1- 

Alkanols and for 1-propanol, 1-butanol and 1-pentanol is positive .The negative range of  V E
m  

values indicate strong specific interactions through dipolar association between 1-alkanols and 

nitromethane molecules. Positive one is due to strike hindrance between Nitromethane and 1-

alkanol molecules.  

 

Conclusions:  

Excess molar volumes of nitromethane and 1-alkanols were obtained from experimental 

results and fitted by Redlich–Kister type equation. Excess molar volume is negative for 

(Nitromethane + methanol and ethanol) and positive at for other binary solutions. 

 

FIGURE 1. Excess molar volumes V E
m  vs. mole fraction of nitromethane  for binary mixtures of Nitromethane    

with ( )methanol, ( )  ethanol, (▲) 1- propanol,( ) 1-butanol, ()1-pentanol, at 

 T = 303.15 K. The solid curves were calculated from coefficients of equation (2). 
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Abstract 

In this work, the intrinsic viscosities of PEG with molar mass of 20 kg·mol-1 were measured 

in water/1-propanol solutions from (283.1 to 313.1) K. The expansion factors of the polymer 

chains were calculated from the intrinsic viscosity data. The thermodynamic parameters 

(entropy of dilution parameter, the heat of dilution parameter, theta temperature, polymer-

solvent interaction parameter and second osmotic virial coefficient) were derived by the 

temperature dependence of the polymer chain expansion factor. The thermodynamic 

parameters indicate that  mixtures of water/1-propanol are  changed  to  the  poorer solvents 

for PEG by increasing temperature and the quality of mixed water/1-propanol for 

poly(ethylene glycol) is less than pure water.  

 

Keywords: Polymer solution, Poly(ethylene glycol), Intrinsic viscosity, Expansion factor  

 

Introductionn 

One of the most important transport properties in polymerization processes is the viscosity of 

polymer solutions. The viscosity of mixtures that contain polymers is much more difficult to 

predict than the viscosity of mixtures with low molecular weight components. Polymer-

solvent and polymer-polymer mixture viscosity is an important physical property in polymer 

research and engineering [1]. When high molecular weight nonionic polymer molecules 

dissolve in a fluid, they typically expand to form spherical coils. In dilute solutions, the 

volume associated with each polymer coil contains one polymer molecule surrounded by a 

much larger mass of solvent. A polymer coil’s hydrodynamic volume depends upon the 

polymer molecular weight and its thermodynamic interaction with the solvent [2]. The aim 

of this study was to determine the effect of temperature on the intrinsic viscosities of PEG in 
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mixtures of water/1-propanol and calculate some of the thermodynamic parameters by 

temperature dependence of expansion factor of the polymer chain.                                                      

 

Methods 

PEG solutions were prepared gravimetrically by an analytical balance. The pol were prepared 

by dispersing the polymer powder into prepared 1-propanol aqueous solutions with volume 

fractions of 1-propanol = 0.10, 0.15 and 0.20. The polymer solutions were filtered before use 

by a filter with aperture 75 micrometer and their viscosities were measured using a jacketed 

Ubbelohde viscometer with 0.4 mm capillary. The temperature of solutions was kept constant 

by a temperature controller. Densities were measured with a U-tube vibrating densimeter.  

 

Results and Discussion 

ymer solutionsThe  flow times of  solutions of  PEG  in acetone aqueous solutions  with 

volume  fractions of 

The  flow times of  solutions of  PEG  in mixed water/1-propanol with volume  fractions of 

 1-propanol = 0.10, 0.15 and 0.20 were measured at various temperatures and concentrations  

of polymer and from these data, relative viscosities, are calculated. According to the Huggins 

equation the intrinsic viscosity of the polymer is obtained by extrapolation of reduced 

viscosity to zero polymer concentration.                                                      Huggins equation  

Flory and Fox further suggested that the temperature dependence of the expansion factor as 

follows [3]:                         
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Figure 1. The plots of )( 35   versus 1/T for PEG in water/1-propanol with various volume fractions;   ●,

P  =0.10; ○, P  =0.15; ▲, P  =0.20. 

 

From the intercept and slope of these plots the values of theta temperature ( ) and           

entropy of dilution parameter ( ) were calculated. 

The obtained values of entropy of dilution parameter indicate that entropy of dilution 

parameter is negative for PEG in all volume fractions of 1-propanol that is, solvent molecules 

are ordered by PEG. However, the absolute value of entropy of dilution parameter for PEG in 

mixed water/1-propanol is less than of that in pure water. This behavior is maybe due to the 

interaction of PEG-water stronger than interaction of PEG-1-propanol; therefore the water 

molecules rather than 1-propanol are ordered by PEG. The values of polymer-solvent 

interaction parameter were calculated by: 

  5.0      ,       T





   
 : The heat of dilution parameter 

The obtained results indicate that polymer-solvent interaction parameter for PEG in all 

volume fractions of 1-propanol are increased by increasing temperature and the quality of 

mixed water/1-propanol for PEG were decreased by increasing temperature. 

The obtained results indicate that of heat of dilution parameter is negative for PEG in all 

volume fractions of 1-propanol that is, interactions of segment-solvent is favored toward 

segment-segment in PEG. 

The second osmotic virial coefficient in terms of the entropy of dilution parameter and the 

heat of dilution parameter can be expressed [4]:             
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The second osmotic virial coefficient is related to the quality of solvent in polymer solutions. 

The obtained results indicate that the quality of mixed water/1-propanol for PEG were 

decreased by increasing temperature. 

 

Conclusion 

In this work, the effect of temperature and solvent composition on the intrinsic viscosity of 

poly(ethylene glycol) was investigated. The polymer solution thermodynamic parameters 

were evaluated by temperature dependence of polymer chain expansion factor. The obtained 

thermodynamic parameters indicate that mixtures of water and 1-propanol becomes an 

increasingly poor solvent for poly(ethylene glycol) with increasing temperature. 
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Introduction 

special electrodes that are used to analyze a lot of compounds like shampoos, soaps and tooth 

A lot of ion selective electrodes (ISE) have been reported as sensor of cationic, anionic and 

neutral surfactants [1]. Most of these sensors act based on an ion exchanger that doesn't have 

any special reaction with analyte and are based on formation a charged complex with an 

inorganic cation about neutral analytes. In order to design a suitable membranous system, 

attempts started in early twentieth century based on biochemical and electrochemical 

researches [2, 3]. In this research at first we prepare the membranous ion selective electrode 

of surfactant. Surfactants as amphipathic materials aggregate in a specified concentration and 

produce micelle. Critical micelle concentration  (CMC) depends on different structural and 

environmental parameters. Our purpose in this research is investigation of the effect of 

various concentration of alcohol on the cetyl pridinium chloride (CPC) micellization at 25 

and 37°C in order to obtain comprehensive information about CMC of CPC in various 

conditions. 

 

Methods  

In this research project, micellization process of cationic surfactant of CPC in methanol, 

ethanol and propanol in various concentrations of 10%, 20% and 30% at 25˚C was 

investigated and CMC was determined and related plots were constructed using Excel 

software. 

 

Results and Discussion 
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Designed electrochemical cell for determining the surfactant concentration contains reference 

electrode of sodium and an ion selective electrode of surfactant. A specified volume of buffer 

solution consist of NaBr is used. After turning the potentiometer on, absolute volumes of 

surfactant are added gradually and potential difference is recorded. Analysis of CMC changes 

with kind and percentage of and trend of  Emf changes versus [CPC] before and after the 

CMC are shown in Figur1.Increasing the alcohol percentage causes to decrease the amount of 

polarity and dielectric coefficient, this issue increase the attraction forces between opposite 

ions and causes to create ionic aggregations around the micelle. Figure 2, shows CMC 

changes of CPC versus different percentages of alcohol at 25◦c.  

  

Conclusion 

CMC of  CPC is 0.951mM at 25◦c and I= 0.1mM NaBr in distilled water. With replacing the 

alcoholic solvents instead of distilled  water, the CMC increases. Results are shown in 

Figures 2.  

 

Fig1. Emf variations versus log [CPC] in propanol (30%)                       Fig. 2. The curve of CMC and CPC      

                                                                                                     variations versus alcohol percentage                          

Emf amounts are presented in Table 1. Concentration of free surfactant in solution is 

calculated using equation mentioned as above. Increasing of CMC can be due to the 

hydrogen bond of alcohols with water that causes to destroy the water structure and decrease 

hydrophobicity of  
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Table 2: Emf data for prepared electrode of CPC in I= 0.1mM sodium bromide. 

CpC   mM  1.15 1.16 1.17 1.21 1.27 1.29 1.31 1.33 1.35 1.36 1.37 

Emf 

[Na+](mV) 

31 51 60 68 77 84 92 109 115 124 130 

Emf [Br -](mV) 22 35 47 55 73 89 105 122 131 145 150 

surfactants, so surfactant monomers become more stable in alcoholic environment and 

micelle is formed in higher concentrations. 
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Introduction 

          The protonation and Pr(III) complexation of Alizarin Red S (ARS) in ionic strength 0.1 

M KNO3 at different temperature has been studied by EQUISPEC program [1-3]. In 

spectrophotometric titrations, linear or near-linear dependence of concentration profiles and 

the existence of minor species can cause difficulties in the evaluation of the data. Both 

calculated absorption spectra and the corresponding equilibrium constants are not or only 

poorly defined. The result is the inability to reliably fit a reasonable model to the data. In 

second order global analysis, a number of spectrophotometric titrations with different initial 

concentrations are simultaneously analyzed. In this way, conditions for the significant 

formation of all species can be obtained and consequently the concentration matrix is 

augmented to full rank. EQUISPEC is a computer program using the matrix based MATLAB 

environment for second order global analysis of spectrophotometric equilibrium data. The 

spectrophotometric titrations were carried out at least in four different metal to ligand ratios. 

 

Materials. 

          Alizarin Red S, hydrochloric acid, sodium hydroxid, potassium nitrate and stock 

solution of praseodymium  were analytical grade commercial products from Merck. These 

reagents were used without further purification. Standard stock solution of ARS and all the 

solution were prepared by dissolving in triply distilled water at acidified pH< 2. 

 

 Spectrophotometric Titrations 
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 For the Pr/ARS titrations, absorption spectra were measured with an automatic 

titration set-up consisting of a computer interfaced to a HP8453 spectrophotometer, automatic 

stirrer, Metrohm 665 Dosimat automatic burette with 5 dispenser unit, a second syringe-

burette, and a pH electrode. After each pH adjustment, solution is transferred into the cuvette 

and the absorption spectrum is recorded. The pH-meter was calibrated with at least three 

buffer solutions at pH 4.00, 7.00 and 11.00 (Reagecon Product labels). The uncertainty 

associated with these pH values are 0.01 pH unit. Ionic strength was maintained at 0.1 mol 

L-1 by adding appropriate amounts of NaNO3. 

 

Protonation constants of ARS and stability constants of Pr-ARS 

The protonation were easily obtained in pH range 2-13 by the automatic titration 

apparatus at 250.5C and I=0.1 mol L-1 (KNO3). The complexation of Pr3+ by ARS has 

been studied by titrating mixtures of Pr3+ and ARS at different temperature and I=0.1 mol L-

1 (NaNO3) with standard solution of NaOH. The spectral measurements were carried out 

between 380 and 600 nm with 10 nm intervals. The concentrations of [ARS] and [Pr3+ to 

ARS] ratios in final solutions are 7.010-4 mol L-1 and 2:1, 1:1, 1:2, 1:3, 1:4, respectively. 

Then pH is adjusted in the range of 2-13 by adding hydrochloric acid and sodium hydroxide 

in titration vessel. 
 

Computer hardware and software  

All absorption spectra where digitized and transferred in ASCII format to an Athlon 

2000 XP computer for analysis. Data treatment was done with MATLAB for windows 

(Mathworks, Version 6.5). The computer program EQUISPEC is written in MATLAB by M. 

Maeder et al. 

 

Results and Discussion 

          The absorption spectra of ARS at various pH values in  350-600 nm intervals were 

recorded. Singular value decomposition analysis performed on all absorption data matrices 

obtained at various pH values for ARS gives the number of components that best represent 

the system. Protonation and complexation constants of ARS in several temperatures (10, 15, 

20, 25, 30, 35 C) were evaluated with EQUISPEC program using the corresponding spectra 

absorption-pH data. By inspection of the experimental spectra, it is hard to guess even the 
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number of protolytic species involved. The output of the program are pKa, log values and 

their standard deviations, the number of principal component, projection vectors (loadings), 

concentration distribution diagrams, and the spectrum of each assumed species. The enthalpy 

and entropy of the different reactions were determined from the dependence of the 

equilibrium constants on the temperature (Van’t Hoff equation). From the thermodynamic 

results the TS◦–H◦ plot was sketched. Despite the above-mentioned variations which have 

deterministic effect on the thermodynamics parameters of complexation, the TS versus H◦ 

plot shows a fairly good linear correlation indicating the existence of enthalpy–entropy 

compensation in the complexation reactions [4, 5].  

Values of log K  and thermodynamic parameters for the protonation of ARS..  Table 1  

 10 C 15 C 20 C 25 C 30 C  35 C H 

(KJmol-1) 

S  

(J mol-1K-1) 

G 

(KJmol-1) 

pKa1 6.02 5.72 5.51 5.32 5.16 4.92 70.377 58.259 53.015 

pKa2 10.98 10.84 10.66 10.50 10.34 10.14  55.75 5.8 54.16 

 

Table 2. Logarithms of overall formation constants at 25C and I=0.1 mol L-1 (KNO3). 

 10 C 15 C 20 C  25 C 30 C 35 C H 

(KJ mol-1) 

S 

(J mol-1K-1) 

G 

(KJ mol-1) 

log K1 
(ML)  

12.92 12.76 12.63 12.58 12.32 12.21 -103.45 -35.33 -93.80 

log K2 
(ML2) 

9.19 9.07 8.96 8.76 8.62 8.53 -46.18 -4.98 -44.82 

log K3 
(MHL) 

23.43 23.02 22.76 22.34 22.11 21.89 -46.65 -35.58 -36.93 
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Introduction 

Actually the most fundamental tool in providing a basis to predict the thermophysical 

properties of matter is the equation of state. An accurate analytical equation of state for fluids 

is a very useful quantity, especially if it has a firm basis in statistical-mechanical theory. 

In an earlier work, Tao and Mason [1] developed the present statistical-mechanical 

equations of state [2] to obtain an accurate description of the phase boundaries (vapor 

pressures). As expected, the correction turns out to affect mainly the metastable and unstable 

portions of the p-v loops, and has only a minor effect on the stable regions (where in fact it 

produces a small improvement in accuracy). The correction arises from the region of 

attraction forces, which is from distances greater than rm, the position of the potential energy 

minimum. However, the overall structure of the final equation is quite similar to the previous 

ones, and gives accurate vapor pressures and improved orthobaric densities of the liquid and 

vapor from the triple point to near the critical point. 

 

Theory  

The final form of the TM EOS for single substances is given by 

ఘ் ൌ 1  ሺܤଶ െ ߩሻߙ  ఈఘଵିୠ  ߙଵሺܣ െ ଶߩଶሻܾܤ ሺೖ ିమሻଵାଵ.଼ሺఘሻర      (1) 

For achieve to higher accuracy, we employed the correlation scheme of Ghatee and 

Boushehri [3] to predict the equation of state for the heavier members of n-alkanes. The 

correlation reads as: Bଶρ ൌ 0.0804 െ 2.1288ܶ∗ିଵ  8.5598ܶ∗ିଶ  7.4294ܶ∗ିଷ െ 3.3494ܶ∗ିସ                                                ሺ2ሻ 

ܶ∗ ൌ  ܶଷ/ଶ
ܶ ܶଵ/ଶ൩ଷ/ସ                                                                                                                                                         ሺ3ሻ 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1282

T୰ୣ ൌ ିߩߛ ଶ/ଷܰଵ/ଷܴ                                                                                                                                                     ሺ4ሻ 

Where ߛ and ρf are the surface tension and the liquid density at the freezing point, 

respectively, and N is Avogadro’s number. Knowing the temperature-dependent parameters, 

the equation of state can be applied to predict the liquid density of fluids over a wide range of 

temperatures and pressures. 
 

Result and Discussion  

We have taken the surface tension and the freezing point data from the tabulations of 

Vargaftik [4]. Knowing the temperature-dependent parameters, it takes only one experimental 

P-V–T datum point to calculate the free parameter of the equation of state, λ. we adjusted the 

parameter of λ for these systems by nonlinear regression method. The orthobaric liquid 

densities of C10 and C16 are calculated and compared with experiment [4], ISM EOS [5] and 

corresponding- states liquid densities (COSTALD) [6] in Fig 1 and 2. Comparison of our 

calculated results in Fig 1 and 2 with those obtained by the previous methods [5, 6] reveals 

that the absolute average deviation percent (AAD) corresponding to TM EOS, ISM EOS and 

COSTALD are 0.38%, 2.02% and 0.44% respectively. So the proposed model (TM) has more 

accurate prediction ability over non-branches heavy alkanes compared with other models. 

 
Figure1. Comparison of calculated density of 

C10H22 by TM EOS with experiment [4], ISM EOS 

[5] and COSTALD [6]  

 

 

Figure2. Comparison of calculated density of 

C16H32 by TM EOS with experiment [4], ISM EOS 

[5] and COSTALD [6]  
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Introduction 

Inorganic nanoparticles of different nature and size can be combined with the conducting 

polymer, giving rise to a host of nanocomposite with interesting physical properties and 

important application potential. Extensive research has been reported involving various 

inorganic particles, such as, calcium carbonate, silica, titanium dioxide, carbon black and 

magnetite with either micrometer or nanometer sizes. Among these materials, TiO2 is 

biocompatible, stable, and environmentally friendly and its electronic, optical, and dielectric 

properties can be enhanced by surface Modifications. They have widely been used as fillers 

for polymers for improvement of the dielectric properties. Various metal oxides have been 

employed to modify electrodes for investigating the electrochemical behavior of biomolecules 

[1–3].  

 

Experimental 

To inspect the influence of TiO2 nanoparticles on the electropolymerization of OAP, this 

process was monitored on a conventional substrate electrode but in dispersed TiO2 presence in 

the solution and then sonicated to obtain a uniform dispersion. Poly ortho aminophenol 

(POAP) nanocomposite with different particle size was deposited on a glassy carbon electrode 

in a solution of 0.01M OAP in 0.1M sulfuric acid by means of normal pulse voltammetry 

(NPV). The surface morphology of POAP films were studied by using the scanning electron 

microscopy (SEM). 

Results and discussion 

Cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS), galvanostatic 

charge-discharge study show that the films of nanocomposite exhibiting highest capacitance. 
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Here it is important to mention that addition of TiO2 into electrolyte solution affects the 

electropolymerization process. Higher coverage from the larger specific surface in SEM, high 

specific capacitance and a novel modified electrode with semiconducting properties are 

obtained. The high specific capacitance indicates this nanocomposite electrode suitable for 

supercapacitor application. To illustrate the performance of the resulting electrodes in 

supercapacitors, constant current discharge was performed to measure the capacitance in a 0.5 

M HClO4 solution. Galvanostatic discharge curves at a current of 0.1 mA between 0 and 0.8 

V show that the TiO2/PANI electrode cell presents higher capacitance than the pure POAP 

and this has been considered as the contribution of faradic pseudo capacitance of 

MWNT/POAP supercapacitor. 

 

Conclusion  

In summary, we have demonstrated a simple and general strategy, namely in situ 

electropolymerization by using the ionic surfactant as electrolyte. Surfactant SDS has played a 

key role in the synthesis of conducting polymer/TiO2 nanocomposite films. We have 

introduced the TiO2/POAP composite electrode to improve the specific capacitance and 

power characteristic of electrochemical capacitance. The TiO2 has an obvious improvement 

effect, which makes the composites have more active sites for faradic reaction and larger 

specific capacitance than pure POAP.  
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 Introduction 

Conducting polymers, e.g., polyaniline and its derivatives, have been found to display 

interesting corrosion protection properties. In the past decade, the use of polyanilines as 

anticorrosion coatings had been explored as the potential candidates to replace the chromium-

containing materials, which have adverse health and environmental concerns. Corrosion 

protection of polyaniline on steel is attributed to an increase in the corrosion potential and to 

the redox catalytic property of polyaniline in the formation of passive layer of metal oxide. 

Incorporation of nano-scale inorganic materials to organic coatings has become one of the 

most prevalent approaches leading to nanocomposite coating products. Nanocomposite made 

out of two different materials would have a very high interfacial contact. Dispersing nano-

particles, instead of larger particles allows a coating formulator to increase the "interfacial 

material" content significantly [1-3]. 

 

Experimental  

 To inspect the influence of Al2O3 nanoparticles on the electropolymerization of ortho 

aminophenol and corrosion inhibitor effect, this process was monitored on a conventional 

substrate electrode but in dispersed Al2O3 presence in the solution and then sonicated to obtain 

a uniform dispersion. Poly ortho aminophenol (POAP) nanocomposite with different particle 

size was deposited on a steel electrode in a solution of 0.01M OAP in 0.1M sulfuric acid by 

means of normal pulse voltammetry (NPV). The surface morphology of POAP/ Al2O3 films 

were studied by using the scanning electron microscopy (SEM). 
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Results & discussion 

Coatings prepared from poly orthoaminophenol (POAP)–nano-Al2O3 particles synthesized by 

in situ electropolymerisation were found to exhibit excellent corrosion resistance much 

superior to POAP in aggressive environments. The corrosion studies were carried out on steel 

plates coated with different concentrations of nano- Al2O3. The electrochemical impedance 

spectroscopy was studied at periodic intervals during exposure to hot saline conditions for 

prolonged durations over a period of 48 h. The open circuit potential (OCP) was found to shift 

with time to more anodic side much above that of bare steel. The presence of nano- Al2O3 was 

found to be vital in the prevention of corrosion and the shift of OCP to anodic side. From 

these data, one could envisage more than 100 times improvement in the corrosion resistance 

especially for POAP prepared with 8 wt% nano- Al2O3. The exceptional improvement of 

performance of these coatings has been associated with the increase in barrier to diffusion, 

prevention of charge transport by the nanosize Al2O3, redox properties of POAP as well as 

very large surface area available for the liberation of dopant due to nano-size additive. 

Conclusion 

 In this study, we report successful attempt of making nanocomposite comprised of alumina 

nanoparticles modified by POAP for the purpose of corrosion protection of steel. Modified 

nanoparticles were used as coating filler. Coating was designated to perform as an active 

barrier to electrolyte diffusion. Properties of the coating were examined by electrochemical 

impedance spectroscopy. 
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Abstract 

 The modified carbon paste electrode was prepared by incorporation of Co(II)-

zeoliteinthecarbonpaste matrix. Theelectrochemicaloxidation of acetaminophen was 

investigated at the surface of this modified electrode in KCl solution using cyclic 

voltammetry. 

 

Key words: acetaminophen, modified electrode, cyclic voltammetry 

 

Introduction 

Acetaminophen (AC) or paracetamol, a widely used antipyretic and analgesic drug, is an 

effective and safe agent used worldwidefor the relief of mild to moderate pain associated with 

headaches,backaches, arthritis and postoperative pain [1].Many methods have been described 

for the determination of AC, such as titrimetry [2], spectrophotometry [3] and liquid- 

chromatography. But titrimetric and spectrophotometric methods involve a tedious extraction 

process prior tothe determination, and liquid chromatography methods are often time 

consuming. Electrochemical methods are being extensively used for their elegant and 

sensitive properties, including for analysis of AC [4]. 

Reagents,Chemicals and Apparatus  

The graphite fine powder, paraffin oil,lithium, potassium, and sodium nitrates and all other 

chemicals were from Merck. AC obtained Raha Pharmaceutical Company and. Doubly 

distilled deionized water was used for preparing all solutions a. The electrochemical 

measurements were performed with an EG&G potentiostat/galvanostat and the powersuite 

software was used. An Ag/AgCl (3.0M KCl) electrode (+0.197V vs. NHE) andPt wire were 
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used as the reference and counter electrode respectively. A JENWAY 3505 pH meter was 

used for pH measurements.     

 

Experimental 

 An appropriate amount of the Co(II)-exchanged zeolite was mixed with 100 mg graphite 

powder and then Nujol was added. After through hand mixing in a mortar to obtain a fine 

paste, a portion of the composite mixture was packed into the end of a polyethylene tube. 

Unmodified zeolite (NaA) Electrode was prepared in a similar way, using a carbon-paste with 

unmodified zeolite (NaA). The supporting electrolyte, 25 mL KCl (0.4 M), was placed in the 

cell and an appropriate amount of Acetaminophen was added. The solution was degassed with 

pure argon for at least 5 min [4]. 

 

Result and Discussions 

 
Figure 1. Cyclic voltammograms in 0.4 KCl, pH 5.5, at the scan rate of 50 mVs-1 for (a) the reaction on the 
modified carbon paste electrode Co(II)-A, (b) the same voltammogram run at the unmodified electrode and (c) 
the voltammogram at carbon-paste electrode. 

Fig 1 shows voltammetric behavior of CP (c), unmodified carbon paste (b) and Co(II)A-CP 

(a) electrodes in a 0.4 M KCl solution. Due to ion exchange between the K+ (in the solution) 

and Co2+ (in the zeolite), Co2+ undergoes a redox reaction at the surface of the electrode. 
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Figure 2. cyclic voltammograms in 0.4 KCl, pH 5.5, at the scan rate of 50 mVs-1(a) for oxidation of 0.001 M AC 
at Co(II)-A zeolite (b) reaction at Co(II)-A zeolite absence of AC and (c) voltammograms at unmodified 
electerodein present of AC. 

As Fig. 2 shows, addition of AC in the solution, causes an increase in peak current Hence the 
modified electrode uses for determination of AC in the aqueous solution. In the next 
experiments, effect of some experimental parameters such as, electrolyte type, scan rate, 
pH,… studied and good results obtained. 
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Abstract 

A simple, sensitive and selective cloud point extraction method is described for the 

preconcentration and atomic absorption spectrometric determination of Mg2+  and Cd2+ and 

Zn2+  

in tea  samples. After complexation with (E)-2-(2-hydroxybenzylideneamino) benzoic acid  in 

basic medium, analyte ions are quantitatively extracted to the phase rich in Triton X-114 

following centrifugation. The chemical variables affecting the preconcentration process were 

optimized.  

 

Key words: Mg2+  and Cd2+ and Zn2+, Cloud point, flame atomic absorption 

Introduction 

Mg2+  and Cd2+ and Zn2+  may be harmful if eaten in excessive amounts [1]. So, the 

determination and monitoring of these analytes is becoming increasingly importance in 

environmental samples. FAAS technique has not enough sensitivity therefore, 

preconcentration and separation of analyte are needed before measuring [2]. The use of 

preconcentration steps based on CPE offers a way that are simple, cheap, selective, sensitive 

[3,4].  

 

Experimental and amount of materials 

A typical cloud point experiment required the following steps: an aliquot of 15 ml of a 

solution containing 133.3 μg L-1 Mg2+ and 133.3 μg L-1 Zn2+  and 133/3 μg L-1 Cd2+  ions, 

0.17% (w/v) Triton X-114 and acid (E)-2-(2-hydroxybenzylideneamino) benzoic acid ( 0.13 
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mM ) was adjusted to pH 9 by addition of NaOH. The mixture was shaken for 1 min and left 

to stand in a thermo-stated bath at 65 °C, for 20 min. Separation of the phases was achieved 

by centrifugation at 3500 rpm for 15 min. The whole system was cooled in an icebath for 5 

min that the surfactant rich phase would regain its viscosity. In this way, the bulk aqueous 

phase was easily decanted. The remaining micellar phase was dissolved to 0.5 mL in 1.0 M 

HNO3 in methanol and the Mg2+ and Cd2+ and Zn2+ ions content was readily evaluated by 

FAAS. 

 

Results and discussion 

The aim of this paper is using a new Schiff base as a power complexing agent for the 

preconcentration and determination of trace amounts of Mg2+  and Cd2+ and Zn2+ions in 

various real samples. In this regard, the influence of various effective parameters including 

pH, surfactant and ligand concentrations, heating time and temperature, centrifuge time and 

rate and the effect of electrolyte on absorbance were optimized. 

 

Effect of pH 

The formation of the metal–chelate and its chemical stability are two important factors 

influence on CPE. The pH plays a unique role on metal–chelate formation and subsequent 

extraction and proved to be the main parameter for CPE. Extraction yield depends on the pH 

at which complex formation is carried out. In this view, a set of similar experiments in the pH 

range of 2.0-11.0 was conducted according to the described procedure in experimental section 

and respective results are illustrated in Fig.1. The maximum sensitivity was obtained at pH 9.  
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Effect of ligand concentration 

The absorbance of extracted metal ions as a function of the concentration of ligand increasing 

of ligand concentration up to a 0.13 mM cause increases absorbance. Thus, a ligand 

concentration of 0.13 mM was chosen for optimization of other variables.  

 

Effects of other experimental factors 

The incubation time and equilibration temperature above the cloud point were thoroughly 

optimized. It is desirable to employ the shortest equilibration time and the lowest possible 

equilibration temperature, which compromise completion of the reaction and efficient 

separation of the phases. The dependence of extraction efficiency on equilibration 

temperature and time were studied within a range of 30–70 °C and 5–30 min, respectively. 

The results showed that an equilibration temperature of 65C and an equilibration time of 20 

min are adequate to obtain quantitative extraction of two ions. The effect of the centrifugation 

time on the extraction efficiency was also studied within a range of 5–25 min. A 

centrifugation time of 15 min at 3500 rpm was selected for the entire procedure, since analyte 

extraction in this time is almost quantitative 

 

Effect of Triton X-114 concentration 

Type and concentration of surfactant are important factor, in cloud point extraction Triton X-

114 was chosen as a proper surfactant due to it’s physicochemical characteristics, low cloud 
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point temperature, commercial availability, relatively low price, low toxicity, it’s high density 

in the surfactant-rich phase and facilitates phase separation. The variation in absorbance of 

extracted Mg2+  and Cd2+ and Zn2+ ions within the Triton X-114 concentration range of 6.6 

10-3- 0.2 % (w/v) was examined and the results are shown in Fig. 2. It can be seen that 

quantitative extraction was obtained with an optimum Triton X-114 concentration of 0.17% 

(w/v), where the highest absorbance for extracted Mg2+  and Cd2+and Zn2+ ions was obtained.  

 

Interferences  

In the view of high selectivity provided by FAAS, the only interferences studied were those 

related to preconcentration step, i.e., those cations that may react with ligand and anions that 

may form complexes with Mg2+  and Cd2+ and Zn2+ and decrease extraction efficiency. Study 

of the possible interferences caused by cationic species was conducted with zinc(II), lead (II), 

cadmium (II), cobalt (II), aluminum (III), nickel (II) (for Mg2+) and copper (II) (for Cd2+  and 

Zn2+) ions under the experimental conditions used in the presence of a fixed concentration of 

133.3 μg L-1and 133.3 μg L-1 of Mg2+  and Cd2+ and Zn2+ respectively . There was no 

significant interference at a 1:100 ratio of Mg2+  and Cd2+ and Zn2+ to the cations.  
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Introduction  

Conducting polymers synthesized electrochemically from compounds with conjucated π-

bonds are of great interest in electrochemistry because of possible applications including 

rechargeable batteries [1], electrochromic display devices [2], corrosion protection materials 

[3] and electrochemical sensors [4]. In this article the films of POAP were synthesized 

electrochemically under potentiostatic and potentiodynamic conditions. The doping/dedoping 

behavior of the films at various PH were compared by CV technique. 

 

Experimental 

The monomer, o-amino phenol (OAP) was purchased from Merck. Sulfuric acid (Merck) 

0.5M was used as the supporting electrolyte. Di hydrogen phosphate and di sodium hydrogen 

phosphate (Fluka) were also used as electrolyte solutions. All the experiments were performed 

using a Potentiostat/Galvanostat (SOLARTON SI 1287). 

A three-electrode cell system was employed with glassy carbon as working, platinum as 

counter and Ag/AgCl(KCl : 3M) as refrence electrod. Electrods were rinsed with distilled 

water. Glassy- carbon was polished with alumina slurry on emery paper. Phosphate buffer 

solution (PBS) was  prepared by 0.1M NaH2PO4-Na2HPO4. POAP films were 

potentiostatically grown at E=0.9V and potentiodynamically produced in a conventional 

three-electrode cell system, at a sweep rate (υ) of 50 mV s−1, in a solution of OAP+sulfuric 

acid 0.1 M. The polymer disposited by CV from -0.2 to 0.6 v. 
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Results and discussion 

Figure.1 show cyclic voltammograms of POAP films in pH=3 of sodium phosphate solution 

those formed by potentiostatic and potentiodynamic methods. This figure shows that the CV 

of potentiodynamic generated polymer film obtained at higher current. We observed that the 

film formed at potentiodynamic mods was less compact.The polymeric film deposited using 

potentiodynamic mode showed better conductivity. The work has been done at various pHs 

and the results showed that PH=3 is the best deposition condition. 

 

Fig.1 (s) cyclic voltammogram of potentiostatic formed polymer in 
 the 0.1 M bafer phosphate in pH=3 (POAP 

film prepared at E= 0.9 v. in solution containing 0.1 M sulfuric acid). (d) potentiodynamic formed polymer in 

pH=3 of sodium phosphate solution.that formed in E=-0.2-0.6 V at 50 mV/s. 
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Abstract 

Nickel-coated graphite have been prepared by electroless and electrolysis deposition process 

[1]. The characteristics and size of particles have been investigated. Also the effects of some 

electroless nickel bath stabilizers; potassium sodium tartarat tetrahydrate (PSTT) and 

sodiumdodecyl sulfate (SDS) in deposition which created by electroless, were investigated[2]. 

Scanning electron microscopy (SEM) images, XRD pattern of the composites used to 

describe the coating formed on graphite. 

 

Keyword: Electrolysis, Electroless, Nickel-coated, Graphite 

 

Introduction 

electrolysis use to coat a surface with a thin layer of metal for protection against corrosion and 

wear. electroless deposit has the advantages of simplicity and feasibility over others in 

changing the characteristic of the graphite surface. Major advantages over the electro 

deposition process include the formation of a uniform deposit on irregular surface such as 

graphite[3, 4]. In present study we have compared tow deposition characteristics produced by 

electrolysis and electroless coating.  

 

Experimental and Methods 

Nickel sulfate (NiSO4.6H2O, 98.2%), sodium Hydroxyl(NaOH) , potassium sodium tartarat 

tetrahydrate(PSTT) , formaldehyde (HCHO 37%) , and sodium dodecyl sulfate (SDS) were 

purchased from Merck. The SEM and XRD used to describe the properties of depositions. 
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Result and discussion 

By comparing the image (c) with images  (a),(b) (fig 1), we see that in image (c) coating is 

more uniform and particles are more compact. As well as large particles (micrometer scale), 

created in electrolysis the empty space between the particles cannot be seen  

Whereas in the image ((a),(b)) coating is more non-uniform And open spaces between the 

particles well observed. 

On the other hand, if the (a) and (b) images compare; the image (b) shows particles are more 

fine and nono-scale with separate and specific granules. Whereas the size of particles in image 

(a) are large and also less distinct grains is seen. 

 

Figure 1. SEM microscopy images of nickel-coated graphite (a)electroless with PSTT as stabilizer (b) 

electroless with SDS as stabilizer (c) electrolysis. 

Conclusion 

The results show that the nickel coating on the surface of graphite created by electrolysis are 

uniform and have larger particles. While the coating created by electroless is non-uniform and 

particles size are smaller than electrolysis coating. Due to their applications one of two 

methods used for coating on graphite. Also with changing the type of stabilizers in electroless 

method, structure and type of coverage can be controlled. 
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Abstract 

The formation of electroless Zn-W-B ternary alloy deposits was studied using varying 

metallic ratio. Variation in metallic ratio of the bath enables the formation of electroless Zn-

W-B deposits with varying contents of zinc, tungsten. Morphology and chemical analysis 

deposits were investigated by SEM  and  EDAX.  The results of corrosion test showed that in 

the metallic ratio of (Zn /Zn +w) =0.3 highest corrosion resistance observed.  

 

Keywords: Electroless deposition, Zn-W-B alloy,SEM, Corrosion behavior   

 

Introduction 

Iron and steel, the most commonly used metal, corrode in many media including most outdoor 

atmospheres [1]. Zinc alloy are widely employed as sacrificial protective coatings to prevent 

corrosion of steel [2]. Tungsten has unique properties such as high hardness, tensile strength 

and higher melting point, etc. tungsten have created a lot of interest to add in zinc electroless 

bath that improves the corrosion resistance of zinc coating [3]. In this perspective, the aim of 

present work is to prepare electroless Zn-W-B ternary alloy deposits using plating baths with 

varying zinc to tungsten ratio and to evaluate their corrosion behavior. 

 

Experimental 

ZnSO4.7H2O and Na2WO4.2H2O were used as the source of zinc and tungsten, respectively. 

Dimethylamine Borane (DMAB) was used as the reducing agent, which also forms the source 

of boron. Tri-sodium citrate was used as the complexing agent. The total concentration of 

ZnSO4.7H2O and Na2WO4.2H2O were kept at 0.1M.Similarly, the concentrations of tri-

sodium citrate and DMAB were kept constant at 0.1 M and 0.024M respectively. Metallic 
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ratio (ZnSO4/ ZnSO4 + Na2WO4) (0.1 – 0.9) were varied to study of corrosion behavior of 

deposits. Structure characteristics of surfaces were studied with scanning electron microscopy 

(SEM). Chemical analysis was carried out with energy-dispersive X-ray analysis (EDAX). 

For polarization tests, samples were protected with an adhesive film to leave a 1cm2 surface in 

contact with the NaCl 3.5% solution. 

 

Results and discussion 

At least three polarization tests were carried out for each concentration. Fig 1 shows the 

polarization curve of the coatings in the variety of metallic ratio. The good corrosion 

resistance observed at the metallic ratio of (Zn /Zn +w) =0.3, attributed to the high amount of  

tungsten and  compact structure which these results were found from analysis of  EDAX and 

SEM, respectively.  

 

Fig. 1. Polarization curve of variety of metallic ratio of Zn-W-B coatings 

Conclusion 

Ternary Zn-W-B coatings were deposited in the variety of metallic ratio. It was found from 

the SEM observations that with increasing the amount of tungsten, compact structure were 

obtained. Polarization tests indicated that good corrosion resistance obtains in the high 

concentration of tungsten. 
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Abstract 

Ternary Zn-W-B alloy coating was deposited on st37 by electroless plating technique. 

Zinc sulfate and sodium tungstate were used as metal ion sources, and Dimethylamine 

Borane (DMAB) was used as a reducing agent. The effect of surfactant cetyltrimethyl 

ammonium bromide (CTAB) on the surface morphology and corrosion behavior was 

investigated. The Zn-W-B deposits were characterized by scanning electron microscopy 

(SEM) and energy-dispersive X-ray analysis (EDAX). SEM observation showed that in 

the presence of CTAB, the grain size was reduced and compact coating was obtained. 

Polarization curve indicate that coating composed of surfactant have high corrosion 

resistance than ones without surfactant. 

 

Keywords: Electroless, Zn-W-B coating, Corrosion resistance, Steel alloy  

 

Introduction 

Electroless of zinc coatings alloyed with other metals is one of methods to improve their 

service characteristics [1]. The uniqe  property of tungsten have created a lot of interest in 

the scientific community in developing ternary Zn-W-B alloys as a replacement for 

hexavalent chromium[2]. The aim of this work is to prepare electroless Zn-W-B ternary 

alloy deposits also the study of characteristics of the coatings in presence and absence of 

CTAB. 

 

Experimental and method 

St37 alloy was used as the substrate material for preparation of electroless Zn-W-B  

deposits. Electroless bath containing: ZnSO4.7H2O (20g/l), Na2WO4.2H2O (10g/l), 

DMAB (1.6g/l), Na3C6H5O7 (35g/l), C19H42BrN (0, 0.35g/l) was performed for 1 hour at 

750C. During plating, the bath solution was agitated using a magnetic stirrer at 600 rpm, 
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and PH was adjusted with buffering agent. morphology of surface and chemical analysis 

of the coatings were studied by SEM with EDAX. corrosion tests carried out in the 3.5% 

NaCl solution.   

 

Results and discussion 

The scanning electron micrograph of the surface deposit Zn-W-B in absence and presence 

of  CTAB, shown in Fig. 1(a,b).  

 

              
  Fig. 1. Scanning electron micrographs of  a) Zn-W-B without CTAB b) with CTAB c) Polarization curves 

of the coatings in the presence of CTAB and without it. 

 

SEM observation shows that in the presence of CTAB grain size extremely reduced and 

compact coating was obtained. EDAX analysis showed that the content of tungsten in the 

both of Zn-W-B coatings were 9.18%. Fig.1(c) illustrate polarization curves for the both 

coatings. Indicating the deposit consist of CTAB has higher corrosion resistance than 

ones without one.  

 

Conclusion 

The electroless Zn-W-B on the steel was deposited from a citrate-base bath. SEM 

observation showed fine grain in the presence of CTAB surfactant and EDAX analysis 

showed that the contents of the coatings were kept constant. Due to the fine and compact 

structure of deposit the corrosion resistance improved in presence of CTAB.  
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Abstract  

In this work the poly(aniline-co-ortho-phenylenediamine) (Ani–co–oPDA) modified 

composite graphite (CG) show excellent electrocatalytic response towards the oxidation of 

AA. The anodic peak potential of AA is shifted from +0.52 V at bare CG to +0.12 V at 

poly(Ani–co–oPDA) coated CG.  A linear regression relationship between current and the AA 

concentration range, 5 to 40 mM, is obtained.  

 
Keywords: Amperometric; Ascorbic Acid; Electrocatalytic; Modified Electrode; polyaniline 
 

Introduction 

The determination of ascorbic acid (AA) has become very important since AA is known to be 

present in human brain and also involves in several biological processes [1].  

Several voltammetric studies of AA on the bare electrode have not been very successful [2, 

3]. The main reason is being the high overpotential of AA besides the fouling effect of the 

oxidation products, poor reproducibility, low selectivity and poor sensitivity. Mediators [4, 5] 

and polymer modified [6, 7] electrodes have instead been used to improve the situation.  

The electrochemical copolymerization of aniline (Ani) with its derivatives has been reported 

[8-10]. These have significantly improved the electrochemical activity of polyaniline by leap 

and bound. Recently, poly(aniline-co-ortho-phenylenediamine) (Ani–co–oPDA) modified 

composite graphite (CG) electrode has been prepared [11]. 

 

Methods   

The electro copolymerization of Ani and oPDA was performed using 25 ml solution 

containing 50 mM monomers, 1 M H3PO4 and 0.06 M Ca3(PO4)2 by sweeping the potential 
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between −0.7 and +0.8 V (vs. Ag/AgCl), at scan rate of 100 mVs−1 and under Oxygen-free 

nitrogen (OFN) atmosphere at 25 ± 2 ºC.  

The voltammetric determinations of AA was performed using 25 ml solution containing 30 

mM of AA and 1 M H3PO4 by sweeping the potential between −0.6 V to +1.0 V at scan rate 

of 100 mVs−1, under OFN atmosphere and at 25 ± 2 ºC. 

 

Results and discussion 

Electrocatalytic oxidation of AA  

The anodic peak potential (Epa) of AA appears at +0.52 V on CG with the anodic peak current 

(Ipa) about 0.4 mA. It is an irreversible process. In contrast, the Ipa has increased to 1.7 mA 

and the Epa shifted negatively to +0.12 V on the poly(Ani–co–oPDA) modified CG. Since the 

electro-oxidation of AA is convenient, this indicates the strong electrocatalytic property of 

poly(Ani–co–oPDA) modified CG to AA. The shifting of the Epa is due to the kinetic effect in 

which a substantial increase in the rate of electron transfer from AA is observed.  

Effect of AA concentration 

In chronoamperometric experiments (Fig. 1), the current flowing through the poly(Ani–co–

oPDA)/CG electrode at +0.12 V was measured as a function of concentration of AA in 1 M 

H3PO4. Fig. 1b shows a response by the modified electrode upon addition of AA. On the 

contrary, the bare CG electrode does not respond (Fig. 1a).   

Effect of pH  

The cyclic voltammograms (CVs) of 25 mM AA in supporting electrolytes at different pH 

values at poly(Ani–co–oPDA) modified CG electrode were made. It appears that there is a 

decrease in anodic peak current, Ipa, when pH is raised from 1 to 9. This is due to a decrease 

in the electrochemical activity of poly(Ani–co–oPDA). The copolymer has a higher electronic 

conductivity in acid medium and this conductivity decreases with an increase in pH. There is 

also positive shifting of anodic peak potential, Epa. Thus, the electrocatalytic effect of 

poly(Ani–co–oPDA) modified CG electrode on the oxidation of AA decreases with an 

increase in pH.  

Conclusion 

The poly(Ani-co-oPDA) modified CG electrode is shown to possess catalytic activity towards 

the oxidation reaction of AA. As a result, the electro oxidation of AA on the modified 
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electrode is more feasible in acidic than in neutral and alkaline medium. This is shown by 

negative shift of Epa of AA. The extension of catalytic reaction depends on charge transfer. 

The electrode process is diffusion-controlled. The study indicates the poly(Ani–co–

oPDA)/CG electrode is useful for oxidation of AA over a wide range of pH. The peak 

currents are linearly dependent on AA at concentration below 40 mM.  

 

 

Figure 1. Chronoamperometric response of (a) bare CG electrode and (b) poly(Ani–co–oPDA)/CG electrode to 
changes in concentration of AA in 1 M H3PO4. Inset is the plot of Ipa vs. concentration of AA. 
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Introduction 

Copper is one of the most important materials in industry owing to its high electrical and 

thermal conductivities, mechanical workability, and its relatively noble properties, thus 

corrosion of copper and its inhibition have attracted the attention of many investigators [1-3]. 

In addition the surface of brass which contains copper is chemically, physically and 

energetically heterogeneous for several reasons which facilitate the corrosion process to 

operate on the surface. In this research the inhibition effects of two organic compounds: 

dimethyl2-[(5phenyl-4H-1,2,4-triazole-3-yl,sulphan- yl]-3-1,1,1-triphenyl-ହ-

phosphanilidine) soctinate (DMAD) and dimethyl 2[1-methyl-2-oxohyd 

razinocarbonyl]amino-3-1,1,1-triphenyl-ହphosphanilidine) soctinate (DMHD) on reducing 

the corrosion of copper and brass in water cooling system has been investigated. 

 

Methods 

In order to evaluate the inhibition efficiency of the metal and alloy, potentiostatic polarization   

technique was used and parameters affecting the inhibition efficiency such as concentration of 

inhibitors and temperature were also investigated. To check the morphology of the surface 

and to study the adsorption of inhibitor on the surface Scanning Electron Microscopy (SEM) 

and    infrared spectra methods were employed. 

 

Results and discussion 

Potentiodynamic polarization curves for copper and brass in aqueous media in the presence of     

different concentrations of compounds DMAD and DMHD are plotted (not shown ).Addition 
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of inhibitors did not change the corrosion potential appreciably but resulted in decrease of 

cathodic and anodic current densities remarkably, thus the inhibitors under investigations 

almost act as mixed-type inhibitors[4-5]. They reveal that the inhibition efficiency obtained, 

increased by increasing their concentration and increased by increasing temperature.  

The values of surface coverageሺߠሻ were plotted verses log      for different concentration of ܥ

inhibitors the straight line (not shown) obtained, indicates that the adsorption of the inhibitors 

on the metal and alloy obey Temkin adsorption isotherm [6]. The values of ∆ܩ revealed 

chemical adsorption of inhibitors on the surface. The SEM and IR spectra results indicated 

that a good     protective film is formed on the copper and Brass surfaces. 

 

Conclusion 

The investigated organic compounds are good inhibitors which almost act as mixed inhibitors 

for copper and brass in cooling water system. Among the two organic compounds DMAD has 

higher inhibition efficiency and with increasing temperature its performance increased. 
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Introduction: 

The use of Ion Selective Electrodes in environmental analysis offer several advantages over 

other methods of analysis especially expense. The concentration of the analyte can then be 

calculated from the Nernst Equation. An ion-selective electrode (ISE), also known as a 

specific ion electrode (SIE), is a transducer that converts the activity of a specific ion 

dissolved in a solution into an electrical potential. Fluoride selective electrode based on LaF3 

crystals have good selectivity. It is selective to fluoride over other common anions by several 

orders of magnitude; only hydroxide ion causes serious interference. The pH of the solution 

analyzed is adjusted to approximately 5 to eliminate interference [1]. A total ionic strength 

adjustment buffer (TISAB) is a buffer solution to add for increasing the ionic strength of the 

solution helps to "fix" the ionic strength at a stable level, making a linear correlation between 

the logarithm of the concentration of analyte and the measured voltage. TISAB essentially 

masks most chemical interferences in the analyte solution and hence increases the accuracy of 

the reading.  In previous works for determination of fluoride ratio of TISAB to water sample 

was ½ [2,3] , it was  more than it need . Small amounts of fluoride are vital for the human 

organism, but it’s toxic in larger amounts. The aim of this work is to determine fluoride in 

water by significant TISAB for controlling fluoride in water  

Method:  

A solid-state fluoride ion-selective electrode (Metrohm Model 6.0502.150) was used in 

conjunction with a double junction Ag/AgCl reference electrode (Metrohm Model 
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6.0726.100), with the outer compartment filled by a 10% (w/v) KNO3 solution. The Metrohm 

Model 780 potentiometer was connected to a computer for recording the kinetic 

potentiometric data. All of the measurements were carried out at 25±0.2 °C in a double walled 

reaction cell with continuous magnetic stirring. Both the stirring speed and the electrode 

distance were kept constant throughout the experiment. The solutions, were mixed with a 

magnetic stirrer for 3 min. The electrode potentials of the sample solutions were directly 

compared with those of fluoride standard solutions. The salts of fluoride (NaF) and TISAB  

were purchased from Merck company(Germany)[3].Water samples were collected from  

Zerand city in Teflon bottles. The samples and fluoride standard solutions (0.10, 0.25, 0.75, 

1.00 ppm) and sample  were diluted with the TISAB. The first TISAB was  2 mL  in 100 mL  

to sample and fluoride standard solutions and then we assey ionic strength of the solution if 

they were different then more TISAB must be added until we accept the same strength of the 

solution for all  solutions. After that detection percentage was calculated if that wasn’t   

sufficient the addition of TISAB must be continued until getting acceptable detection 

percentage. 

 

Results:  

 detection percentage was not acceptable for ratio TISAB to water ( 1/100 ,1/60,1/30). 

Therefore we continue the ratio TISAB to water (1/20).Sensitive of electrode was sufficient 

and  linear correlation was  acceptable.The equation obtained from the calibration curve was 

E=0.388-52.66 log C 

Concentration of fluoride that determined by potentiometric method was 0.25 ppm.   

 

Conclusion:  

The necessary amount of TISAB for determining fluoride ion in water was much lower than 

previous reports. Therefore this method was suggested for further determination. The 

concentration of fluoride (0.25 ppm) In Zarand city was less than allowed concentration since 

according to the World Health Organization (WHO) the maximal allowed concentration of 

fluoride in drinking water is from 0.5 to 1.0 mg/L. 
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Introduction:  

Schiff base Ligands and their transition metal complexes have been attracted more attentions 

in last century, because their anti- tomour and antiviral properties, liquid crystalline character 

and oxygen carrier catalyst properties. 

In this research work , we have prepared a new bidentate azo ligand. Azo compound were 

prepared by coupling of benzene diazonium cholorid ion with 2-hydroxy acetophenon and  

under alkalin condition, and Schiff base ligand  were then obtaind by  the condensation  of 5-

phenilazo 2-hydroxy acetophenon  with p-anizidin . 

Copper (II), Iron (II), and Nickel (II) complexes of the Schiff base ligands were also prepared. 

The synthesized azo-linked Schiff base Ligand has been characterized by 1HNMR ,IR and 

UV-vis spectroscopy. 

Elemental analyses, IR spectra ,UV-vis spectroscopy were also used for the characterization 

of the complexes. 

 

Result and discussion: 

Azo-linked Schiff base Ligand interact with metal ions to form mononuclear, tetra 

coordinated metal complexes with a suggested structure, shown in figure1. 
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R= CH3 

M= Fe2+,Cu2+,Ni2+ 

Figure 1. 

A general formula of the complexes was ML2.nH2O (n=2) where M is copper(II),Nickel(II) 

,and Iron(II). 

Cyclic voltammetric behaviour of Cu, Ni and Fe complexes  have  been  investigated  in DMF 

solution and by using glassy carbon as working electrode. In all cases, the redox potentials are 

correlated with the degree of tetrahedral distortion of the metal coordination environment. 
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Introduction 

Chemical modified electrodes (CMEs) become a field of exiting research due to their unique 

electrode surfaces properties [1]. Many techniques were developed for preparation of 

modified electrodes, such as covalent bonding and polymer film [2]. Deposit a film of 

conducting polymer is essential to work in a medium with an electrolyte that can protect the 

electrode surface from dissolution without impeding the electropolymerization process [3]. 

Electropolymerization is a good approach to immobilized polymer as adjusting the 

electrochemical parameters can control film thickness characteristics [4,5]. 

 

Experimental 

Apparatus and chemicals: 

Cyclic voltammetry tests were perform with a (SOLARTON SI 1287) instrument. A 

conventional three-electrode system was employed with a bare or poly (m-ABA) modified 

electrode (1.0mm diameter) as the working electrode, a Ag/AgCl (KCl : 3 M) electrode as the 

reference electrode, and a platinum electrode as the countrer electrode. Phosphate buffer 

solutions (PBS) were prepared by 0.1M NaH2PO4 – Na2HPO4 and adjusting the pH with 0.1M 

HCl and 0.1M NaOH. The bare glassy-carbon electrode (GCE) was first polished with 

alumina slurry on emery paper. Then it was rinsed with distilled water. Finally, the electrode 

was disposed by cyclic sweeping from -1.5 to 2.5 V at 50 , 100, 150 and 200 mV/s for 20, 30 

and 50 circles in pH 7.0 PBS containing 1.0×10-3 M (m-ABA) solution. All the measurements 

were carried out at room temperature. 
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Result and discussion  

Cyclic voltammograms of  1.0×10 -3 M (m-ABA) in pH 7.0 PBS at the GCE are shown in 

Fig.1. In the first scan, anodic peak 1 and cathodic peak 2 were observed with potential value 

at 1.6 and -0.7 V. From the second cycle, anodic peak 3 appeared with potential at 0.15 V 

.Then larger peaks were observed upon continuous scanning, reflecting the continuous growth 

of the film. It can also be observed that film growth was faster for the first cycles than for the 

other cycles. It showed polymerization-reached saturation.  

This work carried out in various scan rate 50,100,150 and 200 mV/s  and also formation of 

polymer poly(m-ABA) studied in various pH 5, 6, 7, 8, 9 and 10 that this result shown Fig.2 

 

Fig.1. Cyclice voltammograms of 1.0×10-3 M  m-ABA in          Fig.2.Study of formation polymer in Ph  5.0 – 

10.0                                                                                                                                                                                       
pH 7.0 PBS  at the GCE 

Finally these results indicated that maximum of current is in electropolymerization (m-ABA), 

in pH 8.0 and scan rate 200 mV/s. 
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Introduction 

Corrosion of reinforcing steel is a widespread problem in concrete bridges. Corrosion 

inhibitors are considered as one of the most cost-effective solutions. During the last 15 years, 

they have been used more and more in both new and existing reinforced concrete bridges. 

Earlier studies of corrosion inhibitors focused on sodium benzoate [1,2], various nitrites 

(sodium, potassium and barium) and chromates/dichromate [3,4] as concrete admixtures to 

inhibit corrosion in reinforced concrete. In this paper, the effectiveness and performance of 

four corrosion-inhibiting systems were evaluated. 

 

Experimental details: 

 The specimens (st37) were prepared by surface grinding with emery papers, from nos. 120 to 

600, washed with double distilled water and degreased with acetone. Cylinders with exposed 

area about 4.5 cm2, for electrochemical tests in simulated concrete pore Solutions were used. 

Electrochemical experiments were carried out in a Pyrex cell with three necks. A saturated 

calomel electrode (SCE) was used as reference electrode and a platinum plate was used as the 

counter electrode, all potentials were reported versus SCE. Preliminary tests were carried out 

in a saturated calcium hydroxide solution containing a chloride concentration of 0.5 M. The 

concentrations of all inhibitors were chosen as 5×10-2 and   5×10-1  M. The potential scan rate 

was 1 mVs-1and it was scanned in the negative direction to corrosion potential (Ecorr) and 

subsequently in the positive direction. Results were obtained at least three times. 
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Results and discussion: 

 It is generally believed that the alkaline nature of reinforced concrete is responsible for the 

initially protective environment that concrete provides for steel. This is usually reflected in 

passive or more noble corrosion potentials (or Ecorr values) for steel in concrete. Once 

aggressive ions such as chlorides migrate into concrete, conditions can become favorable for 

steel corrosion[5]. 

In the absence of additives, chloride reduces the width of the passive range to 

less than one-half. Some inhibitors presented in saturated Ca(OH)2 solution (pH12.6) with 0.5 

M chloride can delay the corrosion process on carbon steel, among the promising substances, 

only 0. 5 M calcium nitrite, 0.05 M BTA, 0. 5 M sodium nitrite are able to keep the inhibiting 

action throughout the exposure. The possibility to increase the inhibiting efficiencies (IE) by 

increasing the additive concentration was precluded also in the case of saturated calcium 

nitrite solution, which were close to the saturated conditions.  Inhibitor Na2PO3F is less 

effective compared with the results obtained in the same solution in the absence of an 

inhibitor. Based on the evidence of the present investigations, Na2PO3F did not appear to be 

effectively transported into the concrete under the conditions studied and so did not provide 

substantial corrosion inhibition to the steel. As emphasized [6], no short-term laboratory 

investigation can fully simulate the performance of concrete repair systems that are used and 

exposed under different circumstances on real structures. 

 

Conclusion: 

In the absence of additives the width of the passive range reduces less than one-half due to 

chloride ion. The presence of inhibitors in saturated Ca(OH)2 solution (pH12.6) with 0.5 M 

chloride delayed the corrosion process on carbon steel, among the promising substances, only 

0. 5 M calcium nitrite, 0.05 M BTA, 0. 5 M sodium nitrite are able to keep the inhibiting 

action throughout the exposure. 
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Abstract: 

New azo complexes of Mn,Ni,Cu with blue-violet light wavelength were synthesised  

This article focuses on the ageing of Compact Disc- Recordable (CD-R),digital versatile disc-

recordable(DVD-R) and  Blue ray disc- Recordable(BD) using an organic dye layer for 

information writing. 

 

Keywords:  electrochemical,CD-R,DVD-R, BD-R,azo,Schiff base 
 

Introduction: 

 R disces are generally composed of different superposed layers (polycarbonate (PC), organic 

dye, reflective layer, protective layer and a label) [1] 

  
  

 
 
The choice of the recording material for use in CD-R, DVD_R and BD-R is between an 

organic dye and an inorganic material (alloy, oxide, nitride, etc.) [ 2] BD technology 
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employes a 405 nm laser, requires a new optical recording medium with high performance 

matching the 405 nm [3].however , most of the organic dye compounds now used in optical  

recording media do not suit to laser beams with a wavelength of 405 nm[4]. 

 

methods: 

FTIR-1HNMR-UV-Vis spectra and CV as well as solubility in organic solvents , melting 

points and elemental analyses.  

 

results and discussion: 

In this investigation new azo dyes of Ni, Cu and Mn complexes synthesized this tetradenated 

schiff base complexes with two o and two N donor atomes , have high density that is usefule 

for their applications in CD,DVD and BD.they are soluble in common organic solvents that is 

nessesery to making of thin layer filmes as dye layer in disces .they show high melting 

points(280-330),the FTIR spectra  show the carbonyl group in preligand and C═N bands in 

ligands and shift of them in complexes to higher  λ . in UV-Vis spectru new metal azo 

complexes have maximum absorption bands that were very near to ideal absorption bands in 

blue violet light and blue ray  region(387-403.5 ) . 

the1HNMR show good resultes of preligand and ligand structure,elemental analyses were 

obtained and electrochemical propertiese investigated by cyclic voltametry in DMF solution 

and by using glassy carbon as working electrode at different rates (25-50-100-125-200-300-

400-500 mv/s)and reduction and oxidations peakes were obtained. 

 

conclusions: 

 New metal azo complexes were synthesized . Based on FTIR-1HNMR-UV-Vis spectra and 

CV as well as solubility in organic solvents and high melting points this complexes are 

suitable for optical  recording layers. 
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Introduction: 

There are various organic inhibitors which tend to decrease the corrosion rate of steel and iron 

in acidic solutions [1–4]. The choice of these compounds was based on the consideration that 

these compounds contain - electrons and heteroatoms such as N and O, which induce greater 

adsorption of the inhibitor molecules onto the surface of mild steel. The aim of this work is to 

investigate the corrosion inhibition of mild steel in 0.5 M H2SO4 solution by aromatic amines 

derivatives namely: 4, 5-dinitrobenzene-1, 2-diamine (DDA), 4- nitrobenzene-1, 2-diamine 

(NDA) and 5-nitrobenzene-1, 2, 4-triamine (NTA) as corrosion inhibitors using weight loss 

and potentiodynamic polarization techniques. Quantum chemical studies are used for 

investigation of inhibitor adsorption position on metal surface. 

  

Experimental: 

The electrodes used were machined from steel sheets and were polished with emery papers 

800-2500 grade for fine polishing. They were washed thoroughly with doubly distilled water 

then ultrasonically degreased with acetone. The new organic compounds were synthesized in 

our laboratory. For potentiodynamic polarization measurements, the cell was a conventional 

three electrode Pyrex glass vessel converter with Pt wire as counter electrode, saturated 

calomel electrode (SCE) as reference electrode and the mild steel sheet as working electrode. 

The surface area of each working electrode was 1 cm2. The potentiodynamic current potential 

curves were recorded by changing the electrode potential automatically from -700 mV to -400 
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mV with scan rate of 1 mV s-1. Experiments were performed on a BHP-206X Electrochemical 

Analysis System. 

 

Results and Discussion: 

It is observed that the addition of either compound induces a decrease in both anodic and 

cathodic current, the anodic decrease being more significant. The corrosion potential (Ecorr) 

was observed to shift towards more noble potentials with increasing additive concentration. 

The parallel adsorption is owing to the presence of one or more active center for adsorption. 

The difference in the inhibition efficiencies of the two compounds lie in their structure. The 

effect of temperature indicates that the temperature increases the values of Ecorr, shift in the 

negative direction and the values of Icorr increase. The activation energy is higher in the 

presence of inhibitor than their absence. This type of inhibitor retards the corrosion process at 

ordinary temperature [5]. Whereas the inhibition is considerably decreased at elevated 

temperature. The lower values of Ea are possibly good evidence for the physical adsorption 

mechanism of inhibitors on metal surface. The low and negative values of ∆Gads indicate the 

spontaneous adsorption of inhibitor on the surface of steel. Distribution of LUMO and 

HOMO location on the nitro groups follow the progression DDA<NDA<NTA, which 

indicated that with decreasing nitro groups and increasing amine groups electron density of 

the HOMO and LUMO orbitals on remained nitro group increases.  

 

Conclusion: 

The investigated aromatic amines derivatives are efficient inhibitors for the corrosion of mild 

steel in 0.5 M sulfuric acid solution. The efficiency increases with increasing concentration of 

inhibitors. The corrosion inhibition efficiencies are in the order DDA<NDA<NTA. The 

adsorption of these inhibitors obeys the Langmuir adsorption isotherm. The relationship 

between molecular structure of these compounds and their inhibition efficiency indicated that 

it has lucid correlation with the lowest unoccupied molecular orbital energy levels and 

electron charge of oxygen atoms. Distribution of LUMO and HOMO location on the nitro 

groups, to follow the progression DDA<NDA<NTA, revealing that with decreasing nitro 

groups and increasing amine groups electron density of the HOMO and LUMO orbitals on 

remained nitro group increases. The result of inhibitor/iron optimization depicted adsorption 
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position which is due to the lone pair electron of oxygen atoms of nitro group as the most 

stable state. 
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 Abstract  

A new macrocyclic ligand as a neutral carrier in the construction of a new PVC membrane 

electrode selective to Cr(III) ion was prepared. The electrode exhibits a good potentiometric 

response for Cr(III) over a wide concentration range 1.0 × 10-4 to 1.0 × 10-1 M with a slope 

20.4 ± 0.5 mV/decade and low detection limit of 8.9 × 10-5 M. It has a fast response time ≤ 15 

s. The best performance was observed with the membrance having the PVC-ligand-

acetophenone-oleic acid composition 6:1:7:1. The structure of the ligand was also studied by 

HF calculations using a standard 6-31G* basis set.    

 

Keywords: Ion selective electrode, PVC membrane, Cr(II) determination, Macrocycle, HF. 

 

Introduction 

    A significant number of macrocyclic compounds including crown ethers, cryptands, aza-

crowns and thiacrowns, which have been synthesized in various cavity sizes and shapes have 

already been exploited for the fabrication of poly(vinyl chloride) membrane electrodes for 

transition and heavy metal ions [1]. Ion selective electrodes (ISEs) are membrane electrodes 

that respond selectively to ions in the presence of others[2]. In this paper, we report the use of 

new ligand(fig.1) as a neutral carrier in the construction of a new PVC membrane electrode 

selective to Cr(III) ion. 
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Fig. 1. structure of optimized ligand 

 

Methods 

A mixture of PVC, oleic acid, acetophenone and ionophore to give a total mass of 100 mg, 

was dissolved in about 2 mL of THF and the solution was mixed well. The resulting clear 

mixture was transferred into a glass dish of 2 cm diameter. The solvent was evaporated slowly 

until an oily concentrated mixture was obtained. A full optimization of the structure of ligand 

and its complexe are performed at the HF level of theory using gradient techniques with the 

Gaussian 03 set of programs. 

 

Results and discussion 

Among the different composition studied,membrane 8 incorporating 40.0 % PVC, 47.4 % 

AP, 5.8 % OA and 6.8 % ionophor shows the best sensitivity. The calibration plot is shown 

in Fig. 2, which indicates a linear range from 1.0 × 10-4 to 1.0 × 10-1 M Cr(III) with a 

Nernstian slope of 20.4 ± 0.5 mV/decade of Cr(III) concentration.and low detection limit of 

8.9 × 10-5 M. It has a fast response time ≤ 15 s. The best performance was observed with the 

membrance having the PVC-ligand-acetophenone-oleic acid composition 6:1:7:1. The 

calculation methods showed stabilisation energy for ligand and its complexe are 2258.70 

Hartree mol-1 and -3500.17 Hartree mol-1 respectively. The calculations predicted nonplanar 

structer for ligand.  
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Fig. 2. Calibration plot of the Cr(III)-ISE based on ligan 

Conclusions 

Fabrication of a new ion specific ISE with high selectivity and sensitivity, wide linear 

concentration range, long lifetime, good reproducibility and low cost is always in need[3]. In 

this paper a new ion selective electrode is prepared that incloding special properties.  
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Introduction: 

 Several studies on corrosion inhibition of metallic materials using organic compounds have 

been reported [1-3]. Inhibitors are usually being used to protect metal from corrosive media. 

The present investigation was undertaken to compare the inhibitory effects of  three 

compounds namely3-methyl-1H-pyrazol-5(4H)-one:A,Diethyl2-(2-pyridylsulfanyl)-3-(1,1,1-

triphenyl-λ5 -phosphanylidene) succinate:B and diethyl2[(2-amino-2-

thioxoethanthioy)amino]-3-(1,1,1-triphenyl-λ5 -phodphanylidene) succinate:C on the mild 

steel in 0.5 M H2SO4 solution at different temperatures (30-60 C). Theoretical studies based 

on the chemical calculations have been done to support the experimental findings. In addition 

SEM micrographs were taken from the surface of the polarized samples to check the kind of 

the film formed on the surface in acid solution containing inhibitors. 

 

Method: 

 Steel samples were mechanically polished using different grades of emery papers before 

inserting them in 0.5 M H2SO4 containing various concentrations of inhibitors. SCE and Pt 

were used as a reference and counter electrodes respectively. All of the polarization 

experiments were carried out potentiodynamicaly in a cell containing 100 mL of aerated 

solution. The range of potential was -700 to-300 mV with scanning rate of 2 mV/s and all the 

potential were recorded with respect to SCE. 
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Results and discussion: 

Fig 1 illustrates the polarization curves for mild steel in 0.5 M H2 SO4 and solution   

containing   various concentrations of Diethyl2-(2-pyridylsulfanyl)-3-(1,1,1-triphenyl-λ5 -

phosphanylidene) succinate at 30 C. The overall results reveal that addition of inhibitors 

cause a decrease in anodic and cathodic current densities and also shift in corrosion potentials 

slightly towards noble direction. Therefore it may be concluded that the above mentioned 

compounds are acting as mixed-type inhibitors. It is observed that the corrosion inhibition 

efficiencies increase as the concentration of inhibitors increase. Table 1 shows different 

corrosion parameters (Ecorr ,icorr,  and IE%) derived from polarization curves of mild steel in 

the absence and presence of 100 ppm of efficient inhibitor at different temperatures. These 

compounds contain heteroatom (O, S and N) that has been reported to cause inhibition of 

metal and alloys in acidic medium [4-5]. A considerable decrease in number of pits has been 

absorbed on the surface of mild steel exposed to the acid solution containing inhibitor. 

Thermodynamic values (ΔG, Ea, ΔH and ΔS) show that the presence of inhibitors increase the 

activation energy whereas reduces the value of ΔG. 

 

Conclusion: 

Corrosion current density decreases and inhibition efficiency increases with increasing 

concentration of the investigated compounds while they are decreased with increasing 

temperature. The adsorption of the inhibitors on the surface of mild steel obeys Temkin 

adsorption isotherm. The negative values of ΔG indicate the spontaneous adsorption of the 
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inhibitors on the surface of mild steel. The SEM micrographs show that the protective film on 

the metal surface. 

 

References: 

[1] Proceedings of the 1st to 8th European Symposium on Corrosion Inhibitors, every 5 years 

held in Ferrara. 

[2] M.El Achouri, 

M.R.Infant,F.Izquiredp,S.Kertit,H.M.Gouttoya,B.Nciri,Corros.Sci.43(2001)19. 

[3] D.Chebabe, Z.Ait Chikh,N.Hajjaji,A.Srhiri,F.Zucchi,Corros.Sci,45(2003) 309. 

 [4] E.E.Ebenso, Mater.Chem.Phys71(2002)62.  

[5] H.Ashassi-Sorkhabi and S.A.Nabavi-Amir,ActaChim.Slov.47(2000)587. 

The Removal Acid Red 88 (AR88) From Aquous Solution By 
Electrocoagulation 

  

H. Zhian*a ,S. Khanahmazadab , H.Khandanic 

aDepartment of chemistry, University Azad branch Mohabad, Mohabad , Iran 

(Email:Hassan.zhian@yahoo.com) 
bDepartment of chemistry, University Azad branch Mohabad, Mohabad , Iran 
cDepartment of chemistry, University Azad branch Mohabad, Mohabad , Iran 

Abstract: 

One convenient method to removing colors is electro coagulation method, but every color has 

different properties that by determining the efficient factories the best conditions of color 

removing can be satisfied. In this study the electro coagulation method with red acid 88 will 

be investigated. Applying the DC electricity, the optimal conditions of the process with 

different types of electrodes (such as Fe, Al, graphite and …) in color removing from aqua 

solvate will be determined. Variables such as density of electric current, time, distance 

between two electrodes PH are very important. The results shows that a cell EC consists of 

singular electros in series connections with Alominium sacrifice electrode and Iron Anod and 

Catod are the best among the others [1]. 

 

Key word: Electro coagulation, Remove A.R 88, Color removing, Waste water colors. 
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Introduction: 

Some type of water polluters are consists of   solvates cleaners, colors pesticides and drugs. 

Since using these chemical syntax are increasingly developed, so thier effects on the 

environment and their dangers and effective method to destroying them must be studied[2]. 

In textile industry that a great amount of water is needed, filtration of west water is an 

important problem .It is worth mention that in Azo colors the colorize factor is (-N = N-) and 

by removing this factor the color will be removed. Red acid 88 is of type of mono Azo class 

that is solvable in water with the following structure: 

NaSO4 N=N

CH

 

During the coagulation process colloid practical loose their electrics chares and change into 

large particles coagulation method is the best way to remove colloid practical of the waste 

water that is done by some specific chemical substance. Because decrease of dual layer 

definding potential the layer charge of colloid practical is decreased and would cause the 

coagulation process. In Anod the Iron and Aluminium and in Catod hydrogen gas is 

introduced. Hydrogen gas would cause the float particles on the surface of water. Basically 

coagulation is a process in which by adding a coagulant substance the waste substance are 

removed. Essentially the coagulant process is done because of electro static interaction and 

forming of colorful complex and physical surface absorption by adding coagulant substances 

[3]. 

 

Results and conclusion: 

1. The rate of color motion is depended to some factors such as electrical density, time 

duration, primery concentration of colorful solvate [4]. 

2. This method is convenient to remove waste waters that contain red acid 88. In this 

process by electro chemical cell with Iron Anod and Aluminium Catode,Ph=6/7 , 

precipitation time = 5 min, density electric current = 100 Am-2 , temperature =298 K0, 
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distance of the two electrodes is about 1.5 cm, electrolysis time = 4 min,  we are able 

to clean 100% of waste waters[5].   
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Introduction 

The use of inhibitors is one of the most practical methods for protection metal against 

corrosion, especially in acidic media [1]. Most of the well known acid inhibitors are organic 

compounds containing nitrogen, sulphur and/or oxygen atoms. These compounds can adsorb 

on the steel surface and block the active sites decreasing the corrosion rate. Moreover, many 

Schiff base compounds have been proved to be effective inhibitors for the corrosion of metals 

and alloys in acidic media [2–4]. In the present paper, in order to obtain as effective 

inhibitors, two Schiff base compounds (Fig. 1) have been studied by electrochemical 

techniques to investigate electrochemical behaviour of mild steel in 2 M HCl solution. The 

nature of inhibitor adsorption process and the effect of temperature are also studied and 

discussed. 

OH

NN

OH
O2N

NO2
OH

NN

OH

N, N'-bis (2-hydroxy-6-nitrobenzaldehyde) benzidine N, N'-bis (salisylaldehyde) benzidine  
Fig. 1 Structure of studied Schiff bases 

Methods 

Polarizations measurements were carried out using AUTOLAB model PGSTAT 35. 

Electrochemical experiments were performed in a conventional three electrodes 

electrochemical cell at 25C with the mild steel as a working electrode, a platinum counter 

electrode and silver–silver chloride (Ag/AgCl) electrode as reference electrode. All the 

quantum calculations were performed with complete geometry optimization by using standard 

Gaussian03 software package. The study of the relationship between inhibition efficiency of 
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the molecules and their electronic properties was carried out at the level of B3LYP with 6-

311G** basis set.  

 

Results and discussion 

Table 1 represents all corrosion parameters obtained from Tafel polarization studies. These 

results show that by increasing inhibitor concentration, the corrosion current decreased. 

Moreover, these inhibitors cause no change in the anodic and cathodic Tafel slopes, indicating 

that the inhibitors are first adsorbed onto steel surface and therefore impedes by merely 

blocking the reaction sites of steel surface without affecting the anodic and cathodic reaction 

mechanism corrosion inhibition increases when the inhibitor concentration increases.  

 

Table 1. Electrochemical polarization parameters for the mild steel in ٢ M HCl containing different 
concentrations of Schiff base I and Schiff base II 

IE (%)
ba 

(mV dec-1) 
-bc 

(mV dec-1) 
Icorr 

(µA cm-2 ) 
-Ecorr 
(mV) 

Concentration
(mM) 

inhibitor 

- 75 83 419.9 414 - 2 M HCl 

61.2 71 86 162.9 413 0.01 Schiff base I 

83.1 74 81 175. 6 408 0.05  

96.3 73 88 293.7 404 0.10  

47.8 69 84 394.1 416 0.01 Schiff base II 

73.4 71 85 130.7 418 0.05  

86.2 73 87 294.9 420 0.10  

 

The inhibition efficiency values of two Schiff bases at a common concentration of 0.10 mM 

follow the order: Schiff base I > Schiff baseII. The quantum results were used to explain 

different inhibition effectiveness of the two molecules. 

 

Conclusions 

The results show that the IE increases with increase in inhibitor concentration. The inhibition 

efficiency data showed that compound Schiff base I has greater interaction with mild steel 

compared to compound Schiff base II. The thermodynamic parameters (Kads, ΔGads) of 

adsorption for the studied compounds are calculated from their adsorption isotherms. The 

negative values of ΔGads (-39.02 kJmol-1 for Schiff base I and -38.42 kJmol-1for Schiff base 

II) show the spontaneity of the adsorption. 
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Introduction 

Industrial acids of various concentrations are extensively employed in various industrial 

processes, including acid pickling and acid descaling as well as in oil well acidification, and 

cause damage of corrosion [1]. Organic inhibitors generally protect the metal from corrosion 

by forming a film on the metal surface. Their effectiveness is related to the chemical 

composition, their molecular structure, and their affinities for the metal surface [2, 3]. The 

aim of this study is to investigate the inhibition effects of two thiourea compounds (Fig. 1) on 

the corrosion of carbon steel in HCl solution. The nature of inhibitor adsorption process and 

the effect of temperature were also studied and discussed.  

NO N

S

NH2 NO N ON N

S

(I) N- morpholinomethylthiourea   (II) N, N-bis morpholinomethylthiourea  
Fig. 1. The names and structures of the investigated inhibitors. 

Methods 

Polarizations measurements were carried out using AUTOLAB model PGSTAT 35. 

Electrochemical experiments were performed in a conventional three electrodes 

electrochemical cell at 25C with the carbon steel as a working electrode, a platinum counter 

electrode and silver–silver chloride (Ag/AgCl) electrode as reference electrode. Polarization 

data was analyzed using GPES electrochemical software. Electrochemical corrosion 

parameters obtained by extrapolation of the Tafel lines. Density functional (DFT) calculations 
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have been carried out for thiourea compounds by performing HF and DFT levels of theory 

using the standard 6-31G* basis set. 

 

Results and Discussions 

Anodic and cathodic polarization curves for carbon steel in 1M HCl with and without various 

concentrations of used inhibitors are shown in Fig 2. From Fig. 2, it is clear that both anodic 

metal dissolution and cathodic reduction reactions were inhibited when the thiourea 

compounds were added to the acid solution and this inhibition was more pronounced with 

increasing inhibitor concentration. The presence of inhibitors in HCl solution resulted in shift 

of corrosion potential towards positive direction in comparison with that obtained in the 

absence of inhibitor. These results indicate that two investigated inhibitors act as mixed type 

inhibitor with predominant control of anodic reaction.  

 

 

 

 

 

 

 

 

 

Fig. 2. Polarization curves for carbon steel in 1 M HCl in the absence and presence of different concentrations of 
(a) mono and (b) bis-morpholinomethylthiourea at 25 C. 

 
 

Conclusions 

The inhibition efficiency data showed that compound mono has greater interaction with 

carbon steel compared to compound bis. However the difference between efficiencies was 

small and indicated that both compounds exhibit good effectiveness. The maximum inhibition 

efficiency (98.3%) was obtained with compound mono at a concentration of 1.0 mM. The 

value of Kads is 5.31×105 and 4.12×105 M-1 and the value of ∆G0
ads is found as 42.58 and 

41.90 kJmol-1 for inhibitor mono and bis- morpholinomethyl-urea, respectively. The value of 
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Ea is found as 56.8, 43.1 and 47.2 kJmol-1 for 1.0 M HCl, mono and bis- morpholinomethyl 

thiourea respectively.  
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Introduction 

Magnesium alloys are of great importance at present and future fields of engineering for their 

attractive combination of low density and high strength/weight ratio. However, since 

magnesium is intrinsically active in the environment, the corrosion resistance of magnesium 

alloys is generally inadequate, which limits their application [1, 2]. The aim of this work is to 

investigate the protection effect of Lanthanum-Permanganate (La-Per) conversion coating 

application on the corrosion of AZ61 magnesium alloy by electrochemical methods. 

 

Experimental details 

The AZ61 plates with a size of 1×1×0.3 cm  were mounted in polyester in such a way that 

only 1cm2 of samples was in contact with plating and corrosive solutions. The samples were 

polished from 220 down to 1200 grit using emery papers and then rinsed with double distilled 

water, ultrasonically cleaned in ethanol bath for 2-3 minutes and finally rinsed with double 

distilled water. The plating bath containing 0.4 g/lit KMnO4 and 0.8 g/lit La(NO3)2 was used 

for conversion coating treatment. The operating temperature was 25ºC. 

 

Results and discussions 

A scanning electron microscope was used to observe the morphology of 30 min treated and 

untreated AZ61 sample after 10 min immersion in 3.5% NaCl corrosive solution. As it clear 

from images, there are no pits on the treated sample after immersion in NaCl solution.  
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Fig. 1. SEM images of AZ61 samples after 10 min immersion in 3.5%NaCl solution. 30 min treated sample (a), 
untreated sample (b). 
 

 To determine the optimum plating time(with maximum corrosion protection), the 

polarization curves of coated AZ61 sample after different treatment times are obtained in 0.05 

M sodium sulfate solution (Fig.1a). Also the polarization curve of untreated sample is shown 

in Fig1.b. The corresponding corrosion parameters are collected in Table 1. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

Fig.1 polarization curves of the treated samples for different times (1.a) and untreated sample (1.b) after 5 min 

immersion in the 0.05 M Na2SO4 solution  
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Table1. Corrosion parameters of treated an untreated samples in the 0.05 M Na2SO4 after 5 min immersion 

 

 

 

 

 

 

 

 

As it clear, the corrosion potentials of AZ61 samples are shifted to more noble values after the 

La-Per treatments. The corrosion currents (Icorr) of the used samples are significantly 

decreased after the conversion coating treatment. The best corrosion protection characteristic 

is observed for the sample treated for 30 min (optimum plating time). This results show that 

the lanthanum – permanganate treatment is an appropriate method to increase the corrosion 

resistance of AZ61 alloy. The same results are obtained by EIS studies (not shown). 
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Introduction 

Magnesium alloys have potential wide application in automobiles, electronic and aerospace 

industries because of their optimal weight-to-strength ratios [1]. Wide application of 

magnesium alloys is limited due to their low corrosion resistance. The aim of this study is to 

investigate the inhibition effect of 8-hydroxyquinoline (8HQ) on the corrosion of AZ61 

magnesium using two different electrochemical methods. 

 

Experimental 

AZ61 magnesium alloy samples with an exposure area of 0.5 cm2 were tested. Prior to all 

measurement, magnesium alloy samples were polished successively with a sequence of emery 

papers of different grades (400,800 and 1500 grits). Before the corrosion testes, the samples 

were carefully degreased with ethanol, rinsed with double distilled water and finally dried 

with cool air. All experiments were performed in the lab condition. 

 

Results and discussion 

The potentiondynamic polarization curves (obtained by BHP2063 potentiostat) for 

magnesium alloy in 0.1 M HCl solution in the absence and presence of various concentrations 

of 8HQ are shown in Fig1.a. Also the corresponding Nyquist plots (obtained by 

μAUTOLAB2) are shown in Fig. 1b. Polarization method parameters are given in Table 1. 
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Fig.1. Polarization curves and Nyquist plots of AZ61 in 0.1 M HCl in the absence and presence of 8HQ after 60 

min immersion 
 

The results show that the corrosion rate of AZ61 samples in the 0.1 M HCl solution 

significantly decrease after the addition of 8HQ. This result indicates that the 8HQ compound 

can acts as a suitable inhibitor for AZ61 in the acidic media. Also the corrosion protection 

characteristics of 8HQ compound promotes when its concentration increases. The same 

results can be concluded from Nyquist plots. The diameters of both semicircles in the high 

and low frequencies have been increased after the addition of the inhibitor. 

 

Table1. Corrosion parameters of AZ61 in the absence and presence of different concentrations of 8HQ 

Polarization  results
C(M) Time (min) Ecorr(v) Icorr(A) Ba(v/dec) Bc(v/dec) Rp(Ω) ηp% 
Blank 60 -1.557 0.014808 0.1182 0.1384 1.8694 _ 
0.005 60 -1.702 † † 0.1744 2.7525 32.1 
0.01 60 -1.715 0.009531 0.1568 0.131 3.2515 42.5 
0.05 60 -1.643 0.00555 0.1413 0.1454 5.606 66.7 

 

Corrosion protection effect of 8HQ may be explained by formation of a non-soluble complex. 

Fig. 2 presents the FT-IR spectra of films prepared by 8HQ on the alloy surface (Fig. 2a) and 

the original 8HQ powder (Fig. 2b). 
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Fig 2. FTIR spectra of 8HQ powder (2.a) and its film on the AZ61 (2.b). 

The increase in the energy of the intermolecular hydrogen bonds from about 3100 to 3200 cm-

1 (in Fig. 2a) is indicating a polymeric association between 8HQ molecules. In addition, 

intensity changes and energy shifts in some bands indicate the direct bonding between Mg 

atoms and 8HQ molecules via O and N atoms, and the formation of the Mg(8HQ)2 film[3]. 
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Introduction 

Several methods have been employed to corrosion protection of mild steel. Sol gel process is 

one of the most appropriate technologies to protection of metals [1, 2]. In this work, the effect 

of montmorillonite (MMT) nanoparticles addition on the corrosion protection performance of 

hybrid sol gel coatings on mild steel has been studied using polarization and electrochemical 

impedance spectroscopy (EIS). 

 

Experimental details 

After mountinh in polyester, the mild steel samples(1.69cm2 surface area) were polished using 

emery papers (220, 400 and 800) and then cleaned with distilled water, degreased with 

ethanol and finally dried using compressed air. The silane sol was synthesized by mixing 3-

glycidoxypropyltrimethoxysilane (GPTMS), tetraethylorthosilicate (TEOS), and 2-propanol 

in 1:2:1.5 volume ratios. MMT nanoparticles were added to the mixture in the different 

concentrations. For acidic catalyze, aqueous solution of nitric acid (pH=1.5) was used [2]. 

The sol was stirred continuously for about 2 h and the obtained gel was dip coated on the steel 

by controlled withdrawal speed of 25cm /min. the obtained coating cured at 120 °C for 2 h 

digital furnace. Fig.1 shows the FTIR spectra of coatings prepared by sol gel method. The 

peak at 1056.54 cm-1   can be related to formation of Si−O−Si bond. 
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Fig.1. FT-IR spectra of coatings. 

 

Results and discussion 

Potentiodynamic polarization curves of sol gel coated samples with different contents of 

MMT nanoparticles in % 3.5 NaCl solution after 96 h immersion are shown in Fig2a. Also the 

Nyquist plots after 24 h immersion in the same media are shown Fig.2b. 

 

 

 

 
 
 
 
 
 
 
 
 
 
    Fig. 2. Electrochemical behavior of sol gel coated mild steel samples in %3.5 NaCl. Polarization curves after 
96h (Fig. 2a), Nyquist plots after 24 h (Fig.2b)  
 
Polarization parameters and EIS results (obtained using two time constant equivalent circuit) 

are collected in Table 1. The results indicate the corrosion rate of sol gel coated mild steel 

samples decrease after the addition of MMT nanoparticles. The best result is obtained in the 

case of nanocomposite with 1% nanoparticle content. The results obtained from EIS and 

polarization studies are in good trend agreement. 
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      Table 1. Electrochemical characteristics for sol-gel coated samples with different contents of MMT 
nanoparticle 

Polarization results 

MMT content (wt. %) Ecorr (V) Icorr (Acm-2) Rp (Ωcm2) bc (Vdec-1) ba (Vdec-1) 

0 -0.690 1.893×10-5 1566.96 0.154 0.139 

0.1 -0.740 8.403 ×10-6 2107.76 0.066 0.0837 

1 -0.720 4.93×10-6 3821.09 0.066 0.127 

EIS results 

MMT content (wt. %) R1(Ω) CPE1(F) R2(Ω) CPE2(F) Rtatal(Ω) 

0 † † 7328 1.12×10-9 ≈7400 

0.1 26 4.21×10-8 8190 3.65×10-9 8216 

1 145 1.28×10-8 19714 3.41×10-10 19859 
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Introduction 

 Anomalous diffusion is present in a variety of physical, chemical and biological systems and 

it is therefore a subject of active current research. This phenomenon can be observed in the 

diffusion in porous materials, in the charge carrier transport in amorphous semiconductors, 

and in the transfer of lipid granules in the biological membranes[1]. 

We present experimental results on the anomalous diffusion in conducting polymer film 

which are obtained by means of the electrochemical impedance spectroscopy technique. 

Different condition in synthesis of polymer film such as temperature, monomer concentration 

and film thickness can effect on the  morphology and porosity of the film[2]. Difference in the 

porosity of the film can effect on the diffusion method of the particles through the polymer 

film and cause to anomalous to diffusion. Polypyrrole(PPy)  film electrochemicaly deposited 

on glassy carbon electrode using the cyclic voltammetry method and the electrochemical 

impedance spectroscopy used to obtain the anomalous diffusion parameters.  

 

 Experimental  

Polypyrrole(PPY) film on glassy carbon  working electrode were prepared by cycling the 

potential from -0.5 to 0.9V vs SCE in solution of KClO4,and 0.1M, 0.2M, 0.3M, 0.4M, 0.5M 

of pyrrole monomer, different temperatures. thickness of the film changed by changing the 

number of cycled. electrochemical properties of  PPy film investigated by impedance 

spectroscopy in frequency range of 100KHz to 5mHz in different dc offset potential and 5mv 

alternating potential. 
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Result and discussion 

In the case of normal diffusion the straight line in low frequencies is 90° and decreasing in 

this angle is because of anomalous diffusion[3]. 

Investigation of electrochemical impedance spectrum in different conditions  demonstrates 

that Increasing synthesis temperature and monomer concentration causes to enhance value of 

anomalous diffusion. Also increasing in polymer film thickness up to specific thickness 

causes to lower deviation of normal diffusion but after that anomalous diffusion increases 

again.(Fig1) 

 

 
Fig1 Nyquest diagrams of poypyrrole film deposited on glassy carbon electrode in different a) synthesis 

temperature b) different monomer concentration and c) different film thicknesses. 
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Voltammetric behavior of catechol derivatives are well-known and were investigated in some 

papers [1]. In acidic and neutral media cyclic voltammograms of catechols show one anodic 

and corresponding cathodic peak with peak current ratio nearly unity for transformation of 

catechol to o-quinone and vice-versa [2]. Produced o-quinone is highly reactive species and 

undergoes some chemical reactions in the presence of nuclephiles. The height of catodic peak 

decreases due to removing o-quinone from the electrode surface. Decrease in cathodic peak is 

proportional to the rate of chemical reaction. In this work electrochemical oxidation of 

catechols in the presence of trimethylphosphite, triethylphosphite and triisopropylphosphite as 

nucleophiles have been  studied using cyclic voltammetry and digital simulation. In the 

presence of triethylphosphite the cathodic peak current decrease at the pHs lower than 7.0 

which enhanced by increase in pH. 
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Figure 1.  Cyclic voltamograms of 1.0 mM catechol in aqueous phosphate solution; (a) in the 

absence and (b) to (d) in the presence of 1.0, 2.0 and 3.0 mM triethylphosphite. Scan rate: 20 mV s-1, 
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aqueous phosphate solution, pH 6.0, and proposed mechanism. 

Aqueous solution containing phosphate buffer (pH 6.0, 0.2M) was selected as optimum pH 

due to undesirable reactions at the pHs more than 7.0. Cathodic peak currents decrease with 

increase in trimethylphosphite concentration which confirms the reaction between o-quinone 

and triethylphosphite. EC mechanism has been deduced from voltammetric and diagnostic 

criteria. The o-quinones derived from electrochemical oxidation (E) of catechols, participate 

in a Michael addition reaction (C) with trimethylphosphite. The rate constants of chemical 

reaction were estimated by digital simulation of cyclic voltammograms using CVSIM, 

commercially available simulation software [3]. The results for the investigation of the 

electrochemical behavior of 3-methylcatechol, 4-methylcatechol, 3-methoxycatechol and 2,3-

dihydroxybenzoic acid, in the presence of triethylphosphite and triisopropylphosphiteare 

studied same as catechol andtrimethylphosphite. The effect of substituation on catechols and 

trialkylphosphite were examined in this work. 

 

Keywords: Cyclic Voltammetry, Digital Simulation, Catechol, Electrochemical Oxidation,  
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Abstract 

A new simple and rapid ionic liquid-based dispersive liquid-liquid microextraction (IL-

DLLME) has been applied to preconcentrate trace levels of molybdenum (VI) as a prior step 

to its enhanced determination by fiber optic-linear array detection spectrophotometry (FO-

LADS). In this method, a small amount of [Hmim][Tf2N] (1-hexyl-3-methylimmidazolium 

bis (trifluormethylsulfonyl) imid) as an extraction solvent was applied to extract molybdenum 

- pyrogaloll red complex, which was formed in an aqueous solution in the presence of N-

cetyl-N-N-N-trimethyl ammonium chloride as a sensitizing agent. 

  

Introduction  

There are many analytical techniques available for the determination of molybdenum, such 

as neutron activation analysis (NAA), inductively coupled plasma-mass spectrometry (ICP-

MS) 1-2, inductively coupled plasma-atomic emission spectrometry (ICP-AES), flame 

atomic absorption spectrometry (FAAS), etc. Giving the fact that most of these methods 

require rather sophisticated and relatively high cost instruments and being aware of the 

essentiality of molybdenum monitoring, its determination by extractive spectrophotometry 

as a simple and low cost method has been considered of importance. 

However, due to the presence of molybdenum in environmental and biological samples at low 

levels, not only its separation from associated elements is necessary but also the use of a 

preconcentration method is usually inevitable. 
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The preconcentration and determination of molybdenum has been studied when using 

liquid–liquid extraction (LLE), cloud point extraction (CPE), solid phase extraction (SPE) 

and homogeneous liquid-liquid microextraction (HLLME). 

Most of LLE methods present some disadvantages like large volumes of solvents, which are 

expensive and toxic, high operation costs, possible formation of emulsions, large 

equipments and high residence time. Despite many benefits when using CPE, in rather high 

content of salt, the background is increased since the enrichment phase is composed of a 

little aqueous sample. Also in the presence of more than 3 % of water-miscible organic 

solvents, such as acetone phase, separation does not occur and the extraction system is 

destroyed 3. SPE is a solventless, simple and convenient method, which combines 

extraction, preconcentration and sample introduction in one step. Unfortunately, large 

amounts of eluents are used in these methods. Other shortcomings are usually long 

extraction time, poor repeatability and neediness of an enormous volume of sample. Also 

preconcentration by HLLME method is simple and rapid, but the addition of one acid, base 

or salt for the conversion to biphasic system and preconcentration is inevitable. It is not a 

desirable subject because some analytes may be affected or decomposed by changing 

conditions. 

Room-temperature ionic liquids (RTILs) have attracted increasing interest in analytical 

chemistry and are applied more and more as the extraction solvent, replacing the volatile 

solvent in the sample preparation 4, due to their unique chemical and physical properties, 

such as negligible vapour pressure, non-flammability, good extractability for various 

organic compounds and metal ions as neutral or charged complexes, as well as tunable 

viscosity and miscibility with water and organic solvents. Use of ILs in dispersive liquid-

liquid microextraction (DLLME) has been suggested for the first time by our group in 2008 

and it resulted into development of a new, simple and rapid method for preconcentration of 

trace levels of mercury as a prior step to its determination by spectrophotometric detection 5. 

Along with the other mentioned methods, advantages of ionic liquid-based dispersive 

liquid-liquid microextraction (IL-DLLME) are simplicity of operation, rapidity, high 

recovery, high enrichment factor and environmental benignity, with wide application 

prospects in trace analysis. Besides, it seems to be a more low-priced method.  
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In this work the performance of IL-DLLME was investigated with an enhanced 

spectrophotometric determination of molybdenum in water and plant leaves samples using 

fiber optic linear array detection spectrophotometry (FO-LADS). It is noticeable that 

at λmax = 612.0 nm an improvement of the absorbance signal of molybdenum 

complex in the presence of an appropriate sensitizing agent N-cetyl-N-N-N-

trimethyl ammonium chloride (CTAC) is accessible (about twice the value). 

Moreover, the absorbance of the extracted ternary complex is stable and time independent. 

(Fig. 1) 

 
Fig. 1. Absorbance spectra of (a) Mo-PR-CTA and (b) PR-CTA in aqueous media,   (c) Mo-PR and (d) Mo-PR-

CTA in IL/ethanol media. 

Figures of merit 

Under optimum conditions, enhancement factor, detection limit and relative standard 

deviation (n = 5, for 30 µg L-1 of molybdenum (VI)) in 10 mL water sample were 72.6, 1.43 

µg L−1 and 2.8 %, respectively. The calibration curve was investigated up to 100 ng mL-1, 

which was linear and a good correlation coefficient (r = 0.9992) was obtained. 

Conclusion 

This method is simple, rapid for the extraction and preconcentration of Mo(VI) from various 

samples and is superior against a rather high content of salt (up to 20 %) and water-miscible 

organic solvents, such as acetone, compared with CPE. Further, in comparison with organic 

solvent extraction, it is much safer since only small amounts of IL are used, which is 

considered to be a ‘green solvent’ for various separation processes.  
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Introduction  

The purity of 1,1,1-trichloro-3-methyl-3-phospholene (TCMP) is considered important in its 

reaction with methanol under non-aqueous and completely air-free conditions for the 

preparation of 1-methoxy-3-methyl-2-phospholene oxide (MMPO) as a flame retardant (Fig. 

1).[1,2] Additionally, in the kinetics studies of this reaction was highly necessary to identify 

the purity of the prepared TCMP for obtaining meaningful kinetic parameters. For the first 

time, this work surveys the electrochemical methods used for identifying purity of the 

synthesized TCMP which is sensitive to moisture and react with water based upon the 

approach detailed in Coleman’s work.[3] These procedures involve the conductance titration, 

potentiometric, differential potentiometric and UV spectrophotometer under inert condition 

All equipments were especially designed and setup under inert condition and then calibrated. 

The obtained results from the potentiometric titration will be discussed in next section. 

 

 (i)  (j)     

Fig. 1. (i) Reaction between TCMP and methanol, (j) Reaction between TCMP and water 
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Results and discussion 

To calibrate the system, the apparatus setup as shown in Fig. 2. The solution of KCl was 

titrated with the 0.100 M silver nitrate solution. After each addition of a known volume of 

AgNO3, the cell potential was measured by the digital potentiometer. There was a good 

agreement between both the end and equivalence points. To perform a potentiometric titration 

experiment for the reaction between TCMP and water, about 0.2 g of TCMP was weighed and 

dissolved in 100 mL deionised water using the specially designed conical flask described for 

conductance titration. Using the apparatus shown in Fig. 2, 35 mL of the HCl solution 

obtained from the reaction of a known quantity of TCMP (0.1894 g) with water (each mole 

TCMP generates 3 mole of HCl) was titrated with 0.100 M AgNO3 solution. After each 

addition of a known volume of AgNO3 solution, the cell potential was measured using the 

digital potentiometer. Potentiometric titration data are reported in Table 1 and a titration curve 

is illustrated in Fig. 3.  

 
Fig. 2. Apparatus for potentiometric titration. A, Digital potentiometer recorder. B, Burette containing reagent, in 
these experiments 0.100 M standard silver nitrate. C, Glass stopper. D, Silver electrode as an indicator electrode. 
E, saturated calomel electrode as a reference electrode. F, Saturated KNO3. G, Salt bridge. H, Sample solution. J, 
Teflon stirrer bar. K, Wad of cotton wood. L, Magnetic stirrer. M, connecting leads. 
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Fig. 3. Potentiometric titration curve of chloride generated ion in the reaction between TCMP (0.1894 g) and 
deionised water with 0.100 M AgNO3. 
 

These results confirm the generation of HCl solution, in practical, from the reaction of a 

known quantity of TCMP and water (each mole of TCMP generate 3 moles of HCL, Fig. 1) in 

comparison with theoretically predicted HCL solution, they are nearly same; this agreement 

shows that the purity of synthesized TCMP is extremely high. 

Table 1. Potentiometric titration data for the titration of Cl (arising from the reaction between 0.1894 g of 
TCMP and water) with 0.100 M AgNO3.   
VAgNO3

a/mL                                            E/Volt                                              ΔEb/ΔV                                            VAgNO3
c/mL                                              

 0 0.155 - 0 
5 0.175 4.010-3 5 
2 0.193 9.010-3 7 
1 0.207 1.4 10-2 8 
0.5 0.217 2.0 10-2 8.5 
0.25 0.227 4.0 10-2 8.75 
0.25 0.238 4.4 10-2 9 
0.1 0.242 4.010-2 9.1 
0.1 0.251 9.010-2 9.2 
o.1 0.263  1.2 10-1 9.3 
0.1 0.281 1.8 10-1 9.4 
0.1 0.340 5.9 10-1 9.5 
0.1 0.390 5.010-1 9.6 
0.1 0.415 2.5 10-1 9.7 
0.1 0.425 1.0 10-1 9.8 
0.1 0.436 1.1 10-1 9.9 
0.1 0.442 6.010-2 10 
1 0.470 2.8 10-2 11 
1 0.483 1.3 10-2 12 
a Volume of silver nitrate which is added in each step. 
b As a typical example, ΔE /ΔV is calculated for the first two step of Table 1: ΔE/ΔV = 0.175 - 0.155/(5 - 0.0)=410-3. 
c Total volume of silver nitrate in each step. 

 

Conclusions  
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Investigation of the UV spectral of the prepared TCMP indicated a demonstration of the high 

purity of the TCMP used. The conductance titration experiments for the measurement of HCl 

generated in the reaction between TCMP and water showed that the end point was 

overestimated due to interference. The results obtained from the potentiometric and 

differential titration experiments were much more reliable. These data showed that the volume 

of silver nitrate needed to reach the end point was exactly equivalent to the chlorine content 

predicted on the assumption that the TCMP sample was pure. Thus, the data are consistent 

with the synthesized TCMP being of high purity. 
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Introduction 

The measurement of electrochemical noise (EN) requires two nominally identical working 

electrodes (WE) connected through a zero resistance ammeter (ZRA) [1]. 

The effect of specimen area (A) on EN measurements has not been fully established. In 

general, the amplitude of current noise (measured as the standard deviation) is proportional to 

An. If current noise is considered to be produced by a large number of independent (and hence 

uncorrelated) current sources, then n=0.5 and if the current noise from different areas of a 

given electrode is expected to be correlated, then n=1. Hence n is expected to range from 0.5 

(for uncorrelated noise) to 1 (for correlated noise) [2]. 

The goal of  the present work is to study the effect of surface area of Al2024  on the standard 

deviation of current noise. 

 

Methods 

The disk specimens of Al2024 aluminum alloy, whose chemical composition is given in 

Table 1, with different areas: 2, 4, 20, 100 and 200 mm2 were used to be embedded with resin. 

The working suface was polished by abrasive papers through 600-2500 grade, washed by 

distilled water, degreased by ethanol, finally dried in air. 

 

Table 1 Chemical composition of Al2024 

Cu Mg Mn Ti Zn Fe Si Ni Al 
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3.9 1.4 0.3 <0.15 <0.3 <0.5 <0.5 <0.1 Balance 

 

All the experiments were carried out in a solution of NaCl 3.5% and NaNO2 1%. The time 

record were obtained after 10min from immersion, using a sampling rate of 2Hz for 1000s. 

EN measurements were carried out with an Autolab potentiostat 302N. 

 

Results and discussion 

The results are listed in Table 2. Plot of  log(SD) vs. log(A) is shown in Fig 1. This figure 

demonstrated that SD of current is proportional to A0.73, that is n=0.73. 

 

Table 2 

A (mm2) 4 8 40 200 400 

SD (amp) 2.28E-8 2.78E-8 1.56E-7 3.11E-7 5.77E-7 

 

 

Figure 2 

Conclutions 

The results is shown that the pitting events are correlated. This means the occurrence of a pit 

will cause the potential of the WE’s to fall, which will presumably reduce the probability of 

another pit initiating. As the potential rises again, so the probability of pit initiation will 

increase. 
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Introduction 

 The determination of acetylsalicylic acid (ASA), known as aspirin, with electrochemical 

methods has caught much attention because of its sensitivity and simplicity [1]. Also, carbon 

nanotubes (CNTs) have received enormous attention in electroanalysis due to their unique 

properties such as high electrical conductivity, high chemical stability, and extremely 

mechanical strength. However, MWCNTs are regarded as metallic conductor with many 

active sites which enhance the sensitivity of electrochemical analysis. To our knowledge, 

however, no work on the determination of ASA has been reported using MWCNT and nickel 

phosphate nanoparticle simultaneously. In this research, electrocatalytic oxidation of aspirin 

(acetylsalicylic acid) has been investigated on a carbon paste electrode modified with nickel 

phoaphate nanoparticle and multiwalled carbon nanotubes (MWCNTs) using cyclic 

voltammetry and differential pulse voltammetry techniques at alkaline solution. The effect of 

some parameters such as potential scan rate, aspirin and NaOH concentraction, the amount of 

the modifiers were investigated on the aspirin oxidation at this electrode. 

 

Methods 

The optimized electrode was prepared using 26.6% of nickel phosphate nanoparticle, 4.4% of 

MWCNT, 46.6% of graphite and 22.2% wt of paraffin. 
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Results and Discussion 

 The typical voltammogram of the modified CPE in 0.1M NaOH solution in the potential 

range of 0-0.9 mV with potential scan rate of 10 mVs-1 represented a pair of redox peaks 

appears at 352 and 456 mV that are assigned to the Ni(II)/Ni(III) redox couples according to: 

                                     NiOOH + H2O + e    Ni(OH)2 + OH-           (1) 

CVs of the modified electrode in the absence and presence of 5 mM ASA were obtained in 

different potential scan rates (2-350 mVs-1). In the presence of aspirin, the anodic current and 

the associated anodic charge increased drastically [2]. Plotting the current function against the 

square root of the potential scan rate reveals negative slope, which confirms the 

electrocatalytic nature of the process. Figure 1 shows CVs (20 NS) of the 5mM ASA as the 

surface of the modified electrode in 0.4 M NaOH solution. Obvious negative shift and sharp 

rising of current responses was observed [3]. 

   

                                  Fig. 1                                                                                             Fig. 2 

By increasing NaOH concenteration up to 0.4M, Ia increases gradually because the anodic 

form of ASA would be increased. Then, it reaches to a plato. The Ea behaves reversely, it 

decreased up to 0.4 M NaOH, then became independent of the NaOH concenteration. Figure 

2 shows the DPV in the absence and presence of 5 mM ASA. 

 

Conclusion  

In this work, we demonstrated the measurement of aspirin using MWCNT-nickel phosphate 

nanoparticle modified CPE. Our results indicated that this electrode provide a stable, high 

response and sensetive voltammetric detection of ASA. 
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Abstract 

The determination of metal ions at trace level is very important in the content of 

environmental protection, food and agricultural chemistry as well as high purity materials. 

However, the direct determination of metal ions in complex matrices is limited due to their 

usually low concentrations and matrix interferences. In trace analysis, therefore, a 

preconcentration and/ or separation is necessary to improve sensitivity and selectivity of 

determination. Several procedures have been proposed and applied for enrichment and 

separation with atomic spectrometry detection according to the nature of the samples, the 

content of analytes and the measurement techniques [1–4]. Among them, the methods which 

are based on sorbent extraction have proven to be the most attractive ones due to their 

specificity and high preconcentration efficiency. The broad range of choice for sorbent 

materials along with various chelating reagents and eluents make this technique very 

attractive for sample pretreatment [5–9]. In the current study, a new sensitive and simple 

method for separation  and peconcentration of Cu2+ ions from various real samples prior to its 

measurements by flame atomic absorption spectrometry (FAAS) is based on utilization of 

multiwalled carbon nanotube modifed  with bis(3-nitrobenzylidene)-1,2-

ethanediimine(BCBEN) as a solid phase extractant has been proposed. The influence of 

effective parametrs including pH, amount of ligand and solid phase, sample and eluent flow 

rate, and common coexisting ions on the Cu+2 ion recovery were examined. The optimum pH 

value for the separation and preconcentration of trace amount of Cu2+  ions on the new 
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sorbent was 6.0, and its maximum static adsorption capacity onto the MWCNT- 

NBNBAEED  was  higher than 60.57 mgg−1 at this pH and after 1 h contact time. At 

optimum value of all variables, the response is linear over the range of 0.01-0.4 μg ml-1 and 

detection limit (3SDb/m, n=15) was 1.5 while respective preconcentration factor  and 

enrichment factor was 200 and 36 and RSD was 3.1 %. The proposed procedure was applied 

to the analysis of various real samples.  

 

Introduction  

Solid phase extraction is an attractive separation preconcentration technique for heavy metal 

ions with some important advantages (simplicity, flexibility, economic, rapid, higher 

enrichment factors, absence of emulsion, low cost because of lower consumption of reagents, 

more importantly environment friendly). Various solid phase extraction materials have been 

successfully used for the preconcentration and separation of heavy metal ions at trace levels 

[8–12].  

Moreover, they can be easily implemented and controlled in the flow systems. Carbon 

nanotubes (CNTs), a member in the carbon family, are relatively new materials that have 

attracted great attention in recent years also in analytical chemistry [10,11]. The hexagonal 

arrays of carbon atoms in graphite sheets of CNTs surface having strong interactions with 

other molecules as well as the large surface area make them   promising solid sorbent for 

preconcentration procedures [12–14]. The studies concerning the application of carbon 

nanotubes for preconcentration are mostly limited to a single metallic species [15–19]. 

 

Experimental 

Instruments 

The measurements were performed with a Shimadzu 680 AA atomic absorption spectrometer 

equipped with a hollow cathode lamp and a deuterium background corrector at respective 

wavelengths using an air-acetylene flame. The set instrument parameters were those 

recommended by the manufacturer. A Metrohm 691 pH/Ion meter with a combined glass–

calomel electrode was used for the adjustment of the pH of the test solution. 
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Introduction: 

 Electrosynthesis in organic chemistry is the synthesis of chemical compounds in a 

electrochemical cell [1]-[2]. The main advantage of electrosynthesis over an ordinary redox 

reaction is avoidance of the potential wasteful other half-reaction and the ability to precisely 

tune the required potential. Electrosynthesis is actively studied as a science and also has many 

industrial applications. PbO2 is an important electrode material due to its stability under 

aggressive conditions (i.e. high electrolyte acidity and high anode potentials), high electronic 

conductivity and low cost of material. Two major areas of applications of PbO2 are as an 

electrode material for lead acid batteries and as a catalyst for electrosynthesis. PbO2 exhibits 

different morphological forms that include the orthorhombic (α) and tetragonal (β) forms [3]. 

Our goal in this research is electrosynthesis of benzoic acid from toluene by using Lead dioxide 

electrode. 

 

Methods:  

In this study for the oxidation of toluene, PbO2 electrode used as the anode electrode.  For 

making this electrode, placed two clean sheets of lead in the H2SO4 (1M) solution and then set 

up electrolysis system. After 5 hours at current density10mA/cmଶ a brown layer of β-PbO2 is 

formed on the anode electrode. After making the electrode, electrolysis mixture was prepared. 

In this mixture H2SO4 (electrolyte) and Acetonitrile (solvent) mixed in 2:1 ratio. PbO2 

electrode was placed in anodic part and steel cathode electrode was placed in the cathodic part 

of electrolysis cell. Then 16mmol toluene added to anolite and then plug anode while the slow 

round magnet in the solution and necessary amount of flow applies. 
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To determine the reaction progress and synthesis of benzoic acid the thin layer 

chromatography (TLC) was used. Combination of three solvents: ethylacetate, cyclohexan 

and dichloromethane were found suitable for TLC. For separation and purification of product 

we used distillation, extraction and finally recrystallization methods. 

 

Results and discussion:  

To ensure that the purified crystals are benzoic acid, the melting point was measured (121˚ C). 

IR spectroscopy techniques, was used to identify the product, the results are in Table 1.  

Table1:The results of IR spectrum Benzoic acid of synthesis 

Functional groups C=O C-O O-H O-Hoop 

Wavenumbers(ିࢉ) 1697 1320 2500-3400 930 

%Transmittance 23 30 expand 58 

 

Ensure the synthesis of benzoic acid, density currents in different tests were performed until 
we reached the highest efficiency, the results are in Table 2. 

Table2: The results of toluene oxidation in different conditions 

Test of 
number 

Surface 
of Pbo2 

electrode 

Current 
density 

(mA/ܕ܋) 

Intensity 
flow 
(mA) 

Potential
(V) 

 
Weight of 
Toluene 

(gr) 

 
Weight of 
product 

(gr) 

Time 
(hours) 

Efficiency 
 

1 ૠࢉ 8 56 2.8 1.5 0.5 4 33.3% 
2 ૠࢉ 9 63 3 1.5 0.6 5 40% 
3 ૠࢉ 10 70 3.1 1.5 0.75 5 50% 
4 ૠࢉ 12 84 3.3 1.5 0.85 5.5 56.6% 
5 ૠࢉ 14 98 3.4 1.5 0.93 6 62% 
6 ૠࢉ 15 105 3.5 1.5 1.11 7 74% 
7 ૠࢉ 16 112 3.6 1.5 0.96 8 64% 

 

Conclusions: 

 According to the results of IR spectrum and melting point determination, electrosynthesis of 

Benzoic acid from Toluene with 74% efficiency and good economic sense was prepared. 

Consequently the best conditions of production is: stainless steel cathode electrode, PbO2 

anode electrode, current density 15mA/cmଶ , intensity flow 105mA and finally time is seven 

hours. 
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Introduction 

The family of ordered mesoporous solids has found wide applications in electrochemistry, 

catalysis, separations, adsorption, coatings, or microelectronics [1, 2]. Due to their great 

porosity and uniform structure, access to the organofunctional groups attached to the 

mesopore walls is easy [3–5] and cause fast transport of the target analyte to the binding sites 

[6, 7].In this work, the construction of a selective sensor, a carbon paste electrode, modified 

with silica-based organic– inorganic hybrid materials containing thiol groups covalently 

attached to the solid framework via a propyl chain. 

 

Experimental part 

Preparation of substrate 

To Prepare substrate (TM-MCM) MCM-41 Clear gel containing fumed silica and sodium 

silicate is slowly added to a clear CTMAB solution with stirring at room temperature. The 

resulting gel is transferred into a Teflon-lined autoclave and maintained for 24 h at 130°C. 

The resulting powder is filtered, washed with distilled water, and dried in air. As-synthesized 

MCM-41 (4.0 g) was stirred in 100 mL dry toluene solution containing 13 mL 3-

(triethoxysilyl)-1-iodopropane under argon atmosphere. After 24 h reflux, the solid was 

filtered and washed with dry toluene. The filtered sample was dried and added to 80 mL dry 

toluene; then, 2.8 mL thiomorpholine was added to this solution under argon atmosphere. The 

mixture was refluxed for 24 h. After filtering, the solid was received, and the residual reagents 

were removed through washing with dry toluene 

Preparation of the chemically modified carbon paste electrodes 

The chemically modified carbon paste electrodes were prepared by thoroughly mixing 

graphite powder, 25%wt. paraffin oil and TMMCM-41 in proportions of 10.4, 14.9, 20.1, and 
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24.9 %wt., respectively. The electrode body was fabricated from a glass tube of i.d. 5 mm and 

a height of 3 cm.  

 

EMF measurements 

electrochemical cell can be represented as follows: 

Ag,AgCl(s), KCl (3 mol L−1) || sample solution |carbon paste electrode 

Calibration graph was drawn by plotting the potential, E, versus the logarithm of the cadmium 

ion concentration. 

 

Results and discussion: 

The effect of the TMMCM-41 composition on the potentiometric response of the electrodes is 

shown in Table 1. As it can be seen from Table 1, CPE4 has the optimal electrode ingredient 

composition. To assess the applicability of proposed electrode in real samples, an attempt was 

made to determine cadmium in industrial cadmium electroplating wastewater samples. The 

obtained results are shown in Table 2. As it can be seen, there is a satisfactory agreement 

between the results of this sensor and those with inductively coupled plasma atomic emission 

spectroscopy (ICP-AES) analysis.  

 

Table 1 Composition of carbon paste electrodes and their potentiometric response 
characteristics of chemically modified electrodes 

 

 

Electrode  

Composition (%) Slope  

(mV 
decade-1) 

Linear range 
(molL-1) 

LOD 

(molL-1) TMMCM-
41 

Graphite 
powder 

Paraffin 
oil 

CPE1 0 75.0 25.0 9.1(±1.8) - - 

CPE2 10.4 63.5 26.1 24.9(±1.8) 10-4-10-2 6.1×10-5

CPE3 14.9 60.2 24.9 28.2(±1.6) 10-5-10-2 7.5×10-6

CPE4 20.1 54.0 25.9 28.6(±1.2) 10-6-10-2 6.0×10-7

CPE5 24.9 50.0 25.1 26.6(±1.4) 3.0×10-6-10-2 8.7×10-7
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Table 2 cadmium electroplating waste water sample analysis by using proposed cadmium 
sensor (CPE 4) and ICP-AES 
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The Study Of Electrochemical Behavior of N2O2 Schiff-Base Co(III) 

Complexes 

 

samples The  proposed 
sensor 

(µgmL-1) 

ICP-AES 

(µgmL-1) 

Relative error (%) 

Sample 1 4.73±0.34 4.56±0.23 3.72 

Sample 2 5.10±0.42 4.90±0.33 4.08 

Sample 3 4.0±0.27 3.87±0.30 3.35 
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Introduction: 

Schiff bases are useful constructing supra molecular structures [1-3]. Schiff base complexes 

are also known for their significant biological activities such as photosynthesis and transport 

of oxygen in mammalian and other respiratory systems [4,5]. A wide variety of cobalt(II) 

complexes are known to bind dioxygen, more or less reversibly, and therefore frequently 

studied as model compounds for natural oxygen carriers and for their use in O2 storage, as 

well as in organic synthesis due to their catalytic properties under mild conditions [6]. Metal 

Schiff base complexes are well known catalysts, both in heterogeneous and homogeneous 

systems [7]. The electrochemical methods also provide highly valuable information regarding 

catalytic processes since catalytic conversions are frequently accompanied by the change in 

the structure of the complex and the oxidation state of the metal; however, the electrochemical 

approaches for these purposes have not been fully explored [8]. Knowledge of the electronic 

and steric effects that control the redox chemistry of these metal complexes may prove to be 

critical in the design of new catalysts. In this study, a series of complexes of the type 

[Co(Chel)(PBu)3]ClO4. H2O (Fig. 1) where the (Chel) are Naphen, Naphpen, and Naphophen 

has been synthesized and characterized by elemental analysis, UV–vis, IR, and 1H NMR 

spectroscopy. The electrochemical properties of these complexes at a glassy-carbon electrode, 

in the potential range of 0.5 to –2.0 V (vs. Ag/AgCl), in DMF solution were investigated. 

 

 

 

 
Co(Naphen)                                           Co(Naphpen)                                               Co(Naphophen) 

Fig. 1. The structure of [Co(Chel)(PBu)3]ClO4.H2O, complexes. 
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Experimental  

Materials and Apparatus  

The materials and solvents used in this study were obtained from Merck, Fluka and Aldrich. 

All of the scanning UV-Vis spectra were recorded by Jasco V-530 spectrophotometer. The 

NMR spectra were recorded by Bruker Avance DPX 250 MHz spectrometer; IR spectra were 

recorded by Perkin Elmer Infrared spectrophotometer. Elemental microanalysis (C.H.N), was 

performed using a Heraeus CHN-O-RAPID elemental analysis. Cyclic voltammograms (CVs) 

were obtained using an Autolab modular electrochemical system (Eco Chemie, Ultrecht, The 

Netherlands) equipped with a PSTA 20 module and driven by GPES (Eco Chemie) in 

conjunction with a three-electrode system and a personal computer for data storage and 

processing. An Ag/AgCl (saturated KCl)/3 M KCl reference electrode, a Pt wire (counter 

electrode) and a glassy carbon working electrode, (Metrohm 0.0314 cm2) were employed for 

the electrochemical studies. Voltammetric measurements were performed at room 

temperature in DMF solution with 0.1 M tetrabutylammonium perchlorate as the supporting 

electrolyte. 

 

Synthesis of the Ligands and Complexes 

The ligands H2Naphen, H2Naphpen, and H2Naphophen were prepared according to the 

literature [9,10]. The [Co Naphen (PBu3)]ClO4.H2O, [Co Naphpen (PBu3)]ClO4.H2O, [Co 

Naphpen (PBu3)]ClO4.H2O were prepared by methods described previously [9,11].  

 

Results and Discussion: 

All the newly synthesized complexes were colored solids and soluble in DMSO, DMF and 

methanol. Structure of the ligands and complexes (Fig. 1) were characterized on the basis of 

their micro analytical data, elemental analysis, melting points, IR, 1H NMR and UV–Vis 

spectra. The IR and UV–Vis spectra of the complexes are compared with that of the free 

ligand to determine the changes that might have taken place during the complexation. The 

analytical data were in good agreement with the proposed stoichiometry of the complexes. 

 

Electrochemical Studies 
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In order to investigate the effects of the Schiff base substitutions on the oxidation potential of 

type [Co(Chel)(PBu)3]ClO4. H2O, voltammetric experiments were carried out in DMF 

solution at room temperature, taking into consideration the electrochemical behavior of the 

ligands to obtain more details of the electron transfer processes of these complexes. A typical 

cyclic voltammogram of the type [Co(Naphen)(PBu3)]
+ complex in the potential range of 0.5 

to -1.8 V (vs. Ag/AgCl) is shown in Fig. 2(red cycle). These peaks are according to equations 

1, 2 and 3: 

1)[CoIII(Naphen)( PBu3)]
+ + e- → [CoII(Naphen)] + PBu3 ; Electron added to the antibonding 

orbital (dz2) and CoII complex is formed.  

2)[CoII(Naphen)] + e- → [CoI(Naphen)] ; quasi-reversible at lower potentials and CoI 

complex is formed. 

3)[CoII(Naphen)] + PBu3 → [CoIII(Naphen)( PBu3)]
+ + e- ; fully-reversible and CoIII complex 

is formed. 

Multiple scans resulted in nearly superposable cyclic voltammograms, thereby showing that 

the five coordinate geometry is stable in three oxidation states. The oxidation potentials for 

the different complexes are set out in Table 1.  

Fig. 2. Cyclic voltamograms of [Co(Chel)(PBu)3] complexes in 0.1 M, tetrabutylammonium perchlorate DMF 

solution at room temperature and scan rate of 100 mVs-1. 

 

The Electronic And Steric Effects of Schiff Base Ligands  

The influence of different substituents on the electronic structure of a series of the cobalt 

Schiff base complexes was determined by cyclic voltammetry (Table 1). The results show that 

in each series of ligands (all Schiff bases with aliphatic and aromatic imine bridges), the 
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anodic peak potential (Epa) corresponding to the intramolecular reductive coupling of the 

imine groups varies, as would be expected from the electronic effects of the substituents at 

positions 5,5' [12]. Similar results have been reported previously for analogous copper(II), 

nickel(II), and cobalt(III) systems, and have been interpreted under the assumption that the 

strong electron-withdrawing effects (with the best ߨ െacceptor quality) stabilize the lower 

oxidation state while the electron-donating groups (with the least ߨ െacceptor quality) have a 

reverse effect [13-14]. On the other hand, the range of potentials is varied by changing the 

steric and electronic parameters. Apparently, by increasing the steric effects of the Schiff 

base, the planarity of the complex is decreased. The donor power of salpn is less than that of 

salen and the salpn complexes are therefore oxidized at higher potentials[12]. Therefore, 

redox potentials of cobalt complexes concerning the electronic and steric effect is: naphophen 

> naphen > naphpn. 

 

 

   Table 1. Oxidation Potentials (in V) for [Co(Chel)(PBu)3] ClO4.H2O, in DMF (0.1 M, Tetrabutylammonium 

Perchlorate)  

E2(1/2) Ec2(II→I) 
Ea2(II→II

I) 
E1(1/

2) 
Ea1(I→I

I) 
Ec1(III→I

I) 
Chel Complex 

-0.809 -1.309 -0.31 
-

0.843 
-1.25 -0.436 Naphen 1 

-0.832 -1.489 -0.175 
-

0.814 
-1.426 -0.382 Naphpn 2 

-0.732 -1.165 -0.299 -0.76 -1.111 -0.409 
Naphoph

en 
3 

 

Conclusion: 

Tetradentate N2O2 type complexes of [Co(Chel)(PBu)3]ClO4. H2O synthesized and 

characterized by elemental analysis, UV–vis, IR, and 1H NMR spectroscopy. The redox 

properties of the complexes were extensively investigated by electrochemical method using 

cyclic voltammetry (CV). The range of potentials is varied by changing the steric and 

electronic parameters. Apparently, by increasing the steric effects of the Schiff base, the 

planarity of the complex is decreased. The donor power of salpn is less than that of salen and 

the salpn complexes are therefore oxidized at higher potentials. Therefore, redox potentials of 

cobalt complexes concerning the electronic and steric effect is: naphophen > naphen > 

naphpn. 
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Abstract 

Electrochemical oxidation of acetaminophen (N–acetyl–p–aminophenol) has been studied in 

the presence of adrenaline as nucleophile in aqueous solution, by means of cyclic 

voltammetry and controlled-potential coulometry. The results indicate the participation of 

electrochemically generated N-acetyl-p-quinoneimine in Michael reaction with adrenaline to 

form the corresponding aminoquinone derivative. Based on EC mechanism, the observed 

homogeneous rate constant (k0) of the above mentioned reaction is estimated by comparing 

the experimental cyclic voltammograms with the digital simulated results. 

 

Keyword: Cyclic voltammetry, Acetaminophen, Coulometry, homogeneous rate constant, 

Michael addition. 

 

 Introduction 

The electro-oxidation of APAP in aqueous media is intrest because that produced 

quinoneimine is an acceptor Michael addition reaction and attacked by various nucleophils 

such as amines. Scince medicine property of APAP is changed by substituted groups on 

aromatic ring of APAP we decide to investigate about it. Also, electrochemical methods, 

especially the voltammetric and amperometric ones give the opportunity to study the 

oxidation mechanisms, the redox metabolites and their detection from pharmaceuticals and 

body fluids [1-3]. Therefore in this work cyclic voltammetric study of acetaminophen in 

presence of adrenaline was performed. 

 

Method 

 The cyclic voltammetric study was performed with glassy carbon disc electrode, platinium 

wire and SCE as working, counter and reference electrode respectivity. The working electrode 

used in controlled-potential coulometry and was an assembly of eight graphite rods (8mm 
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diameter and 6 cm length) and a large platinum gauze constituted the counter electrode. Since 

the mechanism is dependent on such parameters as, nature of nucleophile, electrolysis 

medium (solvent, acidity or pH...) and catechol type then  initially these parameter wase 

optimated. After optimisig of parameters cyclic voltammetry, controlled-potential coulometry 

were performed using a Behpajoh model BHP-2062 potentiostat/galvanostat. All cyclic 

voltammetric experiments were performed in pH=6.0 in aqeous phosphate buffer(0.2 M) in 

0.6-(-0.8) potential renge and various scan rate.  

 

Results and Discussion 

The electrochemical study of 2 mM solution of acetaminophen in an aqueous solution 

containing 0.2 M phosphate buffer (pH 6.0), at a bare glassy carbon electrode has been 

performed using cyclic voltammetry. The voltammogram shows one anodic (A1) and 

corresponding cathodic peak (C1), at 0.15 V and 0.22 V versus (SCE), respectively, which 

correspond to the transformation of acetaminophen (1) to N-acetyl-p-quinoneimine (1a) and 

vice-versa within a quasi-reversible two-electron process . The oxidation of acetaminophen  in 

the presence of adrenaline as a nucleophile was studied in some details. In this case, the 

cathodic counterpart of the anodic peak A1 decreases. 

With the aim of investigating of reactivity of intermediate N-acetyl-p-quinoneimine  toward 

adrenaline, as well as estimation of observed chemical rate constant of this reaction, we 

investigated the electrochemical oxidation of acetaminophen in aqueous solutions in the 

presence of adrenaline. The results indicate the participation of electrochemically generated 

N-acetyl-p-quinoneimine in Michael reaction with adrenaline. Based on EC mechanism, the 

observed homogeneous rate constant (k0) of the above mentioned reaction is estimated by 

comparing the experimental cyclic voltammograms with the digital simulated results.  

 

References 

[1] Y. Masubuchi, C. Suda, T. Horie, Journal of Hepatology, 42(2005) 110-116.  

[2] D.W. Potter,  D.W. Miller, J.A. Hinson,  Mol. Pharmacol. 29(2), 1986,p 155-162 

[3] E.Valero, P. Carrión, R. Varón, F. Garcĺ a-Carmon,Analytical Biochemistry 318 (2003) 

187–195 

  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1386

Determination of  Phenol  Redox Potential with a Ni-Al  Layered Double 
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Abstract 

Phenolic compounds are widely used chemicals and released into the environment. They are a 

class of polluting chemicals, easily  absorbed  by  animals  and  human  through  the  skin  

and mucous membranes. Therefore, the determination of phenolic  compounds  is  of  great  

importance  due  to  their  toxicity  and  persistency in environment. A stable phenol sensor 

was fabricated by electrochemical deposition of Ni/Al layered double hydroxide film on 

glassy carbon electrode (LDH/GCE).This non-enzymatic phenol sensor has been applied to 

determine Phenol redox potential with cyclic voltametery. 

 

Keywords: sensor,Phenol , LDH, Ni(NO3)2 , Al(NO3)3 

  

Introduction 

 In recent years, layered double hydroxides (LDH), also known as anionic or hydrotalcite-like 

clays, have growing interest for using in the wide fields owing to their attracted desirable 

properties, which include good biocompatibility[1], intense adsorbability [2], high catalytic 

activity [3], low cost [4], and high chemical stability [5]. The general formula for these 

compounds is [M 1-x 
2+ M x 

3+ (OH)2]
b+[An-]b/n . m H2O, ( Fig.1)where M2+ and M3+ are the 

divalent and trivalent cations. An- is an interlayer anion with a negative charge n , and b is the 

charge of the layer and m is the number of water molecules[6]. 
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A stable phenol sensor was fabricated by electrochemical deposition of Ni/Al layered double 

hydroxide film on glassy carbon electrode (LDH/GCE).This non-enzymatic phenol sensor has 

been applied to determine phenol redox potential with cyclic voltametery. 

 

Experimental  

The Ni-Al LDH modified GC (LDH/ GCE) electrode was prepared according to the reference 

[7]. After a pretreated GC electrode of 2 mm diameter was rinsed with carbondioxide- free 

water, and dried at room temperature. A film of Ni-Al LDHs was deposited on the electrode 

surface by cathodic reduction of a pH 3.3 solution containing0.12 M Ni(NO3)2.6H2O, 0.04 M 

Al(NO3)3.9H2O and 0.15 M KNO3. The electrochemical reaction was carried out in a 

singlecompartment, three-electrode cell by applying a potential (Eapp) of -0.9 V vs. SCE . 

The LDH/GC electrode obtained for a deposition time of 60 s was chosen as working 

electrode for performing the electrochemical measurements. 

Results and discussion 

Oxidation and reduction peak was obtained.electro-oxidation mechanism can be represented 

by the following reaction: 

LDH–Ni(II) + OHsol
−  LDH(OH−)–Ni(III) + e−                                                    (1)       

LDH(OH−)–Ni(III) + Phenol → LDH–Ni(II)                                                                (2) 
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Figure 2 gives the typical CVs of LDH/GC electrode in0.1 M NaOH with scan rates of 50–

240 mV s-1. 

 
 

 
Fig. 2 Cyclic voltammograms of LDH/GC electrode in 0.1 mol L-1 NaOH at different scan rates. The selected 

scan rates are a 50, b 100, c140, d 180, e 200, f 240mV s-1 

 
As shown in Fig. 3, when Phenol was added to 0.1 M NaOH, an increase in the Ia and Ic. 
 
 

 
Fig. 3 Cyclic voltammograms of LDH/GC electrode in 0.1 M NaOH containing a 0 mM, b 0.05 mM ,c 0.1 and d 

0.15 mM phenol. Scan rate, 50 mV s-1 

 
Conclusions 

Combining the advantageous features of inorganic lamellar materials (LDHs), electroactive 

Ni centers, and the electrosynthesis method, a stable Ni-Al LDH film was constructed on the 

surface of GC electrode without further immobilization. The prepared film was characterized 

by means of CV, and the results indicated that the Ni centers in the LDHs had high 
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electroactivity in 0.1 M NaOH., the LDH/GC electrode could be used for electrochemical 

nonenzymatic phenol concentration determination and exhibited many desirable properties 

such as high sensitivity, low detection limit, good reproducibility, long-term stability, fast 

current response, and low interference. 
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 Introduction 

 In recent years, there has been a growing interest in the measurement or prediction of the 

activity coefficients of electrolytes solution because of their importance in areas such as 

chemistry, biology and process engineering [1]. In the previous work, we have reported the 

results relating to the thermodynamic properties of binary and ternary electrolyte solutions [2-

3]. As a continuation of our studies on the ternary systems, the thermodynamic properties of 

(NaCl + NiCl2 + water) system using the potentiometric method are reported at T = 298.2 K.  
 

Experimental and method 

All of the potentiometric measurements were made by using a digital multimeter whose 

resolution was 0.1 mV. The output of the multimeter was connected to a personal computer 

for data acquisition. The potentiometric measurements were carried out on the galvanic cell 

without liquid junction of the type: Na–ISE | NaCl (m1), NiCl2 (m2), H2O | Ag-AgCl over total 

ionic strengths from 0.001 to 4.000 mol. kg-1 .  Different series of the salt molal ratios r (r = 

mNaCl/mNiCl2 = 2.5, 5.0, 7.5, 10.0) and pure NaCl were used for the measurement.  The PVC 

based sodium ion selective electrode (Na-ISE) and Ag–AgCl electrode used in this work were 

prepared in our laboratory and had a reasonably good Nernst response. The Pitzer ion 

interaction model was used for the experimental data correlation and calculation of 

thermodynamic properties for mixed electrolyte solutions.  
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 Results and discussion 

The galvanic cell was used to determine the emf values of the mixed salts in the mixture at 

different ionic strengths I and mole fraction y.  The experimental mean activity coefficients of 

NaCl in the mixture were derived from the Nernst equation 1. 

  2

' 2 1/2 1/2
1 2 1 1 2 2lg[( 2 ) . ( 2 ) . . ]pot

NaCl NiClE E k m m m k m m m                                                         

(1) 

The results relating to the mean activity coefficients of NaCl for r=5 were listed in Table 1. 

The mean activity coefficients of different series were also presented in Figure 1. The mixed 

ionic interaction parameters ( S
NaNi and NaNiCl ) were evaluated (see table 2) for the studied 

ternary system with and without considering of higher-order electrostatic terms in according 

to the Pitzer model based on the equation2. Then, these obtained parameters were used for 

predicting the thermodynamic properties. 

        

 

2 2

2

0 2 2

2 ' 2 '

'

1 1 2
ln ln [ 2 ] ( 6) (3 )

3 9 36

1 21
(1 )(3 ) 2 (1 )(3 ) (2 2 )

6 24

1 2
[ (1 ) (1 ) ]

3 3

Nacl NaCl NiCl NaCl NaCl NiCl

N iaCl NaCl NiaCl NiCl

S E E
NaNi NaNi NaNi NaNiCl

yI B B yI y C yI y C

y y I B C y y I B C

yI I y I y

 

 

 

   

       

       

     

                  

(2)

 

            

 

 

 

I  

(mol . kg -1) 

 

 (mol . kg -1) 

E  

(mV) 

γ±NaCl 

0.0010 0.0006 -208.9 0.9910 
0.0100 0.0063 -109.9 0.8366 
0.0495 0.0309 -37.8 0.7991 
0.1001 0.0626 -5.9 0.7858 
0.2500 0.1563 33.4 0.7338 
0.5003 0.3127 63.8 0.7060 
0.7503 0.4689 82.0 0.6968 
1.0004 0.6253 95.5 0.6990 
1.5002 0.9376 115.5 0.7172 
2.0004 1.2503 130.6 0.7447 
2.5001 1.5626 143.6 0.7885 
3.0003 1.8752 154.2 0.8257 
3.5002 2.1876 164.4 0.8817 
4.0000 2.5000 172.8 0.9246 

S  Ψ higher-order electrostatic 
terms 

0.2159 -0.0534 without 

0.3123 -0.0705 with 

NaClm

Table1. The results related to r=5 
Table2. The obtained  values for  mixed ionic 
interaction parameters 
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Nanoscaled materials with controllable composition and morphology played important roles 

in nanotechnology research and applications [1-3]. Manganese oxide nanostructures are 

becoming electrode materials exhibiting ideal capacitance behavior also shows wide 

electrochemical potential window [4]. 

 

Keywords: Nanowire, Supercapacitor, Hydrothermal  

 

Experimental: 

All chemicals were purchased from Aldrich Company. In a typical synthesis Mn(NO3)2 and 

sodium dodecyl sulfate (SDS) dissolved in deionized water and sonicated, then transferred 

into an autoclave and heated up to 170 oC overnight. The solid product was then used in 

electrode texture. All electrochemical tests were run using Zennium-Zahner 

potentiostat/galvanostat. TEM imaging was performed using a Philips CM10 transmission 

electron microscope. 

 

Result and discussions: 

XRD results are in good agreement with the previously reported works [5]. TEM image 

shows the formation of MnO2 nanowires under present conditions. It can be concluded that in 

the presence of low concentrations of the surfactant, MnO2 crystal growth can be done up to 

formation of nanowires which capped by surfactant molecules (Figure 1, diameter is about 10 

nm). The electrochemical behavior was examined by using cyclic voltammetry (CV). The 

representative CVs for the nanowired MnO2 based electrode is presented as Figure 2 and 

good correspondence of i vs. scan rate can be observed even at high scan rate up to 500 mVs-1 

as an evidence of good electrochemical reversibility of the nanostructures. Galvanostatic 

charge and discharge tests, CD, were run at a 5 Ag-1 current density (Figure 3). Insignificant 
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loss in specific capacitance can be observed by successive charge and discharge cycles even 

up to more than 1000 cycles. 

  

Figure 1: TEM image 
  

Figure 2: CVs at various scan rates 

                    

A Specific capacitance of 610 Fg-1 could be calculated based on the discharge plots. Figure4 

represents the Nyquist plot obtained at the open circuit voltage, OCP. It is clear that the ohmic 

resistance is very low, less than 1 ohm, which is in good agreement with the CD results. Our 

results show that the better performance in comparison to previously reported cases are due to 

more effective diffusion of cations because of more effective surface area provided by carbon 

nanopowders and MnO2 nanowires [6]. 

 

Figure 3: Charge and discharge plots 

 

Figure 4: Nyquist plot at OCP 
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Abstract 

Electrochemical oxidation of 5-amino-2-hydroxybenzoic acid has been studied in the 

presence of 2-acetylcyclopentanone as nucleophile in aqueous solution, by means of cyclic 

voltammetry and controlled-potential coulometry. The results indicate the participation of 

electrochemically generated quinoneimine in Michael reaction with 2-acetylcyclopentanone 

to form the corresponding aminoquinone derivative. In addition, according to the EC 

mechanism, the observed homogeneous rate constant (kobs) for the reaction of aminoquinone 

derived from 5-amino-2-hydroxybenzoic acid with 2-acetylcyclopentanone has been 

estimated by digital simulation of cyclic voltammograms. 

 

Keyword: Cyclic voltammetry, 5-amino-2-hydroxybenzoic acid, Coulometry, homogeneous 

rate constant, Michael addition. 

 

Introduction 

Aminohydroxybenzoic acid or their derivatives have been shown to exhibit biological activity 

in a number of different assays. 5-amino-2-hydroxybenzoic acid is a biosynthetic intermediate 

of antibiotics of the ansamycin, maytansinoid and mitomycin groups. Derivatives of 5-amino-

2-hydroxybenzoic acid have been shown to be potent antisickling agent, leutriene anagonists, 

and carbapenem-cotaining antibiotics. In this work electrochemical behavior of 5-amino-2-

hydroxybenzoic acid in presence of 2-acetylcyclopentanone was investigated and new 

derivatives of its was synthesized. 

 

Method 

 The cyclic voltammetric study was performed with glassy carbon disc electrode, platinium 

wire and SCE as working, counter and reference electrode respectivity. The working electrode 

used in controlled-potential coulometry and was an assembly of eight graphite rods (8mm 
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diameter and 6 cm length) and a large platinum gauze constituted the counter electrode. Since 

the mechanism is dependent on such parameters as, nature of nucleophile, electrolysis 

medium (solvent, acidity or pH...) and catechol type then  initially these parameter wase 

optimated. After optimisig of parameters cyclic voltammetry, controlled-potential coulometry 

were performed using a Behpajoh model BHP-2062 potentiostat/galvanostat. All cyclic 

voltammetric experiments were performed in pH=7.0 in aqeous phosphate buffer(0.2 M) in 

0.6-(-0.8) potential renge and various scan rate.  

 

Results and Discussion 

 The electrochemical study of 2 mM solution of 5-amino-2-hydroxybenzoic acid in an 

aqueous solution containing 0.2 M phosphate buffer (pH 7.0), at a bare glassy carbon 

electrode has been performed using cyclic voltammetry. The voltammogram shows one 

anodic (A1) and corresponding cathodic peak (C1), at 0.18 V and 0.25 V versus (SCE), 

respectively, which correspond to the transformation of 5-amino-2-hydroxybenzoic acid to 

quinoneimine  and vice-versa within a quasi-reversible two-electron process . The oxidation 

of 5-amino-2-hydroxybenzoic acid  in the presence of 2-acetylcyclopentanone as a 

nucleophile was studied in some details. In this case, the cathodic counterpart of the anodic 

peak A1 decreases. 

With the aim of investigating of reactivity of intermediate quinoneimine  toward 2-

acetylcyclopentanone, as well as estimation of observed chemical rate constant of this 

reaction, we investigated the electrochemical oxidation of 5-amino-2-hydroxybenzoic acid in 

aqueous solutions in the presence of 2-acetylcyclopentanone. The results indicate the 

participation of electrochemically generated N-acetyl-p-quinoneimine in Michael reaction 

with 2-acetylcyclopentanone. Based on EC mechanism, the observed homogeneous rate 

constant (k0) of the above mentioned reaction is estimated by comparing the experimental 

cyclic voltammograms with the digital simulated results.  
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Introduction 

   Stainless steel type 316 is one of the most popular steels used in corrosion resistant and high 

strength application. Acid solutions are generally used for the removal of undesirable scales 

and rust from the surface of stainless steel parts prior to and after use of industrial vessels [1]. 

Because of the general aggressivenessof acid solutions, inhibitors are commonly used to 

reduce the corrosion attack on steel parts. Organic adsorption compounds are effective as 

corrosion inhibitors because of the functional group containing heteroatoms such as nitrogen, 

sulfur, and oxygen [2]. The present work is devoted to investigate the corrosion behaviour of 

S.S.316 in acidic solution containing Citric acid 3% and Ammonium bifluoride 1%. The 

effect of addition of 2-MercaptoBenzoThiazole (MBT) as corrosion inhibitor was examined. 

MBT is sulfur based organic compound which can chemically adsorbed on the metal surface 

and retard the rate of both anodic and cathodic reactions [3, 4]. 

 

Experimental 

   Samples were produced from austenitic stainless steel AISI 316 with the bellow chemical 

composition (wt %): 1.33% Si, 1.2 Mn, 19.11 Cr, 11.00 Ni, 2.37 Mo and balance Fe.To prove 

effectiveness of MBT on reducing corrosion rate, weight loss method, potentiodynamic 

polarization method, and Electrochemical Impedance Spectroscopy were used. After 

analyzing the results and calculating inhibition efficiency by three methods, the best 

concentration of inhibitor was determined. 
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Concentration 

(ppm) 

Corrosion rate (mpy) Inhibition efficiency 

Blank 35 -

50 13 62 

60 10 71 

70 6 83 

80 2 94 

 

Corrosion rate & inhibition efficiency of S.S.316 immersed in acid solution containing 

inhibitor 

 

 

Polarization curves for S.S.316 in acid solution containing different concentrations of 
inhibitor 
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Nyquist plot for S.S.316 in acid solution containing different concentrations of inhibitor 

Conclusion 

The results proved that 2-MercaptoBenzoThiazoledisplayed good corrosioninhibition for S.S. 

316 in acid solution of interest. High inhibition efficiency of 85% was obtained for the 

inhibitor concentration of 80 ppm at room temperature. MBT retards the rates of both catodic 

and anodic reaction, so it is a mixed type inhibitor which chemically adsorbed on steel 

surface. 
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Introduction: 

Ethanol is known as a favorable fuel in fuel cells due to its ease of availability from renewable 

sources, low toxicity and having higher energy density compared to methanol. However its 

lower electro-oxidation kinetic is a hindrance and highly active electro-catalysts are sought to 

make Direct Ethanol Fuel Cell (DEFC) viable [1]. The purpose of the present study is detailed 

investigation of ethanol oxidation on Ni-Rh alloy in alkaline solutions aiming at comparing 

the electro-catalytic characteristics of Ni-Rh alloy with Ni electrode as well as a brief study of 

the detrimental anion effect. 

 

Methods: 

Ni-Rh alloy, Nickel and Rhodium films with geometric area of 0.05 cm-2 for the first two and 

0.09 cm-2 for the last one, were deposited on copper foils using controlled cathode potential 

technique. In order to study the electro-catalytic properties of these electrodes, cyclic 

voltammetry and chronoamperometry were employed. The electrochemical studies were 

performed in a conventional three electrode cell powered by Behpajooh potentiostat / 

galvanostat (models PHP 2063+ and 2061-c). A Pt wire was used as the counter electrode. All 

potentials were measured against a Saturated Calomel Electrode (SCE).  

 

Results and discussion: 

Typical cyclic voltammogram of Ni-Rh/Cu in the potential range of -200 to 800 mV in 1 M 

NaOH solution in presence of 0.17 M ethanol is shown in figure 1-a. A cross over appearing 
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at around 450 mV / SCE leading to the formation of a hysteresis is a characteristic of electro-

oxidation process via intermediates [2]. 

The cyclic voltammogram of Ni/Cu in the same solution and at the same range of potential is 

shown in figure 1-b. Comparing with figure 1-a, one can conclude that the ethanol’s oxidation 

peak potential has shifted to less positive values for the alloy electrode and therefore Rhodium 

has increased the electro-catalytic efficiency. Also considering the increase in the current at 

alloy electrode, the electro-catalytic activities of Ni-Rh/Cu are over twice that of Ni/Cu 

electrode in different ethanol concentrations. 

Kinetic properties of ethanol electro-oxidation process such as anodic transfer coefficient and 

exchange current density as well as diffusion coefficient of ethanol have been derived from 

the cyclic voltammograms and chronoamperograms and are 0.3, 1.3 × 10-4 A cm-2 and          

1.2 × 10-6 cm2 s-1 respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

In order to study the poisoning effects of anions on Ni-Rh electrode in the ethanol electro-

oxidation process, chloride, sulfate and phosphate anions have been added in different 

concentrations to the alkaline ethanol solutions and electro-oxidation processes were followed 

by cyclic voltammetry. Cyclic voltammograms show that there is a reverse relation between 

concentration of anions and the ethanol’s oxidation current peaks meaning that there is a 

competition between anion and ethanol towards absorption on N-Rh alloy surface active sites. 

Figure 1: Cyclic Voltammograms in potentials between -200 and 800 

mV in 1 M NaOH solutions containing 0.17 M ethanol on a: Ni/Cu   b: 

Ni-Rh/Cu electrode (potential scan rate 100mV/s) 
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It was found that Langmuir adsorption isotherm is roughly obeyed and equilibrium adsorption 

coefficient found to be 0.251, 0.373 and 1.660 for chloride, sulfate and phosphate anions 

respectively. 

 

Conclusions: 

This study presents the electro-oxidation of ethanol on Ni-Rh/Cu electrode in alkaline 

solutions. During this process, considerable increase in activity of about 200% has been 

witnessed on Ni-Rh/Cu alloy compared to Ni-electrode. Also, the kinetic parameters of 

ethanol electro-oxidation reaction on alloy electrode such as diffusion coefficient, anodic 

transfer coefficient and exchange current density have been calculated. 

The poisoning effects of chloride, sulfate and phosphate anions have been studied which 

shows fair obey from Langmuir isotherm and these anions equilibrium adsorption coefficient 

were also derived. 
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A novel and selective method for determination of trace amounts of Cr(III) ions using  with 

Schiff base 1- (2- Pyridyl Azo)2-Naphtol has been  explored as ionophore for preparing PVC-

based membrane sensors selective to the Cr3+ ion. Potentiometric investigations indicate high 

affinity of these receptors for Cr(III) ion. The best performance was shown by the membrane 

of composition (w/w) of ionophore: 1 mg, PVC: 30 mg, DOP: 69 mg and KTpClPB as 

additive were added 50 mol % relative to the ionophore in 2 ml THF. The proposed sensor’s 

detection limit is 6.0×10‒7 M over pH 4 at room temperature (Nernstian slope 33.06 mV/dec.) 

with a response time of 15 seconds and showed good selectivity to Cr(III) ion over a number 

of interfering cations. 

 

Key Words: Schiff base, Cr(III)-ion selective electrode, Potentiometry, Ionophore, 1- (2-

Pyridyl Azo)2-Naphtol 

 

Introduction 

Toxicological studies have proved that the degree of toxicity of an element directly depends 

on the species in which it is present. Cr(III) is considered as an essential micronutrient for 

humans and mammals in order to maintain glucose metabolism, where as Cr(VI) is a 

potentially carcinogenic agent.1 The significant drawbacks of Cr(VI) are breathing 

disturbances, liver and digestion malfunctions, dermal corrosion and skin allergies.2 

Therefore, It is necessary to control the level of chromium in industrial effluent, natural and 

drinking waters. Speciation of chromium in environmental samples is of prime importance. 

In this study, we prepare PVC membrane electrodes based on Schiff base 1- (2- Pyridyl 

Azo)2-Naphtol as an ionophore and were used for the determination of Cr(III) ion. The 
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proposed sensor revealed good selectivity and response for Cr3+ over a wide variety of other 

interfering metal ions. 

 

Experimental 

Preparation of polymeric ion-selective electrodes. The compositions of PVC-based Cr(III)-

selective electrodes were summarized in Table 1, and the typical one (m-8) was 30 mg PVC, 

69 mg plasticizer, 1 mg ionophore and KTpClPB (50 mol % of ionophore). The ionophore, 

plasticizer and PVC were dissolved in the appropriate volume of THF and mechanically 

stirred. All membrane cocktails were cast in glass rings placed on glass plates for 

conventional ionselective electrodes. Solvent from PVC membrane was allowed to evaporate 

for at least 24 hours at room temperature. The thickness of the resulting membrane measured 

by micrometer was about 0.3 mm. 

 

Results and Discussion 

Schiff bases as ligands seem to be a potential ionophore for soft heavy metal ions in the PVC 

membrane electrodes, because of its excellent metal-binding properties, rapid exchange 

kinetics, 

and water insolublilty.3-5 1- (2- Pyridyl Azo)2-Naphtol was used as an ionophore for 

preparing PVC membrane ion-selective electrodes for a wide variety of metal ions. We said in 

our previous study16 that the Cr3+ ISE membrane compositions were optimized to produce 

the best sensitivity and selectivity towards Cr(III) ion, because the sensitivity of the ion-

selective electrodes depend on the nature of ionophore used as well as significantly on the 

membrane compositions and selectivity of the electrodes depends on the nature of ionophore. 

The optimization was carried out with varying of the ratio in PVC membrane components 

such as plasticizer and additive (KTpClPB). 

The Schiff base 1- (2- Pyridyl Azo)2-Naphtol was employed as Cr(III) selective ionophore in 

the preparation of Cr(III) ion selective electrode. The responses of the four electrodes (with 

different plasticizer) are shown in Figure 1.  
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Conclusion 

As a final point, the membrane electrode incorporating 1- (2- Pyridyl Azo)2-Naphtol as an ion 

carrier can be used for the development of a Cr(III) ionselective electrode. Among 

membranes tested, polymeric membrane m-8 based on 1- (2- Pyridyl Azo)2-Naphtol with 

DOP and liphophilic additive of 50 mol % displays a good Nernstian response (33.06 

mV/decade) over pH 4 at room temperature to Cr3+ ion and the limit of detection of 5 × 10‒7 

M within short time 15s. Most of metal ions could not hamper the selectivity to the Cr(III) 

ion. It can be concluded that the membrane electrode has a rapid potential response and 

excellent selectivity towards Cr(III) ion over other interfering metal ions. It could be used 

successfully for the determination of Cr(III) ion content in environmental and waste water 

samples. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Potentiometric responses of the membrane prepared from different plasticizers with ionophore towards 

Cr3+. 
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Abstract 

A simple and reproducible method for the rapid determination of trace amounts of copper(II) 

ions using poly(vinyl chloride) membrane electrode that is highly selective to Cu2+
  ions was 

prepared by 2-amino-cyclopentene-1-dithiocarboxylic acid (ACDA) as a suitable neutral 

carrier. Membrane incorporating 2-amino-cyclopentene-1-dithiocarboxylic acid, as ionophore 

with composition ACDA:NaTPB:NB:PVC in the ratio 2:2:50:100s (w/w) exhibits the best 

result for potentiometric sensing of Cu2+
 ions. The electrode exhibited a near-Nernstian 

response to Cu2+
 in the concentration range of 5.0 × 10−6

 to 5.0×10−2
 M with a slope of 24.8 ± 

0.5 mV per decade. The proposed sensor can be used over a period of 1 months. The lower 

limit of detection was 2.5×10−7
 M. This electrode showed high selectivity with respect to 

alkaline, alkaline earth, and heavy metal ions and could be used over a pH range of 2.0–4.0. 

The method was applied to the determination of copper in different water samples. 

 

Keywords: PVC Membrane; copper(II); Sensor; Potentiometry; Ion-selective electrode; 2-

amino-cyclopentene-1-dithiocarboxylic acid. 

 

Introduction 

Copper is both vital and toxic for many biological systems[ 1,2] . Thus, the determination of 

trace amounts of Cu is becoming increasingly important because of the increased interest in  

environmental pollution [3].The Atlanta based Agency for Toxic Substances and Disease 

Registry (ATSDR) says their website that the copper is essential for good health. Moreover 

they provide accurate, reproducible and often selective determination of various ionic species. 
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Not only this, the ion-selective electrodes (ISEs) allow nondestructive, on line monitoring of 

particular ion in small volume of sample without any pretreatment. 

 

Experimental Section 

Reagents and equipments. Dibutyl(butyl)phosphonate (DBBP) from (Mobil, USA), 1-

chloronaphthalene (CN), tris(2-ethylhexyl)phosphate (TEHP), dibutyl phthalate (DBP), tri-n-

butylphosphate (TBP), 2-amino-cyclopentene-1-dithiocarboxylic acid and dioctyl phthalate 

(DOP) from (Merck, Germany), high molecular weight poly(vinyl chloride) (PVC) (Fluka, 

Switzerland) and sodium tetraphenyl borate (NaTPB) from (BDH, UK) were used as 

obtained. All the reagents used for this study were of analytical grade. Metal salt solutions 

were prepared in doubly distilled water. The potential measurements were performed with a 

multichannel potentiometer (Kosentech, Korea, Model AS MP8). A Varian atomic absorption 

spectrophotometer (AAS) with a graphite furnace was used to determine the concentration of 

metal ion in the standard solutions. 

 

Electrode preparation and cell setup. Electrode membranes were prepared as suggested by 

Craggs et al.[4] Varying amounts of the ionophore along with appropriate amount of PVC 

were dissolved in tetrahydrofuran (THF) solvent. The obtained solution was poured into 

polyacrylate rings, placed on a smooth glass plate and allowed to evaporate at room 

temperature in a dust free closet. Transparent membrane was obtained after 48 hours. Its 

circular part having the 5 mm diameter was cut out and attached to one end of a hollow Pyrex 

glass tube. The effect of different plasticizers e.g. DBBP, CN, TBP, TEP, DBP and DOP as 

well as the anion excluder i.e. sodium tetraphenylborate was also studied. These additives 

affected the performance of membrane almost in each case. Varying amounts of these 

compounds were added to the ionophore, PVC, and THF solution prior to pouring it into the 

acrylic rings. The ratio of membrane ingredients was optimized after a good deal of 

experimentation.  

Best efforts were made to prepare a membrane that generates reproducible and stable 

potentials. Further, the dummy membranes having only PVC as membrane ingredient were 

also tested to observe whether any background potential is produced due to binding material. 

Conditioning of all the membranes was done with 0.1 M Cu2+ solution. 
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The minimum time required for conditioning was 48 hours otherwise the membranes 

produced unstable potentials. The potential measurements were carried out using the 

following cell setup at 25 ± 0.1°C. Internal reference electrode (SCE)/ Internal solution 0.01 

M Cu(NO3)2/PVC Membrane/Test solution/ External reference electrode (SCE). The 

saturated calomel electrodes (SCE) were used as internal and external reference electrodes. 

The concentration of the metal ion in the test solutions varied from 5.0 × 10−6 to 5.0×10−2 M. 

All the standard metal ion solutions were prepared by serial dilution with 2.0 × 10−1 M as 

stock solution. pH values of diluted solutions were checked and maintained between3-4. Each 

solution was stirred and potential readings were recorded. These potential values were plotted 

against negative logarithmic values of Cu ion activity to obtain the standard calibration curve. 

 

Results and Discussion 

Selection of the membrane. In preliminary experiments, the synthesized ionophore was used 

as a neutral carrier to prepare PVC based membranes and was tried to detect various metal 

ions. A number of membrane electrodes were prepared and conditioned in 0.1 M solution of 

different metal ion solutions namely Li+, Na+, K+, Co2+, Zn2+, Hg2+, Cd2+, Ag+, Ni2+, La3+, 

Ca2+,  and Mg2+ solutions for 2-3 days. The best potential response of the electrode was 

recorded for Cu2+ ions while all other ions exhibited lower potential response or no response 

at all. It suggested that Cu(II) ions could interact with the ionophore to form a better complex 

with the electron rich cavity in the  comparison of the bivalent cations. This may be due to its 

higher charge and suitability which facilitated its attachment to the ionophore in a better way. 

Further, the rapid exchange kinetics of the resulting ligand-metal ion complex is responsible 

for the selective behavior of the ionophore towards Cu2+ in comparison to the other trivalent 

metal ions. Therefore, this membrane was used to develop a Cu(II) ions selective electrode. It 

is well known that some additives like anion excluders are useful as these compounds 

enhance the sensitivity and selectivity of cation selective membrane by reducing its 

resistance.[5] Also, in case of PVC based neutral carrier membranes, plasticizers if 

compatible with the ionophore, can provide a smooth surface to the membrane and thus 

enhance the response characteristics. Although the role of plasticizers is not very firmly 

established till date but it is assumed that these additives enhance the homogeneity of the 

PVC based membranes and provide liquid channels within the membrane which facilitates the 
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movement of charge carriers, which ultimately improves the response time and the sensitivity 

of the membranes. It can also improve the dielectric constant of the polymeric membrane and 

also the movement of ionophore and its metal complex.[5] Therefore, the effect on the 

performance of the membrane after the addition of anion excluder, sodium tetraphenyl borate 

(NaTPB) and plasticizers like DBP, DOP, TEP, TBP, CN, and DBBP was also studied. The 

ratio of membrane ingredients, time of contact and concentration of equilibrating solution 

were optimized so that the membrane could develop reproducible, noiseless, and stable 

potentials. Membrane to membrane reproducibility was assured by carefully following the 

optimum conditions of fabrication. 

Effect of membrane composition on the working 

Concentration range and the slope. The compositions of each best performing membrane and 

the results obtained for these are presented in Table 1. As expected dummy membranes, 

containing PVC only produced no potential. It revealed that there was no contribution or 

interference due to the binding material. It is clear from the data that the membrane containing 

PVC and ionophore only, in the ratio 5:100 shows a linear response in a narrow concentration 

range i.e. 4.0 × 10−5 - 1.0 × 10−1 M and its slope was recorded as 23 mV/decade of activity 

(Figure 1). The addition of anion excluder i.e. sodium tetraphenyl borate and plasticizers 

DBP, DOP, TEP, TBP, CN, and DBBP changed the response characteristics of all the 

membranes. The best working concentration range obtained for DBBP i.e. 5.0 × 10−6 - 

5.0×10−2 M with a slope of 24.8 mV/decade of activity. This is due to the best homogeneity 

provided by DBBP and its compatibility to the membrane ingredients which resulted in the 

best obtained working concentration range and the Nernstian slope. Also, the response time 

for DBBP was the lowest, among all other studied membrane compositions, containing 

different plasticizers. Further, as the response characteristics of any membrane depend on the 

amount of ionophore, the effect of changing quantity of ionophore was also studied. The 

optimum ratio of best performing membrane is 2:2:50:100 for I:NaTPB:DBBP: PVC. If the 

amount of ionophore is less than this ratio, it affects the working concentration range 

adversely, although the effect on slope is not considerable. If the amount is increased further, 

it shows no improvement in any of the characteristics of the electrode. Therefore, membrane 

no. 5 was the best performing membrane and this composition was selected for further 

studies. 
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Table 1. Compositions and response characteristics of PVC based membranes having 2-amino-cyclopentene-1-
dithiocarboxylic acid as electroactive material 

 

S
. 

No  (I )  DBP  DO P  CN  DBBP NaTPB  
PV
C  

Slope ± 0.2 
mV / decade 
of activity  

Respon
se time 
(s)  

Working concentration range 
(M)  

1  10      1.0 100  23.4  ~95  6.5  ×
  

10 -1-1 .0 ×  10-1  

2  10  80     1.0 100  22.5 43 8.0  ×
  

10-1 -1 .1  × 10 -1 

3  10   120    1.5 50  20.6 24 5.6  ×
  

10 -1-1 .2  × 10 -1 

4  8   150   1 .0 50 20.8 26 -35 3.8  ×
  

10-5 -1 .0  × 10-2  

5  2    50 2.0 100  25.9 12  5.0  ×
  

10 -6-5.0 ×  10 -2 

 
 

 

Figure 1. Potentiometric response of the PVC membrane sensor based on 2-amino-cyclopentene-1-
dithiocarboxylic acid (ACDA) in the presence of different plasticizers. 

 
Conclusion 

An upper rim modified calixarene compound, has been  used as a neutral carrier in PVC 

matrix, for the fabrication of a highly selective potentiometric electrode for Cu (II) ions. The 

response time of this ion selective electrode is low and it can successfully be used for 1 

months. It works well in the pH range 2.0-4.0 and shows good selectivity for Cu(II) in the 

presence of other foreign cations which are  generally present along with Cu(II) in real 

samples. A comparative study reveals that proposed electrode is better than some of the 
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existing electrodes in the characteristics namely response time,[6] and selectivity,[6,7] while 

it shows comparable results for the pH range, and working concentration range[5,7]. 
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Abstract 

A novel approach has been developed for   the rapid determination of trace amounts of 

lead(II) ions using diazoaminobenzene (DAAB) and vinylpyridine (VP)  membrane electrode 

that is highly selective to Pb2+  ions was prepared by Isopropyl 2-[(isopropoxy 

carbothioyl)disulfanyl]ethanethioate(IIDE)  as a suitable neutral carrier. Membrane 

incorporating Isopropyl 2-[(isopropoxy carbothioyl) disulfanyl]ethanethioate(IIDE)  , as 

ionophore with composition IIDE:VP:NaTPB: DAAB in the ratio 2:2:60:30 (w/w) exhibits 

the best result for potentiometric sensing of Pb2+ ions. The electrode exhibited a near-

Nernstian response to Pb2+ in the concentration range of 2.0 × 10−6 to 2.0×10−2 M with a slope 

of 17.9 ± 0.3 mV per decade. The proposed sensor can be used over a period of 2 months. The 

lower limit of detection was 9.0×10−7 M. This electrode showed high selectivity with respect 

to alkaline, alkaline earth, and heavy metal ions and could be used over a pH range of 1.5–3.7. 

The method was applied to the determination of lead in different water samples. 

 

Keywords: diazoaminobenzene (DAAB) and vinylpyridine (VP) membrane; lead(II); Sensor; 

Potentiometry; Ion-selective electrode; Isopropyl 2-[(isopropoxy carbothioyl)disulfanyl] 

ethanethioate (IIDE). 

 

Introduction 

    Lead is one of the most ubiquitous elements in the environment and recognized as a major 

health risk to humans and animals [1,2]. Flame atomic absorption spectrometry (FAAS) is a 

simple technique, commonly used for determination of lead in water [3], soil [4,5] and plant 
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samples [6]. However, the determination of traces of lead by FAAS in such complex matrices 

is difficult due to its low sensitivity (0.01 µ g cm−3) and the interfering effects of matrix 

components. Hence, separation step is frequently necessary to improve the detection limit and 

sensitivity [7] which is nowadays preferably done by solid phase extraction due to the several 

advantages it offers [8]. 

 

Experimental Section 

Reagents and equipments vinylpyridine (VP)  from (Merck), 1-chloronaphthalene (CN), 

tris(2-ethylhexyl)phosphate (TEHP), dibutyl phthalate (DBP), tri-n-butylphosphate (TBP) and 

dioctyl phthalate (DOP) from (Merck, Germany), high molecular weight diazoaminobenzene 

(DAAB) (Fluka, Switzerland) and sodium tetraphenyl borate (NaTPB) from (BDH, UK) were 

used as obtained. All the reagents used for this study were of analytical grade. Metal salt 

solutions were prepared in doubly distilled water. The potential measurements were 

performed with a multichannel potentiometer (Kosentech, Korea, Model AS MP8). A Varian 

atomic absorption spectrophotometer (AAS) with a graphite furnace was used to determine 

the concentration of metal ion in the standard solutions. 

 

Electrode preparation and cell setup. Electrode membranes were prepared as suggested by 

Craggs et al.[9] Varying amounts of the ionophore along with appropriate amount of 

diazoaminobenzene (DAAB)were dissolved in tetrahydrofuran (THF) solvent. The obtained 

solution was poured into polyacrylate rings, placed on a smooth glass plate and allowed to 

evaporate at room temperature in a dust free closet. Transparent membrane was obtained after 

48 hours. Its circular part having the 5 mm diameter was cut out and attached to one end of a 

hollow Pyrex glass tube. The effect of different plasticizers e.g. vinylpyridine (VP)  , CN, 

TBP, TEP, DBP and DOP as well as the anion excluder i.e. sodium tetraphenylborate was 

also studied. These additives affected the performance of membrane almost in each case. 

Varying amounts of these compounds were added to the ionophore, diazoaminobenzene 

(DAAB) and THF solution prior to pouring it into the acrylic rings. The ratio of membrane 

ingredients was optimized after a good deal of experimentation.  

Best efforts were made to prepare a membrane that generates reproducible and stable 

potentials. Further, the dummy membranes having only diazoaminobenzene (DAAB) as 
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membrane ingredient were also tested to observe whether any background potential is 

produced due to binding material. Conditioning of all the membranes was done with 0.1 M 

Pb2+ solution. 

The minimum time required for conditioning was 48 hours otherwise the membranes 

produced unstable potentials. The potential measurements were carried out using the 

following cell setup at 25 ± 0.1°C. Internal reference electrode (SCE)/ Internal solution 0.01 

M Pb(NO3)2/ diazoaminobenzene (DAAB) Membrane/Test solution/ External reference 

electrode (SCE). The saturated calomel electrodes (SCE) were used as internal and external 

reference electrodes. The concentration of the metal ion in the test solutions varied from 2.0 × 

10−6 to 2.0×10−2 M. All the standard metal ion solutions were prepared by serial dilution with 

2.0 × 10−1 M as stock solution. pH values of diluted solutions were checked and maintained 

between3-4. Each solution was stirred and potential readings were recorded. These potential 

values were plotted against negative logarithmic values of Pb ion activity to obtain the 

standard calibration curve. 

 

Results and Discussion 

Selection of the membrane. In preliminary experiments, the synthesized ionophore was used 

as a neutral carrier to prepare diazoaminobenzene (DAAB) based membranes and was tried to 

detect various metal ions. A number of membrane electrodes were prepared and conditioned 

in 0.1 M solution of different metal ion solutions namely Li+, Na+, K+, Co2+, Zn2+, Cu2+, Hg2+, 

Cd2+, Pb2+, Ag+, Ni2+, La3+, Ca2+,  and Mg2+ solutions for 2-3 days. The best potential 

response of the electrode was recorded for Pb2+ ions while all other ions exhibited lower 

potential response or no response at all. It suggested that Pb(II) ions could interact with the 

ionophore to form a better complex with the electron rich cavity in the  comparison of the 

bivalent cations. This may be due to its higher charge and suitability which facilitated its 

attachment to the ionophore in a better way. Further, the rapid exchange kinetics of the 

resulting ligand-metal ion complex is responsible for the selective behavior of the ionophore 

towards Pb2+ in comparison to the other trivalent metal ions. Therefore, this membrane was 

used to develop a Pb(II) ions selective electrode. It is well known that some additives like 

anion excluders are useful as these compounds enhance the sensitivity and selectivity of 

cation selective membrane by reducing its resistance.[10] Also, in case of diazoaminobenzene 
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(DAAB) based neutral carrier membranes, plasticizers if compatible with the ionophore, can 

provide a smooth surface to the membrane and thus enhance the response characteristics. 

Although the role of plasticizers is not very firmly established till date but it is assumed that 

these additives enhance the homogeneity of the diazoaminobenzene (DAAB) based 

membranes and provide liquid channels within the membrane which facilitates the movement 

of charge carriers, which ultimately improves the response time and the sensitivity of the 

membranes. It can also improve the dielectric constant of the polymeric membrane and also 

the movement of ionophore and its metal complex. .[10] Therefore, the effect on the 

performance of the membrane after the addition of anion excluder, sodium tetraphenyl borate 

(NaTPB) and plasticizers like DBP, DOP, TEP, TBP, CN, and vinylpyridine (VP)   was also 

studied. The ratio of membrane ingredients, time of contact and concentration of equilibrating 

solution were optimized so that the membrane could develop reproducible, noiseless, and 

stable potentials. Membrane to membrane reproducibility was assured by carefully following 

the optimum conditions of fabrication. 

 

Effect of membrane composition on the working 

Concentration range and the slope. The compositions of each best performing membrane and 

the results obtained for these are presented in Table 1. As expected dummy membranes, 

containing diazoaminobenzene (DAAB) only produced no potential. It revealed that there was 

no contribution or interference due to the binding material. It is clear from the data that the 

membrane containing diazoaminobenzene (DAAB) and ionophore only, in the ratio 5:100 

shows a linear response in a narrow concentration range i.e. 4.0 × 10−5 - 1.0 × 10−1 M and its 

slope was recorded as 23 mV/decade of activity (Figure 1). The addition of anion excluder i.e. 

sodium tetraphenyl borate and plasticizers DBP, DOP, TEP, TBP, CN, and vinylpyridine 

(VP)   changed the response characteristics of all the membranes. The best working 

concentration range obtained for vinylpyridine (VP)   i.e. 2.0 × 10−6 to 2.0×10−2 M with a 

slope of 17.9 mV/decade of activity. This is due to the best homogeneity provided by 

vinylpyridine (VP)   and its compatibility to the membrane ingredients which resulted in the 

best obtained working concentration range and the Nernstian slope. Also, the response time 

for vinylpyridine (VP)   was the lowest, among all other studied membrane compositions, 

containing different plasticizers. Further, as the response characteristics of any membrane 
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depend on the amount of ionophore, the effect of changing quantity of ionophore was also 

studied. The optimum ratio of best performing membrane is 2:2:60:30 for I:NaTPB: 

vinylpyridine (VP)  : diazoaminobenzene (DAAB). If the amount of ionophore is less than 

this ratio, it affects the working concentration range adversely, although the effect on slope is 

not considerable. If the amount is increased further, it shows no improvement in any of the 

characteristics of the electrode. Therefore, membrane no. 5 was the best performing 

membrane and this composition was selected for further studies. 

 

 

Table 1. Compositions and response characteristics of diazoaminobenzene (DAAB) based membranes having 
Isopropyl 2-[(isopropoxy carbothioyl)disulfanyl]ethanethioate(IIDE) as electroactive material 

 

S. No  (I )  DBP  DO P  TBP  V P  NaTPB  DAAB  
Slope ± 0.2 
mV / decad e 
of activity  

Response 
time (s )  

Working co ncentratio n range 
(M)  

1  10      1.0 100  23.4  ~80  7.5  ×
  

10 -1-1 .0 ×  10-1  

2  10  80     1.0 100  23.0 48  8.0  ×
  

10-1 -1 .0  × 10 -1 

3  10   110    1.0 100  24.0 25  5.6  ×
  

10 -1-1 .0  × 10 -1 

4 10    170   1.0 50 21.2 23  9.0  ×
  

10 -5-1 .0  × 10 -1 

5 2    2 60 30 17.9 10 2.0  ×
  

10 -6-2 .0 ×  10 -2 

 

 

Figure 1. Potentiometric response of the DAAB membrane sensor based on Isopropyl 2-[(isopropoxy 
carbothioyl)disulfanyl]ethanethioate(IIDE) in the presence of different plasticizers. 
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Conclusion 

An upper rim modified calixarene compound, has been  used as a neutral carrier in DAAB 

matrix, for the fabrication of a highly selective potentiometric electrode for Pb (II) ions. The 

response time of this ion selective electrode is low and it can successfully be used for 2 

months. It works well in the pH range 1.5–3.7and shows good selectivity for Pb(II) in the 

presence of other foreign cations which are  generally present along with Pb(II) in real 

samples. A comparative study reveals that proposed electrode is better than some of the 

existing electrodes in the characteristics namely response time,[11] and selectivity,[11,12] 

while it shows comparable results for the pH range, and working concentration range[1,12]. 
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Introduction 

The thermodynamic study of multi component electrolytic systems is of much importance, 

particularly for those which, due to their composition, are important in biological and 

industrial processes.  Amino acids are important compounds within biological systems and 

they are directly involved in these processes. However, a more profound understanding of the 

electrolyte effect on amino acid solutions are still needed [1]. In the previous work, we have 

reported the results relating to the thermodynamic properties some of biological systems [2-

3]. As a continuation of our studies, the thermodynamic properties of (KCl  + proline + water  

) system containing 0, 2.5,  5.0, 7.5, 10,  12.5  and 15.0 %  mass fraction of proline over ionic 

strength range from 0.001 to 3.000 mol kg-1 using the potentiometric method are reported at T 

= 298.2 K.   
 

Experimental and method 

All of the potentiometric measurements were made by using a digital multimeter whose 

resolution was 0.1 mV. The output of the multimeter was connected to a personal computer 

for data acquisition. The potentiometric experimewnts were carried out on the galvanic cell of 

the type Ag | AgCl | KCl (m) , proline (w %), H2O (1-w) % |K-ISE.   The PVC based 

potassium ion selective electrode (K-ISE) and Ag–AgCl electrode used in this work were 

prepared in our laboratory and had a reasonably good Nernst response. As usual, all 

measurements were performed under stirring conditions and the temperature was kept 

constant at 298.2K (±0.1 K), employing a double-wall container enabling the circulation of 

thermostat water from a Model GFL circulation. The Pitzer ion interaction model was used 

for the experimental data correlation and calculation of thermodynamic properties for mixed 

electrolyte solutions. 
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Results and discussion 

The galvanic cell was used to determine the emf values for each series of the proline- water 

mixed solvent systems.  The experimental mean activity coefficients of KCl in various 

proline- water mixed solvent systems were derived from the Nernst equation 1. 

                                                                                                                                                                       (1) 

 

Where E0 and s indicate the cell constant potential and the Nernstian slope, respectively. The 

results relating to the mean activity coefficients of KCl for one of series were listed in Table 

1.  Natural logarithm of the mean activity coefficients of different series were also presented 

in Figure 1. The ionic interaction parameters (β(0), β(1) and CФ) were evaluated (see table 2) in 

according to the Pitzer model based on the equations 2-4. Then, these obtained parameters 

were used for predicting the thermodynamic properties.  

2
KClKClKCl,

mCmBfln  


                                                                                                              (2) 

)]Ib1ln()b
2(

)Ib1(
I[A2f 


 

                        (3)                            

]e)2
II1(1[

I
22B I2

2

)1(
KCl)0(

KClKCl











                                                                 

(4)               

                                                                                        

m E γ± 
0.0009 -87.0 0.9714 
0.0100 1.8 0.9154 
0.0502 75.2 0.8411 
0.0982 111.6 0.8014 
0.2459 151.9 0.7423 
0.4921 182.5 0.6980 
0.7398 201.6 0.6740 
0.9866 215.1 0.6591 
1.2339 224.8 0.6492 
1.4809 233.2 0.6428 
1.7278 240.6 0.6388 
1.9738 246.6 0.6367 
2.4685 257.7 0.6369 
2.9555 268.0 0.6414 
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W% AФ β(0 β(1) CФ 

0.0 0.3915 0.04835 0.2122 0.00121 
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Table 1. The values of molality, emf and 
activity coefficients of KCl for w%=5  

Table 2. The Pitzer ion interaction parameters 

Figure1. The plot of ln γ± vs. m for different 
series of mass fraction of proline 
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Introduction 

 The temperature and concentration dependence of the electrolyte conductance has been 

proved as one of the most appropriate methods for studying ion-ion, ion-solvent and solvent-

solvent interactions in solutions. Beside, the calculation of the electrical conductivity of 

aqueous electrolyte solutions is useful for many industrial processes such as batteries, plating, 

material transport, solid deposition, and corrosion [1-2]. In the present work, the results 

relating to the conductometric investigation of NiCl2 in (0, 10, 20, 30 and 40% w) glucose -

water mixtures at different temperatures 298.2, 303.2, 308.2 and313.2 K are reported. The 

experimental data were correlated by the Fuoss-Edelson equation, and its parameters, the 

limiting equivalent conductivity Λ0, and the primary association constants, KA, were 

evaluated. 

Experimental and method 

All of the conductivity experiments were made by using a digital conductivity meter whose 

resolution was 0.1 μS·cm-1. The output of the conductivity meter was connected to a personal 

computer for data acquisition.  The cell used for conductivity measurements was calibrated 

using standard KCl solutions. The solutions were continuously stirred using a magnetic stirrer 

at a slow constant rate to avoid concentration gradients and were allowed to equilibrate for 4 

min before the specific conductivity. A model GFL circulation water bath was used to 

maintain the temperature constant at the desired temperature (±0.1 K). 

Results and discussion 

The experimental equivalent conductivities, Λ, of the NiCl2 as functions of equivalent 

concentration c in glucose + water mixture with mass fracrion of 10% at T = 298.2-313.2 K 

are given in Table 1. Figure 1 represents the plots of equivalent conductance Λ versus square 
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root of salt concentration c for NiCl2 in (0, 10, 20, 30 and 40% w) glucose -water mixtures at 

298.2 K. The conductance data were correlated with the Fuoss - Edelson equation 1  

                          

(1) 

(2)   

                    (3)  

Where λ0 is the limiting conductance of the anion (Cl−), δ Onsager's slope, C is the normal 

concentration and γ is the ion activity coefficient which can be calculated  by the Pitzer -

Debye–Hückel equation . The derived conductivity parameters (Λ0 and Ea ) for the NiCl2 in 

glucose -water mixtures at T= 298.2-313.2 K were presented in Tables 2-3.  
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Figure 1. The plot of Λ vs. molar 
concentration of NiCl2 at 298.2K 

Table 3. The obtained 

values of activation energyTable 2. The obtained values of Λ0  
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Introduction 

Solid oxide fuel cell is one of the fuel cell types which transform chemical energy to electrical 

energy at the temperature range of 650˚C-1000˚C [1]. Cathode is one of the components of 

SOFC and for fabrication of LSM cathode there are lots of methods [2].  

 

Experimental Procedures 

In this paper LSM cathode is produced with slurry coating method using ܽܮଶܱଷ, ଶܱଷܽܮ ଷ powders according to the following reactionܱܥଶݎܵ ଷܱܥ݊ܯ  81 െ ݔ ଷܱܥ݊ܯ  1ݔ െ ݔ ଷܱܥݎܵ ՜ 21 െ ݔ ଷܱ݊ܯ௫ݎଵି௫ܵܽܮ  ݔ  11 െ ݔ ଶܱܥ  8 െ 1ݔ െ ݔ ܱଶ 

In this method for preparing the conditions for interaction, the citric acid, nitric acid and 

glycol ethylene have been used [3]. Then, the samples are calcinated at 1400˚C and after that 

they are sintered at 1500˚C on the YSZ electrolyte [4].  

 

Discussion and Conclusion  

Fig. 1 shows the spectrum of the XRD of samples. In Fig. 1-c there is some unwanted peaks 

that is because of existence of Lanthanum which causes the production of ܽܮଶܼݎଶܱ and  ܱܵݎܼݎଷ  insulating phase in the interface cathode/electrolyte [6][8]. With XRD size of the 

grain using equation of Sherer is calculated, and also with XRD table the structure type and 

unit cell length and samples of ܽܮ.଼ܵݎ.ଶܱ݊ܯଷ, ܽܮ.଼ହܵݎ.ଵହܱ݊ܯଷ and  ܽܮ.ଽܵݎ.ଵܱ݊ܯଷ are 

calculated. Which the first two samples have monoclinic structure with unit cell length of ܽ ൌ 5.52, ܾ ൌ 5.51, ܿ ൌ 7.75 ܽ݊݀ ߚ ൌ 90.75 with grain size of 85.9nm and 83.25nm 
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respectively. The last sample has the rhombohedra structure with unit cell length of ܽ ൌ5.54 ܽ݊݀  ܾ ൌ 13.56 and grain size of 91.03nm. 

 

                        Fig. 1-a: XRD of ܽܮ.଼ܵݎ.ଶܱ݊ܯଷ                              Fig. 1-b: XRD of ܽܮ.଼ହܵݎ.ଵହܱ݊ܯଷ 

                  

                         Fig. 1-c: XRD of ܽܮ.ଽܵݎ.ଵܱ݊ܯଷ                                      Fig. 2: SEM of samples 

Then with comparing the results with the report presented by Kammer, our results are the 

same as his. Finally, with SEM, the amount of porosity of the all three samples became %35, 

which is the same as Kammer results [6]. 

 

Conclusion 

The structure type and unit cell length depends on the amount of Sr doping, also the method 

we used here, results the same outcome as thin film method which has been used by Kammer. 
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Introduction 

The performance of electrochemical fuel cell is depended on the activity electro catalysts and 

micro-structure of composite cathode (LSM/YSZ) and scientists believe that electrochemical 

reduction of oxygen most have a given constant step rates [1].  

 

Methods 

Electrochemical reduction of oxygen in the common interface contain diffusion, absorption, 

breakup of oxygen molecule on surface, electric load transfer and transfer of oxygen ion from 

triplet phase to lattice YSZ [2][3] that using impedance spectrum has confirmed the above 

steps [4][5]. So, with some calculation, LSM electrode current is 
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We have solved the above equation using Runge-Kutta numerical method with the initial 

value and model parameters [6][7][8][9][10][11]. 

 

Conclusion 

In solving of the above equation, parameters like cathode thickness, particles size, particle 

size ratio and volume fraction have been used. i.e. the efficiency of cathode depends on the 

size of particles, YSM particles to LSM particles ratio, thickness of cathode and the length of 

the triplet phase. So, with bigger size of the particles the cathode has more efficiency; the 

lowest over potential is located in a specified radius and in thick cathode a small part of that is 

involved in current production. At the end, more partial oxygen pressure will result in less 

over potential.  

All the above results were nearly as the same as the data experimental and paper reports 

presented by Kim [12]. 
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Abstract:  

The geometric parameters, vibrational frequencies, and thermochemical values of ortho-

hydroquinone (o-HQ) and ortho – Benzoquinone (o-BQ) were computed ab initio and by the 

density functional theory (DFT) method with the 6-31 G (d, p) basis set. the standard 

electrode potentials of half reaction for o-HQ and  o-BQ were calculated using the free 

energies and solvation energies of O-HQ, o-BQ, p-Benzoquinone (P-BQ), and hydroquinone 

(p-HQ). The standard electrode potentials computed at the B3lyp / 6-31 G (d, p) levels were 

close to their experimental values. 

 

Keyword: ortho Hydroquinone; ortho – Benzoquinone; Gaussian 03; Cyclic voltammetry. 

 

Introduction: 

The standard electrode potential is a very important Parameter in biochemistry, analytical 

chemistry, etc. In our previous work, we reported calculations of the standard electrode 

potential for a carbonyl compound [1].  

 

Results and Discussion: 

The electrochemical behavior of o-HQ. The voltammetric data on the oxidation of 5.0 mM o-

HQ in 0.1 M phosphate buffer at pH 7.0 with a glass carbon electrode are shown in 

Fig.1.These data describe a chemically reversible oxidation process, as follows from similarly 

sized peaks of the forward and reverse scans, with an oxidation peak potential (Eox) of 0.111V 

and a reduction peak potential (Ered) of 0.169 V versus saturated calomel electrode.  

The conditional potential Eof = (Eox + Ered)/2 [2] were calculated as follows: 

pH=7.0, Eof= (0.111 + 0.0169)/2=0.14 V. 

pH 7. 0,    E1
0 = 0.553 V (25 oC). 
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E2
0 = E1

0 + ESCE, 

pH=7.0,      E2
0 = 0.794  V (25OC) 

 
Fig.1. 

Theoretical calculation of the standard electrode potential (E0) of half reaction for o-HQ and 

o-BQ. A redox reaction can be divided into two half reactions as 

o-HQ (g) + 2H+(g) + 2e-(g)= o-BQ(g),                   (1) 

                              p-BQ (g) +2H+(g) +2e-(g)= p-HQ(g)                      (2)       

                                    o-HQ (g)+p-HQ(g)= o-BQ(g) +p-BQ(g)                 (3)     

                                       

                        o-HQ (g) +p-HQ(g)      ∆Go
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Fig. 2. 

Conclusion: 

The predicted  standard  potentials  for  the  half  reactions  of  o-HQ  and  P-BQ  are  in  

agreement  with the  experimental  data. The reduced Gibbs energy of reaction (3) in the gas 

phase is written as 

∆Go
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The redox reaction in solution proceeds as shown in Fig. 2, where  are the solvation energies 

of o-HQ, o-BQ, p-HQ, and p-BQ in water at 298.15 K and 1 atm, respectively. 
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The standard electrode potential (Eo) of half reaction for o-HQ and o-BQ is calculated as  

∆Go (298.15K) =-nf (Eoo-HQ/ o-BQ –Eo
p-BQ/p-HQ)        Eo

o-HQ/ o-BQ = 0.694 V 

The theoretical values are in good agreement with the experimental standard electrode 
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potential (0.794V). 
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Abstract 

The reaction between molecular chlorine and Br radical was investigated by density 

functional theory. Kinetics and thermochemistry functions of this reaction were studied using 

the DFT method B3LYP at 6-31G(d) level. The enthalpy and Gibbs free energy of reaction 

were predicted to be -3.33 kcal mol-1and -3.79  kcal mol-1 respectively at 298.15 K in gas 

phase. The pre-exponential factor and activated energy values of the reaction were found to be 

2.28×1010 L mol-1 s-1 and 460 cal mol-1 respectively. 

 

Keywords: Density Functional Theory (DFT), Transition State Theory (TST), Rate constant, 

Chlorine 

 

Introduction 

Recently, theoretical studies based on the transition state theory (TST) have been carried out 

by many chemists for many reactions. In this work, we have used DFT–TST calculations to 

evaluate the rate constant kTST(T) for reaction (1). 

(1)            Cl2(g) + Br(g) → ClBr(g) + Cl(g)  

We performed DFT calculations of the electronic structures of reactants, products and 

activated complex involved in reaction (1). We used the electronic structure results with along 

the transition state theory to evaluate the rate constant kTST(T). 

 

Computational method 

All the DFT calculations reported in this paper were performed with the Gaussian program 

using the 6-31G(d) basis set. Each species is taken in the ground state. The structures of the 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1436

various stationary points were fully optimized and using a gradient convergence tolerance of 

less than 10-4. The stationary structures, harmonic vibrational frequencies and zero point 

energy (ZPE) corrections for reactants, products and transition state Br-Cl-Cl complex are 

determined [1,2,3]. The rate coefficient for reaction becomes 

(2)  ்݇ௌ்ሺT) ൌ ಳT୦ୡ˚ eି∆‡G°/RT ൌ ಳT୦ e൬୬ା∆‡S°R ൰eషಶೌRT ൌ AeషಶೌRT                                                                                  

c˚ represent standard concentration. The activation energy of the reaction can be calculated by 

using only the energies of the transition state and of the reactants, and the energy barrier is 

obtained according to the following equation: 

(3)         Ea = ETS – ER + ZPETS – ZPER 

For reaction energies at 298 K, thermal corrections (TCE) are applied [4,5,6]. Using the 

information in table 1, the enthalpy changes and Gibbs free energy changes of reaction can be 

calculated by 

(ܭሺ298.15°ܪ∆         (4) ൌ ∑ ሺߝఖ  (ఖܪ െ ∑ ሺߝఖ  ఖ)௧௧௦ௗ௨௧௦ܪ  

(ܭሺ298.15°ܩ∆         (5) ൌ ∑ ሺߝఖ  (ఖܩ െ ∑ ሺߝఖ  ఖ)௧௧௦ௗ௨௧௦ܩ  

 Also, entropy changes of reaction at 298.15 K can be calculated from ∆ܪ°ሺ298.15ܭ) and ∆ܩ°ሺ298.15ܭ). 

 

Results and Discussion 

The thermochemistry outputs from Gaussian are summarized in table 1.  
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Table 1:Calculated thermochemistry values from Gaussian for the reaction Cl2 + Br → ClBr + Cl 

    All values are in Hartree/particle. 

 

ɛo 

 Br-Cl-Cl Br Cl-Cl Br-Cl Cl 

 -3492.0175 -2571.6569 -920.3499 -3031.8757 -460.1362 

ɛZPE  0.001160 0.000000 0.001179 0.000991 0.000000 

Etot  0.005919 0.001416 0.003751 0.003628 0.001416 

Hcorr  0.006863 0.002360 0.004695 0.004572 0.002360 

Gcorr  -0.030516 -0.016830 -0.020672 -0.022684 -0.015677 

ɛo + ɛZPE  -3492.0163 -2571.6569 -920.3487 -3031.8747 -460.1362 

ɛo + Etot  -3492.0116 -2571.6555 -920.3461 -3031.8721 -460.1348 

ɛo + Hcorr  -3492.0106 -2571.6545 -920.3452 -3031.8712 -460.1339 

ɛo + Gcorr  -3492.0480 -2571.6737 -920.3705 -3031.8984 -460.1519 

 

The pre-exponential factor and activated energy values of the reaction were found to be 

2.28×1010 L mol-1 s-1 and 460 cal mol-1 using equation 2 and 3 respectively. The enthalpy and 

Gibbs free energy of reaction (1) was predicted to be -3.33 kcal mol-1and -3.79  kcal mol-1 

using equation 4 and 5 respectively at 298.15 K in gas phase. Finally the rate constant is 

calculated using Eq.(2). The rate constant of Cl2(g) + Br(g) → ClBr(g) + Cl(g) reaction is 

predicted to be 1.04×1010  L mol-1 s-1 at 298 K. 
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Introduction 

In recent years, extensive efforts have been focused on iron oxide nanoparticles due to 

their potential applications in different area. One of the important uses of magnetic 

nanoparticles (MNPs) is magnetic separation, especially in biological species separation. In 

this case, modified MNPs with affinity to purpose species are mixed, in mixing process the 

particle tag to the species. Then an external magnetic field applied to separate the tagged 

particles from the system [1]. Furthermore, in many industrials, removal of toxic dyes from 

wastewater is great interest. Little work has been reported on the use of MNPs to remove 

toxic dye from wastewater [2]. In current study, the Fe3O4/Al2O3 MNPs are synthesized and 

then this particles are used for removal of a cationic dye; malachite green, MG, from aqueous 

solution. 

Methods 

FeCl2, FeCl3 and HCl were mixed in degassed water. NaOH was added to this solution 

at 80 °C with continuous stirring. The wet particles were dried in oven. Al2O3 was dissolved in 

ethanol while Fe3O4 was added to this solution, under ultrasonic irradiation and the mixture of 

double distilled water with ethanol was added to this solution. MNPs were washed repeatedly 

with ethanol and dried in oven. 

 

Results and discussion  

The X-ray diffraction pattern was obtained for adsorbent to determine its properties 

and size (GBC X-ray diffractogram). Fig. 1 shows the wide angle X-ray diffractogram for the 
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synthesized Fe2O3/Al2O3 MNPs. The average crystallite size was 14 nm which calculated 

from X-ray diffraction peak using the Scherrer,s formula [3]. 

Dye removal experiments were carried out by adding the dry weight of Fe3O4/Al2O3 MNPs in 

a range of 0.05- 0.4 by keeping the dye concentration constant 50 ppm. Followed by shaking 

at 200 rpm and centrifuged, the equilibrium concentrations of dye were measured with a UV-

VIS spectrophotometer. The obtained results are shown in Fig. 2. From this figure it can be 

observed that the dye adsorption increases with increasing of adsorbent weight. The amount 

of adsorption at equilibrium, qe (mg/g) was calculated by: 

qe=(C0-Ce) ܸ ൗܯ                                                                                                                     (1) 

 where C0 and Ce (mg/l) are concentration of dye at initial and equilibrium, V is the volume of 

the solution (L) and M is the mass of dry used MNPs (g). The maximum dye removal was 52 

mg/g. Several affecting factors and the adsorption kinetics of MG into the Fe3O4/Al2O3 MNPs 

are investigated. 

  

 

Fig 1. The XRD pattern of Fe3O4/Al2O3 MNPs. Fig. 2. Effect of different amount of Fe3O4/Al2O3 MNPs on 

the adsorption of MG. 

  

Conclusion 

A fast, simple and new magnetic removal of dye from aqueous solution has been 

successfully developed with Fe3O4/Al2O3 MNPs as adsorbent. MNPs with average size 

distribution of 14 nm have been utilized for malachite green dye removal. The maximum dye 

removal was 52 mg/g. 
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Introduction 

   Electron transfer has been extensively studied in the context of biological processes, 

sensors, artificial photosynthesis, and molecular electronics. Marcus theory predicts that the 

rate of electron transfer between a donor and an acceptor is dependent on the Gibbs free 

energy (G), reorganization energy (λ), temperature (T) and the electronic coupling between an 

electron donor and acceptor (HAB). Recent interest in surface (electrode) modification has led 

to the study of electron transfer using electrodes modified with self-assembled monolayer's 

(SAMs) [1-3]. 

 

Results & discussion 

    SAMs provide an excellent platform for exploiting electrochemistry to study electron 

transfer processes because each variable (∆G, HAB, λ, T) can be controlled experimentally. 

For example, SAMs allow double layer effects to be controlled and eliminate problems 

associated with diffusive mass transport. Redox-modified SAMs have been designed to 

systematically study the correlation of ∆G, and HAB to SAM components. A variety of 

electrochemical techniques are used to probe each of these electron transfer variables. The 

bridge controls the distance and coupling between the redox center and the electrode. 

Reorganization energy can be probed by changing the molecular environment of the redox 

center by using a variety of solvents or by changing the SAM composition. The effects of 

changing each of these variables can be quantified using electrochemical techniques. 

 SAMs are ideal systems for using electrochemistry to study long-range electron transfer 

events on electrodes. However, the multitude of electrochemical techniques available (and 

subsequent data analysis) can be daunting to novices of the field. In this work, we describe the 

most commonly used electrochemical methods to measure k and HAB using redox-modified 

SAM systems in different substrates. These analytical methods include cyclic voltammetry, 
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AC voltammetry, chronoamperometry, and electrochemical impedance spectroscopy. Each of 

these methods has advantages and limitations. Further, a detailed description of data analysis 

for each of these techniques will be described.  

 

Conclusion: 

   The composition and integrity of the monolayer and the electrode material influence the 

electron transfer kinetics and can be investigated using electrochemical methods such as 

cyclic voltammetry, AC voltammetry, chronoamperometry, and electrochemical impedance 

spectroscopy. 
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Abstract 

Room-temperature ionic liquids (RTILs) have recently gained increased interest as potential 

“green” replacements for volatile organic solvents due to their unique properties.[1-2] These 

compounds are typically composed of organic cations with organic or inorganic anions and 

have negligible vapor pressure and a wide liquid range (i.e., over 300 K).7 An ideal solvent 

should have a very low volatility and should be chemically and physically stable, recyclable, 

reusable, and eventually easy to handle. Moreover, solvents that allow more selective and 

rapid chemical transformations will have a significant impact. Ionic liquids were recognized 

as a novel class of solvents.8 Initially developed by electrochemists, they are increasingly 

implied in many applications such as electrolytes for electrochemical devices and processes 

and solvents for organic and catalytic reactions as well as for separation-extraction processes 

and production of new materials.[3-4] Solvatochromic parameters have been demonstrated to 

be successful in correlating a wide range of chemical and physical properties, involving 

solute-solvent interactions as well as biological activities of compounds. In this work, four 

solvatochromic parameters (i.e., ET N, normalized solvent polarity parameter; ð*, 

dipolarity/polarizability; â, hydrogen-bond acceptor basicity; R, hydrogen-bond donor 

acidity) have been determined for new synthesized ionic liquids at 25 °C. The solvatochromic 

indicators used are Reichardt’s betaine dye for solvent polarity (ET(30) scale) as well as 4-

nitroanisole and 4-nitroaniline for measuring the Kamlet-Taft parameters.[5]  

 

Experimental 
Ionic liquids were synthesized as described in following. 0.1 mol of given amine was placed 

in a three necked flask equipped with a dropping funnel, a reflux condenser and a 

thermometer. 0.1 mol of given acid was added dropwise to the flask while the solution was 

stirring vigorously. Stirring was continued for 24 h at room temperature to obtain a colorless 
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viscous clear liquid. The prepared IL was identified by FT-IR and H-NMR spectroscopy. 

Using Karl Fisher titration, no water  

was found in freshly prepared IL. Solvatochromic parameters of ionic liquids were obtained 

as described in literature.  

 

 

Results and discussion 

 Obtained solvatochromic parameters have been reported in table 1.  

 

Conclusion 

The ET
N 

parameters will be reported subsequently. 

 

Conclusion 

With changing of functional groups in ionic liquid’s anion, β parameter showed the most 

sensitivity among other parameters. But with changing of functional group in cation, α and π* 

showed the most sensitivity. Also, obtained resultys demonstrated that solvatochromic 

parameters don’t alter remarkably by increasing length of carbonic chain. 

 

 

*π β α  ionic liquid 

1.15 0.59 1.01 2-hydroxy ethyl ammonium 

format 

1.21 0.92 0.99 2-hydroxy ethyl ammonium 

acetate 

1.25 0.51 0.97

 

2-hydroxy ethyl ammonium 

dicholoro acetate 

1.23 0.94 0.73 Triethyl ammonium  acetate 

1.18 0.90 0.79 Ethyl ammonium acetate 

1.16 0.92 0.68 Dimethyl ammonium acetate 
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Introduction  

Reactions of free radicals and reactive oxygen species (ROS) with biological molecules in vivo 

play an important physiological role in many diseases [1-2]. 2,2-diphenyl l,1-picrylhydrazyl 

(DPPH) is a stable free radical and often used as substrate to evaluate the antioxidant capacity 

of an antioxidant [3]. This study was undertaken to investigate the free radical-scavenging and 

antioxidant activities of zinc, vitamin C and mixture of them. UV-Vis spectrometry method 

was used to evaluate the ability of zinc, vitamin C and mixture of them to scavenge DPPH 

radical. The kinetic parameters such as rate constant and activation energy in experimental 

conditions were calculated.  

 

Methods 

UV-Vis    assay for DPPH  

The H-transfer reactions from an antioxidant to DPPH were monitored using UV-Vis 

spectrophotometer (Perkin-Elmer Lambda 25). The temperature in the cell was kept at 25oC 

by using a circulator. In a typical procedure, to 3mL of a freshly prepared 2×10-5
 M solution 

of DPPH in acetonitrile, placed in the spectrometer cell, was added 30-80 µL of a freshly 

prepared 2×10-2 M solution of the antioxidant in the same solvent. Spectra were recorded 

every 1 min for the determination of rate constants.  

 

Results and discussion 

We have studied the ability of the antioxidants of zinc, vitamin C and mixture of them to 
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neutralize the free radicals such as DPPH radicals [4]. The decrease in DPPH absorption in 

the presence of zinc, vitamin C and mixture of them was monitored by measuring absorption 

spectra in the range of 400-900 nm at 25oC (Fig. 1A, B and C). The rate constants of the H 

atom abstraction by DPPH ( 1k ), in the presence of zinc, vitamin C and mixture of them were 

obtained (0.4209, 2.092 and 1.82 min-1) respectively, under pseudo-first-order conditions at 

25oC. 

 

Conclusions 

The free radical-scavenging activities and rate constants values discriminate well between 

zinc, vitamin C and mixture of them, showing that the vitamin C have better antioxidant 

properties at 25oC. The activation energies were obtained (43.14, -59 and -45.56 kJ.mol-1) for 

zinc, vitamin C and mixture of them, respectively at (25 oC-40oC) temperature range. 

 

 
 
 
  
 

 
 

 

 
 
 
 
 
 
 
 
 

Figure 1- The spectra of DPPH in the presence of (A) zinc a) at time zero b) t = 16 min  (B) vitamin C a) 
at time zero b) t = 4 min (C) zinc and vitamin C a) at time zero b) t = 3 min. 
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Introduction  

There has been an increasing concern for free-radical clearance. Human body contains various 

biomacromolecules such as proteins, lipids, vitamins, and carbohydrates, which are 

vulnerable to be attacked by reactive oxygen species (ROS). ROS include superoxide radical 

anion (O2−), hydrogen peroxide (H2O2), hydroxyl radical (•OH) and singlet oxygen (1O2), 

which are normally generated during physiological metabolic activities [1,2]. ROS have been 

linked with aging and many degenerative diseases such as cancer, inflammation, immune 

system decline, cardiovascular diseases, neurological diseases, and atherosclerosis [3,4]. 

While synthetic antioxidants have potential health hazards, the search for natural radical 

scavengers (antioxidants) is of great interest among scientists [5,6]. 

Antioxidants are defined as substances that, when present at low concentrations 

compared with those of an oxidizable substrate, significantly delay or prevent oxidation of 

that substrate.6 Small-molecule antioxidants can be present extra- and intracellularly. 

Antioxidants work by preventing the formation of new free radical species, by converting 

existing free radicals into less harmful molecules, and by preventing chain reactions. DPPH is 

a stable free radical having maximum absorption at 517 nm [7] that accepts an electron or 

hydrogen radical to become stable diamagnetic molecule. In addition, DPPH is often used as 

substrate to evaluate the antioxidant capacity of an antioxidant (the unpaired electron is 

delocalized over N atoms and over O atoms, respectively).  

In this study antioxidant effect of saffron calycle extract on DPPH scavenging has been 

studied. 
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Figure 1- The spectra of DPPH (2×10-4 mol/L)  in the 
presence of  0.01 ml extract of saffron calycle (T=25oC) 

Methods 

UV-Vis assay for DPPH  

The H-transfer reactions from an antioxidant to DPPH were monitored using UV-Vis 

spectrophotometer (Perkin-Elmer Lambda 25). The temperature in the cell was kept at 25oC 

by using a circulator. In a typical procedure, 3mL of DPPH solution (2×10-4
 M) in 

acetonitrile, placed in the spectrometer cell, then 0.01 ml extract of saffron was added as an 

antioxidant. UV-Vis Spectra were recorded every 2 minute for the determination of rate 

constants.  

 

Results and discussion 

We have studied antioxidant effect of saffron calycle extract to neutralize the free radicals 

such as DPPH. The decrease in DPPH absorption in the presence of saffron calycle extract 

was monitored by measuring absorption spectra in the range of 400-900 nm at 25oC (Fig.1) 

The rate constants of the H atom abstraction by DPPH ( 1k ), in the presence of different 

amount of antioxidant (0.01, 0.02, 0.03 and 0.05 ml) were obtained 8.51×10-2, 1.37×10-1, 

2.21×10-1, 3.71×10-1  min-1 respectively, under pseudo-first-order conditions at 25oC. 

 
 

 

 

Conclusions 

The result of this study shown saffron calycle extract has a dramatic antioxidant effect. The 

rate constant of DPPH scavenging in the presence of saffron calycle extract has been 

increased by increasing of antioxidant. Saffron calycle extract, representing a complex system 

containing a variety of organic compounds with antioxidant and radical - scavenging activity, 
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has the potential to serve as a significant source of natural antioxidants in human nutrition. 
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The 1,3-dibora-cyclobot-2-ylidene [1] is one of the most intriguing organo-boron 

compounds, and its unique bonding situation has stimulated much activity[2], and theoretical 

chemistry[3]. Singlet and triplet states of 1,3-dibora-cyclobot-2-ylidenes appear planar. In 

contrast, triplet states of sila-1,3-dibora-cyclobot-2-ylidenes appear planar while their 

corresponding singlet states are non-planar[4]. 

Singlet–triplet energy separations (∆G(T-S)) for 1,3-dibora-cyclobot-2-ylidene are 

calculated and compared with their sila, analogues; at UB3LYP/ 6-311++G(3df,2p) levels of 

theory. Our calculation show 1,3-dibora-cyclobot-2-ylidene species have higher ∆G(T-S) than 

their corresponding sila analogues. 

 

 

 

 

 

            S-X-C                         S-X-Si                  S-X-Ge                     S-X-Sn                     S-X-Pb 

            And                              And                      And                           And                         And 

                T-X-C                        T-X-Si                   T-X-Ge                      T-X-Sn                    T-X-Pb 

 

Fig. 1 Homologues divalent species of group 14 in the periodic table: 

Series of halogenated cyclic carbenes, silylenes, germylenes, stanylenes and plumbylen 
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Table 5.Energy difference between X-singlet and the 

corresponding X-triplet: E B(Triplet- Singlet)B, H 

B(Triplet- Singlet)B and G B(Triplet- Singlet)B, for studied 

compounds. 

 

  ΔE(T-S) ΔH(T-S) ΔG(T-S) 

H-C 45.35 45.35 44.58 

F-C 27.94 27.94 27.05 

Cl-C 32.67 32.67 31.49 

Br-C 33.18 33.18 31.60 

I-C 34.36 34.36 33.26 

        

H-Si 12.79 12.79 11.65 

F-Si 2.57 2.57 1.69 

Cl-Si 4.33 4.33 3.31 

Br-Si 5.61 5.61 4.97 

I-Si 4.44 4.44 2.88 
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Introduction 

Nowadayes solid-phase extraction is being widely used for separation of cations[1,2]. Ion-

imprinted sorbents have outstanding advantages such as predetermined selectivity and can be 

useful to solid-phase extraction of transition metal ions in complex matrix [3].But the kinetics 

and thermodynamic parameters and mechanism of adsorption process has not been studied. In 

this research the kinetic and thermodynamic parameters for Cu2+ removal by Cu(II)-imprinted 

silica gel was investigated. 
 

Experimental 

N,N'-bis(4-hydroxy salicylidene)ethylene-1,2-diamine, H2[((OH)2-salen)]ligang was 

synthesized and characterized by FT-IR and UV-vis spectroscopy. This  ligand then employed 

to synthesis of Cu(II)-H2[((OH)2-salen)] complex. The product was also characterized by FT-

IR and UV-vis spectroscopy, and then was covalently anchored on silica gel surface. This 

anchorage was confirmed by thermal gravimetric analysis. The Cu content of the solid product 

was removed and leaved the Cu-imprinted silica gel sorbent. This sorbent was applied as a new 

sorbent for solid-phase extraction of Cu2+under different experimental conditions which were 

optimized. 

 

Result and discussion 

 1-Adsorption isotherms 

Tow isotherms were tested for their ability to describe the experimental results, namely 

theLangmuire isotherm and the Freundlichisotherm.As can be seen in Table 1, Langmuire 

isotherm has good regression coefficient that shows the adsorption obeys this model[4]. 

According to this observation the results were interpreted. 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1456

 

 

 

 

Table1:Compersion of Langmuire and Freundlich parameters 

2-Thermodynamic parameters 

The effect of temperature on the removal of Cu2+ was also studied. It was found that the 

adsorption capacity increases as temperature increasing. To calculate values of the 

thermodynamic parameters describing the Cu2+ adsorption by Cu(II)-imprinted sorbent the Van 
’t Hoff equation (also known as the Vukancic-Vukovic equation) was used.The values of ∆Ho 

and ∆So are 47.60 and 40.34 J/mol that shows that the adsorption process is endothermic 

(∆Ho>0). ∆So>0 indicates that the entropy of Cu2+ ions adsorbing on ion-imprinted sorbent is 

higher than the hydrated lattice in solution phase.The calculated Gibbs free energy was 

calculated  at 298°, 318° and 328° k were respectively-11.97, -12.78 and-13.18which indicates 

that the adsorption process is spontaneous. 

3-Adsorption kinetics 

The modeling of the kinetics of adsorption of Cu2+ on Cu(II)-imprinted sorbent was 

investigated by two common models, namely the Lagergren pseudo-first-order model and 

pseudo-second-order model.None of these models could not describe the adsorption kinetics 

withgood agreements with experimental results. The results were interpreted. 

4-Adsorption mechanism 

In order to gain insight into the mechanisms and rate controlling steps affecting the kinetics of 

adsorption, the kinetic experimental results were fitted to the Weber’ s intraparticle diffusion. 

This model is expressed as: qt = kid t
1/2 + C .The intercept of the linear plot of qtaganst t1/2  

reflects the boundary layer effect.It found  that the intraparticle diffusion was not only rate-

controlling step. 

 

 

 

Isotherms parameters R2 

Langmuire 
qo=27.78 (mg/g) 

b =0.0202 (L/mg) 
0.992 

Freundlich 
Kf = 3.264 

n = 3.195 
0.883 
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Conclusion 

Kinetics and thermodynamic parameters calculated in this study show that adsorption of Cu2+ 

on the Cu(II)-imprinted silica gel sorbent is mono layer adsorption with ∆Ho>0,∆So>0 and  

∆Go<0. 
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Introduction 

        Unfortunately, some of countries are not obey any international decisions, still Chemical Warfare 

Agents (CWAs), agricultural toxics and etc. are damaged environmental and human being life [1, 2]. 

Limited use of CWAs and uncontrolled agricultural toxics can produce massive injury and death in 

those who are unaware and unprepared [3] this is the main reason of our research ,the other word we 

can also consider ZnO nanoparticles have relieved great attention because of the unique 

catalytic, gas sensing, optical proprieties and cape energy equal to 3.4 ev. 

Their non-toxcity, good electrical, optical and piezoelectric behavior make a unique 

application in solar cells ultraviolet lasers, transparent conductive oxides and etc. Our 

previous research has made nanocomposite of ZnO-CdO and have done a comprehensive 

kinetic studies over it , due to cape energy of CaO(6.9 ev) and economical view of it , we 

decided to synthesisZnO-CaO nano composite and determine rate of reaction at different 

temperatures and effect of solvent have also been studied.By reviewing literature we consider 

any one has not been done investigated kinetic verification of ZnO-CaO nano composite so 

far. It may consider our information may useful infield of decontamination  Warfare agents 

,solar structure, laser science and so on. 

 

Experimental 

   All of used chemicals in our experiments were of AR grade. Zinc nitrate hexahydrates 

(Zn(NO3)2.6H2O), calcium nitrate tetrahydrates (Cd(NO3)2.4H2O) and polyvinyl alcohol (PVA) 

purchased from Loba Chimie (India). Sodium hydroxide (NaOH solvent purchased from Merck. 

Dimethyl methylphosphonate (DMMP)  of more than 98% purity was purchased from Aldrich. 

PNMR spectroscopy was 250 MHz perkins. 
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Results and discussion 

   ZnO-CaO nano composite was synthesized by sol-gel pyrrolysis method based on the 

polyvinyl alcohol (PVA) polymeric network. The prepared nanocomposite was carefully 

characterized using scanning electron microscopy, X-ray dispersive energy analysis and x-ray 

diffraction. This average diameter was calculated by using Scherrer formula [4]: 

 ݀ ൌ 0.94 λ
βcosθ  

Where d, λ, θ and β are the mean average diameter, the X-ray wavelength (λ = 1.5406 Å), Bragg 

diffraction angle, and full width at half maximum (FWHM). The average diameter of prepared ZnO-

CaO nanocomposite was found to be about 45nm , then kinetic studies of the composite has been 

investigate intemperature15,25,35&45oC it has observe the rate of the reaction has been obey 

first order (viz:figures1&2). The effect of solvents have also been investigated. It can 

concluded (Table 1) the slowest reaction has been run in  methanol solvent . 

  

        

Figure-1:lna/(a-x);y-axis  VS   time x-axis in temperature 450C            Figure-2:lna/(a-x);y-axis  VS   time x-axis ;  in temperature 150C 
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Time 

(h) 

Methanol solvent Ethanol solvent Solvent Pentanol  

Molar 
concentration of 

DMMP in time 
(M)  

Percentage of 
decreasing 
concentration 
of DMMP 

Molar 
concentration of 

DMMP in time 
(M) 

Percentage of 
decreasing 
concentration 
of DMMP 

Molar 
concentration of 

DMMP in time 
(M) 

Percentage of 
decreasing 
concentration 
of DMMP 

0 0.03 0 0.03 0 0.03 0 

2 0.0273 9.34 0.0257 14.10 0.0196 34.51 

3 0.0245  18.22 0.0215 28.43 0.0143 52.16 

4 0.0230 23.32 0.0187 37.65 0.0114 62.08 

5 0.0211 26.57 0.0164 45.17 0.0069 77.04 

 Table-1: Compare the deceasing concentration of DMMP with Nano Zno-CaO composite in different  

solvents.  

 

Conclusion 

Order of the reaction between DMMP and nano composite ZnO-CaO with respective to 

DMMP is equal to one.  Along methanol, ethanol and pentanol solvents  , the suitable solvent 

for the adsorption of DMMP on nanocomposite is pentanol.  
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1,3-Dipolar cycloadditions offer suitable one-step routes for the production of a variety of 

five-membered heterocycles [1]. High stereospecificity/stereoselectivity associated with these 

reactions makes them synthetically significant [2]. Since the hetero-atoms such as nitrogen 

and oxygen are pharmacologically important, 1,3-dipolar cycloaddition reactions of nitrones 

with alkynes are one of the most valuable reactions in organic synthesis [3]. In this research, 

we extended our studies to discover the effect of substituent on the 1,3- dipolar cycloaddition 

reactions of substituted nitrones with acetylene (Fig. 1) by applying the Hammett equation 

(Eq. 1) [4]: 

 

 

 

 

 

Fig. 1. The 1,3- dipolar cycloaddition reaction of nitrones with acethylene 

 

                                                                  

where kx is the rate constant for a substituent in para or meta position with respect to the side 

chain of a benzene derivative and kH is the corresponding quantity for the unsubstituted 

compound;  is the Hammett substituent constant which depends on the nature of substituent 

and  is a constant for a given reaction under a given set of conditions. The Hammett equation is an 

important example of linear free energy relationships (LFERs) which is widely used in studies 

of the chemical reactivity of substituted benzenes [5].   

(Eq. 1)  
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The structures corresponding to the reactants, TSs and products were optimized using the 

Gaussian 03 computational package [6] and with DFT method. The optimized geometries of 

the stationary points on the potential energy surfaces (PES) were performed using the Becke
,
s 

three-parameter hybrid exchange functional with the correlation functional of Lee, Yang and 

Parr (B3LYP) with the 6-31+G* basis set.  

The theoretical activation parameters and nT (position of the transition structure along the 

reaction coordinate) were calculated at 298.15K (Table 1). 

The Hammett  value of 1.0371 is obtained in the reaction of nitrones with acetylene and the 

correlation coefficient between log(kx/kH) and σp is 0.9771 (Fig. 2). This Hammett  value 

indicates that the electron withdrawing groups moderately increase the rate of reaction. 

 

Table 1. Activation parameters and positions of the transition structures for the studied reactions  

X  G   H   S  aE  810k  Hx kk /log  
Tn  

H 30.048 18.958 -37.199 20.143 1.421 0 0.355 

Cl 29.807 18.698 -37.262 19.181 2.135 0.176 0.351 

CN 29.037 17.907 -37.332 19.092 7.839 0.741 0.339 

F 30.011 18.899 -37.274 20.084 1.513 0.027 0.354 

CHO 29.144 17.996 -37.571 19.181 6.547 0.663 0.341 

NH2 30.818 19.787 -36.996 20.972 0.387 -0.564 0.366 

NHCH3 31.051 19.890 -37.437 21.075 0.261 -0.735 0.370 

NO2 28.764 17.602 -37.440 18.787 12.420 0.941 0.335 

OCH3 30.454 19.414 -37.031 20.599 0.716 -0.297 0.361 

OH 30.399 19.348 -37.071 20.532 0.786 -0.257 0.360 

 
 

 

 

(Kcal mol-1) (cal mol-1 K-1)(Kcal mol-1) (Kcal mol-1) (mol/L)-1S-1
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y = 1.0371x + 0.0665
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Our results show that: 

1. The reaction rate is increased by the electron-withdrawing groups (CN, NO2, CHO) and is 

decreased by the electron-releasing groups (NH2, OH, NHCH3). 

2. The NO2-substituted product is the most stable kinetic product. 

3. The values of nT for various substituents are less than 0.5 which means the structures of 

transition states have less resemblance to the products. 
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Fig. 2. Regression plot between log(kX / kH) and 
Hammett substituent constant at the para 

position )( P for the studied reactions 
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 Abstract 

Daunomycin (or daunorubicin) and adriamycin (or doxorubicin or 14-hydroxydaunomycin) 

are well known anti-cancer agents. They are commonly used in the treatment of a wide range 

of cancers, including hematological malignancies, many types of carcinoma, and soft tissue 

sarcomas. Molecular geometries of the anti-cancer drug molecules adriamycin and 

daunomycin were optimized using the B3LYP and HF levels at 6-31G* basis  set ,then this 

results were compared with experimental values. 

 

Keywords: Anti-cancer drugs; Molecular geometry; Ab initio calculation; 

 

Introduction: 

Adriamycin and Daunomycin are drugs used in cancer chemotherapy. They are anthracycline 

antibiotics and they are commonlyused in the treatment of a wide range of cancers. 

Biochemical evidencesuggests that these drugs make omplexes with DNAand thus block the 

processes of replication andtranscription [1–2]. Adriamycin has a wide spectrumof anti-cancer 

activity and has been used to treat acutelymphoblastic and myeloblastic leukaemias, 

malignant ymphomas of both Hodgkins and non-Hodgkins types, carcinoma of different parts 

of thehuman body, e.g. breast, lung, bladder, thyroid andovary, etc. [3–4]. Daunomycin is 

particularly usefulto treat leukemia in human beings. The structures ofadriamycin and 

daunomycin are only slightly different,but their activities are appreciably different (Fig. 1). 
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Fig. 1. Structures of adriamycin (R = OH) and daunomycin (R = H). 

 

  

Method:  

Molecular geometries of adriamycin and daunomycin (Fig. 1) were optimized using the 

restricted Hartree–Fock (RHF) procedure employing the 6-31G and 6-31G* basis sets. It was 

not possible to employ a more sophisticated basis set due to large sizes of the molecules. 

 

Results and discussion 

Molecular geometries of adriamycin and daunomycin(Fig. 1) were optimized using the 

Hartree–Fock (RHF) and B3LYP procedure employing the 6-31Gand 6-31G* basis sets. It 

was not possible to employ a more sophisticated basis set due to large sizes of the molecules. 

The molecular structures of adriamycin anddaunomycin are shown in Fig. 1. The geometries 

of these molecules optimized using the 6-31G and 6-31G* basis sets at the RHF level are 

presented in Table 1. Experimental X-ray crystallographic values of bond lengths, bond 

angles and dihedral angles of daunomycin [5] are included in Table 1 for the sake comparison 

with the calculated results.Table 1:Optimized bond lengths and bond angles of adriamycin and daunomycin using 

the 6-31G and 6-31G* basis sets.Values given in parentheses were obtained using the 6-31G* basis set 
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Exptb  Daunomycin(B3LYP)  Daunomycin(HF)  Adriamycin(B3LYP)  Adriamycin(HF) 

Geometrical 
parameters(Bond 
lengths and Bond 

angles) 
1.32 (1.392) 1.381 (1.381)  (1.383) 1.381(1.381)  C2C3  
1.39 (1.389) 1.383 (1.380) (1.382) 1.383(1.380) C2C1  
1.40 (1.395) 1.385 (1.385)  (1.385) 1.385(1.385) C1C16  
1.36 (1.411) 1.402 (1.399)  (1.396) 1.403(1.399) C15C16  
1.43 (1.426) 1.407 (1.411)  (1.404) 1.406(1.411) C4C15  
1.41 (1.403) 1.393 (1.392)  (1.390) 1.393(1.392) C4C3  
0.98 (1.082) 1.069 (1.071)  (1.069) 1.069(1.071) C3H3  
1.01 (1.086) 1.072 (1.075)  (1.072) 1.072(1.075) C2H2  
1.34 (1.349) 1.354 (1.332)  (1.345) 1.354(1.332) C4O4  
1.46 (1.421) 1.432 (1.401)  (1.432) 1.432(1.401) O4C23  
1.16 (1.097) 1.082 (1.084)  (1.081) 1.082(1.084) C23H23  
1.50 (1.477) 1.482 (1.493)  (1.476) 1.482(1.493) C5C15  
1.46 (1.480) 1.476 (1.482)  (1.485) 1.477(1.483) C5C17  
1.37 (1.423) 1.420 (1.426)  (1.408) 1.420(1.425) C17C18  
1.46 (1.484) 1.459 (1.468)  (1.485) 1.460(1.469) C18C12  
1.50 (1.502) 1.484 (1.496)  (1.491) 1.484(1.496) C12C16  
1.25 (1.225) 1.237 (1.209)  (1.217) 1.236(1.209) C12O12  
1.24 (1.246) 1.235 (1.208)  (1.230) 1.235(1.208) C5O5  
1.41 (1.414) 1.381 (1.379)  (1.392) 1.381(1.379) C6C17  
1.36 (1.392) 1.369 (1.365)  (1.383) 1.369(1.365) C19C20  
1.44 (1.339) 1.428 (1.403)  (1.427) 1.438(1.412) C9O9  
1.09 (0.979) 0.956 (0.950)  (0.954) 0.958(0.951) O9H9  
1.01 (1.099) 1.081 (1.082)  (1.085) 1.081(1.082) C10H10  
1.20 (1.221) 1.221 (1.194)  (1.214) 1.218(1.192) C13O13  
0.99 (1.095) 1.082 (1.084)  (1.084) 1.084(1.088) C14H14  
1.50 (1.510) 1.497 (1.510)  (1.506) 1.511(1.525) C13C14  
1.00 (1.017) 0.995 (1.002)  (0.994) 0.995(1.002) N22H22  
          Bond angles  

124.4 (120.591) 120.2 (120.7)  (120.541) 120.2(120.7) C3C2C1  
115.8 (119.635) 119.4 (119.1)  (119.285) 119.4(119.1) C2C1C16  
123.1 (121.275) 121.7 (121.8)  (121.352) 121.7(121.8) C1C16C15  
118.2 (118.374) 117.9 (118.3)  (118.574) 117.9 (118.3)  C16C15C4  
119.2 (119.498) 120.0 (119.3)  (119.801) 120.0 (119.3)  C15C4C3  
119.3 (120.624) 120.7 (120.8)  (120.411) 120.7 (120.8)  C4C3C2  
116.6 (119.153) 119.0 (118.6)  (118.043) 119.0 (118.6)  C15C5C17  
123.2 (121.836) 121.1 (121.2)  (120.805) 121.1 (121.2)  C5C17C18  
119.9 (119.530) 119.6 (119.8)  (118.232) 119.6 (119.8)  C17C18C12  
118.0 (117.890) 119.3 (118.8)  (117.421) 119.4 (118.8)  C18C12C16  
120.0 (120.488) 121.0 (120.4)  (120.829) 120.9 (120.4)  C17C6C19  
120.6 (119.411) 120.3 (120.4)  (119.087) 120.4 (120.5)  C6C19C20  
119.3 (120.213) 119.1 (119.5)  (119.938) 119.5 (119.5)  C19C20C11  
119.3 (120.727) 120.9 (120.3)  (121.095) 120.9 (120.3)  C20C11C18  
113.7 (116.686) 111.9 (112.3)  (115.844) 111.7 (112.2)  C7C8C9  
110.8 (108.782) 111.0 (110.4)  (109.209) 111.5 (110.7)  C8C9C10  
111.8 (115.408) 115.3 (115.6)  (114.329) 115.5 (115.7)  C9C10C20  
119.5 (119.393) 123.0 (121.0)  (122.950) 123.1 (121.0)  C4O4C23  
11.4 (105.794) 112.6 (108.8)  (113.844) 112.6 (108.8)  C6O6H6  

120.4 (109.249) 113.7 (109.6)  (115.288) 113.8 (109.6)  C11O11H11  
108.4 (111.579) 111.1 (111.5)  (110.959) 111.1 (111.5)  O4C23H23  
109.6 (105.119) 111.5 (109.0)  (112.204) 110.8 (108.6)  C9O9H9  
117.3 (117.060) 118.8 (119.4)  (117.255) 120.0 (120.6)  C9C13O13  
120.0 (122.296) 119.3 (119.0)  (120.808) 119.9 (119.1)  C9C13C14  

     (108.913) 113.3 (114.1)  C13C14O14  
107.5 (112.474) 111.5 (112.7)  (112.223) 111.3 (112.7)  C19C7O7  
111.3 (107.215) 109.6 (109.2)  (108.047) 109.8 (109.3)  C19C7H7  

 
Conclusion: 

 We arrive at the following conclusions from the present study. There is agreement  between 

experimental studies and theoretical study in this paper. 
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The hydrohalogenation and hydration of the asymmetric olefins (CH2=CHR) usually occur 

regio-specifically leading to the predominant formation of CH3-CHRX [1]. Electrophilic 

addition to alkenes is one of the most widely studied reactions and characterized by two 

important properties, reactivity and regioselectivity. Regioselectivity has been proposed to 

follow the empirical Markovnikov’s rule [2,3]. If the two carbon atoms at the double bond are 

linked to a different number of hydrogen atoms, the electrophilic species is preferentially 

went to the carbon atom with fewer hydrogen substituents (Markovnikov's rule) [4]. In this 

research, we extended the last studies on  the effects of electron-donating and electron-

withdrawing substituent groups in the electrophilic additions of HF, HBr and H2O to 

asymmetric olefins by the quantum chemical calculations (Fig.1).  

 

 

 

Fig. 1:The electrophilic additions of HF, HBr and H2O to asymmetric olefins 

 

All calculations were performed at the B3LYP/6-311G** level of theory using GAUSSIAN 03 

package of programs. The activation energies and reaction rate constants are shown in Tables 

1, 2 and 3.                    
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Table 1: Activation energy and rate constant values for the addition reactions of hydrogen fluoride to 

asymmetric alkenes 

  R  
         Markovnikov addition        Anti-Markovnikov addition

k(mol/L)-1  S-1      Ea (kcal/mol)      k (mol/L)-1  S-1  Ea (kcal/mol)      

NO2  5.980 × 10-28  74.920  9.114 × 10-24 41.931 

CH3CH2 5.011 × 10-10  47.962 1.387 × 10-15 56.005 

OCN 3.548 × 10-13 31.276 1.649 × 10-19 61.157 

OH 1.122 × 10-15 31.154 3.844 × 10-30  51.317 

Table 2: Activation energy and rate constant values for the addition reactions of hydrogen bromide to 

asymmetric alkenes 

  R  
         Markovnikov addition        Anti-Markovnikov addition

K(mol/L)-1  S-1      Ea (kcal/mol)      k (mol/L)-1  S-1  Ea (kcal/mol)      

NO2  9.988 × 10-24  42.529  2.057 × 10-21 39.106 

CH3CH2 3.781 × 10-12  26.676  3.227 × 10-18  35.227 

OCN 1.921 × 10-16 32.161 9.314 × 10-25 43.892 

OH     3.978 × 10-6    18.657 2.247 × 10-23 42.632 

Table 3: Activation energy and rate constant values for the addition reactions of water to asymmetric alkenes 

  R  
         Markovnikov addition        Anti-Markovnikov addition

k(mol/L)-1  S-1      Ea (kcal/mol)      k (mol/L)-1  S-1  Ea (kcal/mol)      

NO2  1.161 × 10-33 55.424                2.912 × 10-26 44.787                   

CH3CH2 2.056 × 10-29 49.543 1.631 × 10-33 55.712 

OCN 1.023 × 10-29 49.754                 1.423 × 10-23 55.367                   

OH 2.821 × 10-28 45.563 1.635 × 10-38 62.465 

 

The activation  energies in the two possible channels indicated that the alkenes with electron 

donating substituent groups (CH3CH2, OH and OCN) prefer to give Markovnikov products 

while the alkene with electron withdrwing substituent group (NO2) prefers to give anti-

Markovnikov product. This can be understood because the electron withdrawing group 

distorts the π electron cloud toward itself and then leads to anti-Markovnikov addition [5,6].  
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Introduction: 

Morphine is a therapeutic drug that is used commonly for the control of pain and also 

abused as an illicit drug. It is known as a highly addictive and potent narcotic but drug users 

prefer heroin because of its more intense immediate effect. As heroin is hydrolysed in the 

organism to morphine the knowledge of the morphine content of biological fluids and tissues 

is indispensable for forensic and therapeutic purposes [1]. Different methods have been 

developed for the determination of morphine such as gas chromatography [2], 

chemiluminescence [3] and Spectrophotometry [4].  

 

Methods: 

In this work, a simple, selective and rapid flow injection method has been developed for 

determination of morphine. The method is based on its inhibition effect on the reaction of 

spadns and bromate in sulfuric acid medium. The reaction was monitored 

spectrophotometrically by measuring spadns absorbance at λmax = 508 nm. Fig.1 shows the 

schematic diagram of the flow system. 

 

Results and discussion: 

 The reagents and manifold variables, which have influences on the sensitivity, were 

investigated and the optimum conditions were established. The optimized conditions made it 

possible to determine morphine in the ranges of 5.0– 70.0 ng mL-1 with a detection limit of 

3.3 ng mL-1 (s/n = 3). To study the selectivity of the proposed method, the effect of various 

species on the determination of 10.0 ng mL-1 of morphine was investigated. The tolerance 
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limit was defined as the concentration of added species causing a relative error less than 5%. 

The most of tested species did not interfere even when present in 100-fold excess over 

morphine. This shows that the proposed method is suitable for the determination of morphine 

in real samples. The proposed method has been successfully applied for analysis of ultra trace 

amounts of morphine in urine and morphine ampoules as real samples. The relative standard 

deviation (R.S.D.%) for 6 replicate measurements of 10, 40 and 55 ng mL-1 of morphine were 

0.38%, 0.41% and 0.25 %, respectively. 

 

Conclusions: 

This method can be used for the determination of nanogram amounts of morphine with a 

sample rate of 25±5 samples/h. The main advantages of the method are its simplicity and its 

large dynamic range which make it possible to determine morphine in the real samples with 

satisfactory results. 

 
Fig.1 Schematic diagram of the flow system. (flow rate of 0.3 mL/min for each channel, sample loop volume of 

200 µL, reaction coil length of 170 cm, absorbance wavelengths: λmax = 508 nm); S, injection valve; RC, reaction 

coil; temperature, 60 ˚C; D, spectrophotometer; PP, peristaltic pump. 
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Abstract 

In this paper we study kinetic and thermodynamic parameters for removal of methylene blue 

(MB) dye from aqueous solution by application nanoconducting polymer based on 

polyaniline (PAn) with coated on wood sawdust. It was found that second-order kinetics 

model (r2 = 1) is more better than first-order kinetics model (r2 = 0.586). The change in 

Gibb’s free energy (∆G°) , the change in entropy (∆S°) and the change in enthalpy (∆H°) were 

also investigated and calculated for this removal. 

 

Keywords: Nanoconducting polymer, Polyaniline, Methylenblue, Kinetic, Thermodynamic 

 

Introduction 

Some of the physicochemical methods that have been employed to remove dye from 

wastewater include chemical precipitation, coagulation, membrane filtration, electrolysis and 

oxidation. [1-3]. Polyaniline (PAn) is a poly aromatic amine that can be easily synthesized 

chemically from bronsted acidic aqueous solutions [4]. Study of removal kinetic is important 

to evaluate an adsorption dynamics. In order to determining mechanism of adsorption 

processes such as chemical reaction and removal, the pseudo-first-order adsorption and the 

pseudo-second-order were used to examine the experimental data [5]. To study the effect of 

thermodynamic parameters, such as, the change in Gibb’s free energy (∆G°) , the change in 

entropy (∆S°) and the change in enthalpy (∆H°) were also investigated and calculated for 

adsorbent using following relations [6]. 
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Methods 

All chemicals used were analytical reagents grade and prepared in distilled water. Polyaniline 

was obtained from Merck and distilled before use. Absorbance measurements were carried 

out on a single beam Perkin-Elmer UV–Vis spectrophotometer with a 1 cm cell was used for 

measuring all of absorption data. 

 

Results and Discussion 

For the further investigation of kinetics data, the pseudo-second-order model was used. The 

linear forms of the both kinetic models are shown below: ݊ܮሺݍ െ (௧ݍ ൌ ݍ ݊ܮ െ  ݇ଵ ݍݐ                                ݐ௧ ൌ 1݇ଶݍଶ            ݍݐ
Table 1 Adsorption kinetic parameters of MB onto PAn/SD 

T(K) Pseudo-first order  Pseudo-second order 

 qe
a K1 qe

b r1
2  qe

a K2 qe
b r2

2

298 4.91×10-3 -0.013 4.974 0.586  4.950 -1.074 4.974 1 

a  Calculated   b  Experimental 

The change in Gibb’s free energy (∆G°) , the change in entropy (∆S°) and the change in 

enthalpy (∆H°) were also investigated and calculated for adsorbent using following relations. 

∆G° = - RT Ln K C     ,   
e

Ad
c C

C
K         ,      )

1
(

00

TR

H

R

S
LnKc





  

Table 2. Thermodynamic parameters for adsorption of MB onto PAn/SD 

  ∆G°(KJ mol-1)  ∆H°  (J mol-1) ∆S° (J mol-1) 

298 K 308 K 318 K 328 K 338 K   

-4.410 -7.810 -9.444 -12.701 -21.985 112.65 389.17 

 

 

Conclusion 

Different between experimental and calculated qe shows no applicability of the pseudo-first 

order model in predicting the kinetics of the MB adsorption onto the PAn/SD. For this 

removal the pseudo-second order model is better than the pseudo-first order model. 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1476

Thermodynamic calculation carried out the sorption of MB by PAn/SD was an endothermic 

process and this process had negative changes in Gibb’s free energy. 
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Introduction: 

Growing pollution of surface underground water with simultaneously increasing demand for 

water of high quality parameters requires finding efficient and ecologically safe methods of 

water and sewage treatment[1,2].modified bentonite as low-cost adsorbents/ion exchangers 

for the removal of trace level heavy metal from potable water is being widely used[3]. But the 

kinetics and thermodynamic parameters and mechanism of adsorption process has not been 

studied. In this research the kinetic and thermodynamic parameters for Pb2+removal by 

polymeric iron and aluminum modified bentonite wasinvestigated. 

 

Experimental: 

The polymeric Al/Fe modifiers were prepared following an established procedure[4]. 

Modification involved mixing of given amount of bentonite with the polymeric metal species 

for 4 h at 550C.The solid phase was applied as a new sorbent for Pb2+adsorption under 

different experimental conditions. 

 

Result and discution: 

1-Adsorption isotherms: 

Tow isotherms were tested for their ability to describe the experimental result , namely the 

Langmuire and the Freundlich isotherms. As can be seen in table1,theLangmuire  isotherm 

has good regression coefficient that shows the adsorptin obeys the model [5]. 
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"Isotherms parameters R2 sample 

Langmuire Q0=149.253mg/g 

b=.0154L/mg  

.9726  

Sodium-

bentonite Freundlich Kf=9.881 

n=2.3490 

.5707 

Langmuire Q0=60.60mg/g 

b=.0324L/mg 

.9973 Polymeric 

Aluminum 

modified 

bentonite 

Freundlich Kf=6.317 

n=2.729 

.7587 

Langmuire Q0=21.83 mg/g 

b=.0142L/mg 

.9991 Polymeric iron 

modified 

bentonite Freundlich Kf=1.9827 

n=2.9231 

.8392 

Table1:Compersion of Langmuire and Freundlich isotherm. 

 

2-Thermodynamic parameters: 

The effect of temperature on the adsorption of Pb2+by polymeric Al modified bentonite and 

unmodified bentonite was carried out in the temperature range from 25 to 550C.The results 

showed that the adsorption capacity  increased with increasing temperature which indicates 

that the adsorption process is endothermic in nature. For polymeric –Fe-modified-

bentonite,adsorption process is exothermic which indicates that the entropy of Pb2+ions 

adsorbing by sorbent is higher than the hydrated lattice in solution phase.The calculate Gibbs 

free energy at 2980,3080 and 3280Kwas negative which indicate that the adsorption process is 

spontaneous. 

3-Adsorption Kinetics: 

The modeling of the kinetics of adsorption of Pb2+by modified bentonite was investigated by 

two common models,namely the Lagergren pseudo-first-order model and pseudo-second-

order model. Adsorption kinetics Pb2+by polymeric-Al-modified bentonite can be described 

by pseudo-first-order.but for polymeric –Fe-modified bentonite,  pseudo-second-order could  

describe the kinetics. 
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Abstract 

In this research, a nano composite of polyaniline sawdust (termed as Pan/SD) was prepared 

via chemical polymerization of aniline on the surface of sawdust for adsorption MG from 

aqueous solution. The effects of some important parameters such as kinetic and 

thermodynamic parameters were studied. In this paper obtained the pseudo-second order 

model kinetic is better than pseudo-first order model and this adsorption was an endothermic 

and spontaneous process  

 

Keywords: Malachite Green, Nano polyaniline, Kinetic, Thermodynamic,  

 

Introduction 

The Textile industry is in the forefront in the use of dyes in its operations with more than 

9000 types of dyes incorporated in the color index [1]. The discharge of colored waste is not 

only damaging the aesthetic nature of receiving streams, but also is toxic to the aquatic life 

[2]. Polyaniline (PAn) is a nano conducting polymer that can be easily synthesized chemically 

from bronsted acidic aqueous solutions [3]. Investigation of kinetic and thermodynamic 

parameters is important variable therefore MG as a typical basic textile dye was selected as a 

test probe.  

 

Methods 

Polymerization was carried out in aqueous solution. Polyaniline was obtained from Merck 

and Sawdust samples (SD) from walnut obtained from a local carpentry workshop. 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1481

Absorbance studies were carried out on a single beam Perkin-Elmer UV–Vis 

spectrophotometer with a 1 cm cell (max= 620 nm)  was used for measuring all of absorption 

data. 

 

Results and Discussion 

In order to monitor the kinetics of the adsorption of the MG dye over adsorbent, pseudo-first 

order and pseudo-second order rate equations were applied. The specific rate constants and 

other parameters were calculated using following mathematical forms:  ݊ܮሺݍ െ (௧ݍ ൌ ݍ ݊ܮ െ  ݇ଵ ݍݐ                                ݐ௧ ൌ 1݇ଶݍଶ            ݍݐ
Where k1 and k2 are the rate constants , qe and qt denote the amount adsorbed in mg g-1 at 

equilibrium and any time t, respectively. 

Table 1 Adsorption kinetic parameters of MG onto PAn/SD 

T(K) Pseudo-first order Pseudo-second order 

 qe
a K1 qe

b r1
2 qe

a K2 qe
b r2

2

298 11.19 -0.046 2.46 0.711 2.48 0.968 2.46 0.999
a  Calculated   b  Experimental 

To study the thermodynamic parameters , (∆G°) , (∆S°) and (∆H°) were investigated and 

calculated for adsorbent using following relations. 

∆G° = - RT Ln K C     ,   
e

Ad
c C

C
K         ,      )

1
(

00

TR

H

R

S
LnKc





  

Table 2 Thermodynamic parameters for adsorption of MG onto PAn/SD 

 

 

 

 

 

 

Conclusion 

The amount of experimental and calculated qe , shows that pseudo-second order model is 

useful for predicting the kinetics of the MG adsorption onto the PAn/SD. Therefore the 

pseudo-second order model is better. The ∆H° >0 as shown in Table 2 indicates endothermic 

T (K) ∆G°(KJ mol-1) ∆H°(KJ mol-1) ∆S° (J mol-1) 

298           - 9.63     

318           - 11.47  18.049 92.90 
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nature of adsorption. The ∆S°>0 shows increased randomness The negative values of ∆G° for 

the adsorption on PAni/SD due to from feasibility of the process and spontaneous nature of 

adsorption, whereby no energy input from outside of the system required. 
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Introduction: 

The chemistry of hydrazine is an interesting field of chemical investigations. The direct 

nitridation of  metal surfaces with hydrazine is as possible passivation process[1,2]. During 

this process, a nitride film was grown by consuming the native semiconductor through 

reaction with hydrazine at high temperatures , T> 400K. Recently, the decomposition of bulk 

hydrazine on catalytic surface Pt[100] and Pt[111] under various conditions have been studied 

and different channels was observed[3]. The objective of this study is to investigate thermal 

dissociation channel of hydrazine to NH2 radicals. 

 

Methods and Discussion:  

The energy specific microcanonical rate constant, k(J,E) , for the thermal dissociation of 

hydrazine were evaluated using RRKM theory. Since N-N dissociation pathway is barrier less 

reaction and has no classical well defined transition state, we have to obtain its generalized  

transition state on the potential energy surface using microcanonical variational transition 

state theory. According to the variational theory, the bottleneck of a reaction occurs at the 

point along the minimum energy path where the minimum  number of states of transition state 

available, and the microcanonical rate constant is at the minimum. Therefore, the optimized 

geometries and frequencies of reactant and transition states have been calculated at the 

ump2/aug-cc-pvdz level of theory along the several points of the minimum energy path. The 

number of vibrational states and density of states was calculated according to the method of 

Whitten and Rabinnovitch[4]. 
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Results: 

The calculations have been carried out in the range of energy from E0 to 100000cm-1 and 

J=50. In the Figure 1, we have curved the k(E,J) for three different rotational quantum 

numbers. The canonical rate constant, k(T), is calculated using numerical integration of 

microcanonical rate constant, k(E). And also, by means of plotting lnk(T) against 1/T, we 

have obtained the  needed activation energy and the frequency factor for the N-N bond fission 

of the hydrazine.  For state J=0, the obtained value for the activation energy and frequency 

factor are 327.97 kj/mol and 9 12.6 10 s  respectively. However, we have observed that an 

increase in J raises the activation energy. The increasing activation energy with J is a general 

phenomenon for bond fissions which have loose transition states[5,6], such as N-N bond 

fission in the hydrazine. 

 

Figure 1. The calculated microcanonical rate constants are curved versus energy for three different rotational 

quantum numbers.  
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Abstarct  
Among many polymeric adhesives used in wood processing industry polyvinyl acetate has a 

rather wide application. It is used to glue tenon joints, doors, windows and other wooden 

articles. Bond strength is much higher than that of the wood itself. However, polyvinyl acetate 

is nonresistant to moisture polymer and if such adhesive joints are exploited in moist 

environment its strength substantially decreases [1]. 

Emulsion polymerization is a unique chemical process widely used to produce waterborne 

resins with various colloidal and physiochemical properties. Emulsion polymerization 

involves the propagation reaction of free radicals with monomer molecules in a very large 

number of discrete polymer particles (10ଵ−10ଵ଼݀݉ିଷ) dispersed in the continuous aqueous 

phase. The nucleation and growth of latex particles control the colloidal and physical 

properties of latex products. A typical emulsion polymerization formulation comprises 

monomer, water, surfactant and a water-soluble initiator [2]. 

Many mechanistic aspects of emulsion polymerization remain unclear despite a large number 

of studies. This is because there are several mechanistic processes that play a significant role 

in the formation and growth of latex particles. Classical emulsion polymerization can be 

divided into two primary stages: particle nucleation and growth. Several particle-nucleation 

mechanisms have been proposed: (1) nucleation in the monomer-swollen micelles, (2) 

nucleation in the aqueous phase via the precipitation of the oligomeric radicals generated in 

water, and (3) nucleation in the monomer droplets [3, 4]. 

In this research work, emulsion polymerization reaction of vinylacetate initiated by 

Ammonium Persulfate in the presence of Polyvinylalcohol as a protective colloid  and 

nonylphenol-20 as an emulsifier during two series of reactions was performed. 
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The first experiment was accomplished by half-moon stirrer and the second experiment by 

anchor stirrer.  

The results showed that the mechanism of the polymerization process was "nucleation in 

the aqueous phase via the precipitation of the oligomeric radicals generated in water " and by 

use of different tests such as rate of the conversion of monomer to polymer, total solid and 

etc, it was concluded that the chemical kinetics of the second experiment was improved and 

also qualitatively and quantitatively impressive on the type and the time of achievement to the 

final latex. 

  

Key Words: Emulsion Polymerization, Chemical Kinetics, Mechanisms, Latex 
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Abstarct 
Among many polymeric adhesives used in wood processing industry polyvinyl acetate has a 

rather wide application. It is used to glue tenon joints, doors, windows and other wooden 

articles. Bond strength is much higher than that of the wood itself. However, polyvinyl acetate 

is nonresistant to moisture polymer and if such adhesive joints are exploited in moist 

environment its strength substantially decreases [1]. 

Emulsion polymerization is a unique chemical process widely used to produce waterborne 

resins with various colloidal and physiochemical properties. Emulsion polymerization 

involves the propagation reaction of free radicals with monomer molecules in a very large 

number of discrete polymer particles (10ଵ−10ଵ଼݀݉ିଷ) dispersed in the continuous aqueous 

phase. The nucleation and growth of latex particles control the colloidal and physical 

properties of latex products. A typical emulsion polymerization formulation comprises 

monomer, water, surfactant and a water-soluble initiator [2]. 

Many mechanistic aspects of emulsion polymerization remain unclear despite a large number 

of studies. This is because there are several mechanistic processes that play a significant role 

in the formation and growth of latex particles. Classical emulsion polymerization can be 

divided into two primary stages: particle nucleation and growth. Several particle-nucleation 

mechanisms have been proposed: (1) nucleation in the monomer-swollen micelles, (2) 

nucleation in the aqueous phase via the precipitation of the oligomeric radicals generated in 

water, and (3) nucleation in the monomer droplets [3, 4]. 

In this research work, emulsion polymerization reaction of vinylacetate initiated by 

Ammonium Persulfate in the presence of Polyvinylalcohol as a protective colloid  and 

nonylphenol-20 as an emulsifier during two series of reactions was performed. 
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The first experiment was accomplished by gradual injection of initiator and the second 

experiment by immediate injection of initiator. By use of different tests such as rate of the 

conversion of monomer to polymer, total solid and etc, it was concluded that the second 

experiment was qualitatively and quantitatively impressive on the type and the time of 

achievement to the final latex. 

The results showed that the mechanism of the polymerization process was "nucleation in 

the aqueous phase via the precipitation of the oligomeric radicals generated in water ". 

 

Key Words: emulsion polymerization, emulsifier, radical initiator, latex 
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Introduction 

The synthesis of polymer latex particles by the classical emulsion polymerization method 

using chemical initiators has been extensively studied [1-2]. In recent years, application of 

ultrasound to promote free-radical emulsion polymerizations without of chemical initiators or 

hydrophobe has emerged as a novel technique to synthesize ultraclean polymer nanoparticles 

[3-5]. Emulsion polymerization which induced by ultrasonic irradiation has several 

advantages such as lower reaction temperature, faster polymerization rate, and no chemical 

initiators [6]. The aim objective of this study was to investigation the kinetics and mechanism 

of ultrasonically initiated polymerization methyl mathacylate in the presence of high intensity 

ultrasound. 

 

Methods 

MMA was washed with 10% aqueous solution of sodium hydroxide and distilled water to 

remove the inhibitor (hydroquinone) and then dried with anhydrous sodium sulphate. In all 

experiments, a mixture of monomer (7.5 g) and water (69 g) containing SDS (0.55 g) were 

placed  into the sonochemical reaction vessel and the reaction system was deoxygenated by 

bubbling with argon for 15 min at room temperature. Then the ultrasound generator was 

switched on and the emulsion was subjected to ultrasonic irradiation. During the 

polymerization process, the argon gas stream was allowed to pass over the liquid mixture. The 

cooling water was circulated to maintain at a temperature of 30 oC. 
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Results and discussion 

In this study, effect of different variables such as intensity of ultrasound, temperature, and 

concentration of surfactant on the polymerization were investigated. The results indicated that 

the conversion of monomer MA increased with increasing of intensity from 9.1 to 25.4 

W/cm2 after 1h of ultrasonic irradiation. It is suggested that in the higher intensity, there are 

more bubbles and also more violently bubbles collapse. Monomer conversion increased with 

increasing of temperature. Also, higher rates of polymerization were observed with increasing 

of surfactant`s concentration due to more stabilized monomer droplets capable of radical 

scavenging. The results confirmed that the mechanism involved sonochemical formation of 

the latex particles is similar to that of conventional miniemulsion polymerization. This means 

that polymerization was carried out in monomer droplets. Kinetic study shows that the 

polymerization was in agreement with pseudo-first-order model. The diameter of latex 

particles in the presence of ultrasound was in the range of 40-75 nm and the viscosity average 

molecular weights were 5.6 ×106 gr/mol. 

 

Conclusion 

In present study, ultrasonically initiated emulsion polymerization was done without any added 

initiator and factors affecting the polymerization have been investigated. The experimental 

results are consistent with a conventional miniemulsion polymerization mechanism. The 

kinetics of polymerization was obeyed the pseudo-first-order model. The particle size of 

PMMA latex was in the range 40- 75 nm because of the multiple influences of dispersion, 

emulsifying and disrupting effects of ultrasound. 
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Introduction: 

 Rutin is found in fruit juices, vegetables, teas, tobaccos, coffees, traditional Chinese 

medicines and some soft drinks. It not only functions as antioxidation, antimutagenicity and 

improves the taste of some drinks, but also has been known to have some therapeutic and 

pharmacological effects, such as anticarcinohesis, prevention and cure of cardiac blood vessel 

disease, treatment of blood capillary and hypertension disease [1]. Therefore, it is important to 

develop simple and sensitive methods for the determination of this drug. Different methods 

have been developed for the determination of rutin such as Spectrophotometry [2, 3],  

chemiluminescence [4] amperometric biosensor [5] capillary electrophoresis with UV 

detection [6] voltammetry [7]. 

 

Methods: 

The method is based on the catalytic effect of rutin on the reaction of fast yellow and 

periodate in acidic and micellar medium is reported. The reaction was monitored 

spectrophotometrically by measuring the decrease in absorbance of fast yellow at 427 nm 

with a fixed-time 0.5-7.0 min from initiation of the reaction. In the method described, the 

chemical variables were optimized using a chemometric approach. In this way central 

composite design (CCD) was used for the experimental design and response surface 

methodology (RSM) was used for the modeling. 
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Results and discussion: 

In this work, a new, sensitive, simple, inexpensive and fast kinetic spectrophotometric 

method was developed for the determination of trace amounts of rutin over the range of 40-

200 ng mL-1 and the detection limit is 15 ng mL-1. To study the selectivity of the proposed 

method, the effect of various species on the determination of 70 ng mL-1 of rutin was 

investigated. The tolerance limit was defined as the concentration of added species causing a 

relative error less than 3%. The most of species did not interfere even when present in 1000-

fold excess over rutin. This shows that the proposed method is suitable for the determination 

of rutin in real samples. The present method is simple, relatively sensitive, has a wide linear 

dynamic range and it has been applied to the determination of rutin in green tea and black tea 

samples. The relative standard deviation of 80, 120 and 160 ng mL-1 rutin for 5 replicate 

measurements was 0.81%, 0.63% and 1.04%, respectively.  
 

Conclusions: 

A simple, rapid and selective kinetic spectrophotometric catalytic procedure is developed 

for the determination of rutin. The main advantages of the method are its simplicity and its 

large dynamic range which make it possible to determine rutin in the real samples with 

satisfactory results. 
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Introduction 

Heterogeneous photocatalysis has become an intensively considered technology for the 

purification, decontamination and deodorization of waste water and indoor air. Photocatalytic 

oxidation of organic compounds deserves special attention because of their toxicity and 

biodegradation resistance [1-8]. Eriochrome Black T is harmful if swallowed and may be 

harmful by inhalation or through skin contact. Also it is Eye irritant. Therefore degradation 

study and kinetic parameters seems to be a need for environmentally friendly chemists. In this 

work, photocatalytic degradation and kinetic studies of Eriochrome Black T in aqueous 

solution was carried out using anatase TiO2 in a photocatalytic reactor under irradiation with 

400W high pressure mercury lamp. Some physico-chemical parameters such as photocatalyst 

amount, pH and time were investigated. Finally some kinetic parameters of photodegradation 

were evaluated. 

 

Methods 

General procedure for photodegradation experiments  

The photodegradation were carried out by irradiation of 20 ml continuous aerated, 

stirred aqueous solution of Eriochrome Black T in different pH as well as considered amounts 

of photocatalysts in photoreactor cell under 400W high pressure mercury lamp at constant 

temperature. After optimum time for degradation, photocatalyst was separated by 

centrifugation and photolyte was analyzed by UV-VIS spectrophotometric method. 

 

Results and discussion 
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The effect of various factors 

Different factors such as pH of solutions, amount of photocatalyst and irradiation time 

were evaluated. At first the effect of various parameters on degradation was investigated. The 

results are summarized in table 1. The results show that all three factor including 

photocatalyst, air and Ultraviolet irradiation are necessary for effective degradation. 

 

The effect of pH 

As shown in figure 1, among the various pHs in the range of 8-12, the optimum amount is 

related to pH= 12.  

 
 

Table1- The effect of various factors on photodegradation. 

pH  
Time(mi

n.) 

Amount of 
photocatal

yst(mg) 
UV, Ar UV, O2 

Uv-
Photocatalyst, 

Ar 

Uv, 
Photocatalyst, 

O2 

pH=7(80 ppm) ٢٠ ١٨٠ 75.57 67.37 67.22 29.63 

pH=8(80 ppm) ١٠ ١٥٠ 63.80 55.20 55.00 24.58 

pH=10(80 ppm) ١۵٣٠ ٠ 70.11 62.78 62.50 38.39 

pH=12(100 
ppm) 

١٩۵ ٢٠ 76.93 70.45 70.30 28.36 

 
Figure 1- The effect of pH on photodegradation 

 
 

Kinetic model 

The degradation of titled compounds obeys the pseudo-first order kinetics (Eq. 1). 

(-dc/dt)= kc  (Eq.1) 
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Where c is the concentration of Eriochrome black T and k is the experimental first-

order rate constant. A plot of ln(C0/Ct) versus time reveals a straight line, the slope of which 

upon linear regression equals the apparent first-order rate constant k (Fig. 2-1 to 2-4). The rate 

constant, k and KA and K are summarized in Table 2. 

 

 
 

  

 
Figure 2- Kinetics of the degradation of Eriochrome black T at optimum amount of photocatalyst( 2-1 to 2-4 

respectively). 

 

The results of linear plots of 1/RL-H versus 1/C0 for Eriochrome black T on photocatalysts are 

also summarized in table 2, which tests the validity of the L-H model. 

 

Table 2- Kinetic parameters of the degradation with initial concentration of Eriochrome black T in 

optimum conditions. 

pH kobs (min–1) KA(mg.L-1) kr (mg min-1 L-1) 

pH=7(80 ppm) 5.5 × 10-3 2.15× 10-2 0.7178 
pH=8(80 ppm) 7.4 × 10-3 8.60 × 10-3 6.1500 
pH=10(80 ppm) 5.1 × 10-3 7.27 × 10-4 70.4225 
pH=12(100 ppm) 5.7 × 10-3 4.70× 10-1 0.1810 
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Abstarct  
In recent years the popularity of polystyrene has increased tremendously, particularly in view 

of more frequent use of this material in containers, in the automobile industry, in the toy 

industry, and in many other areas of commerce [1]. 

Many mechanistic aspects of emulsion polymerization remain unclear despite a large number 

of studies. This is because there are several mechanistic processes that play a significant role 

in the formation and growth of latex particles. Classical emulsion polymerization can be 

divided into two primary stages: particle nucleation and growth. Several particle-nucleation 

mechanisms have been proposed: (1) nucleation in the monomer-swollen micelles, (2) 

nucleation in the aqueous phase via the precipitation of the oligomeric radicals generated in 

water, and (3) nucleation in the monomer droplets [2]. 

Emulsion polymerization of styrene initiated by the radical initiator of potassium persulfate in 

the presence of sodium dodecyl sulfate (SDS) as an emulsifier was performed in which the 

conversion of styrene to polystyrene was improved and measured [3,4]. 

In this research work, emulsion polymerization reaction of styrene initiated by the radical 

initiator potassium persulfate in the presence of sodium dodecyl sulfate (SDS) as an 

emulsifier was performed in which the rate conversion of styrene to polystyrene was 

optimized and measured. Also, the effect of different parameters such as temperature, the 

concentration of the emulsifier, the concentration of the initiator, the proportion of the 

monomer to water and the effect of agitation on the chemical kinetics of the emulsion 

polymerization of styrene by Taguchi method (Qualitek 4 software) was investigated [5].  

The accuracy of the outcoming results was evaluated by performing an experiment on the 

optimum conditions. 
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The results showed that the mechanism of the reaction was "nucleation in the monomer-

swollen micelles". Moreover, in 400 rpm the chemical kinetics of the polymerization process 

was improved and the concentration of the emulsifier and the temperature had the most 

proportion in the mechanisms and chemical kinetics of this reaction. In the continuation of the 

research work the outcoming results of FT-IR and the outcoming thermogram of DSC was 

used to approve the optimum offering experiment. 

  

Key Words: Emulsion Polymerization, Chemical Kinetics, Mechanisms, Taguchi Method 
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Introduction 

Sulfur is one of the most important components in waste water and can affect on human 

health [1].Thus, the determination of trace amounts of it is becoming increasingly important 

because of the increased interest in environmental pollution. In this study, preconcentration of 

s-2  by LLE was optimized using central composite design (CCD) [2]. The important aims of 

this article are, studying the effects of different surfactants on sulfide determination, figuring 

out the most important influential factor on desired interaction, selecting optimized conditions 

and finally illustrating possible interaction between variables.  
 

Method 

1.Reagents and apparatus  

All analytical reagent grade chemicals and distilled water were used for preparing all aqueous 

Solutions. Three different surfactants were used; UV–vis absorption spectra were recorded 

using the spectrophotometer (PG mode T80) with 10mm quartz cell. 

 

2. sulfide determination 

In order to illustrate the surfactant effects on analyst signal (sulfide), absorbance spectra of 

different samples were analyzed. The sulfide content of different samples was determined by 
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the colorful product (phenothazine) of the reaction between sulfide and para phenyl di amine 

(PPD). 

3. Statistical Software 

Essential Regression and Experimental Design for Chemists and Engineers, EREGRESS, a 

Microsoft Excel and Matlab7a for analyzing the results and chemometrics method were used.  

 

Results and discussion  

1.Response Surface and Selection of Optimum Conditions 

The obtained regression models were used to calculate the surface for each response variable 

separately. Figure 1 show the interaction between the interacted factors when the remaining 

factors have been kept on the fixed amount using the constructed model by EREGRESS 

software. 

 

 
 
 
 
 
 
 
 

Figure1. Response surface of reaction between different factors 

Finally the optimized conditions were obtained by the response surface (table1). 

Table1. Optimum conditions obtained by response surface modeling. 

parameter optimum 

PPD/ % 0.020-0.037 

Fe+3/ M 0.009-0.013 

Acid/ M 0.030-0.040 

SDS% 0.90-1.00 

 

 

Table2. Sulfide determination in presence of surfactant 
2 Calibration linear range  

0.9818 0.2-2PPM CTAB      
0.9888 0.2-2 PPM SDS 
0.994 0.2-2PPM Tx-100 
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Conclusion 

Light glossy, high stability and easy applicable and inexpensive surfactants make them to 

suitable materials for spectrophotometeric analysis. 

Our results show that there's a good correlation between application of surfactants and CCD 

method through traditional methods obtained results. 
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Introduction 

There is no published experimental data on the kinetics and mechanism1,2 of the 

addition reaction of aniline to acetylacetone (see scheme 1), however, it is known that the 

reaction between aniline and acetylacetone produce the 2,4-dimethylquinoline. It seemed 

interesting to investigate the kinetic of the addition reaction of aniline to acetylacetone. 

 

Material and Instrumentation: 

Analytical grade aniline, acetylacetone, dichloromethane (DCM), acetonitryl (ACN), 

dimethylsulfoxide (DMSO) and tetrahydrofuran (THF) (Merck, Germany) compounds were 

used without additional purification. UV-Vis spectra were recorded on a Shimadzu 160A 

(Japan) spectrophotometer, and a quartz cell (l=1cm) was used for the spectrophotometric 

measurements. Initial aniline and acetylacetone concentrated stock solutions were, each time 

freshly prepared (volumetrically) before the use, in DCM, CAN, DMSO and THF used as 

solvents. The initial concentration of the stock solutions were calculated based on the declared 

manufacturer densities. The working solutions were each time prepared by dilution of the 

stock solution in DCM, CAN, DMSO and THF. 
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Results and Discussion 

     The kinetics and mechanism of the addition reaction between aniline and 

acetylacetone in dichloromethane (DCM), tetrahydrofuran (THF), acetonitryl (CAN) asnd 

dimethylsulfoxide (DMSO) and as solvents were investigsted by means of UV-Vis 

spectrophotometry technique. The reaction was monitored at 350, 495, 373 and 377 nm in 

THF, DMSO, ACN and DCM, respectively. The following Arrhenius equations were 

obtained:  

In DCM: 
RT

k
30.12

25.11ln  ;                          In THF: 
RT

k
92.11

09.11ln  ;    

In ACN: 
RT

k
68.10

42.8ln  ;    In DMSO: 
RT

k
59.9

04.7ln   

The resulted activation parameters Ea, H‡, G‡ and S‡ at 323 K were:  

12.30, 11.71, 22.93 kcal mol-1 and –37.42 cal mol-1 K-1 in DCM; 

11.92, 11.28, 23.72 kcal mol-1 and –38.51 cal mol-1 K-1 in THF; 

10.68, 10.04, 24.19 kcal mol-1 and –43.81 cal mol-1 K-1 in ACN and 

12.30, 11.71, 22.93 kcal mol-1 and –37.42 cal mol-1 K-1 in DMSO. 

On the basis of the resulting experimental data, the following 3 steps mechanism could 

be proposed (see scheme 2). In the first step, aniline attacks the -C of propiolate ester and a 

zwitterion is produced following a C-CC=O bond rotation producing a convenient 

conformation for H-caption. In the second and third steps, H-capture and H-transfer processes 

by aniline and the resulting aniliniom cation could take places, respectively. The above 

mechanism is confirmed by the following experimental and computational arguments. 

Conclusion 

The results suggest that the reaction is first order with respect to both aniline and 

acethylacetone. Baesd on the results obtained, the activation energy of the addition reaction of 

a aniline to acetylacetone decrease from DCM to DMSO (by increasing the dipole moment 

values of the solvents used). 
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Abstract 

In this work, photocatalytic degradation and kinetic studies of methyl violet 6B in aqueous 

solution was carried out using anatase TiO2 in a photocatalytic reactor under irradiation with 

400W high pressure mercury lamp. Some physico-chemical parameters such as solvent, 

photocatalyst amount, pH and time were investigated. Rate constants span are reported at 

different pH. Also the Langmuir-Hinshelwood (L-H) rate constant, (kr) and adsorption 

constant, (KA) at various pH are reported. 

 

Keywords: Photocatalytic Decomposition, Meyhyl violet 6B, Kinetic studies 

 

Introduction 

The development of photocatalysis processes offers a significant number of perspectives 

especially in gaseous phase depollution . It is proved that the photo-oxidizing properties of 

photocatalyst TiO2 activated by UV plays an important role in the degradation of volatile 

organic compound (VOC). Heterogeneous photocatalysis is based on the absorption of UV 

radiations by TiO2. This phenomenon leads to the degradation and oxidation of the 

compounds, according to a mechanism associates the pollutant’s adsorption on the 

photocatalyst and radical degradation reactions[1-8]. 

 

Exprimental 

Reagent: TiO2  Powder, The  pH  of  solution  was  adjusted  using  diluted  aqueous  buffers  

that  were  prepared  by  the  following  compounds:  KH2PO4,  Na2HPO4,  NaOAc,  HOAc,  

Na2B4O7,  HCl,  H2SO4  and  NaOH.  In  all  experiments doubly distilled water was used , 

Methyl Violet 6B (an organic dye ).  
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Apparatus: Photochemical  set  containing  400W  high  pressure  mercury  lamp  as  shown  

in  FIG.1 was used for photodegradation  experiments. UV- VIS  spectrophotometer, jasco 

570,  was used . 
 

 

 

 

 

FIG.1-  Photocatalytic  setup  for  photodegradation  experiments;  a)  Power  supply;  b)  400-W  high-pressure 

Hg lamp; c) Photoreactor with aluminium foil as reflector  for a full irradiation  of catalyst; d) Fan; e) Magnetic 

stirrer; f) 2L Pyrex beaker; g) Photolytic cell; h) Water thermostat.  

 

Results and Discussion 

In this research, We investigated  photocatalytic degradation of the title compound under 

various conditions including various times, pH, amount of catalyst.  
 

The effect of various  agents 

Photocatalytic degradation was performed under various conditions as in Table 1. The results 

show the existance of air, UV and photocatalyst together is necessary for effective 

photodegradation of methyl violet 6B 

Table1-The various conditions on photocatalytic degradation. 

pH 

(Conc.) 

Time 

(min) 

Amount of 

photocatalyst 

(mg) 

UV-Vis 

and 

Argon 

UV-Vis 

and 

oxygen 

Uv-Vis, Argon 

and 

photocatalyst 

%Degredation

pH=5 (200ppm) 360 15 180.12 94.13 56.75 92.59 

pH=7 (20ppm) 240 15 16.16 15.10 0.7 97.44 

pH=9 (40ppm) 360 10 22.20 16.98 0.24 89.98 

 
Reaction order and observed photodegradation rate constants at various pHs 

 

The observed photodegradation rate constants, K at various pH were obtained from drawing 

the ln(C0/Ct) vs. t (in which C0= initiated concentration and t= reaction time) based on the 

below equation with some approximations(FIG.2). 
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FIG.2 

 

Kinetic model for methyl violet 6B at various pHs 

Kinetic parameters of photodegradation of titled compound were obtained based on langmuir-

Hinshelwood model from the diagram of 1/R vs. 1/C0 at various pHs(R= reaction rate and C0 

= initiated concentration). The slope and intercept of this diagram results the absorption 

constants KA, and photocatalytic degradation rate constants, kr (FIG.3). 
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Methyl Violet 6B pH=9
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FIG. 3 

 

The effect of pH on photodegradation kinetic parameters of methyl violet 6B: 

The results in table 2 indicates that  absoption costant at pH=7 is higher than acidic and basic 

medium. Photodegration rate constant at basic medium is higher than neutral and acidic 

medium. The equilibrium constant at pH=7 is the highest amount. 

 
Table2- Kinetic parameters in various pH 
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Introduction 

Fascination and great attention to the ambient ligands, particularly nitrite ion (NO2
-), back to 

early age of coordination chemistry in view of important participation of linkage isomerism in 

establishment of Werner coordination theory. Interconversion of linkage isomers studied both 

in solid and solution states by means of different spectral methods [1]. However, in spite of 

low heat exchange of isomerization reaction, thermal methods can provide reliable 

thermodynamic and kinetic data for the solid state investigation.  In the present study, 

differential scanning calorimetry (DSC) was satisfactory exploited for investigation of solid 

state isomerization of two different salts of trans-[Co(en)2(NO2)2]X and trans-

[Co(en)2(ONO)2]X (X=ClO4
-, PF6

- ). The isomerization may think to proceed successively 

through a two stage reaction (1): 

Stage 1: trans[Co(en)2(ONO)2]X trans[Co(en)2(ONO)(NO2)]X  

Stage 2: trans[Co(en)2(ONO)(NO2)]X  trans[Co(en)2(NO2)2]X 

  

The results of this study may lead us to gain insight into the effect of nature of counterion on 

the kinetic and thermodynamic parameters of the reaction.   

 

Experimental and method  

Trans-[Co(en)2(ONO)2]X [2] and trans-[Co(en)2(NO2)2]X [3] complexes were prepared and 

purified. DSC experiments were carried out using a Perkin-Elmer DSC calorimeter and 

conducted non-isothermally at linear heating rate of 10 0CMin-1. 
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Results and discussion 

The results of present study showed that solid samples of pure trans[Co(en)2(ONO)2]PF6 and 

trans[Co(en)2(NO2)2]PF6 are in metastable states  and convert to an equilibrium stable state 

through two-stage processes at elevated temperature. Conversion of pure dinitrito isomer to 

equilibrium stable state is an exothermic process whereas a pure dinitro isomerization occurs 

via an endothermic process (The fig 1). Upon replacement of PF6
- by ClO4

- in solid samples a 

total conversion of dinitrito isomer to dinitro isomer has been observed. The thermodynamic 

and thermokinetic of linkage isomerization of both processes (conversion of dinitrito to 

dinitro and its reverse reaction) have been studied and the results were compared regarding to 

replacement of complex counter ion. 

 

 

 

        

Fig 1.DSC curve of isomerization of  trans[Co(en)2(ONO)2]PF6  (exo) and trans[Co(en)2(NO2)2]PF6  (endo) in 

solid state. 

 

Conclusion 

The present research showed that the counterion has a considerable influence to 

interconversion and reversibility of these linkage isomers. 
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Abstract: 

Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX) is a high explosive used in many 

plastic bonded explosives (PBX), double base propellants and propellant composite because 

of its high calorific potential, high density and smokeless combustion products. HMX exists 

in four solid phase polymorphs, labeled α-, β-, δ-, and γ-HMX. The β-phase of HMX has the 

highest density and is stable at room temperature; it is the form in which HMX is normally 

produced and used. 

The microencapsulation of particulate energetic materials is aimed at the improvement of the 

product quality regarding processing, handling and storage. The basic aim of coating of an 

energetic compound with a binder is to reduce its sensitivity to some thermal, mechanical, and 

electrical stimuli. PBX is a composite energetic material (CEM), which contains an energetic 

compound as filler in a binder matrix.  
In this work, fibrous nitrocellulose and stearic acid, as two common coating agents were used 

for microencapsulation of HMX crystalline particles through solvent/non-solvent and solvent 

evaporation, techniques.  

 Fourier transform-infrared spectroscopy (FT-IR) and scanning electron microscopy (SEM) 

have been used for the characterization of coating morphology. The effect of coating on HMX 

particles decomposition has been studied by means of differential thermal analysis (DTA), 

thermogravimetric (TG) and differential scanning calorimetry (DSC). 

Our findings revealed that stearic acid, with solvent evaporation procedure, can provide 

effective coating shell around HMX microparticle. Also the effects of some parameters, such 

as coating agent to HMX weight ratio, stirring speed of the mixture and solvent distillation 

time on coating quality and thermal properties of coated particles have been investigated and 

the optimum condition has been proposed. 
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Also, the kinetic parameters such as activation energy and frequency factor of the 

decomposition processes of pure and microencapsulated HMX particles at optimum condition 

were obtained from the DSC data by non-isothermal methods proposed by ASTM E696. Our 

finding showed that the microencapsulated HMX particles at optimum condition with stearic 

acid has activation energy at least 20 (KJ.mol-1) higher than compared to the pure one. 

Pure HMX  Most stabilized HMX              

 
 
 
 

Microencapsulation

Decomposition at  285.7°C 
 

   Decomposition at 304.8°C 
 

 

Key words: HMX, Microencapsulation, Stearic acid, Nitrocellulose, Solvent evaporation, 

kinetic parameters. 
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Abstract:  

The expression “pyrotechnics” comes from the Greek words pyros (Fire, heat) and techne 

(Art). Pyrotechnics compositions are based typically on finely divided mixtures of metallic or 

non-metallic elements as reducing agent with inorganic oxidizing agents. Pyrotechnic 

compositions may be used to produce heat, light, gas or smoke and these products lead to 

numerous applications. Closely related to the field of pyrotechnic reactions is the self-

propagating synthesis of high temperature materials where the main interest lies in the 

properties of the solid product of combustion.  

Thermal techniques provide powerful methods for these following reactions in solid state 

pyrotechnic compositions. In this study, thermal ignition of several binary pyrotechnic 

systems using sucrose, lactose or starch as fuel and one of the following oxidants: KClO3, and 

KClO4, were investigated. Differential thermal analysis (DTA) and thermogravimetry (TG) 

techniques have been employed to elucidate the reaction mechanism of these pyrotechnic 

systems in solid state. The apparent activation energy (Ea), ΔG#, ΔH# and ΔS# of the redox 

reaction were obtained from the DSC experiments. 

Based on these kinetic data and ignition reaction temperatures, relative reactivity of these 

mixtures was found to obey in following order:  Fuel +KClO3 > fuel +KClO4. This trend can 

be related to the relative thermal stability of KClOx compounds (x = 1, 2, 3, 4): KClO4 > 

KClO3 > (KClO2, KClO). Significantly, this order correlates with the stability of the 

oxyanions of chlorine and the stability of these oxyanions is due to the order of π-bonding 

extension for these compounds : ClO4 > ClO3 > ClO2 > ClO. 
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The effect of heating rate on the DSC curves of thermal ignition of lactose + KClO3 mixture. 

 

Kinetic Parameters of Thermal Ignition of Pyrotechnic Mixtures 

Mixture E  

(kJ.mol-1) 

Frequency Factor 

Log A (s-1) 

r* ΔG#

(kJ.mol-1) 

ΔH# 

(kJ.mol-1) 

ΔS#

(J.mol-1.K-1) 

Sucrose+KClO3 105 12.0 0.9925 113.4 101.25 -26.9 

Lactose+KClO3 135.7 14.5 0.9995 122.5 132.0 21.0 

Starch+ KClO3 211.7 17.9 0.9951 169.2 208.0 86.0 

Sucrose+KClO4 284.1 21.8 0.9968 207.8 280.3 160.7 

Lactose+KClO4 325.6 23.0 0.9929 239.0 322.0 184.0 

Starch+ KClO4 418 27.8 0.9968 290.0 414.3 275.5 

r* linear regression coefficient 

Key Words: Thermal Analysis, Pyrotechnic, Ignition Temperature, Kinetic parameters, 

Safety, Critical ignition temperature (Tb). 
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With the advancement of experimental techniques, various semiconductors have been tested 

for their efficiencies towards dye degradation. The photocatalysed degradation of Acid 

Yellow 199 were investigated in aqueous suspensions of (PZ- Mn+/TiO2) and Mn+ (Ce+3, Fe+3, 

Ag +) under a variety of conditions. The degradation was studied by monitoring the change in 

substrate concentration employing UV spectroscopic analysis technique. Finally  kinetics of 

photocatalytic processes were studied. Organic dyes came up as one of the many new 

chemicals which could be used in many industrial activities. An ideal photocatalyst should 

exhibit the following features: (i) high reaction rate under band gap (or higher) irradiation; (ii) 

photostability; (iii) chemical and biological inactivity; and (iv) ready availability and low cost. 

Titanium dioxide mediated photocatalytic oxidation have been examined and used as 

photocatalysts for the degradation of environmental pollutants in water. In this work, the 

PbZrO3 as a matrix  was prepared by the sol–gel process.[1-5]                                                                                                           
 

Doping PbZrO3 with different oxidative agents (TiO2, Ce+3, Fe+3, Ag +) -Using Acid yellow 

199 as a pollutant and a radical generator agent (H2O2) in the photoreactor: The photocatalytic 

activity was evaluated by photocatalytic oxidation of H2O2, TiO2 and Mn+ (Ce+3, Fe+3, Ag +)-

doped PbZrO3 (PZ- Mn+/TiO2) with different ratios Mn+/TiO2 (0.9, 0.1). The degradation was 

studied with using different parameters such as different ratios Mn+/TiO2 and different radical 

generators such as hydrogen peroxide (H2O2). Finally variation of pH on degradation 

efficiency was  studied. Table 1 shows the experimental results.[6-7] 

Degradation efficiency = [(initial absorption – absorption in time t)/ initial absorption]×100 
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Result of 3 kinetic models (Lagergern, Elovich, Blanchard )for Ce+3, Fe+3, Ag + are shown in 

table 2 with different doping ratios. Based on the values of correlation coefficient for each 

model, the researchers predict that in all cases Ce+3- Ag + Photocatalysts  obey from pseudo-

second order  and   Fe+3-doped Photocatalyst  obeys from  pseudo- first  order kinetics.                                    

Lagergern:  ln(qe-qt)=lnqe-kt     Elovich: qt=1/ β ln(α β )+1/ β ln t  Blanchard:t/qt=1/k2qe
2+t/qe 

 
Table -1   Exprimental results 

 

Ce3+/TiO2 =0.1 
Inatial pH  = 7.72 

Inatial  
hour 

Second  
hour 

Third  
hour 

Ce3+/ TiO2   =0.9 
Inatial pH = 7.49 

Inatial  
hour 

Second  
hour 

Third  
hour 

Degradation  % 43.79 53.21 60.07 Degradation  % 75.19 76.15 77.31 
Final  pH 7.93 7.94 8.37 Final  pH 8.06 8.15 8.12 

Fe3+/ TiO2=0.1 
Inatial pH = 7.64 

Inatial  
hour 

Second  
hour

Third  
hour

Fe3+/ TiO2 =0.9 
Inatial pH  = 7.68

Inatial  
hour

Second  
hour 

Third  
hour

   Degradation  % 14.15 32.79 43.65 Degradation  % 19.42 33.49 53.29
Final  pH 8.05 8.01 7.88 Final  pH 10.38 19.28 10.47 

Ag+1/ TiO2 =0.1 
Inatial pH = 7.63 

Inatial  
hour 

Second  
hour 

Third  
hour 

Ag+1/ TiO2=0.9 
Inatial pH  = 7.94 

Inatial  
hour 

Second  
hour 

Third  
hour 

Degradation  % 3.39 26.82 40.45 Degradation  % 13.76 1.7 21.52 
Final  pH 8.13 8.05 7.68 Final  pH 10.17 10.23 10.30 

   

 
Table -2 kinetic models for each Photocatalyst                                                       

 
Model Ce3+/TiO2 =0.1 Fe3+/ TiO2=0.1 Ag+1/ TiO2 =0.1 Ce3+/ TiO2   =0.9 Fe3+/ TiO2 =0.9 Ag+1/ TiO2=0.9 

1.lagergern 
y = -0.015x - 11.42 

R² = 0.966 
y = -0.014x - 10.90

R² = 0.951 
y = -0.015x - 10.68

R² = 0.955 
y = -0.025x - 11.75

R² = 0.881 
y = -0.014x - 10.65 

R² = 0.860 
y = -0.010x - 12.07

R² = 0.929 

2.Elovich 
y = 3E-06x - 2E-07 

R² = 0.954 
y = 6E-06x - 2E-05

R² = 0.916 
y = 7E-06x - 3E-05

R² = 0.924 

y = 3E-06x + 1E-
05 

R² = 0.830 

y = 7E-06x - 2E-05 
R² = 0.916 

y = 2E-06x - 6E-06
R² = 0.921 

3.Blanchard 
y = 49166x + 

1E+06 
R² = 0.991 

y = 13603x + 
1E+07 

R² = 0.193 

y = -20144x + 
5E+07 

R² = 0.386 

y = 39823x + 
30993 

R² = 0.999 

y = 8707.x + 
1E+07 

R² = 0.384 

y = 83333x + 
3E+07 

R² = 0.705 

 
Keywords: Photocatalysis, Titanium dioxide; Acid  Yellow 199; Degradation efficiency 
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Abstract 

The goals of the present work are: (1) A theoretical analysis of possible reaction pathways to 

the synthesis of methanol and methane from CO2 and H2O and the selection of the best path 

from the view point of energy. (2) Investigation of the kinetic of assumed reactions. 

For determination of mechanism, BOC-MP method is used. By using of this theory, it is 

possible to calculate the thermodynamic and kinetic parameters and therefore predict the 

intermediates and the mechanism of heterogeneous catalytic reaction. With attention to these 

results, in photocatalytic reduction of CO2, with decrease in the d-character of the supported 

metal on TiO2, production of methanol will increase. Upon the investigation of kinetics of the 

proposed mechanism, we deduced that when the Fermi level of the catalyst is raised, the rate 

of methanol formation will increase. 

 

Keywords: Reduction of CO2, Photocatalyst, Fermi level, TiO2, methanol synthesis  

 

Introduction 

The large-scale emission of carbon dioxide in to the atmosphere has wrought of the most 

serious and dangerous problems upon the earth, especially with regard to the devastating 

consequences of the greenhouse effect. The reduction and/or fixation of carbon dioxide can be 

said to be one of the most important areas of research in chemistry today, not only for solving 

the many urgent problems resulting from the pollution of the global environment but also for 

finding ways to maintain vital carbon resources[1,2]. 

Furthermore, such research will make sense only if the reactions can be effectively and 

efficiently achieved using a natural energy source the most safe, clean, and ideal being solar 

energy . The utilization of solar energy for the reduction and/or fixation of carbon dioxide can 

be made possible by considering the following two reaction systems: (i) the photocatalytic 
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reduction and/or fixation of CO2 with H2O into CO, HCOOH, CH3OH, and CH4, etc. using 

reactive photocatalysts such as small particle powdered TiO2 semiconductors and, (ii) the 

photoelectrochemical reduction and/or fixation et CO2 in aqueous systems using 

semiconducting electrodes[3,4,5]. 

 

Conclusion and Discussion  

To form methanol or when we use Cu and Cr on TiO2 photocatalyst, below reaction 

mechanism is suggested: 

 

e C O
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H
+
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But methane formation mechanism by using Rh, Ru and Pt on TiO2 is suggested like this: 
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If we want to investigate the kinetic of suggested mechanism, we should first study the 

probability of trapping electron or hole by the formed species on the surface. There are 

obvious documents that show the adsorption of CO2 is along with electron trapping. 

 

                       

In next step, after dissociation adsorption: 

 

 

 

 

 

 

 

 

Now, it is possible to investigate the kinetic of above reaction and relate the rate and 

electronic properties of the photocatalyst. In the above mechanism the forward & reverse 

constants is shown by α1 to α10.     

After all the necessary calculation done, the final formula for rate equation is:      
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Abstract 

Chlorinated alkanes are potential sources of chlorine in the stratosphere, where they can 

catalytically destroy ozone [1]. Methyl chloride, the most abundant halocarbon in the 

atmosphere, has received much attention as a natural source of chlorine atoms in the 

stratosphere [2]. Hydroxyl radical breaks down and removes many of the gases that pollute 

the air, including methyl chlorine. The reaction of CH3Cl with OH has been studied; there are 

two possible pathways for this reaction [3, 4]. CHଷCl  OH భ՜ CHଶCl   HଶO                                                                       ሺ1)   CHଷCl  OH మ՜ CHଷ  HOCl                                                                            ሺ2)    
Up to now, no experimental and theoretical information has been available on the branching 

fraction k1/ (k1 + K2); therefore, theoretical investigations are very desirable to gain an 

understanding of the multiple channel reaction mechanisms of the reaction CH3Cl+OH. The 

theoretical study of this reaction was performed by Theodora and co workers [4], who have 

reported ab initio calculations for the reaction (1) in the forward reaction and no calculations 

were performed for the reaction (2) and branching fraction. Furthermore, in this study, we will 

use the vibrational mode analysis to elucidate the relationships of the reactant region(s=-∞), 

the saddle point (s=0) and the product region(s=+∞). The extensive investigation shows that 

reaction mechanism is reliable. Comparison of modes shows that transition state has a 

reactant-like character in the reaction (1); it means this reaction is exothermic and for the 

reaction (2) transition state has a product-like character, it means this reaction is endothermic. 

These results are in excellent agreement with ref [3]. All ab initio calculations are carried out 

using the GAUSSIAN 03 program. The equilibrium geometries and frequencies of the 

stationary points (reactants, intermediates, products, and transition states) for the two reaction 

channels are calculated at the MP2/6-311+G (d, p) level of theory. At the same level, the 
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minimum energy path (MEP) for each reaction are obtained by intrinsic reaction coordinate 

(IRC) theory to confirm the number of imaginary frequencies (0 or 1) a local minimum or a 

transition state. For the two-channel reaction CH3Cl+OH, the individual channel rate 

constants, k1and  k2 calculated using the conventional transition state theory incorporating the 

Winger tunneling correction and the hindered rotor approximation at the G2MP2 method [5] 

in the temperature range 200–2000 K . (TST) incorporating the Winger tunneling correction 

(W) and the hindered rotor approximation (HR). Figures show the logarithm of calculated rate 

constants as a function of T/103  for the reaction (1) and (2) a Ref .4 and b Ref .6. 

 
Results also indicate that, the H-abstraction is the major channel in the whole temperature 

range 200-2000K. The calculated rate constants for the major channel can be expressed, in 

cm3molecul-1s-1, by the following fits: 

                                           for temperature range 200-400K and 

 for temperature range 400-2000K. 
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Introduction 

Unmodified zeolites show no affinity for anions due to the fact that their surfaces are 

negatively charged. However modified zeolites show high capacity toward anions and 

therefore have drawn much attention in recent years for removal of anionic pollutants. In this 

work clinoptilolite was modified with polyaniline by polymerization of anilinium cations in 

the zeolite channels and a composite of polyaniline/ clinoptilolite was obtained. Encapsulation 

of polyaniline in the clinoptilolite channels was confirmed by XRD and FTIR spectroscopy. 

The effect of a number of parameter such as initial concentration of the anions ,amount of the 

composite and contact time were determined and optimized. 

 

Preparation of polyaniline/ clinoptilolite composite  

A given amount of clinoptilolite was first dispersed in the 50 ml of 0.5 M sulfuric acid 

containing 0.2 M aniline. The mixture was then stirred for 48 hours at room temperature. The 

mixture was filtered and washed with excess of deionized water in order to remove free 

anilinium ions. The resulting wet solid was dispersed in 50 ml of 0.3 M sulfuric acid solution, 

containing 0.16g ammonium persulfate as oxidizing agent. Polymerization of anilinium cation 

inside clinoptilolite channels was carried out at room temperature for a period of 24 hours 

under magnetic stirring. The resulting composite was filtered, washed with excess deionized 

water and dried in vacuum for 24 hours.  

 

Vanadium anion removal 

NH4VO3 solutions were prepared in different concentrations ranged . 0.2 g of the composite 

was put into a beaker containing 50 ml of NH4VO3 solutions at different concentrations. The 

mixture was then stirred for 120 min  at room temperature .The mixture was filtered and 
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washed with excess deionized of water. Measurement of unremoved vanadat ions was carried 

out by atomic adsorption spectroscopy [1,2] . 

 

Results and discussion 

The polyaniline/clinoptilolite nanocomposite was characterized by XRD and FT-IR 

technique. Adsorption of vanadat species was measured spectrophotometrically. Different 

experimental condition were investigated and optimized. The optimized adsorption conditions 

are as follows:equilibration time:120 min, initial concentration:1000 ppm, adsorbent dose 1.5 

mg, initial pH=7 and optimized temperature=450C.The values are interpreted accordingly.  

 

Equilibrium modeling 

Tow isotherms were tested for their ability to describe the experimental results, namely the 

Langmuir isotherm, the Freundlich isotherm . 

 
Fig1.Langmuir adsorption isotherm 

The Langmuir isotherm fits the experimental data very well. It may be due to homogeneous 

distribution of active sites onto modification zeolite surface. 

 

 

 

Thermodynamic parameters: 

The effect of temperature on the adsorption of vanadium anions by polianilin modified 

clinoptilolite was carried out in the temperature range from 25 to 550C.The results showed 

that the adsorption capacity  increased with increasing temperature which indicates that the 

adsorption process is endothermic in nature.The calculate Gibbs free energy at 2980,3080 and 

3280Kwas negative which indicate that the adsorption process is spontaneous. 
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Abstract 
       In this research kinetic study on the Decolourization of Acid red 52 dye, was conducted 

using Zno catalyst supported  on bentonite Zeolite as a catalyst in the presence of UV-C light 

and H2O2.The effects of different parameters such as amounts of catalyst, temperature of 

reaction ,initial concentration of the dye and H2O2 and initial pH of the dye solution on the 

degradation efficiency of the process were assessed. The results indicated that by using 

38ppm of H2O2 and 100ppm of the catalyst at pH 5, about 97% total Acid Red 52 could be 

removed after 100 min in a batch photo-reactor. The structure, surface and morphology 

properties of the nanostrucred Zno on Bentonite have been investigated by XRD, SEM 

techniques. From kinetic view the reaction was first order and study of reaction rate  was 

carried out with the use of first order kinetic equation. Acceptable results were gained in this  

examinations. According to this results, a method was obtained for photocatalytic analysis 

with the use of ZnO/BT catalyst, which by its development in an industrial form, it can be 

used for analyzing  the waste water in loom or other industries. 

 

Introduction    

               Industrial and Synthetic dyes are the major industrial pollutants and water 

contaminants [1,2]. Textile water introduced intensive colour and toxicity to aquatic system. 

Reactive dyes are widely used in the textile industries and chemistry because of its simple 

dyeing procedure and good stability during washing process [3]. But these processes have 

only limited success Homogeneous advanced oxidation process(AOP) employing hydrogen 
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peroxide with UV-light has been found to be very effective in the degradation of dye 

pollutants [4–8]. 

 
 
Experimental works 

 
SEM ZnO/Bentonite  :١fig  

 
 
Results and discussion  

            The concentration of the residual dye in solution was calculated by cruve observed at 

(λmax =562 nm). 

 

1. Chemical degradability of AR52 

To evaluate the efficiency and the benefit of each condition on the dye degradation 

experiments were carried out under the following conditions: (1) dye/H2O2, (2) dye/UV, (3) 

dye/UV/H2O2, (4) dye/UV/ZnO/BT/H2O2  

 

2. Kinetic analysis 

        In all the experiments the disappearance of dye during the first 80 min of oxidation could 

be described as a first order reaction kinetics with regard to dye concentration as it may be 

seen from the data. Initial decolorization rate constants were determined from the slope of _ln 

(C/C0) vs t (min) plots, where C0 and C are dye concentration at zero and t time, respectively.  
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Fig2: Kinitic in removal of the dye AR52 

 
Conclusions 
            H2O2 concentration 38ppm appear as optimum  dosages decolorization,. The optimal 

parameters, for both processes, under the same operational conditions. decolorization rate 

could be described as a first order reaction kinetics .The removal rate of AR52can reach 98% 

when the illumination time is 80 mins. It is increased with the augment of illumination time.  

The highest removal rate can be got when the pH value of the solution is within 5 
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Abstract 

In this paper kinetic study on the mineralization and decolourization of colored textile 

wastewater was investigated using Photo-Fenton process. Acid red 52 (AR52) was used as an 

acid dye model. The effect of decolourization parameters such as  kinetic  reaction ,ferric ion 

concentration, Zno/Bentonite concentration, dye concentration and PH and catalyst were 

investigated. The maximum iron (III) concentration was set to maximum allowable discharge 

level to environment. The rate of decolourization reaction decreased by increasing dye 

concentration and in the presence of the hydrogen peroxide. At concentrations employed in 

the study, the photocatalytic degradation of Acid Red 52 obeyed first order kinetics. The 

linear plot of log(C0/C) versus irradiation time t is shown For a comparative study, 

decolourization of AR52 was also performed by photocatalysis  that  is comprised with the 

hydrogen peroxide and combined Photo-Fenton – photocatalysis processes. The Photo-Fenton 

process had the greatest decolourization rate in comparison to photocatalysis and combined 

Photo-Fenton - photocatalysis processes 

 

Keywords: Photo-Fenton process. Decolourization. Concentration. 

Introduction  

Industrial and Synthetic dyes are the major industrial pollutants and water contaminants. 

Textile water introduced intensive colour and toxicity to aquatic system[1]. Some physical 

and chemical techniques are currently available for the treatment of dye effluent[2-3]. But 

these processes have only limited success Homogeneous advanced oxidation process 

employing hydrogen peroxide with UV-light has been found to be very effective in the 

degradation of dye pollutants[4-6].  
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Experimental works 

1. Analysis 

A desired quantity of dye/Fe3+/ H2O2/Catalyst solution was freshly prepared from Fecl3, H2O2 

and the dye stock solution. The color of the dye solution in the reaction mixture at different 

times, was obtained by the measure of the absorbance at maximum wavelength (λmax=562 

nm) and by computing the concentration from calibration curve. 

2. Effect of added ferric ion (Fe3+) on the photodegradation of an Acid Red 52  

The photodegradation of an acid red 52 was performed in the presence of 100 ppm ZnO/BT, 

38 ppm H2O2/l and the UV radiation with a peak wavelength of 562 nm to investigate the 

effect of added Fe3+ concentration (Fig1).  

 
Fig. 1. Effect of add Fe3+ on the photodecolorization of the acid Red 52 

 
Results and discussion 
 
Fig. 2. Kinitic and relationship of the concentration catalyst vs the removal rate of the acid red 

52 dye, in the presence of 100 mg Zno/BT, 38 mg H2O2/l, and the UV radiation 

(at the initial dye concentration of 100 mg /l, pH 5, and 25 _C). 

 

 
Fig. 2. Kinitic and relationship of the concentration catalyst 
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Conclusion       
In all the experiments the disappearance of dye during the first 80 min of oxidation could be 

described as a first order reaction kinetics with regard to dye concentration as it may be seen 

from the data. Initial decolorization rate constants were determined from the slope of (C/C0) 

vs t (min) plots, where C0 and C are dye concentration at zero and t time, respectively.  
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Abstract 

Nanosized CdS coupled TiO2 nanocrystals were prepared by a microemulsion-mediated 

solvothermal method at relatively low temperatures. The prepared samples were characterized 

by diffuse reflactance spectroscopy (DRS), Scanning electron microscopy, (SEM) and X-Ray 

diffraction(XRD) , it was found that the CdS coupled TiO2 consisted of uniform anatase and 

rutile TiO2 of nanoparticles coated with highly dispersed cubic phase CdS nanocrystal. This 

photocatalyst was used to oxidize pollutants. Some compounds are resisting to oxidative 

degradation, research has swayed towards the reduction of them. The result indicates that 

modification of CdS-TiO2 with electron-donating groups (EDG) such as amino acids is an 

effective way to enhance photodegradation of compounds. 

 

Introduction  

Nanosized particles of titanium dioxide (TiO2) have excellent photocatalytic properties and 

have found applications in environmental remediation[1,2]. Lots of efforts have been made to 

modify titania in order to develop multifunctional materials and enhancing the photocatalytic 

performance. It has been reported that the composite structure can enhance the photocatalytic 

activity of the semiconductor catalysts. CdS–TiO2 is an excellent candidate for Photo 

decomposition of pollutants due to its intrinsic energy band gap[3,4]. In CdS-nanocomposite 

CdS which is a narrow band gap semiconductor was added to TiO2 to improve the response of 

TiO2 to visible light and also TiO2 prevents the photocorrision of CdS . 

 

Experimental 

Titanium tetraisopropoxide (TTIP) was used as a titanium precursors purchased from Merck. 

Cd(NO3)2 and (NH4)2S were used as precursors of CdS obtained from Merck. A typical 
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synthesis of sample involved the use of cyclohexane as oil phase, Triton X-100 as surfactant 

and 1-hexanol as cosurfactant. The yellow slurry obtained was centrifuged and washed with 

ethanol and water.  Finally modified CdS- TiO2 catalyst was achieved by soaking the prepared 

TiO2 for 24 h in ethanol solution of amino acids at room temperature. Photocatalytic activities 

of the samples were evaluated by investigation of methylene blue (MB) degradation in 

aqueous solution under visible light irradiation. 

 

Results and Discussions 

XRD analysis shows distinctive TiO2  peaks that are corresponded to the anatase and rutile  

has not been changed by the modification using amino acids as (EDG) . The additional peaks 

are related to the CdS cubic phase. SEM images reveal  that nanoparticles in the prepared 

powder are uniform with average size 45nm.  In the presence of pure TiO2, degradation of 

MB was not observed. Similarly, the degradation of MB with pure CdS was not significant. 

However, in the presence of the CdS/TiO2 samples, the degradation of MB obviously 

increased and it would be expected that this activity will increase by coating (EDG)  to 

photocatalyst.   On the basis of these results obtained with infrared spectroscopy, we suggest 

that amino acids bind to the TiO2 surface via the carboxyl group. 

 

Conclusion 

The effects of surface modification of CdS- TiO2 with specific (EDG) on photocatalytic 

degradation of azo dyes were investigated. Due to the strong electron-donatin properties, they  

act as a hole trap to prevent electron/hole recombination and  provide stable surface layer with 

reduction degradation pathway. In addition,  (EDG) enhance both CdS-TiO2 redox properties 

and adsorption of compounds . 

 

References 

[1] N. Serpone, E. Pelizzetti (Eds.), Photocatalysis: Fundamentals and 

Applications, John Wiley & Sons, New York, 1989. 

[2] D.F. Ollis, H. Al-Ekabi (Eds.), Photocatalytic Purification and Treatment 

of Water and Air, Elsevier, Amsterdam, 1993. 

[3] C.L. Jung, M.S. Yun, G.K. Tae, et al., Appl. Phys. Lett. 91 (2007) 113104-1. 

[4] L. Hong, L.Z. Bao, F.F. Yun, et al., React. Kinet. Catal. Lett. 2 (2007) 239 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1538

Kinetics inhibition of angiotensin converting enzyme by Quail egg white 
protein hydrolysates fractions 

 

Elham Rashidi Nasab1, Ahmad Asoodeh 2,*, JamshidKhan Chamani1 
1 Depart. of Biology, Faculty of Sciences, Islamic Azad University - Mashhad Branch, Mashhad, Iran 

2Depart. of Chemistry, Faculty of Sciences, Ferdowsi University of Mashhad, Mashhad, Iran 

Author Corresponding:  Asoodeh@um.ac.ir (A. Asoodeh) 

 

Keywords: Quail egg white, HPLC, ACE, Lineweaver-Burk plots, Competitive inhibitor    

 

Introduction:  

Hypertension is a major chronic disease [1] and a common disease among adults; that often 

leads to serious health problems, thus research on medical treatments and preventive measures 

have been of increasing interest [2]. Angiotensin converting enzyme (ACE) plays an 

important role in blood pressure regulation [3, 4]. This study describes the kinetics of the 

inhibition of angiotensin converting enzyme by Quail egg white(QEW) protein hydrolysates 

fractions obtained from trypsin-papain hydrolysis to assess the angiotensin converting enzyme 

inhibitor activity of derived peptides. 

Methods:  

QEW hydrolyzed by trypsin-papain and hydrolysates at ratio of 20:1 respectively. The 

hydrolysis reaction was done at 37 ºC for 1-12 hours and 24 hour. The digestion reaction 

stopped using heating at 95 ºC for 15 minutes. After the centrifuging sample, the supernatant 

was filtered from10 and 1 kDa cutoff membranes respectively. The utterance of 1kD 

membrane was purified using C18 -HPLC and the inhibitor activity of different fractions was 

evaluated using N-[3-(2-Furyl)acryloyl]-L-phenylalanyl-glycyl-glycine(FAPGG) substrate. 

Results:  

The results showed that QEW proteins are a benefit source from bioactive peptides after 

hydrolyzed by trypsin-papain. Base upon our results, Maximum degree hydrolysis was 

observed at 2 hour. 
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 Fig 1.  Reverse-phase HPLC profile of trypsin-papain fractions on c18 column. 

The purified fractions of 5-1, 7, 8 and 9 have inhibitor activity 91.7%, 91.7 %, 62.4% and 

90.8% respectively when they were compared with control. The IC50 of these fractions were 

shown 0.0136 mg/ml, 0.0136 mg/ml, 0.020 mg/ml and 0.0137 mg/ml respectively. Base on 

these enzyme inhibitory activities, fraction 7 was selected for kinetics studies to elucidate 

their mode of inhibition of ACE activity. The Ki for 0.0931 and 0.1552 mg/ml of peptide were 

0.3097 and 0.7625 mg/ml, respectively. 

 

Fig 2. Lineweaver-Burk plots of ACE inhibition by the purified peptides: The ACE activities were measured in 

the presence or absence of the purified peptide. 1/V and 1/S represent the reciprocal velocity and substrate, 

respectively. 
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Kinetic parameters control F7(0.0931mg/ml) F7 (0.1552 mg/ml) 

Km(mM) 0.1922 0.444 0.813 

Vmax(A.houre-1) 0.290 0.290 0.290 

Ki(mg/ml)  0.3097 0.7625 

Table 1. Kinetic constant of ACE inhibitor in the absence and presence of different concentration of trypsin-

papain peptide fraction7. 

 

Discussion:   

In this study we used the enzymatic hydrolysate of QEW to investigate their   inhibition 

potential of ACE. The Lineweaver-Burk plot indicates that the fraction 7 is competitive 

inhibitor. This means that peptide fraction 7 competes for the same active site as the substrate 

molecule.  The peptide can combine with ACE molecule to produce a complex, regard of 

weather a substrate molecule is bound or not. 

 

Conclusions:  

The inhibition of the activities of ACE observed in this study is dependent on the ability of 

proteases used for hydrolysis to release bioactive peptide sequences from QEW proteins 

rather than the protein yield of low-molecular-weight peptides. Among different fractions, the 

fraction of 5-1 and 7 has maximum inhibitory percent and minimum value of IC50 and 

therefore, results showed that the inhibitor is stuck on the enzyme and prevents any substrate 

molecules from reacting with the enzyme. The QEW protein hydrolysates are benefit source 

of bioactive anti-hypertension peptides. 
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Abstract: 

In this paper, the thermal behavior of coordination polymer in a nitrogen atmosphere were 

studied by thermogravimetry technique . Coordination polymer in such as  a  2D polymer 

with unique Ag–C bonds  and 3D polymer built with the assistance of η2 Ag–C bonds, 

[Ag2(l8-SB)] (1) [H2SB = 4-[(4-hydroxyphenyl)sulfonyl]-1-benzenol], [Tl4(l8-SB)2] (2), 

[Ag(l4-DPOAc)]n (3) [DPOAc = diphenylacetate] , [Tl(l3-DPOAc)]n (4), has been 

synthesized and characterized and its structure was determined by X-ray crystallography. The 

thermal stabilities of 1 and of its thallium(I) analogue, [Tl4(l8-SB)2] (2), also 3 and of its 

thallium(I) analogue(4), were studied by thermogravimetry (TG) and differential thermal 

analyses (DTA).The kinetic study was accomplished using TG curves based on weight loss as 

a function of temperature. The activation energy calculated as well as from the Arrhenius 

equations. 

 

Keywords: Coordination polymer, Thermogravimetry study,   Arrhenius equation, Activation 

energy. 

 

Introduction 

The use of bridging ligands for the controlled self-assembly of one-, two- or thee-dimensional 

metallo supramolecular species has been the subject of enormous study in recent years [1]. 

These supramolecular architectures are esthetically appealing and exhibit potential 

applications as molecular wires [2], electrical conductors  and in host–guest chemistry [3]. 

The design of polymeric coinage d10 metal complexes with fascinating structures has 

received much attention [4], among these metals, silver has received much attention because 

silver (I) shows a tendency to form coordination polymers and unique Ag–C bonds [5]. 
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Crystallographic data and details of the data collection and structure refinements of compound 

1 are listed in Table 1.  

 

 Table 1 Crystal data and structure refinement for [Ag2(l8-SB)] (1) 
 
Identification code                                                   1 
Empirical formula                                                    C12H8Ag2O4S 
Formula weight                                                       463.98 
Temperature                                                           100(2) K 
Wavelength 0.71073A ˚ 
Crystal system Orthorhombic 
Space group Fmm2 
Unit cell dimensions 
a (A˚ ) 17.9958(18) 
b (A˚ ) 7.0921(7) 
c (A˚ ) 9.2580(9) 
Volume (A ˚ 3) 1181.6(2) 
Z 4 
Density (calculated) (Mg/m3) 2.608 
Absorption coefficient (mm_1) 3.495 
F(000) 888 
Crystal size (mm) 0.36 _ 0.36 _ 0.22 
h Range for data collection (_) 2.26–28.25 
Index ranges _23 6 h 6 23, _9 6 k 6 9, 
_12 6 l 6 12 
Reflections collected 2893 
Independent reflections [R(int)] 821 [0.0157] 
Completeness to h (_) 28.28: 100.0% 
Absorption correction Multi-scan 
Maximum and minimum 
Transmission  
0.464   and 0.374 
Refinement method Full-matrix least-squares on F2 
Data/restraints/parameters 821/74/64 
Goodness-of-fit on F2 1.207 
Final R [I >  2r(I)] R1 = 0.0346, wR2 = 0.1005 
R indices (all data) R1 = 0.0349, wR2 = 0.1026 
Largest difference in peak and hole 
(  eA ˚  _3) 
4.110 and  _0.842 

 

 
Thermogravimetry analysis is a simple analytical technique that measures the weight loss (or 

weight gain) of a material as a function of temperature. As materials are heated, they can lose 

weight from a simple process such as drying, or from chemical reactions that liberate gasses. 

Thermo-analytical methods such as thermogravimetry(TG), differential thermal analysis 

(DTA)  and differential scanning calorimetric (DSC) have proved to play important role in the 

study of thermal decomposition of solid fuels and coordination polymer [6,7]. 
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 Kinetic studies have become a crucial point in thermal analysis, in which the main purpose is 

to calculate the parameters of the Arrhenius equation.  The knowledge of such parameters for 

energetic material and coordination polymer is also meaningful in order to elucidate 

miscibility/ compatibility and its efforts on thermal stability [ 8].The purpose of this was to 

study  the thermal behavior coordination polymer by thermo gravimetric (TG) method. The 

influence of heating rate on the this compound was investigated. 
 

Experimental Methods: 

All chemicals were of reagent grade and were used as commercially obtained   without further 

purification. The thermal behavior was measured with a Perkin-Elmer apparatus.  

 For experimental Parameters, 12 mg samples, a nitrogen atmosphere (100 ml min−1), and a 

linear heating rate of 20 C min−1 were used. All experiments were performed over a 

temperature range of 25 to 800 C using platinum crucibles. Prior to the experiments, the TG 

apparatus was calibrated via the melting points of indium (156.6 oC), tin (231.9 oC) and 

aluminum (660.2 oC) standards under the same conditions as for the samples.  Alumina was 

used as reference material in all experiments. The weight loss (TG signal) and the rate of 

weight loss (DTA signal) as a function of time or temperature were recorded, while the 

coordination polymer were subjected to a computer-controlled temperature program. The TG 

and DTA curves were obtained by a Perkin Elmer model instrument. 

Compound 1 is very stable and does not decompose up to 419 _C, at which temperature 

decomposition    starts. In this stage, exothermic removal of SB2_ occurs between 419 and 

502 _C with a mass loss of 53.0% (calcd 53.5%). Mass loss calculations show that the final 

decomposition product is metallic silver, (Fig. 1). Compound 2 is much less stable at starts to 

decompose  at 249 _C. The TG curve exhibits a distinct decomposition stage between 249 and 

560 _C with a mass loss of 37.9%, (calcd 36.6% for the formation of thallium (I)oxide). The 

DTA curve displays a distinct endothermic peak at 240 _C and three exothermic peaks at 362, 

398 and 532 _C, (Fig. 2).  

 Compound 3 is stable up to 235 _C. The TG curve exhibits a distinct decomposition stage 

between 235 and 480 _C with a mass loss of 63.0% (calcd. 63.6% for the formation of 

Ag2O). DTA curve displays three distinct exothermic peaks at 240, 300 and 450 _C and a 

endothermic peak at 600 _C. Compound 4 is stable up to 181 _C. TG curve exhibits a distinct 

decomposition stage between 193 and 550 _C with a mass loss of 48.5% (calcd. 48.9% for the 
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formation of Tl2O). The DTA curve displays a distinct endothermic peak at 181 _C and two 

exothermic peaks at 227 and 339 _C (see Figs. 3 and 4). Ea and A are listed in Table 2. 

 

Results and discussion: 

There are a number of approaches for modeling the complex pyrolysis process. The simplest 

is the empirical model, which employs global kinetics, where the Arrhenius expression is 

used to correlate the rates of mass loss with temperature [9]. 

 The pyrolysis process of coordination polymer can be represented by the following reaction: 

coordination   polymer →Volatile + Coke   (1) 

For analyzing the kinetics of TG/DTA data, the model assumes that the rate of weight loss of 

the total sample is dependent only on the rate constant, the remaining weight of the sample 

and its temperature with a reaction order of unity. The shift in the DTA peak is a measure of 

reactivity value.   

The kinetic parameters of the thermal decomposition reactions were calculated by using an 

Arrhenius-type kinetic model assuming that there is rst-order reaction [10].The kinetic 

analysis of non-isothermal pyrolysis, in general, is based on the following equations: 

dW/ dt = k.Wn             (2)  

k = A exp −E/ RT          (3) 

Log [(dW/dt). (1/w)] = LogA –E/ 2.303RT        (4)  

Where dW/dt is the rate of weight change of the reacting material in  min−1, A is the 

Arrhenius constant or pre-exponential factor in 1 min−1, E is the activation energy in kJ 

mol−1, T is the temperature in K, n is the reaction order and R is the gas constant in 8.314 J 

mol−1K−1. 

In the model, the plot of  Log[(dW/dt).(1/W)]  against 1/T is a straight line with a slope of  

E/2.303R. The magnitude of the slope can be used to calculate the activation energy (Ea). The 

pre exponential factor (A) can be calculated from the intercept. The TG and DTG curves for 

coordination polymer recorded from temperature room to 850 oC are shown in Figure 4. 

Activation energy (Ea) by applying the  Arrhenius equation (4). Arrhenius plot is shown in 

Figure 5, that the activation energy(Ea) value for  coordination polymers were calculated  

Conclusions 

The rates pyrolysis of coordination polymer was calculated from the Arrhenius equation. This 

method seems to be very simple because the kinetic data can be obtained from TG and DTA 
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curves. Activation energy (Ea) and exponential factor (A)  and details of the data collection 

are listed in  Table 2. 

Table 2 

The activation energy (Ea) and exponential factor (A)   for compounds 1 and 2 

                                           Ea                                            A  

 
compound 1                       42.068                                7.7492 
compound 2                       32.676                                9.0866 
compound 3                      147.482                             35.394 
compound4                        65.054                              16.825 

                             

                                      

Fig. 1. Thermogram of compound [Ag2(l8-SB)] (1).        Fig. 2. Thermogram of compound [Tl4(l8-SB)2] (2). 

 

                                       

 Fig. 3. Thermal behaviour of compound [Tl(l3-DPOAc)] (3).   Fig. 4. Thermal behaviour of compound [Ag(l4-

DPOAc)]n (4). 
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Fig.2 : Log[(dW/dt).(1/W)]  against 1/T 
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Abstract 

Effects of β-cyclodextrin, βCD, on unfolding and aggregation of lysozyme was investigated at 

pH12 employing isothermal titration calorimetry (ITC) at 300 in 30mM Tris buffer solution. 

βCD was employed as an anti-aggregation agent and the heats obtained for lysozyme+βCD 

interactions are reported and analyzed in terms of the extended solvation theory. It was 

indicated that there are two sets of identical and non-cooperative sites for βCD.  

 

Keywords: Lysozyme; Isothermal Titration Calorimetry; β-cyclodextrin; Binding parameters. 

 

Introduction 

Cyclodextrins (CDs) have been reported to suppress aggregate formation during the refolding 

of a wide range of proteins. Their potency is often ascribed to their affinity for aromatic 

amino acids, whose surface exposure would otherwise lead to protein association. However, 

no detailed structural studies are available. CDs inhibited the chemically induced aggregation 

and its inhibition was generally in the order of -CDs < -CDs < -CDs. Hydrophilic CDs 

reduced the thermally induced unfolding of lysozyme as shown by a decrease in the thermal 

unfolding temperature (Tm) value of lysozyme, suggesting that CDs destabilize native 

lysozyme or stabilize the unfolded state of lysozyme [1-3]. Electrophoresis data indicate that 

CDs, which promoted lysozyme refolding, arrested aggregation at the stage of smaller soluble 

aggregates [3].  

In this work, we have attempted to find the binding parameters and conformational changes of 

lysozyme due to its binding with βCD at PHs 7 and 12. A structure-activity relationship study 

between βCD and refolding of lysozyme was performed, in order to better understand the 
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mechanism of βCD-assisted protein refolding and to identify βCD that could function as good 

protein folding agents.  

 

Experimental 

The isothermal titration calorimetric experiments were carried out on a VP-ITC ultra sensitive 

titration calorimeter (MicroCal, LLC, Northampton, MA). The microcalorimeter consists of a 

reference cell and a sample cell of 1.8mL in volume, with both cells insulated by an adiabatic 

shield. All solutions were thoroughly degassed before use by stirring under vacuum. The 

sample cell was loaded with lysozyme solution (1.26mM ) and the reference cell contained 

buffer solution. The solution in the cell was stirred at 307 rpm by the syringe (equipped with 

micro propeller) filled with βCD solution (30mM) to ensure rapid mixing. Injections were 

started after baseline stability had been achieved. The titration of lysozyme with βCD solution 

involved 30 consecutive injections, the first injection was 5 μL and the remaining ones were 

10 μL. In all cases, each injection was done in 6s at 3-min intervals. To correct the thermal 

effects due to βCD dilution, control experiments were done in which identical aliquots were 

injected into the buffer solution with the exception of lysozye.  . The determined heats for 

lysozyme+βCD interaction were reported.  

Results and discussion 

We have shown previously [3-7] that the heats of the macromolecules + ligands interactions 

in the aqueous solvent systems can be   reproduced by the following equation: 

BBBAAABBBAAABmax ))(()( xLxLxLxLxxqq              (1) 

The parameters A  and θ
B  reflect to the net effect of CD on the lysozyme stability in the low 

and high dextrin concentrations respectively. The positive values for A  or  θ
B  indicate that 

CD stabilizes the lysozyme structure and vice versa. Bx  can be expressed as follows: 

                                         
BA

B
B pxx

px
x


                  (2)                  

p > 1 or p<1 indicate positive or negative cooperativity of macromolecule for binding with 

ligand respectively;  p=1 indicates that the binding is non-cooperative. Bx  is the fraction of 

bound cyclodextrin and BA 1 xx   is the fraction of unbound cyclodextrin. We can express

Bx  as follows: 
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max

T
B ][CD

CD
x           BA 1 xx               (3) 

 TCD is the total concentration of cyclodextrin and  max][CD is the maximum consternation of 

cyclodextrin. LA and LB are the relative contributions due to the fractions of unboundedand 

bounded ligand in the heats of dilution  

The heats of lysozyme+CD interactions were fitted to Eq. 1 over the entire Theophylline 

concentrations. In the procedure, the only adjustable parameter (p) was changed until the best 

agreement between the experimental and calculated data was approached. A  and θ
B  

parameters have been also optimized to fit the data. The small relative standard coefficient 

errors and the high r2 values (0.9999) support the method.  

The clear breaks in the curve of  heats, q,  for lysozyme+βCD interaction indicate that there 

are two sets of binding sites on lysozyme. The dissociation equilibrium constant (Kd) and the 

number of binding sites “g” can be determined by the following equation [4-8]: 

g

K

g
L

q

q
M

q

q d



 1

)( 00
max

         (5) 

Where qqq  max  and q represents the heat value at a certain βCD (L0 ) and lysozyme 

(M0) concentrations and qmax represents the  heat  value upon saturation of all lysozyme 

molecule. Therefore, the plot of 0
max

)( M
q

q
 vs.  0)( L

q

q
  should  be a  linear plot  with slope   

of  “
g

1
”  and  the vertical-intercept  of  

g

Kd
, which “g” and Kd can be obtained (table 1). If 

q and qmax are calculated per mole of lysozyme, then the standard molar enthalpy of binding 

for each binding site, 0H , will be
g

q
H max0  .  The binding parameters for lysozyme + 

cyclodextrin interactions recovered from Eq. 1 were listed in Tables 1. A  and θ
B  values for 

lysozyme+CD interaction are positive, indicating that in the low and high concentrations of β-

cyclodextrin, lysozyme structure was stabilized.       
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Also these results suggest that the effects of βCD on lysozyme refolding are attributed to its 

ability to suppress aggregation of lysozyme. βCD reduced the unfolding of lysozyme as 

evidenced by large values of association equilibrium constants at pH 12, suggesting that βCD 

stabilize native or unfolded state of lysozyme.  

 

 

 

Table 1 Binding parameters for lysozyme+βCD interaction recovered from Eqs.1 and 2 at pH 12. p=1 indicates 

that the binding is non-cooperative in two sets of binding sites. The positive values of 
θ
A or 

 B  indicate that 

βCD stabilizes the lysozyme native structure The interaction is strong and both enthalpy and entropy driven. 
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Abstract  

A bimetallic Fe/Ni catalyst was prepared using the sol/gel technique in order to kinetic study 

in fixed-bed micro-reactor under the operation condition as follows: temperature of 220-

260Ԩ; H2/CO feed ratio of 1-2; pressure 1-12 bar and at constant space velocity of 4500 h-1. 

All experiments were carried out in the absence film-mass-transfer resistance. The experiment 

data of this study were fitted fairly well by a semi empirical kinetic rate expression based on 

Langmuir-Hinshelwood-Hougen-Watson (LHHW) to form - RCO ൌ kPCOିଵ.ଷଷPHଶ.଼ଷ/ሺ1 cPCO−1.33PH20.83)4. Kinetic parameters were determined by means of Levenberg-

Marquardt algorithm and the apparent activation energy and reaction enthalpy were obtained 

67.38 kJ/mol and -36.47 kJ/mol, respectively.      

 

Keywords: bimetallic catalyst; Fischer-Tropsch synthesis, sol/gel technique, Kinetic 
modeling,  

Introduction 

An approach to improve the selectivity of the classical Fischer–Tropsch (FT) process for 

conversion of synthesis gas to hydrocarbons involves the use of a bifunctional catalyst system 

containing a metal catalyst (FT catalyst) combined with a support [1]. The kinetic description 

of the FT reaction is very important task for the industrial practice, being a prerequisite for the 

industrial process design, optimization and simulation. In this probe the kinetics of FT 

reaction based on LHHW approach was studied and based on the statistical criteria 

appropriate model was obtained and the kinetics parameters were determined. 

 

Experimental section 

1. Preparation of Catalyst 
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Preparation of 40% Fe/60%Ni/10 wt.%La2O3 catalyst using sol/gel technique. 

Fe(NO3)2·9H2O (5.89 g) and Ni(NO3)2.6H2O (6.07 g) was dissolved in 40 ml Tetra etoxicilan 

and 40 ml ethanol mixture at 80 °C. After stirring for 10 min, La2O3 (0.2 g) were added to a 

homogeneous transparent solution. in order to hydrate water of the nitrates, nitric acid (HNO3) 

were added in the prepared solution. Then the sample was stirred at 30 °C for 1 h to give 

transparent monolithic gel. The gel was dried at 120 °C in vacuum, powdered and calcined at 

650 °C for 6 h in air. 

 

2. Catalytic performance  

The reactor setup was exactly the same as during the preceding study that was published 

previously. To summarize briefly, the experiments were performed in a fixed-bed micro-

reactor made of stainless steel with an inner diameter of 12mm.Three mass flow controllers 

(Brooks,Model,5850E) were used to adjust automatically flow rate of the inlet gases 

comprising CO, H2 and N2 (purity of 99.99%).). More details about the reactor system, as 

well as a schematic diagram, are presented elsewhere [2].  

 
Result and discussion 
1. Development and testing of the kinetic models 
Totally, 24 experimental values were collected for kinetic study by table 1.  

 

Table 1. Values of CO Consumption Rate Using 40%Fe/60%Ni/10wt%La2O3 Catalyst 

No of exp T (K) P (bar) H2/CO XCO% 
510 COr  

(mol CO/grcat.min) 
1 493 6.5 2 7.33 23.25  
2 503 12 2 10.59 61.27  
3 513 9.4 1.5 18.48 81.45  
4 523 12.4 1.5 17.58 100.27  
5 523 3.4 1.75 16.87 26.38  
6 534 9.4 1.75 18.87 109.1  

 

The models regarded during this research have been arranged into four classes and are 

presented in Tables 2.  
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Table 2. Kinetic models
Class Kinetic expression Parametric equation model 

I 
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FT-VI 

 

Where both of these parameters (A and bCO) are temperature dependent and described 

according to the Arrhenius form equations, A= A0 exp (-E/RT); bCO=b0 exp (-∆H/RT). 

 
2. Statistical analysis 
The rival rate expression of table (1) was also fitted to set of experimental data in order to 

estimation of the values of the kinetic parameters by minimizing the relative using the 

Levenberg-Marquardt algorithm. The results of the best kinetic rate expression show in Table 

(2)  

Table 4.Estimated values of the best parametric kinetic models and statistical criteria. 

Model 
Kinetic parameter 

 Statistical 
indicator A b  

E (k 
j/mol) 

∆H ሺkjlmol) m n d Rୟୢ୨ଶ  Rmsd 

FT-IV 
3.760ൈ 10ିହ 

0.0095  67.38 -36.47 
-

1.33 
0.83 4 0.972 

8.72ൈ 10ି 
 
Units of k0 and c0 in FT-IV are, bar -0.5 mol g-1 min-1 and bar -0.5, respectively. 
 
 

Conclusion  

Experiments for the kinetics of CO consumption in the FTS reaction were conducted over 

bimetallic iron catalyst in fixed-bed micro-reactor over a range of reaction condition. Four 

classes of kinetic rate expression based on Langmuir-Hinshelwood-Hougen-Watson 

approach on the basis of a detailed set of possible reaction mechanism were developed. 
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The kinetic parameters were estimated from experimental data using non linear 

regression (Levenberg- Marquardt algorithm). The data of this study are fairly well fitted 

by the semi-empirical model FT-IV rate expression. The apparent activation energy and 

reaction enthalpy were obtained 67.38 kJ/mol and  -36.47 kJ/mol, respectively.  

 
 
References 

[1] Ali. A Mirzaei, A. Beigbabaei, M. Galavy, A.Youssefi, Fuel Processing  Technology 

91(2010)335–347.  

[2] H.Atashi, F.Siami, A.A.Mirzaei, M.Sarkari, Journal of Industrial and Engineering 

Chemistry16 (2010) 952–961 

[3]Ali A. Mirzaei, M.Faizi, R. Habibpour, Applied Catalysis A:General 306 (2006) 98–107. 

  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1556

Intrinsic kinetic of catalized Fischer-Tropsch Synthesis over Fe/Co/Al2O3 

 

Seyyed Mahmoud Musavi; Majid Sarkaria; F. Fazlollahia; H. Atashi*a, A.A. Mirzaeib 

Department of Chemical Engineering, University of Sistan & Baluchistan, Zahedan, Iran 

Department of Chemistry, University of Sistan & Baluchistan, Zahedan, Iran 

*Corresponding Author E-mail: h.ateshy@hamoon.ac.ir 

Abstract 

In this paper, an experimental study was performed with impregnation Fe/Co/Al2O3 catalyst 

in a laboratory fixed bed micro-reactor to develop a macro kinetic expression for the Fischer-

Tropsc synthesis (FTS) far as internal and external mass transfer diffusion. A kinetic model 

was found to be the preferred two-parameter rate equation of the reaction. It was shown that 

this model is assumes the following kinetically relevant steps in the cobalt-FT synthesis: CO 

dissociation occurs without hydrogen interaction and is not limiting step; the first hydrogen 

addition to surface carbon and the second hydrogen addition to surface oxygen are the rate-

determining steps.  

 

Keywords: hydrogen interaction, mass transfer, rate-determine. 

 

Introduction 

 Fischer-Tropsch synthesis (FTS) is the conversion of synthesis gas, which refine to ultra-

clean high cetane diesel fuels and chemical feed stocks [1]. Only the four group VIII metals, 

Fe, Co, Ni and Ru have sufficiently high activities for the hydrogenation of carbon monoxide 

to warrant possible application in the FT synthesis [2]. The product distribution has been 

influenced by process variable such as temperature, pressure, gas flow rate and H2/CO ratio in 

feed. Kinetic of Fischer –Tropsch synthesis have been studied by many researcher and many 

mechanistic schemes have been proposed but among proposed mechanism the surface 

Carbide mechanism have been noted more than other mechanisms. But due to 

complexity and varied parallel steps with many species that affect the reaction path, the actual 

kinetic model has not been known completely [3]. The goal of this paper is represent kinetic 

model for CO consumption rate for FT synthesis.  
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Experimental Section  

Catalyst Preparation. 

 The catalyst was (50%Fe/50%Co/90%wt.%Al2O3) prepared using impregnation procedure 

from mixed of Fe2 (NO3)3. 9H2O (98%, Merck, Germany) and Co (NO3)2 4H2O (97% , 

Merck, Germany). For preparation of the supported catalysts, amount (90wt %) Al2O3 (98%, 

Merck), has been added to the mixture of iron and cobalt nitrates with nominal ratio of 

resulting mixture heated to 120 °C for 16 hours and  the calcinations have been occur in static 

air at 600°C for 6 hours. The catalyst used in this work was pressed, crushed and sieved to 5 

mesh size. 

 

Result and discussion 

Removed of limitation of internal and external catalyst mass transfer diffusion  

The kinetic measurements were performed in a fixed bed micro reactor. Prior to analysis, the 

effects of the pore and film mass-transfer resistances were tested and eliminated using 

appropriate operating conditions. To check the external transport resistances, the feed flow 

rate was changed with a corresponding change in catalyst loading, so that a constant space 

velocity was achieved. Because the points that correspond to the same GHSV but different 

flow rates are close together, as shown in Fig.2, it can be seen that over the range of interest, 

film resistance is not significant. To examine the internal diffusion resistance, 1.0 gram 

catalyst with different sizes, 125, 290, 365, 420 505 μm and were loaded under same 

conditions. As shown in Fig.3 no pore diffusion was evident for particle size lower than 0.3 

mm. Therefore, under the test Conditions used, the internal and external mass-transfer 

limitations were not significant. 
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Fig1. Variation of the CO conversion as a function 

of the GHSV value. Conditions: 1atm, T: 590 K 

Fig 2. Variation of the CO conversion as a function 

particle size. Conditions: 1atm, T:623 K 

 

Kinetic Model.  

The kinetic tests were carried out over Fe-Co in fixed bed micro-reactor under the operation 

condition as follows: temperature of 230-280Ԩ; H2/CO feed ratio of 1-2; pressure 4-16 bar 

and at constant space velocity of 4500 h-1.  

 

Overview of mechanism  

The kinetic of Fischer –Tropsch synthesis have been studied by many researcher and many 

mechanistic schemes have been proposed but among proposed mechanism the surface 

Carbide mechanism have been noted more than other mechanisms. The bases of 

carbide mechanism was the dissociation of adsorbed CO and  H2  to form dissociated 

adsorbed Carbon  and Hydrogen  followed by  hydrogenation of adsorbed carbon with  

adsorbed dissociated hydrogen, hydrocarbon will be produce. The schem of this mechanism 

was illustrated in Figure 3. 
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Fig 3. Reaction steps for the Carbide mechanism use in FTS 

Conclusion 

The intrinsic of the Fe-Co impregnation catalyst far as limitation of internal and external mass 

diffusion was investigated. The results illustrated that with increasing of particles size the 

selectivity of light olefin was increased. Therefore, the mechanistic aspects of Fischer-

Tropsch synthesis reaction over catalyst proceed via carbide mechanism. 
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Abstract 

In this investigation Fe/Mn/Al2O3 using Fischer-Tropsch Synthesis (FTS) was prepared in 

three different methods co-precipitation ,impregnation and sol-gel techniques to examine the 

operative parameters such as temperature , pressure and H2/CO ratio to optimize the light 

olefins selectivity . The results illustrated that the catalyst which is  prepared by the 

impregnation method had the less methane selectivity and obviously the more selectivity for 

light olefins than the other techniques.  

 

Keywords: FTS; Fe/Mn/Al2O3; co-precipitation; light olefins  

Introduction 

Fischer–Tropsch synthesis (FTS) has attracted great interest due to the large variety of 

products that can be obtained, such as α-olefins, paraffin and oxygenate compounds or narrow 

distributions of certain families (i. e. C2–C4 alkenes, gasoline, and diesel). The combination of 

Fe–Mn [3–5], Co–Mn [6,7] and Fe–Co catalyst [1] with or without promoters favors the 

formation of C2–C4 alkenes. The aim of this research is investigation of  the effect of catalyst 

preparation method of  Fe/Mn catalyst in the product distribution in Fischer- Tropsch 

synthesis. 

Experimental 

Preparation of  typical catalyst samples 

Three kinds of Fe/Mn/Al2O3 catalyst were prepared with different methods. Typically, 

50%Fe/50% Mn/10wt% Al2O3 by co-precipitated, 50%Fe/50%Mn/90%Al2O3 with 
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impregnation method and 50%Fe/50%Mn/5wt% Al2O3 with sol-gel technique were prepared. 

all of catalyst were optimized to light olefins (C2-C3 used to petrochemical feed stocks).       

Results and discussion 

The operative conditions such as temperature, pressure and H2/CO ratio effects on selectivity 

of light olefins were investigated on three different catalyst preparation technique in  fixed-

bed micro-reactor. The effect of temperature on distribution of products was shown by figure 

(1).  

 
Figure 1. Effect of temperature on Selectivity at P=5 bar; H2/CO=3/2: a) co-precipitate Fe/Mn; b) 
impregnation Fe/Mn; c) sol-gel Fe/Mn  
 
 
Conclusion 
The formulation and catalyst preparation method can effect on products distribution and 

kinetics of  FTS. In this study the operative conditions such as temperature ,pressure and  
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H2/CO ratio  were investigated on catalysts sample. The results demonstrated that the catalyst 

which is  prepared by the impregnation method had the less methane selectivity and obviously 

the more selectivity for light olefins than the other techniques.  
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Cyclodextrins are well known in host guest chemistry due to their unique ability to form 

inclusion complexes with numerous compounds. The interaction of guest molecules with 

cyclodextrin leads to apparent changes in their chemical properties, such as kinetic and 

thermodynamic parameters [1]. This work focuses on kinetic study of reaction of nitrous acid, 

as important compound in environmental chemistry, with quercetin and catechin as 

biologically important antioxidants in the absence and presence of -cyclodextrin [2]. Kinetic 

studies have been performed using UV-Vis spectrophotometry in aqueous solutions and mild 

acidic conditions.  
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Fig. 1. Absorption spectra of 0.5 mM quercetin in the presence of 3.0 mM NaNO3 with time; interval 

times 30 sec., pH 3.40 and solvent 85/15 water/ethanol.  Proposed mechanism for the reaction in the 

presence of cyclodextrin. 
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Base on proposed mechanism these antioxidants participate in oxidation reaction with nitrous 

acid which derived from protonation of nitrite ion in mild acidic conditions. Corresponding 

quinones are proposed as relatively stable products were detected by spectrophotometric 

techniques. The effect of pH, nitrite ion and cylodextrin concentration have been studied on 

the reaction. The values of rate constants and equilibrium constants have been calculated by 

fitting through the data of the concentration profiles using Newton–Gauss algorithm. Presence 

of equilibrium between the reactant of these parallel reactions follows a complicated reaction 

pathway; then the kinetic profiles have been obtained by numerical integration using Matlab’s 

solver, ode45, which is the standard Runge-Kutta algorithm [3]. The results indicate that these 

antioxidants can form relatively stable complexes with -CD. The formation constants of the 

oxidized forms are lower than related parent molecules. The rate constant of complex forms 

are considerably lower than the free forms. Also the effect of pH on the reaction have been 

studied and the results show that the dependence of reaction to pH is related to the variation of 

nitrous acid percentage as oxidant in the reaction and the rate constants of the reactions are 

independent of pH. 
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Introduction 

Heterogeneous photocatalysis is a promising method among advanced oxidation processes 

(AOPs) which is able to breakdown many organic pollutants. This domain is particularly 

oriented towards application and has a strong impact on design and construction of new 

photochemical reactors [1]. Since photocatalysts are often applied as suspension [2], hence, 

the separation of photocatalyst particles from its aqueous suspensions represents a serious 

problem for practical engineering. Unfortunately little attention has been diverted to design 

photoreactors with immobilized TiO2 on a solid surface [3]. In the present work we described 

kinetic analysis of the removal of Acid Orange 7 as a model pollutant in a packed bed 

photoreactor with immobilized catalyst on glass beads. 

 

Experimental details 

TiO2-P25 (Degussa) was immobilized on glass beads by heat attachment method [3].  

Then glass beads were packed into an annular reactor. For photocatalytic degradation of C.I. 

Acid Orange 7 (AO7) as a model contaminant from textile industry, a solution containing 

known concentration of AO7 was prepared and then known value of the prepared solution 

was transferred into a Pyrex beaker and agitated with a magnetic stirrer during experiment. 

The solution was recirculated with a peristaltic pump (Heidolph, PD 5001) with a known flow 

rate into the reactor and regularly, the AO7 concentration was analyzed at the outlet with a 

UV-vis spectrophotometer (Ultrospec 2000, Biotech pharmacia, England) at 485 nm. 
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Experiments were carried out in different AO7 concentrations, solution volumes, volumetric 

flow rates and light intensities.  

 

Results 

Kinetic analysis of AO7 removal in PBR photoreactor 

The photocatalytic oxidation kinetics of many organic compounds has often been modeled 

with the modified Langmuir-Hinshelwood equation as Equation 1:  

)1(] AO7[
] AO7[1

] AO7[] AO7[
-R

0
ap

ads

adsHL k
K

Kk

dt
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which  

 )2(
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adsHL
ap K
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k


   

where R is the reaction rate (mg L-1 min-1), kL-H the reaction rate constant (mg L-1 min-1), Kads 

the adsorption coefficient of AO7 on the TiO2 particles (mg-1 L), [AO7] the concentration of 

AO7 (mg L-1), and [AO7]0 is the initial concentration of AO7 (mg L-1). Equation 1 shows a 

pseudo-first order reaction with respect to the AO7 concentration. The semi-logarithmic 

graphs of the concentration of versus irradiation time yield straight lines indicating pseudo-

first order reaction. The apparent reaction rate constants (kap) for photocatalytic degradation 

of AO7 were evaluated from experimental data using linear regression method. In all cases R2 

(correlation coefficient) values are higher than 0.98, which confirm the proposed kinetics for 

decolorization of AO7 in this process. The constants kL-H and Kads in L-H model were 

obtained with fitting kap to [AO7]0 using the software Polymath (Version 6.0) as 0.74 mg L -1 

min -1 and 0.081 mg -1 L, respectively. 

Results show that the UV-light intensity plays an important role on the decolorization of 

AO7 in the UV/TiO2 process. Figure 1a shows apk  increases with increasing the UV-light 

intensity linearly. Because the UV irradiation generates the photons required for the electron 

transfer from the valence band to the conduction band of a semiconductor photocatalyst. As 

can be seen from Figure 1a, kap can be fitted to UV light intensity by Equation 3. With 

nonlinear regression analysis model parameters were calculated as following:  

)3(99.0,][05.0 296.0
0  RIkap  
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Two other important factors for removal of pollutant in PBR photoreactor are volumetric 

flow rate and volume of solution. Figure 1b and 1c shows apk  increases with increasing the 

volumetric flow rate and decreasing of solution volume. With nonlinear regression analysis 

model parameters were calculated for volumetric flow rate )( 0  and volume of solution )(V  

as following: 

)4(99.0,][108.2 242.0
0

3   Rkap   

)5(98.0,][97.27 215.1   RVkap  

 
Figure 1. Plot of kap vs. light intensity (a), volumetric flow rate (b) and solution volume (c).  

 

Development of rate equation 

Results show that kap is a function of initial concentration of AO7 (mg L-1), UV light 

intensity (W), volumetric flow rate (mL min-1) and volume of solution (mL) as following:  

0
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                (6) 

From previous sections m, n, o, and Kads values were estimated from experimental data. 

With substituting these values into Equation (6), we obtain reaction rate for removal of AO7 

in PBR reactor as following: 

)7(] AO7[
]7[081.01

65.20
R

0

15.142.0
0

96.0
0

AO

VI





 

Although the rate expression is empirical in nature, it provides information about the effect of 

operational parameters on the reaction rate in PBR reactor which is useful for the design.    

 

Conclusion 

UV/TiO2 process with immobilized photocatalyst on glass beads can be used for efficient 

degradation of AO7 as a model contaminant from textile dyes. Nonlinear regression analysis 
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shows that the pseudo-first order rate constant is proportional with volumetric flow rate and 

light intensity, but it is inversely proportional to initial concentration of AO7 and solution 

volume. The kap values predicted from developed rate equation are in good agreement with 

the experimental data with correlation coefficient equal to 0.97. 
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Introduction 

The O(3P) + C2H3Cl reaction is of great importance in atmospheric chemistry and in many 

combustion and plasma systems. Although there have been many studies of O atom reactions 

with a variety of unsaturated hydrocarbons, only limited information is available for 

halogenated alkenes [1]. In this research, the kinetic and mechanism of the electrophilic 

addition reaction of oxygen atom to vinyl chloride is studied by employing various quantum 

chemical methods. The computed rate constants are compared with the available experimental 

data. 

 

Method 

The triplet potential energy surface of the title reaction is initially explored at the BB1K/6-

31+G(d,p) level of theory. Analytical harmonic vibrational frequencies are calculated at this 

level to verify the character of stationary points located (one imaginary frequency for a TS 

and all real frequencies for a minimum). The energies of stationary points are improved by 

using BB1K/MG3S, CCSD(T), and G3B3 levels of theory. Transition state and RRKM 

theories were used to calculate the rate constant for the disappearance of the reactants and 

branching ratios for different reaction channels. 

 

Results and Discussions  

The reaction occurs by addition of oxygen atom to both carbon atoms of vinyl chloride 

through a low barrier energy saddle point (1-20 kJ mol-1 depending on the level of theory 

employed), leading to an energy-rich intermediate. The chemically activated molecule formed 
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may dissociate to different products or isomerise to other activated molecules which in turn 

react to form other products as depicted in Fig 1. RRKM theory was used to calculate the 

energy-specific rate constants for decomposition of different activated intermediates to 

reactants, products or other activated intermediates. A RRKM-TST model from Berman and 

Lin is modified and used to calculate the rate of disappearance of the reactants and branching 

ratios for different reaction channels according to the mechanism shown in Fig1[2,3]. The 

results are in good accordance with the experimental data.          
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Conclusions 

A number of important results emerge from this study. The O(3P) + C2H3Cl reaction is 

confirmed to occur via an electrophilic addition mechanism as the first reaction step. Different 

products could be formed through a complicated mechanism including several chemically-

activated intermediates and transition states. Overall thermal rate coefficients computed at 

temperatures in the range of 200-2000 K are in good agreement with experimental data and 

can be fitted to a modified Arrhenius expression as 

ktot = 1.99108(T/298)4.01exp(155.20/T) L mol-1 s-1. 
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Introduction 

The gas phase unimolecular decomposition of bromoalkanes is very important for their role in 

atmospheric processes [1]. In this research, the kinetic and mechanism of the thermal 

unimolecular reaction of tert-butyl bromide reaction is studied by employing ab initio 

quantum chemical methods. The computed rate constants are compared with the available 

experimental data. 

 

Method 

The ab initio calculations are performed using Gaussian 03 program. The geometries of all the 

stationary points, i.e., minimum energy structures and the saddle points, are fully optimized at 

the MP2 level of theory with the 6-311+G(2d,p) basis set. Harmonic vibrational frequencies 

and zero-point energies of all species are calculated at the same level of theory. To improve 

the energy description of the stationary points, single-point calculations are made using 

MP2/6-311+G(2d,p) optimized geometries at the CCSD(T)/6-311+G(2df,2p) level of theory. 

Based on the information obtained from the potential energy surface, the high-pressure 

limiting rate constants for the unimolecular decomposition of tertiary butyl bromide is 

computed. The rate constants are calculated by means of transition state theory (TST) in the 

temperature range of 500 to 2500 K. The calculated rate constants are corrected for tunnelling 

effect by Wigner tunnelling formula. 

 

Results and Discussions  
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It is revealed by many experimental measurements that the only important pathway for gas-

phase unimolecular decomposition of tert-butyl bromide is HBr elimination reaction. 

Nonetheless, three possible reaction channels are supposed for unimolecular reaction of tert-

butyl bromide. 

Tert-C4H9Br  →  iso-C4H8                  R1 

                        → C4H9 + Br                 R2 

                        → C3H6Br + CH3          R3 

The calculated barrier heights for the reaction channels R1, R2 and R3 at the CCSD(T)/6-

311+G(2df,2p) level of theory are 189.5, 324.6 and 405.8 kJ mol-1 respectively. The much 

higher barrier heights of the reaction channels R2 and R3 show that these reaction channels do 

have much smaller rate constant in comparison with the reaction channel R1. The calculated 

rate constant for the unimolecular HBr-elimination reaction of tert-butyl bromide is shown in 

Fig. 1 in comparison with the available experimental data.    
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Conclusions 

The thermal rate coefficients computed at temperatures in the range of 500-2500 K are in 

good agreement with experimental data and can be fitted to a Arrhenius expression as kuni = 

1.271015exp ( 220.15kJ mol-1/RT) s-1. 
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Modification of mesoporous MCM-41 by chemical and physical methods extends its 

application in biotechnology. Having large pores and huge number of silanol groups makes 

MCM-41 as a good candidate for immobilizing macromolecules, such as metalloporphyrins 

[1]. 

Porphyrins are well-known for their biological, catalytic, conductive, and photoactive 

properties [2]. They have also been investigated extensively in an effort to mimic enzymatic 

systems, especially those of the peroxidase family. Fe(III) protoporphyrin IX (FeIIIPPIX) has 

been interested as effective guest component for  immobilization and creating new porous 

nanobiocatalysts. Among systems containing supported macromolecules, metalloporphyrin 

complexes present an important role in the field of oxidation reactions due to their inherent 

properties, and their suitable, compatible and effective functional groups [3]. 

Present work reports, catalytic activities of nanobiocatalysts of Fe(III) PPIX immobilized in 

modified MCM41. 3-aminopropyltriethoxy silane (APTS) was used for modification of 

MCM41 pore walls [4]. In order to enhance the catalytic activity of FeIIIPPIX, first the fifth 

coordination position of Fe atom was reacted with imidazol. Then, the immobilization 

reaction of Im-FeIIIPPIX  with NH2-MCM41 was carried out through amide bond formation 

between NH2 group of NH2-MCM41 and carboxyl groups of Im-FeIIIPPIX.  

Oxidative catalytic activities of the prepared nanobiocatalysts were examined by ABTS (2,2-

azino-di-3-ethyl-benzothizoline-(6)-Sulphonic acid) and phenolic derivatives in the presence 

of hydrogen peroxide and/or tert-butyl peroxide as oxidant [5,6]. Various oxidation reactions 
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were investigated by UV-Vis spectrophotometry to determine enzymatic parameters of the  

nanobiocatalysts. 

 Initial rates, rate constants k1and k3, Km, Vmax, kcat and catalytic efficiency of nanobiocatalysts 

obtained from Michaelis–Menten, lineweaver-Burk and Eadie-Hofstee plots. Regression and 

fitting of experimental data into the kinetic equations was done by Excel-Solver software. 

Results showed that these nanobiocatalysts can potentially mimics peroxidase enzyme in 

oxidation reactions of aromatic compounds in aqueous media at mild conditions of ambient 

temperature and atmospheric pressure. 

          
Eadie-Hofstee plot for oxidation of ABTS by Im-FeIIIPPIX/MCM41 catalyst at room temperature 

[H2O2]=0.5 mM  and Im-FeIIIPPIX/MCM41=0.010 g. 
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Introduction 

The brilliant emissions resulting from oxidation of certain oxalic acid derivatives, especially 

in the presence of a variety of fluorophores, are the bases of the most active area of current 

interest in chemiluminescence. The peroxyoxalate-chemiluminescence (PO-CL) system is 

based on the reaction of H2O2 with peroxyoxalate which result an intermediate [1]. The 

excited intermediate transfers its energy to an efficient fluorophore [2,3] through the 

chemically initiated electron exchange luminescence (CIEEL) mechanism. Also kinetic 

parameters for the (PO-CL) system with and without Chlorpheniramine maleate were 

calculated from the computer fitting of the corresponding chemiluminescence intensity/time 

profiles.  

Methods  

All chemical compounds were reagent-grade and purchased from Fluka chemical company 

(CH-9470, Buchs, Switzerland) and used as received without further purification. Quinoxaline 

derivative was prepared as described in the previous report [4]. Chemiluminescence detection 

was performed with a homemade apparatus equipped with a Model BPY47 photocell. In order 

to evaluate the kinetic data for the PO-CL system, a pooled-intermediate model was used.  

 

Results and discussion  

In order to evaluate the kinetic data for the PO-CL system, a pooled-intermediate model was 

used. The integrated rate equation for the CL intensity versus time is as follow: 
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 Where, It is the CL intensity at time t, M is a theoretical maximum level of intensity if the 

reactants were entirely converted to a CL-generating material, kr and kf are, respectively, the 

first order rate constants for the rise and fall of the burst of CL. This model not only allows 

the determination of parameters of M, Kr and Kf but also it permits an estimation of the 

intensity at maximum level (J), the time of maximum intensity (Tmax) and the total light yield 

(Y) 

Results indicated that the integrated light emitted (Y) of the CL system is reduced in the 

presence of CPM but the fall rate constants (Kf) increased (fig 1).  

                                          

                         

 

 

 

 

 

 

 

 

 

Figure 1. Chemiluminescence emission intensity as a function of time after mixing of H2O2, sodium salicylate, 

TCPO and 2,3-diphenylquinoxaline. a) In the absence of CPM  b) in the presence of CPM.  

 

Conclusion  

The present study convincingly shows the enhancement of chemiluminescnce intensity of 

peroxyoxalte chemiluminescence system (TCPO- H2O2- sodium salicylate- fluorescer) in the 

presence of chlorpheniramine maleate.  

A non-linear least-squares curve fitting program KINFIT was used to the first order rate 

constants for the rise kr and fall kf of the burst of chemiluminescence in the presence and 

absence of chlorpheniramine.  
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Introduction  

MCM-41 is a mesoporous molecular sieve which formed from the close packed silica-coated 

micelles of a surfactant template [1]. Because of its unique structural and physical properties; 

notably large surface area, tunable and large pore size, narrow pore size distribution and high 

thermal stability MCM-41 has attracted large attention in many fields such as catalysis [2] and 

optic [3]. Loading of nickel precursor inside the nanochennels of MCM-41, results in 

controlled growth of nanoparticles.  

 

Methods  

The molar composition of the synthesized samples were (1+5x) TEOS, 0.3 

Cetyltrimethylammonium bromide (CTAB), 1.5 Sodium acetate, 2 Ethanol, 14 NH3, 20 H2O, 

x Ni, 3x toluene. x is the molar ratio of Ni/Si in the  corresponding sample.  Physisorption of 

Nitrogen was measured at 77 K using a BELSORP-max porosimeter. Prior to analysis the 

samples were outgassed in-vacuo for 4 hours at 573 K until a stable vacuum of 0.1 Pa was 

reached.  

 

Results and Discussion  

Figure 1 represents nitrogen physisorption isotherms of parent MCM-41, Ni3/MCM, 

Ni6/MCM and Ni7/MCM. Parent MCM-41, Ni3/MCM and Ni6/MCM (figure a-c) exhibit 

type IV isotherm, which is the typical characteristic of mesoporous materials. However, 

Ni7/MCM represents an isotherm which is more or less similar to type IV, but its shape 

extremely distorted and broadened. This phenomenon caused by high loading of nickel. The 

specific surface area was calculated from the linear part of the BET (Brunauer-Emmett-

Teller) equation (P/P0 = 0.05-0.25).  Results indicated that BET surface area of Ni3/MCM and 

Ni6/MCM are comparable to that of parent MCM-41. In case of parent MCM-41, Ni3/MCM 
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and Ni6/MCM, filling of the mesopores takes place over a fairly narrow range of relative 

pressure. 

 
  Figure 1. Nitrogen physisorption isotherms of a: parent MCM-41, b: Ni3/MCM, c: Ni6/MCM, d: Ni7/MCM.  

 

A further indication for this statement is the fact that desorption branch of the isotherm around 

capillary condensation step nearly coincides with the adsorption branch which reveals the 

reversible nitrogen adsorption inside the mesopores. Furthermore, this reversible behavior 

implies that the most pores within the samples are open pores, connected directly to the 

surface of the MCM-41. 

 

Conclusion   

Results indicated that incorporation of nickel nanoparticles into mesopores of MCM-41 did 

not cause pore blocking. Results also specified that the most pores within the samples are 

open pores, connected directly to the surface of the MCM-41 and so are accessible for the 

guest molecules such as nitrogen. 
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Abstract 

In this investigation photocatalytic degradation of azo dye disperse yellow 23 in water was 

studied. Zinc oxide was supported on CP  using solid-state dispersion (SSD) method. The 

results show that the ZnO / CP (SSD) is an active photocatalyst. The maximum effect of 

photo degradation was observed at 10 wt.% ZnO, 90 wt% CP. A first order reaction with K = 

0.0057 min−1 was observed the photocatalytic degradation reaction. The effects of some 

parameters such as pH, amount of photocatalyst, initial concentration of dye were also 

examined. 

 

 

Introduction: 

 From the viewpoint of green chemistry, the photocatalytic decomposition of organic 

compounds in wastewater has attracted a great deal of attention [1]. ZnO is one of the most 

effective photocatalysts because it is biologically and chemically inert and photostable with 

near-UV band gap energy. Many researchers have examined some methods for fixing ZnO on 

supporting materials including glass beads [2], fiber glass [3], silica [4]. 

 

Experimental:  

Degussa P-25 titanium dioxide and CP Zeolite powder The CP zeolite  were purchased from 

Afrand tuska Co(Iran). Another materials were purchased from Merck (Germany). Double 

distilled water were used for preparation  of  requisite Solutions. The molecular structure of 

DY23 is shown in Fig.1. 
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Fig. 1:  Molecular Structure of Disperseyellow23 

The solid state dispersion (SSD) method was used for preparing the Zeolite-based 

photocatalyst. In this method, ZnO was mixed with zeolite using ethanol as a solvent using 

agate pestle and mortar; the solvent was then removed by evaporation. Samples prepared by 

this method were dried at 110 oC and  calcined in air at 450 oC for 5 h to obtain ZnO-

supported zeolite catalysts.   

                                                                                                                                                                                                                                                                    

Results and discussion: The effective decomposition of DY23 was observed when 

photocatalyst contained 10% ZnO and 90% CP, prepared by using solid state dispersion 

(SSD) method. The photodegradation efficiency increases with an increase in the amount of 

photocatalyst, up to a value of 40 ppm and then decreases when the catalyst concentration is 

increased. The photodegradation conversion of DY23 decreases with an increase in the initial 

concentration of DY23. Experimental data shows that the best results were obtained in acidic 

solution, (pH =6, X =100%)after 120 min. The kinetic of photo oxidation reaction is pseudo-

ferst order with respect to dye concentration[5] . Fig. 2. shows the plot of Ln [DY23]/[DY23] 

versus irradiation time for DY23. The linearity of plot suggests that the photodegradation 

reaction approximately follows the pseudo-first order kinetics with K=0.0057min-1. 

 
Fig. 2. Relationship between log[DY23] and irradiation time on photocatalytic degradation of DY23. [DY23]0 = 

100 ppm, , photocatalyst(10% ZnO+90% CP) = 50 ppm, pH=6. 
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Introduction 

Recently, different reports have been published on the synthesis of stable phosphorous 

ylides[1-2]from the reaction between triphenylphosphine and reactive acetylenic esters in the 

presence of N-H, C-H, O-H or S-H heterocyclic compounds. These ylides usually exist as a 

mixture of the two geometrical isomers (Z and E), although some of these exhibit only one 

geometrical[3-4]. Kinetic investigation of interchangeable process in equilibrium between the 

two Z- and E-isomers has not been yet studied. Herein, we now describe a full find out such 

as kinetics, thermodynamic and activation parameters for this conversion.  

 

Results and Discussion 

Synthesis of reaction between dimethyl acetylendicarboxylate 1 and 2-indolinon  2 in the 

presence of triphenylphosphine for generation of phosphorous ylides 3 has been reported 

earlier[5] involving the two Z- and E-geometrical isomers (Figure 1).  
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Figure 1. i) Synthesis of reaction between dimethyl acetylendicarboxylate 1 and 2- indolinon 2 in the presence 

of triphenylphosphine for generation of phosphorous ylide 3. j) Interchangeable process between the two 

rotational isomers such a 3-E and 3-Z. 

To determine the kinetics parameters for interchangeable process in opposing reaction 

between the two Z and E rotational isomers, consisting of one elementary reaction and its 

reverse (Figure 1, j) , a kinetic study of the reaction was undertaken by the 1H NMR 

technique. For each kinetic experiment, first a aliquot from freshly made solution of 

compound 3 was pipetted into a capillary 1H NMR tube, keeping the temperature at -40◦C 

(233K) for a few minutes. Herein, 1H NMR spectrum of compound 3 gave corresponding 

equilibrium concentration of each rotational isomers (Z and E) for first equilibrium state at -

40◦C .They are in proportion with their integration surfaces. Then temperature was suddenly 

jumped to  -30◦C and then the 1H NMR spectrum of opposing reaction was recorded every 12 

seconds until the completion of reaction (second equilibrium state). In this case, before the 

completion of reaction, concentration of each geometrical isomer as reaction proceed in 

CDCl3, can be obtained from its corresponding integrating surface at each interval, herein , all 

the concentrations are relevant to the nonequilibrium state of the opposing reaction (before 

second equilibrium state). When the measurement of the corresponding integrating surface is 

being constant, opposing reaction is now in a second equilibrium state. Changes in the 

concentration value of E isomer (for example) can be calculated from the difference between 

the integrating surface of first equilibrium state (-40◦C ) and the integrating surface of 

nonequilibrium state at each interval. They are reported in Table 1 at all times investigated 

during temperature jumped from -20◦C (253K) to -10◦C (263K).  
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Table 1: The concentration value of E isomer at all times investigated at -10˚C (263K) 

t⁄s  ١٣٢ 144 156 168 

XEmol / lit 0.033 0.035 0.044 0.045 

Ln (m-x) -4.32 -4.53 -6.20 -7.42 

 

In the temperature range studied , the dependence of the first-order rate constant of the 

forward (k1), reverse (k-1) and overall reaction on reciprocal temperature are consistent with 

the Arrhenius equation, giving an activation energy of forward (Ea1), reverse (Ea-1) and overall 

reaction (Ea total), 16.9, 10.1 and 12.3 kJ.mol-1, respectively.  

 

Conclusions 

For the first time, kinetic investigation of interchangeable process in equilibrium between the 

two Z -and E-isomers of stable phosphorous ylides was undertaken by the 1H NMR 

technique. Activation parameters such as k-1, k1, ktotal, Ea1, Ea-1, Ea total , ΔS#, ΔH# and ΔG# 

along with thermodynamic parameters involving Ke, ΔHᵒ, ΔGᵒ and ΔSᵒ were obtained on the 

basis of experimental data. 
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Introduction 

Nowadays, investigation on the dynamics of the reactive species is one of the major 

aspects of the kinetics that has attracted the interest of many scientists who work in this field.  

Different methods have been proposed to study the dynamics of the reactions and the central 

issue in all of them is construction of potential energy surface.1 Construction of the potential 

energy surfaces are normally based on the data obtained from quantum mechanical or semi-

empirical calculations. One of the most effect methods in construction of the potential energy 

surfaces is the interpolation techniques.2 Although, interpolating techniques in dynamics 

studies proved to be useful in some tetratomic systems, the cost of computational time 

prevents the use of expensive state-of-the-art ab initio correlated electronic structure 

calculations. In these methods, the classical dynamics simulations will be study on an 

interpolated potential energy surface constructed from ab initio or semi-empirical 

calculations.  

In this study the dynamics of the reaction of ethylene with sulfur atoms has been 

investigated. This reaction is proceeds via the formation of an energized intermediate 

according to reaction R1. 

S + C2H4       C2H4S*                      R1 

From classical trajectory studies, the formation of possible end products, the 

corresponding reactive cross sections, and probabilities of formation of each product are 

investigated (Nr / NT). These data are used to calculate the branching ratio and individual and 

total rate constants.  

Computational method  

To construct the potential energy surface the Gaussian 03 program was used. The 

structure of the stationary points and IRC calculations were performed at the CCD/6-
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31+G(d,p) level of theory3. The initial potential energy surface (PES) was used to build a 

global PES by using GROW program.4 The Constructed PES was used to run 1000 to 2000 

trajectories to investigate the possible products. By means of initial determined conditions 

(the initial separation of the reactants, internal energies, and relative energies) it was possible 

to calculate the effect of each initial condition on the calculated cross section and 

probabilities. Once having reactive cross sections it was possible to have an expression for the 

rate constant based on the collision theory. 
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Results and Discussion 

It was found the reactive cross section for reaction R1 decreases by increasing the 

relative translational energy. This kind of behavior is expected for those reactions producing 

energized intermediates. For those paths having saddle points the behavior was found to be 

vice versa. Some of the trajectories was found to go back to form the reactants, especially, at 

higher translational energies.     
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Abstract 

Photodegradation, as a cost-effective technology for the removal of soluble azo dyes 

pollutants and organics from aqueous solutions, has been extensively studied and most 

research mainly focused on the reaction kinetics. Thus, we attempted to offer a better 

understating of representative photodegradation kinetics with special focuses on theoretical 

approaches for derivation of some models such as the pseudo-first and second-order kinetic 

equations and general rate law equation. 

The photodegradation of pollutants from aqueous solution plays an important role in 

wastewater treatment. The study of photodegradation kinetics in wastewater treatment is 

significant as it provides valuable insights into the mechanism of photodegradation reactions. 

Numerous systems have been investigated particularly during the past years. Most of these 

have been reported as first order kinetic processes. Bhattacharya and Venkobachar[1] 

presented a simple first order reversible kinetic model. The pseudo-first order rate equation of 

Lagergren has long been widely applied [2]. A second order rate equation and kinetic should 

correspond to a reversible second order reaction at low photocatalyst ratios. 

The experimental data was analyzed by photodegradation of Acid Yellow 36 into the 

photochemical reactor at the presence of TiO2 (rotile) and K2S2O8. Aqueous AY36 solution 

was prepared at the concentration of 10-4M. The sample was enclosed in cylindrical, quartz 

cell and exposed to the UV irradiation. Fig.1 shows the changes in UV spectra solution of 

AY36 after different time of photodegradation. Several models can be used to express the 

mechanism of photodegradation model for pseudo-first order rate expression has the 

Lagergrern[2] form:  te
e qqk

dt

dq
 1    , Fig. (2), Where qt is the degradation capacity at time 
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t (mol.g-1) and k1 (min-1)  is the rate constant of the pseudo first-order degradation. The 

kinetic data were further analyzed using Blanchard’s pseudo second-order kinetic model [3].  

This model is based one the assumption the degradation follows second order reaction. It can 

be expressed as 
eet q

t

qkq

t


2
2

1
 , Fig. (3), Where k2 (mol.gr-1 min-1) is the rate constant of 

the pseudo second –order reaction. The kinetic data can also be analyzed by intraparticle 

diffusion kinetics model, formulated as: Ctkq it  2

1

  , Fig.(4), Where ki (mol g-1 min-1/2) 

is the intraparticle diffusion rate constant and C (mol g-1) is a constant. Another kinetic data 

can be analyzed using Elovich kinetic   model, formulated as:   )ln(
1

ln
1

tqt 



  , Fig. 

(5), Based on the obtained data from various kinetic models, the best correlation belongs to 

Blanchard’s equation. The calculation results of pseudo first-order, pseudo second-order and 

intraparticle diffusion reaction rates are shown in Figs 2 to 5 respectively. 

The optimum conditions for photodegradation of AY36 in aqueous solution followed at 

Pseudo-second order kinetic. The best degradation efficiency of 73% was achieved. 

                    Fig.3.Blanchard plot for AY36                                             Fig.2.Lagergren plot for AY36                                    

                      Fig.4. Weber plot for AY36                                                  Fig5. Elovich plot for AY36                               
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Introduction: 

The photodegradation of pollutants from aqueous solution plays an important role in 

wastewater treatment. The study of photodegradation kinetics in wastewater treatment is 

significant as it provides valuable insights into the mechanism of photodegradation reactions. 

Photodegradation, as a cost-effective technology for the removal of soluble azo dyes 

pollutants and organics from aqueous solutions, has been extensively studied and most 

research mainly focused on the reaction kinetics. The removal of color from textile dye baths 

is one of the challenging problems in the field of environmental chemistry. Different 

techniques were applied, e.g. adsorption, oxidation, reduction, electrochemical, and 

membrane filtration [1]. A photodegradation of organic dyes, especially cationic dyes, by 

various adsorbents was the subject of several investigations.  

 

Method: 

Batch kinetic experiments were carried out for the degradation of Direct Blue 71 at the 

presence of TiO2 catalyst and K2S2O8 oxidant under UV irradiation. The experimental kinetics 

were fitted to the pseudo first and second order kinetics by liner method. Present investigation 

showed that it is appropriate to use a pseudo second-order expression as proposed by Ho and 

Blanchard. Thesestudies expressed the degradation kinetic of Direct Blue 71 in aqueous 

suspension. The stock solution of Direct Blue 71 was prepared by dissolving 0.1 g of Direct 

Blue 71 in one liter of distilled water. The experimental data was analyzed by 

photodegradation of Direct Blue 71 into the photochemical reactor at the presence of TiO2 

(rutile) and K2S2O8. The samples were enclosed in cylindrical, quartz cell and exposed to the 

UV irradiation. Maximum efficiency was about 98.5% for 90 min. 
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Mechanism of photodegradation, were included the several models such as Logergern[2], 

Blanchard[3], and Elovich[4], explain the pseudo first order and pseudo second order kinetic. 

A high degree of purification can be achieved by using the degradation method.  

This table shows the kinetic of Direct Blue 71 
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Conclusion: 

    The photodegradation of azo dyes catalyzed by TiO2 were carried out in reasonable 

efficiency by UV irradiation. Different parameters such as dose of catalysts and irradiation 

time were examined. The optimum conditions for photodegradation of DB71 in aqueous 

solution were determined. The best degradation efficiency of 98.5% was achieved.  In this 

research we apply the accepted kinetic equations of photocatalyst degradation instead of 

adsorption. The highest correlation coefficients were obtained for the pseudo-second order 

kinetic model. This method is more cost-effective in comparison of previous reported 

methods with the same performancy. 
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Abstract 

The catalyst was prepared by wet impregnation procedure (50-60ºC, in vacuum condition). 

The fresh catalyst was crushed and sieved to particles with diameters of under 70 µm, which 

has been proved to be a compromising particle size safe for neglect able intraparticle transfer 

limitations and promisingly easy operations to the reactor during the experiment. A 1.00 g 

catalyst was used for the kinetic experiments. The FT reactions was carried out at 493–523 K 

(P = 1–12 bar, H2/CO = 1-3, GHSV = 4500 h−1). The rate constants for the FTS reaction over 

the Co/Ni/Al2O3 catalyst were found and the obtained activation energy was 116.5 kj/mol. 

Introduction 

Fischer–Tropsch synthesis (FTS) is a catalytic process for the conversion of synthesis gas 

(CO and H2) into mixture of linear liquid, solid hydrocarbons and oxygenates[1]. Cobalt-

based catalysts greater stability facilitated our obtaining reproducible kinetic data[2]. The 

kinetic description of the FT reaction is a very important task for the industrial practice, being 

a prerequisite for the industrial FT process design, optimization and simulation. The 

complexity of the reaction products, however, makes the kinetics of the process quite hard to 

be accurately described [3].  

 

Method 

The catalyst tests were carried out in a fixed bed stainless steel microreactor. In a typical 

reduction procedure, operation conditions were adjusted to H2=N2=30 ml/min, 1 atm and 

3600h-1 at 623K for 3hours. product streams were analyzed online using a gas chromatograph 

(Varian, Model 3400 Series) equipped with a 10-port sampling valve (Supelco company, 

USA, Visi Model), a sample loop, thermal conductivity detector (TCD), and flame ionization 

detector (FID). The FT reactions was carried out at 493–523 K (P=1–12bar, H2/CO=1-3, 

GHSV= 4500 h−1). 
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Results and Discussion 

On the basis of proposed reaction mechanisms, the kinetics expression  for the rate of CO was 

derived. Both the calculated CO consumption rate by PolyMath software and the experimental 

rate are satisfactorily adaptable. The final rate expression is obtained: 

 

2

1
CO H

CO
CO

kP P
R

aP
 


 

 

The mechanism of FTS over aforesaid catalyst is in flowing: 

 

***** 2
1 CHHCHHC PP kk 

 Conclusions 

A kinetic investigation was performed on an alumina supported cobalt-nickel-FT catalyst in a 

fixed bed reactor. CO dissociates via interaction with H. The first hydrogenation step is 

reversible and fast, while the second is slow and rate determining. 
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Introduction 

Due to increasing environmental concern, special interest has been paid to the reduction of 

organosulfur compounds in transportation fuels [1]. Hydrodesulfurization (HDS), can remove 

most sulfur compounds, but some refractory sulfur compounds such as benzothiophene (BT) 

still stay in diesel oil. As a result, severe conditions such as higher temperature and more 

active catalysts are required to achieve ultra-low sulfur level of diesel oil [2].One idea that has 

drawn wide attention, as referred oxidative desulfurization (ODS), involves oxidizing the 

sulfur compounds [3]. TiO2 nanoparticles as an photocatalyst can be fixed on an inert supports 

such as zeolite [4]. In this research, we examined oxidation of model sulfur compound 

(benzothiophene) in the presence of the photocatalyst synthesized by TiO2 and clinoptilolite. 

 

Experimental 

1.preparation of TiO2 nanoparticle 

Titanium tetraisopropoxide (TTIP, 97%, Merck) was first mixed with isopropanol. A 250 ml 

solution of distilled water at various pH was used as the hydrolysis catalyst. Solutions were 

mixed together under vigorous stirring. The prepared precipitates were washed and dried at 

100◦C. Then yellow white powder was annealed at temperature from 200 to 800◦C .The 

synthesized TiO2 was deposited on the surface of clinoptilolite[5].  

2.Desulfurization 

 N-hexan solution of BT with known amount of photocatalyst were placed in dark room undr 

UV irradiation for 0-10 h with magnetic stirring. Reactant samples were collected and 

analysed by HPLC.The effect of different parameters including amount of photocatalyst, TiO2 

content, irradiation time and  initial concentration who studied and optimized. 
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Result and discussion 

1.characterization materials                                                                                                              

FTIR spectra  and TEM image of the catalyst are shown in fig 1. It is clear that TiO2 

nanoparticle are immobilized on the surface of the zeolite and the structure of zeolite remaind 

intact after synthesis. 

     

 

 

Figure1 (a). TEM image of photocatalyst                              Figure1(b).FTIR spectra of photocatalyst 

 

2. Optimization of Desulfurization 

Degradation of BT at different experimental conditions were studied. Optimized reaction 

conditions are as follows: reaction time 300 min, amount of photocatalyst 0.4 g, initial 

concentration 200mg/L and percent of photocatalyst 20%. The degradation percentage of BT       

% 92   was obtained.  

3.Kinetics of the reaction 

The rate constant for the reaction was obtained from the pseudo first order equation : 

                                  -ln(Ct/C◦) = kpt 

Where C◦ and Ct are respectively the concentrations of substrate at time zero and time t(s) and 

kp the first-order rate constant (s-1). Application of the equation to the results showed that the 

photocatalytic oxidation follows first-order kinetics..   

Conclusion 

Photocatalytic oxidation of BT in n-hexan by TiO2-supported clinoptilolite showed that this 

photocatalyst is the most highly active catalyst for oxidation desulfurization of BT at UV light 

irradiation. 
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Introduction 

Unmodified zeolites show no affinity for anions due to the fact that their surfaces are 

negatively charged. However modified zeolites show high capacity toward anions and 

therefore have drawn much attention in recent years for removal of anionic pollutants. In this 

work clinoptilolite was modified with polyaniline by polymerization of anilinium cations in 

the zeolite channels and a composite of polyaniline/ clinoptilolite was obtained. Encapsulation 

of polyaniline in the clinoptilolite channels was confirmed by XRD and FTIR spectroscopy. 

The effect of a number of parameter such as initial concentration of the anions ,amount of the 

composite and contact time were determined and optimized. 

 

Preparation of polyaniline/ clinoptilolite composite  

A given amount of clinoptilolite was first dispersed in the 50 ml of 0.5 M sulfuric acid 

containing 0.2 M aniline. The mixture was then stirred for 48 hours at room temperature. The 

mixture was filtered and washed with excess of deionized water in order to remove free 

anilinium ions. The resulting wet solid was dispersed in 50 ml of 0.3 M sulfuric acid solution, 

containing 0.16g ammonium persulfate as oxidizing agent. Polymerization of anilinium cation 

inside clinoptilolite channels was carried out at room temperature for a period of 24 hours 

under magnetic stirring. The resulting composite was filtered, washed with excess deionized 

water and dried in vacuum for 24 hours.  
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Vanadium anion removal 

NH4VO3 solutions were prepared in different concentrations ranged . 0.2 g of the composite 

was put into a beaker containing 50 ml of NH4VO3 solutions at different concentrations. The 

mixture was then stirred for 120 min  at room temperature .The mixture was filtered and 

washed with excess deionized of water. Measurement of unremoved vanadat ions was carried 

out by atomic adsorption spectroscopy [1,2] . 

 

Results and discussion 

The polyaniline/clinoptilolite nanocomposite was characterized by XRD and FT-IR 

technique. Adsorption of vanadat species was measured spectrophotometrically. Different 

experimental condition were investigated and optimized. The optimized adsorption conditions 

are as follows:equilibration time:120 min, initial concentration:1000 ppm, adsorbent dose 1.5 

mg, initial pH=7 and optimized temperature=450C.The values are interpreted accordingly.  

 

Equilibrium modeling 

Tow isotherms were tested for their ability to describe the experimental results, namely the 

Langmuir isotherm, the Freundlich isotherm [3].  

 

Fig1.Langmuir adsorption isotherm 

The Langmuir isotherm fits the experimental data very well. It may be due to homogeneous 

distribution of active sites onto modification zeolite surface.   
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Introduction 

Nowadays solid-phase extraction is being widely used for separation of cations [1, 2]. Ion-

imprinted sorbents have outstanding advantages such as predetermined selectivity and they are 

excellent material for solid-phase extraction of some transition metal ions from complex 

matrix [3]. In this research the kinetic and thermodynamic parameters of Cu2+ adsorption by 

Cu(II)-imprinted silica gel was investigated. The results indicated that the adsorption process is 

spontaneous. 

 

Experimental 

N, N'-bis(4-hydroxy salicylidene)ethylene-1,2-diamine, H2[((OH)2-salen)] ligand was 

synthesized and characterized by FT-IR and UV-vis spectroscopy. This ligand was then 

employed for synthesis of Cu(II)-H2[((OH)2-salen)] complex. The product was also 

characterized by FT-IR and UV-vis spectroscopy, and then was covalently anchored on silica 

gel surface. This anchorage was confirmed by thermal gravimetric analysis. The Cu content of 

the product was removed by acid leaching and the Cu-imprinted silica gel sorbent was applied 

as a new sorbent for solid-phase extraction of Cu2+. The effect of different experimental 

parameters was studied and optimized. 

 

Result and discussion 

 1.Adsorption isotherms 

Two different isotherms were examined to describe the experimental results, namely the 

Langmuir isotherm and the Freundlich isotherm. As shown in Table 1, the Langmuir isotherm 
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has good regression coefficient showing the fitness  of the results to this model [4]. According 

to this observations the results were interpreted. 

 

 
Figure 1: Langmuir isotherm 

 
Figure 2: Langmuir isotherm 

 

 

 

 

Table1: Comparison of Langmuir and Freundlich parameters 

2.Thermodynamic parameters 

The effect of temperature on the removal of Cu2+ was also studied. It was found that the 

adsorption capacity of the sorbent increases as temperature increases. To calculate the 

thermodynamic parameters of the process d, the Van’t Hoff equation (also known as the 

Vukancic-Vukovic equation) was applied. The calculated values of ∆Ho and ∆So are 

Isotherms parameters R2 

Langmuir 
qo =27.78 (mg/g) 

b =0.0202 (L/mg) 
0.992 

Freundlich 
Kf = 3.264 

n = 3.195 
0.883 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1607

respectively 47.60 and 40.34 J/mol that shows that the adsorption process is endothermic 

process (∆Ho>0). Positive ∆S0 indicates that the entropy of the adsorption of Cu2+ by ion-

imprinted sorbent is higher than the hydrated lattice in solution phase. The Gibbs free energies 

calculated at 298°, 318° and 328° K were respectively -11.97, -12.78 and-13.18 which indicates 

that the adsorption process is spontaneous. 

3-Adsorption kinetics 

The modeling of the kinetics of adsorption of Cu2+ on Cu(II)-imprinted sorbent was 

investigated by two common models, namely the Lagergren pseudo-first-order model and 

pseudo-second-order model. None of these models could describe the adsorption kinetics 

perfectly. The results were interpreted. 

4-Adsorption mechanism 

In order to gain insight into the mechanisms and rate controlling steps affecting the kinetics of 

adsorption, the experimental results of the kinetic studies were fitted to the Weber’s intra 

particle diffusion. This model is expressed as: qt = kid t
1/2 + C .The intercept of the linear plot 

of qt against t1/2 reflects the boundary layer effect. It was found that the intra particle diffusion 

was not only rate-controlling step. 

Conclusion 

Kinetics and thermodynamic parameters obtained in this study, showed that the adsorption of 

Cu2+ by  Cu(II)-imprinted silica gel is mono layer adsorption with ∆Ho>0 ,∆So>0 and  ∆Go<0, 

which indicates that the adsorption process is endothermic and spontaneous. 
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Abstract 

The photo degradation of Acid red 151(AR151) in aqueous solution employing a 

H2O2/ultraviolet system in a photochemical reactor was investigated. The kinetics of 

decolorization was studied by application of a kinetic model investigated. The results show 

that the reaction of decolorization followed pseudo-second order kinetics. Irradiation at 409.5 

nm of the dye solution in the presence of H2O2 results in complete discoloration after 30 

minutes of treatment. 

 

Keywords: Photo degradation, Acid Red 151, UV/H2O2, Kinetic 

 

Introduction:  

Dye pollutants from the textile industry are a major source of environmental contamination. 

Color removal from textile wastewater has been a matter of considerable interest during the 

last two decades, not only because of the potential toxicity of certain dyes but also because of 

their coloring effect on natural waters [1]. Long-range transport of pollutants is dominated by 

a number of factors, which include: 1) physico-chemical characteristics of the compounds, 2) 

meteorological and climatic parameters of the atmosphere, and 3) storage capacity of the 

compartment (soil, water, etc.)[2]. In this process, a semiconductor inorganic material in 

nanometric scale is used as catalyst to promote the degradation/oxidation of these organic 

dyes [3]. 

 

Methods:  
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A uv/catalyst system was performed with four lamp 8W emitting wavelengths in the UV 

range and between 400-800 nm. The photocatalytic activity of samples was tested using AR 

151 solution. The degradation was carried out in a quartz photocatalytic reactor. The 

photocatalytic degradation was carried out with 150ml aqueous AR151 solution containing 

50cc H2O2 and 0.5 gr of catalyst. The characteristics of the dyes are as follows: Mw=280 g 

mol-1, max=409.5 nm (Scheme 1).  

 

Scheme1. Molecular structure of the dye Acid Red 151 

 

Result and discussion:  

When the kinetics of the photocatalytic decolorization reactions were studied, it was found 

that the correlation between ln qe/qt and the irradiation time was linear. This is a typical first-

order reaction plot. The slopes of the lines give the apparent rate constant (k). The Cu2+-Nd3+-

doped TiO2 nano particles kinetic expression can be presented as follows percentage photo 

degradation and equation legergren (fig 1.a): ln (ݍ െ  ,- ݇ଵtݍ ௧) = lnݍ

(fig1.b)%degradation ൌ బିబ ൈ 100, The Ellovich model is given by the following 

(fig2.c): ݍ௧ ൌ ଵఉ lnሺߚߙ)  ଵఉ ln ሺݐ) Pseudo-second–order equation (Blanchard) (fig2.d): ௧௧ ൌଵమమమ  ௧మ 

(a)   (b) (c) (d) 

Fig1. (a) Equation legergren, (b) percentage photo degradation c) Ellovich, d) Blanchard 
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Reaction rate constants and Correlation coefficient and Intercept of various uv/catalyst systems (Table 1) 

photo catalysts  Equation kinetics Kinetics constants(h-1) Correlation 

coefficient,R2 

Intercept 

Nd3+/TiO2 Blanchard 3 ൈ 10ିହ 0.998 2.5 ൈ 10ିସ 

Ellovich 3 ൈ 10ିହ 0.867 1.8 ൈ 10ିସ 

Cu2+/Nd3+/TiO2 Blanchard 4.1 ൈ 10ିସ 0.999 െ3 ൈ 10ିହ 

Ellovich 1 ൈ 10ିହ 0.994 1.7 ൈ 10ିସ 

 

Conclusion:  

The results show that the of Nd3+/TiO2 andCu2+/Nd3+/TiO2 nanoparticles decolorization 

followed pseudo-second order kinetics. 
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Abstract 

 This paper reports the photochemical degradation of Acid Red151 (AR) by using 

TiO2/Nd+3/Ce+3 nano particle. The photo degradation reaction conformed to the pseudo-

second order reaction kinetics. The maximum effect of photo degradation was observed after 

120 minute. The photo- degradation of AR was studied in a batch reactor system illuminated 

with a four lamp 8W emitting wavelengths in the UV range and between 400-800 nm. The 

UV/H2O2 process appeared to be effective in removal of the AR decomposition was primarily 

ascribed to production of strong and nonselective oxidant-hydroxyl radicals within the 

system. 

 

Introduction:  

Titanium dioxide is one of the most effective photo catalysts because it is biologically and 

chemically inert and photo stable with near-UV band gap energy [1]. Typically, a combined 

UV/H2O2 process is more practical owning to involving a single-step dissociation of hydrogen 

peroxide to form two hydroxyl radicals (·OH). The hydroxyl radicals generated can non- 

selectively oxidize a broad variety of aqueous organic pollutants. Over the past decades, the 

process has been ascribed to successful decomposition of dyes and pharmaceutical 

intermediates appropriate conditions, the organic species can be mineralized without any 

secondary pollution [2]. 
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Methods:  

The photocatalytic activity of samples was tested using AR 151 solution. The degradation was 

carried out in a quartz photocatalytic reactor. The photocatalytic degradation was carried out 

with 150ml aqueous AR151 solution containing 50cc H2O2 and 0.5 gr of catalyst. The 

characteristics of the dyes are as follows: Mw=280 g mol-1, max=409.5 nm. 

Results and discussion:  

In order to determine the reaction rate and influencing factors, kinetic studies of the photo-

degradation of AR151 by TiO2/Nd+3/ce+3 nano particle were conducted under different 

experimental conditions. The kinetic expression can be presented as follows percentage photo 

degradation and equation legergren (fig 1.a): ln (ݍ െ  ,- ݇ଵtݍ ௧) = lnݍ

(fig1.b)%degradation ൌ బିబ ൈ 100, The Ellovich model is given by the following 

(fig2.c) ݍ௧ ൌ ଵఉ lnሺߚߙ)  ଵఉ ln ሺݐ), Pseudo-second–order equation (Blanchard) (fig2.d): ௧௧ ൌଵమమమ  ௧మ 

 (a)     (b)    (c)  (d) 

Fig1. (a) Equation legergren, (b) percentage photo degradation c) Ellovich, d) Blanchard 

Reaction rate constants and Correlation coefficient and Intercept of various uv/catalyst systems (Table 1) 

photo catalysts  Equation kinetics Kinetics constants(h-

1) 

Correlation 

cofficent,R2 

Intercept 

chitosan/Nd3+/TiO2 Blanchard 3 ൈ 10ିହ 0.980 െ2.1 ൈ 10ିସ 

Ellovich 3 ൈ 10ି 0.967 3.6 ൈ 10ିସ 

Ce3+/Nd3+/TiO2 Blanchard 3 ൈ 10ିହ 0.991 3.91 ൈ 10ିସ 

Ellovich 4 ൈ 10ିହ 0.821 1.4 ൈ 10ିସ 
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Conclusion:  

The results show that the /chitosanNd3+/TiO2 andCe+3/Nd3+/TiO2 nanoparticles decolorization 

followed pseudo-second order kinetics. 
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Introduction 

Phosphorus ylides are important reagents in synthetic organic chemistry, especially in the 

synthesis of naturally occurring products, compounds with biological and pharmacological 

activity [1-4]. Most of the phosphonium salts are usually made from the reaction of phosphine 

and an alkyl halide [1-2], though they can be obtained by Michael addition of phosphorus 

nucleophiles to activated olefins[2,3]. In the current work, Triphenylphosphine reacts with 

dialkyl acetylenedicarboxylates in the presence of methylcarbamate to generate stable 

phosphorus ylides. These stable ylides exist in solution as a mixture of two geometrical 

isomers as a result of restricted rotation around the carbon-carbon partical double bond 

resulting from conjugation of the ylide moiety with the adjacent carbonyl group (Figure 1). 

The structures of compounds 4(a, b) were deduced from their IR, 1H, 13C and 31P NMR 

spectra. 

 
Figure 1. i) The reaction between triphenylphosphine 1, dialkyl acetylenedicarboxylate 2 (2a, 2b or 2c) and 

methylcarbamate 3 for generation of stable phosphorus ylides 4 (4a or 4b). j) The two Z-4 and E-4 rotational 

isomers (major and minor, respectively) of ylide 4a or 4b 
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Results and Discussion 

Theoretical study 

For assignment of the two E- and Z- isomers as a minor or major form in phosphorus ylides 

4(a, b) containing a methylcarbamate, first the Z- and E- isomers were optimized for all ylide 

structures at HF/6-31G(d,p) level of theory [5] by Gaussian98 package program [6]. The 

relative stabilization energies for both the geometrical isomers have been calculated at HF/6-

31G(d,p) and B3LYP/6-311++G(d,p) levels. Atoms in molecules (AIM) and natural 

population analysis (NPA) methods and also CHelpG keyword at HF/6-31G(d,p) level of 

theory have been employed in order to gain a better understanding of the most geometrical 

parameters in both the E-4(a, b) and the Z-4(a, b) of phosphorus ylides. The numbers of 

critical points and intramolecular hydrogen bonds have been recognized as well as the charge 

of atoms that constructed on the two Z- and E- isomers. The results altogether reveal the 

effective factors on stability of the two Z- and E- ylide isomers. The relative stabilization 

energies for the two Z-4(a, b) and E-4(a, b) geometrical isomers (See Figures 2 and 3) are 

reported in Table 1, as can be seen, the Z-4a and the Z-4b isomers are more stable than the E-

4a and the E-4b forms (1.54 and 1.82 kcal/mol, respectively) at B3LYP level. 

 
Table 1. The relative energy (kcal/mol) for both the Z- and E- isomer of ylides, obtained at HF/6-31G(d,p) and 

B3LYP/6-311++G(d,p) levels. 

Conformer HF B3LYP 
Z-4a 0.00 0.00 
E-4a 1.54 1.66 
Z-4b 0.00 0.00 
E-4b 1.82 1.96 

 

Kinetic Studies  

To gain further insight into the reaction mechanism between triphenylphosphin 1, dialkyl 

acetylenedicarboxylates (2a, 2b and 2c) and methylcarbamate 3 (as a NH- heterocyclic 

compound) for generation of phosphorus ylids 4a-c, a kinetic study of the reactions was 

undertaken by UV spectrophotometeric technique. The results are accumulated in Tables 2 

and 3 respectively. 
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Table 2: Values of overall second order rate constant for the reactions between (1, 2c and 3), (1, 2b and 3) and 

(1, 2c and 3) in the presence of solvents such as 1, 2-dichloroethane and ethyl acetate, respectively, at all 

temperatures investigated. 

reaction Solvent ε 
k2.M-1.min-1 

12.0ºC 17.0ºC 12.0ºC 27.0ºC 

1, 2c and 3 
1,2-dichloroethane 10 59.6 86.3 112.5 144.4

ethyl acetate 6 51.1 79.5 122.2 169.8

1, 2b and 3 
1,2-dichloroethane 10 242.3 276.0 302.4 347.2 

ethyl acetate 6 158.0 195.1 228.5 256.6 

1, 2a and 3 
1,2-dichloroethane 10 341.0 371.1 413.2 458.3 

ethyl acetate 6 271.1 596.6 365.3 420.9 
 
Table 3: The activation parameters involving G, S and H for the reactions between 1, 2a and 3, 1, 2b and 

3 and also 1, 2c and 3 at 12.0ºC in 1, 2-dicholoroethane. 

reactions G(kJ.mol-1) H(kJ.mol-1) S(J.mol-1.K-1) 
1, 2a and 3 102.46 9.26 -326.87 
1, 2b and 3 103.27 11.86 -320.58 
1, 2c and 3 106.60 36.76 -244.95 

 

Conclusion  

In conclusion, we have prepared novel phosphorus ylides 4a-b using a one-pot reaction 

between triphenylphosphine and dialkyl acetylenedicarboxylates in the presence of 

methylcarbamate. The present method, carries the advantage that, not only the reaction is 

performed under neutral conditions, but also the substances can be mixed without any 

activation or modifications. The assignment of the E- and Z- isomers as a major or minor 

form in both the ylides 4a and 4b were undertaken by AIM and NPA methods and also 

CHelpG keyword. Quantum mechanical calculations were clarified how the ylides 4a and 4b 

exist in solution as a mixture of the two major (Z-4a, Z-4b) and minor (E-4a, E-4b) 

geometrical isomers, respectively. In addition, NMR study on the basis of theoretical 

calculations were just employed for determination of chemical shifts and coupling constants 

of the two major Z-4a and minor E-4a geometrical isomers. The results are compatible with 

the experimental data from the 1H, 13C and 13P NMR spectroscopy. The results of kinetic 

investigation can be summarized as follow: (1) The overall reaction order followed second-

order kinetics and the reaction orders with respect to triphenylphosphine, dialkyl 

acetylenedicarboxylate and methylcarbamate were one, one and zero respectively. (2) The 

values of the second-order rate constants of all reactions were calculated automatically with 

respect to the standard equation, using the software associated with the Cary-300 UV 

equipment. (3) The rates of all reactions were accelerated at higher temperatures. Under the 

same conditions, the activation energy for the reaction with di-tert-butyl 
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acetylenedicarboxylate 2c (41.5 kJ/mol) was higher than that for the both reactions which 

were followed by the diethyl acetylenedicarboxylate 2b (16.6 kJ/mol) and dimethyl 

acetylenedicarboxylate 2a (14 kJ/mol) in 1,2-dichloroethane (4) The rates of all reactions 

were increased in solvents with higher dielectric constant.(5) With respect to the experimental 

data, the first step of proposed mechanism was recognized as a rate-determining step (k2) and 

this was confirmed based upon the steady-state approximation. (6) Also, the third step was 

identified as a fast step (k3). (7) The activation parameters involving G, S and H were 

reported for three reactions. 
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Introdution 

 ZnO,as apotetial semiconductor with direct wide band gap(3.37 eV),has received enormous 

scientific attention because of its promising applications of optoelectronic nano –devices(1) 

Piezoelectric nano-generators(2),dye-sensitized solar cells(3),biodevices(4)and photocatalysts 

for degradation and elimination of environmental pollutanta(5).Recently,much effort has been 

devoted to study ZnO as a very promising photocatalyst for photocatalytic degradation of 

water 

Pollutants.however,previous studies on the photocatalytic activity of ZnO nanomaterialswere 

carried out taking little account of its morphology.The morphologies of inorganic materials 

are confessed to have great effect on their widely varying properties and corresponding 

potential application(6).It is well known that ZnO exhibits the richest range of morphologies 

among the wide band gap semiconductors.As we have known,most methods for the synthesis 

of nano-scale ZnO demand high temperatures,special conditions,or tedious procedures,and the 

microstructure tailing of ZnO is difficult.Here in ,we report a simple low-temperature route to 

synthesize nano-structured ZnO thin film in the absence of surfactants under mild 

conditions.The photocatalytic degradation of solamin limit brown was compared favorably to 

study the morphology-dependent photocatalytic activity of as-prepared ZnO sample. 

Methods 

1-ZnO synthesis by two method,(A)sol-gel and (B)solvothermal,with different solvent 

(methanol,ethanol,isopropanol and 1,4-butandiol).In a sol-gel ,15/36g zinc zcetate dehydrate 

was dissolved in 100 ml used solvent under vigorous stirring at 60 oC tempererature.Then 

,required amount of MEA and CTAB was added drop by drop into the solution as a 

stabilizer.The molar of MEA to zinc acetate dehydrate to CTAB was maintained at 

2:1:0.25.The solution was stirred at 60 oC for 2h to yield a clear and homogeneous solution 
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and then it was aged for 48h.The obtained sols were deposited on glass substrates using dip 

coating method. 

In a solvothermal,ZnO prepared was two step.The first 30ml zinc nitrate 0/5mol/l and 6ml 

NH3 

was added in a another 30mlsolvent and CTAB was prepared andadd to first solvent,under 

vigorous stirring at 60oC and 30min.it was homougenous and in  otoclave on 12h under 

140oC  

tempereature.This powdr loss is water by 300oC thermal,the second step it was added to 

acetyl-aceton (ACAC)and DD at 1:1:1.The solution was stirred for 12h to yield a clear and 

homogeneous solution and then it was aged for 24h.The obtained sols were deposited on glass 

substrates using dip coating method. 

Results and discussions 

The effect of differen method were on size nano-particle and different of morphology by 

using scanning electron microscopy(SEM),X-ray diffraction(XRD),and UV-vis spectroscopy, 

respectively. Photodegradation of solamin limit brown ,an azo dye used in Iran textile 

industries was tested as a model reaction to compare the photocatalytic activity(PCA)of the 

ZnO samples. 

Morphology and structure 

XRD patterns of the ZnO nanostructures are summarized in fig.1.All of the diffraction peaks 

in the patterns can be exactly indexed as the wurtzite ZnO with lattice constants a=0.3249nm 

and c=0.5206nm,which are agreed well with the values in the standard card (JCPDS 36-

1451). 

ZnO films synthesized in all solvent the preferred orientation along(002)and direction. 

 

 

  

  
 
 

             a                                        b                                          c                                     d 

Fig.1.XRD patterns of ZnO thin films prepared in different solvents by solvothermal (a)methanol (b)etanol 

(isopropanol(d)1,4butandiol 
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XRD patterns of ZnO thin films by sol-gel method are same the patterns of solvothermal. 

SEM micrographs of samples with different morphology are shown in Fig.2. 

 

 

 

  

a b c d 

Fig2.SEM photographs of Zno with solvothermal (a)methanol(b)etanol(c)isopropanol 

(d)1,4butandiol 

 

Conclusion 

ZnO nanostructures were synthesized in solvents with different viscosities,and polarities 

Using sol-gel and solvothermal method in order to evaluence of solvent on structural,optical 

and photocatalytic properties. 
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Introduction 

ZnO nano particles and mordnite zeolite nano particles were prepared by precipitation method 

and hydrothermal method, respectively. The influence of solvent and surfactant in ZnO nano 

particles synthesis were studied to reform the structure of nano particles.These nano particles 

were based on different supports, in order to achieve efficient combinate mesoporous 

photocatalysts for the treatment and mineralization of Azo dyes. Synthesized catalysts 

characterized by X-ray diffraction (XRD), Scanning electron microscopy (SEM), Fourier 

transform-infrared spectra (FTIR), UV-Vis spectroscopy and BET techniques.[1] To 

investigated photocatalytic activity of  the synthesized catalysts under UV irradiation, they 

were used to degradation bio-environmental pollutants such as acid blue 92 (AB92) textile 

dye. A detailed study on the photocatalytic degradation of AB92 under UV light in aqueous 

suspensions is presented. Effect of different parameters such as calcination temperature, 

amount of catalyst, pH and initial concentration of dye, temperature, ZnO loading have been 

examined on the yield and the speed of photocatalytic degradation process of AB92.The 

optimized amount of each of the mentioned parameters were determined and activity of  the 

synthesized photocatalysis were compared. The best catalyst for the AB92 destruction process 

was nano composite of ZnO and Zeolite. [2] 

 

Experimental  

ZnO  nanoparticles were  prepared using the precipitation method. For the synthesis of ZnO 

nanostructures, the following procedure was used. 100 ml of 1 M NaOH solution and 100 ml 

of 1 mmol  zinc acetate (ZnAc2 _ 2H2O, Chameleon Reagent99%) solution, prepared using 

isopropanol, were mixed slowly with vigorous magnetic stirring at 40ºC. The reaction mixture 

was kept at 40ºC for 1 h. Mordenit zeolite nanocrystals with a uniform particle size were 

synthesized by a hydrothermal method. The incorporation of ZnO nanoclusters was 
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performed by impregnation of 0.3g zeolite into 100ml of a 5mol% ZnAc2 solution over 14h. 

The powder was separated by centrifugation and dried at 80 ºC for 3h.  

 

Result and discussion 

1. X-ray diffraction analysis 
X-ray diffraction (XRD) patterns of ZnO and ZnO/Mor with %5 and %25 catalysts are 

depicted in Fig. 1. 

 

 

(a) (b)                                                   

Fig 1. XRD pattern of (a) ZnO/Zeolit 5% (b) ZnO/Zeolit 25% 

 

2. SEM image analysis 

Fig.2.(a) shows the ZnO nanoparticles synthesized without using any surfactant and ZnO 

nanoparticles aggregates with a wide range of size distribution. The average sizes of ZnO 

nanoparticles ranged from 300 to 350 nm and were irregularly shaped as aggregates. Effects 

of surfactant on the shape and size of ZnO  nanoparticles are shown in Fig. 2.(b) Well shaped 

ZnO nanorods of 80 nm in diameter were formed when surfactant was used.  
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                           (a)                                                               (b) 

Fig 2. SEM image of ZnO nanoparticels (a) without using any surfactant (b) with using surfactant 

 

conclusion 

SEM images show that the shape and size of the ZnO nanoparticles depend on the use of 

surfactant & solvent optimal temperature for calcination was 450◦C. Photocatalytic 

degradation of  AB92 over ZnO/Ac, ZnO/Al2O3 & ZnO/Mor supported catalysts revealed 

that mordenit selected as best support. photodegradation of AB92 decreases with an 

increasing in the initial concentration of AB92. Addition of ZnO concentration causes a 

decrease in the percentage of degradation. The photocatalytic decomposition of AB92 was 

most efficient in neutral and acidic solution photodegradation of AB92 increases with an 

increasing in the temperature, Photocatalytic degradation of  AB92 was negligible when ZnO 

nanopowder and UV light were used on their own. The complete removal of AB92, after 

selection of optimal operational parameters, could be achieved in a  relatively short time of 

about 1 h for ZnO catalyst about 45 min for ZnO/Mor-%25.  photocatalytic degradation of 

AB92 with ZnO and zeolite based photocatalysts obeys apparently pseudo-first order kinetics. 
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Introduction 

A major challenge facing medicinal chemistry over the last few years has been (and still 

remains) the development of antiretroviral drugs endowed with significantly improved cross-

resistance profiles, high barrier to resistance and/or new modes of action for chronic use in 

combination therapies [1]. 

Human immunodeficiency virus type-1 reversetranscriptase (HIV-1 RT) is an important target 

for designing RT inhibitors to block the virus’s replication and prevent AIDS-related disease. 

Two kinds of RT inhibitors, nucleoside reverse transcriptase inhibitors (NRTIs) and non-

nucleoside reverse transcriptase inhibitors (NNRTIs), have been developed over the past 

twenty years. Despite NNRTIs such as three FDA-approved drugs, nevirapine, delavirdine 

and efavirenz, being highly specific and less toxic than nucleoside inhibitors, the rapid 

emergence of resistant HIV viral strains carrying mutation at residuesthat surround the 

NNRTI binding pocket limits the usefulness of NNRTI to treat HIV infection [2,3]. Among 

the representatives of the NNRTIs, sulfanyltriazoles (I) and sulfanyltetrazoles (II) (Fig. 1) 

have interesting structures and offer various opportunities on the skeleton of sulfanylazoles as 

lead compounds. Initially,  a series of 2-(4- (2,4-dichlorophenyl)-1,2,3-thiadiazol-5-ylthio)-N-

acetamide (TTA) analogues, which exhibited significant anti-HIV-1 activities [4]. 
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Fig.1. 2-(4-(naphthalen-2-yl)-1,2,3-thiadiazol-5-ylthio)acetamide derivatives 
 
In order to understand the basis for the resilience of   acetamide derivatives   against mutation 

at molecular level and to help the design of further improved anti-AIDS agents therefore, 

quantum chemical calculations were applied. Theoretical investigation has been an alternative 

method for studies of the enzyme–inhibitor interaction in detail. However, such investigation 

of larger molecular system is limited by the computational effort required and the accuracy of 

the method used. Recently, accurate molecular modeling for larger molecules, such as those 

in molecular biology, became more feasible due to new developments in computational 

chemistry [5]. 

 

Methods 

All geometries are optimized at the Becke ,s  three- parameter hybrid functional (B3)with the 

nonlocal correlation of Lee-Yang-Parr  (LYP) hybrid method by using Gaussian 03 suit of 

program. The 6-31G** basis set was used for acetamide derivatives and geometry 

optimization was carried out. 

 

Results and Discussion 

In this paper , we optimized  of  TTAs with R= H, Ph, Ph-F , Ph –OH and Ph- Cl  and 

calculated   Total energy, HOMOs, LUMOs, Gap Energy, dipole moment and hardness  of  

the compound based on B3LYP/6-31G**. 
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Table 1. Total energy, Gap Energy, dipole moment and hardness for molecules at B3LYP/6-31G**. 
 

R E(Hartree) μ (Debye) Gap Energy(Hartree) Hardness(η) 

H -1575.974834 4.2955 0.26110 0.13055 

Ph -1807.022200 4.1750 0.22618 0.11309 

Ph F -1906.100929 3.2509 0.19301 0.09650 

Ph OH -1882.251142 3.6236 0.20611 0.10305 

Ph Cl  -2266.368004 5.1668 0.12380 0.06190 

 
 
It is observed that the substitution of  deactivating groups causes decreasing energy and  more 

stability compared with (R=H).also molecule with (R=Ph-Cl) has the highest dipole moment 

and the lowest gap energy  and  hardness because of  more stability resonance , 

electronegativity  of halides  for example,  F and Cl effects on the hardness and stability. 
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Introduction:   

Many studies were centered on antihypertensive peptides derived from food proteins [1]. 

HEWL (Hen Egg White Lysozyme) is one of the major egg white proteins that showed 

antimicrobial [2] and antioxidant [3] activities. Angiotensin converting enzyme (ACE) plays a 

major role in the regulation of blood pressure [4,5]. The aim of this research is to determine 

the inhibitory pattern of purified peptides from tryptic-papainic hydrolysate of HEWL on 

ACE activity and also obtaining the kinetic parameters.  

 

Methods:  

The HEWL protein (0.25 gram) was hydrolyzed using treatment with trypsin and papain for 

2hrs in 37 ºC. The enzymatic hydrolysis stopped by boiling for 15 min. The resulted solution 

centrifuged at 10000 RPM for 10 min and the supernatant solution was ulterafiltered and 

utterance of 10 kDa peptides were lyophilized and sub-fractionated using HPLC. A linear 

gradient of 5-25% acetonitrile in 0.1% TFA at flow rate of 2 ml/min was applied over 30 min 

and monitored the absorbance of 220 nm using UV detector. Finally ACE inhibitory effects of 

major peaks were studied.  

 

Results:  

Our research showed that in presence resulted hydrolysate from hydrolysis of HEWL by 

trypsin and papain the absorbance of 340 nm reduced less than from the control that shows 

those have ACE inhibitory activity. The kinetic parameters were showed in table1. 
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Table.1.The kinetic parameters of ACE inhibitory activity of F8 fraction. 

 Control F7 fraction (0.155mg/ml) F7 fraction (0.310mg/ml) 

Km(mg/ml) 2.369 0.483 0.328
Vmax(mM/min) 0.366 0.148 0.115

α 1 1.236 1.523
α/ 1 2.459 3.170

KI (mg/ml) - 1.081 1.213
KI 

/(mg/ml) - 2.304 2.860

 

 

Fig.1. Reversed-phase gradient HPLC chromatogram. Separation was performed at room temperature on C18 

clumn. A linear acetonitrile gradient 5-25% in 0. 1% TFA was applied. The flow rate was 2 ml/min and the 

absorbance was monitored at 220nm. 

 

Fig.2. Line weaver-Burk plots of inhibition of ACE by the F8 fraction of purified peptide from tryptic-papainic 

hydrolysate of HEWL on ACE. ACE activities were measured in the absence (   ) or in the presence of F8 

fraction of purified peptide from tryptic- papainic hydrolysate of HEWL (   ;0.155 mg/ml,     ;0.310 mg/ml)  

 

Discussion:  

To obtain the active ACE inhibitor from HEWL, trypsin and papain was used to hydrolyze 

HEWL. Among purified peptides, F8 Fraction showed the highest ACE inhibition. The 

kinetic results showed that the mechanism of inhibitory activity was mix competitive which 

means that the F8 fraction can not bind to active site of ACE, but it may bind to ACE enzyme 

or substrate-enzyme complex. 

F8 fraction 
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Conclusion:  

Purification of peptides from HEWL by HPLC method lead to release antihypertensive 

peptides. It was evaluated as a mix competitive inhibitor on ACE activity the assay for 

inhibitory pattern by Lineweaver–Burk plotting. HEWL trypsin-papainic hydrolysate may 

serve as useful source in the formulation of antihypertensive drugs and functional foods. 
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Abstract: Bentonite used adsorbent for this purpose because of its extended surface area, 

microporous structure, high adsorption capacity and high degree of surface reactivity.We 

investigated the equilibrium and kinetics of adsorption. The Langmuir and Freundlich 

equations were used to fit the equilibrium isotherm. The batch contact time method was used 

to measure the adsorption rate. Kinetic parameters were then evaluated. 

Key word: Adsorption, Acid Red 14, Bentonite 

Introduction: Since many organic dyes are harmful to human beings, the removal of colour 

from process or waste effluents becomes environmentally important. Due to the large degree 

of organics present in these molecules and the stability of modern dyes, conventional 

physicochemical and biological treatment methods are ineffective for their removal [1,2]. The 

adsorption process is one of the efficient methods to remove dyes from effluent [3].  

Method: . Acid Red 14 was obtained from Aldrich Co. All other chemicals were purchased 

from Merck (Germany). Double distilled water was used for solution preparation. The 

solution pH was adjusted by adding a small amount of 0.1 M HCl or NaOH. A UV-VIS 

Spectrophotometer, Perkin-Elmer lambda25 was employed for absorbance measurements 

using silica cells of path length 1 cm. Adsorption experiments were carried out by shaking 

adsorbents with 50 ml dye solution of required concentration and pH at in a thermostated 

shaker operated at 150 rpm. The samples were withdrawn from the shaker and the dye 

solution was separated from the adsorbent by centrifugation. Dye concentration in the 

supernatant solution was estimated by measuring absorbance at maximum wavelength (

max= 515 nm) and computing concentration from the calibration curve. Kinetics of 

adsorption was determined by analysing adsorptive uptake of the dye colour from aqueous 

solution at different time intervals. Isothermal studies were conducted by adding various 

doses of adsorbent and shaking the reaction mixture for the equilibrium time. Influence of the 

pH was studied by adjusting the reaction mixture to different initial pH value and analyzing 
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the residual colour for equilibrium contact time. The amount of dye adsorbed onto the 

carbons, qe (mg/g), was calculated by mass balance relationship [Eq. (1)].  

 

 (1) 

where C0 and Ce are the initial and equilibrium liquid-phase concentrations of dye, 

respectively 

(mg/l), V the volume of the solution (l), and W the weight of the carbon used (g). 

 

Results and discussion: The kinetic of adsorption was studied for its possible importance in the 

treatment of dye containing industrial effluents. The influence of contact time on removal of 

AR14 by  Bentonite is shown in Fig. 1. To attain equilibrium, it take 45 min for Bentonite 

respectively.  

 
Fig. 1. Effect of contact time for the adsorption of Acid Red 14 on Bentonite. 

Kinetic data were treated with the following Langergren’s pseudo-first-order rate equation 

[4]:           033.2log)log( tKqqq adete           (2) 

where qe and qt refer to the amount of adsorption at the equilibrium and at any time t. The 

plot of log (qe-qt) versus t shows a straight line correlation coefficient >99), indicating the 

applicability of pseudofirst-order kinetics. The pseudo-first-order rate constants are calculated 

to be 0.062 min-1 at 25 0C. 
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Introduction 

Heterogeneous photocatalysis offers an attractive alternative for wastewater treatment 

especially refractory aromatic compounds. Despite the great potential of photocatalytic 

process, it has not widely used industrially. The problems which haverestricted widespread 

commercialization of this attractive technology to date are the material handling problems 

presented by the fine particulate nature of TiO2 and the fact that the polar surface of TiO2 is 

not favorable for adsorption of organics in competition with water. As a result, no commercial 

application of TiO2 photocatalysis to aqueous waste streams has yet emerged [1-8]. In this 

work, photocatalytic degradation of aqueous solution of Bromothymole blue was carried out 

in a photocatalytic reactor. The effect of some physical and chemical parameters such as 

amount of photocatalyst, pH, time of irradiation and solvent were studied.  

 

Methods 

General procedure for photocatalytic degradation experiments  

The photodecomposition experiments were performed by irradiation of 20 ml 

continuous aerated, stirred aqueous solution of Bromothymole blue in various pH as well as 

considered amounts of photocatalysts in photoreactor cell under 400W high pressure mercury 

lamp at constant temperature. After effective degradation, photocatalyst was separated by 

centrifugation and title compound concentration was measured by spectrophotometric 

method.  
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Results and discussion 

The effect of various factors 

Different parameters such as pH of solutions, amount of photocatalyst and irradiation 

time were examined. The results are summarized in table 1. The results show that all three 

parameters of photocatalyst amount, air and irradiation are need for effective decomposition 

of compound. 

The effect of pH 

As shown in figure 1, increasing of pH lead to higher degradation percent(%). This 

phenomenon can be ascribed to higher hydroxyl radical generation during the phodegradation 

process in more basic conditions. 

 
Table1- The effect of various parameters on photodegradation experiments. 

pHs Time 
(min)

TiO2 

(mg)
UV, Ar UV, O2 UV, TiO2, Ar UV, TiO2, O2 

pH=2 (100ppm)1502095.8093.4593.30 72.45 
pH=5 (100ppm) 1803096.6394.3894.20 54.78 
pH=7 (100ppm) 180 30 77.00 74.23 74.10 45.84 

pH=9 (80ppm) 150 40 53.00 50.47 50.35 23.36 
pH=12 (80ppm)1652051.4549.2049.00 17.90 

 
 

Figure 1- The effect of various pHs on degradation percent% 
 
Kinetic study 

The degradation of Bromothymole blue obeys the pseudo-first order kinetics (Eq. 1). 

(-dc/dt)= kc  (Eq.1) 

Where c is the concentration of Bromothymole blue and k is the experimental first-

order rate constant. A plot of ln(C0/Ct) versus time reveals a straight line, the slope of which 

0

10

20

30

40

50

pH = 2 pH = 5 pH =7 pH =9 pH =12

D
eg

ra
da

ti
on

 (
%

)

Bromothymol Blue



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1635

upon linear regression equals the apparent first-order rate constant k (Fig. 2-1 to 2-4). The rate 

constant, k and KA and K are summarized in Table 2. 

 

 
2-1 

 
2-2 

 
2-3 

 
2-4 

 
2-5 

 
Figure 2- Kinetics of the degradation of Bromothymole blue at optimum amount of photocatalyst( 2-1 to 2-5 

respectively). 

 
The results of linear plots of 1/RL-H versus 1/C0 for Bromothymole blue on photocatalysts are 

also summarized in table 2, which tests the validity of the L-H model. 
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Table 2- Kinetic parameters of the degradation with initial concentration of Bromothymole blue in 

optimum conditions. 

pH kobs (min–1) KA(mg.L-1) kr (mg min-1 L-1) 

pH=2 (100ppm) 2.2 × 10-3 4.70× 10-1 0.1810 
pH=5 (100ppm) 3.6 × 10-3 4.48 × 10-1 0.1610 
pH=7 (100ppm) 5.6 × 10-3 2.06 × 10-2 0.7164 
pH=9 (80ppm) 8.9 × 10-3 4.86× 10-2 0.7021 
pH=12 (80ppm) 8.9 × 10-3 7.60 × 10-4 10.3950 
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Abstract: 

 Zinc oxide with different amount was supported on HZSM-5 zeolite using solid state 

dispersion (SSD) method. The photocatalytic activity of these systems in the degradation of 

acid red 114 indicates that ZnO/HZSM-5 (SSD) is an active photocatalyst; the optimum 

photodegradation activity is seen at 10–15 wt.% ZnO/HZSM-5.The photocatalytic 

degradation rate follows pseudo-first  order kinetic with  respect  to  the  AR114  

concentration.  Rate  constant (K = 8.2 × 10-2 min-1) was estimated from the slope of the 

Ln[dye] versus time plot in the optimized conditions. 

 

Keywords: Photodegradation; Photocatalysts; ZnO/zeolites; Azo dye wastewaters 

 

Introduction  

 The fine ZnO powder or crystals can be dispersed in the water to be clarified by irradiation, 

but they should be removed by filtering after reaction, which is troublesome and costly. Thus, 

in order to solve this problem, many researchers have examined some methods for fixing ZnO 

on other  supporting materials including glass beads [1], fiber glass [2], silica [3].  

 

Experimental 

The HZSM-5 zeolite (SiO2/Al2O3 = 50) were purchased from Catalysis Society of Japan. Another 

materials were purchased from Merck (Germany). Zeolite-based photocatalysts were prepared by 

solid state dispersion (SSD) of ZnO. SSD initially involves mixing of ZnO and zeolite thoroughly 

using ethanol in agate pestle and mortar; the solvent was then removed by evaporation while 

mixing. Samples prepared by this method were dried at 110

C and calcined in air at 450


C for 6 

h to obtain ZnO-supported zeolite catalysts. ZnO weight was maintained to obtain 2, 5, 10, and 15 

wt.% in the finished forms of the catalyst. For UV/photocatalyst process, irradiation was 
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performed in a batch photoreactor of 2 liter in volume with a mercury lamp 48W (UV-C 

manufactured by Philips, Holland). UV-VIS Spectrophotometer, Perkin-Elmer lambda25 was 

employed for absorbance measurements using silica cells of path length 1 cm.  

 

Results and discussion 

Kinetics of photcatalytic degradation of AR114:  When the Kinetics of the photocatalytic 

degradation reaction were studied it was found that the correlation between Ln
c

c
 and the 

irradiation time was linear as shown Fig. 1. Shows the plot of Ln[AR114] versus irradiation 

time. The linearity of plot suggests that the photodegradation reaction approximately follows 

the pseudo-first order kinetics with K=0.0138min-1. 

 The plot Ln[dye] versus irradiation time for AR114 was linear suggesting that the 

photodegradation reaction approximately follows the first order kinetics (Fig. 1). Rate 

constant (K = 8.2 × 10-3 min-1) was estimated from the slope of the Ln[dye] versus time plot 

in the optimized conditions. 

 
Fig. 1. Relationship between log[AR114] and irradiation time on photocatalytic degradation of AR114. 

[AR114]0 = 50 ppm, , photocatalyst(15% ZnO+85% HZSM-5) = 40 ppm, pH=4. 
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Introduction 

Silicon carbide (SiC) nanomaterials have found many structural and electronic applications.1-3 

SiC is one of the most important material for high temperature and high-power electronic 

applications due to its excellent properties, such as high mechanical strength, high thermal 

stability, high thermal conductivity, and large band gap. Because of their small dimensions, 

SiC nanomaterials might hold novel chemical and physical properties and act as highly 

functionalized material. 

Although many efforts have been made to distinguish the mechanism of formation of SiC, 

still there are some uncertainties in this regards.4 It would be interesting to know the gas phase 

mechanism for the formation of SiC nano-particles.  

Conventionally, high-temperature physical thermal evaporation method is used to synthesize 

SiC nanostructures, which increases the industrial cost. Therefore, using a low-temperature 

synthetic method is an effective way to reduce the industrial cost. In this study, an autoclave 

Mg-catalyzed chemical co-reduction route is used for the synthesis of aligned SiC nanorods at 

relative lower temperature (600 oC).2 Also, results of the pyrolysis of Methyltriclorosilane 

(MTS) in a flow system will be discussed.  

 

Experimental Methods 

In a typical experiment to synthesis SiC nanostructures, 1.0 mL MTS was added into a 5-mL 

stainless steel autoclave along with two pieces of Mg ribbon. The autoclave was tightly sealed 

and heated in an electric stove with an increasing speed of 20 oC/min and maintained at 600 
oC for 1 h and then cooled to room temperature naturally. The ribbons were then collected 

from the autoclave, rinsed with distilled 1,2-Dichloroethane and washed with diluted 

hydrochloric and hydrofluoric acid and vacuum-dried at 50 oC for 1 h to be prepared for SEM, 

TEM, FTIR, and PL spectroscopy. To investigate the kinetics and mechanism of gas phase 
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thermal decomposition of MTS, a flow reactor as illustrated in reference 4 was used. The 

reaction was studied in the temperature range of 552 to 704 oC at 10 to 120 Torr pressure.  

 

Results and Discussion  

Fig. 1 shows the structures of SiC formed on the surface of Mg ribbons. It seems during the 

formation process of the SiC 1D nanostructures, metal Mg acted not only as catalyst but also 

as reducing agent. At 600°C the surface of Mg ribbons should melt and nanoscale Mg drops is 

formed due to the generation of heat of reaction. When the CH3SiCl3 molecules contact the 

Mg drops (acting as reducing agent and liquid catalyst), they will be reduced to Si and C 

atoms and SiC nanorods grow on this drops. 

 

 

 

 

 

 

 

 

 

Conclusion 

In summary, we will present the results of two types of experiments: Mg-catalyzed synthesis 

of SiC nanostructures and kinetics study on the unimolecular dissociation of MTS in gas 

phase to produce the reactive species for the formation of SiC. Silicon Carbide nanorods are 

formed by catalytic chemical co-reduction of MTS on the Mg surface. Our kinetics study 

reveals that SiCl3 and CH3 which are directly formed by MTS decomposition and adsorb on 

surfaces site cannot fulfill our experimental results of the deposition of SiC.  

 

 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1642

References 

[1] F. De Jong and M. Meyyappan, Diamond and Related Material 5, (1996), 141. 

[2] G. Y. Xi; X. Liu; X. Wang and Y. Qian, J. Phys.  Chem. B 110, (2006), 14172. 

[3] L. S. Liao; X. M. Bao; Z. F. Yang and N. B. Min, Applied Phys. Lett. 66, (1995), 2382. 

[4] S. H. Mousavipour; V. Saheb and S. Ramazani, J. Phys. Chem. A 108, (2004), 1946. 

  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1643

Kinetic study of electron detachment reactions using ion mobility 

spectrometry  
 

A. Abedi*1. F. Mirseadi2 

1 Department of science, Islamic Azad University, Shahreza Branch, abedi@iaush.ac.ir  
2 Department of science, Islamic Azad Universities, Shareza Branch,.fmirsaedi@yahoo.com 

 

Keyword: Ion Mobility, Electron Detachment, Kinetic Study, Rate Constant 
 

Introduction: 

Ion mobility spectrometry (IMS) is basically an ion separation technique at 

atmospheric pressure. In this technique, ions are separated according to their individual 

velocities as they drift through an inert gas, driven by an electric field. It is a simple, 

inexpensive, and sensitive analytical method for the detection of organic trace compounds. 

Recently researchers are interested to investigate the kinetic of electron attachment reaction, 

dissociation reaction and proton transfer reaction by this method [1-5]. In the present study, 

we describe the use of ion mobility spectrometry for determination of thermal electron 

detachment (TED) reaction for the bromide ions Br - over atmospheric pressure and a 

temperature range of 50–200 °C.  

 

Experimental Section 

 The IMS apparatus with the continuous corona discharge as ionization source has been 

used in this study. Corona discharge source is constructed from a stainless steel needle and an 

aluminum ring in front of it. The IMS cell has been made from 16 aluminum rings that were 

separated from each other by non-conductive Teflon sheets. The aluminum rings are 

connected to each other by a series of resistors in order to form a uniform electric field. The 

system has an oven with ability to elevate temperature to 220oC. The system works at 

atmospheric pressure. Carrier gas and drift gas in this experiment were argon. The electric 

field in drift region was about 250 V.cm-1. We used syringe pump for introducing the sample 

vapor to the IMS cell. 1,4diboromo benzene was used in this study as sample without further 

purification. The follow rates of carrier and drift gas were 300 and 600 ml/min respectively. 
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Result and Discussion 

Rate constants, kTED, and their temperature dependence for the thermal electron detachment reaction of 

the Br - anion (Br -→Br + e) have been determined by ion mobility spectrometry. By this method, Br – 

ions that are produced in ionization region are periodically introduced to a drift tube containing argon 

gas. The drift tube contains a counter flowing current of drift gas that prevents the penetration of 

sample vapor into the drift region. In the drift tube, all ions and electrons are transported to a Faraday 

detection plate at rates determined by their respective mobilities and the applied electric field. Some of 

the Br - ions are expected to undergo TED during the Br - drift period, and this is expected to cause the 

apparent baseline between t = 0 and 3 ms as a tail of electron signal. This tail should be due to the 

thermally detached electrons that are produced as the Br - packet passes through the drift tube. This is 

a first-order reaction. Because the mobility of electrons is several orders of magnitude greater than that 

of all negative ions, the occurrence of a thermal detachment event by Br - anywhere along the drift 

tube is expected to result in the near-instantaneous arrival of that detached electron at the Faraday 

plate. Figure 1 shows the Br – peak and electron peak with tail that is related to the electrons produced 

from electron detachment reaction of Br -. At all temperatures, the decay of the elevated baseline 

observed for electron signal is expected to be given by equation ln I = -kTED t + C , where I is the 

intensity of electron tail signal, t is the drift time of them, and C is constant. As it was shown in figure 

2 a plot of ln I versus t is thereby expected to provide a straight line of slope equal to -kTED. This is 

expected to provide a means of determining kTED under different temperature conditions. The 

activation energy of electron detachment reaction was obtained from rate constant data at different 

temperatures based on Arrhenius 

equation. 
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Conclusions 

We have shown here that the IMS method for studying gas phase ionic reactions at 

atmospheric pressures can be successfully applied to TED reactions. Rate constants were 

determined here for TED of the Br – anion at different temperatures. We can also obtain the 

activation energy from rate constant data at different temperatures. It would seem likely that 

the results identified here for the TED reaction of Br - might also be operative for other ion–

molecule reaction systems.  
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Introduction 

    Thiourea is one of important hypnotic, antipyretic[1] and anticancer activitiesmedicine [2-

3]. Kinetics studies on thiourea by several researchers have been investigated. They have 

usually studied derivative of thioureaviz phenyl thiourea, p-methyl phenyl thiourea, p-ethoxy 

phenyl thiourea and p-chlorophenylthiourea [4].Kinetics study of thioureawith 

benzylbromidoxidising agents and some other compound have also been reported [5]. But 

sofar they havenot reported any kinetics study onthioureawith diethylethyl(1-

methylbuthyl)malonate. 

 

Methods 

Materials: 

    Thioureawas manufacturedby Merck company and diethylethyl(1-methylbuthyl)malonate 

had been synthsised in our labratury and it΄s structur had been characterised by H-NMR 

spectroscopy. All reagent we have used tobe AR-grade. 

Experimental procedure 

     The temperatures of the kinetic study were 90, 100, 110 and 120˚C. The kinetic studies 

have been verified every two hours. The initial concentration of thiourea and diethylethyl(1-

methylbuthyl) malonate were 0.78M and 0.05M respectivly. The variation of thiourea 

concentration has been done by potentiometry titration [6], and theconcentration variation of 

diethylethyl(1-methylbuthyl) malonatehas been done by titration [7]. The reaction has been 

stop by cooling effect. 
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Result and discution 

     The curve of rate constant of thioureaand diethylethyl(1-methylbuthyl) malonate have been 

drawn individually. As we can observed by figure (1-a) we concludedfromthiourea that the 

rate of reaction is first order at temperature 120˚C. The same result is obtaind by 

diethylethyl(1-mthylbuthyl) malonat figure (1-b). The same result is obtained at the other 

temperaturs. 

 
Figure (1-a) concentration and ln(con.) diagram thiourea by the time at temperature 120 ˚C 

 
Figure (1-b) concentration and ln(con.)  diagram diethylethyl(1 - methylbutyl)malonat by the time attemperature 

120˚C 

    Fractional changmethod have also been used for determing the order of each compound, 

this method is also confirmed the result of previous kinetic study. 

n = 1 + 
୪୭୲ଶି୪୭୲ଵ୪୭ୟଵି୪୭ୟଶ(1) 

    Equation (1) is used to determine the order of reaction. n is indicated order of the reaction, 

a1 and a2 areconcentration of reactant at time t1 and t2.Activation energy ofthiourea and 

diethylethyl(1-methylbuthyl) malonate have been calculated tobe 35kJ and 48.5kJ 

respectivlly. The ΔG in temperetur 120˚C and atmospheric pressurewas equal to 33.66 

kJmol1. 

 

Conclusions 

    Rate of reactionthiourea and diethylethyl(1-methylbuthyl) malonate are first order for any 

compound, overall rate of the reaction is equal to 2. Activation energy has been reported, the 
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ΔGhas been proved the reaction ofthiourea and diethylethyl(1-methylbuthyl) malonate is a 

slow reaction. Fractional chang(Half-life) and integral method have been confirmed the 

reaction have the same order.  
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Abstract 

The adsorption of MB from aqueous solution onto waste tea and waste tea/CuFe2O4 

composite has been studied. The effects of several variables on the removal of MB were 

studied at 25 °C, including pH value, contact time and initial concentration of MB. Present 

experimental study shows that pH 9 favors enhanced adsorption. The results showed that from 

the contact time 75 min for waste tea desorption was done, but the waste tea/CuFe2O4 

composite can adsorbed 99% MB 60 mg L-1 to 120 min. The pseudo-second order kinetic 

model was used to analyze. The adsorption process was similar for waste tea and waste 

tea/CuFe2O4 composite.    

Keywords: Adsorption; kinetic; Methlen blue; Nanocomposite 

 Introduction 

 Dyes are widely used in the textile industry to color products. One of the major problems 

concerning textile wastewaters is colored effluent. This wastewater contains a variety of 

organic compounds and toxic substances, which are harmful to fish and other aquatic 

organisms [1]. The dye Methylen blue is widely used in analytical chemistry laboratories as a 

pH indicator to test pH ranges from 0 to 1.6 [2]. From the chemical structure of the dye it is 

observed that there are three aromatic rings attached to a central carbon atom.  

 The toxic nature of the dye can be explained by considering the fact that on decomposition it 

gives out hazardous products. These products are toxic and may cause several health 

problems to mankind as well as animals, thus MB attracts noteworthy attention to innovate 

effective techniques for its removal. Adsorption has gained favor in recent years due to 

proven efficiency in the removal of pollutants from effluents to stable forms for the above 

conventional method [3, 4]. 
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 Materials and Method 

 Waste tea was used as starting materials. The waste tea was preheated in an oven at 100 °C 

for about 48 h to reduce the moisture content. They were then crushed with a high speed mill 

and sieved on a sieve mechanical shaker, and the size fraction of lower than 180 μm that has 

been passed through US standard sieve number 80, was used in this study. Analytical grade 

copper (II) chloride dehydrates and ferric chlorides were obtained from Merck. CuFe2O4 was 

prepared using a co-precipitation method. CuFe2O4/waste tea composites were prepared using 

a co precipitation method. The waste tea was added into a 400 ml solution containing copper 

(II) chloride (0.02mol) and ferric chloride (0.04mol) at room temperature. The amount of 

waste tea was adjust to obtain CuFe2O4/waste tea mass ratio of 1:10 under vigorous magnetic-

stirring, slowly raised the pH by adding NaOH (5mol l¯) solution to around 10 and stirring 

was continued for 30 min, and the stopped stirring. The suspension was heated to 95-100 ºC 

for 2h. After cooling, the prepared composite was repeatedly washed with distilled water. By 

a simple magnetic procedure, the obtained materials was separated from water and dried in an 

oven at 105 ºC. MV was purchased from Merck and used without further purification. The 

stock solution of MV was prepared with distilled water (100 mg l−1). MV was analyzed by 

shimadzu 160A UV-Vis spectrophotometer.  The crystalline structure of CuFe2O4 was 

determined using the X-ray powder diffraction method with a Philips PW1840 diffractometer 

using Ni-filtered Cu kα radiation and wavelength 1.54˚A.  

Results and discussion                                                                                                  

1. Catalytic effect of CuFe2O4 

The experiments were carried out with 50 ml of MV dye solutions on 0.1 g of waste tea, 

CuFe2O4 and CuFe2O4/waste tea composite. Fig. 1 shows the effects of agitation time. The 

plots show that the adsorption of MV increases with an increase in agitation time and attains 

equilibrium earlier of adsorption (30 min) for CuFe2O4/waste tea composite and more than 

90%. In the equilibrium time of 60 min was needed for CuFe2O4/waste tea and CuFe2O4. The 

higher adsorption capacity of CuFe2O4/waste tea composite than that waste tea attributed to 

the presence of CuFe2O4 catalyst. 
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Fig. 1.  Effect of time for adsorption of MV onto waste tea, CuFe2O4 and CuFe2O4/waste tea composite. 

 

2. Effect of pH  

Fig. 2 shows the effect of pH on the adsorption of MV onto CuFe2O4/waste tea. The 

adsorption capacity increased with increasing pH of the solution. The maximum adsorption 

capacity of MB on CuFe2O4/waste tea was observed at pH 10. The effect of pH on MV 

removal from CuFe2O4 and waste tea were similar. This could be explained by the fact that at 

low pH, more protons will be available to protonate hydroxyl groups, reducing the number of 

binding sites for the adsorption of MV. The adsorption behavior showed that adsorption of 

MV onto nanoparticle composite is governed by electrostatic interactions. The influence of 

pH on the adsorption capacity showed decreasing affinity with increasing electrostatic 

repulsion between MV and the adsorbent with a maximum value at pH 9.  

Fig.  2. Effect of pH for adsorption of MV onto waste tea, CuFe2O4 and CuFe2O4/waste tea composite for 50 ml 

MV 100 ppm and 0.1 g sorbent 
 

 

3. Adsorption kinetics 

 The two adsorption kinetic modes used in this study are pseudo-first order and pseudo-

second order equations. 

The pseudo-second order model is based on adsorption equilibrium capacity. (Fig.3.)       

t/q=t/qe+1/k2qe
2                                                                                                                                                                       
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Conclusions 

CuFe2O4/waste tea can be used as a cost effective adsorbent for removal of MV from water 

and wastewater. Alkaline pH is found to be better than acidic pH. The adsorption follows 

pseudo-second order kinetics. 

 
Fig. 3. Kinetics of MV adsorption onto CuFe2O4/waste tea composite for 50 ml of an initial concentration of 100 

mg/l MB , pH 9, 0.1 g adsorbent for pseudo-second-order model 
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Abstract 

   In this study Fe3O4 was used for adsorption of methyl violet as catalyst/adsorbent material. 

This magnetic composite was prepared using a simple chemical co-precipitation procedure. 

The magnetic composite mixed with bentonite as adsorbent and used for methyl violet (MV) 

dye removal from water. This magnetic powder adsorbent showed excellent catalytic 

properties. Powder XRD was used to characterize the prepared adsorbents. Powder XRD 

analysis of Fe3O4 indicated that the metal oxides mainly occurred in the form of spinel 

structure. The ferrite embedded in the matrix has nanoparticles 10 nm. The adsorption kinetics 

of MG on bentonite and magnetic powder composite is similar. The adsorption kinetics of 

MV onto Fe3O4/bentonite composites was pseudo-second order. The adsorption is strongly 

dependent on pH of the medium where the removal efficiency increases as the pH turns to 

alkaline range (pH 9).  The results suggest of the higher adsorption capacity of the composites 

than that of natural bentonite attributed to the presence of Fe3O4 catalyst. The thermodynamic 

parameters of adsorption such as free energy of Gib s and enthalpy of adsorption were 

determined.  

 

Keywords: Adsorption; composite; Fe3O4; methyl violet 

 

Introduction 

 One of the major problems concerning textile wastewaters is colored effluent. This 

wastewater contains a variety of organic compounds and toxic substances, which are harmful 

to fish and other aquatic organisms [1]. There are several methods used to treat wastewaters 

which contain organic pollutants and dyes. These methods include physical and chemical 

processes such chemical coagulation [2], ozonation [3, 4] and adsorption [5, 6]. Activated 
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carbon is widely used as an adsorbent due to its high surface area and high adsorption 

capacity; however, it is relatively expensive which limits its usage [7-10]. For this reason, 

many researchers have investigated low-cost, locally available, biodegradable substitutes from 

natural sources to remove dyes from wastewater [11-16]. Adsorption process is one of the 

effective methods with the advantages of high treatment efficiency and no harmful by-product 

to treat water [17]. The focus of this study is investigating of adsorption capacity and catalytic 

activity of Fe3O4 ferrite spinel on the bentonite for adsorption of methyl methyl violet.  

  

Experimental  

Ferro (II) chloride dehydrates and ferric chlorides were obtained from Merck, and were both 

analytical grade. Fe3O4 and Fe3O4/bentonite were prepared using a co-precipitation method. 

The bentonite used in this study was obtained from Tavan silicate Co. of Iran. The bentonite 

was purified in the laboratory to remove carbonates, iron, hydroxide and organic matter. It 

was crushed, ground, sieved through 100 - 150 mesh and dried at 110°C in an oven for 2 h 

before use. Methyl violet was purchased from Merck and used without further purification. 

The stock solution of MV was prepared with distilled water (100 mg l−1).  

Fe3O4/bentonite magnetic composites were prepared using a chemical co-precipitation 

method. The bentonite was added into a 400 ml solution containing ferro(II) chloride 

(0.02mol) and ferric chloride (0.04mol) at room temperature. The amount of bentonite was 

adjust to obtain Fe3O4/bentonite mass ratio of 1:10 under vigorous magnetic-stirring, slowly 

raised the pH by adding NaOH (5mol l-1) solution to around 10 and stirring was continued for 

30 min, and the stopped stirring. The suspension was heated to 95-100 ºC for 2h. After 

cooling, the prepared magnetic composite was repeatedly washed with distilled water. By a 

simple magnetic procedure, the obtained materials was separated from water and dried in an 

oven at 105 ºC. 

The crystalline structures of synthesized materials were determined using the X-ray powder 

diffraction method with a Philips PW1840 diffractometer using Ni-filtered Cu kα radiation 

and wavelength 1.54˚A. Transition electron microscopy was carried out by means of a Hitachi 

S-3500.  

Dye absorbance was measured with spectrophotometer (Shimadzo, model 16 A Japan). pH 

measurement was done with a Horiba pH meter (M13, Japan). Infrared spectrum is recorded 
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using FTIR instrument (Shimadzo-8700) for all samples in KBr medium between 400- 

4000cm-1). 

 

Results and discussion 

1. Characterization of adsorbent (composites) 

The XRD analysis of Fe3O4 indicated that the metal oxides mainly occurred in the form of 

spinel structure of Fe3O4. Fig 1a-c shows the XRD of bentonite, the prepared ferrite Fe3O4 and 

Fe3O4/bentonite composite. From result of XRD the binding process of bentonite did not 

result in the phase change of Fe3O4.  

The X-ray diffraction patterns show well developed diffraction lines assigned to pure spinel 

phase, with all major peaks matching the standard pattern of Fe3O4, JCPDS 8-0234. The 

average crystallite size of the spinel phase has been estimated from the broadening of the 

(d=2.513) X-ray diffraction peak using the Scherrer equation [14] at about 45 nm for Fe3O4 

and 12 nm for Fe3O4/bentonite composite.  

 

 
Fig. 1. Powder XRD for the (a) natural bentonite, (b) Fe3O4 and (c) Fe3O4 / bentonite composite. 

 

The typical TEM micrograph of the Fe3O4/bentonite nanoparticles is shown the nanoparticles 

had a mean diameter of 10 nm.  This reveals that the binding process did not significantly 

result in the agglomeration. This could be attributed to the reaction occurring only on the 

particle surface.   
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2. Effect of contact time 

The experiments were carried out with 50 ml of MV dye solutions on 0.1 g of bentonite, 

Fe3O4 and Fe3O4/bentonite composite. Fig. 3 shows the effects of agitation time. The plots 

show that the adsorption of MV increases with an increase in agitation time and attains 

equilibrium earlier of adsorption (10 min) for composite more than 95%. As a result, higher 

adsorption efficiency was realized in a shorter adsorption time. The equilibrium time of 60 

min was needed for bentonite and Fe3O4. The results also show that the % of MV removal for 

bentonite and Fe3O4 were about 70 and 80 % respectively. These results which show Fe3O4 

composite, exhibit an excellent catalytic activity. This increase in adsorption capacity is 

related to changes in the surface properties of the adsorbent.  

 

 
Fig. 3.  Effect of contact time for adsorption of MV onto bentonite, Fe3O4 and Fe3O4/bentonite composite. 

 

 3. Adsorption kinetics and thermodynamics  

The adsorption kinetics of MV on bentonite and Fe3O4/bentonite composite was iestigated 

The adsorption kinetics of MV on the composite was similar to bentonite. The adsorption 

process could be divided into two steps, a quick step and a slow one. In the first step, the 

adsorption rate was fast, and 99% of the equilibrium adsorption capacity was achieved within 

10 min. In the subsequent step, the adsorption was slow and reached equilibrium at 2 h. The 

two adsorption kinetic modes used in this study are pseudo-first order and pseudo-second 

order equations. The adsorption kinetics of MV was pseudo-second order. The results of 

thermodynamics referred the negative value of ΔG°.   
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Introduction 

 Based on the reported results, simple quinine such as para-benzoquinone yielded an 

adduct in which the structure of the addition compound is such that there is substitution in the 

quinone ring and there is a subsequent quaternization of the phosphorus atom. The structure 

of the compound formed may be either zwitterionic or of the ylide type.1-3 Recently, we have 

reported the kinetics of the addition reaction of triphenylphosphine to para-benzoquinone4 

and also to para-naphtoquinone.5 It seemed interesting to investigate the kinetic of the similar 

addition reaction of triphenylphosphine but using para-chloranil as a joint reactant (sse 

scheme). 

 

 

 

 

 

Material and Instrumentation 

Analytical grade para choloro anil, triphenilphosphine, chloroform, 

dicholoromethane, 1-cholorobutane and dichloroethane (Merk, Germany) compounds were 

used without addition purification. UV-Vis spectra were recorded on Agilent HP- 8453 

spectrophotometer diode array, and a quartz cell (l=1cm) was used for the spectrophotometric 

measurements. Initial triphenylphosphine and parachloranil  concentrated stock solutions 

+(Ph)3P:

O

O

Cl

Cl Cl

Cl

O

O

Cl

Cl Cl

Cl

P(Ph)3

Scheme



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1660

were, each time freshly prepared (volumetrically) before use, in chloroform, 

dicholoromethane, 1-cholorobutane and dichloroethane used as solvents. The initial 

concentration of the stock solutions was calculated based on the declared manufacturer 

densities. The working solutions were each time prepared by dilution of the stock solution in 

the above solvents. 

 

Results and Discussion 

 The rate constants and the order of the reaction with respect to the reactants were 

determined using pseudo-first-order method was used also to calculate. The reaction was 

monitored by UV-Vis spectrophotometer at 320, 325, 320 and 320 nm by variable time 

method in choloroform, dicholoro methan,1-cholorobutan and dicholoro ethan, respectively. 

On the basis of the obtained results, the Arhenius equations of this reaction were obtained: 

Solvent choloroform:                                            )
303.2

979.5
(36344.5log

RT
k     

Solvent dicholoromethan:                                    )
303.2

214.5
(13155.4log

RT
k           

Solvent 1-cholorobutan:                                        )
303.2

857.3
(25402.3log

RT
k   

Solvent dicholoro ethan:                                       )
303.2

214.3
(13155.3log

RT
k   

The obtained results show that the activation energy of  this reaction decrease by the 

increase of the solvent polarity. Other activation parameters Ea, H‡, G‡ and S‡ at 298 K in 

the above Solvents are obtained.                     

 

Conclusion 

The obtained reaction rate equation was found to be of first order both with respect to 

para-choloroanil and triphenilphosphine in the used Solvents. Also, the results obtained show 

that the activation energy of the addition reaction of triphenilphosphine to para-choloroanil 

decreases by increasing of the dipole moments of the solvents used.  
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Introduction 

The Fluoroquinolones have emerged as one of the most important class of antibiotics which show 

excellent activity against both pathogenic Gram-negative and Gram-positive bacteria, as well as 

anaerobes. [1,2]However, their widespread application in human and food-producing animals has 

increased human health concerns because of their inducing pathogen resistance and possible 

allergic persensitivities in humans.[3-9] Molecular imprinting is a rapidly developing technique for 

the preparation of polymers having specific molecular recognition properties [13-16].Using 

molecularly imprinted polymers as selective sorbents of SPE procedures allow not only 

preconcentration cleaning of the sample but also selective isolation of the target analyte, which is 

important, particularly when the sample is complex and impurities can interfere with 

quantification. 

 

                                                                 Fig-1 Ofloxacine molecular structure 

Material and Methods 

The water-compatible MIPs were improved and reformative from our previous results of 1.0mmol 

ofloxacin, 5mmol MAA, 30mmol EDMA, and .0.25mmol AIBN was dissolved in 15mL porogenic 

solvents (methanol:water = 9:1, v/v). Polymerization was performed under 60ºc in water bath for 

17h. The obtained polymers were grinding and sieving and washing with Tetrahydrofuran and 
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Methanol,acetic acid, Trifluoracetic acid (TFA) to remove the templates.A non-imprinted blank 

polymer (NIP, in the absence of template) identical manner. 

Result and discussion 

 Water- compatible molecularly imprinted polymers (MIPs) were prepared in water–methanol 

systems for selective extraction and separation ofloxacin from analyzing the residues of   

fluoroquinolones in biological samples.  By using ethylene glycol dimethacrylate as crosslinker 

and reformative methanol–water system as reaction medium, the improved water-compatible 

imprinted polymers were synthesized which show higher affinity to template and its analogues in 

aqueous environment.  The MIP was synthesized by using methacrylic acid as the functional 

monomer, ethylene glycol dimethacrylate  as a cross-linker and methanol–water (9:1, v/v)  as the 

porogenic solvent. Among the MIPs prepared, MAA-CO-EGDMA polymer showed excellent 

selectivity toward OFL the adsorption equilibrium was achieved within 4h and maximum partition 

coefficient of the molecularly non imprinted and molecularly imprinted polymer were investigated 

using adsorption test and were found to be 260 and 945.5 ml.g -1 respectively. Its molecular 

recognition mechanisms were investigated by the molecular simulation and the experimental 

validation with uv-vis. The characteristics of the MIP were characterized by Fourier transform 

infrared spectroscopy. This method is simple and sensitive, and can be used as an alternative tool 

to the existing HPLC methods for analyzing the residues of Fluoroquinolones in biological 

samples. 

 

Conclusions 

Novel water-compatible MIPs were prepared in water–methanol system, which show high affinity 

and selectivity to the ofloxacin in aqueous environment.  
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Introduction 

Numerous attempts have been made to design new host systems which can selectively interact 

with the target guest and perform intriguing molecular recognition processes [1]. 

Calixarenes are synthetic macrocycles obtained by the condensation of p-substituted phenol and 

formaldehyde in alkaline medium [2]. Lower and upper rim fictionalizations of parent calixarenes 

had led to a large variety of derivatives. Fine control of the size of calix[n]arenes, by changing the 

value of n and the introduction of various functional groups makes. Cation-ligand interaction play 

an important role in the complexation of metal cations with benzene and with an extensive series 

of aromatic structures [3] In this research study, stability constants of  metal cations and 

calix[4]arene and calix[6]arene in chloroform-methanol (50%-50% v/v) were determined at 25°C 

using spectrophotometric technique. 

 

Material and Methods 

1.5 cm3 of Calixarene was titrated with stepwise addition of a cation solution in chloroform-

methanol solution. The UV-Vis spectrum of the mixture undergoes small changes at 260–300 nm. 

Principle component analysis (PCA) was used for determination of the number of components in 

the absorbance data matrix and the formation constant of complex was obtained by using DATAN 

software  on the spectrophotometric data.  

Result and Discussion 

The complex formation between the para-tert-butyl-calix[4] arene and some transition metal ions 

in organic solvent. Principle component analysis (PCA) was used for determination of the number 

of components in the absorbance data matrix and the formation constant of complex was obtained 
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using by DATAN on the spectrophotometric data and compared with other methods. All ligands 

have been shown to form exclusively 1: 1 (metal ion to ligand ratio) complexes with cations in our 

experimental conditions. LogKf of metal-ligand complexes are 5.03±0.10, 4.68±0.11, 5.32±0.11, 

5.41±0.10 and 4.70±0.11 for Co2+, Cr3+, Ni2+, Pb2+ and Zn2+ respectively. 

 

Conclusion 

This research study has been clearly shown that Calixarene complaxation have proper selectability 

factor for releasing heavy metals from the aqueous solution and although the Calixarene present 

two potential complexation sites, the complex stoichiometry was found to be 1: 1. This behavior 

may be explained by a negative allosteric effect, which has been found in complexing systems 

containing two conformationally subunit.  
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Introduction 

A large number of pesticides, insecticides and chemical warfare agent such as sarin, soman 

and vx are based on phosphorus compounds. Decontamination and disposal of such 

compounds since many years ago, was on of the priorities and academic research centers 

around the world [1,2]. According to the results obtained from nanoparticles of metal oxides 

with the results of tests performed and factor such as crystal size, BET and activity of 

elements , have been approached that nano MgO and nano Al2O3 have unique properties [3,4]. 

In this research, Magnesium reaction of organophosphorus N,N dimethyl ,o,o 

dimethylphospho amido thioate[5] with MgO and nano MgO have been studied, In view of 

kinetic and applied physical chemistry adsorption parameter such as size of particle, solvents 

and etc. have been investigated. 

PNMR and FT-IR techniques have been used for identifying the variation concentration, 

controlling of adsorption reaction and so on. 
 

Method  

Magnesium oxide (CM-MgO) was made by merck company with BET=31.5m2/g. NanoMgO 

and N,N dimethyl ,o,o dimethylphospho amido thioate (op)are made by Imam Hossein 

University researcher,s groups with BET 366.9m2/g(15nm) and %98 purity respectively. 

Phosphoric acid is made by keto company with %85 purity the other compound are made by 

Merck company in AR-Grade. 

PNMR spectroscopy was 250 MHz perkins and FT-IR and oven were shimatzu model and 

yamoto model respectively.   

 

Result and discution 
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Phosphoric acid (3×10-2 M) solution as blank for organophosphorus compound was prepared, 

and N,N dimethyl ,o,o dimethylphosphoramidothioate in same range of molarity was also 

prepared,Rate of decrease organophosphorus concentration with CM-MgO and AP-MgO in 

different interval of time are reported in table 1 and table 2  

Table-1-Decrease of concentration of op over CM-MgO in molar ratio (1:40) in different time 

row
 

Time 

(min) 

Initial 

Molar 

concentrati

on of op in 

time (M) 

Blank Sample 

 Molar 

concentration of 

op in time (M) 

Area of under 

peak(AP- 

MgO) 

Adsorption 

% of OP 

with AP-

MgO 

1 0 0.03 Phosphoric acid0.03M 0.03211.55 0 

2 5 0.03pbosphoric acid0.03M 0.0292205.76 2.74 

    3 15 0.03 phosphoric acid0.03M 0.0272     191.96     9.26 

4 45 0.03 pbosphoric acid0.03M 0.0242 170.72 19.30 

5 135 0.03 pbosphoric acid0.03M 0.0230 162.37 23.25 

6 405 0.03pbosphoric acid0.03M 0.0215151.97 28.16 

Table-2-Decrease of concentration of op over AP-MgO in molar ratio (1:40) in different time 

row
 

Time 

(min) 

Initial 

Molar 

concentrati

on of op in 

time (M) 

Blank Sample 

 Molar 

concentratio

n of op in 

time (M) 

Area of under 

peak(AP- MgO) 

Adsorption % 

of OP with 

AP-MgO 

1 0 0.03 Phosphoric acid0.03M 0.03 199.4 0 

2 5 0.03 pbosphoric acid0.03M 0.0246 163.34 17.98 

 3 15 0.03 phosphoric acid0.03M 0.0229     151.93     23.71 

4 45 0.03 pbosphoric acid0.03M 0.0188 124.73 37.37 

5 135 0.03 pbosphoric acid0.03M 0.0161 106.58 46.48 

6 405 0.03 pbosphoric acid0.03M 0.0121 80.25 59.70 

 

 

 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

 

 

 
1669

Table-3 : Different Molar ratio of op and nano-Ap-MgO 

Row The amount of nano MgO (g) - AP The amount of op(Concentration 0.03 Molar) Molar ratio(op/nanoAP-MgO) 

1 0.12 10 1:10 

2 0.24 10 1:20 

3 0.48 10 1:40 

       By verification the data, it is observed that adsorption of organophosphorus with AP-

MgO in molar ratio 1:40 is more suitable for decontamination studied, this idea can also be 

confirmed by table 3. Effect of solvent in our research have been investigated, pentane will 

be most suitable solvent(table-4). 

Table-4: compare the deceasing concentration of op adsorption of op with Nano-Ap-Mgo in different solvents 

Time 

(MIN) 

Methanol solvent Cholorform solvent Solvent Pentane  

Molar 

concentration of 

op in time (M)  

Percentage of 

decreasing 

concentration of 

op 

Molar 

concentration of 

op in time (M)( 

Percentage of 

decreasing 

concentration of 

op 

Molar 

concentration of 

op in time (M) 

Percentage of 

decreasing 

concentration of 

op 

0 0.03 0 0.03 0 0.03 0 

5 0.0268 13.22 0.0218 27.20 0.0196 34.51 

15 0.0216  27.78 0.0193 35.59 0.143 52.16 

45 0.0184 38.61 0.0158 47.41 0.114 62.08 

135 0.0159 46.89 0.0111 62.98 0.069 77.04 

405 0.0132 56.04 0.009 69.97 0.055 81.74 

In our researches reaction of DMMP (simulante Nerve agent) with nano AP-MgO has also 
studied.. 
 

Conclusions           

Decontamination and adsorption of organophosphorus compound are maximized with 

nanoAP-MgO, the most suitable molar ratio between organophosphorus compound and 

nanoAP-MgO is equal to 1:40.Finally the nonpolar solvents maybe more suitable for this 

reaction. 
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Introduction: 

The selection of the appropriate extraction system is an important stage in the elaboration of 

analytical procedure.Solid-phase extraction is one of the most popular sample preparation 

methods. In this case, the knowledge of the interactions between isolated compounds, sorbent 

and elution solvents seems to be important. The selection of the appropriate sorbent is an 

important stage in the elaboration of the analytical method. 

 

Methods: 

In this study, a solid phase extraction (SPE) preconcentration system was developed for 

determination of phenanthroline at ppb level. The method is based on retention of 

phenanthroline on a column of nanoporous sorbent CMK-1 modified with dodecyl sulfate 

sodium salt (SDS) and subsequent elution with dimethyl sulfoxide (DMSO) and 

determination by UV-Vis at λmax= 264 . The effect of sorbent mass, eluant volume and elution 

speed that could affect the performance of the system was investigated and optimized. At 

first, MCM-48 was synthesised as a sillica nanopprous sorbent according to the synthesis 

procedure described by Shao et al [1]. Then CMK-1 mesoporous carbon was prepared by 

using MCM-48 material as template and sucrose as the carbon source [2]. The obtained 

composite was then pyrolyzed in a nitrogen flow at 1173 K and kept under these conditions 

for 6 h to carbonize the polymer [3]. The carbon–silica composite thus obtained was washed 

with 1 M NaOH solution of 50% ethanol–50% H2O twice at 363 K, in order to dissolve the 
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silica template completely. The carbon samples obtained after the silica removal were filtered, 

washed with ethanol and dried at 393 K [4]. Modification with SDS aionic surfactant was 

carried out by treating of CMK-1 sorbent in 100mL solution of SDS surfactant at respective 

critical micelle concentration. The modified sample was filtered without rinsing and dried at 

110 ◦C [5]. Next, this obtained modified nanoporous sorbent packed between two frits into a 

SPE glass column. Afterward, a solution included specific concentration of phenanthroline 

passed throughout the sorbent in the SPE column [6]. A particular amount of Fe+2 was added 

to phenanthroline solution to make ferroin complex ([Fe(phen)3]
2+) before suction the solution 

through the column. Ferrion complex attached to the negative tail of SDS and thus 

phenanthroline separeted from aqua solution. Percentage of phenanthroline adsorption was 

determined by measuring of phenanthroline concentration difference between primary 

solution and exited solution under the column [7]. Finally,different volumes of dimethyl 

sulfoxide (DMSO) used as eluent for recovery and desorption of phenanthroline into the 

CMK-1/SDS sorbent and desorped phenanthroline measured by UV-Vis[8]. 

 

Results and discussion: 

 The effect of sorbent mass, eluant volume and elution speed that could affect the 

performance of the system was optimized. The best recovery yield obtained for 0.02mgr of 

sorbent mass, 3ml of eluent solvent volume and 0.5ml/min of elution speed. The limit of 

detection (based on 3σ) was 11μgL-1. Recovery and relative standard deviation (n=6) at 

50μgL-1 level for phenanthroline were 89.5 and 3.3% respectively. 

 

Conclusion: 

 The method and CMK-1/SDS sorbent was successfully, effectualy and selectively applied to 

adsorption and determination of phenanthroline in real water sample. 
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Abstract 

A novel composite with a core-shell structure was prepared through the combination of 

microemulsion and ultrasound. The composite with a proper ratio has shown exceptional 

sonocatalytic activity in comparison to the pure nano-sized TiO2 and CdS. This method was 

simultaneously able to decolorize and oxidize the dye with a complete mineralization due to 

the enhancement of mass transfer, cleaning the catalyst surface, and preventing the 

aggregation of particles. In this paper, two kinetic models of Langmuir–Hinshelwood and 

consecutive first-order reaction were investigated. The rate constants of sonocatalytic were 

higher than what obtained in the absence of the catalysts, solar and UV irradiation.  

 

Keywords: Core-shell, Kinetic, Reactive black 5, Mineralization, Sonocatalytic degradation  

 

Introduction 

TiO2 has some drawbacks [1]: (a) not applicable in visible light (b) fast recombination of the 

hole and electron pairs (c) low efficiency of UV light. Due to these limitations, significant 

efforts have been made over the last two decades for handling these problems [2]. Ultrasound 

is an easy and effective method under the mild conditions for preparing nonmaterials [3, 4]. It 

can improve the contact of the two components, crystallinity, and the formation of uniform 

coating [5, 6]. In this study, CdS/TiO2 couples have been prepared by a combination of 

ultrasound and microemulsion in order to: (i) exploit the maximum optical absorption in the 

visible range, (ii) increase the surface contact between the two components (iii) facilitate the 

crystallization. Then the degradation of RB5 as a model pollutant is investigated under 

different conditions.  
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Experimental 

   A microemulsion with weight ratio between oil, CTAB, water, and co-surfactant was 

devided in two separate parts (A= contained sulfur in oil phase and B= cadmium chloride and 

ethylenediamine in aqueous phase) for preparing CdS. The synthesis of core-shell 

nanoparticles has carried out with combination of ultrasound and microemulsion by adding 

TTIP to the mixture. The precipitate was separated, washed and then dried. Then 50 mL of 

RB5 solution containing catalyst was sonicated for removal of dye. The other experiments 

were carried out under the same conditions by UV lamp and sunlight.  

 

Results and discussion  

The XRD peaks and the HRTEM for the composite confirm a core-shell structure. The results 

show that the sonocatalytic removal is more effective than UV light or sunlight in the 

presence of catalyst. This is due to the synergetic effect of ultrasound and semiconductor that 

may promote the formation of reactive oxygen species on the surface of catalyst and fast 

charge separation and transportation throughout the particles [1, 2]. In addition, the light and 

high temperature caused by cavitation effect can activate the electronic excitation. The TOC 

was fast, and then decreased slowly due to a detrimental effect of the adsorbed SO4
2- ions on 

the catalyst surface [7]. The ultrasonic degradation follows L-H rate kinetics, but this model 

may not be valid at longer periods. Then, we examine a kinetic model of consecutive first-

order reaction.  

 

Conclusion 

Ultrasound has a key role in the synthesis of the core-shell nanocomposites. The contact 

between the two nanoparticles is very important for electron transfer through the crystal 

interphase between TiO2 and CdS. It results in separation of electron–hole pairs. In addition, 

for the removal of RB5, ultrasound has a pronounce effect on the de-aggregation of the 

nanocomposite particles, cleaning and sweeping the catalyst surface by acoustic micro-

streaming. The sonocatalytic rate with the TiO2/CdS is very fast compared to “only 

ultrasound” state, solar and UV.  
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Abstract 

MWCNT/PMMA composites were prepared by in situ ,ex situ and microemulsion methods. 

SEM microphotographs reveal that the MWCNT/PMMA composites that are prepared 

microemulsion adhere better than those prepared other method. MWCNT/PMMA composites 

wasprepared byMicroemulsion method exhibit a lower electrical resistivity and a lower 

percolation threshold than those prepared other method. The effects of the method of 

processingthe MWCNT/PMMA on the shielding effectiveness (SE) of the electromagnetic 

interference (EMI) of the MWCNT/PMMA composites was examined. The SE of EMI of 

MWCNT/PMMA increased with MWCNT content. The composites prepared 

bymicroemulsionmethos have higher SE values. 

 

Introduction 

Highly field polymers use for several purposes such as lubricants, anti radars and etc. We 

focused on anti radar purpose.  

Radar is a detector which can find distances by radio waves. This system which works based 

on the electromagnetic waves provides some information about an object location by sending 

specific form of waves to the target and receiving the returned waves. The frequencies of 

radar waves or generally electromagnetic waves are in the range of 2-18 GHz. Anti radar 

coatings are applied to avoid the electromagnetic waves penetration. This research investigate 

some of the composites which are used as coating. In this research Multi Wall Carbon Nano 

tubes (MWCNT)/Poly Methyl Methacrylate (PMMA) composites was synthesized, and we 

measured their wave's absorption. A good absorption was the significant goal of this research 

and each coating has a good absorption.  Important points in design and construction of the 

absorbents are: low thickness, low weight and volume, wide band, flexibility, low cost and 

having enough strength in every climate and environment. 
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Experimental procedure 

1.Materials 

Multiwalled carbon nanotubes (MWCNT) that hadbeen fabricated by CVD method were 

obtained from theCNT Company, Incheon, Korea. The purity of the MWCNTs was 93%. The 

diameter of the carbon nanotubes was 10–50 nm; the length was 1–25 lm. Methyl 

methacrylate (MMA) was obtained from Merck Co,Germany.sodium dodecyl solfanate(SDS), 

was obtained from Acros Organics Co., NJ,USA,(KPS) was obtained from Merck Co., 

Germany. 

 

2.Sample preparation 

1.5g SDS and MWCNTwere dissolved in 7.5 g of water and MMA was then addedto the 

SDS/water/mwcnt solution. 0.55 g of KPS was addedto the MWCNT/MMA/water/SDS 

solution. The mixturewas then refluxed at 60˚C for 24 h and the MMA monomerwas 

polymerized to form PMMA polymer. After the reaction, MWCNT/PMMA/water was poured 

on a plasticplate or were coated on a 0.1-mm-thick PE film. 

3.Measurments properties 

The morphological properties were elucidated using a Hitachi FESEM S-4200 scanning 

electron microscope(SEM).Surface electrical resistivities were measured using a four-point 

probe resistivity measurement system, C4S-54/5S from Cascade Microtech, NY, USA. The 

shielding effectiveness (SE) of electromagnetic interferenceof MWCNT/PMMA composites 

was analyzed using a HP 8722ES Vector Network Analyzer, Damaskos,Inc. Concordville, 

PA, USA. The SE test of the bulk material(200 mm · 200 mm · 1 mm). The frequencies used 

in the SE testingwere between 2 and 18 GHz. 

 

Results and discussion 

In Schelkunoff’s theory[2],the shielding effectiveness(SE) against EMI is determined by the 

sum of the internal reflection loss at the exiting interface (loss of energy by multi-reflection, 

M), the absorption or penetration loss within the barrier itself (loss of the energy by 

absorption,A) and the initial reflection loss from both surfaces of the shield (loss of energy by 

first reflection, R) Table1show the shielding effectiveness against EMI of MWCNT/PMMA 
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composites.Table1show  the shielding effectivenessagainst the EMI of the 4.76-wt%-coated 

MWCNT/PMMAcomposites prepared Micro emulsion and other method[1]. 

 

Table1: Effect MWCNT/PMMA PET film on the EMI shielding effectiveness. 

1816 14 12108642 Frequency, GHz 

-42 -28 -35 -58 -20 -23 -18 -22 -9 Prepared by other method -

dB 

-44-35 -42 -68-20-23-20-26-11 Prepared by micro emulsion -

dB 

 

Conclusion 

MWCNT/PMMA composites that are prepared microemulsion adhere better than those 

prepared other method. MWCNT/PMMA composites prepared Microemulsion exhibit a 

lower electrical resistivity and a lower percolation threshold than those prepared other 

method. 
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Introduction 

Aromatic amines are of significant industrial importance, because they are widely used as 

the intermediates for synthesis of dyes, pharmaceuticals and agrochemicals. The reduction of 

aromatic nitro compounds is one of the most common methods for preparing the 

corresponding aromatic amines [1]. Numerous new reagents have been developed for the 

reduction of aromatic nitro compounds. Though some of these are widely used, still they have 

limitations based on safety and handling considerations. The catalytic hydrogenation is a 

clean and convenient method for producing amine in high yield. Therefore, the design of a 

catalyst, which can work under mild reaction conditions and give high catalytic performances, 

should be very interesting. 

Recently, supported nanoparticles (NPs) of Pt, Pd, etc., with high surface-to-volume ratio 

compared to bulk catalytic materials, have been recognized as one of the most relevant 

catalysts for hydrogenation of nitrobenzene [2]. Due to the very active surface atoms, the 

naked NPs frequently aggregate to yield bulk like materials, which greatly reduce the catalytic 

activity and selectivity. To avoid the aggregation, catalytic NPs are usually stabilized by 

stabilizers or immobilized on various supports such as polymeric materials. The particles 

dispersed on the supports often gave rise to high catalytic activity and selectivity for a wide 

variety of nitrobenzenes. In the case of the supported MNPs, the surface properties of the 

supports are very important to the size and dispersion of metal particles, as well as the 

catalytic performances. The organic–inorganic hybrid mesoporous silicas, with controllable 

architecture, exceptionally high surface area and uniform pore size, together with the 

flexibility and reactivity of tailored organically functional groups, have attained increasing 
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attention in the recent years. The use of terminal organic groups (–SH, –NH2, etc.) grafted in 

the channel of organic–inorganic hybrid mesoporous silicas has proven to be an efficient way 

to stabilize MNPs [3]. 

 

Experimental 

In this work, nickel nanoparticles were prepared from NiCl2.6H2O in the presence of poly 

vinyl amine grafted to mesoporous silica with NaBH4 as reducing agent, after mixing the 

metal solution with the organic-inorganic hybrid composite.  

 

Result and Discussion 

The catalyst was characterized by FT-IR, XRD, TEM and BET techniques. The 

comparison between FT-IR spectra of PVAM/SBA-15 and Ni-PVAm/SBA-15 shows that 

nickel NPs are placed on the polymer. XRD patterns show fcc structure of nickel NPs, TEM 

images show that nickel NPs are in size of 3 nanometer and The BET specific surface areas 

and the pore size of mesoporous silica SBA-15, PVAm/SBA-15 and Ni-PVAm/SBA-15 had 

been calculated and shows that Ni entrance changes the mesoporous system to microporous 

one. 

 

Conclusion 

In the presence of this catalyst, the aromatic nitro compounds are quantitatively reduced by 

NaBH4 to form the corresponding amines under atmospheric pressure in aqueous medium. 

Catalysis was due to the efficient nanoparticle mediated electron transfer from BH4
- ion to the 

nitro compounds [4]. The effect of NiCl2 concentration, NaBH4 concentration, mesoporous 

silica content and reducing agent contents for nitro compounds reduction are also 

investigated. The catalyst showed excellent yield (100 %) in a short time (2 min), with 

excellent recycling capability. 
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Introduction 

An understanding of the atomic processes occurring at the interfaces plays a central role in 

many technologically important phenomena such as adhesion, lubrication, coating, friction, 

wear, wetting, spreading, chromatography, and membrane separation [1]. In fact, confining a 

fluid between two solid surfaces, whose separations are just a few molecular diameters affects 

significantly both equilibrium and nonequilibrium properties of fluids. Recently, we have 

reported a simulation method [1] in which only the confined region is simulated at a constant 

number of confined particles, N, constant surface area, A, constant temperature, T, and 

constant parallel component of the pressure, P||, which we call it NAPT ensemble simulation 

hereafter. In this method, the MD simulation method of Berendsen with coupling to an 

external bath is extended to keep the parallel component of pressure fixed by changing the 

distance between the confining surfaces [1]. In this work we have employed this simulation 

method to study the structure and dynamics of nanocofined decane between graphite surfaces.  

 

Simulation Method and Results 

The new NAPT ensemble simulation method [1,2] is applied to simulate decane molecules 

confined between graphite surfaces. A large number of systems in which the number of 

decane molecules varies between 100 and 150 were chosen for this purpose. In this 

simulation, the temperature was fixed at 400 K and P|| was kept constant at 101.3 kPa, 

employing the method described in Refs. [1,2]. Shown in Figure 1 are the local density profile 

of decane molecules, calculated based on the position of all atoms in the simulation box, for 

two different systems as typical examples. As it is seen, the decane molecules form layered 
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structures in the vicinity of the confining surfaces. The number of well-formed layers changes 

with the surface separation.  

 
Figure (1) Local density profiles for systems consisting 115 (full curve) and 150 (dashed curve) decane 

molecules confined between graphene surfaces at T= 300 K and P|=101.3 kPa. 
 

Other results including the solvation force, step-wise variation of number of confined 

molecules with respect to the surface separation, orientation of end-to-end vectors (not shown 

here), indicate that decane molecules adopt a flattened conformation near the surfaces and the 

organization of layers depend on the solvation force oscillations. We have also calculated the 

diffusion coefficient of the chains in confinement. The results indicate that chains near the 

surfaces have a higher mobility than those of locating in the center of pore. The local 

dynamics of the confined chains has also been analyzed based on the autocorrelation of end-

to-end vectors. In this case, the relaxation times show oscillatory behavior with out of phase 

oscillations with respect to the solvation force oscillations. 
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Introduction 

In recent years, the development of antimicrobial agents that have little or no negative impact 

on the natural environment has become important. Wastewater is expected to contain high 

levels of microorganisms and organic compounds; therefore, water disinfection has been an 

important and essential technology in biological and biochemical industries[1,2]. The aim of 

this study is to prepare the nano-sized single ZnO and SnO2 films were prepared using sol-gel 

dip coating method and characterized with X-ray diffraction (XRD), scanning electron 

microscopy (SEM). Escherichia coli (E. coli, ATCC 25922) was selected as a model for 

evaluation of antibacterial property of samples.The antibacterial activity has been studied 

applying the so-called antibacterial-drop test. The bactericidal activity was estimated by 

relative number of bacteria survived calculated on the nutrient agar plates. It is found that 

ZnO coating exhibited a higher antibacterial activity. Furthermore, nano-structured films were 

active even in the absence of irradiation. 

 

Experimental details 

1- Film preparation 

A precursor solutions was prepared from zinc acetate and SnCl4.5H2O. The solution was 

stirred and then refluxed for 3 h and after cooling to room temperature was dip-coated onto 

glass substrates at 20 mm.s–1. Finally, the coated substrates were heated at 150 oC for 20 min 

after each coating. By repeating the above procedure three times, four layers of coatings were 

obtained. A final annealing was proceeded in air for 30 min at 500 oC. 

2. Anti-bacterial performance 
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The antibacterial activity of coatings obtained against the bacteria E. coli was studied using 

the so-called antibacterial drop-test. Two samples of thin films were studied and one uncoated 

microscope glass was used as a blank. E. coli at a concentration of 106 CFU/ml were added 

drop wise using a dispenser onto the surface of each film. The samples were illuminated 

without and with four mercury lamps 8 W (Philips UV-A), at room temperature for 0.5, 1, 2, 

3, 4, and 5 h, respectively. After each time period the bacteria containing drops were washed 

from the glass surfaces and the numbers of surviving bacteria on the Petri dishes were counted 

after incubation for 24 h at 37 °C. 

 

Results and discussion 

1. Structure properties 

  Fig.1. shows XRD patterns for ZnO and SnO2 thin films with patterns the tetragonal rutile 

structure of SnO2 film (S) and diffraction peaks for hexagonal wurtzite structure ZnO film 

(Z). SEM results also showed nano-scaled average diameters of particles (Fig.2). 
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Fig. 1. XRD patterns of ZnO and SnO2  films.                          Fig. 2. SEM images of samples ZnO and SnO 

2. Antibacterial activity 

E. coli cells were exposed to different samples for up to 5 h to assess any bactericidal effect of 

the two catalysts under UV light and dark conditions. It is worthy to note that in the absence 

of UV light, two samples showed bactericidal activity. The photocatalytic reactivity order was 

SnO2 as shown in Fig. 3. 

     

 

 

 

 

Fig. 3. Photograph demonstrating the efficiency  of   SnO2 on the number of CFU 

dark UV exposed   
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Conclusion 

The thin-film photocatalysts based on single ZnO and SnO2 thin films prepared at glass 

substrates by sol-gel dip coating. The antimicrobial susceptibility was tested using bacteria E. 

coli. The highest photobiocide activity was found for ZnO. 
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Abstract 

Predictions for Organometallic Fullerene structures and properties using theoretical study 

that could help in their possible experimental characterization, such as equilibrium 

geometries, electronic structures, are reported. 
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Introduction 

The advent of fullerene chemistry, discovery of C60 by Smalley and co-workers has 

opened new research in the field of molecular chemistry, material and condensed matter 

physics. In this respect, the metal- C60 interaction is interest both from a fundamental point of 

view and for the applications of C60 fullerenes as bulk interaction compounds with unique 

properties including suitable for hydrogen storage in the case of alkali metals [1]. 

 

Computational Method 

The DFT calculations were carried out using G03 program package. The modified 

Perdew–Wang91 exchange plus the Perdew–Wang91 correlation (MPW1PW91) was used.  

 

Results and discussion 

To examine the binding properties of fullerene, we calculated the binding energy of the 

C60-Sc as well as the pristine C60 molecule and Sc atom. The adsorption energy, Ebind, was 

calculated using the expression 

)(
6060 )( ScCScCbind EEEE        (1)
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There are two adsorption sites for Sc on C60 were considered, (a) the center of the hexagonal 

ring H site, (b) the edge between two hexagonal rings D site. Results show that the complex 

formation is stable than isolated molecules. Secondly, all the calculated formation energies 

are negative. As defined by Eq. (1), this means that the complex formation of the scandium 

atom is exothermic for C60 (Table 1). 

 

Table1. Binding energy, HOMO, LUMO and Gap () energy of ScnC60 system calculated by MPW1PW91/6-

31G  

Type  Ebind HOMO LUMO Gap energy 

C60-Sc (D ) -1.632 -5.422 -3.035 2.388 

C60-Sc (H) -2.131 -4.496 -3.086 1.410 

C60-Sc2 (D ) -1.5121 -4.983 -2.781 2.203 

C60-Sc2 (H ) -2.350 -3.874 -2.674 1.201 

 

 

 

 

    (a)     (b) 

Fig.1. Typically structures at each energy minimum obtained from MPW1PW91/6-31G for the C60-Sc 
complexes: (a) H site, (b) D site 

 

Conclusion 

In conclusion, we have used first principal calculation to show that transition metal decorated 

C60 molecules exhibits remarkable stability than that pristine C60. 
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Abstract 

In this research, a nano composite of polyaniline sawdust (termed as Pan/SD) was prepared 

via chemical polymerization of aniline on the surface of sawdust for adsorption MG from 

aqueous solution. The effects of some important parameters such as kinetic and 

thermodynamic parameters were studied. In this paper obtained the pseudo-second order 

model kinetic is better than pseudo-first order model and this adsorption was an endothermic 

and spontaneous process  

 

Keywords: Malachite Green, Nano polyaniline, Kinetic, Thermodynamic,  

 

Introduction 

The Textile industry is in the forefront in the use of dyes in its operations with more than 

9000 types of dyes incorporated in the color index [1]. The discharge of colored waste is not 

only damaging the aesthetic nature of receiving streams, but also is toxic to the aquatic life 

[2]. Polyaniline (PAn) is a nano conducting polymer that can be easily synthesized chemically 

from bronsted acidic aqueous solutions [3]. Investigation of kinetic and thermodynamic 

parameters is important variable therefore MG as a typical basic textile dye was selected as a 

test probe.  

 

 

Methods 
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Polymerization was carried out in aqueous solution. Polyaniline was obtained from Merck 

and Sawdust samples (SD) from walnut obtained from a local carpentry workshop. 

Absorbance studies were carried out on a single beam Perkin-Elmer UV–Vis 

spectrophotometer with a 1 cm cell (max= 620 nm)  was used for measuring all of absorption 

data. 

 

Results and Discussion 

In order to monitor the kinetics of the adsorption of the MG dye over adsorbent, pseudo-first 

order and pseudo-second order rate equations were applied. The specific rate constants and 

other parameters were calculated using following mathematical forms:  ݊ܮሺݍ െ (௧ݍ ൌ ݍ ݊ܮ െ  ݇ଵ ݍݐ                                ݐ௧ ൌ 1݇ଶݍଶ            ݍݐ
Where k1 and k2 are the rate constants , qe and qt denote the amount adsorbed in mg g-1 at 

equilibrium and any time t, respectively. 

 

Table 1 Adsorption kinetic parameters of MG onto PAn/SD 

T(K) Pseudo-first order  Pseudo-second order 

 qe
a K1 qe

b r1
2  qe

a K2 qe
b r2

2

298 11.19 -0.046 2.46 0.711  2.48 0.968 2.46 0.999 

a  Calculated   b  Experimental 

To study the thermodynamic parameters , (∆G°) , (∆S°) and (∆H°) were investigated and 

calculated for adsorbent using following relations. 

∆G° = - RT Ln K C     ,   
e

Ad
c C

C
K         ,      )

1
(

00

TR

H

R

S
LnKc







 

 

Table 2 Thermodynamic parameters for adsorption of MG onto PAn/SD 

 

 

 

 

T (K) ∆G°(KJ mol-1) ∆H°(KJ mol-1) ∆S° (J mol-1) 

298           - 9.63     

318           - 11.47  18.049 92.90 
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Conclusion 

The amount of experimental and calculated qe , shows that pseudo-second order model is 

useful for predicting the kinetics of the MG adsorption onto the PAn/SD. Therefore the 

pseudo-second order model is better. The ∆H° >0 as shown in Table 2 indicates endothermic 

nature of adsorption. The ∆S°>0 shows increased randomness The negative values of ∆G° for 

the adsorption on PAni/SD due to from feasibility of the process and spontaneous nature of 

adsorption, whereby no energy input from outside of the system required. 
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Abstract 

In this current research, nano layer of polyaniline was synthesized chemically onto the surface 

of sawdust as a thin layer (termed as PAni/SD) and then was used for removal of organic dye 

(such as tartrazine) from aqueous solutions. The effects of some important parameters such as 

pH, initial concentration, sorbent dosage, contact time on organic dye were investigated.The 

treatments of the data were carried out using both Freundlich and Langmuir adsorption 

isotherms.  

 

Keywords: Organic dye, Tartrazine, Polyaniline Nano Layer, Adsorption, 

Freundlich,Langmuir  

 

Introduction 

Synthetic dyes used for doing different cases in many commercial and industrial techniques. 

Tartrazine is extensively used in many fields of technology in soaps, cosmetics, shampoos 

and other hair products, textiles industry [1-2]. Tartrazine is a synthetic lemon yellow azo dye 

and water soluble [1]. Removal of hazardous dyes from wastewaters using economic means 

has become a real challenge to global scientists [3]. There has been great excitement about the 

technological applications conducting polymers owing to their unique possibility of 

combining properties from polymers (processability, chemical stability, and flexibility) metals 

(electrical conductivity, optical, and magnetic properties) [4].     
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Methods 

A Solution of tartrazine with the concentration of 200 mg L-1 was prepared in deionized 

water, used as stock solution. Absorbance measurements were carried out on a single beam 

Perkin-Elmer UV–Vis spectrophotometer. The surface morphologies of polymer samples 

were studied using scanning electron microscopy (SEM) technique (Model VEGA). 

 

Results and Discussion 

For the effects of pH, initial tartrazine concentration, sorbent dosage and contact time were 

treated separately with different conditions. According to the results, the sorption of tartrazine 

by PAni/SD in pH range of 2-5 is very high. with increasing the initial concentration of 

tartrazine, sorption percentage decreased. With increasing amount of sorbent, sorption 

percentage of the dye is also increased gradually. dye removal was occurred with 40 minutes. 

We cannot explain more because 2 pages are not enough. The model of Freundlich and 

Langmuir isotherm are shown below. 

  

 

 

 

 

 

   Figure 1 Freundlich Plot for the Sorption of                               Figure 2 Langmuir Plot for the Sorption of  

                 Tartrazine onto PAni/SD                                                                 Tartrazine onto PAni/SD     

 

 Conclusion 

Sawdust as a very cheap and locally available biomaterial was found a suitable substrate for 

coating of polyaniline in order to be used as a new adsorbent for dye removal in this article. 

The highest uptake of tartrazine dye by PAni/SD was occurred in acidic conditions. High 

sorption capacity of PAni/SD for removal of tartrazine is supposed to be occurred via anion 

exchange process. However, due to the polar structure of both adsorbent and dye molecules, 

electrostatic or coulombic interactions between the anionic dye and the polymer, hydrogen 
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bonding or weak van der Waals forces and ion exchange processes are proposed mechanism 

for removal of dye by the used adsorbent. 
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Introduction 

Over the past decade, research on design of novel platinum and platinum based 

nanomaterials with unique properties has been greatly intensified due to the potential for new 

applications and improving current applications. Since platinum is a precious metal, most of 

the recent efforts have focused on decreasing platinum utilization via increasing the catalytic 

efficiency of Pt-based catalysts by tailoring high-performance Pt-based nanostructured 

materials revealing that the shape of Pt nanoparticles plays a critical role in catalysis [1]. 

Interestingly, it has been established that the catalytic reactivity of platinum nanostructures 

depends highly on their morphology, and therefore the design and synthesis of well controlled 

shapes and sizes of platinum nanostructures is crucial for their applications, especially in the 

field of catalysis and electrocatalysis [2]. 

The liquid-liquid (organic-aqueous) interface has been used for preparation of metals, 

semiconductors and oxides nanocrystals . The method used to prepare thin film at the organic-

aqueous interface involves dissolving relevant precursor in organic layer and injecting 

appropriate reagent in the aqueous layer. The reaction occurs at the interface giving rise to a 

film at the interface. A reduction in interfacial energy between the oil and water phase is 

responsible for assembling of particles at the interface [3]. 

Herein, we describe a new methodology for fabricating platinum (Pt) nanosheets with a 

thickness of 1 nm by the chemical reduction of PtCl2(SMe2)2 complex at a toluene-water 

interface. 
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Methods: 

PtCl2(SMe2)2 was synthesized using a reported procedure [4]. In a typical experiment, the 

platinum nanosheets were prepared by allowing a solution of PtCl2(SMe2)2 in toluene to stand 

in contact with double distilled water containing polyvinylpyrrolidone (PVP) as capping 

agent. Once the two layers were stabilized, appropriate volume of aqueous NaBH4 was 

injected into the aqueous layer using a syringe with minimal disturbance to the toluene layer. 

With the passage of time, the color became more vivid, finally resulting in a film at the liquid-

liquid interface. 

Results and Discussion 

X-ray diffraction (XRD) pattern (Fig. 1) of the platinum thin film deposited on a glass shows 

a number of prominent bragg reflections by their indices [(111), (200), (220), (311)], clearly 

revealing that the resultant thin film is Pt(0). 

 

 

 

 

Fig. 1 XRD pattern of platinum thin film deposited on a glass 

The thin film of platinum was sonicated in ethanol before drop casting on a carbon-coated 

copper grid. Transmission electron microscope (TEM) image (Fig. 2) confirmed the formation 

of platinum nanosheets with a thickness of 1 nm. 

 

 

 

 

Fig. 2 TEM image of the platinum nanosheets 

Conclusion: 

Pt nanosheets have been prepared via a methodology based on a liquid-liquid interface, using 

PVP as capping agent. The resulting Pt nanosheets are less than 1 nm thick. In the absence of 

PVP, the resulting thin film contained only platinum nanoparticles and no nanosheets were 

100 nm
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obtained. The results indicate that PVP plays an important role not only as a substrate for the 

adsorbing of Pt complex but also as a template for the formation of Pt nanosheets. 
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Abstract 

In this study  the gas molecule was approached nanotube surface both from carbon side and 

oxygen side in three positions top, bridge and center and in two directions vertically and 

horizontally and was calculated by B3LYP/3-21G** for nanotube and gas molecules in order 

to obtain the most stable adsorption state. Then we have investigated the solvent effects on the 

adsorption energy. 

 

Keyword: Solvent effect, Quantum, DFT, SWCNT, Adsorption 

 

Introduction 

Single-wall nanotubes (Fig.1) are an important variety of carbon nanotube because they 

exhibit electric properties that are not shared by the multi-wall carbon nanotube (MWNT) 

variants [1,2]. Very high chemical stability and mechanical strength made the carbon 

nanotube a very important material in nanotechnology. The most active research area using 

carbon nanotubes includes applications to nanodivices, field emitters, gas sensors, hydrogen 

storage in fuel cells, and DNA recognition technology [3, 4].  

 

Fig .1: carbon nanotube shape (zigzag) 
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Methods 

In this research adsorption of carbon monoxide (CO) molecule on Single-wall carbon 

nanotube SWNT) and zigzag (6, 0) CNT was investigated using quantum chemical 

calculations and Density Functional Method (DFT/3-21G**). In this study we have 

comparison between gas phase and solvent calculations the considered solvents 

(Nitromethane, Benzene, DMSO, acetone, Etc). Therefore in this study we investigate polar 

and non-polar solvents and adsorption gas molecules effect on the stability of SWNT in 

various solvent. (Table.1)  
 

Table.1.adsorption energy in different solvents           

 

 

 

 

 

 

 

 

 

 

 

 

 

Result and Discussion 

In this research CO adsorption on outer side of CNT wall in different polar and non-polar 

solvents has been studied. it was determined that the most stable state for B3LYP/3-21G** 

Medium Dielectric constant Eads 

Water 78.39 -2393.21 

DMSO 46.7 -2393.2 

Nitromethane 38.2 -2393.199 

Acetonitrile 36.64 -2393.198 

Methanol 32.63 -2393.197 

Ethanol 24.55 -2393.196 

Acetone 20.7 -2393.195 

DichloroEthane 10.36 -2393.194 

DichloroMethane 8.93 -2393.193 

THF 7.58 -2393.192 

Aniline 6.89 -2393.191 

ChloroBenzene 5.621 -2393.19 

Chloroform 4.9 -2393.189 

DiEthylEther 4.335 -2393.188 

Toluene 2.379 -2393.187 

Benzene 2.247 -2393.186 

CarbonTetrachloride 2.228 -2393.185 

CycloHexan 2.023 -2393.184 

Heptane 1.92 -2393.183 

Gas phase 1 -2393.178 
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was TOP-H at a distance of 3.75Å from oxygen side. Based on this study CO adsorption in 

polar solvents on SWNT wall decreases, while it shows an increase in non-polar solvents due 

to CO molecule polarity.   
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Introduction 

The use of semiconductor oxide nanoparticles as photocatalysts is well established and has 

shown great ability in the complete mineralization of organic pollutants [1-3]. Among these 

semiconductors, nanosized TiO2 has been proved to be an excellent catalyst in the photocatalytic 

degradation of organic pollutants, because it is an effective, photostable, reusable, inexpensive, 

non-toxic and easily available catalyst [4,5].  

There are many variables that affect the photoactivity of TiO2 nanoparticles such as particle 

size, crystal structure and preparation method. Crystal structure and particle size are considered as 

important factors that determines photoactivity. 

In this work, TiO2 nanoparticles were prepared by sol-gel method in the presence of various 

solvents with different crystallite size and crystal structure. Photocatalytic activity of prepared 

TiO2 nanoparticles tested in the removal of C.I. Acid Red 27 (AR27) as a model compound from 

monoazo anionic textile dyes. 

 

Experimental details 

Titanium dioxide nanoparticles were prepared from Titanium isopropoxide (TTIP) in different 

organic solvents (methanol (MeOH), ethanol (EtOH), and isopropyl alcohol (IsoprOH)) and 

distilled water. TTIP, solvent and water were maintained in a molar ratio 1:1:65. Water was added 

drop wise into the titanium solution during 3 h under vigorous stirring. Then the obtained sol was 

dried in an air oven at 80°C for 12 h. Calcination was carried out in air at 450°C during 3 h. 
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Decolorization of the AR27 was used as a model reaction to evaluate the photocatalytic activity of 

prepared nanoparticles.  

 

Results 

XRD pattern was used to investigate the crystallite size and crystal structure of the prepared 

TiO2 nanoparticles. Figure 1 (a-c) depicts the X-ray diffraction patterns of TiO2 nanoparticles 

prepared by the sol-gel method in the presence of different solvents. 

 

 
Figure 1. XRD patterns of TiO2 catalysts synthesized in the presence of different solvents:  

(a) MeOH, (b) EtOH, (c) IsoprOH. 

 

 Structural properties and photocatalytic activity of TiO2 nanoparticles are a function of solvent 

type. Average crystallite size, amount of each phase and photocatalytic activity of synthesized 

samples in the presence of MeOH, EtOH and IsoprOH solvents are reported in Table 1. The 

obtained nanopowders are a mixture of anatase and rutile phases with mean crystallite size 

between 12-29 nm. 

 

 

 

 

Table 1. Crystalline phase, average particle size and photocatalytic activity of TiO2 nanoparticles prepared in different 

solvents. 

Solvent Amount of each phase % Crystallite size (nm) kap (min-1)** 

MeOH A*: 95, R*: 5 DA: 15, DR: 12 0.36 

EtOH A: 44, R: 56 DA: 20, DR: 21 0.15 

IsoprOH A: 35, R: 65 DA: 29, DR: 22 0.1 
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*A=Anatase phase, R=Rutile phase, ** kap = Apparent first-order reaction rate constant  

Results in Table 1 indicate that the type of solvent is very efficient in photocatalytic activity of 

TiO2 nanoparticles. The maximum photocatalytic activity obtained for synthesized sample in 

MeOH. This can be in the result of more percent of anatase phase and also smaller crystallite size 

of TiO2 nanoparticles [2]. 

The TEM image of the TiO2 sample synthesized in the presence of MeOH as an organic solvent 

has been shown in Figure 2. The average particle size of the TiO2 nanoparticles are less than 15 nm 

which is in agreement with the average crystallite size calculated from the XRD pattern.  

To investigate the optical absorption properties of TiO2 sample with high photocatalytic 

activity, Ultraviolet/visible diffuse reflectance spectra (DRS) was analyzed (Figure 2). The 

reflectance spectrum of TiO2 sample shows an absorption threshold at 378 nm. The band gap 

energy estimated from the DRS plot for TiO2 sample synthesized in the presence of MeOH as an 

organic solvent is 3.28 eV. 

 

 
Figure 2. TEM image (left) and UV–vis DRS spectra (right) of the TiO2 sample synthesized in the presence of MeOH. 

 

 

 

Conclusion 

The TiO2 nanoparticles were obtained from titanium precursor through sol-gel method using 

different organic solvents. The particle size observed was in the range 15 nm, which also was 

confirmed by TEM. The photocatalytic removal of AR27 over nanosize TiO2 synthesized in 

different organic solvents reveals higher activity for synthesized sample in the presence of 

methanol.  
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Abstract 

   This paper presents an experimental investigation of thermal conductivity and viscosity of a new 

nanofluid composed of MWCNTs and CuO nanoparticles suspended in basefluid. The experiments 

were carried over temperature in 25, 30 and 35˚C. The obtained results verified that thermal 

conductivity of the nanofluid for 0.001 volume fraction of nanoparticles enhanced up to 11.8%, 

26.5% and 52.9%, at 25, 30 and 35˚C, respectively.   

 

Keywords: Nanoparticles, Nanofluid, Thermal conductivity, Viscosity. 

 

Introduction 

    Nanofluids are new kinds of fluids engineered by dispersing nanoparticles in base fluids. In the 

last decade, nanofluids have gained significant attention due to their enhanced thermal properties. 

A fluid mixture of 60% ethylene glycol and 40% water by weight is most commonly used in many 

researches [1]. Determining the viscosity of the nanofluid is essential to establishing adequate 

pumping power as well as the convective heat transfer coefficient. Until now, only a few studies 

have addressed the viscous properties of nanoparticles suspensions at cold temperatures. Earlier 

research includes investigation of viscosity and thermal conductivity of copper oxide nanoparticles 

[2] and carbon nanotubes separately in ethylene glycol and water [3] have been presented, but no 

data is available for mixture of nanoparticles. 

 

 

Experimental procedure 

    In our experiments, we used copper oxide nanoparticles with an average diameter of less than 60 

nm. MWCNTs average length and diameter are 1-10 µm and 30 nm. Nanoparticles with different 
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volume concentrations were dispersed in a 60:40 (by weight) ethylene glycol and water mixture. 

Sample preparation was carried out using a very sensitive mass balance with an accuracy of 0.1 

mg. An ultrasonic agitator similar to the preparation of nanofluids by Hwang et al. [3] was used. 

Sodium dodecyl sulphate (SDS) is used as surfactant when producing MWCNTs nanofluids. The 

KD2-probe portable analyzer used for thermal conductivity measurement and an LV DV-II+ 

Brookfield programmable viscometer was used for viscosity measurement. 

 

Results and discussion 

    Portion of the experimental results for thermal conductivity and viscosity of nanofluids are 

shown in Figures 1 and 2, respectively. 

      
Fig. 1. Thermal conductivity and concentration relationship         Fig. 2. Viscosity and concentration relationship 

for CuO, MWCNT and CuO/MWCNT mixtures.                       for CuO, MWCNT and CuO/MWCNT mixtures. 

 

    As can be seen, thermal conductivity and viscosity of all systems increased with increasing 

nanoparticles volume fraction. According to Eastman et al [2], when 0.3 vol% of copper 

nanoparticles are suspended in ethylene glycol, thermal conductivity of the fluid increases by 40%. 

Hwang et al [3] report that the thermal conductivity of nanofluid was enhanced up to 11.3% at a 

MWCNT volume fraction of 0.01%. The results obtained in this research show that a better 

enhancement for thermal conductivity with mixture of nanoparticles. 

 

Conclusions 

    As a new result it is verified that thermal conductivity for mixture of MWCNTs and CuO 

nanoparticles is greated than thermal conductivity of MWCNTs and CuO separately at the same 

concentration. Also viscosity of this nanofluid containing mixture of these nanoparticles is 

applicable. 
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Introduction                                                                                                                              

As time passes, advance in technology, requirements and problems of humans according to new 

circumstance are changing successively. Also, the human race attempts to overcome the new 

problems by more research and investigation and makes the better life by new tools. 

15th international congress of weather (2007 Geneva) recommended supporting of weather 

modification activities by research and modeling in order to obtain deeper concepts about effects 

of weather modification on cloud production, precipitation, scientific assessment of weather 

actions. 

 

Method 

The most practical method for weather modification is applying of microphysical sensitivities. 

Because of by this way, a little artificial chaos can lead to considerable natural turbulence.   

In this treatise, thermodynamics of cloud and the resulting events until attainment of precipitation 

will be discussed.    

The principle of wffectiveness measurement of the iceforming reagent consists of the 

determination of the number of the ice crystals , whiche are formed during the introduction of a 

known quanity of investigated substance in the form of aerosol into the superercooled aqueous fog. 

Fog is created in the cooled cloud chamber with the aid of the intrudation of hot water vapor or 

mechanical dispersion of water . The reagent being investigated preliminarily  is transferred into 

the aerosol in the separate reservoir – aerosol  chamber. Crystal , which settle on the botten of 

cloud chamber ,fall on the film of the fixing agent , which after hardening preserves their imprints , 

or into the microthermostat,where the crystals remain in the period , sufficient for their calculation 

with the aid of the optical microscope.  
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The minimum and maximum measured values of the output of active particles depend on the 

method of registering of particles , volume of the utilized aerosol chamber and permissible 

quantity of reagent transferred into the aerosol . In this procedure they are respectively 107 and 

1019 g-1. 

Equipment and the measurement instrumentation incloud: 

The cloud chamber with volume 100 to 1000 L.  

The aerosol chamber with volume 0.5 to 2 m3. 

Temperature minus 25 to 25°C , hygrometer, psychrometer, syring , stop-watch, measurement of 

the mass, microscope. 

Into the operational booklet necessary to write down: the designation of the reagent begin 

investigated , the name of the used generator of aerosol and characteristic of the utilized mode of 

its operation , date , the number of experiment , the temperature of fog, the volume of the sample 

of aerosol , the visual estimation of the approximate quantity of ice crystals in the beam of light. 

After processing of results into the booklet necessary to write down the average number of ice 

crystals in the field of sight of microscope , the total calculated number of crystals in the working 

volume of chamber , the mass of the reagent introduced into the chamber and the output of active 

particles calculated for the unit of mass of the investigated reagent.  

 

Date 

Number 

of the 

experiment 

Temperature 

of fog T, °C 

Mass 

of the piece 

of  reagent m.mg 

Number 

of the 

object plate 

Volume 

of the sample 

of aerosol V, cm3 

 

Visual 

estimation 

of crystal 

number 

 

Average 

number of ice crystals 

in the field of the sight  

Total number 

of crystals in 

the volume of chamber ࣊= nS/s 

Mass 

Of introduced 

into the 

chamber reagent 

ࢼ ൌ ࢂ࢜.  , mg 

Output 

of active 

particles 

ࡺ ൌ  g-1 , ࢼ
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Result and Discussion 

The obtained results of assessment shows  injection of micro scale silver iodide particles into cloud 

can be effective. 

We know longevity of cloud is not much. Therefore, the injection of suitable and effective nuclei 

or seed for precipitation into cloud can help to extraction of water and precipitation of cloud as 

rainfall on the earth and the sea. 

Base on the research, since resemblance and similarity of silver iodide particles to natural nuclei 

and insolubility in water and thus a few environmental effectiveness, silver iodide particles are 

suitable for applying. 

Investigation of potential precipitation and threshold of cloud seeding for cost reduction and 

prevention of over seeding and thus fall of potential in the target area and employing of 

thermodynamics method to determine threshold of seeding are important. 

 

Conclusions 

Also, the effects of silver iodide on weather modification and precipitation augment in micro scale 

will be investigated. 
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Abstract 

   Nanoparticles of nickel oxide were synthesized via a reverse microemulsion media. The 

microemulsion composed of triton X-100/cyclohexane/water ternary system. The reagents of the 

chemical reaction (nickel salt and …) were dissolved in the water part of the microemulsion 

separately, and two microemulsions were added. Nickel oxide was precipitated as nanoparticles. 

The nanoparticles were characterized by scanning electron microscopy (SEM). 

 

Keywords: Triton X-100, Water in-oil-microemulsion, Nickel oxide, Nanoparticle. 

 

Introduction 

   Nanoparticles have many applications due to their unique physical and chemical properties. 

Nickel oxide has been considered to be an ideal semiconductor of hole-type conductivity, which 

has been used in catalysis, electrocatalysis, gas sensor, batteries and magnetic devices. Therefore, 

great efforts have been devoted to synthesis of the nickel oxide nanoparticles. 

   Microemulsion is a simple media with suitable reaction environment for controlling shape and 

size of the nanoparticles and crystals with small size are produced. Water in-oil microemulsions, 

itself, are colloidal nanodispersions of water in oil which use to synthesis many metal oxide 

particles [1-3]. Reverse microemulsion is a thermodynamically stable system, which is used to 

carry out chemical reactions. These reverse micelle systems are heterogeneous with narrow size 

distribution. The dispersion water in microemulsion is a suitable reaction medium for synthesis of 

nanoparticles. 

 In this work, nickel oxide nanoparticles were synthesized in a triton X-100/cyclohexane /water 

reverse microemulsion system. 
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Experimental 

   The chemicals used were purchased from Merck. Two microemulsion media were prepared 

named as I and II. Microemulsion Ι was composed of 2 mmol triton X-100+25 ml 

cyclohexane+1.0 mmol Ni(NO3).6H2O dissolved in 5ml water. Microemulsion ΙΙ was composed 

of 2 mmol triton X-100+25 ml cyclohexane+3.0 mmol NaOH dissolved in 5ml water. 

Microemulsion Ι was added into microemulsion ΙΙ. Then the mixture was stirred for one hour. A 

solid bright green product was precipitated. The product was washed with redistilled water and 

ethanol, respectively. Surface morphological studies, structure and size of nickel oxides 

nanoparticles were studied using electron microscopy and x-ray diffraction patterns. 

 

Results and discussion 

   Figure 1 shows a scanning electron microscopy image of the as-synthesized nickel oxide 

particles. Small particles with nanometer dimension are observed.  

 

 
Fig. 1: SEM micrograph of the nickel oxide particles. 

 
Figure 2 shows an XRD pattern of as synthesized nickel oxide particles. In the pattern, slightly 

broadened peaks are appeared. It is due to the nanometer-size effect of the samples [4]. Main 

diffraction peaks at 38, 43, 63 and 75 are indexed to (1 1 1), (2 0 0), (2 2 0) and (3 1 1) 

reflections, respectively. The peak positions are in good agreement with the standard diffraction 

data of powder cubic nickel oxide, indicating that there is no preferred orientation and the 

nanoparticles are polycrystalline with face center cubic structure. 
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Fig. 2: An XRD pattern of the nickel oxide particles. 

 
Conclusion 

   Microemulsions have received a lot of attention in the recent year.The main application for W/O 

microemulsions is preparation of nanoparticles. NiO nanoparticles were synthesized through water 

in-oil microemulsion.W/O microemulsion composed of triton X-100/cyclohexane/Nickel 

salt/water.which is a useful  method to synthesisof metal oxides with different size and shape. The 

morphological of nanoparticles of NiO investigated by SEM. 
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Introduction 

It has been shown that the electronic properties of SWNTs are extremely sensitive to oxygen 

exposure [1]. Collins and co-workers found an increase in conductance of SWNTs exposed to 

oxygen at room temperature and that oxygen-saturated SWNT’s have a higher conductance than 

SWNTs with less adsorbed oxygen. This trend has been attributed to an increase in the local 

density of states (LDOS) available for electron transport subsequent to oxygen adsorption. In a 

separate theoretical study [2], Rochefort and Avouris examined the effects of conductance on 

oxygen atom substitutionally doped SWNTs where doping was modeled by substituting a carbon 

atom with an oxygen atom. Using the metallic (6, 6) armchair nanotube as their model, they found 

a 30% decrease in conductance of a single oxygen atom doped nanotube. Similar effects may also 

exist for SWNTs with oxygen atoms confined inside the nanotube wall [3]. 

 

Methods 

The method used in this work is quantum mechanics study. At First nanotube (10,0), oxygen atom 

and oxygen-nanotube are optimized by HF, DFT(B3LYP) methods and 3-21G, 6-31G basis sets, 

separately. Finally the reaction energies of oxygen atoms with nanotube were determined. 

Calculations were carried out using Nanotube modeler, Gview, Hyperchem, Chem3D and 

Gaussian 98 programs. These calculations, also were carrying out with addition 1 to 10 Oxygen 

atoms to nanotube. 
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Fig. 1: Optimized structure of oxygen-nanotube (10, 0) as computed at the B3LYP/6-31G 

Results and Discussion 

Calculations clearly show the reaction energy increases linearly as the number of oxygen atoms 

increase. In this research the effect of methods and basis sets on amount of reaction energy are 

studied. Results show the amount of reaction energy which is calculated in DFT (B3LYP) method 

is more than the amount of reaction energy which is calculated in HF method. 

Also the calculation of reaction energy using of HF and DFT (B3LYP) methods are done      in 3-

21G and 6-31G basis sets. The results of reaction energy HF/3-21G and HF/6-31G and also are so 

near to each other. 

  

Table 1. Reaction energies of four oxygen atoms with nanotube (Kcal.mol-1)  

Reaction energy Method Nanotube 

- HF/3-21G C80H40

326.395 HF/3-21G C80H40O4

513.739  B3LYP/3-21G C80H40O4

300.428 HF/6-31G C80H40O4

481.762  B3LYP/6-31G C80H40O4

 

Conclusion 

In this study the electrical and mechanical properties and also storage property of carbon nanotube 

have been studied. Nanotube with their different properties can be used in many research in 

different fields as their synthesis, carrier molecules and drugs,  … 
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Introduction 

One of the most significant applications of carbon nanotubes (CNTs) in composites materials is 

their usage as fiberlike reinforcers. The background of experimental works has introduced them as 

ultrastrong lightweight material reinforcements. It is well-established that the structure and 

properties of the interface between CNTs and polymer matrix plays a major role in determining the 

mechanical performance and structural integrity of nanocomposites. Molecular dynamics (MD) 

simulations can be used effectively in the study of reinforcement mechanisms in CNT–polymer 

composites because they can present a clear and vivid view of the interface between the polymer 

and the CNT. In this research, MD simulations were conducted to explore the interaction between 

CNTs and polythiophene (PT) and poly (2,6-pyridinylenevinylene-co-2,5-dioctyloxy-p-

phenylenevinylene) (PPyPV). Fig.1 shows the chemical structures of polymers. 

S

S n

PT                    

N

C8H17O

OC8H17

n

PPyPV  

Fig. 1. Chemical structure of the polymers. 

Methods 

MD simulations were performed in Tinker molecular modeling package [1] using the MM3 force 

field. We considered a single-walled (10,10) CNT with fixed length of 110 Å. PT and PPyPV 

polymers were constructed with 20 and 2 monomer units, respectively. The velocity form of Verlet 

algorithm and the Nose-Hoover thermostat were used to integrate the equations of motion with a 

time step of 1.0 fs and temperature control of 300 K, respectively. A cutoff distance of 10 Å was 
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used for the van der Waals potentials. We used a canonical (constant NVT) ensemble with 

undefined boundary conditions. 

 

Results and Discussion 

The wrapping process is denoted as the enveloping of the surface of CNTs by polymers. The 

dynamic wrapping behavior of the polymer chains can be illustrated by tracking the intermolecular 

interaction energy between the CNT and polymers within the simulation time of wrapping process. 

The intermolecular interaction energy is defined as the sum of all the van der Waals energy terms 

that is computed only between the atoms of two opposite molecules (not among the atoms within 

single molecules). Fig. 2 represents the intermolecular interaction energy evolution for (10,10) 

CNT when interacts with individual molecules of PT and PPyPV at temperature of 300 K. 

 
Fig. 2. Intermolecular interaction energy evolution for (10,10) CNT-polymer composites. 

The simulated polymers have comparable numbers of atoms, i.e., 142 and 156 atoms for PT and 

PPyPV, respectively; hence the magnitude of the intermolecular interaction energy gives us a 

direct measure of the strength of their binding to the CNT. It is seen that PT exhibits the strongest 

interaction with the CNT. A logical explanation for the difference in their interaction energies is 

the difference in their specific monomer structures which has been reported recently by us [2]. 

 

Conclusions 

The results show that the intermolecular interaction in our systems is strongly influenced by the 

specific monomer structure of polymer. Our simulation results suggest that the PT adheres to 

nanotubes better than PPyPV molecules. 
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Introduction 

Carbon nanotubes (CNT) have generated increasing interest during the recent decade due to their 

unique properties. Numerous researches about CNTs are carried out by computational methods, 

such as molecular dynamics (MD) or Monte Carlo simulations. In this work, the effects of the 

thermostat type, the relaxation time and the integrated algorithm type have investigated for the MD 

simulation of the CNTs. 

 

Methods 

In this study, several zigzag and armchair CNTs with 30 Å length were considered as the total 

number of carbon atom includes in the simulation is 360 to 780. The periodic boundary condition 

was employed along the CNTs’ axes and used NVT ensemble in all of the simulations. 

The short range interaction of C-C bonds in carbon nanotubes are described by the Tersoff 

potential [1-2] and the H-H bond is modeled by Morse potential [3]. The intermolecular 

interactions are calculated using Lennard-Jones potentials [4]. 

Results and discussion 

The effect of thermostat type in the simulation of the CNTs was studied by the MD simulation on 

the (11, 11) CNT. Two types of thermostat, Berendsen or Nose-Hoover, were used and the other 

simulation conditions (such as initial geometry, time step (δt), simulation time and relaxation time 

of thermostat (τ)) were chosen the same in the both simulation. The results show that the 

temperature fluctuation when using the Berendsen thermostat is less than the Nose-Hoover 

thermostat but the shorter equilibration time and the lower equilibration energy is obtained by the 

Nose-Hoover thermostat (Fig. 1). 

The simulations with the Nose-Hoover thermostat and different relaxation times from 0.04 to 0.4 

ps with δt=0.0001 ps, shows that the system is equilibrated during the simulation time (200 ps) but 

the more stable energy is achieved in τ=0.4 ps. Whereas, the simulations by the Berendsen 
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thermostat is equilibrated (in the simulation time) just for τ =0.4 ps. 

The Berendsen thermostat is extremely efficient for relaxing a system to the target temperature, but 

once the system has reached equilibrium, it might be more important to probe a correct canonical 

ensemble. So after equilibrium the Nose-Hoover thermostat works better. 

The results of the MD simulation of a double walled carbon nanotube (DWCNT) clearly showed 

the effect of thermostat and relaxation time. The DWCNT (11, 11)-(26, 0) was simulated in the 

room temperature with time step δt=0.001 ps, the Nose-Hoover and the Berendsen thermostat and 

τ =0.1, 0.2, 0.3, 0.4 ps. For all of them as expected (because of the strong repulsive interaction due 

to close diameter values of two CNTs), after passing time the inner nanotube completely go out 

(Fig. 2), except for the Berendsen thermostat with τ =0.4 ps that show vibration movement. 

  

  

Fig 1: Time variation of energy (top row) and temperature (bottom row) in the simulation of (11, 11) CNT using the 

Berendsen (left) and Nose-Hoover thermostat (right) 

 

 

Fig: 2: Vibration movement of the (11, 11)-(26, 0) CNT in 

the simulation using the Berendsen thermostat and τ =0.4 ps 
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The role of integrated algorithm type was studied by the simulation of a (12, 0) CNT in a box 

containing 100 hydrogen molecules. In the initial geometry, the 4 Å distance between the 

molecules are considered and simulation was carried out in 82 K with the Nose-Hoover thermostat 

and δt=0.001 ps. When we used the Leap-Frog algorithm, the energy graph shows a shift after 60 

ps due to separation of a carbon atom from the CNT wall. This problem is not observed using the 

velocity verlet algorithm that show how the integrated algorithm type affects the simulation results. 
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Abstract  

A quantitative structure-activity relationships (QSAR) study is suggested for the prediction of 

binding energy of some fullerene - nano analogues as a function of molecular structures and using 

chemometrics methods such as PLS and GA-PLS and LS-SVM. The subset of descriptors, which 

resulted in the low prediction error, was selected by LS-SVM. This model was applied for the 

prediction of the binding energy of some fullerene - nano analogues, which were not in the 

modeling procedure. The resulted model showed high prediction ability with RMSEP of 0.51 and 

0.26 and 0.05 for PLS and GA-PLS and LS-SVM models, respectively. 

 

Keywords: Fullerene, HIV-1 PR, Mechanic quantum descriptor, Chemometrics  

 

Introduction 

A major step in constructing QSAR models is finding one or more molecular descriptors that 

represent variation in the structural property of the molecules by a number. Quantum chemical 

calculations are thus an attractive source of new molecular descriptors, which can, in principle, 

highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) 

energies, molecular polarizability, dipole moments, and energies of molecule are examples of 

quantum chemical descriptors used in QSAR studies. In the present study, the PLS, GA-PLS and 

LS-SVM methods were applied in QSAR for modeling the relationship between the binding 

energies fullerene (Scheme: Structure of fullerene for example) as potential HIV inhibitors [1].  

 

Methods 

The PLS evaluations were carried out by using the PLS program from PLS-Toolbox Version 

2.0 for use with Matlab from Eigenvector Research Inc. The LS-SVM optimization and model 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1728

results were obtained using the LS-SVM lab toolbox. Hyperchem, Version 6.03 and Gaussian 98 

software were used for geometric optimization of the molecules and calculation of the quantum 

chemical descriptor [2]. 

 
Scheme One of the numbers of structures of fulleren - nano analogues [2]. 

 

Results and discussion 

According to the results, quantum chemical descriptors are suitable descriptors for describing 

the binding energies of fullerene derivatives. PLS, GA-PLS and LS-SVM [3] methods were used 

for modeling these descriptors as binding energies. Table 1 shows the results of predictions of 

binding energies by different methods and also, statistical parameters.   

Table 1  

Binding E 

Predicted of Binding E 

PLS GA-PLS LSSVM 

-23.7 -23.12 -23.51 -23.75 

-34.7 -34.93 -34.82 -34.63 

-26.8 -26.11 -26.42 -26.82 

-23.8 -23.36 -23.49 -23.85 

RMSEP 0.51 0.26 0.05 

RMSEP: Root mean squares of error of prediction 

 

Conclusion 

PLS, GA-PLS and LS-SVM were established to predict the binding energy of some fulleren-

nano analogues. A suitable model with high statistical quality and low prediction errors was 

obtained. The model can accurately predict binding energy of some fulleren-nano analogues that 

do not exist in the modeling procedure.  
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Introduction 

Recent studies have shown that the physical properties of single-wall carbon nanotubes 

(SWCNT)could be modified by adsorption of foreign atoms or molecules.[14-16]Gas adsorption 

on carbon nanotubes is an important issue for both the fundamental research and technical 

applications of nanotubes.Selective reduction of nitrogen monoxide(NO)in oxidizing atmosphere 

has recently received much attention because it has a potential as a practical measure to remove 

NOxemitted from diesel lean burn engines[17]. Recently,CO2adsorption  on SWCNTs has received 

attention[18-22]because the understanding of the adsorption of CO2on SWCNTs is relevant to the 

potential use of SWCNTs in the separation of CO2.which is both a respiratory gas and the most 

important green house gas.Zhao et al.studied the adsorption energies of CO2and other small gas 

molecules on SWCNTs using the local density approximation-density functional theory(LDA-

DFT)[18]. 

 

Calculation method 

The method of DFT was proposed by Kohn and Hohenberg in 1964 as a complex method that 

different functions should be used in its calculations. Mer-Min in 1965 extended theory of Kohn 

and Hohenberg about main sets and final temperature and defined all properties and specifications 

in basis state of ni(r) means that function depends on r position so all information in wave 

functions are related to basis and exited states. All results of obtained theory in this research are 

based on quantum chemistry calculation of clusters. . In this regard the electronic structure of gases 

and Nano tube CNT was described using the method of density function theory (DFT) and it was 

realized that the B3LYP method should be used for exact describing of energy and also the 

function of 6-31G was applied for calculating the energy. Molecules of gases approach 
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horizontally and vertically in three states of 1- gases atom with Nano tube atoms in direct state 

(Top site) 2- gases atoms to bond of Nano tube with carbon of Nano tube (Bridge site) 3- gases 

atoms to center of Nano tube (Center site). 

 

Result and discussion 

In this research the oxygen molecule was approached to Nano tube surface and according to three 

structural position of Nano tube (Top, Bridge and center) in two horizontal and vertical form, the 

energy of each stage was calculated by Gaussian program. There are three states in clustery 

structure of Nano tube to which the oxygen molecule can approach and absorbed.The best 

adsorption sites for CO2-SWCNT are the parallel approach of the CO2 molecules to the nanotube 

wall on the Top-horizontal sites position oxygen.insince,the influence between a molecule in 

solution and its medium can describe most simply using Onsager model.in this model we have 

assumed that the solute is placed in a spherical cavity inside the solvent.the latter is described as a 

homogeneous,polarizable medium of dielectric constant.We started our studies at B3lyp/6-31G gas 

phase geometry and nitro methane,DMSO,Acetone and Benzene surrounding single-wall carbon 

nanotube (SWCNT)and mixed of them either. The results obtained from Onsager model 

calculations illustrated using the energy difference between these conformers which quite sensitive 

to the polarity of the surrounding solvent.The solvent effect has been calculation using SCRF 

model. According to this method ,the total energy of solute and solvent,which depends on the 

dielectric constant ᶓ,has been listed in Table (3) for  translate gas molecules in  inside nanotube 

these various distance point . 

 

Conclusion 

In this work,we investigation solvents effects and Energy adsorption  on the stability of SWCNT in 

various solvent.Abinatio calculations were carried out with GAUSSIAN 03W program using 

density functional theory (DFT) at the B3lyp/6-31G level of theory.Because of the geraphene sheet 

of single-wall carbon nanotube it is logical and satisfactory finding that the water can be suggested 

as the most improper solvent for structural properties of SWCNT due to its strongly hydrophobic 

characteristic. 
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Introduction 

Aflatoxins B1, B2, like the other aflatoxins are two of the most frequent mycotoxins occurring on 

agricultural commodities in the field and during storage under a wide range of climatic conditions 

and/or during technical transformation and preparation of food [1]. Aflatoxins B1,B2 could also 

very easily contaminate food and feed products .It is potent toxin with severe effects on animal and 

human health, e.g. cyto-, nephro- or neurotoxic, carcinogenic, mutagenic, immunosuppressive and 

estrogenic effects .Therefore, special attention has been accorded to aflatoxins B1,B2 especially in 

feed. The maximum level of aflatoxins B1,B2 was set at 2µg/kg (max.) especially in groundnuts, 

nuts, dried fruits and cereals .The requirement to apply this regulatory limit has prompted the 

development of some analytical methods for the qualitative and quantitative determination of 

aflatoxins B1,B2 in different samples, such as food, feed, and other biological materials. The 

extraction and purification of aflatoxins from cereals and their derivatives is usually performed by 

a methanol–water liquid-liquid extraction followed by a clean-up step that is applied via an 

immune-affinity (IA) column or solid-phase extraction (SPE) .  The IA procedure is time and 

solvent consuming and requires a high expertise level and the use of expensive disposable 

cartridges. Therefore, the development of new, fast and less costly extraction and purification 

methods could be considered a very important task for the analysis of aflatoxins in foodstuffs. A 

new possible approach that could eliminate disadvantages of the conventional methods could be 

the use of solid-phase microextraction (SPME) coupled with HPLC–DAD. 
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Preparation of Solid-phase microextraction device 

In this work, the sols were prepared by the basic based catalyzed method from a solution 

containing PTMS, alkalize water and ethanol.  Equal volumes of PTMS and EtOH were added into 

a vial and stirred for 10 min. Then the alkalize water was added into the vial and the mixture was 

stirred continually to promote the hydrolysis and condensation reactions .The functionalized 

MWCNTs (F-MWCNTs) were added to the sol. The polypropylene hollow-fiber was cut into 

small segments with a length of 2.0 Cm Liquid sol containing F-MWCNTs was injected into the 

fibers by a syringe.  

 

Results and discussion 

The optimization of the SPME parameters should allow to reach the highest value of the extraction 

ratio, a low desorption time, a high repeatability and reliability (even with real sample). For liquid 

samples and/or extracts the SPME extraction efficiency can be influenced by different parameters, 

such as pH, extraction time, temperature, desorption time. Among the tested sol-gels based on 

PTMS has showed the greatest extraction capability .This result could be explained considering 

that PTMS possesses a medium polarity, very similar to the aflatoxins B1,B2 that do not contain 

any strong acid or basic group . 

 

Conclusions 

A simple SPME–HPLC–DAD method for AFB1, AFB2 determination in cereal-based foods has 

been developed for the first time .The HPLC optimized procedure consisted of a simple isocratic 

elution .The use of the SPME allowed the simplification of the extraction/clean-up step respect to 

other techniques such as IA[2] .Compared to the most accredited clean-up step by IA, SPME has 

led to higher LOD and LOQ, but still well below the legal limits. Furthermore, this technique is 

fast, if compared with the complete analytical process using IA columns, simple to use and not 

expensive, considering that under most conditions SPME fibers can be used from 50 to 100 times. 

Work is currently in progress to extend the application of the proposed approach to other real 

matrixes and mycotoxins, and to perform an extensive method validation. 
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Introduction 

Ultrasound has been attracting attention as an advanced degradation process for the elimination of 

the hazardouschemical substances in water [1–3]. The phenomenon ofcavitation, i.e., the 

nucleation, growth, and collapse ofsmall gas bubbles in liquids, is the basis of a varietyof 

mechanical and chemical processes induced in liquidsby ultrasounds [4–6].Chemical reactions 

with ‾OH from cavitationbubbles are referred to as sonochemical reactions which are promising 

for novel method of environmental processingsuch as waste water treatment. In this paper 

sonocatalytic degradation ofChrome Intra Orange G, an azo dye used in Iran textile industries, 

with ZnO nanorodswas used as sonocatalyst because of itsbiological and chemical properties such 

as high catalytic activity, high chemical stability, inexpensive and low toxicity. The obtained 

results may be a more advisable choice for the treatments of non- or low-transparent industrial 

wastewaters in future. 

 

Methods 

In a typical synthesis, 0.01 mol of Zn(Ac)2·2H2O powders were placed into a Teflon-lined 

stainless steel autoclave of 50 mL capacity to which 30 ml of 80 wt.% hydrazine hydrate aqueous 

solutions were added respectively with stirring. The autoclave was maintained at  

90 °C for 12 h, then air cooled to room temperature. The as-formed white precipitate was filtered, 

washed with distilled water, and annealed in the air at 500 °C. For sonocatalitic test, catalyst (0.1, 

0.25 and 0.5 g) was suspended in 100 mL of dye solution (5, 10 and 15 ppm) and the mixture was 

then stirred for 20 min to in the absence of UV light. Afterwards, this suspension was placed in an 

ultrasound apparatus with low power. After certain time intervals, the absorption decay of UV–vis 

spectra of dye was followedat λmax.     
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Result and discussion  

1. Characterization  

XRDpattern and SEMmicrograph of ZnO nanopowder shown in Fig. 1 and Fig. 2, respectively. 

The characteristic XRD peaks correspond to the hexagonal phase of hydroxyl-free nanocrystalline 

ZnO. The average particle size of ZnO was estimated about 73nm. 

 

 

 

 

Fig. 1. XRD patterns of ZnOFig. 2. SEM of ZnO nanorod 

 

2. Sonocatalytic degradation 

The sonocatalytic activity of ZnO is shown as a function pH solution in Fig. 3. As observed   the 

highest degradation was obtained at pH 4. 

 
Conclusion 

In this study, the sonocatalytic activity of nano-sized ZnO powders wasexamined through the 

degradation of Chrome Intra Orange G under ultrasonic irradiation. Since the semiconductor 

photocatalysis is not suitable for the treatments of non- or low-transparent organicwastewaters, the 

heightening of catalytic activity and shortening of degradation time are achieved using 

sonocatalytic process in present work. 

 

Fig. 3. Sonocatalytic activity of ZnO as a function pH solution. 
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Abstract: 

In this article the aim is to examine 2-nitrobenzaldehyde,3-nitrobenzaldehyde adsorption degree on 

multi-rim nano-tube Carbon. Adsorption on multi –rim Nano- tube surfaces has been examined by 

using spectroscopy and has been compared through “Langmouir”  and “Frundlich” models. In 

comparison to other models “Langmouir” equation has th 

e best. Correspondence with empirical results. 

 

Keyword: adsorption, 2-nitrobenzaldehyde,3-nitrobenzaldehyde , nano-tube carbon, Langmouir” 

equation. 

 

Introduction: 

After finding of nano-tube carbon by “lijma” in 1991, this combinations found vast development in 

physical and chemical aspects(1). Synthesis combination ways, extended soon(2). There has been 

used various definition in defining the nano-particles, however specifically, nano- particles are 

microscopic particles with less than 100 nano-meter sides, witch can be organic or non-organic(as 

powder or contribution in liquid). Nano-particles are so much small that can bee said there is not 

much disorder ness in them. And therefore hard metals can be produced by them  ,metal elements 

such as lithium(Li), potassium(k), 

 

Experiment section: 

First weight 4 samples of  0.022 gr. Of nano-tube carbon and then prepare 4 solutions with 

150000, 250000, 40000 , 50000 mg/lit concentration, closed their doors, and put it on the magnetic 

mixer for 10’ (min),In order to mix it consistently and after filtrating it through spectroscopy, 

measure solution absorption . we also measure the adsorption of  
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 2-nitrobenzaldehyde,3-nitrobenzaldehyde solution in non-existence of (lack of) nano – tube 

carbon, which has been stated in table 1 .all experiments carried out in laboratory temperature(22 

2).  
 

results and discussion 

Table (1) is shown aldehyds adsorption degree in lack of nano – tube carbon on solvent (ethanol), 

figure (1) has been displayed 2-nitrobenzaldehyde,3-nitrobenzaldehyde adsorption degree with 

different concentration after passing by multi- rim nano –tube carbon. As you see with surge in all 

the solution concentration adsorption degree is increased. Present research indicated the nano – 

tube carbon in concentration of 0/022 gr. has higher practicability for absorbing 2-

nitrobenzaldehyde,3-nitrobenzaldehyde parameters  including 

 2-nitrobenzaldehyde,3-nitrobenzaldehyde concentration absorbing type, has more effect in 

adsorption efficiency. And in Concentration of 50000 Mg/Lit has obtained its maximum degree. 

And it has mentioned in table (1) both related constants with this isotherm and also consistency 

coefficient R2 in linear form of double isotherm. 
 

       

Fig1:2-nitrobenzaldehyde adsorption on carbon nano-tube        Fig1:3-nitrobenzaldehyde adsorption on carbon            
                                                                                                           nano- tube 

         
Fig2: isotherm Langmuir of 2-nitro benzaldehyde                 Fig2: isotherm Langmuir of 3-nitrobenzaldehyde 
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Fig3: isotherm frundlich of 2-nitrobenzaldehyde                       Fig3: isotherm frundlich of 3- nitrobenzaldehyde  

2-nitrobenaldehyde  Langmuir frundlich 

c q nm 

R2 Qm Kd R2 n Kf 1 3.60 3.53 

2 3.61 3.56 

3 3.62 3.57 
1 3.6 0.0001 0.0118 25×107 3.60 

4 3.63 3.58 

3-nitrobenzaldehyde  Langmuir frundlich 

c q nm 

R2 Qm Kd R2 n Kf 1 3.580 3.56 

2 3.581 3.57 

3 3.581 3.57 
1 3.5 0.00002 0.0062 33×107 

 

3.58 4 3.582 3.58 
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Abstract 

     In this study, to establish a good relationship between the structures of  fullerenes Cn (n=60, 70, 

76, 82 and 86) and  hexafullerene -organostannoxane, which create Cn@[(C60R')6-C30H54O18Sn6]  

was utilized the number of carbon atoms within the fullerenes as an index. The relationship 

between the number of carbon atoms and the free-energies of electron transfer (Get(1) and Get(2)) 

for Cn@[(C60R')6-C30H54O18Sn6] supramolecular complexes have investigated. The calculations 

have presented on the basis of the two reduction potentials (Red.E1 and Red.E2) of  hexafullerene-

organostannoxane [(C60R')6-C30H54O18Sn6]. The results used to calculate the two free-energies of 

electron transfer (Get(1) and Get(2)) of Cn@[(C60R')6-C30H54O18Sn6] supramolecular complexes as 

well as the first and second free activation energies of electron transfer and kinetic rate constants 

of the electron transfers ∆Get(1)
#, ∆Get(2)

# and ket(n) (n=1,2), in accordance with the Marcus theorem 

for fullerenes C60 to C300. 

 

Keywords: Fullerenes; Free energy of electron transfer; Hexafullerene-organostannoxane. 

 

Introduction: 

 Dendrimer chemistry and fullerenes have crossed each other to give rise to a new interdisciplinary 

field in which the imagination of chemists has allowed the design and construction of 

unprecedented fullerene-based nanoarchitectures. Indeed, C60 itself is a convenient core for 

dendrimer chemistry and specific advantages are brought about by the encapsulation of a fullerene 

moiety in the middle of a dendritic structure. Organotin chemistry is an attractive tool for the 

preparation of multi-functional nanostructures. The organostannoxane cages can be self-assembled 

in almost quantitative yields under very mild reaction conditions. Up to now, various empty carbon 

fullerenes with a different number “n,” such as C60, C70, C76, C82 and C86 and so on, have been 
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obtained. Topological indices are digital values which are assigned based on chemical 

composition. These values are purported to correlate chemical structures with various chemical 

and physical properties such as the free-energies of electron transfer (Get(1) and Get(2)). They 

have been successfully used to construct effective and useful mathematical methods for 

establishing good relationships between structural data and the physcochemical properties of these 

materials. 

C60,C70,C76,C82,C86

@ Cn@[(C60R')6-C30H54O18Sn]

R=C16H33

R'=C43H73O6

 

Mathematical method:  

The number of carbon atoms of these the fullerenes (Cn) was utilized as a structural index for 

compounds. The number of carbon atoms in these the fullerenes (Cn) seems to be a useful 

numerical and structural value for characterizing the empty fullerenes. For modeling, both linear 

(MLR:Multiple Linear Regressions) and nonlinear (ANN:Artificial Neural Network) models were 

examined in this study. Other indices were examined and the best results and equations for 

extending the physicochemical and electrochemical data were chosen. 

 

Results and Discussion:  

          The known hexafullerene-organostannoxane and fullerenes (Cn) have important 

pharmaceutical and physicochemical properties. The theoretical thermodynamics, kinetics and 

electrochemical data of Cn@[(C60R')6-C30H54O18Sn6] were reported here. These include the two 

free-energies of electron transfer (Get(1) and Get(2)) Using the number of carbon atoms (n), along 

with the equations of the model, one can derive sound structural relationships between the 

aforementioned physicochemical data. By using the equations of this model, was calculated a good 

approximation for Get(1) and Get(2) for Cn@[(C60R')6-C30H54O18Sn6] of the fullerenes C60 to C300. 

The first and second free activation energies of electron transfer and kinetic rate constants of the 

electron transfers Get(n)
# and ket(n) (n=1,2) for fullerenes C60 to C300 were achived in accordance 
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with the Marcus theorem. The novel supramolecular complexes discussed here, have neither been 

synthesized nor reported previously. 
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Abstract 

     The study of electron transfer in organic compounds is very important from the point of them as 

organic conductors. The electrochemical oxidation some of the Biferrocene derivatives were 

studied at various carbon electrodes. Fullerenes Cn , are a class of spherical carbon allotrope group 

with unique properties. Electron transfer between fullerenes and other molecules is thought to 

involve the transfer of electrons between molecules surrounding the fullerene cage. In this study, 

the number of carbon atoms in the fullerenes was used as an index to establish a relationship 

between the structures of Biferrocene derivatives and fullerenes Cn (n=60, 70, 76, 82 and 86), 

which create [Fc-R-Fc]@Cn. The relationship between the number of carbon atoms and the free 

energies of electron transfer (Get(1) to Get(4)) are assessed using the electron transfer equation for 

[Fc-R-Fc]@Cn supramolecular complexes as well as the four free activation energies and kinetic 

rate constants of the electron transfers ∆Get(n)
# and ket(n) (n=1-4), in accordance with the Marcus 

theorem for fullerenes C60 to C300. Calculations are presented for the four reduction potentials 

(Red.E1 to Red.E4) of fullerenes Cn. 

 

Keywords: Fullerenes; free activation energies; Biferrocene derivetives; kinetic rate constant 

 

Introduction:  

Biferrocene derivetives has been extensively used to demonstrate potential application in 

electroanalysis, biomedicine, materials science , electronics, semiconductors, among others. The 

chemical, physical and mechanical properties of empty and endohedral fullerenes have been the 

subject of many studies. In particular, bridging two ferrocenes subunit generates redox systems 

which have been the subject of recent studies due to their great potential as partially oxidized 

species exhibiting mixed-valence behavior or electronic delocalization and as models for poly 

(ferrocenyl) silane materials. Up to now, various empty carbon fullerenes with a different number 
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“n,” such as C60, C70, C76, C82 and C86 and so on, have been obtained. Topological indices are 

digital values which are assigned based on chemical composition. These values are purported to 

correlate chemical structures with various chemical and physical properties such as the free-

energies of electron transfer (Get(1) and Get(4)). 

 

Fe

Fe

C60   C70   C76   C82   C86

@ [Fc-R-Fc]@Cn
R

N
EtOOC

C N
COOEt

N
HN

EtOOC

N
O

, ,R:

 

Fig.1. The conjectured structures of [Fc-R-Fc] and fullerenes Cn which create [Fc-R-Fc]@Cn . 

 

Mathematical method:  

The number of carbon atoms of these the fullerenes (Cn) was utilized as a structural index for 

compounds. The number of carbon atoms in these the fullerenes (Cn) seems to be a useful 

numerical and structural value for characterizing the empty fullerenes. For modeling, both linear 

(MLR:Multiple Linear Regressions) and nonlinear (ANN:Artificial Neural Network) models were 

examined in this study. Other indices were examined and the best results and equations for 

extending the physicochemical and electrochemical data were chosen. 

 

Results and Discussion:  

Biferrocene derivetives and fullerenes have important pharmaceutical and physicochemical 

properties. The electrochemical data of [Fc-R-Fc]@Cn were reported here. These include the four 

free activation energies and kinetic rate constants of electron transfer ∆Get(n)
# and ket(n) (n=1-4) 

Using the number of carbon atoms (n), along with the equations of  the model, one can derive 

sound structural relationships between the aforementioned physicochemical data. By using the 

equations of this model, was calculated a good approximation for Get(1) to Get(4) for [Fc-R-

Fc]@Cn of the fullerenes C60 to C300. The four free activation energies of electron transfer and 

kinetic rate constants of the electron transfers Get(n)
# and ket(n) (n=1-4) for fullerenes C60 to C300 
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were achived in accordance with the Marcus theorem. The novel supramolecular complexes 

discussed here, have neither been synthesized nor reported previously. 

Table 1: The data values on the Get(n)
# and ket(n) (n=1-4) for [Sn(Tpp)(Fc-COO)2]@Cn. 

 

 

Figure 1. relationship between the n of Cn(n=60,70,76,82,86) and free activation energies of electron transfer (∆Get(n)
# 

in kcal mol-1) of [Sn(Tpp)(Fc-COO)2]@Cn . 
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No 

 

Formula of 

Cn 
∆Get(n)

# and  ket(n) of [Sn(Tpp)(Fc-COO)2]@Cn 

∆Get(1)
# ket(1) ∆Get(2)

# ket(2) ∆Get(3)
# ket(3) ∆Get(4)

# ket(4) 

1 C60 27.67 5.07e-15 36.43 2.14e-29 46.81 2.23e-50 57.42 2.97e-76 

2 C70 26.98 5.10e-14 35.97 1.45e-28 44.97 2.40e-46 54.88 1.19e-69 

3 C76 23.52 2.82e-9 30.90 5.75e-20 44.51 2.32e-45 50.96 5.75e-60 

4 C82 17.76 0.02 25.83 2.17e-12 38.28 8.02e-33 46.58 7.23e-50 

5 C86 15.22 7.68 21.45 1.15e-6 38.74 1.07e-33 47.04 6.83e-51 
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Abstract: 

Since the discovery of fullerenes as a class of nanostructure compounds, many potential 

applications have been suggested for their unusual structures and properties. Electron transfer 

between fullerenes and other molecules is thought to involve the transfer of electrons between 

molecules surrounding the fullerene cage. One class of interesting molecules is the mono adduct 

methanofullerene derivatives (Y3N@C80-[6,6]-Methanofullerene-R). Electron transfer between C80 

derivatives such as nitride Yttrium cluster Y3N@C80-[6,6]-Methanofullerene-R (R=DEM, exTTF 

and OCH2-AQ) and other molecules is thought to involve the transfer of electrons between 

molecules surrounding the fullerene cage. In this study, the relationships between this index and 

oxidation potential (oxE1) of, as well as the first and second free energies of electron transfer 

(Get(n), for n=1, 2, which is given by the electron transfer (ET) equation) between thiocrown 

ethers and the nitride Yttrium cluster derivatives as [X-UT-V][Y3N@C80-[6,6]-Methanofullerene-

R] (R=DEM, exTTF and OCH2-AQ) supramolecular complexes are presented and investigated. 

The first and second free energies of electron transfer and kinetic rate constants of the electron 

transfers, G#
et(n) and ket (n=1,2), respectively, were also calculated in this study for [X-UT-

Y][Y3N@C80-[6,6]-Methanofullerene-R] (R=DEM, exTTF and OCH2-AQ) . 

 

Introduction: 

The unique properties of molecular allotropic forms of carbon led to the discovery of a whole new 

set of carbon-based substances known as fullerenes and the derivatives. Fullerenes are more 
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reactive than planar aromatics because an important driving force for addition reactions is the 

reduction of strain, which results from pyramidalization in the sp2-carbon network. Since then of 

1985, metal-containing endohedral fullerenes (EMFs) have attracted special attention as a new 

class of technologically relevant materials due to their combined fullerene-like and metallic 

properties The unsaturated, cis-geometry thiocrown ethers (thiocrown ether), comprise a group 

with interesting physiochemical properties, in light of their conformational restrictions compared 

to corresponding saturated systems and the sizes of their cavities. The presence of sulfur atoms 

gives rise to the unique properties of thiocrown ethers. The cis-unsaturated  

Considered.The wide variety of useful applications of graph theory shows that this branch of 

discrete mathematics can benefit various fields of sciences. Graph theory has been found to be an 

effective tool in QSAR and QSPR. A graph is a topological concept rather than a geometrical 

concept, and hence Euclidean metric lengths, angles and three-dimensional spatial configurations 

have no meaning. Numerous studies have related these fields using topological indices (TI). 

Numerous applications have shown that one can utilize the topological index as a very useful tool 

for molecular structural studies, which can be used to describe and predict reactivity and structural 

properties, in addition to biological and toxicological characters of compounds. One group of TI 

was founded by Randić, who introduced the molecular branching index  

The ratio of the sum of the number of carbon atoms (nc) to the number of sulfur atoms (ns) to the 

product of these two numbers (cs) was a useful numerical and structural value in the studies 

reported here on the unsaturated thiocrown ethers.  

Quantitative structural relationships studies of the cs index with respect to the oxidation potentials 

(oxE1) of thiocrown ethers . 
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Figure-1: The structures of unsaturated thiocrown ethers 1-9 with [Y3N@C80-[6,6]-Methanofullerene-R] (R=DEM, 

exTTF and OCH2-AQ) 10-12, to produce supramolecular complexes [X-UT-Y][Y3N@C80-[6,6]-Methanofullerene-R] 

13-15. 

 

Graphing and Mathematical Method: 

          All mathematical and graphing operations were performed using Microsoft Office Excel-

2003 program. The number of carbon atoms in these the fullerenes (Cn) seems to be a useful 

numerical and structural value for characterizing the empty fullerenes. For modeling, both linear 

(MLR:Multiple Linear Regressions) and nonlinear (ANN:Artificial Neural Network) models were 

examined in this study. Other indices were examined and the best results and equations for 

extending the physicochemical and electrochemical data were chosen. 

 

Result and Discussion: 

Using Equations 2 and 3, it is possible to calculate the first and second activate free energies of 

electron transfer and kinetic rate constants of the electron transfers, G#
et(n) and ket(n) (n=1-2), 

respectively, for compounds referred above in accordance with Marcus theory. Figure 3 shows the 

surfaces of the free energies of electron transfer Get(n)
  and Get(n)

# (n=1-2) between [X-UT-Y] 
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and [Y3N@C80-[6,6]-Methanofullerene-R] (R=DEM, exTTF and OCH2-AQ) as [X-UT-

Y][Y3N@C80-[6,6]-Methanofullerene-R] (R=DEM, exTTF and OCH2-AQ) complexes. The values 

of the first and second activation free energies of electron transfer, G#
et(n) (n=1-2) for, decrease 

with Get(n)
 and cs  descriptor, while the kinetic rate constants of the electron transfers ket(n) (n=1-

2), increase with decreasing Get(n) and Get(n)
# (n=1-3) . For [Y3N@C80-[6,6]-Methanofullerene-

R] (R=DEM, exTTF and OCH2-AQ), there have been reported two reduction potentials (redE1 and 
redE2) states. The cis-unsaturated thiocrown ethers have important physicochemical properties. 

These equations allow one to calculate Get(n) (n=1-2), G#
et(n) and ket(n) (n=1-2) on the basis of the 

first and second reduction potential (redE1 and redE2) of for the supramolecular complex groups 

were calculated using the Rehm-Weller equation concern Marcus theory.  
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1. Introduction 

Quaternary ammonium compounds are generally known to be bioactive substances and are used 

mainly for environmental disinfection, disinfection of medical equipment, and disinfection in 

hospitals. The mode of antimicrobial action of quaternary ammonium compounds consists of their 

interaction with cytoplasmic membrane of bacteria and the subsequent loss of permeability 

properties of the membrane. Ionic liquids, a class of neoteric solvent, can be used as media for a 

wide range of chemical reactions due to the ease with which they can be recycled and reused [1-3].  

In the present research, we evaluated the antibacterial properties of 1-alkyl-3-

methylimidazolium compounds: 1-buthyl-3-methylimidazolium bis {(trifluoromethyl) sulfonyl} 

amide, [C4mim] [NTf2] & 1-hexyl-3- methylimidazolium bis {(trifluoromethyl) sulfonyl} amide 

[C6mim][NTf2].  

2. Methods 

The antibacterial activity was measured by bacterial growth inhibition expressed as minimal 

inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) values. The 

minimum inhibitory concentration and minimum bactericidal concentration were established by 

the tube dilution method. Following one day exposure of bacterial cells to each compound, the 

MIC values (μM) were determined (Fig. 1A). Then, 25µl of each solutions were cultured on a solid 

agar medium (3 plates for each solutions) and after 48 hours the colonies on each plate were 

counted (Fig. 1B). 

3. Results and discussion 

The MIC (μM) and MBC (μM) values for DH-5α E.coli of these ionic liquids are compared in 

Table 1. As shown by the results, the salts studied are active against bacteria. Their activities are 

greatly affected by the alkyl chain length in the alkyl substituent. 

Imidazolium salts had very good antibacterial activity against the examined gram-negative 

bacteria. The antibacterial active properties of the salts depend upon the alkyl chain length in the 

imidazolium ring. Among the used imidazolium salts, the imidazolium salts containing a long 
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alkyl chain into the imidazolium ring structure leads to broad spectrum active antibacterial agents 

which not only have bacteriostatic properties but could be powerful bactericides. 

 

Keywords: Ionic Liquids, Quaternary imidazolium salts, Antibacterial Activity, Escherichia coli. 

    

Fig. 1. A) MIC and MBC of [C6mim][NTf2]. 

 

Table 1. MIC & MBC values of [C4mim][NTf2] and [C6mim][NTf2]. 

E. coli DH5-α 

Compound  MIC (μM)                  MBC (μM)  

[C4mim][NTf2] 16.83 x 103                 44.87 x 103   

[C6mim][NTf2] 350                           5590 
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Introduction 

In recent years, metal clusters have been paid much attention due to their importance in 

heterogeneous catalysis [1]. The thermodynamics properties and the catalytic behavior of 

nanoclusters is strongly dependent on their size. Therefore, a large number of studies have been 

focused on the size-dependent behavior of gas-phase clusters to produce nanostructured materials 

with tailored properties by depositing clusters on solid surfaces.  

     Molecular dynamics (MD) is a useful tool for a detailed understanding of the properties of 

supported nanoclusters, such as their melting phenomena [2-3]. In this work, we have studied the 

melting behavior of a graphite-supported copper cluster, using molecular dynamics simulations.  

 

Methods 

Classical molecular dynamics simulations were performed on a 256-atom cubic copper cluster 

adsorbed on a model graphite surface. The graphite was modeled as two carbon layers in ABAB 

arrangement with dimensions of 49.2 × 42.6 × 6.8 (Å)3 and 1600 carbon atoms. The cluster was 

placed 3 Å above the graphite surface (Fig. 1a). The graphite model was kept rigid and constant 

during the simulations and the periodic boundary conditions were applied in x and y directions.  

 
  

(a) (b) (c) 
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Fig. 1 The initial supported copper cluster (a), along with the structures obtained at 300 K during the heating (b) and 
cooling (c) processes. 
 

     The Cu-Cu interactions were modeled using the Sutten-Chen potential with parameters taken 

from the literature [3]. Lennard-Jones potential with ε = 0.019996 eV and σ = 3.225 Å  was used 

for Cu-C interactions. Simulations were performed at different temperatures in the range of 200-

1800 K to heat and from 1800 K back to 300 K to cool the cluster. Equation of motion were 

integrated using the leap-frog algorithm with a time step of 1 fs. Each system was first equilibrated 

for 400 ps and then the production run was conducted for 200 ps. The trajectories were analyzed to 

extract the caloric curves and radial density profiles. 

 

Results and discussion 

Fig. 2 shows the caloric curve for the supported copper cluster. Simulations in the range of 700-

900 K with 20 K intervals showed that the melting point is 770 K, which is much lower than the 

melting point of bulk copper (the experimental value is 1356.15 K [3]). At large temperatures, the 

heating and cooling curves are similar, but below the melting temperature, a hysteresis is observed 

in the potential energy, which shows that the melting process is not completely reversible and is 

attributed to the surface melting [2]. The cooling curve lies below the heating curve, which means 

that the final structure is more stable than the initial.  

  

      Fig. 2 The caloric curves.             Fig. 3 Density profiles. 

 

     The irreversibility of the meting process is reflected in the cluster shape as determined from the 

z-density profiles at 300 K, during the heating and cooling process, Fig. 3. There is a difference in 

number and spacing of layers in these states, which is also obvious from Fig. 1.  

 

Conclusions 
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The melting behavior of the studied cluster has the characteristic properties of nanoclusters, such 

as the irreversibility and surface melting. The fcc structure of the solid copper changes to a hcp 

type structure, before transformation to a liquid phase.  
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Introduction 

Numerous theoretical works have shown the metallic or semiconducting properties of individual, 

single wall tubes (SWTs) as a function of diameter and helicity, but treating the electronic 

properties of multiwall nanotubes (MWNT) has been dealt with in far less detail [1], the difficulty 

lying in determining the extent of the interaction. The double-wall carbon nanotube (DWCNT) 

with metallic layers can be used as a coaxial cable or a capacitor. Although DWCNTs are 

constructed from two SWCNTs with the same, or different, chiralities, the electronic properties of 

each nanotube within a DWCNT can be different from those of an isolated SWCNT. In this study, 

the electronic properties of (6,0)@(13,0) and NH2-functionalized (6,0)@(13,0) are studied. The 

effect of functionalization on DWCNT has been elucidated from band structures, DOS and LDOS. 
 

 

Methods 

All caculations were carried out using the Quantum-Espresso package in which the DFT 

methodology is implemented using plane wave expansions and pseudopotentials [2]. The 

structures considered here are (6,0) ,(13,0) nanotubes and (6,0)@(13,0) and NH2-functionalized 

(6,0)@(13,0) double-walled nanotubes. The cutoff energies for plane waves were chosen to be 540 

eV. Calculations were performed in the supercell approximation, the supercell was large enough to 

ensure that the vacuum space was at least 12 Å for all nanotubes. The lattice parameter along the 

axial direction of the nanotube is twice the unit length of the pristine nanotube and DWNT. The 

Brillouin zones for the (6,0),(13,0),(6,0)@(13,0) and NH2-functionalized (6,0)@(13,0) supercells 

were sampled with 1×1×9, 1×1×7, 1×1×6 and 1×1×5 Monkhorst-Pack meshes [3], respectively, 

which were determined after appropriate convergence tests. 
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Results and Discussion 

The purpose of this study is effect of covalently functionalized (6,0)@(13,0) nanotube with NH2 

group, on the electronic properties and structure of double-walled carbon nantotube. As shown in 

Figure 1, the NH2 functional group induces local distortion along the radial direction on the tube 

sidewall. This distortion can be understood by the local sp3 rehybridization of the C–N bonding. 

 

Energy band structures for (6,0), (13,0), (6,0)@(13,0) and NH2-functionalized (6,0)@(13,0) were 

calculated in our work and are given in Figure 2. (6,0) carbon nanotube is metal and (13,0) is 

semiconductor with 0.88eV gap.  The result shows that in this case the DWCN become metallic. 

The behavior of the (6,0)@(13,0) DWCNT is explained in terms of two factors which influence its 

electronic conduction properties. First, the interaction between the walls of the inner and outer 

SWCNTs due to 2pz orbitals which are perpendicular to the cylindrical walls surface, and second, 

the states of the inner wall fill the energy gap of outer wall. In NH2-functionalized DWCNT the 

Fermi level is shifted into the valence band and new states are appeared in the top of valance band 

in comparison with (6,0)@(13,0) , so this functional group cause a p-type semiconductor. 

 

 

 

 

 

 

 

 

 

Conclusion 

In this essay, we elucidated electronic band structures of DWCT and DWCNT/NH2. Our 

calculations indicate that in DWCNT/NH2 a small gap is opened between the valence band and the 

conduction band and the Fermi level moves to the valance band (p-type).  
 

 

Fig 1. Optimized structure of DWCNT (a) 
and NH2- functionalized DWCNT (b). 

(a) (b) 

Fig 2. Electronic band structures for: 
(a) (6,0) SWNT; (b) (13,0) SWNT; 
(c) (6,0)@(13,0) DWNT and (d)  
(6,0)@(13,0)/NH2 DWNT. The 
dotted lines correspond to the Fermi 
energy. 
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Abstract: 

       This study elaborates upon the relationship between the number of carbon atoms and the four 

free energies of electron transfer (Get(1) to Get(4)) of Cytochrome-c peroxidase, Cytochrome-c 

oxidase, Tyrosinase and Ascorbate oxidase, 1-4 as the most well-known enzyme molecular 

systems and fullerenes Cn (n=60, 70, 76, 82 and 86), on the basis of the four reduction potentials 

(Red.E1 to Red.E4) of the fullerenes, as assessed by applying the electron transfer(ET) equation to 

create [Cytochrome-c peroxidase].Cn, A-1 to A-5, [Cytochrome-c oxidase].Cn, B-1 to B-5, 

[Tyrosinase].Cn, C-1 to C-5  and [Ascorbate oxidase].Cn, D-1 to D-5. The results were extended to 

calculate the four free energies of electron transfer (Get(1) to Get(4)) of other supramolecular 

complexes of 1-4 as a class of electron-transfer species, with fullerenes C60 to C300 ([(R)].Cn, 

supramlecular complexes. The study also calculated the first to fourth activate free energies of 

electron transfer and kinetic rate constants of the electron transfers, G#
et(n) and ket (n=1-4), 

respectively, as assessed using the Marcus theory and the equations on the basis of the first to 

fourth reduction potentials (Red.E1 to Red.E4) of fullerenes Cn (n=60, 70, 76, 82 and 86) for the 

predicted supramolecular complexes [Cytochrome-c peroxidase].Cn, [Cytochrome-c oxidase].Cn, 

[Tyrosinase].Cn and [Ascorbate oxidase].Cn. 

  

Keywords: Fullerenes; Cytochrome-c peroxidase; Cytochrome-c oxidase; Tyrosinase; Ascorbate 

oxidase; Free activation energies of electron transfer; Molecular modeling. 

 

 

Introduction:  

       The reduction of electron transfer distance leads to an electronic communication between the 

electrode and redox proteins. Adsorbed proteins are available to further enzymes and thus 
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bioelectronic redox chains can be created. However, covalent fixation of redox proteins in an 

oriented arrangement on alkane thiols self-assembled on gold electrodes are only accessible to 

small signal molecules. This restriction is a result of the reduction of the mobility. A solution to 

this problem is expected from designed redox proteins and enzymes with engineered electron 

pathways. In this study, the number of carbon atoms in the fullerenes was used as an descriptor to 

establish a relationship between the structures of Cytochrome-c peroxidase, Cytochrome-c 

oxidase, Tyrosinase and Ascorbate oxidase, 1-4 as the most well-known enzyme molecular 

systems and fullerenes Cn (n=60, 70, 76, 82 and 86), which create [Cytochrome-c peroxidase].Cn, 

A-1 to A-5, [Cytochrome-c oxidase].Cn, B-1 to B-5, [Tyrosinase].Cn, C-1 to C-5  and [Ascorbate 

oxidase].Cn, D-1 to D-5. The relationship between the number of carbon atoms and the free 

energies of electron transfer (Get(n), n=1-4) are assessed using the electron transfer (ET) equation 

for A-1 to A-5, B1 to B-5, C-1 to C-5 and D-1 to D-5 supramolecular [R].Cn (R= Cytochrome-c 

peroxidase, Cytochrome-c oxidase, Tyrosinase and Ascorbate oxidase) complexes in different 

electrochemical properties.[1-3]  

 

Graphing and Mathematical Method: 

       All mathematical and graphing operations were performed using MATLAB-7.4.0(R2007a) and 

Microsoft Office Excel-2003 programs. Using the number of carbon atoms contained within the Cn 

fullerenes, several valuable properties of the fullerenes can be calculated. The values were used to 

calculate the four free energies of electron transfer (Get(1) to Get(4)), according to the ET equation 

for create [Cytochrome-c peroxidase].Cn, A-1 to A-5, [Cytochrome-c oxidase].Cn, B-1 to B-5, 

[Tyrosinase].Cn, C-1 to C-5  and [Ascorbate oxidase].Cn, D-1 to D-5 supramlecular nano 

complexes. Some of the other indices were examined, and the best results and equations for 

extending the physicochemical data were chosen.[4]   

 

 

 

Discussion: 

       Electron transfer (ET) is one of the most important chemical processes in nature, plays a 

central role in many biological, physical and chemical (both organic and inorganic) systems. Solid 

state electronics depends on the control of the ET in semiconductors, and the new area of 

molecular electronics depends critically on the understanding and the control of the transfer of 
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electrons in and between molecules and nanostructures. The results include the four free-energies 

of electron transfer (Get(1) to Get(4)), calculated using the electron transfer equation and G#
et(n) 

as well as ket(n) (n=1-4) using equations of the Marcus theory for the supramolecular complexes. 

Using the number of carbon atoms (n), along with the equations of the model, one can derive 

sound structural relationships between the aforementioned physicochemical data. These equations 

allow one to calculate Get(n) (n=1-4), G#
et(n) and ket(n) (n=1-4) for cephalosporin antibiotics, of 

the fullerenes (C60, C70, C76, C82, C86, C78, C84, C120, C132, C140, C146, C150, C160, C162, C240, C276, 

C288 and C300). Marcus theory of electron transfer implies rather weak (<0.05eV) electronic 

coupling between the initial and final states and presumes that the transition state is close to the 

crossing point of the LE and CT terms.[1-3] 

 

C60   C70   C76   C82   C86

A-1: [1].C60      A-2: [1].C70      A-3:[1]. C76    A-4: [1].C82        A-5: [1].C86

B-1: [2].C60      B-2: [2].C70      B-3:[2]. C76    B-4: [2].C82        B-5: [2].C86

C-1: [3].C60      C-2: [3].C70      C-3:[3]. C76   C-4: [3].C82        C-5: [3].C86

D-1: [4].C60      D-2: [4].C70      D-3:[4]. C76    D-4: [4].C82        D-5: [4].C86

Tyrosinase  (3)

Cytochrome-c Peroxidase
(1)

Cytochrome-c Oxidase
(2)

Ascorbate oxidase  (4)

 
Cytochrome c peroxidase 

 

Free ET Energies 

(kcal mol-1) 
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The model allows one to calculate Get(n) (n=1-4), G#

et(n) and ket(n) (n=1-4) for the 

[Cytochrome-c peroxidase], [Cytochrome-c oxidase], [Tyrosinase] and [Ascorbate oxidase] of  

the fullerenes C60, C70, C76, C82, C86, C78, C84, C120, C132, C140, C146, C150, C160, C162, C240, C276, 

C288 and C300. Using the number of carbon atoms (n), along with the equations of the model, 

one can derive sound structural relationships between the aforementioned physicochemical 

data. The novel nano supramolecular complexes discussed have neither been synthesized nor 

reported previously. 
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Introduction 

Semiconductor-based photo catalysis has attracted much attention due to its application in 

degrading organic contaminants from wastewater with solar energy in recent years [1]. Photo 

catalytic degradation has proven to be a promising technology for the removal of various 

organic pollutants in wastewater for its many attractive advantages, including the 

environmental friendly feature, relatively low cost and little energy consumption [2]. In this 

work, we contribute a new NiO–CaO photocatalyst, which is active in the photo catalytic 

oxidative decomposition of organic contaminants under visible-light irradiation. These NiO–

CaO photocatalysts showed high catalytic activity in the oxidative decomposition of Acid 

Blue 92 as an organic molecule under visible-light irradiation. 

 

Experimental Section 

Synthesis and characterization of NiO–CaO photocatalysts 

Aqueous solutions of Ca (NO3)2 . 4H2O and Ni (NO3)2. 6H2O were mixed together in 1:1 

molar ratio under stirring. The precipitates formed after a stoichiometric amount of NaOH 

was added into the above aqueous solution. The mixtures were stirred for 30 min at room 

temperature. Afterward, the precipitates were centrifuged, washed with de-ionized water, and 

dried at 100˚C in air for 2 h. The obtained powder was then calcined at 700˚C for 6 h to 

produce crystalline materials. The SEM image of synthesized catalyst shows an excellent 

morphology in nano-scale particles (Figure 1). 

Photo catalytic decomposition of acid blue 92 

The photo catalytic activity under visible-light irradiation of the NiO–CaO samples was 

evaluated by using acid blue 92(AB92) as the model substrate. 100 mL AB92 (100 mg/L) 
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aqueous solution buffered in different pHs and 1.0 g of photocatalyst powder were mixed in a 

glass photo reactor. The above solution was photo irradiated by using a 160W Xe lamp as 

light source under continuous stirring. At a defined time interval, the concentration of AB92 

in the photocatalytic reaction was analyzed by using an UV–vis spectrophotometer. 
 

Results and Discussion 

Figure 2 shows the decrease in concentration of an aqueous AB92 solution over a 4 hours 

period in the presence of NiO–CaO photocatalyst. In the presence of the NiO–CaO sample, 

96.5% of AB92 was photo catalytically degraded under visible-light irradiation. 

One possible reason for the higher photo catalytic activity of the NiO–CaO samples is 

suggested by the data. Since NiO is a p-type semiconductor and CaO is an n-type 

semiconductor, many micro p–n junction CaO/NiO photo catalysts will be engendered at the 

interface of the NiO and CaO nanoparticles when CaO is doped into NiO nanoparticles. At 

equilibrium, an inner electric field forms that makes the NiO p-type semiconductor regions 

assume negative charges while the CaO regions have positive charges. Under visible-light 

irradiation, electron–hole pairs may be generated on the surface of the CaO n-type 

semiconductor. 
 

Figure 1: The SEM image of NiO–CaO particles 
calcined at 700˚C for 6 h. 

Figure 2: Degradation of AB92 under visible-light 
irradiation in presence of the NiO–CaO at different pHs. 
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Introduction: 

Silicone-acrylate emulsion have been widely used as adhesives, architectural coatings, 

textile coatings, and hide finishes because of its various advantages, such as good film 

forming property; high adhesive strength; resistance to high and low temperature, chemicals, 

water, weather, ultraviolet; and anticontamination [1–8]. However, the application of 

silicone–acrylate emulsion was limited because the price of silicone was high. The 

Polymer/Layered Silicate (PLS) nanocomposite have drawn much research attention because 

they effectuate in improving material properties by the presence of a small amount of layered 

silicate, and promise superior or unique properties in comparison with those of the 

conventional polymer composites, including increased modulus, decreased thermal expansion 

coefficient, increased heat distortion temperature, reduced gas permeability , better fire-

retardant properties, enhanced ionic conductivity, low flammability, increased solvent 

resistance, lower material cost, and the ease of preparation and processing. PLS 

nanocomposite can be prepared in four main ways: solution intercalation, in situ intercalative 

polymerization, melts interaction, and template synthesis. montmorillonite (MMT) was a kind 

of layered silicate, which was used usually. It has been particularly important in forming 

effective polymer nanocomposite. It belongs to a smectite group of clay minerals that has 2:1 

type of layer structure, in which a central alumina octahedral sheet is sandwiched between 

two silica tetrahedral sheets. Polyacrylate/OMMT nanocomposites being made by the in situ 

polymerization route have been reported, and the properties have been substantially enhanced. 

PLS nanocomposite was actively studied. However, there has been few studies on the PLS 

nanocomposite emulsion. In this article, we prepared the poly (silicone-co-

crylate)/montmorillonite nanocomposite emulsion with different OMMT contents (0, 0.5, 1.0, 

1.5 and 2 wt %) and organosilicone (1.50, 3.0 and 5.0 wt %) via in situ intercalative 
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polymerization, and investigated the properties of nanocomposite emulsion and the influence 

of different contents of OMMT and organosilicone on the nanocomposite emulsion. 

 

Experimental: 

1- Preparation of OMMT 

The required weights of MMT and distilled water were put into a three-necked flask. 

Sodium silicate was added to adjust pH to 11. The mixture was allowed stand for 1 day after 

stirring for 4 h, at room temperature. The supernatant of the mixture was subsequently poured 

into another flask, and followed by addition of the required weights of CTAB. The blend was 

heated up to 90 °C and stirred at the same temperature for 2 h. After that, the blend was 

washed using distilled water to make it free from bromide ions and filtrated with pump down. 

Finally, the resultant was dried in a vacuum oven and ground to 300 meshes. 

 

2- Preparation of emulsion 

The given weights of BA, MMA, MAA, and OMMT were premixed for 1 day to get 

mixture I. Initiator was dissolved in distilled water to make 10 % of solution. Two-thirds of 

the required weights of distilled water, emulsifier, and total protective colloid and buffer agent 

were put into a dried three-necked flask equipped with a stirrer, a thermometer, and a 

condenser. The mixture was heated to 52 °C, then, the mixture I was added into the flask. The 

blend was stirred vigorously at 52–55 °C for 10 min to obtain preemulsion. 1/8 of the 

preemulsion were taken into another flask and heated to 75 °C. Then, 1/3 of given amounts of 

initiator solution, emulsifier and distilled water were added to the flask. The blend was 

reacted for 30 min and a seed emulsion was obtained. Two-thirds of initiator solution was 

added to remaining 7/8 of the preemulsion. The preemulsion with initiator and MEPMHSE 

were, respectively, dropped into the seed emulsion at the same time in about 2 h, and kept at 

75 °C for another 2 h. Then, the system was heated up to (81±1) °C and maintained at this 

temperature for 1.5 h. Finally, a kind of white fluid poly (silicone-co-acrylate)/ 

montmorillonite nanocomposite emulsion was obtained.  

 

3-Synthesis of silicone containing acrylic monomer (MEPMHSE)  

In a 50 ml three–necked round bottom flask which was dried, purged with nitrogen, 

equipped with a reflux condenser, a dropping funnel and nitrogen inlet, 10 g (4.42 mmol) 
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polymethylhydrosiloxane (PMHS), 10 ml benzene and 2 ml triethylamine (TEA) were taken. 

To this, 0.60 g (4.42 mmol) 2-hydroxyethyl methacrylate (HEMA) was added drop-wise 

maintaining temperature at 70 °C under nitrogen atmosphere. After complete addition, the 

reaction mixture was maintained at 70 °C for 3 h and then 1 h under stirring at room 

temperature. Use of TEA promotes the desirable condensation between 

polymethylhydrosiloxane -H and 2-hydroxyethyl methacrylate-OH and avoids the self-

condensation of silicone intermediates. The viscous crude product was recovered after 

removing the solvent using an evaporator and the residue was finally dried in a vacuum at 25 

°C. The final product was viscous white oil. Yield = 7 g, 66 %. The reaction path is given in 

Scheme 1.  

 

Result and discution: 

A new silicone containing acrylic monomer, methacryloxyethyl polymethylhydrosiloxane 

ether (MEPMHSE), based on polymethylhydrosiloxane (PMHS) and 2-hydroxyethyl 

methacrylate (HEMA) has been synthesized for formulation of nanocomposite emulsion. 

Then Poly (silicone-co-acrylate)/montmorillonite (PSAM) /nanocomposite emulsion were 

prepared by in situ intercalative emulsion polymerization of methyl methacrylate (MMA), 

butyl acrylate (BA), methacrylic acid (MAA) and MEPMHSE, in the presence of organic 

modified montmorillonite (OMMT) with different OMMT contents (0, 0.5, 1.0, 1.5 and 2 wt 

%). It is evident that the properties of silicone–acrylate emulsion were improved by the 

intercalative polymerization of acrylate and silicone in the presence of OMMT. The property 

of nanocomposite emulsion containing 1 wt % OMMT was the best one, and the following 

advantages were obtained: smaller particle size, faster drying speed, smaller surface tension, 

and improved resistance to water by the incorporation of OMMT. 
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Abstract:  

The effect of gas flow and time of growth on different stages in the deposition process 

occurring during carbon nanotube deposition on steel substrates in the HFCVD technique has 

been investigated. For characterization of the deposit, Raman spectroscopy has been used to 

explore the composition of the MWCNT films grown under different mixtures of C2H2 and 

H2. 

In addition, the morphology and microstructure of the MWCNTs were examined by scanning 

electron microscopy (SEM). The results showed that the optimum relative flow rate of 

hydrocarbon to Hydrogen is 0.01 (C2H2/H2 = 1/100). We observed the best time for growth of 

multiwalled carbon nanotubes with a better structure is 10 min, but at longer time, the amount 

of impurities increased. 

 

Keywords: Gas flow, Growth time, Carbon nanotube, HFCVD 
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Introduction 

Bioactive materials are defined as materials eliciting a specific biological response at the 

interface of the material and tissue, resulting in the formation of a bond between them 

[1].Over the past decades, bioactive glass has played a central role in the bone regeneration 

field, due to its excellent bioactivity, osteoconductivity, and even osteoinductivity and the 

biomaterial component is a critical determinant of the ultimate success of the tissue 

engineered graft[2]. Biocompatible, tissue-bonding bioactive glasses (BAGs) were first 

introduced in the early 1970s [3]. The aim of this work was to evaluate the antibacterial effect 

of bioactive glass nanopowders. The antibacterial activity was studied using multi drug 

Pseudomonas aeruginosa[4]. 

 

Materials and methods 

In this study nanopowders of bioactive glass (BG) were synthesized and Bioglass/Gelatin 

nanocomposite scaffold was made through Sol-Gel.[5,6] The chemical compositions of the 

prepared samples were as predicted, and the particle size of the samples with an amorphous 

structure mainly ranged over 20–90 nm. Then antibacterial effects of bioactive glass 

nanoparticles on Pseudomonas aeruginosa were determined by Minimum Inhibitory 

Concentration (MIC) and Minimum Bacterial Concentration (MBC) method[7].MIC is the 
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smallest concentration of an antimicrobial agent that inhibits the growth of bacteria. MBC 

The is the lowest concentration of antibiotic required to kill the germ. 

 

Results and discussion 

The resulting bioactive glass nano powder was analyzed by X-ray diffraction (XRD) with 

Siemens-Brucker D5000 diffractometer (Germany). The XRD analysis showed that the 

synthesized  nano powder had an amorphous structure.The result of MIC and MBC showed 

that  

The bioactive glass nano powder was inhibited growth of multi drug resistant Pseudomonas 

aeruginosa. 

 

Conclusions 

 The bioactive glass Nano-powder revealed the high antibacterial activity. Therefore it is a 

convenience candidate for fabrication of bio-implant scaffolds and prevents super infection 

after implantation 
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Introduction 

   Semiconductor particles with nano-scales have drawn considerable interest in recent years, 

because of their special properties, such as large surface-to-volume ratio, increased activity, 

special electronic properties and unique optical properties as compared to those of the bulk 

materials. As an important p-type semiconductor, copper sulfide (CuS), as an important 

member of the semiconductor family, exhibits many interesting properties and has great 

potential in a versatile range of applications such as cathode material of lithium batteries, 

nanometer-scale switches solar controller and solar radiation absorber, nonlinear optical 

material, and catalyst [1]. From a combination of organic cations and various anions, room-

temperature ionic liquids (RTILs) are obtained. RTILs with various interesting properties have 

received much attention in preparation of various nanomaterials [2-4]. 

   1-Ethyl-3-methylimidazolium ethyl sulfate ([EMIM][EtSO4]) is a novel RTIL with potential 

industrial applications.  For this reason, in continuing our investigations about nanomaterials 

[2-5], refluxing method as a simple and low temperature technique was applied for preparation 

of CuS nanoparticles in presence of [EMIM][EtSO4] and their properties was investigated.  

 

Experimental 

     The X-ray diffraction (XRD) patterns were recorded on Philips Xpert X-ray diffractometer 

with Cu Kα radiation (λ= 0.15406 nm). Surface morphology and distribution of particles were 

studied via LEO 1430VP scanning electron microscope (SEM). The purity and elemental 

analysis of the products were obtained by energy dispersive analysis of X-rays (EDX) on the 

same LEO 1430VP instrument. In typical synthesis procedures, cupper acetate monohydrate 
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(5.16 g) was dissolved in 50 ml of aqueous solution of the RTIL (1:1 in volume) under stirring 

at room temperature. Also, 1.95 g of TAA was dissolved slowly in the solution under magnetic 

stirring. The solution was refluxed at approximately 95 °C for 60 min. The formed suspension 

was centrifuged and washed three times with double distilled water and ethanol and dried in an 

oven at 50 °C for 24 h.  

 

Results and discussion 

To investigate the effect of solvent on properties of the nanoparticles, parallel experiments 

were carried out. The preparation procedures were similar to each other, except for changes in 

the solvent. The diffraction peaks are corresponding to (101), (102), (103), (110), (108), and 

(116) planes of hexagonal type CuS crystal system (JCPDS reference code: 6-465). The XRD 

patterns demonstrate that mean particles size of the nanoparticles prepared in presence of the 

RTIL is smaller than the prepared sample in water. The purity and composition of the products 

were studied by energy dispersive X-ray spectroscopy (EDX). The average atomic percentage 

ratio of Cu:S is 47.2:52.8 and 45.5:54.5 for the particles prepared in water and aqueous 

solution of the RTIL, respectively. Morphology of the nanoparticles was investigated by 

scanning electron microscope (SEM). The results demonstrate that grain size of the samples 

produced in water is larger than the prepared sample in water. Although the nanoparticles are 

agglomerating, however the boundaries between single crystallites are clearly observable. In 

order to compare ability of the prepared nanoparticles for adsorption of MB molecules, 

adsorption capacity (Qe) of the prepared samples was calculated by 60 minutes adsorption in 

dark [6]. The values of Qe for the nanoparticles prepared in water and aqueous solution of the 

RTIL are 3.40×10-6 and 6.11×10-6 mol/g, respectively. Increasing adsorption capacity for the 

prepared nanoparticles in presence of the RTIL can be attributed to higher surface area of the 

nanoparticles due to lower aggregation and smaller grain sizes. When aqueous solutions of the 

RTIL are used as a reaction medium, the solutes are solvated by ions; thus, the reactions 

proceeds in an environmentally different from that water or ordinary organic solvents are used. 

Hydrogen-bonding and electrostatic interactions between imidazolum ring of the RTIL and 

sulfide moiety of CuS can greatly inhibit growth of the nanoparticles. Then, these interactions 

playing a crucial role in formation of small sized and low aggregated nanomaterials. 
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Ethylene polymerizationis one of the most important large-scale industryprocesses, where a 

variety of different transition metalcomplexes is used to produce high-quality 

commercialproducts [1-3].Group 4-based, homogeneous single-site catalysts showhighly 

catalytic activity for olefin polymerization [4,5]. Due to the unique mechanical, electrical, 

thermal, andoptical properties, carbon nanotubes (CNTs) have beeninvestigated for 

CNT/polymer composites, nanoelectronics,electron field emitters, chemical sensors, and other 

applications[6,7].In addition, because CNTs show a good electronmobility and have a very 

large steric bulkiness, they can be agood candidate as a ligand that tunes the reactivity of 

metalcatalyzedreactions electronically and sterically. It has been reported that 

catalyticbehavior of Cp2ZrCl2 in ethylene polymerization, where Cp is cyclopentadiene, can 

be modified by using multiwall carbon nanotubes (MWCNTs) [8]. In this case, Cp rings 

intimately interacted with the sidewalls ofMWCNTs. In this work, we investigatedsingle wall 

carbon nanotubes (SWCNTs) interaction withCp2ZrCl2catalyst and influence of such 

interaction in ethylene polymerizationby quantum chemistry methods.Structures of solo 

zirconocene based catalyst and CNT aided ones in different steps of ethylene polymerization 

reaction were optimized by Density Function Theory (DFT) [9,10] computations and their 

catalytic behavior were compared in term of energetic, steric and electronic properties. Our 

results reveal that interaction between CNT and catalyst results in improve catalyst activity 

and also led to larger polyethylene molecular weight (MW). 

 

Keywords: Ethylene Polymerization, Cp2ZrCl2, Single Wall Carbon Nanotubes (SWCNTs), 

Density Function Theory (DFT). 
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Single-site polyolefin catalysts, i.e., titanium based catalyst, combined with 

methylaluminoxane (MAO) as a cocatalyst have been the subject of intense research [1-3]. 

These systems efficiently catalyze α-olefin polymerization and the ligands at the transition 

metal center provide the possibility to tailor polymer properties such as molecular weight, 

molecular weight distribution, and stereoregularity [4, 5].Due to the unique mechanical, 

electrical, thermal, andoptical properties, carbon nanotubes (CNTs) have beeninvestigated for 

CNT/polymer composites, nanoelectronics,electron field emitters, chemical sensors, and other 

applications [6,7].In addition, because CNTs show a good electronmobility and have a very 

large steric bulkiness, they can be agood candidate as a ligand that tunes the reactivity of 

metalcatalyzedreactions electronically and sterically. It has been reported that catalytic 

behavior of Group 4-based catalyst in ethylene polymerization can be modified by using 

multiwall carbon nanotubes (MWCNTs) [8]. In this case, Cp rings intimately interacted with 

the sidewalls ofMWCNTs. In this work, we investigated single wall carbon nanotubes 

(SWCNTs) interaction with Cp2TiCl2catalyst, where Cp is cyclopentadiene. Influence of such 

interaction in ethylene polymerization has been analyzed by quantum chemistry methods. 

Structures of solo titanium based catalyst and CNT aided ones in different steps of ethylene 

polymerization reaction were optimized by Density Function Theory (DFT) [9,10] 

computations and their catalytic behavior were compared in term of energetic, steric and 

electronic properties. Our results reveal that interaction between CNT and catalyst results in 

improve catalyst activity and also led to polyethylene with larger molecular weight (MW). 

Keywords:  Ethylene Polymerization, Cp2TiCl2, Single Wall Carbon Nanotubes (MWCNTs), 

Density Function Theory (DFT). 
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Introduction  

Zirconia , ZrO2,  is a widely used ceramic material exhibiting excellent properties such as low 

thermal conductivity, high coefficient of thermal expansion, high thermal stability, high 

oxygen ion conductivity, high strength, high fracture toughness and high thermal shock 

resistance enabling it to be used as thermal barrier coating, cutting tools, refractory material, 

as catalyst/catalyst support [1].  The crystal phases of zirconia can be classified as three kinds: 

monoclinic, tetragonal and cubic. It has been proved that toughness of zirconia will increase if 

phase transformation from tetragonal to monoclinic zirconia occurs [2]. Many properties of 

nanocrystalline zirconia are fundamentally different from those of conventional micrometer-

sized zirconia because of the small crystallite dimension. They exhibit increased strength and 

ductility, enhanced diffusivity, and increased edges and corners, all beneficial for applications 

in catalysis, electronics, and ceramics [3]. 

  Nano-sized zirconia have been prepared using various methods including sol-gel, 

precipitation, hydrothermal methods, gas phase synthesis, microwave, sonochemical, and 

microemulsion methods. 

   The purpose of the present study is to fabricate zirconia nanopowders via a versatile, clean, 

and non-toxic method based on microwave irradiation process. The nanoparticles have been 

characterized by X-ray diffraction (XRD), Fourier transform infrared spectroscopy and 

ultraviolet-visible spectroscopy ( UV). The optical properties of prepared nanoparticles have 

been studied as well.  

 

Results and Discussion 

   The XRD pattern of the synthesized zirconia nanoparticles is shown in figure 1. The 

diffractogram reveals the formation of highly crystalline product with high phase purity. The 

diffraction pattern confirms that monoclinic zirconia was purely formed. The average grain 
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particle size of zirconia calculated from the full width at half-maximum of the peak using 

well-known Debye Scherrer’s equation is about 20 nm. 

  The optical responses of the zirconia nanoparticles dispersed in ethanol have been 

investigated via UV-vis absorption spectroscopy. The band gap energy of  4.83 eV was 

calculated using the UV-vis spectrum. 

 

Figure 1. The XRD of zirconia nanoparticles 

 

Conclusion  

    Ziconia nanoparticles were fabricated via a simple but efficient route and its optical band 

gap was measured as well. 
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Introduction 

There is a strong interest in gas adsorption by carbon nanotubes [1]. Sensitivity of their 

electronic properties to oxygen exposure can be used as the basis for a chemical sensor. 

Recent experimental data [2] have shown that the transport properties of single-wall 

nanotubes (SWNT) change dramatically upon exposure to gas molecules such as O2, NO2, 

NH3, and many other gases, at ambient temperature. Practical applications to the production 

of better gas sensors (‘‘thermoelectric nano-nose’’) have been envisioned [2]. A recent 

quantum chemistry calculation at the MP2 level [3] founds very weak binding, due to 

physisorption, and minimal charge transfer. SiCNTs are considered to have the advantages 

over CNTs because they may possess high reactivity of exterior surface facilitating to 

sidewall decoration and stability against oxidation in air at high temperature [4] which may 

have potential applications in nanoelectronic devices. In this work, we investigate the 

interaction of a single O2 molecule with SWSiCNTs using first-principles simulations.  

 

Computational method 

 We have performed ab initio calculations based on the generalized gradient approximation 

(GGA) with the Perdew–Burke–Ernzerhof (PBE) functional [5] in density functional theory 

and the standard norm-conserving Troullier–Martins pseudo-potentials [6]. The calculations 

are done using a split-valence double-zeta plus polarization function (DZP) as basis set.  

 

Results and discussions 

 We have considered a zigzag (5, 0) SiCNT which consists of alternating C and Si atoms, as 

depicted in figure 1. The calculated average Si–C bond length of these tubes is about 1.819 Å 

in agreement with the theoretical results [7]. Several possible configurations were selected for 
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the approaching molecule to the wall of the tube as represented in figure 1. To find the 

approximate stable adsorption configuration, the structure of the tube and the O–O bond 

lengths (1.228 Å) of the O2 molecule were fixed, while the distance between the tube and the 

molecule was varied, to obtain the system energy as a function of the separation. Figure 2 

shows the calculated adsorption energy (binding energy) of the considered systems. The 

binding energy is calculated from:  Eb = ENT-O2 − ENT − EO2    where ENT-O2, ENT and EO2 are 

the total energies of the tube with an adsorbed O2 molecule, the pure nanotube and the O2 

molecule, respectively.  

  
    (a)                                              (b)                                                   (c) 

 
 
 
 
 
 
 

Figure 1. (a) Atomistic configuration of adsorbed O2 molecule on the SiCNT. (b) Binding energy of an oxygen 
molecule as a function of the separation distance of the closest oxygen atom to the outer side-wall of the (5, 0) 
SiCNT. (c) The optimized geometric structure of most stable state of SiCNT/O2 system 
 

The most stable configuration of O2 is the parallel approach of the O2 molecule to the (5, 

0) SiC nanotube wall on the center of a hexagon of Si and C atoms. After full structural 

optimization of the most stable systems we found that the adsorption of O2 on the SiC 

nanotubes, results in a distortion of the tube structure (Fig. 1 (c)). The calculated binding 

energy Eb and average Si–O equilibrium distance, after optimization, are about -38.22 eV (-

881.57 kcal/mol) and 1.698 Å, respectively.  

 

Conclusion 

First-principles calculations predicted that the O2 adsorptive capability of silicon carbide 

nanotube is much stronger than that of carbon nanotubes. This might have potential for gas 

detection and energy storage.  
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Introduction 

Biodegradable polymer/bioactive glass (BG) composites in the form of scaffolds and 

membranes have been intensively studied because of their good biocompatibility and 

bioactivity as hard tissue regeneration materials[1].Bioactive silicate glasses (e.g. 45S5 

BioglassR) with compositions in the system SiO2- Na2O-CaO-P2O5, having <55% SiO2 

were discovered [2]. The chemical compositions of the prepared samples were as predicted, 

and the particle size of the samples with an amorphous structure mainly ranged over 20–90 

nm. 

recently studied offer remarkable advantages as the inorganic components of composite 

scaffolds due to their high bioactivity index (Class A), and their ability to bond to both soft 

and hard connective tissues. Class A bioactive materials are osteogenetic and osteoconductive 

materials while Class B bioactive materials (such as hydroxyapatite) exhibit only 

osteoconductivity.[2] 

Certain bioactive glasses have been shown to exhibit antibacterial activity. The aim of this 

work was to evaluate the antibacterial effect of against the one of the most resistant bacteria 

Staphylococcus aureus by bioactive glass nanopowders. [3] 

Materials and methods 

The composition of the studied bioactive glass belongs to the system SiO2-CaO-P2O5, 

Bioactive glass nano-powders were prepared using the sol-gel method. The prepared 
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nanopowders mainly ranged between 20 and 90 nm in size. Antibacterial effects of sol-gel-

derived bioactive glass nanoparticle on standard and clinical multi drug resistant 

Staphylococcus aureus determined by MIC and MBC methods. 

 

Result and discussion 

We found the antibacterial activity of bioactive glass in this study and  This may result from 

one of the surface reactions. Particulate Bioglass is one example to exert a considerable 

antibacterial effect on standard and clinical multi drug resistant Staphylococcus aureus 

bacteria. 

 

Conclusion 

The bioactive glass nano-powders showed the high antibacterial activity; therefore bioactive 

glass should be a suitable candidate for bio-implant scaffolds and prevent secondary infection 

after implantation. 

 

References 

[1] M. Saleh Dadash1, M. Nasr Esfahany, R. Ebrahimi, S. Karbasi ,  H. Vali, A Comparative 

Study on Mechanical and Adhesion Properties of Calcinated and Non Calcinated 

Nanobioglass-Titania Nano Composite Coatings on Stainless Steel Substrates, Sharif 

University of Technology, June 2010,scientia iranica 

[2] Q. Chen, J. A. Roether and A. R. Boccaccini*, Tissue Engineering Scaffolds from 

Bioactive Glass and Composite Materials, Topics in Tissue Engineering, Vol. 4. Eds. N 

Ashammakhi,  R Reis, F Chiellini © 2008. 

[3] V. Mortazavi, M. Mehdikhani Nahrkhalaji, M. H. Fathi, S. B. Mousavi, B. Nasr Esfahani, 

Antibacterial effects of sol-gel-derived bioactive glass nanoparticle on aerobic bacteria, 

Published online, February 2010 in Wiley InterScience. 

  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1787

Adsorption of Methane on Single-walled Silicon Carbide Nanotube 

 

Z. B. Nojinia*, M. Haghbayana, N. Abbasia 
aDepartment of Chemistry, Faculty of Science, Shahid Chamran University, Ahvaz, Iran 

E-mail:maryam.haghbayan@gmail.com 

 

Abstract 

The adsorption of CH4 molecule on the (4, 4) single wall silicon carbide nanotube, was 

investigated. Several possible adsorption sites in the tube have been considered. Results 

show that when CH4 adsorb through –CH3 groups on the T1 site, has minimum adsorption 

energy.  

 

Keywords: SiCNT, Adsorption energy, DFT, Methane. 

 

Introduction 

Many researches are interested in the adsorption of methane, which is a major component 

of natural gas. In addition, due to the very high pressure used in compressed natural gas 

(CNG) storage, adsorption storage of natural gas is an attractive subject [1]. The recently 

synthesized silicon carbide nanotube (SiCNT) has been found to be a semiconducting 

material of great technological interest for devices designed to operate at high temperatures, 

high power, and harsh environment. SiCNTs have also proven useful for hydrogen storage, 

since the binding energy of the tubes with hydrogen molecules are 20% larger than that of 

CNTs [2]. 

 

Methodology 

The adsorption of methane on (4, 4) SiCNT was studied using density functional theory 

employing MPW1PW91/6-31G basis set with periodic boundary condition. CH4 molecule 

per unit cell in the tube axis direction was used.  In this case the cell length is 3.1 Å. The 

molecular binding energy; Eb was obtained using the following expression: 

Eb=ENT+Methane-(ENT + EMethane)      (1) 

where ENT, ENT+Methane and EMethane are the total energies of a free nanotube, nanotube with 

methane and a single methane molecule respectively. 
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Results and discussion 

To examine the adsorption behavior of CH4 molecules on SiCNTs, we considered two 

orientation of the CH4 molecule (-CH and CH3 groups) relative to the several possible 

adsorption sites of SiCNT, T1 (top of the C atom), T2 (top of the Si atom), T3 (top of the Si-C 

bond), and H (top of the center of hexagon). The equilibrium distances and binding energies 

for these sites are listed in Table 1. We found that the CH4 is preferentially adsorbed, through 

its –CH3 groups on the T1 site (Figure 1). The equilibrium distance between the C atom of 

CH4 and Si atom of nanotube is 4.4Å and the calculated binding energy for this site is 5.4658 

kcalmol-1. Eb >0 corresponds to the endothermic physical adsorption.  

Table1: Equilibrium tube-molecule distance (re) of CH4 adsorption on (4, 4) SiCNT. 

Eb (kcalmol-1 ) re (Å) SiCNT site 

-CH 

15.3982 4.3859 T1 

10.7525 4.8778 T2 

12.9217 4.1887 T3 

17.9490 4.7235 H 

-CH3 

5.4658 4.4000 T1 

11.7951 4.0000 T2 

9.8757 4.3000 T3 

6.4250 4.5000 H 
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Figur1: Adsorption energy as function of tube-molecule distance (Å) for –CH3 groups on the T1 site. 

 

Conclusion 

All binding energies obtained are positive. Results show that T1 site is favorable than the 

others. 
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Introduction 

The removal of metal ions from effluents is of importance to many countries of the world 

both environmentally and for water re-use. The application of low-cost sorbents including 

carbonaceous materials, agricultural products and waste by-products has been investigated 

[1]. Most of this work has shown that natural products can be good sorbents for heavy metals. 

CNTs have been proven to possess great potential as superior adsorbents for removing many 

kinds of organic and inorganic pollutants such as dioxin, 1,2-dichlorobenzene, 

trihalomethanes, soil organic matters and various divalent metal ions from aqueous solution 

[2]. In each system, the isotherm constants for the Langmuir, Freundlich and Temkin 

isotherms have been determined. The utilization of CNTs for the treatment of water and 

wastewater containing divalent metal ions is gaining more attention as a simple and effective 

means of pollution control.  

 

Materials and methods 

The metal solutions were prepared from 1000 mg/L stock solutions containing nitrate salts 

(Merck). The concentrations of metals were performed by atomic absorption spectrometry 

using a Perkin-Elmer 3110 apparatus. After shaking for 4 h, the metal concentration in the 

aqueous solutions was determined by atomic absorption spectrophotometer.  

 

Result and discussion 

The equilibrium sorption isotherm is fundamentally important in the design of sorption 

systems. Equilibrium studies in sorption give the capacity of the sorbents. It is described by 
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sorption isotherm characterized by certain constants whose values express the surface 

properties and affinity of the sorbents. Equilibrium relationships between sorbent and sorbate 

are described by sorption isotherms, usually the ratio between the quantity sorbed and that 

remaining in the solution at a fixed temperature at equilibrium. (fig.1) the metal ion sorption 

equilibrium data are commonly correlated with the Langmuir or the Freundlich equations. The 

Langmuir equation is valid for dynamic equilibrium sorption process on completely 

homogenous surfaces while the Freundlich equation is applicable to heterogeneous surface. 

Several researchers reported that the metal ion sorption onto CNTs can be described by both 

Langmuir and Freundlich equations [3, 4] In order to investigate the sorption isotherm, three 

equilibrium models were analyzed. These included the Langmuir, the Freundlich and the 

Temkin isotherms. 
 

 
Fig1: Adsorption capacity of CNT for the initial concentration metal ions 

 

                         

     a     b     c  

Fig1. a: Langmuir isotherms, b: Freundlich isotherm and c: Temkin isotherm of metal ions sorbed on MWCNTs. 
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Table 1. 

Isotherm constants for metal ions sorption onto CNTs 

 Li Na K Be Mg Ca Ba 
Langmuir    
qm, (mg/g) 0.14482 0.091651 0.298481 0.075712 0.101377 0.84305 0.912409
Ka, (dm3/mg) 0.346591 5.320103 0.527797 0.976851 5.69848 0.003344 0.258631 
r^2 0.9444 0.9932 0.669 0.6767 0.9983 0.4859 0.932 
Freundlich        
Kf, (mg/g)(dm3/mg)1/n 25.03062 10.96491 9.007882 24.08044 9.247932 6.684557 3.458379 
1/n 0.8957 0.4141 0.8335 0.7387 0.1032 0.9988 1.0989 
r^2 0.9998 0.9842 0.9869 0.9612 0.9852 1 0.9999 
Temkin        
Kt, (Lmg-1) 9.897752 44.74259 9.943062 12.50734 47.79834 8.497063 7.701775 
B1 0.013 0.0216 0.0384 0.0133 0.0091 0.0501 0.0965 
r^2 0.9833 0.9882 0.9609 0.9406 0.9799 0.9845 0.9854 

 

These values of the correlation coefficients indicate that there is not a strong positive 

relationship for the data and that the metal/CNTs sorption data follows the Langmuir sorption 

isotherm. However, data are found in good agreement of the Freundlich sorption isotherm. We 

observe that there is an accessible competition between Temkin model and Freundlich model. 

(Table 1) 

Conclusion: 

In summary, the experimental results were fitted to the Langmuir, Freundlich and Temkin 

isotherms to obtain the characteristic parameters of each model. The Langmuir isotherm was 

found to well represent the measured sorption data for alkalis earth metal and Both the 

Freundlich and Temkin isotherms were found to well represent the measured sorption data for 

alkalis metal. According to the evaluation using the Langmuir equation, the maximum 

sorption capacities of metal ions onto multiwall carbon nanotube. 
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Abstract 

Dyes are considered to be highly toxic and can cause permanent injury to the eyes and skin of 

humans and animals. Sunset yellow(SY)is used in different processes such as dying silk, 

wool,  leather, jute, cotton, biological stain, dermatological agent, veterinary medicine, green 

ink manufacture, intestinal parasites, fungus textile dying, paper printing, as staining 

constituent of bacteriological media and as a antiseptic selective bacteriostatic agent. Effluent 

coming out from these industries is highly colored and cause water pollution and need be 

treated before its disposal. Adsorption is one of the efficient techniques for the treatment of 

dye containing waste water in comparison with other techniques like flocculation, 

biodegradation, membrane separation and different oxidation processes in terms of initial 

cost, simplicity of design, ease of operation and non toxicity of adsorbent. Although, activated 

carbon, with large surface area, micro-porous character is an efficient adsorbent for dye 

removal, but commercially available activated carbons are still considered as expensive 

materials due to the relatively expensive starting material such as coal. Hence, the process of 

dye removal by adsorption is being diverted to the use of lower cost adsorbents so that the 

process becomes economically feasible. This has prompted many researchers to study the 

feasibility of using low cost substances as alternate adsorbents including agro-waste. In 

general, many agro-wastes are either arbitrarily discarded or set on fire. Utilization of these 

materials should bring economic and social benefits to mankind. These low cost adsorbents 

are being considered as alternative to commercial activated carbon that can be used for 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1794

reducing the pollution of wastewaters at a reasonable cost. Hence, there is a scope for the 

identification and preparation of more economical and effective sorbents from agro-waste.  

In the present study experiments were carried out to remove sunset yellow dye by adsorption 

technique using a novel adsorbent prepared from Cadmium telluride nanoparticle loaded on 

activated carbon. 

Characterization of Prepared adsorbent was characterized by using BET surface area 

measurement, FTIR, SEM and elemental analysis. Various parameters such as initial dye 

concentration, adsorbent dose, pH and temperature were studied to observe their effect on the 

dye adsorption process. Thermodynamic parameters were calculated to know the nature of 

adsorption. Three different kinetic models for the adsorption of dye were presented. The 

equilibrium data were tested with Langmuir, Freundlich and Tempkin isotherm models. This 

fundamental study will be helpful for further application in designing an adsorber for the 

treatment of dye containing effluent coming out from dying industries 

More than 90% removal efficiency was obtained within 30 min at adsorbent dose of 0.02 g/L 

for initial dye concentration of 25 mg/L. The percentage of dye removal remains almost 

constant within the pH range of around 1 – 5. The adsorption of dye was found to follow a 

pseudo-second-order rate equation. Intra particle diffusion model was studied in order to 

determine the rate limiting step of the adsorption process. Langmuir isotherm model was 

fitted the best for the adsorption system with an adsorption capacity of 2.09 mg/g of 

adsorbent.  

The present adsorbent may be considered as an alternative for the better performance of the 

sunset yellow dye removal from its aqueous medium.  

The percentage adsorption is maximal at pH value of around 1 and decreases with basic 

strength of the dye solution. The percentage adsorption decreases from about 100% to 70% 

for the initial dye concentrations of 25 mg/L at the end of the experiment when the pH is 

gradually increse from 1 to 5. Adsorption kinetic follows pseudo-second-order kinetics. 

Adsorption capacity increases with temperature. The temperature effect is used to calculate 

the change in activation enthalpy ( 0H  ), free energy of adsorption ( 0G ) and entropy (

0S ). The equilibrium data are analyzed using Langmuir, Freundlich and Tempkin isotherm 

equations. The result shows that the experimental data are best correlated by Langmuir 

isotherm. 
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Introduction 

Aqueous semiconductor quantum dots (QDs) are a great interest because of their unique 

properties, including strong luminescence, long luminescence life time,size-dependent 

luminescence color,broad absorption, and narrow emission profile[1-2]..  In order to tune the 

size of the semiconductor crystal and prevent surface defects, capping molecules, mostly 

thioacids,are used during the synthesis[3-4].Here, we report the influence of TGA/ (Zn+Cd) 

ratio on the absorbance edge,excitonic peak, and Pl peak maximum. 

 

Methods 

Synthesis of ࢆ.ࢊ.S  

      A typical synthesis is described as follows: enough amounts of cadmium sulfate and zinc 

acetate were dissolved in water and appropriate amount of thioglycolic acid (TGA) was added 

to the solution. The pH of the solution was adjusted to 7 with 1M NaOH. 25 milliliters of ܰܽଶ ܵ solution was added to this solution. 

 

Results and Disscution 

     Figure 1, 2 shows the UV-vis absorption and PL spectra of ܼ݊.ହ݀ܥ.ହS nanoparticles 

prepared at room temperature and pH 7. All nanoparticles absorb at lower   wavelengths than 

the bulk ܼ݊.ହ݀ܥ.ହS, indicating quantum confinement. The PL peak maximum and 

absorbance edge show a red shift at TGA/ (Zn+Cd) 7.5 with a more intense excitonic peak. 

 

Coclusions 

Within the range of 1.8-10.5 TGA/ (Zn+Cd) ratio, there was a noticeably stronger 

luminescence intensity at 7.5 and significantly weaker luminescence intensity at 1.8. it is 

possible that at low loading of TGA not enough surface coverage was achieved to prevent 

surface defects. 
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Figure1. Absorption spectra of ܼ݊.ହ݀ܥ.ହS – TGA nanoparticles prepared with various TGA/ (Zn+Cd). 
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Figure2. PL spectra of ܼ݊.ହ݀ܥ.ହS – TGA nanoparticles prepared with various TGA/ (Zn+Cd). 
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Introduction 

During the last decade, due to the emergence of a new generation of high-technology 

materials, the number of research groups involved in nano structured materials has increased 

exponentially [1-3]. The aim of present study is to clarify the effect of multi-wall carbon 

nanotube (MWCNT) on curing behavior of DGEBA using dynamic and isothermal 

calorimetry.  

 

Experimental 

The epoxy system used in this work was D.E.R 332 DGEBA from Sigma Aldrich with an 

epoxy equivalent weight of 175 equiv. g-1. 1,4-Bis (3-aminopropoxy) butane was purchased 

from Fluka and used as hardner. MWCNT was also prepared from Sigma Aldrich and used 

without further purification. The stoichiometric ratio of epoxy resin and diamine were mixed 

and the mixture was stirred by ultrasonic stirrer for 30 min. Then, the optimum weight of 

carbon nanotube was added to the mixture and ultrasonated for additional 10 min. A 

NETZSCH DSC 200 F3 unit was employed for calorimetriy measurements. To measure the 

heat of reaction and Tg of the fully cured samples, non-isothermal DSC experiments were 

conducted in the range of 25–300 Ԩ in nitrogen atmosphere at 20Ԩ. ݉݅݊ିଵ. Kinetic studies 

were also performed using DSC working isothermally at temperature interval from 70 to 

100Ԩ.  

Results and discussion 

The general kinetic description of a cured system is based on the following rate equation: 
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ௗఈௗ௧ ൌ ݂݇ሺߙሻ ൌ ݔ݁ܣ ቀെ ாோ்ቁ ݂ሺߙሻ   (1) 

Where, α is the degree of cure, t is the time, ݀ߙ ⁄ݐ݀  is the curing rate, ݇ is the rate constant as 

a function of temperature,  ܽܧ is the apparent activation energy, ܣ is the pre-exponential 

factor; and ݂ሺߙሻ is the reaction model, which is related to the reaction mechanism. Kinetic 

analysis was done by Šesták-Berggren (SB) model which is a two-parameter autocatalytic 

model that can be expressed as [4]: ݂ሺߙሻ ൌ ሺ1ߙ െ  ሻ       (2)ߙ

Where, ݉ and ݊ are the reaction orders. The reaction order ݊ and the logarithm of the pre-

exponential factor ሺln ሻcan be calculated from the logarithmic form of Eq. (1): lnܣ ቂቀௗఈௗ௧ ቁ exp ቀாோ்ቁቃ ൌ ln ܣ  ݊ lnሾߙሺ1 െ  ሻሿ      (2)ߙ

Where, the kinetic parameter ratio ܲ is:  ܲ ൌ  ൌ ఈଵିఈ        (3) 

Here, ߙ is maximum point of ሺ݀ݐ݀/ߙሻ against conversion curves at different temperatures. 

From the slope and intercept of the linear relationship ݈݊ ሾሺ݀ݐ݀/ߙሻ  ݁ݔ ሺܽܧ/ܴܶሻ ሿ versus ln ܣ  ݊ lnሾߙሺ1 െ ሻሿ, we obtained the reaction order ݊ and lnߙ  respectively. The reaction ,ܣ

order ݉ can be obtained from  ݉ ൌ  ൈ ݊. We used an average value of the reaction energy 

from differential isoconversional methods in our calculations. 

 
Fig.1. Comparison of experimental and                                     Fig.2. Comparison of experimental and theoretical  

                theoretical reaction rate in 70Ԩ                                                             reaction rate in 80Ԩ 

Conclusion 

The effect of different concentrations of MWCNT on thermal curing of epoxy/1,4-Bis(3-

aminopropoxy) butane system was studied using isothermal and nonisothermal DSC. The 

concentration of 5% MWCNT was considered to be the optimum level of loading as the result 
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of maximum reaction heat. Šesták-Berggren (SB) model was used to estimate the kinetic 

parameters. The overall reaction orders lies approximately between 0.5 and 0.65. As it is 

appear from Fig.s 1 and 2 the model showed a good fitting of the experimental data. 
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Introduction 

Epoxy resins are polymer-forming systems which produce highly cross-linked structures, 

traditionally filled with micro size fillers with exceptional toughness, adhesion, and chemical 

resistance. Recent researches show that nanofillers are more efficient than the traditional since 

better adhesion between the resin and nanoparticles is observed due to high surface area of 

nanoparticles [1, 2]. 

 

Experimental 

The used epoxy resin was (DGEBA) D.E.R 332 from Sigma Aldrich with an epoxy 

equivalent weight of 175 equiv. g-1. The curing agent was 1,4-Bis (3-aminopropoxy) butane 

from Fluka and multi-wall carbon nanotube (MWCNT) was also purchased from Sigma 

Aldrich with a purity more than 90%. The stoichiometric ratio of epoxy resin and diamine 

were mixed and the mixture was stirred by ultrasonic stirrer for 30 min. Then, the optimum 

weight of carbon nanotube was added to the mixture and ultrasonated for additional 10 min. A 

NETZSCH DSC 200 F3 unit using nitrogen atmosphere was employed for calorimetriy 

measurements. The samples were heated from 25 to 250 Ԩ at five different heating rates (2.5, 

5, 10, 15 and 20 Ԩ. ݉݅݊ିଵ) to follow the heat evolution due to the chemical reaction 

occurring at this temperature range.  

 

 

Results and discussion 

Kinetic analysis of nonisothermal resin-cured system is based on the rate equation as follow: 
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ௗఈௗ௧ ൌ ߚ ௗఈௗ௧ ൌ ݇ሺܶሻ݂ሺߙሻ   (1) 

Where, ݇ሺܶሻ is a temperature dependent reaction rate constant, ݂ሺߙሻ is the differential 

conversion function depending on the reaction mechanism, ߚ is a constant heating rate; and ݇ሺܶሻ is the rate constant which is temperature dependent according to the Arrhenius law. 

 

Flynn-Wall-Ozawa (FWO) method: The isoconversional integral method of FWO was utilized 

to determine the activation energy at various conversions using following equation: lnβ ൌ ln ቀாೌோ ቁ െln݃ሺߙሻ   െ 5.331 െ 1.052ሺ ாೌோ்ሻ   ,  ݃ሺߙሻ ൌ  ௗఈఈఈ     (2) 

Advanced isoconversional method: An advanced isoconversional method developed by 

Vyazovkin [3] was employed to interpret the curing behavior of the selected system. It is based 

on the minimization of the following equation: 

Ω ൌ  ∑ ∑ I൫Eୟ, T,୧൯β୨୬୨ஷ୧୬ୀଵ /IሺEୟ, T,୨ሻβ୧   ,   I൫Eୟ, T,୧൯ ൌ  ݁ିEಉ/RT݀ܶTಉ   (3) 

Where, the I൫Eୟ, T,୧൯ values in Eq.(3) may be found by numerical integration as well with 

the help of the Senum–Yang approximation in which ݔ ൌ ܫ : ܴܶ/ܧ  ൌ ሺܧ/ܴܶ ሻሺݔሻ  ,  ሺݔሻ ൌ expሺെݔሻ ଶݔሺݔ/  ݔ10  18ሻ/ሺݔଷ  ଶݔ12  ݔ36  24ሻ   (4) 

In this study, the experimented data was analyzed by mathematical software, Maple 12.   

Calculated activation energies using the FWO and advanced isoconversional methods are 

54.58 and 42.13 (kJ/mol) respectively. Less accurate result was obtained by the FWO method 

because of the error induced by the use of a less accurate approximation. 

 

         Fig.1 plot of activation energy dependance on the conversion 

 

The dependence of activation energy upon conversion is shown in Fig. 1.  

 

Conclusion 

To produce a reinforced epoxy-based nanocomposite, MWCNTs were added into epoxy resin 

in the presence of 1,4-Bis (3-aminopropoxy) butane as curing agent at the optimum loading 
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level of 5 wt%. Flynn-Wall-Ozawa and advanced isoconversional kinetic models were used to 

calculate the activation energy using DSC data. The experimental dependence of Ea on α 

determined from isoconversional methods of dynamic DSC data can be used to describe the 

reaction mechanism. The experimentally evaluated values of activation energies are 

reasonable and consistent to the literature data for similar systems. 
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Introduction 

The immobilization of bioactive substances such as proteins, anti bodies and enzymes onto 

inorganic supports is a significant device for the fabrication of a varied range of functional 

materials or tools. The immobilization of enzyme for example, is one of the important issues 

for providing many advantages such as improved stability, simple separation from reaction 

mixture, and possible modulation of the catalytic properties [1,2]. Nanotechnology is of 

interest for enzyme immobilization but, for industrial biotechnology, immobilized enzyme 

nanoparticles could be difficult to handle and recover by centrifugation or filtration. Among 

these nanoparticles, magnetic nanoparticles (MNPs) are much admired when used in 

conjunction with bioactive materials consisting proteins, peptides, enzymes, antibodies and 

nucleic acids, due to their unique properties. MNPs are biocompatible superparamagnetic 

materials that have low toxicity and can be attracted by a magnetic field and are simply 

separable in solution [4-7]. In the present work, the direct binding of cellulase enzyme onto 

magnetic nanoparticles was investigated. The structure of the magnetic nanoparticles was 

characterized using FTIR spectroscopy. The stability and activity of bound cellulase were also 

examined. 

 

Method  

2 ml of magnetic nanoparticles without organic stabilizer containing 60 mg nanoparticles was 

added to 8 ml of cellulase (0.25 mg/ml) soluble in acetate buffer (pH 5) and the reaction 
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mixture was carried out in shaker incubator for 7 hr at room temperature. The amount of 

protein in the supernatant was determined by a colorimetric method at 595 nm with the Bio-

Rad Protein Assay. 

The enzyme activity was measured by the CMC activity method. 

 

Result and discussion 

It was found that the percentage of celluase bound was about 99%. These results show that in 

all the binding operations, there were sufficiently available amount of particles to bind the 

enzymes till complete saturation. It was found that reducing the weight ratio of cellulase to 

Fe3O4 below 0.033 caused an increase in lipase binding up to 100% [5]. The binding of 

cellulase onto magnetic nanoparticles was investigated by FT-IR. 

Analyzing the size of prepared nanoparticles carried out according to dynamic light scattering 

(DLS) technique. The average size of the MNPs was 30 nm. The size of MNPs was shown by 

the TEM microscopy. The effect of temperature on the activity of the free and immobilized 

cellulase was examined. Loss of storage stability is a main subject in enzyme preservation. 

The storage stability of the cellulase enzyme was calculated for 5 hr. The effect of pH on the 

activity of the free and immobilized cellulase was examined. The immobilized enzyme has 

been showed a remarkable increasing due to influence of pH on enzyme. 
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Introduction  

 The discovery of C60 fullerenes encapsulated inside SWCNTs, the peapods [1], has opened the road 

for the study of a unique class of nanoscopic hybrid materials with unusual properties [2]. Filling 

nanotubes with molecules which transfer charge may be an efficient means for altering the tube’s 

band structure, giving rise to molecular device components and as building elements of ultra-fast 

computer memories. The nitrogen doped fullerene, C59N (azafullerene), that has been successfully 

synthesized [3] posses a rich chemistry due to its enhanced reactivity in comparison with pristine 

fullerenes. It was previously shown that tube–azafullerene interaction is similar to the tube–C60 

interaction. As a starting point in understanding interactions with much more complex peapod 

systems, we carried out calculations within density functional theory on the interaction between C59N 

fullerene and SWCNTs. 

 

Computational methods 

We employed self-consistent charge-density-functional-based tight-binding (SCC-DFTB) method [4] 

to determine the most stable geometries. Total energy calculations are performed by using the ab 

initio DFT code method [5]. The exchange–correlation energy is in the form of a Perdew-Burke-

Ernzerhof (PBE) generalized gradient approximation (GGA) functional. Norm-conserving 

pseudopotentials generated by using the Troullier-Martins scheme are adopted to describe the 

electron-ion interaction.  From the well known expression for calculating the molecular binding 

energies, Eb are obtained for various cases of our study. EEEE CNTCNTb


C59N@C59N
           

Results and discussion  

To simulate the binding of an encapsulated azafullerene (C59N) to the inner side-wall of the 

SWCNTs, zig zag (16, 0) and armchair (9, 9) structures are considered as typical semi conducting 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1808

and metallic nanotubes with similar diameters (12.438 Å and 12.112 Å, respectively). C59N@SWNT 

system is optimized starting from five different initial geometrical configurations.                                             

      

Figure 1. Model for an azafullerene (C59N) molecule 

                encapsulated inside the (9, 9) SWCNT  

                (a) front and (b) side view. 

 

 

 

 

After full structural optimization of the considered systems we find that azafullerene prefers to be 

encapsulated inside the semi conducting nanotubes in comparison with the metallic one. For both 

examined SWNTs the most stable configurations of C59N@nanotube system are achieved when the 

nitrogen atom of C59N is situated approximately over the center of a six-member ring of the 

nanotube. Our finding shows that the C60/SWCNT interaction is similar to the azafullerene/SWCNT 

interaction, in good agreement with the observed experimental result [6].  

 

Conclusions  

The azafullerene affinity for the metallic nanotube is stronger than for semiconducting one. The 

energy values and N–C distances obtained from the ab initio calculations are typical for the 

physisorption. Azafullerene cages might be able to form stable bindings to SWCNTs via their 

nitrogen active sites.  
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Introduction 

Carbon nanotube is special form of carbon which has high capacity for absorbing the gases. 

Single-walled nanotubes SWNTs are the simplest of the carbon nanaotubes, being but a single 

graphite plane rolled into a thin tube [1,2]. In this research the SWCNTs as gas adsorbent for 

CO2 gas was investigated theoretically. 

 

Computational Details 

The nanotube which selected in this research, was 3,3 with 10 unit cells. The simulations were 

performed in canonical ensemble (NVT) and temperature was set to 200, 300 and 400K. The 

dimensions of the simulation box were set to 25 Angstrom and the periodic boundary 

condition in three dimensions were used.  All simulations is done by the DL_POLY_2.20 

package and Drieding force field implemented in this package. 

 

Results and discussion 

The weight percent of CO2 was set to 40%, 60% and 80% that correspond to 18, 27 and 36 

molecule of CO2. After receiving the equilibrium, the average energy was calculated. Table1 

has been contained the absorption energy. 

Table1. Calculated absorbing energy in various temperatures   

 

The effect of temperature and CO2 weight percent have been treated on by the calculation of 

the RDF's of the CO2 around the SWCT. Some of the results have been presented in the 
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figures 1 and 2. The Figure 1 has been contained the effect of temperature on the RDF of CO2 

over SWCT for weight percent of 40% CO2. Figure 2 has been contained the variations of the 

maximum points of the RDF's for studied weight percents of CO2 vs. the temperature. 

 

 

 

 

 

 

 

 

 

 

Figure 1. RDF for 40% of CO2 around SWCT at various temperatures 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. RDF for CO2 around SWCT for various CO2 weight percents at 200 K . 

A close examination of the results show that the maximum peak in RDF of CO2 around 

nanotube decreases as temperature increases. Also, the maximum of RDF's decreases as the 

weight percent of CO2 are increased. 

 

References 

[1] S. Iijima and T. Ichihashi, Nature, London,  363, 603, 1993 

Maximum of RDF 

Weight Percent of CO2



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1811

[2] D. S. Bethune, C. H. Kiang, M. S. Devries, G. Gorman, R. Savoy, J. Vazquez, and R. 

Beyers, Nature,  London, 363, 605, 1993. 

  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1812

DFT Study and NBO Analysis of Nanotubes Containing NSAID Drugs 
 

N. Dalili Mansour1, , Sh. Rahmdel1, B. Pakdel1 
1Department of Chemistry, Faculty of science, Islamic Azad University, Rasht Branch, Rasht, Iran. 

 

 
Keywords: Nanotube, Naproxen, Ibuprofen, DFT, NBO. 

 

Introduction: 

Ibuprofen, Naproxen and Aspirin are all NSAIDs (non-steroidal anti inflammatory drugs.) 

Among other actions their main mechanism of action is to block a group of enzymes called 

COX (cyclo-oxygenase) enzymes. They reduce pain (analgesic), reduce high temperatures 

(antipyrexial), reduce swelling (anti-inflammatory) and make the blood less likely to clot 

(antithrombolic). As they're all in the same group, they all have similar side effects and risks, 

however the severity of each side effect varies across the drugs, for instance naproxen is less 

likely to cause heart problems than ibuprofen. Common side effects include gastric irritation 

(the reason they should be taken with food) and bleeding. Other drugs in this group include 

diclofenac and the coxibs (however these have more specific action). [1] 

By carrying out fundamental projects scientists have expressed their hope to develop the use 

of carbon Nanotubes to release vaccines. It is important to release drugs in cells without 

damaging healthy cells of tissue under studying. Researchers have shown Nanotubes can do 

this duty perfectly.[2,3] Applying different functional groups with their particular properties 

in various body cells is a concept that is issued in the field of biomedicine. However, 

identification of these functional groups and covalent or noncovalent bonds between 

Nanotubes and these functional groups are noticeable subjects in chemistry.[3] 

In this work the interactions between  nonstroidal anti inflamation drugs called Naproxen and 

Ibuprofen with a  Nanotube (6,6) containing 60 carbon atoms are investigated.  
 

Computational method: 

All of the calculations are carried out by a pc computer which has Intel(R) Pentium(R) Dual 

CPU with 2 GB RAM. A Nanotube including 60 C atoms (6,6) is formed by Nanotube 

Modeler package. [4] Geometry Optimization is performed  by GaussView [5] and Gaussian 

03 [6] softwares by DFT/B3LYP method [7] and 6-31G basis set (Fig. 1). The selected drugs 

are made by GaussView and optimized by Gaussian 03 by B3LYP/6-31G method (Fig. 2,3). 
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Then the composites between Nanotube and Naproxen/Ibuprofen are formed and optimized 

by B3LYP/6-31G method (Fig. 4,5). For optimized molecules hybridations, Bond angles and 

bond lengths are calculated. After optimization of composites, the single point energies are 

obtained by B3LYP/6-311++G** method. Natural bond orbital (NBO) [8] calculations have 

been also performed 

for all structures 

using the standard 6-

31G basis set. 
 

         
              Fig 1. Nanotub                                Fig. 2. Naproxen                                       Fig. 3. Ibuprofen 
 
 
 

 
              Fig. 4. Nanotube-Naproxen (composite 1)                      Fig. 5. Nanotube-Ibuprofen (composite 2) 
          

 
 

Result and discussion: 

The obtained relative energies and relative single point energies are shown in Table 1. 

Agent Energy/kcalmol-1 Single point energy/kcalmol-1 
Naproxen 1442729.2802 1442598.6277 
Nanotube 480788.8910 480454.5840 

Nanotube-Naproxen 0 -467.2640 
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Table.1 Obtained relative energies and single point energies calculated by B3LYP/6-31G 
and B3LYP/6-311++G** method, respectively . 

 

The results show that the composites between drugs and Nanotube are more stable than the 

single agents. By evaluating the energy of the reactions (1: Naproxen + Nanotube → 

composite 1 , 2: Ibuprofen + Nanotube → composite 2 ), it is clear that these reactions are 

exothermic reactions (∆E1= -1923518.1712 kcalmol-1 and ∆E2= - 1925774.6469 kcalmol-1). 

Table 2 shows the type of hybridations, bond lengths, bond angles and Mulliken charges. It is 

obvious that the carbon hybrids are the same in two copmposites. But by increasing p share in 

oxygen atom of Nanotube - Naproxen composite , the C9 - O95 bond length becomes more , 

and the obtained bond angles can be described because of this reason , too. It is also clear that 

because of the similarity of the drug's structures, the Mulliken charges of C9 and O95 are the 

same in two composites.  

Table 2. Obtained parameters calculating by B3LYP/6-31G level 

 

Also NBO calculation results are shown in table 3. In this context, a study of 

hyperconjugative  interactions has been completed . Hyperconjugation may be given as a 

stabilizing effect that arises from an overlap between an occupied orbital when these orbitals 

are properly oriented. This noncovalent bonding-antibonding interaction can be quantitatively 

described in terms of the NBO approach that is experessed by means of the second-order 

perturbation interaction energy (E2) [9-11]. This energy represents the estimate of the off – 

diagonal NBO Fock matrix elements. Here we are interested in the interactions between the 

Oxygen Lone Pairs Orbitals as donors and some acceptor orbitals that the most important of 

them are as follow: In Nanotube  – Ibuprofen composite hyperconjugation in LP(1)O95 → 

Ibuprofen 1514557.0829 1512194.7930 
Nanotube-Ibuprofen 69571.3270 69123.2230 

Agent C9 

Hybridation 

O95 

Hybridation 

C9-O95 bond 

length/ۯሶ  C10-C9-O95 

bond angle 

C9 Mulliken 

Charge 

O95 Mulliken 

Charge 

Nanotube-

Naproxen 

SP3.42 SP2.19 1.427 121.68 0.217763 -0.566756 

Nanotube-

Ibuprofen 

SP3.42 SP2 1.388 124.22 0.224885 -0.580167 
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б*C9-C10 and LP(2) O95 → π* C9 –C10  have maximum energy . In Nanotube - Naproxen 

composite the most important transfers are LP (1)O95 → π* C9-C10 and LP(2)O95 → б*C9-O95  

also б C8-C10 → б*C9- O95 and бC14C16 → б*C9-O95 transfers are so important in this composite. 

Table 3.  The second- order perturbation energy  E(2) ( donor→acceptor) calculated at B3LYP/6-31G level 
 
Table 4 and Fig. 6 and 7 display HOMO and LUMO orbitals energies in these composites. 
 
 
 

Table 4. HOMO and LUMO Orbital energies /Kcalmol-1 

            
  Fig.6. HOMO and LUMO orbitals in                                        Fig. 7. HOMO and LUMO orbitals in                
              Nanotube – Ibuprofen                                                                      Nanotube - Naproxen                              
 
Conclusion: 

In this work the results show the composites between Nanotube and drugs are more stable 

than the single agents. Hybridation of C and O can change in two composites and so have 

some effects on bond lengths and bond angles. In two composites Mulliken charges are the 

same.  

NBO analysis displays that some donor – acceptor interactions between LP of oxygen atom 

and π* or б* orbital of carbon of Nanotube can make the structures more stable.                                              
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Introduction 

Epoxy resins are the most important classes of thermosetting resins and find application in 

surface coating, composite matrices, adhesive, and encapsulation of electronic components. 

An epoxy resin becomes an insoluble thermosetting polymer when it reacts with a cross-

linking agent [1]. Differential scanning calorimetry (DSC), which measures the heat flow of 

the sample as a function of temperature and time, has extensively used to study the cure 

kinetics of various thermosetting polymers.  

 

Experimntal  

Glycerol diglycidyl ether (GDE) and 3,3-dimethylglutaric anhydride (DGA) were mixed in 

stoichiometric ratio ( 33.0epX ) and then nanoalumina (10 parts per hundred (phr)) is added 

as reinforcing agent. All the samples were prepared by mixing the three reactants, GDE, 

DGA, and nanoalunina, with continuous stirring for about 15 min. Ultrasonic dispersion 

treatment was then used for 20 min to produce homogenous blends. In the last stage, the 

initiator was added at 0188.0TEAX . 

 

Results and discusion 

1.Horie’s method [2] 

The curing reaction of GDE/DGA/nanoalumina system was studied at four different 

isothermal temperatures of 110, 120, 130, and 140°C. To determine the kinetic parameters, 

we utilized the kinetic model proposed by Horie. According to this model, the reaction rate 

can be described: 
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                             nkk
dt

d 
 121                                       (1) 

Various selection of n allows to obtain a good fitting of the experimental data. We found that 

the best linear fitting of the experimental results is correspound to 1n  at all the isothermal 

temperatures. The calculated conversion plot is shown in Figure 1. Clearly, up to 95% degree 

of cure, the calculated results has a good agreement with the experimental data.  
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Figure 1 

2. Thermodynamic study 

Changes in thermodynamic functions of S , H , and G were estimated using the data 

obtained by kinetic analysis section according to the TS theory [3]. This can be represented by 

the following scheme: 

                                               PABBA kk  

)(                                       (2)                   

According to the TS theory, the following equation can be used  

             
RT

H
e

h

k

T

k R

S
B

 




])ln[()ln(                                      (3)                                                

Linear plots of )/ln( Tki  against 1/T permit us to compute the values of S  and H for the 

cured nanocomposite.  

 

 

Conclusions  

The curing kinetics and thermodynamics of GDE/ DGA/ nanoalumina system was examined 

by DSC technique. Isothermal kinetic parameters are estimated using the Horie model. This 

model worked very well in the whole rang of chemically controlled reaction. Thermodynamic 
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parameters such as enthalpy, entropy and Gibbs free energy changes )( G  were also 

calculated using the rate constants from the kinetic analysis and transition state )(TS  theory.  
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Introduction 

Epoxy resins are widely used as coatings, electronic materials, matrix of composites and 

structural applications. The curing process of thermosetting polymers involves the change 

from low molecular weight liquids to high molecular weight amorphous polymers or three 

dimensional networks as the result of exothermic chemical reaction [1]. Curing kinetic of 

epoxy resins have been studied with various techniques such as infrared spectroscopy and 

thermal analysis using isothermal or dynamic differential scanning calorimetry (DSC) 

technique [2]. 

 

Experimntal  

Glycerol diglycidyl ether (GDE) and 3,3-dimethylglutaric anhydride (DGA) were mixed in 

stoichiometric ratio ( 33.0epX ) and then nanoalumina ( at 10 W%) added to the above 

mixture. The three component were mixed mechanically for 30 min to produce homogenous 

blends and then keep in a refrigerator prior to calorimetry tests. Dynamic DSC scans were 

performed at five different heating rates: 2.5, 5, 7.5, 10 and 15 0C/mim on a Perkin Elmer 

DSC-7 under nitrogen. 

 

Results and discusion 

Malek’s method [3,4] 

The values of aE  measured from advanced isoconversional method, can be then used to find 

the appropriate kinetic model that best describes the curing reaction. For this purpose, we 

need appealing specific functions of )(Y and )(Z  as follows: 
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                                        xe
dt

d
Y )()(

                                                   (1) 

                          


 T

dt

d
xZ ))(()(   (2) 

 

The )(Y  function is proportional to )(f  function, being characteristic for a given model. 

The characteristics of both )(Y  and )(Z   functions permit to find the most suitable kinetic 

model as well. These functions give a maximum value at M  and 
P , corresponding to the 

functions of )(Y  and )(Z . These data indicated that the two-parameter Sestak–Berggren 

autocatalytic model can describe the curing process.  

          (3)         

  

 

The kinetic parameter n  is calculated by the slope of the linear dependence of 

    RTEdtd aexpln   against    1ln P . The value of m was estimated using the 

equation npm  , where )1( MMP   . The correctness of the kinetic model proposed 

by the Sestak-Berggren was verified by plotting the experimental and theoretical dtd  

versus temperature. 

 

Conclusions  

Our results showed that the curing reaction of the selected system obeys an autocatalytic 

mechanism. For dynamic condition, it was established that the two-parameter autocatalytic 

model is the best choice to explain curing kinetics. The agreement between the theoretical 

prediction and experimental reaction rate was reliable. 
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Introduction 

Combustion synthesis is a particularly simple, safe and rapid fabrication process wherein the 

main advantages are energy and time savings [1]. The main parameters influencing the 

reaction include type of the main fuel, fuel to oxidizer ratio, the amount of oxidizer in excess, 

ratio of fuels, pH of the solution and rate of calcination [2, 3]. In general,a good fuel should 

not react violently nor produce toxic gases, and must act as a complexing agent for metal 

cations [4]. 

 

Method 

Nanocrystalline alumina powders were synthesized by the combustion method using urea and 

glycin as fuels. For this purpose Aluminum nitrate nonahydrate Al(NO3)3. 9H2O and  urea and 

glycin were used as initial materials. The single-phase α-Al2O3 powder has resulted after heat 

treatment at 1150°C . 

Results and discussion 

Powders have been characterized by X-ray diffractometry (XRD), scanning electron 

microscopy SEM, and transmission electron microscopy TEM and EDS. Adjustment of pH 

was done by addition of nitric acid. Addition of these materials would change the 

concentration of nitrate ions, and it can change the amount The increase of nitrate ions in the 

low pHs is expected to decrease the enthalpy of exothermic reaction by decreasing the fuel to 

oxidizer ratio. Thus the rate of combustion reaction would decrease and in this condition 

alumina particles come closer to foam structure and agglomeration will increase [5]. 
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Conclusions 

The best results were obtained when the synthesis was carried out in acidic environments 

quite and  used urea as main fuel .  
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Introduction 

The electrochemical properties of the Fullerene C60 have been studied since the early 1990s, 

when these materials became available in macroscopic quantities [1]. Recently, significant 

efforts have been dedicated, both experimentally and theoretically [2-3], to study of structure 

and electronic properties of Fullerene and effort on how to employ them in nano materials 

applications [4]. 

 

Methods  

In this computational research, the properties of the electronic structure and chemical 

shielding parameters of the Fullerene (C60) and influence of Nitrogen and Boron doped (N 

and B-doped) on this component (Figs. 1) have been investigated by performing density 

functional theory (DFT) calculations of the NMR parameters. The structures of three models 

of C60 were firstly optimized by hybrid density functional theory and B3LYP functional 

based method and 6-31G** standard basis set, using Gaussian 03package of program , and 

then the chemical shielding (CS) tensors at the sites of 13C nuclei are calculated based on the 

gauge included atomic orbital (GIAO) approach. The pristine and the N, B-doped structures 

have been allowed to relax by all atomic geometrical optimization. Subsequently, the 

isotropic and anisotropic chemical shielding (CSI and CSA) parameters have been calculated 

for the 13C atoms present in both of the pristine and the B, N-doped structures (See fig. 1). 
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Fig. 1 2D views of N and B doped C60, 

Results and discussion  

The results show that the CSI values of 13C sites in the N and B-doped model of fullerene 

have different trend. The results show that the value of the bond angles (6–7–8 and 6–7–8) 

placed at sides of N and B-doped are decreased largely from 120o to 108o and the bond angle 

(11–12–2) in two models increased from 108o to 120o.  

 

Conclusions  

The comparison between N-doped and B-doped models shows that, the values of CSI and 

CSA for N-doped model undergo more remarkable changes than B-doped model because of 

the lone pair of electrons in the nitrogen valence shell.  
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Introduction 

 Heavy metals such as lead often be found in industrial wastewater. The stricter 

environment regulation on the discharge of heavy metals makes it necessary to develop 

various technologies for the removal. Adsorption is one of the few promising alternatives for 

this purpose. For environmental applications, the development of functionalized nanoporous 

materials is necessary, especially for the preparation of heavy metal adsorbents. The present 

work is aimed at evaluating the isotherm for the adsorption of Pb2+ onto thiol functionalized 

silica nano hollow sphere (thiol-SNHS). 

 

Methods 

1. Materials: Thiol-SNHS with the specific surface area of 834 (m2g-1) were synthesized in 

our laboratory and reported in our previous work [1], lead nitrate (Pb(NO3)2, ≥ 99. 5%, 

Merck) as a lead source and was used without further purification. The Pb+2 concentrations 

were determined by using an atomic absorption spectrometer (SpectrAA-220 Varian). 

2. 2. Experimental: These isotherms were obtained by employing the initial concentration of 

Pb+2 in the range of 1 to 90 with adding 0.01 g of thiol-SNHS and shake them for 24 hours. 

The amount of Pb2+ adsorbed by 1 g of thiol-SNHS at equilibrium is called the Pb+2 

adsorption capacity, �qe�. The qe value can be calculated with formula as described below 

[2]: 

0= e
e

C C
q V

m


       (1) 
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where, qe� is the Pb+2 adsorption capacity (mg g-1 adsorbent), C0 is the initial concentration 

of Pb+2 (mg L-1), Ce is the Pb+2 concentration at the equilibrium found in the solution (mg L-

1), m  is the mass of thiol-SNHS (g), and V  is total volume of solution (L). The relationship 

between qe� and Ce is called the adsorption isotherm. The Langmuir, Freundlich, Temkin, 

Redlich-Peterson and Sips isotherms are the equations most frequently used to represent data 

on adsorption from solution [2]. In order to confirm the fit model for the adsorption system, it 

is necessary to analyze the data using five analysis. The seven error functions employed in 

this study are as follows: R2, X2, ARE, SRE and MPSD [2]. 

 

Results and Discussion 

 The experimental data were fitted to the isotherm models using Wolfram Mathematica 

software and the graphical representations of these models is presented in Figure 1. 

 

 
Figure 1. The nonlinear fitted curve with different isotherms applied to Pb2+ adsorption by thiol-SNHS. 

 

The values of error function (R2, X2, ARE, SRE and MPSD) showed isotherm data fit very 

well with the Sips isotherm. 

 

Conclusions 

The adsorption isotherm to removal Pb2+ using thiol-SNHS was carried out in batch 

experimental system. The Sips isotherm was found to be applicable for the adsorption 
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equilibrium data. The adsorption studies showed that thiol-SNHS can be employed for the 

selectively removal of Pb(II). 
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Introduction:  

Coordination polymers or "inorganic and organic hybrid polymers" are infinite structures 

with specific applications such as; NLO, catalysis, gas storage, conductivity, magnetic and so 

on [1-3]. It is notable that both size and shape of solid materials influence on the Chemical 

and physical properties. By decreasing the size of structures; the ratio of surface area to 

volume would be increased. Therefore some chemical and physical properties of them would 

be altered [4]. 

 

Methods: 

 a)Nano-size Compound 1: An alcoholic(10 ml methanol) 1:1 solution of 0.156g (1 mmol) 

4,4'-bipy and 0.238g (1 mmol) 3-bpdh was poured dropwise into to a 10 ml 1:1 solution of 

0.057 g (1mmol) Zinc(II) acetate dihydrate and 0.122g (1mmol) sodium perchlorate, under 

the ultrasonic irradiation. So, a large amount of compound 1 in nano-scale obtained. d.p. = 

250 °C. 

b)Zinc(II) oxide nanoparticles: To prepare zinc(II) oxide nanostructures by surfactant, nano-

size compound 1 (583 mg, 0.5 mmol) was dispersed in 8 mL (25 mmol) oleic acid (OA). This 

solution was heated to 473 K for 1 hours under air atmosphere in an electric furnace. At the 

end of the reaction, a black precipitate was formed. A small amount of toluene and a large 

excess of EtOH were added to the reaction solution, and ZnO precipitate was separated by 

centrifugation. The solid was washed with EtOH and dried. Also, ZnO nanoparticles were 

prepared by heating compound 1 in nano-scale in an electrical furnace at 673 K, separately. 
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Result and discussion:  

The crystalline material as bulk form of [Zn(µ-4,4'-bipy)(µ-3-bpdh)(H2O)2].(4,4'-

bipy)0.5.(ClO4)2 (1) was provided from slow evaporation. The compound 1 has been 

synthesized in nano-size by addition reagents in ultrasonic bath (60 Hz). The IR spectra of 

compound 1 in bulk form and nano size are the same. Figure 1a shows the simulated XRD 

pattern from single crystal X-ray data of the compound 1 and Figure 1b shows the XRD 

pattern of compound 1 in nano-size. Acceptable matches were observed between them. These 

results indicate this compound obtained as a mono-phase in bulk crystalline form and the 

structure of crystalline bulk form and nano-scale are completely the same. The morphology, 

structure and size of the nanostructure of compound 1 were investigated by Scanning Electron 

Microscopy (Figure 2). Some gray powder of hexagonal zinc(II) oxide obtained from direct 

calcination at 500 °C and decomposition in presence of oleic acid at 200 °C of compound 1 

nanorods. X-ray Powder Diffraction of these products shows in Figure 3. Figure 4 a,b shows 

two different size of zinc(II) oxide that obtained from calcination and decomposition of 

compound 1 nanorods. 

 

                   

 

 

 
 

 

Figure 2. The SEM images of compound (1) in nanorods 
morphology 

Figure 1. XRD patterns of a) simulated based on single 
crystal data of compound 1 b) nano-size of compound 1 

Figure 3. XRD pattern of ZnO nanoparticles prepared by calcinations at 673 k 
and decomposition at 473 K. 
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Figure 4. The SEM image of zinc (II) oxide nanoparticles  prepared 
by a) thermal treatment with oleic acid (Decomposition) 
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Introduction  

One of the recent researches on carbon nanotubes (CNT) focuses on the combination of CNTs 

with many different biological substances including proteins, to form hybrid materials that, 

provides potential for developing immobilization of biological substances, sensors and drug 

delivery systems [1]. Therefore, a fundamental theoretical and systematic understanding on 

bridging carbon nanotubes with biological substances should be essential. Recently, we 

investigated the interaction of amino acids with a perfect (10, 0) semiconducting CNT [2]. In 

the present effort we have carried out geometric optimization calculations using the DFT 

method on the adsorption of amino acids Gly, His, Phe and Cys on the zig-zag (10, 0) 

SWCNT with structural defects.  

 

Computational methods 

The structural optimizations of carbon nanotubes and amino acids are carried out using the 

density functional based tight binding (DFTB) method [3]. The total energy calculations are 

carried out using the GGA with the Perdew-Burke-Ernzerhof (PBE) functional to treat 

electron exchange correlation [4] with a double-ζ plus polarization (DZP) basis set. The 

molecular adsorption energies, Eads, are obtained for various cases of our study: 

EEEE AACNTAACNTads



 .  

 

 

Results and discussion  
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Various possible configurations were considered for a molecule approaching the center of a 

heptagon/hexagon/pentagon of carbon atoms via its various active sites (Fig. 1). After full 

structural optimization of the considered systems, we find that His bound rather strongly to 

the pentagon of carbon atoms of defected tube, while the binding for Cys with the CNT 

surface (pentagon ring) is the weakest. The binding energy for the energetically favorable 

complex is determined to be -0.87 eV. It can be understood from the comparison of the 

obtained binding energies with the previous study [2], that except for the Gly amino acid the 

binding energy of all type of considered amino acids is increased (~ 15%) for adsorption on 

the defected CNTs. The obtained results reveal also that amino acids are weakly bound to the 

outer surface of the defected nanotubes, having adsorption energies comparable to the 

adsorbed nucleic acid bases and gas molecules on carbon nanotubes [5]. 

 

 

 

 

 
 
Figure 1. Model for different adsorption states for selected amino acids (a) Cys, (b) Gly, (c) His and (d) Phen on 
the defected sidewall of the (10, 0) CNT. Atom colors: grey—carbon, white—hydrogen, blue—nitrogen and 
red—oxygen.  
 

Conclusion  

We found that if for specific applications amino acids or even entire proteins are to be 

adsorbed on the defected nanotubes through the amino acids molecules discussed in this 

paper, then doing so through His amino acid may give the most favorable results and defects 

have an important contribution to the adsorption mechanism of SWCNTs.   
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Introduction 

The properties of transition metal oxide nanoparticles are different from those of the bulk 

materials in many areas such as optical, magnetic, and electrical properties [1]. Mn3O4 has 

different applications in industry such as applying as a catalyst for oxidation of CH4, 

reduction of nitrobenzene, and decomposition of waste NOx [2]. Several methods were used 

for the synthesis of Mn3O4 nanoparticles with different sizes and shapes. Sonochemistry as an 

effective and powerful technique is used for the synthesis of nanomaterial under normal 

conditions (ambient pressure and temperature)[3]. The aim of the current research is the 

synthesis of manganese oxide nanoparticle (hausmannite) under normal conditions in 

different media with ultrasonic waves. Aqueous solutions of manganese acetate (II) and 

dispersion of aqueous phase containing manganese salt in different oils were used for this 

synthesis. 

 

Methods 

4mL of saturated solution of Mn(OAc)2 and 30mL of oil were added in a 100mL beaker. The 

two immiscible phases were uniformed and the emulsion was established by sonication of 

solution at initial temperature of 20 ◦C. The temperature of immersed vessel in an ice bath was 

increased to about 73 ◦C during the initial 5min and then by removing the ice bath, the 

temperature was raised to about 95 ◦C. The position of probe was fixed by its immersion to 1 

cm in the initial oil phase. The sonication was continued to 35, 20, and 17 min for paraffin, 

almond oil and olive oil, respectively. The reaction products were centrifuged at 15000rpm 

for 20 min and then washed with n-hexane and boiled water many times to remove the oil 

phase from the solid particles. Finally, the solid particles were dried at 100 ◦C.  
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Result and discussion 

According to the X-ray diffraction patterns of the samples prepared in different media under 

ultrasound, it is found that all the products are in agreement with the XRD pattern of 

hausmannite. The TEM results show that the type of oil has an effect on the size and shape of 

nanoparticles. The sample prepared in vegetable oils as an oil phase shows spherical shape 

with maximum size of ∼7 nm, but in mineral oil as an oil phase, the nanoparticle exhibits 

diamond shape with maximum size of 50 nm. 

 

 

 

 

 

 

 

 

 

 

Schematic representation of nanocrystal synthesis. 
 

Conclusion 

This study has demonstrated that manganese acetate is a proper precursor for the formation of 

Mn3O4 nanoparticles. The synthesis was carried out under normal condition and without any 

additives by applying ultrasonic waves in different media. The results show that the size and 

shape of the nanoparticles depends on the type of medium and the same product was formed 

in different media. The XRD patterns confirm that the ultrasound can crystallize the product 

without calcinations. The higher crystallinity was found when the continuous phase was 

mineral oil. Ultrasound itself generates strong forces for proper dispersion of oil phases in 

water. 

The droplets act as a reactor for the formation of the product and affected the shape and size 

of the nanoparticles. 
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Introduction 

TiO2 has three crystal phases,i.e,anatase,rutile and brookite.nano-size TiO2 photocatalysts has 

recently gained attention for their unique feartures which are different from  

macromoleculesin their quanta effect regional confinement of matter ,and high surface are 

as,etc.interestingly a series of recent reports suggested that hydrothermal methods under 

acidic conditions were applicable to the synthesis of rutile nanocrystallites.Gold catalysts  

were prepared by several methods.our study focused on synthesis of nanosized TiO2 and then 

Au/TiO2 catalyst prepared by microwave-assisted deposition method. 

 

Experimental 

Tio2 synthesis 

Nano TiO2 was prepared by the fallowing route TiCl4(100 ml,Ti 16.5 wt%) was diluted with 

ice-water under vigorous stirring.A 3M Na2CO3 aqueous solution (326 ml) was added 

dropwise into the transparent TiCl4 aqueous to obtain a white precipitate , giving a suspension 

of  PH =10.Hydrofluoric acid(50%) and nitric acid(60%) and ion exchanged water were 

added into suspension was peptized at 70 ° C for 3h and then autoclaved(300 ml,designe by 

our group) at 220° C for 4h. 

 

Catalyst preparation 

Gold catalyst was prepared by microwave-assisted deposition method using  HAuCl4 solution 

as gold precursor.HAuCl4 and TiO2 were adjusted at PH=9 using 0.1M  NH4OH before 

illumination.The light source used was( MILESTONE MICROSYNTH MA020/A ).The 
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irradiation time was 1 min with a stirring speed of  1500 rpm.After irradiation the solution 

was filtered and washed with deionized water until no Cl¯ was detected with AgNO3 solution. 

 

Characterization  

The nano Tio2 particles were characterized by XRD patterns( Fig.1),and the Au/TiO2 catalyst 

with a transmission electron microscopy(TEM), (Philips CM 120 KV) and a scanning 

electron microscopy(SEM),(VEGATS-513M M)Fig.2 

 

Result and Discussion   

Rutile phase of TiO2 had been considered to be active and had more surface area for 

microwave-assisted deposition method,than another phases.when PH value increased during 

preparation,the amount of gold deposited on the support decreased and the best PH value was 

PH=9. 
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Fig1. XRD Pattern of TiO2 after peptization and autoclaving 

b

Fig.2. SEM image of Au/TiO2 (a) and TEM image of Au/Tio2 in PH= 9 (b). 
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Abstract: In this study, the number of carbon atoms in fullerenes was used as discriptors to 

establish a good relationship between the structure of Serotonin and Fullerenes Cn (n= 60, 70, 

76, 82 and 86). The first to fourth free activation energies of electron transfer and kinetic rate 

constant of the electrontransfer, ∆Get
#

(n) and ket
#

(n), n=1-4 , respectively were calculated,for 

Serotonin with Fulleren Cn complexes. This calculation were carried out with the Marcus in 

accordance theory.[1-4] 

 

Keywords: Fulerenes, Dopamin, Rate constants, Free energies of electron transfer 

 

Introduction:  

Since its discovery in the 1950s, dopamine (DA) is one of the most significant catecholamine, 

belongs to the family of excitatory chemical neurotransmitter  and plays a very important role 

in the function of central nervous, renal, hormonal and cardiovascular system, which is related 

with several diseases such as schizophrenia and Parkinsonism and to HIV infection  

 

+
[Dopamin]@[cn]     Fig 1: Dopamin and fulleren                [Cn=C60, C70, C76, C82, C86] 
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Mathematical  method: 

The number of carbon atoms of these fullerenes (Cn) was utilized as a structral index for 

compounds. Of this study all graphs were generated using the Microsoft Office Exell 2003 

program. Using the number of carbon atoms contained within the Cn fullerenes, several 

valuable properties of the fullerenes can be calculated. This calculation are based on 

theelectrontransfer theory. 

 

Results and discussion: 

 By using the equations which obtained in this modeling, it is possible to calculate the values 

of Get(1)
# to Get(4)

# of [Dopamin]@[cn] supramolecular complexes. The Get(n) (n=1-4) for 

[Dopamin]@[cn]    supramolecular complexes (Cn=C60, C70, C76, C82, C86, C78, C84, C120, C132, 

C140, C146, C150, C160, C162, C240, C276, C288 and C300) are predicted by using the appropriate 

equations. By utilizing these results, the electron transfer energies of Get(n) (n=1-4) of the 

complexes between serotonin derivatives with fullerenes (C60, C70, C76, C82, C86, C78, C84, 

C120, C132, C140, C146, C150, C160, C162, C240, C276, C288 and C300) were approximated. The 

calculated values of the free electron transfer energies of Get(n)
# (n=1-4) for selected 

[Dopamin]@[cn] supramolecular complexes (n = 60, 70, 76, 82 and 86) in the equations were 

interpreted. There was good agreement between the calculated and the predicted values. In 

lieu of increasing the number of carbons atoms in the fullerene structure, the values of Get(n)
# 

(n=1-4) were decreased. The supramolecular complex structures which were discussed here 

and the calculated values of Get(n)
# (n=1-4) corresponding to these supramolecular 

complexes were neither synthesized nor reported before.  
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Abstract: In this study, the number of carbon atoms in fullerenes was used as discriptors to 
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76, 82 and 86). The first to fourth free activation energies of electron transfer and kinetic rate 
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Serotonin with Fulleren Cn complexes. This calculation were carried out with the Marcus in 
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Introduction:  

Serotonin (5-Hydroxytryptamine) (Fig:1) is a monoamine neurotransmitter. Biochemically 

derived from tryptophan, serotonin is primarily found in the gastrointestinal (GI) tract, 

platelets, and in the central nervous system (CNS) of humans and animals. Serotonin is 

mainly metabolized to 5-HIAA, chiefly by the liver. Metabolism involves first oxidation by 

monoamine oxidase (MAO) to the corresponding aldehyde. This is followed by oxidation by 

aldehyde dehydrogenase to 5-HIAA, the indole acetic acid derivative.[4-6] 

+
[Serotonin]@[cn] 
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Fig 1: Serotonin and fulleren             [Cn=C60, C70, C76, C82, C86] 

 

 

Mathematical  method: 

The number of carbon atoms of these fullerenes (Cn) was utilized as a structral index for  the 

compounds.Of this study all graphs were generated using the Microsoft Office Exell 2003 

program. Using the number of carbon atoms contained within the Cn fullerenes, several 

valuable properties of the fullerenes can be calculated. This calculation are based on the 

electrontransfer theory. 

 

Results and discussion: 

 By using the equations which obtained in this modeling, it is possible to calculate the values 

of Get(1) to Get(4)
 of [Serotonin]@[cn] supramolecular complexes. The Get(n)

# (n=1-4) for 

[Serotonin]@[cn] supramolecular complexes (Cn=C60, C70, C76, C82, C86, C78, C84, C120, C132, 

C140, C146, C150, C160, C162, C240, C276, C288 and C300) are predicted by using the appropriate 

equations. By utilizing these results, the electron transfer energies of Get(n)
 (n=1-4) of the 

complexes between Serotonin derivatives with fullerenes (C60, C70, C76, C82, C86, C78, C84, 

C120, C132, C140, C146, C150, C160, C162, C240, C276, C288 and C300) were approximated. The 

calculated values of the free electron transfer energies of Get(n) (n=1-4) for selected 

[Serotonin]@[Cn] supramolecular complexes (n = 60, 70, 76, 82 and 86) in the equations were 

interpreted. There was good agreement between the calculated and the predicted values. In 

lieu of increasing the number of carbons atoms in the fullerene structure, the values of Get(n) 

(n=1-4) were decreased. The supramolecular complex structures which were discussed here 

and the calculated values of Get(n) (n=1-4) corresponding to these supramolecular complexes 

were neither synthesized nor reported before.  
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Introduction 

Heterogeneous photocatalysis by TiO2 semiconductors is promising for elimination of hazard 

environmental pollutants. Many techniques have been examined to achieve the extend of the 

absorption wavelength range of TiO2 in visible region, such as, dye sensitized, transition 

metals doping [1] and noble metal deposition. Recently, C, N, S, F, B anion-doped TiO2 

photocatalysts which show a relatively high level of activity under visible-light irradiation 

have been reported [2]. Some studies demonstrated that the co-doping with transition metal 

and nonmetallic element could effectively modify the electronic structures of TiO2 and shift 

its absorption edge to a lower energy [3, 4]. The sol–gel technique has been adopted as one of 

the versatile methods for the preparation of metal and nonmetal doped nanocrystalline TiO2. 

Since this method is a solution process, it allows flexibility in parameter control with its 

relatively slow reaction process. This permits tailoring of certain desired structural 

characteristics such as compositional homogeneity, grain size, particle morphology and 

porosity. 

 

Methods 

The typical synthesis procedure for TiO2 and doped TiO2 nanoparticles has been described in 

our previous work [5]. Preparation of metal, nonmetal and metal-nonmetal-codoped TiO2 

nanoparticles was the same as that of TiO2, except that the water used for the synthesis, 98.8 

mL, contained the required amount of thiourea (as source of S) and CuCl2.2H2O, 

Fe(NO3)3.9H2O and CoNO3.6H2O (as source of metals). The samples were characterized with 

XRD, SEM-EDX, TEM, DRS and FT-IR analysis.  
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Results and discussion 

The XRD patterns were shown that in all samples only anatase phase structure was detected 

when calcination temperature was 500 °C (Fig. 1). The average size of nanoparticles was 

estimated from the Scherrer equation on the anatase diffraction peak (10-16 nm). 

Thermodynamic stability of anatase phase compared to rutile in smaller crystallites is a well 

known phenomenon and hence the increased stability of the anatase phase observed here is 

due to the restriction in crystallite growth imposed by dopant. SEM micrographs show that 

nanoparticles are uniform, global and slightly agglomerated. Images also reveal that the 

doping of metal and nonmetal does not leave any change in morphology of the catalyst 

surface. TEM images of samples from which the particle sizes of the samples were found to 

be around 8-13 nm, which confirm XRD results. It can be concluded that the addition of 

dopants to titania hinders the growth of nanoparticles. The DRS results show a red shift in the 

absorption onset value in the case of metal and nonmetal added titania that indicate dopant 

decreases band gap of the catalyst (Fig. 2). 

 
 

Fig. 1. XRD patterns of: (a) pure TiO2, (b) 

0.1%, (c) 0.5%, (d) 1.0% and (e) 5.0% 

Co/TiO2 

Fig. 2. DRS of (a) pure TiO2, (b) 0.25, (c) 0.5, (d) 

1.0, (e) 2.0 and (f) 5.0% Fe,0.05%S-codoped TiO2 

 

FT-IR spectra of samples show peaks corresponding to stretching vibrations of the O–H and 

bending vibrations of the adsorbed water molecules about 3350–3450 cm−1 and 1620–1635 
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cm−1, respectively. In the region below 1000 cm-1, several peaks were ascribed to absorption 

bands of Ti-O (653-550 cm-1) and O-Ti-O flexion vibration (495-436cm-1). Degradation of 

MO in the presence of samples under UV and visible irradiation was followed by UV-Vis 

spectroscopy. The significantly higher photocatalytic activity of metal and nonmetal codoped 

TiO2 may be due to the synergetic effect of metal and nanmetal in the co-doped TiO2. This is 

favorable to separate the electron-hole pairs and improve the photocatalytic activity. On the 

other hand, the presence of electron occupied intra band-gap levels in S-doped TiO2 

photocatalysts may be responsible for visible light absorption, which is another critical factor 

to improve the photocatalytic activity of the codoped TiO2 catalyst. 

 

Conclusions 

Effect of the entrance of metal and nonmetal atom to TiO2 nanoparticles showed that 

morphology and shape does not leave any change but the size decreases and photocatalytic 

activity increases under visible irradiation. Also results show a red shift in the absorption 

onset value in the case of metal and nonmetal added to titania that indicate dopant decreases 

band gap of the catalysts. XRD results showed only anatase phase was detected in 500 °C. 

Effect of calcination temperature showed the dopants have a significant role on the phase 

transformation and delay anatase to rutile phase transformation. Because of synergetic effects 

of metal and nonmetal, codoped TiO2 catalyst has higher photocatalytic activity than undoped 

and doped TiO2. 
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Introduction: 

    Over the past decade, metallic nanoparticles have drawn intense interest due to their 

potential applications in microelectronics , catalysis , and optics . Silver nanoparticles are 

mostly synthesized through various colloidal processes involving surfactant-stabilized silver 

nanoparticles in liquid phases through chemical reduction of silver salts in aqueous 

solutions.With some exceptions, most ofthe chemical synthetic approaches are based on the 

reduction of water-soluble silver salt precursors, AgNO3 and its derivatives, by boron 

hydrides, alcohols, citrates, and alkyl sulfates. Heterogeneous catalysts can be recovered and 

reused, whereas homogeneous catalysts are less stable and contaminate reaction mixtures [1]. 

systems are of great interest and importance due to their applications in industry and 

developing technologies [2]. The use of solid acids has many advantages over liquid acids 

such as ease of handling, decreasing reactor and plant corrosion problems, and 

environmentally safe disposal [3]. Azaheterocycles constitute a very important class of 

compounds. In particular, pyrimidines are of chemical and pharmacological interest. 

Compounds containing a pyrimidine ring system have been shown to possess antitumor, 

antibacterial, antifungal,anticonvulsant activities [4]. 

 

Methods: 

Preparation of silver nanoparticles: 

Silver nitrate (3 mol) and DDA (0.3 mol) were dissolved into n-butylamine (2 mol)/toluene 

(300 ml) completely, which resulted in a molar concentration [Ag] above 2 M. After addition 

of equimolarreductant, the solution became dark brown and then was refluxed for 1 h. After 
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completion of the reaction, products were precipitated by addition of an acetone/methanol 

mixture. The precipitates were collected through a glass funnel filter and then washed several 

times with methanol and acetone. 

General procedure for the synthesis of dihydropyrimidines: 

A mixture of the aldehyde, the 1,3-diketone,amine, ammonium acetate and silver nanocrystals 

in ethanol was refluxed. The progress of the reaction was followed by TLC.After the 

completion of the reaction, the mixture was filtered to remove the catalyst. By evaporation of 

the solvent, the crude product was recrystallized from ethanol to obtain the pure compound.  

 

Results and discussion: 

In this paper, we attempted to synthesize organicsolublesilver nanocrystalsin the organic 

phase using silver nitrate as a precursor. Also, these silver nanocrystals have to satisfy low 

cost and stable dispersability. The former may be achieved through synthesis of narrowly 

dispersed silver nanocrystals in the highly concentrated organic phase using only cheap 

generic chemicals. In continution of our investigation about application of solid acids in 

organic synthesis [5] we investigated the synthesis of 1,4-dihydropyrimidinein the presence of 

silver nanocrystals as a inorganic solid acid. To optimize the reaction conditions, the reaction 

of 3-nitro benzaldehyde,acetylacetone and O-Anisidinewas used as a model reaction. 

According to the obtained data, using the silver nanocrystals(0.002 g) under solvent (EtOH) 

in reflux is the best condition for the 1,4-dihydropyrimidin formation. Therefore, some 

benzaldehyde,amine and 1,3-diketonewere subjected to 1,4-dihydropyrimidin(Scheme 1). 

Ar-CHO + +
Silver NPs

EtOH, reflux N

NNH4OAc + RNH2

O

O
CH3

CH3

Ar

R

CH3

CH3

 

Scheme1.silvernanocrystalscatalyzed synthesis of dihydropyrimidine. 

Conclusion: 

In this work we report a mild procedure for the synthesis of different 1,4-dihydropyrimidin by 

solid phase acidic catalyst with improved yields. 
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Introduction 

There are diverse approaches to the preparation of the copper nanopowder. Some of them are 

controlled chemical reduction [1], electrochemical reduction [2], γ-Irradiation [3] and 

Sonochemical [4] techniques. In this project copper Nanopowder were synthesized via 

disproportionation reaction in aqueous solution. The effects of temperature and the kinetics of 

nucleation as physical factors were investigated on the size of particles. Temperature and 

nucleation rate controlling was performed by gradually replacing of HCl with NaCl during the 

reactions. The kind, size and shape of Copper Nanopowder were characterized by X-ray 

diffraction (XRD), scanning electron microscopy (SEM) respectively. The Plasmonic spectra 

of some samples were obtained.  
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Expriments:  

10 gr CuCl2.2H2O dissolved in 25 ml distilled water. The specific value of HCl / NaCl or both 

added to this solution (table 1). After that 1gr Cu0 dissolved in the solution with heating above 

60 C0and stirring spontaneously. After disappearing of  Cu0 from the reaction dish, a solution 

of ethylene diamine (6.3 mL) in distilled water (40 mL) that was prepared in another beaker 

was added to the reaction dish. Copper powder precipitated in the bottom of the reaction dish. 

The powder obtained, was washed with distilled water and was dried at room condition. 

 

Result and discussion: 

XRD pattern of sample demonstrates the formation of pure copper particles (figure: 1).As can 

be seen in table (1) reducing the amount of acid from experiments (1-5) decreases the 

maximum wavelength (λm) of Plasmonic spectra, this indicates that the particles size are 

reduced [5].reducing the particles size is caused by decreasing the amount of reaction heat 

from experiments. In the experiments (1-5) used HCL that is a strong acid and en ligand as 

strong base. High heat that is produced via acid – base reaction between en and HCl in the end 

stage of experiments caused growth in the particles size. High temperature increases collision 

between the nucleuses during nucleus generation. These effective collisions increase the 

growth of particles. Experiment (5) yielded particles size is smaller than the particle size 

produced in experiment (1) because of reducing the HCl value from reaction and replacing it 

with NaCl that caused reducing in the heat of acid –bas reaction. The SEM images show that 

the particles of sample No.5 (figure: 2) is smaller than sample No. 1 particles (figure: 3). This 

result is conformed to alterations of maximum wavelengths (table1). One important note is that 

the spectrum of sample No. 6 has no any pick in its Plasmonic spectrum (table: 1). The SEM 

image shows that the particles size of sample No. 6 has a micrometer scale (4). Comparing the 

SEM images of samples No. 6 and No. 5 Shows that the completely eliminating of acid from 

synthesis process has caused much growth (nano to micro dimension) in the particles size. This 

growth is resulted by formation of an inorganic polymer [6] in the solution that this polymer 

decreased the reaction kinetics and nucleation process rate. Therefore decreasing the nucleation  

process rate caused the growing in the particles size. 
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      Table: 1 

 

 

 

                         

 

 

 

 

 

Conclusion:  

Results show that HCl replacing with NaCl without complete elimination of HCl decreased 

copper particles size in the disproportionation reaction. Complete elimination of HCl caused 

the great growth in the copper particles size and producing the micrometer particles. 
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Ex.No HCl 

(ml) 

NaCl 

(gr) 

CuCl2

( gr) 

Cu0

(gr) 

En 

(ml) 

max 

.λ 

 

1 5 0  10 1 75 617 

2 4 1 10 1 75 612 

  3 3 2 10 1 75 605 

4 2 3 10 1 75 604 

 5 1 4 10 1 75 596 

6 0 5 10 1 75 - 
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Introduction 

There is significant interest and ongoing research in the preparation and synthesis of 

nanomaterials [1]. The shape and size of a nanoparticle influences its properties and they are 

two important parameters to application of nanoparticles [1, 2]. Copper nanoparticles have 

many applications in science and technology therefore synthesis and controlling the size and 

morphology of copper nanoparticles is earned much attention in the last decade [3-11]. 

In this project in order to understand the effects of normal extractors on size and morphology  

of Cu  nanopowder synthesized by disproportionation reaction in aqueous medium three 

organic liquids chloroform(CH3Cl), n-hexane(C6H8) and dichloromethane(CH2Cl2) used as 

extractors .The particles  size and morphology were investigated using scanning electron 

microscopy (SEM).The results show that using  n-hexane and chloroform as extractor  

deceased the copper particles size while dichloromethane extractor caused interesting change 

in morphology of the particles. 

 

Method   

Copper nanopowder was synthesized via disproportionation method in aqueous medium [12]. 

In reported method after preparation of Cu+ (aq) to performance of disproportionation 

reaction and appearing of copper precipitation ethylene diamine (en) is added into solution as 

a strong ligand [12].But in current project before initiation of the disproportionation reaction 

(before adding the ligand) an extractor (n-hexane, chloroform or dichloromethane) is added 

into solution dish. After mixing two phases (extractor and aqueous solution) with intense 

stirring the reaction would be initiated by adding the ligand (en).The copper particles 

appeared in extractor phase and then were collected for analysis. 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1857

 

Results and discussion 

Figure 1 is the SEM image of copper nanopowder that synthesized via disproportionation 

reaction without the presence of any extractor. Figures 2 and 3 show a great decreasing in 

particles size that synthesized at presence of 180 ml n-hexane as extractor.  These images 

brightly show that copper particles size are less than 100 nanometer figure 3. The SEM 

images of synthesized copper particles at presence of 180 ml chloroform show the 

aggregations of tiny particles figure 4, 5. But the SEM images of the particles that synthesized 

at presence of dichloromethane show different morphology and no great decreasing in the 

particles size figure 6, 7. In these images (figure 6, 7) is observed nanometeric particles that 

form huge spherical microparticles. 

 In these experiments organic liquids extract metal nucleus in the growth stage of particle 

production that this action prohibited growth of particles.     

In absence of coating agents all particles flocculated after preparation figure 3,5,7. Also the 

results indicate that the particles size and morphology depend on properties of extractors. N-

hexane and chloroform that have lower dielectric constant (1.9, 4.8 respectively) and polarity 

than dichloromethane (9.1) caused more decreasing in particles size.  
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 Conclusion 

In this project the effect of three organic extractors examined on size and shape of the copper 

particles that synthesized via disproportionation method in aqueous solution. The results show 

all obtained particles are spherical and size of particles decreased with decreasing polarity and 

dielectric constant of extractors.  
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Introduction 

One of the most interesting discoveries of the last two decades by a new form of 

carbon other has been Fullerene name compound that have the shape of carbon [1]. 

Computational chemistry methods can be used to analysis of nano materials [2]. 

Developments in electronic structure methods, in particular in density functional theory 

(DFT), with the continuous increase of available computing capacities to deliver 

unprecedented power to computational experiments on atomistic level . Robustness of DFT 

makes this technique the method of choice in assisting the design and development of the next 

generation of devices for nanoscale applications. The underlying principle of DFT is that the 

total energy of the system is a unique functional of the electron density, hence it is natural that 

there exist a large number of computer programs that are designed for calculations of the total 

energy [3]. 

 

Computational method 

All calculations have been performed in gas phase using Density Functional Theory 

(DFT) method of B3LYP at 6-31G* standard basis set is used Gaussian 03w package of 

program.  

 

Results and details 

In this work, we have studied adsorption of hydrogen in different 21 places of C24 and 

three point of coordinated axis by Density Functional Theory (DFT) computational method. 
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After doing the calculation, we have obtained the total energy of system, HLG (HOMO – 

LUMO Gap). 

 
Fig 1 – structure of C24 (Up and Down C24 is absorption site) 

 
         Chart 1 – HOMO – LUMO - GAP energy                 Chart 2 – Total energy of C24 and H2 system 

                                      ( KJ/Mol )                                                                  ( KJ/Mol )          
 

Conclusion 

In this paper, it has been investigated the most stable structure of hydrogen with C24  in 

different places of the molecule. To gain this purpose, the total energy of system has been 

calculated in different places from 5 A0 of molecule to carbon center and then in different 

points to 5 A0 from carbon center of C24. Based on theoretical observation and reviewing the 

HLG energy, we found the stable place in center of C24.Diagram of energy is plotted in Chart 

1 and 2. HLG parameter has been calculated. The results show that the most stable structure 

has the greatest value of Homo-Lumo energy. 
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Introduction 

Room temperature ionic liquids (ILs), which are generally composed of a bulky organic 

cation and a weakly coordinating anion, have attracted significant attention in many fields of 

chemistry and industry as environmentally benign solvents. ILs have many advantages, such 

as a low interface intension and high chemical and thermal stability[1]. They can create an 

electrostatic protection layer for the transition- metal nanoparticles[2]. Dupont et al. and other 

researchers 27-29 have recently reported that imidazoliumbased ionic liquids are an 

interesting medium for the formation and stabilization of catalytically active transitionmetal 

nanoparticles such as Pt, Pd, Ir, Rh, Co, Au, and Ag. However, up to now, no studies have 

been reported for the creation of Pt(0) in ionic liquids, and the role of ILs played in the 

formation of nanoparticles is not clear.[3] 

However, the wide spread use of ILs have been limited due to their high cost and lack of 

knowledge of their physico-chemical properties and their biodegradability concerns. 

Economical catalysts can be introduced by coating the surface of heterogeneous catalyst with 

ILs, which even have small amounts of ILs, provide the same catalytic properties as the bulk 

sample. 

There are several different techniques and approaches that can be used to immobilize and 

support ILs, such as simple impregnation, grafting, polymerization, sol-gel method, 

encapsulation, or pore trapping[4]. A novel, straightforward preparation method involves 

impregnation of the support material with an IL, diluted with a molecular solvent that is easily 

evaporated, such as acetone. The dilution followed by evaporation of the co-solvent results in 

a uniform and thin ionic liquid layer on the support material. The IL can be assumed to 

remain liquid when immobilized on a solid support, because if the IL formed a solid surface 
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on palladium particles, the catalyst would not be as active as it is. As SILCA catalysts 

prepared in such a way are applied in a liquid-phase process, a bulk solvent that is not 

miscible with the IL should be selected. In parallel to the ionic liquid immobilization, 

transition-metal ions or complexes can be dissolved into the IL layer. These organometallic 

species can then further be reduced to metallic nanoparticles. In this work, Pt nanoparticle 

was synthesis by uniform and thin various ionic liquid layer on the support material and 

mixture of ILs have been used to elucidate the influence of IL on catalyst selectivity in 

hydrogenation of C=C and C=O double bond. The catalysts have been prepared by simple 

impregnation method, and then synchronized hydrogenation cyclohexene and acetone has 

been investigated as a reaction model. 

 

Experimental 

Several different SILCAs were prepared according to the following method. IL (∼150 mg) 

and hexacholoro palatinate acid (Pt(Cl)6) (50 mg; Aldrich, 99%) were both dissolved into dry 

metanol (15 mL). The solution was poured over a Al2O3. Wetted catalyst was kept in an oven, 

at 80 °C, for 2 h until all metanol was evaporated, thus leaving only a layer of IL on Al2O3 

into which Pt(Cl)6 was dissolved. Catalysts were reduced at 120 °C under hydrogen flow, 

leaving platinum nanoparticles in an IL layer on Al2O3. As a result in all cases, a catalyst that 

contained platinum nanoparticles residing in an IL layer which, in turn, was immobilized on 

Al2O3 was achieved. 

 

Result and disscution 

The XRD pattern of Pt/Al2O3 shows four peaks at 2θ=40, 46.7, 67.7 and 81.7 which are 

attributed to (111), (200), (220) and (311) plans respectively and match well with those 

expected for FCC platinum crystals. Mean size of Pt nano particle supported on alumina was 

calculated from XRD line broadening using Scherrer’s equation, L = 0.94λ/bcosθ; in which λ 

is the wavelength of X-ray and b is the relative peak broadening. The crystalline size of 5.3 

nm was obtained for Pt particles.. SEM images reveal  that nanoparticles in the in presence of 

ionic liquid are uniform with average size 25nm.  In the presence of pure HEAF, 

hydrogenation of C=O bond toward to C=C bond shows the most selectivities and rates. 
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Conclution  

A kinetic model based on surface reactions as rate-determining steps was derived for the 

hydrogenation of cyclohexene with supported ionic liquid catalysts (SILCAs). The model was 

successfully applied to the hydrogenation of cyclohexene over two catalysts that contained 

different ionic liquids  and palladium particles on γ-alummina. 

As demonstrated by this hydrogenation process, it is evident that an ionic liquid layer residing 

on a heterogeneous support can enhance the reaction rate and affect the selectivity of the 

reaction, even though only small amounts of ionic liquids and active metals were used in the 

catalysts. Thus, an enhanced catalyst performance can be reached in an economic and elegant 

way. Rahmani.atefeh@yahoo.com 
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Introduction 

Nanosized iron oxide particles have multiple practical applications, for example, in drug 

delivery, magnetic hyperthermia, magnetic resonance imaging, pigments, and photocatalysis 

[1]. The magnetic nanofluid, ferrofluid, behaves as a smart fluid due to some of its unique 

features. They have some applications in a variety of fields such as electronic packing, 

mechanical engineering, aerospace, and bioengineering [2,3].  

Although the magnetic properties of the magnetic nanofluids are the subject of intensive 

studies, there are few data in the literature concerning their thermal and rheolegical properties. 

The first goal of the present study is to investigate the effect of both temperature and volume 

fraction on the thermal conductivity of Fe3O4-water nanofluids. For this purpose, we were 

synthesized Fe3O4 nanoparticles by co-precipitation method. The second aim of this work is 

to measure the viscosity of ��Fe2O3-glycerol nanofluids as a function of temperature, 

volume fraction, and shear rate. For this purpose, we were synthesized ��Fe2O3 

nanoparticles with solvothermal route. 

 

Results and discussion 
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Superparamagnetic Fe3O4 nanoparticles were successfully synthesized by a simple  and cost-

effective co-precipitation method in different conditions. The XRD, TEM,FTIR, and VSM 

techniques were used to characterize the structure, size, purity, and magnetic properties of the 

nanoparticles. The best crystallinity was observed for pH initial=1.5 and pH final = 9.5. Fe3O4 

nanofluids were prepared by dispersing Fe3O4 nanoparticles in distilled water as the base 

fluid. Tetramethyl ammonium hydroxide was used to improve the dispersion of Fe3O4 in 

distilled water. Measurement of zeta potential of nanofluids shows that Fe3O4 nanofluids have 

good stability. 

   The effective thermal conductivity of Fe3O4 nanofluids with different volume fractions was 

investigated experimentally at 10, 20, 30, and 40 oC. The experimental results were also 

compared with some different theoretical models. Among the models, the Murshed model 

gives better predictions of the thermal conductivity of these nanofluids compared with the 

classical models. 

�����Fe2O3 nanoparticles were prepared by solvothermal method. The nanoparticles were 

characterized by XRD and TEM. The ��Fe2O3 nanoparticles were dispersed in a glycerol as 

the base fluid. Both experimental and theoretical work was performed on the rheological 

behavior of ɑ-Fe2O3-glycerol nanofluids. The experiments were done at different 

temperatures, shear rates, and volume fractions.  

 

Conclusions 

The measurement of thermal conductivity and viscosity of Fe3O4 and nanofluids contains the 

following conclusions: 

1. The relative thermal conductivity of nanofluids increases with increasing volume fraction 

and temperature. 

2. Thermal conductivity of Fe3O4 nanofluids increases up to 11.5% as the volume fraction of 

nanoparticles increase up to 3 vol % at 40 oC. 

3. ɑ-Fe2O3-glycerol nanofluids are non-Newtonian fluids with shear-thinning. The viscosity of 

nanofluids significantly decreases with increasing temperature and increases with increasing 

particle volumeconcentration. 

4. The rheological behavior of ��Fe2O3-glycerol nanofluids can not be predicted by Einstein, 

Brinkman, and Batchelor models. 
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Introduction 

This structures is not synthesized empirically in laboratory. But mechanic quantum 

calculation showed this two structure has higher stability. This compositions characteristics 

are as follows :  or structure Nano fullerene (1) Molecular mass 295.94587 amu , empirical 

formula C20MnH , number of atoms 22 , number of bonds 36 , bond length B-C (1.30 to 1.42 

A) and point group C1, m/z: 304.08 (100.0%), 305.07 (90.9%), 303.08 (65.7%), 306.07 

(38.4%), 302.08 (28.4%), 301.09 (8.4%), 300.09 (1.7%), 307.07 (1.4%) , Elemental Analysis: 

B, 35.55; H, 0.33; Mn, 18.06; N, 46.06 Also for structure Nano fullerene(2) molecular mass 

306.06966 amu , empirical formula N10B10MnH ,number of atoms 22 ,number of  bond 36 

and  bond length C-C (1.1 to 1.5 A) and point group C1, m/z: 295.95 (100.0%), 296.95 

(21.6%), 297.95 (2.2%) , Elemental Analysis:    C, 81.11; H, 0.34; Mn, 18.55 [1]. 

 

 

                                              1                                                      2 

 

Calculation method 

For calculation ab initio and DFT method used computer pentum 4 PC ( intel core i7 2.66 

GHZ 

 processor with 4 GB of RAM) . Firstly designed  nano fullerene by nano tube software and 

for final optimization used Gaussian 98 Package of programs with B3LYP method by 3-21G 

and 6-31G basic set. Also for calculation Natural Bond Orbital used NBO-version 3  soft 

ware.  
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Result and discussion 

 Infrared spectrum 1 and 2  structure compared and its description is reported in table 1. Also 

different amount of energy level are reported in table 2. 

TABLE 1: Results Infrared Spectrum (IR) and important mode nos for structure 1 and 2. 

 
TABLE 2: The results total energy(E0) , Zero point energy (ZPE) , Entropy (S) in temperatures 298.15 K  , Total 
energy thermal (E thermal) 

Structure 1 

Method B3LYP/3-21G B3LYP/6-31G 

Geometry ZPEa E0
a Entrop

yb 

E 

(Thermal)
a 

ZPEa E0
a Entrop

yb 

E 

(Thermal
)a 

Amount 
75.76

9 
-

1194245.433 
93.223 81.475 75.524 -

1200091.274 
94.405 81.419 

Structure 2 

Method B3LYP/3-21G B3LYP/6-31G 

Geometry ZPEa E0
a Entrop

yb 

E 

(Thermal)
a 

ZPEa E0
a Entrop

yb 

E 

(Thermal
)a 

Amount 
68.16

4 
-

1216064.192 
99.932 75.038 67.867 -

1221998.312 
100.57 74.835 

a: in Kcal/mol 
b: in Cal/mol.Kelvin 
 
 

Conclusion 

Structure 1 2 
Method B3LYP/6-31G B3LYP/6-31G 

Important mode  
nos 

Intensity Wave number (cm-1) Intensity Wave number (cm-1) 

1 9.0821 705.260 50.751 721.111 
2 13.176 773.700 36.369 759.288 
3 28.740 1040.41 35.546 1101.81 
4 20.350 1204.63 42.216 1120.61 
5 39.562 1279.64 108.59 1155.84 
6 54.749 1316.62 386.22 1202.92 
7 10.057 1379.96 398.86 1289.33 
8 153.03 1410.73 186.41 1395.79 
9 194.69 1965.56 276.89 1935.58 
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Calculation Ab initio and DFT method showed amount total energy for structure 1 equal              

-1200091.274 Kcal/mol and for structure 2 equal -1221998.312 Kcal/mol which shows high 

stability of structure 2. Also NBO analysis showed that amount of pay electron movement are 

high and this caused a change in bond order amount. 
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Abstract 

ZnO nanostructures (NSs) with different size and morphologies have been synthesized by 

solvothermal synthesis method and Photoluminescence emission, UV-vis absorption have 

been studied. The obtained products have been characterized by means of XRD, SEM and 

BET. 

Results showed that size and morphology can effectively influence the Photoluminescence 

emission and UV-vis absorption of ZnO NSs. 
 

Keywords: Photoluminescence emission, UV-vis absorption, ZnO nanostructure, 

Morphology. 

 

Introduction: 

The formation of nanostructures with controlled size and morphologies has been the focus of 

intensive research recently [1]. ZnO is a semiconductor with wide bandgap of 3.37 eV and a 

large exciton binding energy of 60 meV. ZnO has received much research attention due to its 

low toxicity and low price, high chemical and thermal stability, high transparency in the 

visible wavelength range, unique optical properties. In this study we investigated that how the 

morphology and size of ZnO NSs can influence the Photoluminescence emission and UV-vis 

absorption properties. 

 

Experimental: 

Appropriate amount of Zinc acetate dihydtate and solvent mixed under vigorous stirring. Then 

transferred into stainless steel autoclave and kept for 20 hours at 150 Cº. Obtained powders 

washed with ethanol and DDI water and dried at 80 Cº. For synthesis of ZnO nanorod, 1-

hexanol was used as solvent and for synthesis of ZnO nanoparticles, ethanol was used as 

solvent. 
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Results and discussions: 

Figure 1 shows the XRD pattern of ZnO NSs. As you can see all peaks are sharp and intense 

that reveals well crystalline ZnO have been synthesized.  The calculated size shows that ZnO 

nanoparticles are larger than nanorods ( nanoparticles: 55 nm, nano rods: 38 nm). 

 
Fig. 1. XRD pattern of A: ZnO nanoparticles and B: ZnO nanorods. 

 

Figure 2 shows SEM images of ZnO NSs. Results shows that ZnO nanoparticles and 

nanorods have been synthesized. And also the size results of XRD confirms by SEM.  

 
Fig. 2. SEM images of  left: ZnO nanoparticles and right: ZnO nanorods. 

 

Figure 3 shows the Photoluminescence emission of ZnO nanostructures. As you can see the 

Photoluminescence emission intensity increases when our nanostructures are rod shape and 

also smaller. We have emissions in UV region and visible region due to defects. 

 
Fig. 3. Photoluminescence emission spectrum of  A: ZnO nanoparticles and B: ZnO nanorods 

 

Figure 4 shows the UV-vis absorption spectra of ZnO nanostructures. A shift in absorption 

edge to a higher wavelength is observed about ZnO nanoparticles with larger particles. 
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Fig. 4. UV-vis absorption spectra of A: ZnO nanoparticles and B: ZnO nanorods. 

 

BET analysis also showed ZnO NSs with rod shape and smaller size have larger surface area. 

 

Conclusion: 

In summery ZnO NSs with rod shape and small size shows optimum properties of 

Photoluminescence emission and UV-vis absorption. 
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Introduction:  

Carbon monoxide is a colorless, odorless, tasteless and seriously toxic gas which is only a 

very weak direct greenhouse gas, but has important indirect effects on global warming. Some 

research has been done on CO interaction with nanostructure materials like functionalized 

singlewall carbon nanotubes with Rh, Al, Pt, B, N and boron nitride nanotubes to investigate 

their sensing or capturing ability [1-4]. Oku et al synthesized boron nitride (BN) nanocage 

clusters (BnNn: n=12–60) by an arc-melting method, and characterized them by mass 

spectrometry and high-resolution electron microscopy [5]. In agreement with Oku, Wu et al 

investigated the structure and stability of the (BN)36  monomer cages. They found that the 

most stable isomer has Td symmetry with 32 hexagons (F6) and six squares (F4), and the six 

F4 have their maximal separations, following the isolated square rule [6]. However, despite 

the large amount of research devoted to (BN)36 since its discovery and preparation [7-11], no 

adsorption studies of CO on this material has been reported to date. 

 

Methods:  

All the molecular geometries, NBO analysis, HOMO and LUMO energy and energy 

calculations in the ground state have been calculated by using density functional theory at the 

level of mpw1pw91/3-21G* using the GAUSSIAN 03 program. The natural bonding orbital 

(NBO) calculations were performed using NBO 5 program. It has been shown previously that 

the adsorption of CO through the C atom is more energetically favorable than through the O 

atom [1,4]. Hence we considered 3 nonequivalent sites for CO adsorption on the most stable 

isomer of (BN)36 :  A) on top of a hexagon surrounded with 5 hexagons and 1 tetragon,  B) on 
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top of a tetragon, C) on top of a hexagon surrounded with 6 hexagons (Figure 1). Using this 

procedure the binding energies were calculated according to the equation (1): 

Eb(BN + CO) = ET (BN + CO)−[ET (BN) + ET (CO)]                                                       (1) 

Where Eb is the binding energy between the (BN)36 and the adsorbed CO molecule, ET [BN + 

CO] is the nanocage total energy with an adsorbed molecule, ET [BN] and ET [CO] are the 

total energies of the isolated systems. The corresponding results have been tabulated in 

Table1. 

 
Figure 2: Different possible adsorption sites:  (A) top of a of a hexagon surrounded with 5 hexagons and 1 

tetragon , (B) top of a tetragon , C top of  a hexagon surrounded with 6 hexagons. 

 

Results and Discussion:  

The binding energies for CO on BN cage are of the order of hundreds of meV. These results 

indicate that only a physisorption occurs for CO molecules on the BN-cage surface. However, 

it is of interest to note that the most stable configuration after structural optimization occurs 

for adsorption on the boron atom of site B(top of a tetragon) with the binding energy of -0.615 

eV. This can be attributed to the fact that the electronegativity of N (eN =3.04) is considerably 

larger than that of B (eB=2.04), which leads a charge transfer from B to N so that the 

electronic charge density distribution along the BN bond is strongly asymmetric. Therefore, B 

atoms act as cations while N atoms act as anions in BN nanocage. Furthermore, borane 

requires two further electrons to obey the effective atomic number (EAN) rule, and this can be 

achieved by interacting with a CO molecule through a σ donation. 3D plots of highest 

occupied molecular orbitals (HOMOs) and lowest unoccupied molecular orbitals (LUMOs) 

(not shown in this paper) indicate that The HOMO is mostly located over the C atom of the 

CO and the  LUMO orbital is situated on B atoms of the tetragonal ring. The HOMO→LUMO 

transition implies an electron density transfer to B from 

C of carbon monoxide.  

Natural atomic hybrids of which the NBO is composed for the C-B bond and antibond are 

given below: 
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σBC = 0.539 B (sp 6.22d0.01)+ 0.842 C (sp 0.54)         σBC
* = 0.842 B (sp 6.22d0.01) -0.539 C (sp 

0.54) 

As it is evident, boron hybrid orbitals have more P characteristics than carbon orbitals.These 

results validate the EAN rule explanation for this case. 

In addition,the second order Fock matrix was carried out to evaluate the donor–acceptor 

interactions in the NBO analysis. Some possible interactions between "filled"(donor) Lewis-

type NBOs and "empty" (acceptor) non-Lewis NBOs, and estimating their energetic 

importance by 2nd-order perturbation theory for the optimized structure of CO adsorption on 

site B are presented in Table 2. For each donor (i) and acceptor (j), the stabilization energy 

E(2) associated with the delocalization i→j is estimated as equation (2) where qi is the donor 

orbital occupancy, are εi and εj diagonal elements and F(i, j) is the off diagonal NBO Fock 

matrix element. 

 
                                                                                                 (2) 

 

 Table 1. binding energies in eV for CO adsorption on various sites of a (BN)36. 

Adsorption Site Binding Energy(eV) Position of CO after optimization 

A -0.163355 On top of hexagon 

B -0.615384 On top of a B atom of the ring 

C 0.489137 On top of a B atom of the ring 

 
The results of natural atomic charges for atoms of a tetragon and CO adsorbed on it after 
structural optimization calculated by NBO 5 are tabulated in Table 3. In this case the C-B37  
distance is 1.75 A0 after geometrical optimization. 
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Table 2. Second order perturbation theory analysis of  
Fock matrix in NBO basis for CO adsorption on site B. 

Table 3. Natural charges for atoms of a   
tetragon and CO adsorbed on it. 

 

 
 

 
 

Conclusion:   

In summary, on the whole (BN)36  nanocages are not sensitive to the presence of CO 

molecules on the cage surface, only a physical adsorption occurs. We show that the most 

stable configuration ocuurs for adsorption of CO on top of a B atom of a tetragon ring,since B 

is a good Lewis acid with unoccupied P orbital, thus interacts with CO,which is known as a 

well ligand in inorganic chemistry, to follow the EAN rule. 3D surface of frontier HOMO and 

LUMO orbitals, NBO calculations and atomic charges confirm these outcomes and 

commentaries. 
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Abstract:  

The ring opening of epoxides with elemental iodine nano catalyst ZrO2 affords vicinal iodo 

alcohols in high yields. This new procedure occurs regioselectivety under neutral and mild 

conditions in various aprotic solvents even when sensitive functional groups are present 
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There is a continued interest in the regioselective ring opening of oxiranes to the 

corresponding vicinal halohydrins. Although a variety of new and mild procedures to effect 

this transformation have been reported, most of them have some limitations.1The reaction is 

typically performed with hydrogen halides, but the harsh reaction conditions and the low 

observed regioselectivity in the opening of unsymmetrical epoxides have prompted a search 

for more selective and milder procedures. Recently, it has been found that epoxides can be 

converted into halohydrins by means of elemental halogen,2 but this method has limitations 

such as low yield, long reaction times, low regioselectivity and formation of acetonide 

byproducts in addition to the expected iodo adduct. Furthermore, iodination does not occur in 

aprotic solvents other than acetone. 

In conjunction with ongoing work in our laboratory on the synthesis and formation of 

complex heterocyclic compounds containing donor nitrogen atoms, with neutral molecules 

such as iodine,3-5 we found out that ZrO2 with frame nano efficiently catalyzed the addition of 

elemental iodine to epoxides under mild reaction conditions with high regioselectivity. In this 

study, we wish to report the results of the reactions of some epoxides with elemental iodine in 

the presence of a sub-stoichiometric amount of ZrO2 (Scheme 1, Table 1). 
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Scheme 1 
Table 1 

 

ENTRY SOLVENT catalyst(%mol) Time( h) Isolate yield (%) 
1 - 10 6 50 
2 THF 10 8 50 
3 MeOH 10 8 30 
4 EtOH 10 8 25 

5 CCl4 10 8 30 

6  CH3CN 10 5 50 

7 H2O 10 24 trace 

8 CH2Cl2 10 10min 80 

9 CH2Cl2 15 5min 95 

10 CH2Cl2 20 5min 95 

 
Epoxide (1 mmol) in CH2Cl2 (5 mL) was added to a stirred ZrO2 catalyst (0.1 mmol) in at 

room temperature. Next, a solution of elemental Iodin (1 mmol) in CH2Cl2 (5 mL) was added 

portion-wise (15 min) to the above mixture. The progress of the reaction was monitored by 

TLC. After complete disappearance of the starting material, the reaction mixture was washed 

with 10% aqueous Na2S2O3 (2×10 mL) and water (2×10 mL). The aqueous layer was 

extracted with CH2Cl2 (2×10 mL).The combined organic layer was dried over anhydrous 

MgSO4 and evaporated to give crude alcohol–catalyst. The crude products were purified on a 

column of silica gel. The solvent was evaporated and pure halohydrin was obtained. The 

halohydrins obtained throughout this procedure were identified by comparison, where 

possible, with authentic samples prepared in accordance with literature procedures. 

In conclusion, this new method appears to be highly competitive with the other methods 

reported in the literature. The reaction occurs in neutral and mild conditions on the acid-

sensitive substrates and vicinal halohydrins were obtained in high yields and region-

selectivity. In addition, in comparison with our previous methods, ZrO2 is cheaper, less step 

need for preparation, and overall yield is higher. 

O

R

nano catalyst ZrO2

I2

OH

R
I

R= CH2Ph, Ph, CH2Ph(paraCl), CH2Ph(para NO2)

90-98%
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The calculations are being done profiles for reaction ring opening epoxid will have been 

studied and the structure of all transition states were located at Gaussian level. 
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Introduction 

The trend in solid-state electronics is towards smaller and smaller devices, from 

microelectronics to nanoelectronics and further, and logically the process must end with 

molecular electronics [1]. Recently, there have been significant advances in the fabrication 

and demonstration of molecular electronic wire [2-3]. In this study, the modeling of the 

metal/Sulfur-Thymine-Sulfur/metal, molecular wire that Thymine (one of the bases of DNA, 

Figure 1) used as a molecular bridge and Au, Ag, Cu used as an electrode. Most the time in 

electrode/molecule contact use Sulfur atom for better stick metal/Sulfur [4]. We consider the 

various Metal (Au, Ag, Cu) contacts effect on the electronic properties of the molecular wires 

metal/Sulfur-Thymine-Sulfur/metal. We investigate how the energy gap, Density of States 

and Electrical Dipole Moment in three structures change by the metal contacts. Where the 

TAu stands for 1Au/Sulfur-Thymine-Sulfur/1Au molecular wire, TAg stands for 1Ag/Sulfur-

Thymine-Sulfur/1Ag molecular wire and TCu stands for 1Cu/Sulfur-Thymine-Sulfur/1Cu 

molecular wire. 

 

Methods 

All calculations are performed using Gaussian03 program. The metal/Thymine/metal 

structure is optimized at Density Functional Theory (B3LYP) method. It is used the basis set 

6-31G* for C, N, H, O and S atoms and LanL2DZ for Au, Ag, Cu atoms. 
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Figure 1: 

 The Thymine 
molecule 

Figure 2   : The TAu 
molecular wire 

Figure 3: The TAg 
molecular wire. 

Figure 4:The TCu 
molecular wire. 

 
Results and discussion 

The HOMO-LUMO gap (HLG), in Thymine structure is 5.5 eV. So the thymine molecule has 

a insulator-like behavior in molecular junction. HLG extremely decreases by attaching metal 

atoms (Au, Ag, Cu) to the Sulfur-Thymine-Sulfur structure (see Fig. 5). Greatest dipole 

moment direction to the TAu, TAg, TCu structures i.e. along the +X axis. Figure 6 show 

Total electrical dipole moment TP in the structures and Figure 7 show the density of electronic 

states (DOS) of the TAu, TAg, TCu molecular wires.  
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Fig. 5: The HLG vs. structures. Fig. 6: Total electrical dipole moment, TP  vs. 

structures. 
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Fig 7: The DOS vs. energy in the structures: (a) The TAu molecular wire (b) The TAg molecular wire  

(c) The TCu molecular wire 

 

 

Conclusions 

In this study we consider the electronic properties of the TAu, TAg, TCu molecular wires. 

The TAu, TAg, TCu molecular wires have a semiconductor-like behavior in molecular 

junction. Total electrical dipole moment TP  and DOS increases in the TAu molecular wire. 
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Introduction 

The preparation of core-shell latex with a defined morphology has been a topic of great 

interest with many major developments within the past few decades. these emulsions have 

unique properties and many industrial applications, such as impact modifiers, adhesives,and 

coatings. However, a well-defined core-shell structure is not easy to achieve it has been 

demonstrated that both thermodynamic and kinetic factors dictate particle 

morphology.Various alternative structures, such as confetti-like, raspberry-like, and 

sandwich-like have been described as the intermediates of the phase separation process in 

literature. 

We describe a method for the synthesis of phase-separated polymer latex with a monodisperse 

and multilayer core–shell (MMLCS) morphology by surface cross-linking emulsion 

polymerization. poly(butyl-acrylate)(PBA) was used for the seed and the core of the latex, the 

inner shell was poly(butyl acrylate-styrene) cross-linked with divinylbenzene (DVB) to avoid 

phase inversion, and the poly(methyl methacrylate-butyl acrylate-glycidyl methacrylate) was 

the outer shell. TEM, DSC, were used to characterize this Monodisperse and multilayer core–

shell (MMLCS) emulsion. the multilayer core–shell structure was clearly shown in TEM 

micrographs, and the three-phase separation was confirmed by DSC analysis the average 

diameters of MMLCS latex were 126 nm, 14 nm, and 14 nm. In this work, one MMLCS latex 

system was obtained by surface cross-linking emulsion polymerization.the poly(butyl 

acrylate)(PBA) was used for the core of the latex, the poly(butyl acrylate-styrene) (P(BA-St)) 

as the inner shell, and poly (methyl methacrylate-butyl acrylate-glycidyl methacrylate) 

(P(MMA-PBA-GMA)) as the outer shell. by repeating this method, different functional or 

hydrophilic polymers, such as GMA, methacrylic acid (MAA), acrylic acid(AA), can be 
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successfully polymerized in the hydrophilic core or the hydrophobic shells of MMLCS 

emulsions. 

 

method 

A monodisperse and multilayer core–shell (MMLCS) emulsionwas prepared by emulsion 

polymerization, which used 1-nonylphenyloxy-2-deca(oxyethylene)-3-allyloxypropane 

ammonium sulfate(SE-10N) as the polymerizable surfactant and sodium alkylated diphenyl 

ether disulfonate(DSB) as the anionic surfactant. 

The PBA core was synthesized by seed polymerization using the PBA seed at 75±2 °C for 3.5 

h. After the reaction temperature was reached, 20 g BA monomer and the aqueous solutions 

of initiators (0.055 g APS dissolved in 10 g distilled water and the 0.025 g SBS dissolved in 

10 g distilled water) were added to the stirred reactor respectively at 10 ml/h in order to favor 

the formation of seed particles with a narrow size distribution. the stirring rate was controlled 

at 250 rpm.the inner shell was obtained during the second stage of polymerization. the 

emulsion polymerization was carried out at 75±2 °C for 3 h in a nitrogen atmosphere after all 

of themonomers were added completely.the outer shell was formed during the third stage of 

polymerization.Aqueous solutions of initiator, 10 g MMA monomer, 5 g GMA monomer, 5 g 

BA monomer, aqueous solutions of surfactants(SE-10N )and DSB aqueous solution were 

added into another flask with 72 g PBA/P(BA-St) core–shell emulsion at 10ml/h for 1 h. after 

4 h of polymerization at 75±2 °C in a nitrogen atmosphere, the MMLCS emulsion preparation 

was completed. 

 

Results and discussion 

TEM micrograph show the PBA/P (BA-St) core–shell emulsion and the PBA core emulsion. 

the light inner region is the PBA seed core and the dark outer region is the P (BA-St) shell. PS 

chain is more hydrophobic, but in this emulsion system no phase inversion took place. this is 

due to the addition of DVB solution, the key step to obtain the PBA/P (BA-St) core-shell 

emulsion in this process. Compared with the core–shell emulsion and the core emulsion, it 

was found that the two layers (the lighter PBA core and the darker P (BA-St) shell) were 

obvious in the PBA/P (BA-St) core–shell emulsion. the darker PS domain structure can be 

clearly seen near the outer layer of the particles. as mentioned above, the shell layer was 

cross-linked using DVB. there is evidence of the formation of the core–shell structure. the 
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continuous shell is darker than the core due to the staining of the PS. the TEM micrograph 

shows the three continuous layers (the PBA core, the P (BA-St) inner shell and the P (MMA-

PBA-GMA) outer shell) in the MMLCS core–shell emulsion. the darker region is the P (BA-

St) shell, the lighter innerregion is the PBA core and the lighter outer region is the P (MMA-

PBA-GMA) shell. stained PS can be seen in the middle continuous layer of the particles. 

these show the synthesized emulsion formed a MMLCS structure. the TEM micrograph of 

nanostructured polymer film without staining shows an almost ideal hexagonal pattern of 

deformed particles.and shows how close contact packing of the particles leads to the position 

of particles at different depths of the sample. TEM micrographs showed that the nanoparticles 

maintained their structure during film formation and these structured emulsions formed 

nanostructured polymer films after drying at ambient temperature. 

 

Conclusion 

MMLCS latex was prepared by a method via surface cross-linking emulsion polymerization 

for the synthesis of phase-separated polymer latex, which used the DVB as cross-linking 

agent. the multilayer core-shell structure was clearly shown in the TEM micrographs, and the 

three-phase separation of the MMLCS emulsion was confirmed by DSC analysis. the TEM 

micrograph showed that the average diameters of MMLCS emulsion were about of 126 nm, 

14 nm, and 14- nm,  
 

References 

[1] Sherman Jr, Robert L, Ford Warren T. Small core/thick shell polystyrene/poly(methyl 

methacrylate) latexes. Ind Eng Chem Res 2005;44:8538–41. 

[2] Aguiar A, Gonzalez-Villegas S, Rabelero M, Mendizabal E, Puig JE. Core–shell polymers 

with improved mechanical properties prepared by microemulsion polymerization. 

Macromolecules 1999;32:6767–71. 

[3] Mahdavian Ali Reza, Ashjari Mohsen, Mobarakeh Hamid Salehi. Nanocomposite particles 

with core–shell morphology. I. Preparation and characterization of Fe3O4- poly(butyl 

acrylate-styrene) particles viaminiemulsion polymerization. J Appl Polym 

  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1888

Synthesis of Siloxane/Poly (styrene-co-butyl acrylate)Nanocomposite via 

Miniemulsion Polymerization 

 

F. Shafie 

Department of Chemistry, Islamic Azad University of Shahreza, Shahreza, Iran 

(Email:feizalah61@gmail.com) 

 

Keywords: Siloxane,Styrene-co-butyl acrylate, Nanocomposite, Miniemulsion 

 

Introduction 

In recent years, the strategy for designing and fabricating organic–inorganic nanocomposite 

particles has attracted burgeoning interest because these composite particles can display novel 

and enhanced properties (e.g., mechanical, chemical, electrical, rheological, magnetic, and 

optical) bythe independent alteration of the compositions, dimensions, and structures of the 

cores and shells. a series of Siloxne/poly (styrene-co-butyl acrylate) nanocomposite 

microspheres with various morphologies (e.g., multicore–shell, normal core–shell, and 

raspberry-like) were synthesized via miniemulsion polymerization. the results showed that the 

morphology of the composite latex particles was strongly influenced by the presence or 

absence of the soft monomer (butyl acrylate), the particle sizes of the silica, and the emulsifier 

concentrations. the incorporation of the soft monomer helped in forming the multicore-shell 

structure.  

number of methods have been successfully demonstrated for generating nanocomposite 

microspheres with different interesting morphologies, such as raspberry-like,coreshell, 

currant-bun-like, dumb-bell-like, snowman-like, daisy-shaped, and multipod-lik structures. a 

mong the different morphologies, raspberry-like and core–shell particles are the most 

frequently acquired. raspberry-like microspheres with a polymer as the core or shell and 

nanosilica as the corresponding shell or core could also be obtained via aqueous dispersion 

polymerization23 and surfactant-free polymerization. in fact,the core–shell morphology with 

the polymer as the core and nanosilica as the shell or with the nanosilica as the core and 

polymer as the shell can also be obtained via dispersion polymerization,conventional 

emulsion polymerization, and surfactant-free emulsion polymerization.until now, however, 

whether the polymer was used as the core or shell for raspberry-like and core–shell structures, 
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the polymer was always synthesized by a hard monomer such as styrene (St) or methyl 

methacrylate, probably because researchers hoped to observe the morphology of the 

composite particles clearly or to synthesize composite particles as templates. In this study, we 

synthesized a series of nanocomposite particles with nanosilica as the core and the copolymer 

poly(styrene-co-butyl acrylate) [P(St–BA)] of a hard monomer (St) and a soft monomer [butyl 

acrylate (BA)] as the shell via miniemulsion polymerization, which is a particularly attractive 

technique for obtaining nanocomposite particles.33–36 The objective of this research was 

understanding whether the incorporation of a soft monomer influenced the morphology of the 

composite particles or not because soft monomers are always employed for polymerization 

for a lot of practical applications.[1,2] 

 

method 

Nanosilica particles were prepared according to the well-known Stober procedure.[3]the 

composite particles were prepared by miniemulsion polymerization MPS-modified silica 

powder was first dispersed in a mixture of 10 g of the monomers (6 g of St and 4gofBA) and 

0.4g of hexadecane withtheaid of ultrasound.the miniemulsions Surface Tension were 

determined. each sample was measured 10 times to obtain the average surface tension.the 

sizes and morphologies of the composite particles and the pure PSt latex were characterized 

with a transmission electron. 
 

Result and discussion 

A series of nanocomposite microspheres were synthesized via miniemulsion polymerization 

with various St/BA weight ratios, SDS contents, and particle sizes of nanosilica illustrates the 

TEM micrographs of the composite latex articles obtained with different St/BA weight ratios 

(10/0, 6/4, and 4/6) in the presence of 90 nm silica beads. obviously, the ratios of St to BA 

had a drastic impact on the morphology of the composite particles. when only the hard 

monomer was used for the polymer (St/BA ¼ 10/0), the composite particles presented a core–

shell structure, but when the soft monomer was incorporated into the polymer (St/BA ¼ 6/4 

or 4/6), more than two silica beads were embedded inside each latex particle, forming a multi-

core–shell structure however; too much soft monomer content probably caused some adhesion 

between the composite particles. BA and its polymer have much lower surface free energies, 

incorporating the BA monomer should decrease the surface energy of the 
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miniemulsion,increasing the droplet size of the miniemulsion. we determined the sizes of the 

droplets and the surface tensions of composite particles with different compositions. as more 

BA was incorporated the surface tension decreased and the droplet size indeed increased; 

obviously, these increasing droplets could accommodate more than two silica beads then 

polymerized to form composite particles. in addition, the MPS-modified silica par-ticles had a 

surface structure similar to that of the BA molecules, which also helped in lodging more silica 

particles in each droplet, which was then polymerized to form composite particles. 

 

Conclusions 

On the basis of this study, a series of SiO2/P (St–BA) nanocomposite particles with various 

morphologies (e.g., multicore-shell, normal core-shell, and raspberry-like) were prepared via 

miniemulsion polymerization. the incorporation of BA into the polymer was propitious for 

causing a  multicore–shell morphology in comparison with only a hard monomer in the 

polymer, other parameters being equal. Increasing the particle size of silica or decreasing the 

emulsifier content tended to form a normal core-shell or even rasp-berry-like structure. these 

nanocomposite particles could possibl find potential applications for high-hardness, abrasion-

resistant coatings or other novel functional materials. 
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Introduction  

Organo-silica nanoparticles have recently attracted consider-able interest due to their potential 

applications in optics, functional materials and biosciences Compared with inorganic silica 

nanoparticles, typically prepared by the Stöber method these new organo-silica nanoparticles 

differin several aspects from silica particles made from tetraethyloxysilane(TEOS) alone . the 

negative surface charge is smaller, the density is and the siloxane structure is less condensed 

and possesses a larger surface area than the inorganic silica nanoparticles. More importantly, 

by properly choosing starting materials at the synthetic stage, these organo-silica 

nanoparticles can be readily modified to render them both biologically compatible and 

chemically functional through a single step synthesis.Currently, organo-silica nanoparticles 

are usually synthesized by hydrolysis and polycondensation of substituted alkoxysilanes, R-

Si(OR0)3 which contain a nonhydrolyzable Si–C bond instead of the pure alkoxysilanes such 

as TEOS.[1] as the substituent R can be functionalized, biological and chemical 

functionalization of nanostructures can be achieved in a one-pot synthesis procedure to fine-

tune and modify or further engineer properties of the nanoparticles. poly(ethylene glycol) 

(PEG) is an important water-soluble ligand that is known to be biocompatible and is currently 

being used for drug delivery.[2] 

,We report a facile and effective approach to synthesize water-soluble core–shell organo-silica 

nanoparticles by cohydrolysis and copolycondensation reactions of mixtures of PEG and 

hydroxyl-containing starting materials at room temperature. it was found that the nanoparticle 

size could be controlled by varying the molar ratios of starting materials. the resulting 

nanoparticles were characterized by FTIR,TEM and TGA.This work demonstrates that water-
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soluble and size-controllable organo-silica nanoparticles can be simply prepared via sol-gel 

process by properly choosing the starting materials. 

 

methods 

The organo-silica nanoparticles were synthesized by hydrolysis and condensation of the 

precursormixture of organotriethoxysilane and organotrimethoxysilane containing hydroxyl 

and poly(ethlenglycol) groups respectively in the presence of H2O, surfactant BTC,and 

NaOH at room temperature.the following typical procedure was used to synthesize the 

nanoparticles. HMTEOS and PEG6-9 were mixed with a series of different molar ratios 

  

Results and discussion 

In this experiment, we chose to use a base catalyzed sol-gelprocess in the presence of 

surfactant, which provides a number of advantages for the preparation of organo-silica 

nanoparticles. PEG6-9 contains a long water-soluble and biocompatible ligand which is 

expected to endow the particles with aqueous solvent affinity and biocompatibility if this 

ligand presents on the surface of the particles. in addition, the long chain of the PEG can 

effectively separate the particles as it is not involved in the hydrolysis and condensation 

reactions. additionally, the PEG6-9 could not form large particles alone in the sol–gel process 

due to the steric effect of the long PEG chain. thus, it is an ideal surface coupling agent in the 

preparation of water-soluble silica particles with compatibility. HMTEOS contains a non 

hydrolyzed substituent that can contribute to the low density of the resultant nanoparticles by 

reducing the possible condensing sites between various intermediate species after hydrolysis. 

this results in a final product that has a more open or loose structure than conventional silica 

nanoparticles obtained using the Stöber method with TEOS alone . 
 

Conclusions 

Highly water-soluble organo-silica nanoparticles with controllable size were synthesized in a 

facile one pot reaction via the sol-gel process by using PEG and hydroxyl group substituted 

organoalkoxylsilanes in the present of a surfactant. Size control of nanoparticles with 

diameters ranging from 12 to 20 nm was achieved by varying the molar ratio of PEG6-9 to 

HMTEOS. FTIR,TEM,and TGA studies showed that the particle has a core-shell structure. 

the particle core consists of a denser organo-silica network, resulting from the HMTEOS and 

the shell consists of a monolayer of PEG from PEG6-9. due to the high water-solubility, 
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biocompatibility, and smaller size, these organo-silica particles are expected to be useful in 

applications involving bioscience, biomaterials, and drug delivery. research is underway using 

these particles for the synthesis of prosthetic materials. 
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Introduction 

In modern purification techniques employing semiconductor mediated photooxidation of 

toxic substances, zinc oxide (ZnO) and titanium dioxide (TiO2) are the most widely used 

metal oxides due to their unique blend of properties. It has been found that the photocatalytic 

performance of ZnO (a suitable alternative semiconductor to TiO2) can be improved by 

constructing a silver–ZnO composite because of the increase in the rate of electron-transfer 

process by metal silver [1,2]. In this contribution, the photocatalytic decolorization of Acid 

Yellow 23 (AY23) as a representative mono azo dye, on Ag loaded ZnO nanoparticles 

(Ag/ZnO) prepared in microemulsion, was studied.  

 

Methods 

Zinc acetate, diethylene glycol 99%, AgNO3 99.9%, hydrazine 80%. n-heptane 99%-(Merck); 

Sodium bis(2-ethylhexyl)sulphosuccinate (AOT, 96%), AY23 (λmax 429 nm)-(Acros). 

 

1. Preparation of Ag/ZnO photocatalyst 

Rod-like ZnO nanoparticles were synthesized by the hydrolysis of zinc acetate under heating 

in diethylene glycol with referring to a procedure described in the literature [3]. The Ag/ZnO 

catalysts were prepared by two microemulsion technique (n-heptane/AOT/water/N2H4.H2O or 

AgNO3; [H2O]/[AOT]=5; [n-heptane/water] =250;  aqueous phase [N2H4.H2O]=0.6 M and 
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[Ag+] = 0.2 M). The reducing agent containing microemulsion was added to the metal 

precursor microemulsion containing proper amount of ZnO, and the mixture was kept stirring 

vigorously for 30 minutes. The nanoparticles were obtained by adding acetone, centrifuging 

the precipitate, dried at 85ºC for 12h, and finally calcined at 450ºC for 3 h. 

 

2. Photocatalytic Study  

A solution containing desired amounts of AY23 (20 mgL-1) and photocatalyst were prepared 

and agitated for 30 min in the darkness. Afterwards, 100ml of the above suspension was 

transferred into a borosilicate petri dish as photoreactor. The reaction mixture was UV 

irradiated by using 15 W UV lamp and then at certain reaction intervals the concentration of 

AY23 was determined using a UV-Vis spectrophotometer. 

 

Results and Discussion 

1. The characterization of Ag/ZnO nanoparticles  

The SEM and EDX analysis of prepared Ag/ZnO nanoparticles results confirmed the loading 

of Ag on ZnO rod-like nanoparticles (Fig.1.a,b).  

 

         

 

 

 

 

 

 

2. The effect of Ag loading on the Photocatalytic activity  

According to the results (Fig.2), by increasing of the Ag loading until 2wt%, the 

photocatalytic activity of the catalyst increases. Excessive coverage of ZnO catalyst with Ag 

nanoparticles limits the amount of light reaching to the ZnO surface, reducing the number of 

photogenerated eˉ-h+ pairs and consequently, lowering the ZnO photoactivity [4]. 

3. The effect of catalyst dosage on the Photocatalytic activity  

The results (Fig.3) showed that increasing the catalyst dosage causes increasing the reaction 

rate. However, a large increase higher than 400 mgL-1 of Ag/ZnO, can cause the limits the 

intensity of the light penetration that decreases the photocatalytic activity [5].  

Fig.1. a) SEM micrograph and b) EDX analysis of 2wt% Ag/ZnO nanoparticles  

 

 

Element      wt%    at% 
 
  O K      13.62     39.36 
  Zn K      84.72     59.93 
  Ag L      1.66     0.71 
  Total      100     100 

(b) 

 

(a) 
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4.Kinetic analysis 

The good linearity of the –ln(C/C0) versus irradiation time plot, with high R2 values (Fig.2 

and Fig.3), suggests that the photocatalytic reaction approximately followed the pseudo-first 

order kinetic. The rate constant calculated for the reaction carried out at the optimum 

condition (2wt% Ag loading at 400 mgL-1 of Ag/ZnO) was 0.0505 min-1 (R2 = 0.999). Similar 

values of correlation coefficients (R2 > 0.99) for the –ln(C/C0) versus irradiation time plots 

have been calculated for the experiments carried out at the conditions other than optimum 

condition. 

 

Conclusion 

The characterization of Ag/ZnO synthesized via microemulsion method and ZnO, using SEM 

and EDX techniques revealed the dispersion of silver metal on the surface of ZnO. It was 

found that the 2wt% Ag loading at 400 mgL-1 of Ag/ZnO has been optimum conditions to 

achieve the highest efficiency of the AY23 photodegradation. It was found that the photo-

degradation obeyed the pseudo-first order kinetic reaction in the presence of synthesized 

Ag/ZnO photocatalysts. The apparent reaction rate constants (kapp) were evaluated from 

experimental data using a linear regression. In all cases, R2 (correlation coefficient) values are 

higher than 0.99, which confirm the proposed kinetics for degradation of AY23 in this 

process.     

 
References 

[1] M. J. Height, S. E. Pratsinis , O. Mekasuwandumrong, Appl.Catal., 63 (2006) 305. 

 

0

0.2

0.4

0.6

0.8

1

1.2

0 5 10 15 20
Time / min

-L
n 

(C
/C

0)

0.04 g/L

---   0.06 g/L
0.03 g/L
0.02 g/L
0.01 g/L

 

0

0.2

0.4

0.6

0.8

1

0 5 10 15 20
Time / min

-L
n 

(C
/C

0)

   2wt%Ag-ZnO
1.5wt%Ag-ZnO
---   3wt%Ag-ZnO
   1wt%Ag-ZnO
0.5wt%Ag-ZnO

Fig.3. Effect of 2 wt% Ag/ZnO catalyst 
dosage on the photocatalytic degradation. 

Fig.2. Effect of Ag loading on the photocatalytic 
degradation ([Catalyst] = 400 mg l-1). 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1897

[2] C. Song, Y. Lin, D. Wang, Z. Hu., Mater. Lett., 64 (2010) 1595. 

[3] Yi Hu, Hung-Jiun Chen, J. Nanopart. Res., 10 (2008) 401. 

[4]  R. Georgekutty,  M. Seery, S. Pillai, Phys. Chem., 112 (2008) 13563. 

[5] B. Sun, A.V. Vorontsov & P.G. Smirniotis: Langmuir, 19 (2003), 3151. 

 

 

  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1898

Photocatalytic degradation of Cefazolin in aqueous solution using  

TiO2 nanoparticles under UV light - A kinetic approach 

 

M.G. Hosseini a, M. Shokri*b, R. Najjarc and M.A.A. Yavari b 
a Electrochemical Research Laboratory, Faculty of Chemistry, University of Tabriz, Tabriz, Iran 

b Department of Applied Chemistry, Faculty of Science, Islamic Azad University, Tabriz Branch, Tabriz, Iran 

* (Email: shokri_m@yahoo.com ; shokri@iaut.ac.ir) 
c Polymer Research Laboratory, Faculty of Chemistry, University of Tabriz, Tabriz, Iran  

 

Keywords: Antibiotic; Cefazolin; UV/TiO2; Photocatalysis 

 

Introduction 

Pharmaceutical compounds including antibiotics have been observed in surface water, ground 

water, sewage effluent and even in drinking water. A problem that may be created by the 

presence of antibiotics in low concentration in the environment is the development of 

antibiotic resistant bacteria [1]. Heterogeneous photocatalysis is an economical and harmless 

technology for removal of organic pollutants, among them, TiO2 mediated semiconductor 

photocatalysis is gaining more importance due to its high production of hydroxyl radicals [2]. 

The aim of this study was to determine the effects of catalyst concentration and pH, on the 

photocatalytic degradation of Cefazolin, and the kinetics of reaction under UV light. 

 

Methods 

TiO2-P25 Degussa, 80% anatase, 20% rutile were used as a supporting material. Cefazolin 

(Fig.1) as a model antibiotic pollutant purchased from ACROS organics (USA). 

  
 

 

For the investigation of the photocatalytic activity of UV/TiO2 nanoparticles towards 

degradation of Cefazolin, a solution containing desired amounts of Cefazolin and 

photocatalyst were prepared and agitated for 30 min in the darkness. Then, 100 ml of the 

Fig. 1. Molecular Structure of cefazolin 
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above suspension was transferred into the photoreactor. Afterwards, while stirring of the 

solution by the magnetic stirrer, the UV lamp (15 W, λmax=254 nm, light intensity = 35 W/m2) 

was switched on to start the reaction. At certain reaction intervals, 5 ml of sample was 

withdrawn, and the catalyst was removed by centrifugation. The concentration of remaining 

Cefazolin was determined by means of a UV-Vis spectrophotometer at λmax = 271 nm. 

 

Results and discussion 

1. Effect of TiO2 concentration 

To observe the effect of TiO2 concentration, initial TiO2 concentration was varied in the range 

of 0.02–0.06 gL-1 at a fixed Cefazolin concentration (20 mgL-1) in aqueous solution (at natural 

pH ≈ 3.5). Based on the results (Fig. 2), the optimum TiO2 concentration for degradation of 

Cefazolin antibiotic in aqueous solution is 0.04 g/L. Further increase of TiO2 concentration 

did not produce significant improvement in antibiotic degradation. This may be due to the 

decreasing light penetration that affects inversely the photocatalytic reaction [2]. 

 
Fig. 2. Effect of TiO2 concentration on Cefazolin degradation. 

2. Effect of pH 

To study the effect of initial pH on degradation of Cefazolin, experiments were conducted by 

varying the pH in the range 3–11. According to the results, pH had a great effect on the 

antibiotic degradation, and the highest degradation was achieved at pH = 5 (Fig. 3). 
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3. Kinetics of photocatalytic degradation of Cefazolin 

To study the kinetics of photocatalytic degradation of Cefazolin, experiments were conducted 

under optimum operating conditions ([TiO2] = 0.04 gL-1, initial Cefazolin concentration = 20 

mgL-1 and solution pH = 5). Fig. 4 shows the plots of -Ln([antibiotic]/[antibiotic]0) vs. 

irradiation time for the photodegradation of Cefazolin. The good linearity of the –ln(C/C0) 

versus irradiation time plot, with R2 values of 0.9925, suggests that the photocatalytic reaction 

approximately followed the pseudo-first order kinetic. The rate constant calculated for the 

reaction carried out at the optimum condition was 0.1122 min-1. Similar values of correlation 

coefficients (R2 > 0.99) for the –ln(C/C0) versus irradiation time plots have been calculated 

for the experiments carried out at the conditions other than optimum condition [3]. 
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Conclusions 

   Degradation of Cefazolin antibiotics in aqueous solution by TiO2 photocatalysis under UV 

(254 nm) irradiation was studied. The amount of TiO2 has an important influence on the 

reaction rate. The optimum conditions for the photocatalytic degradation of Cefazolin were 

found to be pH = 5 and catalyst dosage of 0.04 gL-1. The semi-logarithmic graphs of the 

concentration of Cefazolin in the presence of different concentrations of TiO2 versus 

irradiation time yield straight lines indicating pseudo-first order reaction. 
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Introduction 

Chloramphenicol is a broad-spectrum antibiotic exhibiting activity against both Gram-

positive and Gram-negative bacteria, as well as other groups of microorganisms. However, 

Chloramphenicol is, in certain susceptible individuals, associated with serious toxic effects in 

humans including bone marrow depression, particularly severe in the form of fatal aplastic 

anemia [1]. It has been demonstrated that heterogeneous photocatalysis using TiO2 as catalyst 

can be an alternative to conventional methods for the removal of organic pollutants from 

water and air. The current study provides results describing the heterogeneous photocatalytic 

oxidation of the antibiotic Chloramphenicol, over TiO2 and Ag-TiO2 nanoparticles under the 

illumination of UV light, in various experimental conditions.  

 

Methods 

AgNO3 (99.9%) obtained from Merck. TiO2-P25 Degussa, 80% anatase, 20% rutile; BET area 

50 m2/g; primary size 21 nm, were used as a supporting material. Chloramphenicol (Fig. 1) as 

a model antibiotic pollutant purchased from ACROS organics (USA). 

  
 

 

 

1. Preparation of Ag/TiO2 photocatalyst 

First 2.72 g of TiO2 was added to 100 ml of deionised water. Then the required amount of 

AgNO3 for doping was added into the suspension of TiO2. The pH of TiO2 suspension was 

Fig.1. Molecular Structure of Chloramphenicol 
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adjusted to 3. Then the mixture was irradiated with UV light (30 W, λmax=254 nm) for 3 h and 

then dried at 100 ºC for 12 h. The dried solids calcined at 300ºC for 3 h in a furnace. 

 

 

2. Investigation of photocatalytic activities 

A solution containing desired amounts of Chloramphenicol (20mgL-1) and photocatalyst were 

prepared and agitated for 30 min in the darkness. Afterwards, 100 ml of the above suspension 

was transferred into a borosilicate petri dish as photoreactor. The reaction mixture was UV 

irradiated by using UV lamp (15 W) and then at certain reaction intervals the concentration of 

Chloramphenicol was determined using a UV-Vis spectrophotometer at λmax = 275 nm. 

 

Results and discussion 

1. The characterization of Ag/TiO2 nanoparticles 

As can be seen in Fig.2a, the spherical shape of TiO2 weren't changed by Ag loading.  The 

EDX analysis (Fig.2b) also confirmed the loading of Ag on TiO2 nanoparticles.  

 

 

 

 
 

 

 

 

 

 

2. The effect of Ag loading on the Photocatalytic activity  

The results in Fig.3 showed that the photocatalytic activity of Ag 

doped TiO2 increased with an increase in the Ag-doping up to optimum value (0.96wt %) and 

then decreased. The higher activity of Ag/TiO2 is due to the enhancement of electron-hole 

separation by the electron trapping of silver particles [2]. Excessive coverage of TiO2 catalyst 

with Ag nanoparticles limits the amount of light reaching to the TiO2 surface, reducing the 

number of photogenerated e--h+ pairs and consequently, lowering the TiO2 photoactivity [3].   

 

Elemen

t 

wt% at% 

O K 36.53 63.43 

Ti K 62.72 36.38 

Ag L 0.75 0.19 

Total 100 100 

Fig.2. a) SEM micrograph and b) EDX analysis of 0.96wt% Ag/TiO2 nanoparticles 

(a) (b)
Element wt% at% 

O K 36.53 63.43 

Ti K 62.72 36.38 
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3. The effect of catalyst dosage on the Photocatalytic activity  

When the initial pollutant concentration (Co) is a millimolar (Co is small) the rate equation simply can 

be written as an apparent first order equation: 

-ln (C/Co) = k app t 

A plot of –ln (C/Co) versus time represents a straight line, the slope of the best line fitted to the data 

points equals to the apparent first-order rate constant kapp.  

The good linearity of the –ln(C/C0) versus irradiation time plot, with R2> 0.99, suggests that 

the photocatalytic reaction approximately followed the pseudo-first order kinetic. The rate 

constant calculated for the degradation of Chloramphenicol carried out at the different dosages of 

catalyst are presented in Fig.4. The catalyst dosage for maximum degradation of 20 mgL-1 of 

Chloramphenicol was 900 mgL−1 under the experimental conditions. The increase in the amount of 

catalyst increased the number of active sites on the photocatalyst surface, which in turn increased the 

number of hydroxyl, and superoxide radicals. When the concentration of catalyst was increased above 

the optimum value, the degradation rate decreased due to an increase in the turbidity of the suspension 

and a decrease in UV light penetration as a result of increased scattering effect [4, 5]. 

 

 

 

 

 

 

 

 

 
 

 

 

Conclusion 

The present investigation showed that the photocatalytic efficiency of TiO2 nanoparticles for the 

degradation of Chloramphenicol, can be significantly improved by depositing an optimum amount of 

Ag metals. The characterization of Ag-TiO2 nanoparticles synthesized via photodeposition 

method using SEM and EDX techniques revealed the dispersion of silver metal on the surface 

of TiO2. It was found that the 0.96wt% Ag loading at 900 mgL-1 of Ag-TiO2 has been 

optimum conditions to achieve the highest efficiency of the Chloramphenicol 

Fig.3. Effect of Ag loading on the photocatalytic 
degradation ([Catalyst] = 300 mg L-1). 

Fig.4. Effect of 0.96 wt% Ag/TiO2 catalyst 
dosage on the photocatalytic degradation. 
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photodegradation. The semi-logarithmic graphs of the concentration of Chloramphenicol in the 

presence of different concentrations of photocatalyst versus irradiation time yield straight 

lines indicating pseudo-first order reaction. 
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Introduction  

   In recent years, the application of cadmium sulfide (CdS) films for window layers in 

CdS/CdTe, CdS/CuInSe2 and CdS/Cu(InGa)Se2. High efficiency solar cells have increased 

the studies on this technologically relevant semiconductor material [1]. Cadmium sulfide 

(CdS) in a nanocrystalline thin films form can be prepared by a variety of methods (both 

physical and chemical) like sol–gel, electrostatic deposition, sputtering, vacuum evaporation, 

and chemical bath deposition (CBD) [2,3]. CBD has the advantages of being a simple, low 

temperature, and inexpensive large-area deposition technique. In fact, compared to all other 

techniques mentioned earlier, CBD is known to greatly enhance the performance of CdS 

windows used in the above mentioned solar cells [4]. 

  

Experimental  

   The chemical bath was an aqueous solution of 6 ml cadmium acetate dehydrate 1 M, 30 ml 

thioacetamide 0.4 M, 20 ml ammonia acetate 2 M, and different complexing agents: 20 ml 

ethylenediamine 0.5 M or  15 ml ethylenediamine tetra acetic acide 0.2 M (EDTA) as a 

complexing agent for cadmium ions . The temperature of the chemical bath was 50 ˚C and the 

pH was adjusted to 7. A deposition time of 8 h was chosen for all experiments.  

Results and discussion 

   The effects of complexing agents on the phases of CdS films were investigated by means of 

XRD. The crystal quality of the samples was studied by recording the XRD patterns in the 
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range of 20–60˚. Both films are cubic with a strong (111) reflection at 2θ=26.5°, and two 

weaker (220) and (311) peaks that confirmed the cubic phase of both films. 

The optical properties of CdS thin films were measured by UV spectrometer. Figure 2 show 

the transmittance (T) spectra of the (CBD) CdS thin films grown at 50 ˚C by different 

complexing agents in the wavelength range 300-800 nm. As it can be seen, the transparencies 

of the CdS films in the visible region strongly depend on the complexing agent used in the 

CBD. When the complexing agent is EDTA, the CdS film displays high transmission in the 

visible region; on the other hand, when the complexing agent is ethylenediamine, the 

transmission of the CdS film in the visible region is low. 

           
Fig.1. Optical transmittance spectra of CdS thin films deposited at 50˚ C by different complexing agents. (a) 

ethylenediamine (b) ethylenediamine tetra acetic acid. 

 

Conclusions                                                                                                                          

The Nanocrystalline thin films of CdS were successfully deposited by chemical bath 

deposition method. A blue shift is observed in the spectra comparing to that of the bulk CdS. 

The band gap measured for ethylenediamine was found to be in the range of 2.7-3.2 eV and 

for ethylenediamine tetra acetic acid was in the range of 3.4-3.8 eV. 
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Introduction  

   Nanocrystalline semiconductor structures have been an area of great research interest over 

the last decade [1]. Due to the direct and wide band gap of CdS semiconductor, CdS thin 

films have attracted much interest as a potential candidate for optoelectronic devices [2]. 

Chemical bath deposition (CBD) has been proven to be the most suitable method to produce 

CdS thin films for photovoltaic applications because it is an efficient, cost-effective, and 

large-scale method [2]. In the CBD process, the influence of the deposition parameters on 

film formation, particularly the role of deposition temperature on the film structure and 

properties, is extremely critical [3]. 

  

Experimental  

   Cadmium sulfide (CdS) thin films have been deposited on the glass substrates using CBD 

method. Stock solutions of 10 ml cadmium acetate dehydrate (0.5 M), 20 ml ethylenediamine 

(0.5 M) such as complexing agent, 20 ml ammonia acetate (2 M) and 30 ml thioacetamide 

(0.5 M) were prepared. PH was adjusted to 5 by adding a 1 M HCl solution. The deposition 

was carried out at 25, 50 and 75 ˚C for 30, 4, and 1 h, respectively.  

  

Results and discussion 

   The optical transmittance spectra of CdS films deposited at three temperatures of 25, 50 and 

75˚C, in the wavelength range of 300–800nm are shown in Fig.1 (left). It can be seen that the 

absorption edge of the spectra shifted towards shorter wavelengths in the lower absorption 
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temperatures. The energy gaps of the films at various temperatures have been determined by 

extrapolating the linear portion of the plots of (αhν)2 against hν to the energy axis [4]. 

Increasing in Eg of deposited films at low temperature can be assigned to the quantum size 

effect as expected from a nanocrystalline nature of the CdS thin films. 

 

 

Fig.1. Optical transmittance spectra (left) and XRD patern (right) of CdS thin films deposited at various 

temperatures: (a) 25, (b) 50, and (c) 75 ˚C. 

X-ray diffraction patterns in Fig. 1 (right) show the crystallinity of the CdS thin films 

deposited at various temperatures of 25, 50 and 75 ˚C, respectively. The diffraction patterns 

show a three broad peaks observed in the diffractogram at around 26.5, 43.8 and 52.3 reveal a 

cubic lattice structure of CdS (β-CdS phase). With the increase of temperature of reaction, 

there is an increase in intensity and sharpening of the peaks, which is caused by improving 

crystallinity of the crystals and increasing of the crystallite size. 

Conclusions                                                                                                                         

Nanocrystalline CdS thin films were deposited by the simple CBD method from an acidic 

solution (pH=5.0) with varied solution temperatures from 25 to 75 ◦C. The obtained films 

were homogeneous, strongly adherent, and present high optical transmission with an energy 

gap value of about 3.90 eV. Transmittance measurements of CdS thin films clearly show a 

shifting of the band gap energy with bath temperature. 
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Abstract                                                                                                                                            

   Q3[PMo12O40] nanoparticles were synthesized by microemulsion method and thoroughly 

characterized by chemical analysis, FT-IR spectroscopy, CHN Analysis, X-ray powder diffraction 

(XRD) and scanning electron microscopy (SEM). The resulted nanoparticles are keggin-type of 

phosphomolybdate.  
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Introduction 

Heteropolyacids (HPAs) are early transition metal oxygen anion cluster that exhibit a wide range 

of molecular sizes, compositions, and architectures. Among various HPA structural classes, the 

keggin-type HPAs have been widely employed as catalysts in homogeneous and heterogeneous 

systems for acid-base and oxidation reactions. One of the great advantages of HPA catalysts is 

their great thermal stability. The (α) [PMo12O40]
3⁻ ion has a central tetrahedrally coordinated 

phosphorus atom, surrounded by four groups of three edge-share octahedral (Mo3O13 subunits). 

These are linked in turn to each other through shared oxygen atoms and to the central PO4 unit, 

giving a species with overall Td symmetry. In the present paper, HPAs were synthesized by 

microemulsion method.    

 

Experimental 

The microemulsion system used in this study consisted of CTAB as a surfactant, butanol as a co-

surfactant, isooctan as the continuous oil phase, and the sodium molybdate, disodium hydrogen 

phosphate aqueous solution as aqueous phase.  

Firstly, in flask 1, Na2MoO4 and Na2HPO4 were dissolved in water, and then in another flask, 

microemulsion system was prepared by dissolving CTAB in co-surfactant. Secondly, the content 
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of flask 1 was added to flask 2 with stirring. Finally, HCl was added to microemulsion system and 

yellow precipitation was formed. 

 

Results and discussion 

  Characteristic IR bands of the phosphomolybdate (PMo) appeared at 1061 (P- O bond), 955 

(Mo=O bond), 881, and 798 cm−1 (Mo-O-Mo).  The SEM images showed that PMo 

nanoparticles were spherical. The XRD patterns showed fine structures that indicated the 

formation of PMo nanoparticles in nanoscale. Elemental analysis for PMo was found: 

C(28.14%); H(5.0%); N(1.72 %). FT-IR spectroscopy, XRD and SEM analyses showed that 

the nanoparticles of keggin-typ phosphomolybdate were successfully prepared by 

microemulsion method. 
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Introduction  

Chemical bath deposition (CBD) method has been used for many years to prepare thin films 

of chalcogenide semiconductors. In this method, semiconductors thin films are deposited on 

substrate immersed in dilute solution containing metal ions and a source of complexing agent 

and selenide ions [1, 2]. The properties of materials prepared by the CBD method critically 

depend on various preparative parameters such as the sources and concentration of metal and 

chalgonide ions, the pH of the resultant solution, deposition time, temperature, etc [3]. in this 

work, CdSe thin films were prepared by CBD at temperature 80 °C. The X-ray diffraction 

(XRD), the energy dispersive X-ray analysis (EDAX) analysis, Scanning electron microscopy 

(SEM) and optical absorption techniques are used to characterize the CdSe thin films. 

 

Experimental 

CdSe thin film was prepared by first mixing 10 ml of 1 M Cd(SO4)28H2O, 10 ml of 0.2 M 

EDTA, and  30 ml of freshly prepared Na2SeSo3 solution and the rest was completed with 

deionized water to make the total volume of the solution 50 ml. The pH of the solution was 

adjusted to 3.48 by addition of HCl solution. The mixture was poured into a beaker and 

heated to 80 °C. When the temperature reached the deposition temperature, four pre-cleaned 

glass slides were introduced into the solution and then waited for different deposition times 

3.0, 3.5, 4.0 and 4.5 h in order to study the growth rate of the process. 

 

Results and discussion  
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Fig. 1 (left) shows X-ray spectra made for CdSe films with different deposition times such as 

3.0, 3.5, 4.0 and 4.5 h. The XRD patterns of the CdSe film exhibit three distinguished peaks at 

the angles of 25.6º, 42.7º and 50.8º corresponding to diffraction of the (111), (220) and (311) 

planes of the cubic phase, respectively. In Fig. 1, as the deposition time increases the intensity 

of CdSe (111) peak increases and this peak becomes narrower indicating an improvement of 

the crystallinity. The SEM micrograph of the CdSe thin film is shown in Fig. 1 (right). It is 

observed that film is nanocrystalline, homogeneous, relatively without cracks or holes and 

well covered to the substrate. The CdSe films showed optical transmission 75–93% in the 

visible range. These results are much better than previous reports that show optical 

transmittance 70% in the visible region. The band-gap value was calculated in the range of 

2.8–3.4 eV. The band-gap values are higher than bulk value of cubic CdSe because of 

quantum confinement of CdSe nanocrystals. The average atomic ratio of Se/Cd, calculated 

from the quantification of the peaks, gives the value of 0.58, 0.59, 0.60 and 0.62 for different 

deposition times 3.0, 3.5, 4.0 and 4.5 h, respectively. These results indicate that the average 

atomic ratio of Se/Cd increases with increasing deposition time, ratios of the films are lower 

than the stoichiometric ratio (Se/Cd = 1) and the surface of the samples is rich in metal.  

    
Fig. 1. X-ray diffraction patterns and  for CdSe films deposited at 80 °C with different deposition times (left) and 

SEM image of the CdSe deposited at 80 °C (right). 

 

Conclusion 

nanocrystalline CdSe films can be deposited on glass substrates by the CBD method. It is 

particularly observed that the best crystallinity of the CdSe thin films is obtained at 80 °C 

with 4.5 h. The films are in good quality, adherent and uniform. The CdSe thin films have 

cubic phase and preferred orientation in the (111) plane. The grain sizes are estimated to be in 

the range of 2–10 nm. Optical measurements show that the films possess 75–93% 
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transmittance in the visible region. Energy band gaps of the nanocrystalline CdSe films are in 

the range of 2.8–3.4 eV. 
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Introduction  

Cadmium selenide is widely used AII–BVI group semiconductor whose band gap (Eg=1.7 eV) 

lies in the solar energy spectrum [1, 2]. CdSe thin films can be deposited by various 

techniques such as electro-deposition, spray pyrolysis, and chemical bath deposition (CBD) 

[3]. Among these methods chemical bath deposition (CBD) has greater advantages than 

others. Chemical bath deposition is quiet simple, does not require sophisticated instruments 

and large area deposition is possible [4]. In this work, we report the preparation and 

characterization of CdSe thin films by chemical bath deposition. The effect of pH parameter 

on the structural and optical properties of CdSe thin films has been studied. 

Experimental 

For deposition of CdSe thin films, 6ml of 1M Cd(CH3COO)2, and5 ml of 0.2 M 

trimethylamine solution were mixed in beaker. Then 30 ml of freshly prepared Na2SeSo3 

solution was added slowly with constant stirring and finally 60 ml diluted deionized water 

was added to the beaker. The glass substrates were kept in reaction mixture for 1h at the 

desired temperature (60 °C) and the pH of the bath was varied from 3.18 to 10.2. The CdSe 

thin films were characterized by X-ray diffraction (XRD), energy dispersive X-ray analysis 

(EDAX) techniques and UV–Vis spectrophotometer. The thin film thicknesses were measured 

by a Dektak profilometer. 

 

Results and discussion  

The plot of (αhν)2 vs (hν) is shown in Fig. 1a which is linear at the absorption edge, indicating 

a direct transition. The straight line portion is extrapolated to the energy axis and when (αhν)2 
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= 0, the intercept gives the band gap energy of CdSe. The band gap energy is found to be in 

the range 2.6 to 3.3 eV depending on the pH of the deposition solution and the variation is 

depicted in Fig. 1b. The blue shift in the band gap value as compared to the bulk value as well 

as higher band gap value at pH other than 7.1 may be due to the difference in the composition 

of the CdSe compound and smaller grain size. In order to study growth kinetics, CdSe thin 

films were deposited from deposition baths maintained at different pH values for different 

time intervals. Fig. 1c shows the plot of variation of the CdSe film thickness deposited at 

different pH of the bath. It is observed that as pH of the bath increases, film thickness 

increases, attains maximum thickness (320 nm at pH 7.1) and thereafter decreases with further 

increase in pH. At pH 7.1, the deposition solution becomes transparent and there is formation 

of uniform and adherent film on the substrate. The diffraction peaks at 2θ = 29.20, 48.10 and 

57.10 are attributed to (111), (220) and (311) planes, respectively of cubic CdSe phase. 

Quantitative analysis of the film was carried out using the EDAX technique for CdSe thin 

films deposited at pH 3.18, 7.2 and 10.2 to study the composition in the film. It shows that the 

film deposited at pH 3.18 and 10.2 is cadmium and selenium rich, respectively, whereas the   

film deposited at pH 7.1 is nearly stoichiometric.                                                                                                

a  
Fig.1 Variation of (a) (αhν)2 vs (hν) and (b) band gap energy and (c) Plot of film thickness of CdSe thin films 
deposited at different pH values of bath. 
 

 

 

Conclusions 

In conclusion, CdSe thin films have been successfully chemical deposition and the effect of 

pH of deposition solution on structural and optical properties is studied. Nearly stoichiometric 

films with better structural and optical properties were obtained at pH 7.2. XRD study 

revealed nanocrystalline nature of the films with cubic phase. Optical absorption study 
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revealed direct band gap nature with band gap energy in the range 2.6 to 3.3 eV depending on 

the pH of bath. 

 

References  

[1]. R B Kale and C D Lokhande, Semicond. Sci. Technol. 20 (2005) 1–9. 

[2]. S. Erat, H. Metina, M. Arıb, Materials Chemistry and Physics 111 (2008) 114–120 

[3]. O. Millo, D. katz, Phys. Rev. Lett., 86 (2001) 5751. 

  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1920

Effect of external electric field in a GaAs/AlAs quantum dot 

E. Sadeghi, S. Alirezaie 

Department of Physics,Yasouj University, Yasouj, Iran  75914-353 

sadeghi@mail.yu.ac.ir 

 

Keywords: Effective mass approximation, Modified Bessel function, Polarization 

 

Introduction 

   With the great progress of semiconductor nanostructure technology, it has been possible to 

fabricate various kinds of low-dimensional quantum systems. Among these systems, the 

quantum dot (QD) system is of great interest because its strong geometrical confinement 

makes its physical properties, such as optical and electron-transport characteristics, greatly 

different from those of the bulk material. One of the major concerns in such systems is the 

effect of spatial electric field on the energy levels of charge carriers [1]. The application of an 

electric field is equivalent to introducing an additional confining potential, so it gives rise to a 

polarization of the carrier distribution and to an energy shift of the quantum states.  

 

Method 

The Schroሷ dinger equation describing the interaction of an electron in the external electric 

field in the tetragonal quantum dot is given as: ሾെଶ   ܸሺݎሻ  .Ԧܨ ሻݎԦ ሿΨሺݎ ൌ  ሻ                                                                               (1)ݎΨሺܧ

Where the quantum confining potential energy of an electron in a tetragonal QD is: ܸሺݔ, ,ݕ ሻ ݖ ൌ ൜ 0, ܽ ݐ݀ ݄݁ݐ ݁݀݅ݏ݊݅ ൈ ܽ ൈ ܿ∞, ݁ݎ݄݁ݓ ݁ݏ݈݁                                                                     (2)  

 Using the separation of variable method the wave function can be written as Ψሺݎሻ ൌ߰ଵሺݔሻ ߰ଶሺݕሻ ߰ଷሺݖሻ, and the Schroሷ dinger equations are separated into 3 similar equations:  ିଵటభሺ௫ሻ ௗమటభሺ௫ሻௗ௫మ  ߟ sin cos ߠ ߮ ݔ   ܸሺݎሻ ൌ  ௫                                                                   (3)ܧ

Where ߟ ൌ  is the dimensionless measure of the electric field. With appropriate  כܴ/כܽܨ݁

change of variable Eq.(3)  transformed to: ݐଶܴᇱᇱ  ᇱܴݐ െ ቀଵଽ  ସ௧మଽ ቁ ܴ ൌ 0                                                                                         (4)          
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The equation is the modified Bessel equation, thus, the solution of Schroሷ dinger equation in 

terms of the combination of modified Bessel functions ሺܫሻ  could be written as: ߰ଵሺݑሻ ൌ భయܫ ݑ√ଵܣ ቀଶଷ ݑయమቁ  భయିܫ ݑ√ଶܣ ቀଶଷ ݑయమቁ                                                                     (5)  

The polarization of charge carrier and flux due to the external electric field are written as:  ൌ ൻΨሺݎሻหܨԦ. ሻൿிஷݎหΨሺߟ/Ԧݎ  ൻΨሺݎሻหܨԦ. ሻൿிୀ                                                 (6)  ΦݎหΨሺߟ/Ԧݎ ൌ ሾܿ sinܨܽ ሺcos ߠ ߮  sin ߮ሻ  ܽ cos          ሻ                                                                    (7)ߠ

 

Results and discussion 

The variation of the energy with the electric field flux for 0.35 ൏ ܿ/ܽ ൏ 8.0 is presented in 

Fig.1. According to this figure, the energies have a minimum at 
 ൌ 1, and shift to higher 

values as the electric field flux increases. The energy for a fixed value of the electric flux 

decreases with electric field increases. The calculated energies are in good agreement with 

Akbas's results [2]. The polarization versus ߠ for different values of the electric field, and  for 

two choices of c/a ratio are shown in Fig.2. It can be seen that the polarization depend on both ߠ and ݔሺൌ ሻ, such that for a given values of ݔଶ (or ݔଵ) and  ܨ, the polarization decreases (or 

increases) as ߠ increase. The results are in good agreement with Akbas' calculations. The 

polarizations for different value of electric field are coincident for ݔଵ. This is because, there is 

a competition between the strength of electric field and c/a ratio, so that in the case of 
  ൌ   ,ଵݔ

polarization has higher dependence on c/a relative to the field strength.  
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          Figure 1                                                         Figure 2 
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Introduction 

The photocatalytic degradation of organic compounds is investigated as a means of purifying water 

[1]. In particular, phenols constitute an important class of water pollutants. Human activities, such as 

water disinfection, waste incineration and uncontrolled use of herbicides, [2]. The degradation of 

organic pollutants using ZnO photocatalysis has been previously investigated [3, 4]. However, no 

significant effort has been made in evaluating the photocatalytic efficiency of SnO2 on2-coloro 

phenol oxidation and the factors affecting it in particular, as doped system with metals such as Ag 

and Al. The present work focuses on the photocatalytic properties of SnO2, Ag-doped and Al-doped 

SnO2 nanostructured thin films prepared by SGDC technique toward phenol degradation. The 

influence of the dopant molar ratio, , 2-clorophenol initial concentration and structure characteristics 

of the photocatalysts has been investigated on their photocatalytic activity. 

 

Results and discussions 

1. Preparation of sols 

SnO2: The sol precursor was prepared by dissolving aliquots of 13.5 g of SnCl2 2H2O in 100 

ml of absolute ethanol and then refluxing during 2.5 h. 

A range of SnO2 films were made using aluminum and silver dopants with Sn/dopant molar ratio 

1:2, 1:4 and 1:10. 

Ag: SnO2 and Al: SnO2 : The procedure was identical to that for the SnO2 sol except required 

amount of AgNO3 and Al(NO3)3.9H2O dissolved in the same mixed solvent and stirred for ~1 h 

which was then added drop wise to the solution obtained in the first step and it was stirred again for 

1 h.  

 

2. Characterization of the films 
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Fig. 1c shows the characteristic XRD spectra of the sample 

 

 

 

 

 

respectively. The pattern of SnO2 films display the (110), (101), (200) and (211) diffraction 

peaks of the cassiterite SnO2 crystalline phase.for example:  C Al- SnO2) films 

Surfaces of M–doped SnO2 films are quiet smooth, as observed by SEM. The average particle size of 

SnO2 decreases from about 87 to 40 nm with metal doping (Fig. 2a).  

Fig. 2.sem of Al– SnO2 films 

 

 

 

 

3. Photocatalytic studies 

Typical absorption spectra of 2-coloro phenol solution, initial concentration ranging 5 ppm, in 

which Ag- SnO2 film were settled and exposed to UV radiations for different time durations 

up to 8 ,. These studies are performed on undoped and M-doped SnO2 films up to Sn/Ag  

 

 

 

 

 

 

Fig. 3. Photocatalytic degradation of2-coloro phenol as a function of time 

 

molar ratio 2:1. Ag– and Al–doped SnO2 thin film showed the highest and lowest 

photocatalytic efficiency, respectively (Fig. 3) 

To enhance the degradation rate or photocatalytic activity in the sample, it is necessary that 

more charge carriers (electrons and holes) should be available for the reactions. The results 

showed that the photocatalytic activities of the Ag-doped SnO2 films were promoted 
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compared with SnO2. Such promotion can be attributed to reduction of band gap after Ag 

doping which allow the exit of electron from doped SnO2 catalyst at low UV-light energy.  

 

Conclusions 

1. Ag nanoparticles substantially enhance the of photocatalytic performance of SnO2 for the 

degradation of phenol. At the optimum Ag loading, which corresponded to an average Au 

particle size of ~32 nm, the kinetic rate constant for phenol degradation was higher than that 

for USnO2. 

3. The surface of Al–doped SnO2 has the defect structure due to smaller particle size and 

2. This rate enhancement may be due to injection of photoexcited electrons from 

semiconducting Ag into the SnO2 conduction band. 

 low crystallinity, then e− may be trapped by Sn ions at the surface. This results to 

photoactivity reduction for Al-SnO2 films.  
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Introduction  

In recent years, heterogeneous photocatalysis has emerged as an efficient technology to 

purify air and water [1]. Despite the positive attributes of photocatalysts, poor adsorption 

properties of semiconductors lead to great limitation.  To circumvent this limitation, several 

attempts have been made to improve the efficiency of photocatalysts by using suitable 

supports [2]. Although, there are extensive studies on photocatalytic activity of TiO2 

supported on activated carbon [3], however studies about supported ZnO on activated 

carbon are very rare [4]. Then, we have employed a refluxing method as a mild and 

environmentally benign technique for preparation of nano-sized ZnO supported on activated 

carbon and its photocatalytic activity towards photodegradation of methyl orange (MO) was 

carried out. 

  

 Experimental  

The X-ray diffraction (XRD) patterns were recorded on Philips Xpert X-ray diffractometer 

with Cu Kα radiation (λ= 0.15406 nm). Surface morphology and distribution of particles 

were studied via LEO 1430VP scanning electron microscope (SEM). Diffuse reflectance 

spectra (DRS) were recorded by a Scinco 4100 apparatus. Nanoparticles of ZnO were 

supported with different loading on activated carbon (80, 82.5, 85, 89 and 91.9 wt. % ZnO) 

with refluxing method. The photocatalytic activity of the catalysts was studied by 

degradation of MO as a target pollutant. A UV Osram lamp of 125 W with the major 

fraction of irradiation occurring at 365 nm was used.  
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Results and discussion 

Powder XRD patterns for the samples manifest that the bare and supported ZnO have high 

crystallinity. The XRD patterns of the supported ZnO indicate that ZnO loading on the 

adsorbent did not change structure of ZnO. The particle sizes supported (85 wt. % ZnO) and 

bare ZnO are 20 and 25 nm, respectively.  

The results obtained by SEM images demonstrate that ZnO nanoparticles are irregular 

nanoplates with different sizes. DRS for the activated carbon, bare ZnO and the supported 

photocatalysts were obtained. An absorption peak about at 350 nm was observed for the 

nanoparticles of bare and supported ZnO. This absorption wavelength is lower than the bulk 

ZnO with absorption at 384 nm. Similar to our previous works, this can be attributed to 

quantum confinement effect of the ZnO nanoparticles [5, 6]. It is clear that there is not 

remarkable change in absorption wavelength for the supported ZnO. Then, it can be 

concluded that ZnO nanoparticles have been loaded on surface of the activated carbon, 

instead onto the pores and cavities. Photocatalytic degradation of MO was carried out in a 

batch reactor and the reaction variables were optimized in order to obtaining maximum 

degradation efficiency. The essential reaction parameters of (i) composition of the 

photocatalyst, (ii) calcination temperature, (iii) catalyst weight, (iv) initial MO 

concentration, and (v) pH of solution were varied and the results were described. To 

compare influence of the activated carbon on photocatalytic activity of  ZnO nanoparticles, 

the photodegradation experiments were carried out by supported  and unsupported ZnO in 

optimized conditions (calcination temperature=300°C, catalyst weight=0.10g, 

[MO]=4.9×10-5M and pH=7). The results revealed that bare ZnO requires approximately 

220 minutes for complete degradation of MO whereas the supported ZnO requires only 150 

min. The higher efficiency of the supported ZnO can be attributed to the greater adsorption 

of MO on the photocatalyst. The reaction rate constant for degradation of MO using the 

supported ZnO is approximately 1.45 times higher than bare ZnO. The adsorption capacity 

of activated carbon enhances the chance of OH radicals attack on the adsorbed MO resulting 

faster degradation rate. 
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Abstract: In this study, the number of carbon atoms in fullerenes was used as discriptors to 

establish a good relationship between the structure of Tetraazachlorine and Fullerenes Cn (n= 

60, 70, 76, 82 and 86). The first to forth free activation energies of electron transfer and 

kinetic rate constant of the electrontransfer, (  )(netG and ket(n), n=1-4 , respectively were 

calculated in this study for tetraazachlorine–Fullerene Cn complexes with used calculated of 

four free energies of electrontransfer Get(n) (Get(1) to Get(4)), of this supramolecular 

complexes. This calculation are agree  with the Marcus theory. 

Keywords: Fulerenes, Tetraazachlorine-Fulleren C60, Rate constants, Free activation 

energies. 

 

Introduction:  

Metal phthalocyanine (1 and 2) class of compounds attractd world-wide interest 

because of their interesting properties like chemical inertness, excellent thermal stability. 

Vary high clouring properties, catalytic activity, semiconductivity, photoconductivity and the 

like electrical conductivity are the important properties of the phthalocyanine compounds 

which attracted great deal of interest since 1948.  
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Mathematical  method: 

The number of carbon atoms of these fullerenes (Cn) was utilized as a structral  index 

for compounds. All graghs were generated using the Microsoft Office Exell 2003 program. 

Using the number of carbon atoms contained within the Cn fullerenes, several valuable 

properties of the fullerenes can be calculated. This calculation are agree with the Marcus 

theory. 

 

Results and discussion: 

     By using the equations which obtained in this modeling, it is possible to calculate the 

values of Get(1)
# to Get(4)

# of [TAC-C60-R] supramolecular complexes. The Get(n) (n=1-4) 

for [TAC-C60-R] supramolecular complexes (Cn=C60, C70, C76, C82, C86, C78, C84, C120, C132, 

C140, C146, C150, C160, C162, C240, C276, C288 and C300) are predicted by using the appropriate 

equations. By utilizing these results, the electron transfer energies of Get(n) (n=1-4) of the 

complexes between selectedTetraazachlorin derivatives with fullerenes (C60, C70, C76, C82, 

C86, C78, C84, C120, C132, C140, C146, C150, C160, C162, C240, C276, C288 and C300) were 

approximated. The calculated values of the free electron transfer energies of Get(n)
# (n=1-4) 

for selected [TAC-C60-R] supramolecular complexes (n = 60, 70, 76, 82 and 86) in the 

equations were interpreted. There was good agreement between the calculated and the 

predicted values. In lieu of increasing the number of carbons atoms in the fullerene structure, 

the values of Get(n)
# (n=1-4) decreased. The supramolecular complex structures which were 

discussed here and the calculated values of Get(n)
# (n=1-4) corresponding to these 

supramolecular complexes were neither synthesized nor reported before.  
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Introduction 

Discovery of silica based mesoporous compounds of M41S family has extended new 

applications and contributions in the chemistry and biosciences. One of the important 

applications is their usage as catalysts in chemical industry [1]. Chemical modification of 

such nano-porous compounds with various functional groups and molecules will improve the 

catalyst activity and properties [2]. Fe (III) protoporphyrin IX or Heme (FeIIIPPIX) -as a 

heterocyclic macrocyclic compound consisting four pyrrol rings- is the prosthetic group and 

active site of hemoenzymes.  Connection of this complex to the modified the mesoporous 

compound makes the nanobiocatalysts [3, 4]. 

 

Experimental section 

In the present work heme was separated from human blood cells [5] and covalent bonding of 

heme to MCM-41 was carried out by two procedures: 

1. Amine modified MCM-41 mesoporous compound was prepared by the condensation 

reaction of 3-amino propyl trimethoxysilane (APTS) with silanol groups of MCM-41[6]. 

Then, heme was solved in alkaline solution, after setting the pH; it was covalently 

immobilized on the amine modified MCM-41 mesoporous compound (amide bond formation 

between the propionates of heme and amine group of APTS). 2. It is also possible to react 

heme with APTS first (amide bond formation) and then the immobilization reaction will be 

done between the heme/APTS and MCM-41 (condensation reaction). Furthermore, presence 

of the specific functional groups in the pyrrol ring or addition of amine electron donors on the 

fifth coordination position of iron atom in the heme will enhance the biocatalyst activity 
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[7].Modified heme samples using imidazole as the enhancer, were prepared at different ratios 

of imidazole/heme and the ratios with the maximum catalytic activity in the oxidation reaction 

were identified. 

 

Results and Discussion 

The obtained heterogeneous nanobiocatalysts were characterized by FTIR, Atomic 

Absorption spectroscopy (AA) and diffuse reflectance UV-Vis spectrophotometry techniques. 

XRD and BET techniques were also used to characterize the structure, pore size and specific 

surface area the porous catalysts.The prepared nanobiocatalysts were used for various 

oxidation reactions, for instance oxidative radical formation by ABTS in the presence of 

hydrogen peroxide. The reactions were examined by the changes of absorbance vs time in 

various conditions. 

 

Conclusions  

Different reactions showed high activity, selectivity and stability in various oxidation 

reactions. The kinetic parameters such as Initial rates, rate constants k1 and k3, Km, Vmax, kcat 

and catalytic efficiency for each catalyst can be determined by various kinds of plots and 

diagrams such as Michaelis–Menten, lineweaver-Burk and Eadie-Hofstee plots.Results 

showed that procedure and the ratio of principal materials are important on application of the 

catalyst. 

 
Comparison the operation of three nanobiocatalysts in the same conditions 

A) MNT+FePo (pH=8), 1mg B) MNT+FePo (DMSO), 1mg 
C) NH2-FePO+ MCM-41, 0.25 mg 
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Introduction 

Wurtzite ZnO has attracted much interest for its fundamental research and potential device 

applications including electrical, optoelectronic, photovoltaic device and sensor[1]. Recently, 

intensive research has been focused on fabricating one-dimensional (1D) ZnO nanostructures 

such as nanotubes, nanowires (rod) and nanobelts (ring) owing to their shape induced novel 

properties and potential applications [2]. Doping is an effective and facile method to modify 

the physical properties of the base materials [3]. Doping impurities into 1D ZnO 

nanostructures to improve the band gap structure and PL properties is worthy to be explored 

and thereafter their photocatalytic activity [4]. In this study, for the first time, we have 

synthesized the silver doped wurtzite ZnO nanotubes to investigate the improvement of 

photocatalytic activity of the nanotubes. 

 

Exprimental 

All the chemicals used in our experiments are analytical grade reagents without further 

purification. Zn(NO3)2.6H2O (3 g) and PEG 2000 (0.9 g) was dissolved in the 375 ml distilled 

water under the magnetic stirring. Then, NH3.H2O (1M) and AgNO3 dispersed in the solution. 

Finally, the obtained mixture (pH=10) was heated to 70° C and continued with this constant 

temperature until the reaction was complete (after 24h). The precipitation was filtered out, 

washed several times with alcohol and water and then dried at 60° C under the atmosphere.  

The photocatalytic activity measurements of the ZnO samples were carried out based on 

photodegradation monitoring of  organic dyes of acid blue (200 ppm) under UV light (at 

radiation of 254 nm) using visible spectroscopy. 
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Result and discussion 

The morphology of the synthesized nanotubes was examined using scanning electron 

microscope (SEM). Figure 1 displays the SEM images of undoped and Ag-doped ZnO 

nanotubes growth by hydrothermal process at 70°C for 24 h. The morphology of doped and 

undoped nanotubes are different in a way that average diameter and length of undoped 

nanotubes are 470 nm and 4 �m, respectively, whereas these value for doped nanotubes are 

280 nm and 2.6��m. 
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Fig 1. SEM images of (a) undoped nanotubes and (b) Ag doped nanotube       Fig 2. Photodegradation of acid 
blue versus time 
   
  

The doped and the undoped ZnO nanotubes were tested for the applicability in 

photodegrading organic dyes of acid blue, in presence UV irradiation. The comparative 

results are shown in Figure 2.  The plots shows that the acid blue was degraded up to  95% of 

initial concentration in presence of doped ZnO nanotube in 60 min, however undoped  ZnO 

nanotube in the same condition degraded 73% of initial concentration of dye. These results 

demonstrate that degradation rate of Ag doped ZnO nanotube is much higher than undoped 

ZnO nanotube. 
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Introduction 

A silica-based organic-inorganic polymer hybrid sol-gel sorbent which was protected by 

polypropylene hollow fiber was used in this research for extraction, pre-concentration and 

determination of aflatoxins (G1,G2) combining High Performance Liquid Chromatography 

and UV detection. In this new technique the sol containing nano preyssler was prepared by 

the sol-gel method via the reaction of tetra methoxysilane (TMOS) with an alkaline catalyst. 

Afterward this sol was injected into a polypropylene hollow fiber for insitu gelation process. 

The sol – gel process involves evolution of inorganic networks through the formation of a 

colloidal suspension (sol) and gelation of the sol to form a network in continuous liquid phase 

(gel). The main objective of the present study was to apply extraction field in order to 

concentrate aflatoxins alongside sol–gel surface in order to increase the interaction capability 

with external molecules. This research is on the current state of the art and future trends in the 

developments of solid phase microextraction (SPME) device using hollow fiber protected 

sol–gel method. The method validation was included and satisfying results with high pre-

concentration factors were obtained. 

 

Preparation of Solid-phase microextraction device 
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In this work, the sols were prepared by the alkaline based catalyzed method from a solution 

containing TMOS, alkaline water and ethanol.  Equal volumes of TMOS and EtOH were 

added into a vial and stirred for 10 min. Then the alkaline water was added into the vial and 

the mixture was stirred continually to promote the hydrolysis and condensation reactions.The 

nano preyssler was added to the sol. The polypropylene hollow-fiber, was cut into small 

segments with a length of 2.0 cm. Liquid sol containing nano preyssler was injected into the 

fibers by a syringe.  

 

Results and discussion 

For liquid samples and/or extracts the SPME extraction efficiency can be influenced by 

different parameters, such as pH, extraction time, temperature, desorption time. Among the 

tested sol-gels based on TMOS has showed the greatest extraction capability .This result 

could be explained considering that TMOS possesses a medium polarity, very similar to the 

of aflatoxins G1,G2 that do not contain any strong acid or basic group . in the case of 

aflatoxins G1,G2  being the pKa equal to 10.09±0.20, the dependence of the extraction yield 

in the pH range 3.5–8.6[1], can be ascribed only to the differences in the sorbent polarity, 

indicates that the best pH value to obtain the higher SPME extraction yield is around 7.5.   

 

 Conclusions 

A simple SPME–HPLC–DAD method for AFG1, AFG2 determination in cereal-based foods 

has been developed for the first time .The HPLC optimized procedure consisted of a simple 

isocratic elution .The use of the SPME allowed the simplification of the extraction/clean-up 

step respect to other techniques such as IA[2] .Compared to the most accredited clean-up step 

by IA[3], SPME has led to higher LOD and LOQ, but still well below the legal limits. 

Furthermore, this technique is fast, if compared with the complete analytical process using IA 

columns, simple to use and not expensive, considering that under most conditions SPME 

fibers can be used from 50 to 100 times.Work is currently in progress to extend the 

application of the proposed approach to other real matrixes and mycotoxins, and to perform 

an extensive method validation. 
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Introduction 

Organophosphorus (OP) compounds are one of the most common causes of poisonings in 

human [1]. These compounds are known mainly for their neurotoxic effects in mammals 

acting through inhibition of acetylcholinesterase (AChE) . Several researches have done that 

OPs induce oxidative stress in rats and humans leading to excessive generation of reactive 

oxygen species (ROS), and alterations in antioxidant and radical scavenging system 

independent of AChE effects. Malathion as one of the most commonly used OPs in house and 

agriculture is the most common cause of poisoning and deaths, mainly in developing 

countries. A silica-based organic-inorganic polymer hybrid sol-gel sorbent which was 

protected by polypropylene hollow fiber was used in this research for extraction, pre-

concentration and determination of malathion combining High Performance Liquid 

Chromatography and UV detection. In this new technique the sol containing carbon nanotube 

was prepared by the sol-gel method via the reaction of MTMOS with PMHS. The method 

validation was included and satisfying results with high pre-concentration factors were 

obtained. 
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Experimental  

1.Preparation of the sol solution 

To improve the solubility of CNTs in organic solution, the functionalized CNTs (CNTs-OH 

and CNTs-COOH) were used[2] . A 2-mg amount of functionalized CNTs was dissolved in 

400µL MTMOS, and then 50µL distilled water and 50mg PMHS were added . Then 50µL 

TFA was added to the resulting solution with ultrasonic agitation for 10min and stable sol 

solution was formed. Here the functionalized CNTs contribute at two levels during sol–gel 

fabrication. Firstly, it improved the solubility of CNTs. Using non-functionalized CNTs, no 

stable homogenous solution was obtained. In addition, in the gelification step, SiOR chains 

formed in polymerization process and contribute to the formation of the matrix structure [3] 

 

Results and discussion 

For liquid samples and/or extracts the SPME extraction efficiency can be influenced by 

different parameters, such as pH, extraction time, temperature, desorption time. Among the 

tested sol-gels based on MTMOS has showed the greatest extraction capability .This result 

could be explained considering that MTMOS possesses a medium polarity, very similar to the 

Malathion that do not contain any strong acid or basic group.  

 

Conclusion 

This extraction technique requires very little sample solution and little expensive and toxic 

organic solvents. It is a promising pre-treatment method for the fast, trace analysis in many 

complicated matrixes such as environmental and biological samples .The method has a high 

pre-concentration factor and excellent selective cleanup of Malathion samples as the very 

complicated analytes. Good linearity and reasonable relative recovery were also obtained. We 

used the method to isolate Malathion from real samples and found it to have many advantages 

over conventional methods. 
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Introduction 

Heterogeneous catalysts possess obvious advantages in product isolation and catalyst recycling 

use [1]. With the advent of new surface-sensitive analytical techniques, however, amore basic 

understanding of the surface chemistry underlying heterogeneous catalytic processes 

developed [2]. There are many polymer/nanoparticle composite materials could be achieved by 

preassembling the inorganic nanoparticles with the organic polymer [3]. However, the process 

usually suffers from some disadvantages such as absence of complete heterogeneity, the 

limited activity due to the extremely low surface area of the polymer beadsand also high 

temperature annealing generally causes the thermal degradation of organic polymers. In order 

to dissolve these disadvantages, we report, the synthesis and characterization of a novel 

heterogeneous nanocomposites catalyst in which small (5 nm diameter) copper nanoparticles 

are highly dispersed and grafted on the polyacryl amide (PAM)/SBA-15 by an in-situ 

polymerization route. 

 

Method 

The PAM/SBA-15 was used as a support. Cu nanoparticles were assembled to above polymer 

composite by an aqueous solution of Copper (II) chloride dihydrate (CuCl2.2H2O) as a source 

of Copper ions and Sodium borohydrate (NaBH4) as a reducing agent. The Reaction mixture, 

stirring rapidly and was further stirred at 85°C for about an hour to afford a brown 

suspension. The Reaction was filtered, and washed with several portions of distilled water and 

finally with methanol. 
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Results and discussion 

The physical and chemical properties of Cu-PAM/SBA-15 nanocomposite were investigated 

using FT-IR, XRD, BET, SEM, TGA and TEM techniques. The specific surface area and the 

pore size of mesoporous silica SBA-15, PAM/SBA-15 and Cu-PAM/SBA-15 had been 

calculated using Brunauer–Emmett–Teller (BET) and Barrett–Joyner–Halenda (BJH) 

methodsrespectively (Table 1). It is clear that calcined SBA-15 has a high BET surface area 

(1430 m2/g), a large pore volume (1.9 cm3/g) and a pore size (9.9 nm), indicative of its 

potential application as host inorganic materials. Cu-PAM/SBA-15 exhibits a smaller specific 

area 89 m2 g-1 in comparison with it’s of pure SBA-15. Although these textural properties 

were smaller than those found for mesoporous silica SBA-15, Cu-PAM/SBA-15 had still 

mesoporous form (according to isotherm NO. IV of IUPAC) and did not block the pores of 

the SBA-15. Also Cu-PAM/SBA-15 showed almost four times higher surface area in 

comparison with that Cu-PAM nanocomposite. Therefore, it was suitable to act as a 

heterogeneous catalyst for oxidation of benzyl alcohol by tert-butyl hydroperoxide as an 

oxidant and n-hexane as solvent in reflux temperature (Scheme 1). The Fig. 1 displays the 

transmission electron micrograph (TEM) of Cu-PAM/SBA-15. The mean diameter of Cu 

nanoparticles was 5 nm. 

 

Conclusion 

In this article, the focus is on synthesis of novel Copper nanoparticle-PAM/SBA-15 

composite. This catalyst possesses obvious advantages in high surface area, complete 

heterogeneity and high thermal stability due to use of SBA-15. The catalyst was very stable 

and could be reusable for more than six times without losing activity. 

 

 

 
 
 

 
 
 
 
 
   
 

 
 

Sample 
BET surface 

area 
(m2 g-1) 

Pore volume 
(cm3 g-1) 

Pore diameter 
(nm) 

Mesoporous 
silica SBA-15 

1430 1.90 9.9 

PAM/SBA-15 409 0.61 5.9 
Cu-

PAM/SBA-15 
89 0.18 7.9 

Table 1. Surface data of Cu-PAM/SBA-15

Fig 1. TEM of Cu-PAM/SBA-15 
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OH Cu-PAM/SBA-15

O

H
TBHP/n-hexane
reflux temperatuer

15 min 100%
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Abstract: The 1,3,5-benzene core acts as an effective -electron center to conjugate with the 

oligoaryleneethynylene groups of the 1,3,5-trisubstituted oligoaryleneethynylene benzene 

star-shaped molecules. These interesting molecules are currently considered because of their 

wide potential applications. Some of them can act as discotic liquid crystals (DLCs). 

Fullerenes Cn, are a class of spherical carbon allotrope group with unique properties. Electron 

transfer between fullerenes and other molecules is thought to involve the transfer of electrons 

between molecules surrounding the fullerene cage. The half-wave potential, E1/2, was 

correlated with the calculated energies of lowest unoccupied molecular orbital (ELUMO) and 

highest occupied molecular orbital (EHOMO) of the compounds studies. In this study, the 

relationships between the photophysical data indices and oxidation potential (oxE1) of the star 

shapes molecules 1-19, as well as the first and second free energies of electron transfer 

(Get(n), for n=1, 2, which is given by the Rehm-Weller equation) between 1-19 and the 

fullerenes (Cn=C60, C70, C76, C82 and C86) 20-24 as [Star-shapes][Cn] (Cn=C60, C70, C76, C82 

and C86) supramolecular complexes are presented and investigated. The first and second free 

energies of electron transfer and kinetic rate constants of the electron transfers, G#
et(n) and ket 

(n=1,2), respectively, were also calculated in this study for [Star-shapes][Cn] (Cn=C60, C70, 

C76, C82 and C86) and in accordance with the Marcus theory. The complexes were not 

synthesized nor reported before. 

Keywords: Fullerenes; Electron transfer reaction; Star-shaped molecule; Photophysical data; 

Marcus theory; Molecular Modeling. 
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Introduction: Star-shaped macromolecules, which contain benzene as a core for the star-

shape, have been investigated as branched macromolecules, and have received significant 

attention in the elucidation of structure-property relationships.[1-3] Some types of the 

molecules, with a trivalent core and three poly -structures, have attracted much attention and 

been utilized in different areas of science because of their interesting potential, especially for 

electronic studies. Because of the properties of 1,3,5-trisubstituted oligoaryleneethynylene 

benzene star-shaped molecules, they can act as: discotic liquid crystals (DLCs), light-emitting 

diodes (LEDs), field effect transistors (FETs), and non linear optics (NLO).[1] Study of the 

electronic properties of these materials with respect to their photophysical properties can be 

useful and interesting. Especially with respect to their LED character and quantum yield (f), 

only a few reports have been reported in the literature.[4]  

Fullerenes are more reactive than planar aromatics because an important driving force for 

addition reactions is the reduction of strain, which results from pyramidalization in the sp2-

carbon network [4]. Since then of 1985, metal-containing endohedral fullerenes (EMFs) have 

attracted special attention as a new class of technologically relevant materials due to their 

combined fullerene-like and metallic properties. In most EMFs, introduction of metal atoms 

into carbon cages leads to an increase in the electron affinity relative to the corresponding 

empty-cages. 

 

Discussion: Although star polymers constitute a gate group of branched macromolecular 

structures, the synthesis and study of the properties of star-shaped polymers remains 

challenging, and well defined star polymers are often difficult to prepare in a controlled 

manner.[2] The photophysical data (such as: quantum yield (f), fluorescence emission 

maximum (λem), and absorbance maximum wavelength (λabs) of 1-19) seems to be the useful 

numerical and structural values for the star-shapes 1-19 that were utilized here.[4] The equation-1 

estimates the free energy change between a donor and an acceptor as:   

                                                           (Eq. 1) 

Marcus theory is currently the dominant theory of electron transfer in chemistry. Marcus 

theory is so widely accepted because it makes surprising predictions about electron transfer 

rates that have been nonetheless supported experimentally over the last several decades. 

Electron transfer (ET) is one of the most important chemical processes in nature, playing plays 
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a central role in many biological, physical and chemical (both organic and inorganic) systems. 

The relationships between E1/2 and EHOMO (or ELUMO) for a series of compounds, demonstrates 

that they have a similar mechanism of the electron transfer reaction during electron transfer 

reaction.[5] The structures of complexes which are shown in figure-1 were not synthesized nor 

reported before. 
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Abstract: Unsaturated thiocrown ethers with cis-geometry are a group of crown ethers that, 

in light of the size of their cavities and their conformational restriction compared to a 

corresponding saturated system (1-9), demonstrate interesting properties for physicochemical 

studies. Endohedral lanthanidofullerenes M@Cx (x = 82 and M = Ce & Gd) were introduced 

as a new class of the spherical fullerene group with unique properties. Two of these molecules 

are the Ce@C82 (10) and Gd@C82 (11). The supramolecular complexes of 1-9 with Ce@C82 

(10) and Gd@C82 (11) have been shown to possess a host-guest interaction for electron 

transfer processes, and these behaviors have previously been reported. In this study, the 

relationship between this index and oxidation potential (oxE1) of 1-9, as well as the free energy 

of electron transfer (Get, by the electron transfer (ET) equation) between 1-9 and 10 and 11 

as [X-UT-Y][Ce@C82] (12) and [X-UT-Y][Gd@C82] (13) complexes, are presented.  

 

Keywords: Endohedral metallofullerenes; Oxidation potential; Unsaturated thiocrown ethers; 

Molecular topology. 

 

Introduction: Since the discovery of fullerenes (Cn), one of the main classes of carbon compounds, 

and the unusual structures and properties of these molecules, many potential applications and 

physicochemical properties have been discovered and introduced.[1-3] Endohedral metallofullerenes 

(EMF) were first introduced as a new spherical fullerene group with unique properties.[3,4] One of the 

common structural molecules is the M@C82 complex. Formation of EMF(s) is thought to involve the 

transfer of electrons from the encapsulated metal atoms to the surrounding fullerene cage. In 1991, 

Smalley and his collaborators demonstrated that fullerenolanthanides can be produced by laser 

vaporization of graphite and lanthanum oxide and extracted by toluene. The physical measurements, 

such as EPR, mass spectrometry, extended X-ray absorption fine structure (EXAFS) and X-ray 

photoelectron spectroscopy (XPS), were performed on the extracts containing the mixture of 
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fullerenolanthanides and empty fullerenes. The presence of sulfur atoms in the structure of crown 

ethers accounts for the different properties of thiocrown ethers. The compounds 1-9 were synthesized 

and their structures were confirmed.[4-8]  

           
n   0    1      2     3     4     5     6      7      8

No  1    2      3     4     5     6     7      8 9 

 

 

Figure-1: The total structures of unsaturated thiocrown ethers 1-9, their supramolecular complexes of [X-

UT-Y][Ce@C82] (12) & [X-UT-Y][Gd@C82] (13).  

The ratio of cs was a useful numerical and structural value of the unsaturated thiocrown ethers 1-9 

that were utilized here. In this work, the electrochemical behaviors of a series of M@C82 (where M = 

Ce or Gd) by studying the relationship between the index cs and oxidation potential (oxE1) of 1-9, as 

well as the free energy of electron transfer (Get) between 1-9 and 10 and 11 as [X-UT-Y][Ce@C82] 

(12) and [X-UT-Y][Gd@C82] (13) complexes were investigated.[4-8] 

 

Graphs and Method: The ratio of summation of the number of carbon atoms (nc) and the number 

of sulfur atoms (ns) to the product of these two numbers (cs) seems to be a useful numerical and 

structural value for the unsaturated thiocrown ethers 1-9 that were utilized here.[5-7] The 

equation-1 estimates the free energy change between a donor and an acceptor as:   

                                                           (Eq. 1) 

Discussion: The achived values demonstrated that cs decreases with increasing molecular size of 

the compounds 1-9. In the related values for the complexes of [X-UT-Y] 1-9 with Ce@C84 (10) 

and Gd@C82 (11) are also shown. The results show the calculated values of oxidation potential 

(oxE1), as well as the free energy of electron transfer (Get) between some of the [X-UT-Y] and 

their complexes with 10 and 11. Figure 2 shows the relationship between the values of cs and the 

free energies of electron transfer (Get) between 1-9 and the first reduction potential (redE1) of 

Ce@C82 (10) for [X-UT-Y][Ce@C82] complexes (12). Equation 4 describes Fig. 2 and shows the 

Nieperian logarithmic behavior of the relationship between Get and cs. The R-squared value (R2) 

for this graph is 0.9847. 
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                                                           ΔGet = (7.1)Ln(cs)]+34.0                                (Eq. 2) 

In light of this high correlation between cs and the free energy of electron transfer (Get) between 

1-9 and the first reduction potential (redE1) of Ce@C82 (10), it is possible to use cs to calculate the 

(Get) of [X-UT-Y][Ce@C82] complexes. With increasing ring size of these compounds, the 

values of cs decrease. 

 

 

 

 

 

 

 

The ratio of cs shows a high correlation with the physicochemical and structural values of the 

unsaturated thiocrown ethers 1-9. The results show the calculated values of free energy of electron 

transfer (Get) of the [X-UT-Y][Ce@C82] (12) and [X-UT-Y][Gd@C82] (13) supramolecular 

complexes on the basis of the first and second reduction potentials (redE1 and 
redE2) of Ce@C82 (10) 

and Gd@C82 (11). The data for the compounds and their complexes were not previously reported. 

The compounds [X-UT-Y][Ce@C82] (12) and [X-UT-Y][Gd@C82] (13) supramolecular 

complexes were neither synthesized nor reported previously. 

 

Conclusion: The electrochemical data of 1-9 were reported here, including oxidation potential 

(oxE1) and the free energy of electron transfer (Get) on the basis of the first and second reduction 

potentials (redE1 and 
redE2) of 10 and 11 for the predicted complexes of [X-UT-Y][Ce@C82] (12) 

and [X-UT-Y][Gd@C82] (13). The predicted values of Get for 12 and 13 were calculated by using 

the ET equation. By utilizing the equations of this model, one can calculate the values for the 1-9 

with Ce@C82 (10) and Gd@C82 (11).  
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The synthesis of nanoparticles has become a highly developed field owing to the scientific 

and technological interest due to the structural peculiarities and unusual physical and 

chemical properties they may lead to [1] and [2]. Nano-scaled particles are of great 

importance if the conformation of ceramics is considered; they have been found to enhance 

the mechanical, electrical, thermal, catalytic and optical properties of diverse ceramic 

materials [3] and [4]. SnO2 nanoparticles have been synthesized by soli state-reaction method. 

(0.01 mol) powder of SnCl4. 5H2O and (0.01 mol) SrCl2 were used as starting solid materials. 

The powders were weighed with ratio 2:1 from Sn:Sr in preparation of SnO2. Each of this was 

ball-milled at room temperature for 30 minutes using zirconia’s balls as a milling medium.The 

mixing process accompanied by emission of water vapor from surface. The product was 

washed, treated in an ultrasonic bath for ten minutes and then centrifuged (8000 rpm) for 

about 15 minutes. The yield was calcined at different temperature between 200-1000 °C.  This 

is a convenient route to large-scale synthesis of SnO2 nanoparticles with average diameters to 

about 70 nm. X-ray powder diffraction, scanning electron microscopy, Fourier transform 

infrared spectrum were used to characterize the as-prepared SnO2 nanoparticles. 
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Introduction:                                                                                                                                              

Zinc oxide  has various  properties such as: catalyst properties, antidote ,quale semiconductor, 

magnetic property and wide band gap about 3.37 ev.  Because of this properties , zinc oxide 

has a wide range of applications in industry and laboratory, catalyst, pigments, optical 

materials, biomedical and spintronics. Zinc oxide nano structures exist in various shape like 

one-dimentional (nanowires, nanoroads, nanobelts), two-dimensional (nanonails, 

nanobridges)  and three-dimentional like nanoparticles [1,2 ]. ZnO nanoparticle synthesized 

with several methods such as, Solochemical processing, Microwave, Emulsion and sol-gel 

methods [3- 5]. In this study we synthesized nano ZnO by using (NH4)2[Zn(dipic)2] such as 

precursor. 

 

Methods: 

Nano zinc oxide was prepared in two- step, at first, preparation of (NH4)2[Zn(dipic)2] using  

Zn(NO3)2.6H2O and ammonium 2,6-Pyridinedicarboxylate with molar ratio 1/2 of        

Zn+2/dipic and then  calcination of precursor in 450,550,650 degrees of centigrade for 2 hour.                          

 

Result and discussion:                                                                                                                                    

1.X-raydiffraction                                                                                                                  

Using XRD spectrum and Sherrer,s equation, the size of nanoparticles obtained about  27, 29 

and 31 nanometer in  various  temperature  of calcination and show the size of nanoparticles 

grows with increasing of temperature.  

2. Thermal behaviors of precursor powders                                                                                  

TGA shows the precursor loses its weight in three -step and fixed after 470°C and 19.26% of 

precursor remained in 600°C. 
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3. FT-IR 

In the present study FT-IR reports that precursor has absorption bands in 3069, 2630 and 1705 

cm-1
, 

  the C=O vibration stretching modes occur at 1705 cm-1 corresponding to two carboxylic 

groups of dipic and it,s nanoparticles have bands in 480, 1061 and 3437 cm-1. Absorption in 

480 cm-1 is because of Zn=O stretching.   

4. TEM  

TEM image shows the morphology of products and the nanoparticles are spherical. 

 

Conclusion:                                                                                                                                             

This investigation was confirmed that the dipic ligand can be used for synthesis of nano ZnO 

and the size of particles increases with increasing the temperature.                                                                     
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Introduction: 

Basic nitrogen-containing compounds, biogenic aminoacids are formed in plant microbial, 

and animal cells under the action of microorganisms. These are biologically important 

compounds, and ther formation of many of them precedes the synthesis of alkaloids and 

hormones, neuromediators, phospholipids and vitamin components, and initiators of 

numerous enzynatie reactions. solute or contaminant uptake by an adsorbent is most often 

measured with batch equilibrium test.[1] The adsorption isotherm is the most important 

information wich indicates how adsorbate molecules are distributed between the liquid and 

solid phase when the adsorption process reaches equilibrium.[2] Evaluation of parameters in 

the isotherm is a complished by obtaining a linear from of the isotherm and the best fitting 

line for data is obtained by maximizing the coefficient of determination r2. This study adopted 

the Langmuire, Freundlich and Temkin isotherms[3-5] to describe equilibrium adsorption. 

 

methods: 

 We used the UV-VIS spectroscopy for studied physicochemical properties of some 

aminoaside, at various environmental conditions, such as concentration, temperature and ionic 

strength. Then the interaction of aminoacids with MWCNT was investigated. 

 

 

results and discussion: 
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The Langmuire isotherm represents the equilibrium distribution of aminoacieds between the 

solid and liquid phasas and often expressed as:  

Qe=QmaxKCe /1+KCe                 (1)  

From these equations and their linear plots, the values of the Langmuir constants were 

determined and the results are shown in Fig1. where Qmax is the maximum adsorption capacity 

corresponding to the site saturation and K is the Langmuir  

 

 

 

 

 

 

 

 

 

 

Fig1.Langmuir adsorption isotherm for complexation of aminoacides 

 

constant related to the adsorption-desorption energy and to the affinity of the binding sites for 

the complexations of aminoacids that the Qmax values exhibited by the 

[Fe(L.Arginine)2.9H2O]and [Fe(L.Phenylalanine)2.9H2O are higher than those corresponding 

to other sorbent complexations. From the linear of Freundlich isotherm, equation can be 

written as follows: 

 lnQe=1/nlnCe+lnKF                     (2)  

 where KF and n are Freundlich constants related to adsorption capacity and intensity, 

respectively. It can be seen from Fig2 that Freundlich model agrees well with our 

experimental data, with the correlation coefficient values being close to one. A more 

homogeneous system has and n valueunity, while a more heterogeneous system will have n 

value approaching zero. The constant KF related to adsorption capacity is higher for 

adsorption of [Fe(L.Arginine)2.9H2O]and [Fe(L.Phenylalanine)2.9H2O onto CNT wich is 

consistent with the experimental observations. 

 

 

 

 

 

Ce

C
e/

Q
e

Fe(Ar)2.9H2O Fe(Ph)2.9H2O
Fe(Me)2.9H2O Fe(Al)2.9H2O
Fe(Gl)2.9H2O Fe(As)2.9H2O
Fe(Va)2.9H2O Fe(Hi)2.9H2O



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1957

 

Fig2.Freundlich adsorption isotherm for complexation of aminoacides 

Fig3 shows the temkin isotherm that the adsorption is characterized by KT that is a uniform 

distribution of the binding energy, upto some maximum binding energy and often expressed 

as: lnQe=BlnKT+lnCe             (3)  

In this study the maximum temkin equilibrium constant (KT) related to 

 [Fe(L.Arginine)2.9H2O]and [Fe(L.Phenylalanine)2.9H2O. 

 

Fig3.Temkin adsorption isotherm for complexation of aminoacides 

 

Conclusions: 

In conclusion, the adsorption capacity of MWCNT for [Fe(L.Arginine)2.9H2O]and 

[Fe(L.Phenylalanine)2.9H2O is much higher than of the aminoacids. The results showed that 

adsorption equilibrium data fitted well to the Freundlich isotherm that is proved a suitable 

method for characterizing the heterogeneity of surface energy. The heterogeneity of surface 

energy of MWCNT gradually decline while the adsorption a mount of aminoacids increases.  
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Introduction: 

In the past thirty years, the explosive growth of nanotechnology has developed challenging 

innovation in pharmacology which could revolutionize the delivery of biologically active 

cmpounds.[1]Note that when the equilibrium concentration is used it is more difficult to 

compare different adsorbents or contaminants since the rang of equilibrium concentrations, 

may not correspond. Evaluation of the parameters is a complished by obtaining a linear from 

of the isotherm and the best fitting line for the data is obtained by maximizing the coefficient 

of determination r2.[2] 

 

Method: 

Multiwalled carbon nanotubes were purchased from Aldrich, with 5-10 nm in outer diameter, 

surface area of 40-600m2/g and purity above 95%. The aminoacids solutions were prepared. 

from 1000mg/L and complexation of those with stock solutions containing nitrat salts(Merck) 

The concentration of this complexation were performed by UV-Vis -2550 spectrophotometer, 

from 200 to 300nm. 

 

 

 

 

Results and discussion: 
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Equilibrium studies that give the capacity of the adsorbentand adsorbate are described by 

adsorption isotherms which is usually the ratio between the quantity adsorbed and that 

remained in solution at equilibrium at fixed temperature.[3-6]The experimental data  were 

correlated by Langmuire[4], Freundlich[5], Temkin[6] models.(Fig.1-3) 

The Langmuir equation (Eq.1)is used to estimate the maximum adsorption capacity 

corresponding to complete monolayer coverage on the adsorbent surface that parameters of 

this model are shown in Table1.         Ce/Qe=1/bQm+Ce/Qm                                           (Eq.1) 

 

 

 
Fig1.Langmuir isotherm for complexation of amino acids with Cu(ІІ) ion 
 

The Freundlich equation (Eq.2) used to estimate the adsorption intensity of sorbent towards 

the adsorbate. The constants 1/n and KF were determined in Table1. Qe=KFCe1/n          (Eq.2) 
 

 
Fig2.Freundlich isotherm for complexation of amino acids with Cu(ІІ) ion 
 

The Temkin isotherm equation(Eq.3) assumes that the heatat adsorption of all the molecules 

in the layer decreases linearly with coverage due to adsorbent-adsorbate interactions and that 

the adsorption is characterized by a uniform distribution of the binding energies and the 

 

Temkin equilibrium constant are shown in Table3. Qe=B1lnKT+B1lnCe                          (Eq.3) 

1

Ce

C
e/

Q
e

Co(L-Arginine)2.6H2O Co(L-Asparagine)2.6H2O

Co(L-Methionine)2.6H2O Co(Glycine)2.6H2O

Co(L-Histidine)2.6H2O Co(L-Valine)2.6H2O

Co(L-Phenylalanine)2.6H2O Co(L-Cycteine)2.6H2O

Co(L-Alanine)2.6H2O

2

LnCe

Ln
Q

e

Co(L-Arginine)2.6H2O Co(L-Asparagine)

Co(L-Methionine)2.6H2O Co(Glycine)2.6H2O

Co(L-histidine)2.6H2O Co(L-Valine)2.6H2O

Co(L-Phenylalanine)2.6H2O cO(L-Cycteine)2.6H2o

Co(L-Alanine)2.6H2O
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Fig3.Temkin isotherm for complexation of amino acids with Cu(ІІ) ion 
 

 

The adsorption capacity of complexation of aminoacids with Cu(ІІ) ion on MWCNT 

increased with increase of concentration (Fig.4). 

 

 
 

Fig4.Adsorption capacity of CNT for the initial concentratiom of complexation of aminoacides with Cu(ІІ) ion  
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Complexion of  

Copper(ΙΙ) with 
aminoacids 

 

 

Temkin 

 

 

Langmuir 

 

 

Freundlich 

 

Valine 

R²=.83 

B=0.66 

KT=0.88 

 

R²=0.75 

Qm= 4.03 

KL=0.047  

R²=0.94 

1/n=0.55 

KF=0.32 

 

Arginine 

 

R²=0.95 

B=1.01 

KT=9.37 

R²=0.97 

Qm= 6.57 

KL=0.30 

R²=0.98 

1/n=0.30 

KF=2.16 

Alanine R²=0.79 

B=0.60 

KT=2.37 

R²=.90 

Qm=3.35  

KL=0.13 

R²=0.92 

1/n=0.36 

KF=0.83 

Asparagine R²=0.85 

B=0.70 

KT=3.09 

R²=0.93 

Qm= 4.3 

KL=0.13 

R²=0.94 

1/n=0.33 

KF=1.01 

Cystein R²=0.94 

B=0.73 

KT=2.07 

R²=.94 

Qm=3.90  

KL=0.14 

R²=0.99 

1/n=0.42 

KF=0.75 

Glycine R²=0.67 

B=0.55 

KT=2.61 

R²=0.68 

Qm= 3.98 

KL=0.074 

R²=0.88 

1/n=0.38 

KF=0.95 

Histidin R²=0.90 

B=0.46 

R²=0.95 

Qm= 2.63 

R²=0.97 

1/n=0.34 
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Table1.Calculated Langmuir.Freundlich and Temkin isotherm parameters for complexations of aminoacids with 

Cu(ІІ) ion  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclutions: 

The competitive adsorption capacity of some complexation of aminoacids with Cu(ІІ) ion by 

MWCNT was studied, and showed that the adsorption affinity of complexation by CNT 

followed the Cu(Ar)2.3H2O> Cu(Ph)2.3H2O > Cu(As)2.3H2O > Cu(Gl)2.3H2O >Cu(Al)2.3H2O 

> Cu(Me)2.3H2O > Cu(Va)2.3H2O > Cu(Hi)2.3H2O.The experimental data for complexation 

adsorption onto CNT were analyzed using the Freundlich adsorption isotherm model, which 

is applicable to highly heterogeneous surfaces.   

 B=0.91 

KT=8.10 

Qm= 6.06 

KL=0.25 

1/n=0.29 

KF=1.90 

Methionine R²=0.77 

B=0.56 

KT=4.68 

R²=0.87 

Qm= 3.73 

KL=0.14 

R²=0.90 

1/n=0.28 

KF=1.04 
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Introduction : 

Streptomyces is the largest genus of Actinobacteria and the type genus of the family 

Streptomycetaceae .Over 500 species of Streptomyces bacteria have been described .As with 

the other Actinobacteria,streptomycetes are gram-positive,and have genomes with high GC-

content.In enzymology, a xylose isomerase (EC 5.3.1.5) is an enzyme that catalyzes the 

chemical reaction  D-xylose D-xylulose .This enzyme belongs to the family of 

isomerases.The enzyme is used industrially to convert glucose to fructose in the manufacture 

of  high-fructose corn syrup. It is sometimes referred to as "glucose isomerase.                        

Characterizing the role of amino acid residue involved in low pH activity of enzyme is very 

important task in protein engineering. Glucose Isomerase (GI) is an example of such enzyme 

needs to be optimally active at low pH. Also, thermostability is another important property for 

commercialization of any enzymes since it facilitates their purification. Therefore, this study 

was conducted in order to characterize those responsible amino acid residues in order to be 

used in further steps in rational design of such target enzyme. 

 

Methods:  

site-directed mutagenesis by SpdbV®, energy minimization by MM+ force filed, tests of 

ERRAT and Ramachndran plot in order to evaluate the residues stereochemistry, quantitative 

analysis of protein secondary structure by Vega ZZ® program. 
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Results and Discussion:   

 analyzing the amino acid sequences by multiple alignments against the available sequences 

with low pH activity and of 3D-structures suggest E8A, E68A and E210D substitution as 

candidate mutants with low pH profile. Also, the potential substitutions leading to 

thermostability were determined as E165M, D296E and D363E. Then, the proposed mutants 

were all prepared and energy minimized to further characterize their role in conformational 

stability of the protein.  

 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

1967

 

 

 

 

 

 

 

 

 

Structure Primary pdb Mutant 1 Mutant 2 Mutant 3 

Number of residues in 

favoured region [ no. 

(Percentage)] 

 

 

373(96.9%) 

Befor: 

 96.9% 

After: 

96.4% 

Befor: 

96.9% 

After: 

96.4% 

Befor: 

96.9% 

After: 

96.4% 

Number of residues in 

allowed region 

 

 

10 (2.6%) 

B: 

2.6% 

A: 

3.1% 

B: 

2.6% 

A: 

3.1% 

B: 

2.6% 

A: 

3.1% 

Number of residues in 

outlier region 

 

 

2 (0.5%) 

B: 

0.5% 

A: 

0.5% 

B: 

0.5% 

A: 

0.5% 

B: 

0.5% 

A: 

0.5% 

Structure Primary pdb Mutant 1 Mutant 2 Mutant 3 

Pre-ERRAT 
    94.444 93.915 94.444 93.915 

Post-ERRAT 
    94.709 94.444 94.709 94.444 
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Conclusion: 

This work provides useful information pertaining to rational design of an acidophil and 

thermostable GI. Probably, the negatively charged residues E8, 68, 10, locating at the surface 

of the enzyme, replacement with A8, 68 and D10 (possessing lower pKa than of E) reduces 

the number of ionizable groups and the pKa. This led to lower protein-protein interactions in 

which reduce the aggregation of enzyme. The detailed discussion will be presented. In 

conclusion, these results could be promising in the design of GI being optimally active at low 

pH and with facilitated purification. 
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INTRODUCTION 

Recently TiO2 photocatalysts have been utilized successfully in various fields such as removal 

of organic pollutants. However, a major problem encountered is that TiO2 does not work as a 

photocatalyst with visible light [1]. In this contribution, platinum doped TiO2 (Pt/TiO2) 

nanoparticles were synthesized by photodeposition (PD) method. The influences of the 

platinum loading and catalyst dosage on the photocatalytic oxidation of azo dye (AY23), 

under the illumination of visible light were investigated. 

METHODS 

Hexachloroplatinic acid (H2PtCl6, 98%) obtained from Merck. TiO2-P25 Degussa, 80% 

anatase, 20% rutile; BET area 50 m2/g; primary size 21 nm, were used as a supporting 

material. AY23 as a model pollutant from textile industry purchased from ACROS organics 

(USA). 

The preparation of platinum doped TiO2 nanoparticles 

First 2 g of TiO2 was added to 100 ml of deionised water. Then the required amount of 

H2PtCl6 for doping was added into the suspension of TiO2. The pH of TiO2 suspension was 

adjusted to 3. Then the mixture was irradiated with UV light (30 W, λmax=254 nm) for 3 h and 

then dried at 100 ºC for 12 h. The dried solids calcined at 300ºC for 3 h in a furnace. 

Investigation of photocatalytic activities 

For the investigation of the photocatalytic activity of Pt/TiO2 nanoparticles, a solution (100 

ml) containing desired amounts of AY23 (20 mgL-1) and photocatalyst were prepared and 

transferred into a borosilicate petri dish as photoreactor. Afterwards, the visible lamp 

(OSRAM, 500 W; 125 kLx) was switched on to start the reaction. Then at certain reaction 
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intervals, the concentration of remaining AY23 was determined by means of a UV-Vis 

spectrophotometer at λmax = 428 nm. 

RESULTS AND DISCUSSION 

Characterization  

The XRD patterns of TiO2 nanoparticles before and after Pt modification (1 wt%) are 

presented in Fig. 1. It is worth noting that no peaks of Pt were observed in the case of Pt/TiO2, 

suggesting that the Platinum dopants are merely placed on the surface of the crystals [2].   

 

 

 

 

 

 

 

The effect of doping content of platinum 

The results in Fig. 2 showed that the photocatalytic activity of Pt doped TiO2 increased with 

an increase in the Pt doping up to optimum value (1wt%) and then decreased. Excessive 

coverage of TiO2 catalyst surface limits the amount of light reaching to the TiO2 surface, 

reducing the number of photogenerated e--h+ pairs, and consequently, lowering the TiO2 

photoactivity [3].  
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The effect of catalyst dosage  

 As can be seen in Fig. 3, increasing the catalyst dosage results in increasing the generation of 

active species to react with organic molecules, consequently increasing the reaction rate. 

However, a large increase in catalyst dosage can cause the limitation of the light penetration 

that affects inversely the photocatalytic reaction [4]. 

 

 

 

 

 

 

 

 

Kinetic analysis 

To study the kinetic of photocatalytic degradation of AY23, experiments was conducted in the 

optimum operating conditions (1000 mgL-1 of 1wt% Pt/TiO2 and pure TiO2). The good 

linearity of the –ln(C/C0) versus irradiation time plot, with high R2 values (Fig. 4), suggests 

that the photocatalytic reaction approximately followed the pseudo-first order kinetic. The rate 

constant calculated for the reaction carried out at the optimum condition was 0.0672 min-1. 

Similar values of correlation coefficients (R2 > 0.996) for the –ln(C/C0) versus irradiation 

time plots have been calculated for the experiments carried out at the conditions other than 

optimum condition. 
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CONCLUSIONS 

The present investigation showed that the photocatalytic efficiency of TiO2 nanoparticles for 

the degradation of Acid Yellow 23 can be significantly improved by depositing of Pt. The 

effects of the influencing factors, showing the optimum values of 1% Pt and 1000 mgL-1 Pt-

TiO2. The semi-logarithmic graphs of the concentration of AY23 in the presence of different 

concentrations of Pt/TiO2 versus irradiation time yield straight lines (R2≥0.985) indicating 

pseudo-first order reaction.  
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One of the major members of nanocarbon family is detonation nanodiamond (DND) that finds 

more applications in industry. For confirmation we refer to recent reviews [1-3] and a book 

[4] on nanodiamond materials. One of the primary fields of application is as reinforcement 

phase in polymer nanocomposites [5].  To insure good dispersion in any media it needs proper 

surface modification or functionalization [6-10]. The aim of this paper is to study surface 

modification of DNDs by oxidation in air and concentrated acid treating to generate 

carboxylic groups.  

 The DNDs were supplied from NaBond Technologies co. Ltd, China. The as-received 

(AR) material was studied by TEM, FTIR, and TGA. Two routes were selected for modifying 

DNDs surface, one way heat treatment (oxidation) in air, and the other way oxidation in air 

followed by concentrated acids treating (carboxylation). In the first route, some DNDs were 

placed in crucible in a furnace with air atmosphere in 450C for 2 hours. Then the heat treated 

(HT) DNDs were studied by FTIR and TGA. In the second route, 1g HT-DNDs were 

sonicated in 50 mL, 3:1 mixture of concentrated sulfuric (98%) and nitric (70%) acids in a 

Branson 3510 sonication bath for 3 hours. Then the mixture was poured in 800 mL, 85C 

deionized water and stirred for 10h. Washing of the acid treated (AT) DNDs was done by 

repeatedly centrifugation and sonication. The resultant slurry was dried in 80C for 4h in a 

vacuum oven. The resultant powder was then studied by FTIR. To examine the effects of each 

modification treatment on dispersion capability of nanoparticles, the AR, HT, and AT 

powders were dispersed in Isopropanol by 30min sonication. The particle size distribution 

was determined by a Malvern-MAL1015189 instrument. To investigate the colloidal stability 

of nanoparticles, they were dispersed in DI water by 30min sonication and then colloidal 

stability after 2 weeks, 1 month, and 2 months were examined. 
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 The TEM analysis showed that the DNDs are spherical in shape with the average size less 

than 10nm. The TGA curve showed only one peak around 560C that corresponds to 

oxidation of DND itself and also reveals the high purity of the AR material. The FTIR results 

showed surface functional groups of AR-DNDs are OH, CN, C=O (from CO2), and COOH. 

But after oxidation in air the C=O peak was appeared in FTIR spectrum around 1750 cm-1. 

The other major effect is the oxidation of non-diamond carbon from the surface shell of 

particles. It is believed that both C=O bonds and non-diamond carbon encourage the 

agglomeration of particles [6]. The TGA curves before and after heat treatment are both the 

same. After carboxylation, FTIR spectrum shows only peaks for OH, C-O, and C=O. Such a 

spectrum corresponds to carboxylic group [11]. Results of particle size analysis are shown in 

figure 1. It is apparent that the surface modifications strongly influence the dispersion 

capability of nanoparticles. Among them the AT-DND shows the finest distribution that 

implies more effectiveness of carboxylation process.  

 The stability of the nanoparticles in DI water is also investigated. The AR-DNDs are 

precipitated after 2 weeks that reveals low stability of the sample. The HT and AT-DNDs are 

almost identical. 

 

        

     (A)      (B) 

Figure 1 (A) Particle size distribution of AR, HT, and AT-DNDs after 30min sonication in isopropanol and (B) 
stability of AR-, HT-, and AT-DNDs in DI water after (a) sonication, (b) 2 weeks, (c) 1 month, and (d) 2 months.  

Keywords: Detonation nanodiamond, Functionalization, Air oxidation, Carboxylation. 
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Introduction 

4-Chloro-2-nitrophenol (4C2NP), selected as a model compound in the present study, is 

widely available in bulk drugs and pesticide wastes [1]. Heterogeneous catalytic ozonation is 

a novel type of advanced oxidation, which combines ozone with the adsorptive and oxidative 

properties of solid-phase metal oxides to achieve mineralization of organic pollutants [2]. 

Therefore, the objectives of this study was to determine the kinetic degradation of 4C2NP by 

nano-ZnO catalyzed ozonation. 

 

methods 

 Catalytic activity measurements in degradation of 4C2NP were carried out in a semi-batch 

stirred reactor, where ozone gas was continuously poured through a fine-bubble ceramic 

diffuser into a glass reactor (2000 ml) with 1L of aqueous solution containing 12 mgL-1 of 

4C2NP and 0.3 g of nano-ZnO that was completely mixed with a magnetic stirring bar. Gas 

flow was kept constant at 1L min−1, having an ozone concentration of 5.64 mgL-1. Nano-ZnO 

particles were dispersed in the solution as soon as the ozone gas contacted the 4C2NP 

solution. The contact time was 30 min and samples were withdrawn at different intervals (1, 

2, 5, 10, 15, 20, 30 minutes) to determine the residual concentration of 4C2NP by both the 

photometric and the HPLC methods. During the reaction, the reactor was sealed to avoid the 

evaporation of aqueous ozone.  
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results and discussion 

It was found, the degradation efficiency of 4C2NP changed with the variation of pH in the 

solution. From the results, it can found that in ZnO heterogeneous catalytic ozonation, the 

surface property of metal oxides rather than OH− ions in the solution was the main factor 

determining the catalytic activity. During the catalytic ozonation, the degradation of 4C2NP at 

pH 3 was higher than that of pH 7 and 9. After 2 min., under acidic condition (pH = 3) the 

degradation efficiency of 4C2NP was as high as 85.26%, while in the solutions with pH 7–9, 

was about 31-49%. It is clear that pH affects the aggregation of ZnO particles. It is already 

well known that nanosized particles tend to form aggregates when they are suspended in 

water [3],  and it depends on the concentration of particles and the pH of solution. The size of 

ZnO gets to 350 nm at pH = 7.5 and the decomposition rate was decreased with an increase in 

the pH levels [4]. This was due to increase size of the ZnO particles and the subsequently 

decreased surface area. A kinetic study of 4C2NP removal in the presence of nano ZnO at 

different pHs (3, 7 and 9) was carried out. The reaction form of 4C2NP with Nano-ZnO/O3   

can be written as: 0
3

•
O 3 OH

d[4C2NP]
=-k .[4C2NP][O ][ZnO]+k [4C2NP][OH ][ZnO]

dt
             (1)                  

Here, [4C2NP], [O3], [ •OH ] and [ZnO] are the concentration of 4C2NP, ozone, hydroxyl 

radicals and zinc oxide, respectively. 
3Ok  and •OH

k  are the rate constants of 4C2NP with 

ozone and hydroxyl radicals, respectively. According to [5] direct reaction of molecular ozone 

with phenolic compounds was predominant during the ozonation at pH values lower than 12. 

Therefore, the rate equation can be written in the form: 

3O 3

d[4C2NP]
=-k .[4C2NP][O ][ZnO]

dt
                                                                     (2)              

  If a reactor system is desired where compound A, is to be removed by reaction with B and C 

and the concentration of B and C can be regarded constant, only the concentration of 

compound A changes and the reaction can be regarded as pseudo first order[6]. So, the 

disappearance rate can be expressed in the form: 
3O

d[4C2NP]
=-k' [4C2NP]

dt
      (3)                                            

'

3Ok  is a pseudo first-order constant rate reaction of 4C2NP with nano-ZnO/O3 .   
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The integration of (3) Leads to:             
 
  3

0
O

4C2NP
Ln =k' .t

4C2NP
                               (4)                                           

The decomposition rate of 4C2NP was found to decrease with increasing pH values. The 

measured rate constants of 4C2NP with O3/ZnO are  4.47×10-3 s-1 (pH =3),  3.10×10-3 s-1 

(PH=7) and 1.885×10-3 s-1 (pH =9).  It can be concluded that  much degradation rate of  

4C2NP with O3/ZnO is occurred at acidic pH. This result show adsorption trend of 4C2NP on 

the nano ZnO surface, which was pH-dependent and occurred at pH<4. 

Measurments TOC for O3/nano ZnO and O3 systems was 54.99 and 7.46%, respectively. This 

result indicates 4C2NP in water was rapidly mineralized by the  O3/nano ZnO than O3 alone. 

So, it can be concluded that 4C2NP cannot be totally mineralized from catalyzed ozonation, 

even by the O3/nano ZnO methods. It is clear that only part of 4C2NP was mineralized and 

some degradation intermediates were formed during the ozonation of 4C2NP.  

 

conclusions 

The results showed that  the rate of 4C2NP decomposition on the surface of ZnO was strongly 

pH dependent due to decreased active sites on the surface of ZnO and in the ZnO catalyzed 

ozonation, the oxidation efficiency of 4C2NP was higher at low pH (pH =3) than high pH (pH 

=9).  
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Introduction:  

Synthesis of ternary alloyed nanocrystals is a new approach to produce II-VI luminescent 

semiconductor nanocrystals; and only a limited number of studies have been reported for 

preparation of alloyed nanocrystals via chemical routs [1]. In this research, CdZnTe 

nanocrystals were synthesized in aqueous media. Our method is of particular interest due to 

low temperature, simple facilities, low cost and bio compatible. Also, influence of synthesis 

temperature on optical properties of nanocrystals is evaluated. 

 

Experimental:  

Colloidal Cd1-xZnxTe nanocrystals were prepared by the reaction between Cd2+ and Zn2+ with 

sodium hydrogen tellurium (NaHTe) solution, using NabH4(>98.0%), tellurium powder 

(99%), thioglycolic acid (TGA) (97%), 3CdSO4.8H2O (99%), Zn(CH3COO)2.2H2O, NaOH in 

D.I.water and then refluxing the result mixture solution. In this work, synthesis temperature 

verified from 80 to 125oC. X-ray diffraction pattern was carried out by Philips MRD X’pert 

Pro system with Co Ka radiation (λ=1.78897 nm). The photoluminescence (PL) 

measurements were performed by an Avante spectrometer (Ava Spec-2048 TEC) and the UV-

vis absorption spectra were measured by a UNICO spectrophotometer (UV-4802). All the 

measurements were performed at room temperature. 
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Fig. 1. XRD spectra of Cd0.6Zn0.4Te; CZT peacks(solid line) shift to the bigger angles as compared to 

CdTe’s(dash line). 

Result and discussion:  

In this work, Cd1-xZnxTe nanocrystals were synthesized using the colloidal chemistry method. 

XRD was performed on the centrifuged and extracted particles. Fig.1 shows X-ray diffraction 

pattern of alloyed Cd1-xZnxTe nanocrystals for x=0.4. The XRD peaks are broadened due to 

the nanosized crystalline phases. The peaks corresponded to the reflection from (111), (220) 

and (311) crystalline planes (JCPDS No.50-1439). This pattern reveals that they possess a 

FCC type of crystallographic structure. The diffraction peaks of Cd0.6Zn0.4Te in compare to 

CdTe, shift to larger angels, which may be attributed to the change in cell parameter produced 

by the difference of atomic radii between Zn and Cd. Furthermore, the mean diameter of the 

nanocrystals was also estimated about 2.6 nm, according to the Scherer’s equation. We have 

studied the influence of Synthesis temperature in determining the optical properties of the 

alloyed nanocrystals. The concentration of precursor and the growth time were kept constant, 

and only the synthesis temperature was changed from 80 to 125oC. It was observed in our 

experiments that the reaction solutions are easy to deposit with increasing refluxing time 

when synthesis temperature was higher than 110oC. It may be due to the quick growth and 

easier conglomeration of nanocrystals at a high temperature. The normalized PL and 

absorption spectra of Cd1-xZnxTe alloyed nanocrystals for x=0.4 that formed at the various 

temperature are given in fig.2(a) and fig.2(b), respectively. The red-shift of the absorption and 

emission spectra of Cd0.6Zn0.4Te nanocrystals with increasing synthesis temperature were 

observed. Meanwhile, the sharp absorption and narrow PL spectra reveals highly 

monodisperse distribution. Generally, heating causes slow growth, which is in agreement with 

“Ostwald ripening” [2]. This result, suggests that the size of Cd1-xZnxTe nanocrystals 

increases gradually with synthesis temperature from 80 to 125oC, and in order to avoid the 

2 0 3 0 4 0 5 0 6 02 0 3 0 4 0 5 0 6 0
0

5

1 0

1 5

2 0

2 5

3 0

3 5

4 0

2 0 3 0 4 0 5 0 6 0

( 3 1 1 )

( 2 2 0 )

   ( d e g r e e )

( 1 1 1 )

( 3 1 1 )

( 2 2 0 )

In
te

ns
ity

 (a
.u

.)

 C d 0 .6 Z n 0 .4 T e

( 1 1 1 )



 
 
 

14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

 

 
conglomeration of nanocrystals and obtain small nanocrystals, synthesis temperature is 

supposed to be lower than 110oC. 

 
Fig.2. PL spectra (a) and Absorption spectra (b) of CZT Nanocrystals synthesized at different temperature. 

 

Conclusions:  

In this paper, Cd1-xZnxTe nanocrystals were synthesized for x=0.4 in aqueous phase with 

TGA as stabilizer. The samples have been characterized by XRD, which confirm that the 

nanocrystals are formed and crystal structure is FCC. The optical properties of the 

nanoparticles can be affected by synthesis temperature and it can be observed a red shift in PL 

and absorption peaks by increasing the synthesis temperature. All obtained samples display a 

narrow PL and sharp absorption spectra. 
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Abstract  

The core-shell of nanocomposites was prepared at a relatively low temperature by using 

ultrasonic waves, sol-gel and microemulsion under mild conditions without any post thermal 

treatment. Ultrasonic irradiation can control the hydrolysis and condensation of TTIP and 

formation of a gradient TiO2 shell around the CdS core. This technique avoids some problems 

that normally exist in conventional synthesis such as the presence of different additives and 

calcinations. Increasing the amount of TiO2 led to a red-shift of the optical absorption band in 

composite. Characterization of nanocomposites has been studied by HRTEM, TEM, XRD, 

BET and UV-vis spectroscopy. 

 

Keywords: Nanoparticle, Ultrasound, Microemulsion, Core-shell, TTIP, TiO2, CdS 

 

Introduction 

In recent years, core/shell-structured composite materials have attracted increasing interest of 

materials scientists due to their unique optical and electronic properties [1, 2]. The uniform 

deposition of inorganic material on small core particles is often problematic due to the lack of 

coating methods and poor surface interactions under the usual experimental conditions [3]. 

Ultrasound is an easy and effective method under the mild conditions for preparing 

nonmaterials [3, 4]. It can improve the contact of the two components, crystallinity, and 

formation of uniform coating [5, 6]. It seems that the combination of ultrasound with sol-gel 

and micro-emulsion is a suitable method for the synthesis of coupled semiconductors. In this 

paper, a new method has been developed to produce CdS/TiO2 nanocomposite (core/shell) by 

using ultrasonic waves under mild conditions. 
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Experimental 

   A microemulsion with weight ratio between oil, ethylendiamine, water, and CS2 was 

produced by ultrasound for preparing CdS. The synthesis of core-shell nanoparticles has been 

carried out with combination of ultrasound and microemulsion by adding TTIP to the mixture. 

Also, nanocrystalline TiO2 was synthesized by hydrolysis of titanium tetra-isopropoxide 

(TTIP) in the presence of de-ionized water and TTIP under ultrasonic irradiation. The 

obtained precipitates were separated, washed and then dried.  

 

Results and discussion 

In the present study, it is confirmed that ultrasonic irradiation would favor the formation of 

nanocomposite (core/shell) at relatively low temperature. The results of XRD and HRTEM 

show that nano-particles have uniform spherical morphology and confirm that TiO2 is 

uniformly coated on the surface of CdS. Also, the preparation method has an important role 

on the structure and properties of the composites. Increasing the TiO2 led to an optical 

absorption band red-shift of composite. Rapid synthesis with uniform deposition might be 

attributed to the physical and chemical effects of cavitation. Cavitation removes surface 

contamination which helps to adhere the inorganic clusters more uniformly [3, 4]. On the 

other hand, shock waves and turbulent flows drive nanoparticles together, increasing 

adsorption and fuse under ultrasonic cavitation [7] to form core-shells.  

 

Conclusion 

In summary, CdS-TiO2 core–shell nano-composites have been synthesized by low-

temperature, short reaction time accompanied with uniform shape under microemulsion 

without surfactant and ultrasound. This is due to the cavitation process which produces strong 

shock waves and intense local heating that results in an increase in mass transfer and diffusion 

of species and enhances the crystallinity of the nano-particles. In addition, optical analysis 

revealed that increasing the amount of TiO2 leads to an absorption band red-shift in 

composite.  
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Introduction 

A large amount of research is available concerning the dispersion of aggregated carbon 

nonotubes by surfactants and also mechanisms for the interaction between aggregated 

surfactants and carbon nanotubes [1, 2]. It is reminded that CNTs have hydrophobic nature 

and have proper interaction energies with hydrophobic materials. In this project the behavior 

of surfactant triton in aqueous solution containing one CNT has been examined. 

 

Computational Procedure  

In this study, an armchair CNT with length of 25 Å was interacted with triton surfactants, 

using a canonical ensemble (constant NVT). The velocity form of Verlet algorithm method 

and the Nose-Hoover thermostat algorithm were used to integrate the equations of motion 

with a time step of 1.0 fs and temperature control of 300 K, respectively. All MD simulations 

have performed using the AMBER99 force field.   Non-bonded van-der-Waals interactions 

were modeled by a Lennard-Jones potential with a cut-off distance of 1.2 nm.  

 

Results and Discussion 

Representative simulation snapshot for (10, 10) single-walled nanotubes covered by 6 triton 

surfactant molecules at 300 K are shown in figure 1. The intermolecular interaction energies 
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between CNT and triton surfactant molecules used to describe the behavior of simulated 

systems. 

 

 
Figure 1. Front view snapshot for a (10, 10) signal wall nanotube covered by 6 triton surfactant molecules in 

water solution. 

 

The obtained results show that how surfactant molecules aggregate around the nanotube. 

Radial distribution functions for different atoms of surfactant respect to carbon atom of 

carbon nanotube have been used for describing the aggregation of surfactant molecules. 
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Abstract: 

 RDX, named hexahydro-1, 3, 5-trinitro-1, 3, 5-triazine or cyclotrimethylenetrinitramine, 

a high explosive energetic material, plays an important role in defence industry in many 

countries [1]. Size, shape, and internal defects are very important properties of explosives 

crystals. Particle size of energetic materials can influence the initiation process through 

changes in pore size and particle size distribution which should affect hotspot formation, 

through changes in the specific energy density, and through changes in the shock Hugoniot. It 

is useful to discern which effects are strongest. A lot of studies have been devoted to 

investigate the effects of explosive crystal characteristics on the shock-detonation transition of 

explosives. The explosive crystal properties studied were the size, the shape and the surface, 

and the defects at different scales inside the explosive crystals. Unfortunately, the particle size 

and size distribution of energetic materials produced in industrial processes are frequently not 

those desired for subsequent use of this materials, and as a result, special comminution and 

recrystallization operation are carried out in order achieve the decreased characteristics [2]. 

Very fine energetic materials and nanocomposites, characterized by an ultra fine grain 

size, have created a high interest in recent years by virtue of their unusual energetic properties 

[3]. Studies have shown that the thermal behavior of very fine-scaled materials is quite 

different from usual energetic powders. Ultra fine explosive powders have been used as a 

solid propellant and explosive mixture components to increase efficiency [4]. 

Techniques of thermal analysis such as DTA, TG and DSC have been largely used in the 

study of explosive decomposition kinetics in isothermal and non-isothermal conditions [5]. 

Thermo-analytical study of high energy materials is important not only for understanding the 

kinetics of their thermal decomposition but also for assessing the effect of their exothermic 
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decomposition on the potential hazards in their handling, processing and storage [6]. Kinetic 

studies also provide useful information on thermal stability and life expectancy of the 

energetic materials under different thermal environment at storage [7]. 

This work refers to study of the thermal decomposition of hexahydro-1,3,5-trinitro-1,3,5-

triazine or cyclotrimethylenetrinitramine (RDX) nanoparticles by simultaneous 

thermogravimetery - differential thermal analysis (TG/DTA) and differential scanning 

calorimetry (DSC) under non-isothermal conditions, at various heating rates from 5 to 20°C 

min-1. The influence of the particle size on the thermal decomposition of RDX samples with 

various particle sizes was verified. The activation energy for the decomposition of each 

sample was calculated using the peak temperature shift methods, proposed by Kissinger. A 

significant variation in the results was observed according to the range of the used particle 

size. The results showed that, as the particle size of RDX increased, the thermal 

decomposition temperature of RDX and the decomposition activation energies ranges 

enhanced. However, at a constant heating rate, the decomposition temperatures of the smaller 

particles were lower than those of larger ones. The values of activation energy obtained by 

Kissinger method show that activation energy for micron sized RDX 1.5 times is higher that 

nano-RDX. The critical temperature for thermal explosion of each sample was calculated. 

Also, the values of S#, H# and G# of decomposition reaction for each particle size were 

computed.  

The effect of DSC heating rate on the thermal decomposition of RDX with different 

particle size (micron and nano-sized samples) was studied. It was observed that the heating 

rate is an important factor in the thermal decomposition of RDX. The results show that as the 

heating rate increase, the decomposition peak shift to higher temperature. However, at a 

constant heating rate, this temperature was decrease as the particle size was reduced. The 

activation energy and the pre-exponential factor were obtained by Kissinger method for all 

samples. The present study shows that the values of activation energy and pre-exponential 

factor decrease by reducing the particle size of RDX samples. The critical temperature of 

thermal explosion of the compound with various particle size was calculated. On the other 

hand, the values of S#, H# and G# of the reaction at Tp0 were computed for all samples. 
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Kinetic and Thermodynamic Parameters of Thermal Decomposition for RDX 

Mean  average 
 particle size (nm) 

Ea  
(KJ.mol-1) 

Frequency 
Factor 

Log A (S-1) 

r* ΔG#

(KJ.mol-1) 
ΔH# 

(KJ.mol-1) 
ΔS#

(J.mol-1.K-1) 

50000 272.3 27.8 0.9983 460.4 266.0 -391 

300 236.3 24.5 0.9953 424.4 230.0 -391 

250 181.0 18.9 0.9965 369.2 174.8 -391 

180 161.1 16.9 0.9956 349.2 154.9 -391 

 

Effect of Particle size on Thermal Decomposition Behavior of RDX  
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Introduction: 

      Various empty carbon fullerenes (Cn) with different carbon atoms have been obtained and 

investigated. The main component of the red blood cells, hemoglobin A (HbA) functions as 

an efficient oxygen carrier by reversibly binding oxygen at the ferrous ion of the heme 

groups[1]. Topological indices are purported to correlate chemical structures with various 

chemical and physical properties. They have been successfully used to construct effective and 

useful mathematical methods to establish clear relationships between structural data and 

physical properties of these materials [2]. 

Graphing and Mathematical Method: 

      All graphs were generated using the MATLAB-7.4.0(R2007) and Microsoft Office Excel 

2007 program. Using the number of carbon atoms contained within the Cn fullerenes, several 

valuable properties of the fullerenes can be calculated. The value of the electron transfer rate 

constant ket is controlled by the activation free energy ΔG#
et , which is a function of the 

reorganization energy and electron transfer driving force ΔGet  . 

Result and Discussion: 

        The number of carbon atoms in the fullerenes was used as an index to establish a 

relationship between the structures of Hemoglobin A, HbA, αXL-[HbA] and βXL-[HbA], 
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respectively, 1-3 as the most well-known blood molecular systems and fullerenes Cn (n=60, 

70, 76, 82 and 86) (figure1).The Calculations for the first oxidation potentials (Ox.E1) of 

fullerenes Cn and the first free-energies of electron transfer (Get(1)) of supramolecular 

complexes for C60 to C300 were done. These were  used to calculate the first free activation 

energies of electron transfer and kinetic rate constants of the electron transfers, Get(1)
# and 

ket, in accordance with the Marcus theory. The values of the first activated free energies of 

electron transfer, G#
et(1) for the mentioned complexes, increase with increasing the Get(n)

 

and the number of carbon atoms in the complexes, while the kinetic rate constants of the 

electron transfers ket(1), decrease with increasing Get(1)
  and Get(1)

# for Cn@[HbA], Cn@ 

αXL-[HbA] and Cn@ βXL-[HbA]. 

 

Figure.1. 

Conclusion: 

       Hemoglobin A, α- and β-Fumarate Crosslinked Hemoglobins, 1-3 and fullerenes have 

important electron-transfer properties as the most well-known ox/redox systems and 

biomolecular systems. The results of this study could be utilized in nano-biochemistry and 

biotechnology studies related to these groups of biochemistry compound. The novel 

supramolecular complexes discussed have neither been synthesized nor reported previously. 
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Introduction  

Wastewaters contaminated with residual dyes from textile, paper and other industries are a 

source of environmental problems, especially in third world countries [1]. In particular, 

semiconductor mediated photocatalytic oxidation can be conveniently applied towards the 

degradation of dye pollutants. Zinc oxide (ZnO) is a semiconductor with a direct wide band 

gap (3.37 eV–387 nm, deep violet/borderline UV) and a large excitation-binding energy (60 

meV) [2]. The combination of a semi-conductor substrate (TiO2 or ZnO) and a metal cluster 

such as Ag, Au, Pd or Pt cluster has been reported to enhance the photo-catalytic activity by 

trapping the photo-induced charge carriers and thereby, improving the charge transfer 

processes [3].  

This paper reports the photo-catalytic activity of synthesized Au-ZnO nanostructures using 

the PVP-coated Au/PANI precursors with flower morphology. All experimental factors 

affecting on the rate of photo-catalytic degradation of methyle orange (MO) were 

investigated. The reaction rates of the catalyzed and uncatalyzed reaction were calculated.   

 

method 

1.Synthesis of Au-ZnO nanostructures 

A solution of Au nanoparticles (Au-NPs) was prepared using citritric acid according to Ref 

[4]. Then 1.0 mL of Au-NPs solution was heated in a 20-mL sample bottle at 600C and then, 

10 mL of aqueous polyvinylpyrrolidone (PVP) was added. After 30 s, zinc acetate (1 mL) was 

added, followed by the addition of NaOH (1 mL) as to maintain a 1:5 Zn2+:OH- ratio. Heating 
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was continued for 1 h to get a clear supernatant with a white precipitate at the bottom of the 

bottle. The supernatant was removed and the white precipitate was washed a couple of times 

with both ethanol and water and was then kept in an oven for drying for 4 h. 

2.Photodegradation procedure 

The photo-reactivity experiments were carried out using a home made photo-reactor equipped 

with a 400W mercury lamp UV irradiation. For the irradiation experiment, MO (100 mL) was 

transferred into a sample vessel. A defined mass of the photo-catalyst was added to the dye 

solution, and the lamp was switched on to initiate the reaction, while the suspension was 

stirred magnetically. At fixed intervals of time, 2 mL of sample was withdrawn, and 

centrifuged to remove the catalyst particles before analysis of the solution 

spectrophtometrically at 464 nm.   

3.Results and discussion 

Two nanostructures were synthesized from the PVP-coated Au/PANI precursors. A part from 

PVP and Au-oligoaniline precursor concentrations, the ratio of Zn2+: OH- was the main 

parameter controlling the morphologies of the nanostructures prepared. The SEM images 

(Fig. 1) showed  

 

 

 

 

that at Zn2+:OH- ratio of ratio of 1:5, the flower-shaped structures were obtained. 

The photo-catalytic activity of the synthesized Au-ZnO nanostructures was also studied. In 

this  

study, the photo-degradation of methyl orange (10 mg L-1) was investigated under the UV  
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irradiation in the presence of different amounts of 20 mg photo-catalysts. Fig. 3 shows the 

absorption spectra of MO at different times. The decrease in the absorbance at 464 nm shows 

the decolorization of MO and the decrease in the absorbane at 272 nm shows the degradation 

of MO in the presence of photocatalyst.  

 Fig. 2 shows the catalytic performances for MO photodegradation of the Au–ZnO 

nanostructure. According to the Fig. 2, irradiation in the absence of photocatalyst for 180 min 

showed no photodegradation of MO at 272 nm, confirming that the MO cannot be degraded 

by irradiation alone. Analysis of kinetic curves showed the rate constants of 1.16×10-2 min-1 

and 2.6×10-3 min-1 for catalyzed and uncatalyzed decolorization reactions, respectively. 
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Introduction 

During the last few decades, magnetite (Fe3O4) nanoparticles (NPs) had attracted 

increasing research attentions in the field of environmental remediation [1]. For example, 

magnetic NPs have shown favorable activities for the adsorption of quite a few heavy metal 

ions (e.g. Ni2+, Cd2+and Cr6+ [2]). Nitrite is the famous contaminant anion in drinking and 

waste water. Its cancerous effects have been known since past decades. Therefore removing 

of excessive nitrite from aqueous environments could be considered as an alternative to 

elimination of its contamination. In the present work, we successfully synthesized 

metalloporphyrine functionalized magnetite NPs and investigated the adsorption feasibility of 

this nanomaterial for nitrite. Furthermore isotherm analysis, kinetic and thermodynamic 

studies were carried over. Kinetic parameters such as order of process and adsorption capacity 

were determined. Change in free energy (ΔG0), enthalpy (ΔH0) and entropy (ΔS0) of 

adsorption process, under standard states, were calculated respectively. 

 

Methods 

The preparation of Fe3O4 nanoparticles was followed by a chemical co-precipitation of 

Fe(III) and Fe(II) ions. Then the nanoparticles were modified directly by 3-
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aminopropyltrimethoxysilane to introduce reactive groups onto the particles' surface. 

Co(TCPP) [TCPP: 4,4',4",4'"- (21H,23H-porphine-5,10,15,20-tetrayl)tetrakis (benzoic acid)] 

was used as metalloporphirin ligand for immobilizing to nanoparticles. The final material was 

characterized by FT-IR spectroscopy, thermal analysis (TGA), SEM and XRD. Equilibrium 

isotherm experiments were conducted with initial nitrite concentrations ranging in 0–100 

mgL−1 using batch procedure at 25±1◦C with vigorous stirring in 1 hr. 2.5 mL of 

metalloporphyrin NPs suspension was added into nitrite solution. After a proper time, an 

strong magnet was used for deposition of NPs and the solution analyzed for the remaining 

nitrite concentration with ion chromatography. For kinetic study, the adsorption reactions 

were conducted by agitation at 300 rpm of the reaction mixture that was placed in water bath. 

Herein, 0.2 g of metalloporphirin NPs were thoroughly mixed with 200 mL of a nitrite 

solution with fixed initial nitrite concentrations (20, 40 and 60 mgL−1). At a fixed preselected 

time interval from 0.1 to 240 min, 1 mL reaction mixture was withdrawn by a micropipette 

and analyzed for residual nitrite. The above adsorption reaction was conducted separately at a 

definite temperature (25, 40 and 50 ◦C). 
 

Result and Discussions 

The isotherm models of Langmuir and Freundlich were used to fit the experimental 

adsorption equilibrium data of nitrite on magnetic adsorbents. These models are represented 

mathematically as follows: Langmuir equ.: 
eL

mLm
e CK

CKq
q




1
       Freundlich equ.: n

eFe CKq /1           

where Ce (mg L−1) is the concentration of nitrite at equilibrium, KL (L/mg), and qm (mg g−1) 

are the Langmuir constants related to the energy of adsorption and maximum capacity, 

respectively; KF (mg−(1/n)L1/ng−1) and 1/n are the Freundlich constants related to the adsorption 

capacity and intensity, respectively; and qe (mg g−1) is the mass of fluoride adsorbed per mass 

of adsorbent. Adsorption kinetic is one of the most important characters. Results indicated the 

kinetic of nitrite adsorption onto the magnetic adsorbents fit well with the pseudo-second-

order kinetic model. The thermodynamic parameters for the adsorption process were 

calculated using the following relations: 
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Where qe/Ce is the adsorption affinity. Results were summarized in table 1. 

Table 1. Isotherm and thermodynamic analysis for nitrite adsorbtion on magnetic NPs. 

Isotherm 

Analysis 

Langmuir Isotherm Model Freundlich Isotherm Model 

qm (mg g−1) KL (L/mg) r2 KF n r2 

48.2 0.08 0.981 8.5 2.7 0.978 

Thermodynamic 

Analysis 

ΔH0(Kj mol-

1) 

ΔS0(j mol-1 K-

1) 
r2 

ΔG0(kj mol-1) 

at 25 ºC at 40 ºC at 50 ºC 

6.522 25.83 0.978 0.721 0.932 1.287 

 

Conclusion 

The metalloporphyrine functionalized magnetite NPs was synthesized successfully and 

applied for removing of nitrite from water samples. Kinetic and thermodynamic studies were 

carried over on adsorption process. Results indicated NPs have high capacity in adsorption of 

nitrite. 
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Introduction: 

In recent years, the superparamagnetic iron oxide nanoparticles have attracted researchers 

from various fields such as physics, medicine, biology, and materials science due to their 

multifunctional properties such as small size, superparamagnetism and low toxicity [1–3]. 

Much research has been developed to the synthesis of iron oxide nanoparticles (NPs), and 

many reports have described efficient synthesis approaches to produce the shape controlled, 

stable, biocompatible, and monodispersed iron oxide NPs. The most common methods 

including co-precipitation, thermal decomposition, hydrothermal synthesis, microemulsion, 

sonochemical synthesis and electrochemical synthesis [4, 5]. 
 

Experimental section: 

1. Materials: 

The chemical reagents used in this work were FeCl2.4H2O, FeCl3.6H2O, ammonium 

hydroxide (NH3.H2O), Hexa trimethyl ammonium bromide (HTAB), (3-aminopropyl)-

trimethoxysilane,  toluene,  folic acid, dimethylsulfoxide (DMSO), N-Hydroxysuccinimide 

(NHS) and1-[3-(Dimethylamino)propyl]- 3-ethylcarbodiimide (EDC). Distilled water was for 

preparation of the solutions after deoxygenation with dry N2. 

2. Synthesis iron oxide nanoparticles: 

First, (0.01 mol) FeCl2.4H2O (0.02 mol) FeCl3.6H2O was dissolved in 25 mL distilled water, 

aqueous ammonium hydroxide solution (1.5 mol/L) was also obtained as this. Then, a certain 

surfactant (HTAB) was added to the former solutions to obtain Precursor solution II and 

Precursor solution I. Second, Precursor solution I was added into Precursor solution II 
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dropwise with strong stirring under the protection of dry nitrogen at the desired temperature. 

Just after mixing the solutions, the color of the solution changed from light brown to black, 

indicating the forming of Fe3O4 nanoparticles, which was allowed to crystallize completely 

for another 60 min under rapid stirring. The precipitate Fe3O4 nanoparticles were washed by 

repeated cycles of centrifugation and redispersion in distilled water. Washing was performed 

for five times in distilled water. Third, the precipitate Fe3O4 nanoparticles were redispersed in 

the same surfactant solution under the conditions of ultrasonic agitation for 30 min and strong 

stirring for another 40 min. The products (Fe3O4 nanoparticles) were also washed by repeated 

cycles of centrifugation and redispersion in distilled water. And washing was performed for 

four times in distilled water. Then, the final products were dried in a vacuum oven at room 

temperature for 24 h, and the Fe3O4 nanoparticles were finally obtained. 

3. Modification of iron oxide with folic acid: 

0.015 mg dried nanoparticles were dispersed in amount (3-aminopropyl)-trimethoxysilane in 

5ml toluene. The mixture was sonicated, and put in water bath at 60ºC for 4h. The suspension 

was centrifuged and the precipitates were sonicated in toluene for 10 minutes, and washed 

with toluene and ethanol. The precipitates were added to the mixture of 1ml 0.01M folic acid 

solution in dimethylsulfoxide DMSO and certain amount NHS and EDC solution in water, 

using triethylamine as catalyst. The pH was adjusted to 9. After incubated at 37ºC for 4h, the 

suspension was centrifuged and the precipitate was washed by deionized water, and vacuum 

dried. 

4. Characterization: 

Scanning Electron Microscopy (SEM): 

SEM was used to characterize the particle size and morphology of Fe3O4 particles.  

         
Fig1) a, b) nanoparticles iron oxide, c) nanoparticles iron oxide modify 

 

Conclusions: 
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1) Ultrafine, uniform, nearly spherical, and high purity Fe3O4 nanoparticles could be prepared 

by the controlled chemical co-precipitation method from the solution of ferrous/ferric mixed 

salt-solution in aqueous ammonium hydroxide (NH3.H2O) solution when HTAB was chosen 

as the apt surfactant. The results (fig. 1) show that Fe3O4 nanoparticles can be produced in the 

sizes range from 8 to 20 nm by changing the operational parameters (i.e., concentration of 

HTAB, reaction temperature, solution pH, and stirring rate). 

2)  Folic acid was immobilized on magnetite nanoparticles to improve their biocompatibility, 

and to target the specific cells. 

3) Fe3O4 nanoparticles coated with folic acid has a good biocompatibility and low toxicity. 
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Introduction 

Understanding the mechanical properties of nanophase materials is a challenging issue [1]. To 

determine mechanical properties, tensile test at nanoscale is extremely hard, if not impossible 

to conduct. An alternative approach is Molecular Dynamic (MD) Simulation [2] which 

provides better insight into the mechanical properties of nanocrystalline (nc) materials. 

In this investigation, MD simulations were performed to execute tensile tests on defect-free 

nano single-crystalline Ni digital samples at the constant rate of loading (800m/s) in different 

directions ([111], [100], [110]). Actually we focused on studying effects of the crystal 

anisotropy on the nature of deformation, mechanical properties and fracture of the Ni 

nanocrystals. 
 

Potential and simulation method 

Three dimensional MD simulations have been performed to capture stress-strain response of 

nano single-crystal Ni samples. Digital sample constructed by including 1500 atoms with 

dimensions of 28*28*32 Ǻ as shown schematically in figure 1. The samples were relaxed at 

300K before loading. The boundary of atoms is fixed in the both sides of z-direction for 

loading and minimizing the edge effect. The motion of atoms is determined by Morse force-

field.  

 

 

 

 
Figure 1) Atomic configuration of nano-single crystalline Ni sample. 
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Result and Discussion 

Figure 2 shows the stress-strain curves of the nc Ni in different directions resulted from MD 

simulations of the tensile test. Unlike conventional tensile testing (bulk materials), where the 

stress–strain diagram is essentially smooth with a constant slope in the elastic region, in nano 

tensile testing, a series of fluctuations in the stress-strain curves in the both of the elastic and 

plastic (flow stress) regions are found. In earlier works [2] these fluctuations attributed to the 

strain hardening and subsequent softening of the material due to dislocation pileup and 

subsequent rapid motion of the dislocations. However, the dimensions of the studied samples 

were too small for lattice dislocations to be operative or dislocation pile up formation. It is 

thought that such fluctuations may be associated to the numerical methods. The tensile curves 

presented in Fig. 2 indicate a high strength and considerably high strain before failure, in all 

studied directions. Except for strains greater than 0.5 where the anisotropy effects are quit 

evident, the difference between stress-strain curves of different directions lies in the order 

magnitude of the fluctuations up to the ultimate strength. 

 

Figure2) Stress–strain curves of tensile deformation of nano-single crystalline Ni sample at different directions 

 

Conclusion 

According to the performed molecular dynamics simulations, defect-free nano size single 

crystalline Ni samples exhibit very high tensile strengths and considerably high strain before 

failure.   
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Abstract 

Nano particle materials are unique one-dimensional macromolecules that possess outstanding 

thermal and chemical stability. These nano-materials have been proven to possess great 

potential as adsorbents for removing many kinds of environmental pollutants. For efficient 

removal of with high recovery the dye the influence of variables including pH, initial dye 

concentration, and temperature and sorption time on dye removal was studied. Following 

optimization of variables, the relation between concentrations of dye remained in aqueous and 

adsorbent has been evaluated using various adsorption isotherm models like, Langmuir, 

Freundlich, Tempkin. Evaluating and calculating the thermodynamic parameters including 

Gibb’s free energy, entropy and enthalpy indicate the endothermic nature and feasibility of 

these days removal process. The kinetic studies suggest that the all process following pseudo 

second order kinetics and involvement of intera- particle diffusion mechanism.  

 

Keywords: Adsorption; Reactive orange 12; Multiwalled Carbon Nanotube; Kinetic and 

Thermodynamics of Adsorption. 

 

Introduction 

It seems Multiwalled carbon Nanotube (MWCNT) be one of the best employed adsorbent for 

dye removal from aqueous solution because of its excellent adsorption  properties that 

emerged from high surface and porous structure although the adsorption efficiency defend on 

the production of the MWCNT [1, 2]. The objective of the present work is to investigate the 

potential feasibility of MWCNT for the adsorption of RO-12. Reactive dyes in both ordinary 
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and hydrolyzed forms are not easily biodegradable, and thus, even after extensive treatment, 

colour may still remain in the effluent. 

 

Experimental and results 

The influence of variables including pH, contact time, initial dye concentration, amount of 

adsorbent, temperature required for efficient removal of RO-12 from 50 mL of 50 μg mL-1 

sample has been investigated. The system is suitable for quantitative removal of this dye from 

such solution at pH 1 using 0.05 g MWCNT, equilibrium time 15 min even temperature of 50 

ºC. The graphical correlation of various adsorption isotherm models like, Langmuir, 

Freundlich and Tempkin have been carried out for this adsorbent. Calculation of various 

thermodynamic parameters such as, Gibbʼs free energy, entropy and enthalpy of the on-going 

adsorption process indicate feasibility and endothermic nature or RO-12 adsorption on all 

adsorbent. The kinetic studies suggest the following pseudo second order kinetics and 

involvement of particle diffusion mechanism. 

 

Conclusion 

The MWCNT is identified to be an effective adsorbent for the removal of RO-12 from 

aqueous solutions. the kinetic study of RO-12 on MWCNT was investigated using pseudo-

first-order, pseudo-second-order, Elovich and intraparticle diffusion equations. The results 

indicate that the adsorption kinetics for MWCNT follows the pseudo-second-order. the 

experimental data showed perfect fit with the Langmuir isotherm, which confirm that the 

adsorption process is homogeneous, specific and uniform in nature. Evaluating and 

calculating the thermodynamic parameters including Gibb’s free energy, entropy and enthalpy 

indicate the endothermic nature and feasibility of these days removal process. 
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Abstract 

In this research, efficiency and performance of silver nano particle loaded on activated carbon 

(SNPC) adsorbent for the removal and recovery of Direct Yellow 12(DY 12) from wastewater 

has been compared. DY 12 was used as the model compound due to its wide range of 

applications and high stability in the environment. The maximum removal was 98% for 25 µg 

mL-1 of DY 12 concentration on 0.1 g L–1 carbon concentration. The influence of variables 

including pH, concentration of the dye, amount of adsorbent, contact time and temperature on 

the dye removal has been investigated in batch method by one at a time optimization method. 

The graphical correlation of various adsorption isotherm models like, Langmuir, Freundlich 

and Tempkin have been carried out for this adsorbent. Calculation of various thermodynamic 

parameters such as, Gibb’s free energy, entropy and enthalpy of the on-going adsorption 

process indicate feasibility and endothermic nature of Direct Yellow 12 adsorption on all 

adsorbents. The kinetic studies suggest the process following pseudo second order kinetics 

and involvement of particle diffusion mechanism. 

 

Keywords: Adsorption; Direct Yellow 12; Silver nano particle loaded on activated carbon 

(SNPC); Kinetic and Thermodynamics of Adsorption. 
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Introduction 

          Nano particle have very interesting physicochemical properties, such as ordered 

structure with high aspect ratio, ultra-light weight, high mechanical strength, high electrical 

conductivity, high thermal conductivity, metallic or semi-metallic behavior and high surface 

area [1, 2]. In this research, efficiency and performance of silver nano particle loaded on 

activated carbon (SNPC) adsorbent for the removal and recovery of Direct Yellow 12(DY 12) 

from wastewater has been compared. DY 12 was used as the model compound due to its wide 

range of applications and high stability in the environment. 

 

Experimental and results 

            In the first SNPC was prepared by chemical plating method. Firstly,1.0 g purified and 

functionalized AC was mixed with 50 mL mixture solution of 38% (W/W) formaldehyde, 

absolute ethyl alcohol and double distilled water (volumetric ratio 3:10:10). Secondly, 50 mL 

mixture solution of 35 g L−1 silver nitrate (AgNO3) solution and 25 % ammonia solution 

(volumetric ratio1:2) was dropped one by one into the mixture of AC–formaldehyde–alcohol–

water solution. Keeping the pH value of reacted solution is 8–9, the reaction is processed 

under strong stirring. After reaction, the product is centrifuged and washed by double distilled 

water, dried in vacuum oven at 60◦C. This new adsorbent was characterized scanning electron 

microscopy (SEM), while it surface functional groups was recognized by FTIR analysis. At 

nano-silver coated AC, the breadth of the tubes was a little broader. There are without the 

large size particles in the Ag/AC which mean the scale of Ag particles was at nanometer level.       

The influence of variables including pH, concentration of the dye, amount of adsorbent, contact time 

and temperature required for efficient removal of DY 12 from 50 mL of 25 µg mL-1 sample has been 

investigated. The system is suitable for quantitative removal of this dye from such solution at pH 1 

using 0.005 g SNPC, equilibrium time of 9.5 min even temperature of 50 °C.  The graphical 

correlation of various adsorption isotherm models like, Langmuir, Freundlich and Tempkin have been 

carried out for this adsorbent. Calculation of various thermodynamic parameters such as, Gibb’s free 

energy, entropy and enthalpy of the on-going adsorption process indicate feasibility and endothermic 

nature of Direct Yellow 12 adsorption on all adsorbents. The kinetic studies suggest the process 

following pseudo second order kinetics and involvement of particle diffusion mechanism 
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Conclusion  

           The silver nano particle loaded on active carbon is identified to be an effective 

adsorbent for the removal of DY 12 from aqueous solutions. It was observed that batch 

sorption using SNPC was dependent on parameters such as initial concentration of dye, time, 

pH, dose of adsorbent and type of dye. The equilibrium and kinetic studies were made for the 

adsorption of dyes from aqueous solutions onto DY 12. Adsorption parameters for the 

Langmuir, Freundlich and Temkin isotherms were determined and the equilibrium data were 

best described by the Langmuir model. The process is endothermic in nature and its kinetics 

can be successfully fitted to pseudo-second-order kinetic model. The results of the 

intraparticle diffusion model suggested that intraparticle diffusion was not the only rate 

controlling step... 
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Introduction 

Zeolites are a class of microporouscrystallin solids and have been widely used as catalysts, 

adsorbents and ion-exchengers,because of their superior thermal/hedrothermal stability, 

stronga acidity, good shape-selectivity and high ion-exchange capacity.In recent years, 

zeolites have been used as efficient photocatalystsin the degradation of various environmental 

pollutants. The nanometer-dimension zeolite can have different properties than their 

micrometer sized counter parts. The reduction of the particle size from the micrometer to the 

nanometer scale can change the mass and heat transfer resistances in catalytic.Zeolite 

nanoparticles have large external surface areas and high surface activityThe treatment of 

highly colored wastewater containing hazardous industrial chemical effluents is one of the 

growing needs of the present time. Heterogeneous photocataiysis is abranch of advanced 

oxidation processes (AOPs) white transform the toxic organic pollutants in to nontoxic 

products like CO2 and H2O[1-5]. 

In this study CuO/X nanozeolite was synthesised and used as a heterogeneous photocatalyst 

in photodegradation of mixture of methylen blue and rhodaminB. 
 

Experimental 

1. Materials 

Cu(SO4)2·6H2O, NaOH, TEOS and Al(OH)3all from Merck were used as sources of catalyst 

synthesis.The methylene blue and rhodamin B were used as organic pollutants and purchased 

from Merck Company. 
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2. Preparation of photocatalyst and Characterization 

The nanometer size faujasitezeoliteX was synthesized by hydrothermal crystalyzation. 

Aluminosilicate gel was prepared by mixing aluminate and silicate solusionstogather in the 

molar ratio,5.5Na2O:1.0Al2O3:4.0SiO2:190H2O. First 250 ml plastic bottel containing freshly 

prepared sodiumaluminat solution and a stirring bar was immersed in to an ice-water bath. 

The mixture was cooled for 1h withstirring. Next a mesured amount of TEOS was 

added.Stirring was continued at 0°C for 6h and then at room temperature for another 

24h.Hydrothermal crystalyzation was conducted at 60°C for 4 day. The powdered products 

were recovered with centrifugation,washed with DI water unitl pH <8 and then dried at room 

temperature for 24h[2].For ion-exchange experiments 4 g nanozeoliteNaX powder was added 

to 100 ml of 0.2 M Cu2+solusion and shaked for 24h. The sample was filtered off, washed 

with water and dried at 100°C. For preparation of CuO/Xnanozeolite the obtained product was 

calcinated in air at 450°C for 12h. 

Synthesizednanozeolitewas characterized by X-ray powder diffraction (XRD) patterns, using 

a X-ray diffractometer and 2θ rang of 5-70.  

3.Photocatalyticdecolorization experiments 

Photodecolorization of MB and RB were conducted in the third months of summer under the 

direct irradiation of sunlight.Spectrophotometric analysis of samples before and after 

irradiation process was used to measure the decolorizationefficiency of the dyes. 
 

Resultsand discussion 

The XRD pattern of synthetic nanozeoliteNaXshow the characteristic lines at 2θ values of 6.2, 

10, 15.6, 23.5, 26.8, 31.By use of Sherrers̕ equation the average particle size was foundto be5-

10 nm. 

The catalyst amount is one of the major kinetic factor of photocatalyticdecolorization 

reactions.To determine the optimal amount of catalyst, experiments were carried out with 

varying amount of CuO/Xnanozeolite (from 0.1g/l -10g/l).The opteinedreasults showed that, 

incresing in catalyst mass up to 10g/l, causes a decrease in degradationefficieny. Effect of 

other experimented parameters such as pH and concentration of dyes, was investigated and 

satisfactory resultes were optained. 
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Kinetic of reaction 

In this reaserch the first order kinetic model was used to investigation of photodegradation 

kinetic as expressed in the following equation: െLnሺC୲C୭ሻ ൌ K୮t 
where Co and Ctare respectivily the concentration of substrate at time zero and time t(s) and 

KP the first-order rate constant (s-1). 
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Introduction  

Considerable efforts have been made in recent years in the search for low-cost materials for 

solar energy conversion [1]. Tin sulfide (SnS) is one of the promising materials for low cost 

thin film solar cells technology thanks to its optimum energy band gap (Eg) and a high 

absorption coefficient [2]. Chemical bath deposition (CBD) has been a more attractive 

technology which is well suited for large area coating, low temperature processing and low 

process cost [3]. In this work, we have used CBD method for obtaining nanostructured SnS 

thin film and investigated the composition, nanocrystalline structure, surface morphology and 

optical properties.  

 

Experimental  

The deposition bath contained 10 ml of 0.1 M Sn(II), 10 ml of 1M tartaric acid, 10 ml of 0.1 

thioacetamide. The pH of the solution was adjusted to 8 by adding 1:1 NH3. Final volume of 

the solution was made to 100 ml by adding distilled water. The time of deposition process 

was set for 7 h. The structural characterization of the film was performed by scanning 2θ in 

the range of 10-80˚. The morphology and composition of thin films were studied by a Cam 

Scan MV 2300 scanning electron microscope (SEM). Transmission and absorption spectra 

were obtained by means of Cary 300 Bio spectrophotometer. 
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Results and discussion 

The XRD spectrum of the SnS film deposited in to the glass substrate is shown in figure 1 

(left). The four peaks observed in the diffractogram at around 26.63˚, 30.87˚, 44.24˚ and 

52.38˚ reveal a zinc blend lattice structure of SnS (α-SnS phase). 

These peaks can be assigned to the planes (111), (200), (220) and (311), respectively, of the 

zinc blend phase. The average size of the nanocrystalline SnS has been calculated using the 

Debye-sherrer equation. The average size of the nanocrystalline SnS has been determined 

from the equation as about 45 nm. Chemical composition of SnS thin films were analyzed by 

energy-dispersive X-ray analyzer (EDX). EDX analysis indicated that the atomic ratio of S to 

Sn was ~1.02 for the entire layer deposited. SEM image of the film showed that the film 

consisted of small uniform grains free of pinholes (fig. 1 (right)). In addition this image shows 

that, the larger grains are formed from the aggregation of the small grains in surface of the 

SnS thin film. 

 

 

Fig.1: X-ray diffraction pattern of the SnS film deposited on glass substrate (Left) and SEM image of the 

nanocrystalline SnS thin film on glass substrate (Right). 

   

   Optical data show that, our band gap values of deposited SnS thin films are somewhat larger 

than the typical value of the bulk SnS (1.7 eV). This increase in Eg of SnS films can be 

attributed to the quantum size effect as expected from the nanocrystalline nature of the SnS 

thin films. 
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Conclusions 

The salient conclusions arising from this study are summarized below: (i) The composition of 

the film is much close to the SnS stoichiometry. (ii) The deposited SnS films are 

nanocrystalline and have a zinc blend structure. (iii) Adherent, mirror like and uniform film 

with nanocrystalline grains are created on glass substrate. 
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Introduction  

The synthesis of nanocrystalline metal chalcogenide thin films by chemical bath deposition 

(CBD) method is currently attracting considerable attention as it is relatively inexpensive, 

simple and convenient for large area deposition [1]. Tin sulphide (SnS) has a near optimum 

energy band gap. Therefore SnS films are suitable for absorber layers in solar cells [2, 3]. In 

this work, we prepared SnS thin films on glass substrates at 75˚ C. The resulting films had 

more than 70% absorbance in the high wavelengths. 

  

Experimental  

The deposition of SnS was carried out by a mixture of 10 ml of 0.1 M Sn(II), 15 ml of 3.7 M 

triethanolamine, 16 ml of 15 M ammonia, 10 ml of 0.1 M thioacetamide and distilled water. 

The deposition was carried out at 75˚ C for 45 min. Transmission, absorption and reflection 

spectra were obtained by means of a Cary 300 Bio spectrophotometer. The thin films 

thickness was measured by a Dektak profilometer. The X-ray diffraction (XRD) analysis was 

used to determine the nanocrystalline structure of SnS thin films and scanning electron 

microscope (SEM) was used to observe the microstructure of surface topology.     
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Results and discussion 

Fig. 1 show the transmittance and SEM image of SnS thin films deposited on glass substrates. 

The average absorbance of SnS films is calculated to be 16, 30 and 70% respectively in the 

wavelength of 800 nm. Optical transmission spectra of the thin films are observed to be 

shifted towards the longer wavelength with increasing film thickness. SnS thin films grown 

here have the energy band gap in the range of 1.85 to 2.25 eV. Despite the high absorbance 

and appropriate thickness of the SnS thin films, these films had good nanocrystalline 

structure. 

The XRD pattern was obtained by scanning 2θ in the range of 10-80˚. The four peaks 

observed in the diffractogram at around 26.63˚, 30.87˚, 44.24˚ and 52.38˚ reveal a zinc blend 

lattice structure of SnS. The thickness of the films was about 880 nm. 

  

           
Fig.1: Optical transmittance spectra for the nanocrystalline SnS films deposited in 15 min (a), 30 min (b), and 45 

min (c) (Left) and SEM image of the nanocrystalline SnS thin film with thickness 880 nm (Right). 

 

Conclusions                                                                                                                         

Nanocrystalline SnS thin films with thickness of about 880 nm were deposited on glass 

substrate at 75˚ C by a chemical bath deposition technique. These thin films by having an 

optical absorbance about of 70% can be studied as absorber layers which are an important part 

of the solar cells. 
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Introduction: 

Click reaction established by Sharpless and co-workers is an efficient tool for the preparation 

of wide-ranging organic compounds [1,2]. The cycloaddition of azides to alkynes is one of the 

most important synthetic routs to 1H-[1,2,3]triazoles. N-heterocyclic compounds such as 

[1,2,3]-triazoles may display biological activities like anti-HIV, anti microbial activity and 

more [3]. [1,2,3]-Triazoles have also found wide use in industrial application such as dyes, 

corrosion inhibition, photo stabilizers, photographic materials and agrochemicals [4]. 

 

Methods: 

Materials 

All commercially available chemicals were obtained from Merck and Fluka companies, and 

used without further purifications. 

Preparation of ZnO nanoparticle 

Aqueous solutions of zinc nitrates and urea were added into a flask under vigorous stirring 

(300 rpm/min). The molar ratio of Zn2 + to urea was about 1:4. In order to inhibit the growth 

of the ZnO crystallite during the course of precipitation, a certain amount of surfactant (SDS), 

was added into reaction system. Then the reaction system was heated to 95oC and maintained 

at that temperature. After stirring for 2 h, a semitransparent zinc hydroxide colloid was 

obtained. The precipitates were then filtered, washed with distilled water and alcohol for three 

or four times, dried in air at 80oC, and finally calcined at 350oC for 2 h to achieve samples 

with 30-50nm particle size. 
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General procedure for triazoles synthesis  

azides (1 mmol), phenylacetylene (1 mmol) and solvent (EtOH:H2O, 1:1) in the 

presence of ZnO NPs (0.0009 g) were placed in a round bottom flask. The materials were 

mixed at room temprature. The progress of the reaction was followed by TLC (n-

hexane:ethylacetate). After the completion of the reaction, the mixture was filtered to remove 

the catalyst. By evaporation of the solvent, the crude product was recrystallized from hot 

ethanol to obtain the pure compound. All products are known and were identified by 

comparison of their physical or spectral data with those of authentic samples. 

 

Results and discussion: 

In continution of our investigation about application of solid acids in organic synthesis 

[5,6] we investigated the synthesis of triazoles in the presence of ZnO NPs as a inorganic 

solid acid. To optimize the reaction conditions, the reaction of 4-nitrobenzoazide and 

phenylacetylene was used as a model reaction to triazoles synthesis . According to the 

obtained data, using the ZnO NPs (0.0009 g) under solvent (EtOH:H2O) at room temprature is 

the best condition for the triazoles formation. 

Therefore, some azides with phenylacetylene were subjected to triazoles (Scheme 1). 
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Scheme 1 

Conclusion: 

In this work we report a mild procedure for the synthesis of different [1,2,3]-triazoles by solid 

phase acidic catalyst with improved yields. In summary, we have developed a new and high 

efficient, one-pot selective method for synthesis of [1,2,3]-triazoles in the presence of nano-

catalyst with good to excellent yield of reaction. 
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Introduction: 

Thin film solar cells using CdTe semiconductor absorber Layers are one of the primary 

candidates for large-scale commercialization of photovoltaics. CdTe also is a very promising 

material for use in optoelectronic and photovoltaic devices because of its optimum band gap  

(ca. 1.45 eV)  for energy solar conversion and its high optical absorption coefficient (>104 cm-

1). CdTe thin films can be fabricated by several methods, such as physical vapor deposition 

(PVD), electrodeposition, spray pyrolysis, R.F. sputtering, chemical bath deposition (CBD), 

and etc.[1-2]. Among these methods the chemical bath deposition (CBD) method has not lent 

itself to the preparation of CdTe thin films. M. Sotelo-Lerma and co-workers have mentioned 

that the main reasons for the lack of success in the preparation of CdTe films by chemical 

reaction in an aqueous solution have been the oxidative instability of aqueous solutions 

containing the telluride ion [2]. In this study, the CdTe thin film was prepared by CBD 

method in two steps and solved oxidation problem of telluride ion in aqueous solutions. 

 

Method: 

In a 250 ml beaker was added 20 ml of aqueous 1 M CdCl2.H2O, 37 ml of aqueous 5 M 

ammonia and pH was fixed on 11.1. Two clean microscope slides were immersed vertically 

into the solution and then the container solution was placed in a water bath and the 

temperature was adjusted on 70˚C. After approximately 20 min, the slides were coated by 

Cd(OH)2 films. The prepared Cd(OH)2 slides were dried in air for 24 h .In next  step, we used 

NaHTe solution as the telluride source. The method for preparation of NaHTe solution was 

described elsewhere [3]. A Cd (OH)2 coated slide was immersed in the prepared telluride 
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solution. The flask containing the coating solution and the slide is immediately transferred to 

a water bath kept at 70°C. In all steps, the N2 bubbling was continued. The coated slide with 

Cadmium Telluride was removed after 5 min, washed with distilled water, dried in air 

atmosphere at. 150˚C for 24 h, and then characterized by XRD, ATR-FTIR, SEM, EDX, and 

Uv-Vis. spectrophotometer. 

 

Results and discussion: 

The XRD patterns of  the annealed film showed four diffraction peaks at 2θ values of 

approximately 24, 40, 47, and 63, which correspond to the diffraction lines produced by the 

(111), (220), (311) and (331) crystalline planes of cubic CdTe. On the basis of the full width 

at half-maximum (FWHM) of (111) peak and applying the Debeye-Scherrer equation,[1] the 

average nanocrystallite size of the as-prepared and annealed CdTe films was estimated  to be 

4.4 and 7.7 nm, respectively. The film surface morphology was studied by SEM. The SEM 

image showed that the film compactness is high, the surface’s uniformity is good, and the 

particle size distribution is also narrow. The prepared CdTe films had more quality than the 

CdTe films which had been prepared by others [3].The optical band gap value of the as-

deposited CdTe thin film was obtained 1.46 eV by using the absorption data .The obtained 

band gap energy is in excellent agreement with reported values [3].For more investigation 

about the formation of CdTe film by CBD method, we have obtained  the ATR_FTIR 

spectrum of one of the CdTe films in the region of 50-4000 cm-1 at room temperature. The 

attenuated total reflection-Fourier transform infrared (ATR-FTIR) spectrum of the prepared 

CdTe film  revealed an strong and sharp band at 146.0 cm-1 which is assigned to the vibration 

frequency of CdTe nanocrystals. 

 

Conclusions: 

We have prepared successfully CdTe thin film on glass substrate by using CBD method in 

two steps. The prepared CdTe films were smooth and adhered tightly to the substrates.The 

XRD patterns exhibited the cubic zinc blend structure for CdTe thin films. The calculated 

band gap energy from optical absorbance date was 1.45 eV which is related to the direct band 
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gap of the CdTe. The ATR-FTIR spectrum showed a strong and sharp band related to 

vibrational mode of CdTe. 
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Introduction 

ZnO is an important wide band-gap (3.37 eV at room temperature) semiconductor with a large 

exciton binding energy (60 meV) [1]. As a versatile, multifunctional, and smart material, it 

has been extensively used in several industrial products such as white paints, ceramics, food 

additives, catalysts, electronic materials, spintronics, and biomedical applications [2]. 

    By combining the advantages of both room temperature ionic liquid (RTILs) and 

microwave heating, we have developed a new microwave-assisted ionic liquid (MAIL) 

method for the fast controlled green synthesis of ZnONPs. The fabricated ZnONPs were 

characterized by X-Ray diffraction (XRD), transmission electron microscopy (TEM), UV-vis, 

and IR spectroscopy. 

 

Results and discussion 

Figure 1 shows the XRD pattern of ZnO nanopowders. All the peaks can be indexed to the 

known hexagonal wurtzite structure of ZnO with lattice constants of a = b = 3.242 Å, and c = 

5.205 Å (JCPDS 89-1397). The strong intensity and narrow width of ZnO diffraction peaks 
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indicate that the resulting products are of high crystallinity.  Figure 2 shows the TEM image 

of ZnONPs after 5 min irradiation with microwave.     

   Optical responses of the ZnO nanoparticles dispersed in ethylene glycol have been 

investigated via UV-vis absorption spectroscopy. The UV–vis absorption spectrum of the 

ZnO nanoparticles dispersed in EG exhibits an excitonic absorption feature at around 336 nm, 

which is blue shifted of about 39 nm with respect to the bulk absorption edge (appearing at 

375 nm at room temperature). The direct interband transition energy of 3.40 eV was 

calculated using the UV-vis spectrum. 

 

                        

                Fig. 1. XRD pattern of the ZnONPs.                                   Fig. 2. TEM image of ZnONPs. 

 
Conclusions 

A convenient microwave method, which is friendly to environment, has been developed in 

preparation of ZnONPs. Microwave irradiation along with RTIL accelerate the formation of 

ZnO nanoparticles. The ZnONPs were characterized by XRD, TEM, UV-vis, and IR 

spectroscopy. The XRD pattern reveals that the ZnONPs have hexagonal wurtzite structure. 

The strong intensity and narrow width of ZnO diffraction peaks indicate that the resulting 

nanoparticles are of high crystallinity. The synthesized ZnONPs show direct band gap of 3.40 

eV. The UV-visible absorption spectrum of ZnONPs dispersed in ethylene glycol at room 

temperature revealed a blue–shifted onset of absorption. 
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Abstract: 

            The p-phenylenediamine derivatives have shown the important electron-transfer 

properties. Topological indices are purported to correlate chemical structures with various 

chemical and physical properties. They have been successfully used to construct effective and 

useful mathematical methods to establish clear relationships between structural data and the 

physical properties of these materials. The relationship between the number of carbon atoms 

and the free energies of electron transfer (Get(1) to Get(4)) are assessed using the electron 

transfer (ET) equation for A-1 to A-5 and B-1 to B-5 supramolecular [R].Cn (R= TMDAD and 

DHDAP) complexes. 

 

Keywords: Fullerenes, p-Phenylenediamine, Electron transfer. 

 

Introduction: 

            The p-phenylenediamine derivatives have important electron-transfer properties. The 

structures of four representative p-phenylenediamines to the discussion are: dodecahydro-

3a,9a-diazaperylene (DHDAP) and N,N,N,'N'-tetramethyl-3,6-diaminodurene (TMDAD).[1] 

This class of compounds had been considered in electrochemical studies [1,2] and 

photoinduced electron transfer.[1] The various derivatives of p-phenylenediamine have 

demonstrated the typical pattern of lower redox potentials as the degree of methylation 

increases.[1]  
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Mathematical Method: 

          All graphs were generated using the Microsoft Office Excel 2003 program. Using the 

number of carbon atoms contained within the Cn fullerenes, several valuable properties of the 

fullerenes can be calculated. This study elaborates upon the relationship between the number 

of carbon atoms and the four free energies of electron transfer (Get(1) to Get(4)) of fullerenes 

Cn (n= 60, 70, 76, 82 and 86) with TMDAD and DHDAP, on the basis of the four reduction 

potentials (Red.E1 to Red.E4) of the fullerenes, as assessed by applying the electron transfer (ET) 

equation. The ET equation estimates the free energy change between an electron donor (D) 

and an acceptor (A). There was good agreement between the calculated and the predicted 

values. 

 

Results and Discussion: 

        Here, was calculated four free energies of electron transfer (Get(1) to Get(4)) of other 

supramolecular complexes of this class of electron-transfer radicals, i.e. TMDAD and 

DHDAP, as the most well-known redox systems and fullerenes Cn (n=60, 70, 76, 82 and 86), 

which create [TMDAD].Cn, and [DHDAP].Cn. The related curves for [DHDAP].Cn, B-1 to B-

5 have similar structures to Fig.1 (a-d) [TMDAD].Cn  A-1 to A-5 . 
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Figure-1: The relationship between the number of carbon atoms in the fullerenes and the free-energies of 

electron transfer of [TMDAD].Cn, compounds A-1 to A-5. 

 

Conclusion:  

          TMDAD and DHDAP with fullerenes have important electron-transfer properties as the 

most well-known redox systems and molecular conductors. The electrochemical data of 

selected p-phenylenediamine derivatives were reported here. These include the four free-

energies of electron transfer (Get(1) to Get(4)), calculated using the electron transfer (ET) 

equation. The novel supramolecular complexes discussed have neither been synthesized nor 

reported previously. 
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Introduction: 

 Cycloaddition reaction between C28 and buta-1, 3-diene was studied within the framework of 

DFT/B3LYP level. In cycloaddition reactions the [6,6] double bonds of C60 exhibit a 

dienophilic  character [1]. A large variety of cycloadditions have carried out with C60 and the 

complete characterization of the products, mainly monoadducts, has greatly increased our 

knowledge of fullerene chemistry[2]. These chemical transformations also provide a powerful 

tool for the functionalization of the fullerene sphere. Almost any functional group can be 

covalently linked to C60 by the cycloaddition of suitable addends. Some types of cycloadducts 

exhibit a remarkable stability; for example, they can be thermally treated up to 400 °C without 

decomposition[3]. This is an important requirement for further side-chain chemistry as well as 

for possible applications of the new fullerene derivatives, which may be of interest due to 

their biological activity  or as new materials[4-5].  

The symmetrical structural of the C28 molecules and different position for cycloaddition cause 

choosing for these calculations. In this calculation cycloaddition reaction on some different 

position of double bond in C28 with butadiene (fig. 1) carried out and simulated by ab initio 

calculations. The stability of energy, reaction pathway, transition state and thermodynamics 

properties for these additions for all situations calculated in different temperatures . 
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Fig.1. AM1 optimized geometry structures of product,  C28 and Buta- 1, 3 –diene Methods: 

 

 In the present treatise, the geometry optimizations of all the structures leading to energy 

minima were achieved by using B3LYP self-consistent fields molecular orbital (SCF MO) 

method at the restricted DFT level. The initial geometry of butadiene and C28 structures was 

excerpted from Gauss View. All these calculations were performed by using Gaussian 98. 

C28 have two valence isomers that we calculated reaction pathway and transition state and 

intermediate structure in cycloaddition reaction for each different position of double bond in 

each two valance isomer reaction pathway scanned step by addredundant key words. 
 

Results and Discussion: 

The pathaway reaction diagram and some thermodynamic geometry parameters of C28 and 

butadiene for a position at different temperatures are show in diagram 1 and Table 1.  

-752517.3122

-752624.0213

-752653.1203

P.E

R.P  

Diagram1: The pathaway reaction of C28 and butadiene 
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Table1. Some thermodynamic geometry parameters of the cycloadditions presently considered for a structure at 
different temperatures 

 298.15 303.15 308.15 313.15 318.15 

∆G(Kcal/Mol) -22.9298 -22.673 -22.4389 -22.2049 -21.9695 

∆H(Kcal/Mol) -37.8281 -37.8434 -37.8648 -37.8979 -37.9132 

∆E(Kcal/Mol) 3.545 3.5237 3.5003 3.4771 3.4445 

∆S(Kcal/Mol.K) -0.049968 -0.0499043 -0.04983195 -0.04974955 -0.04966721 

∆CV(Kcal/Mol.K) 0.002547 0.002584 0.0026215 0.0026582 0.0026947 

∆ZPVE(Kcal/Mol) 3.9390 3.9390 3.9390 3.9390 3.9390 

∆HF(Kcal/Mol) -40.7812 -40.7812 -40.7812 -40.7812 -40.7812 

 

Table 1 show that the ∆G increased with increasing the temperature and show that reaction 

between C28 and C4H6 at high temperatures are more exothermic and unstable.  

 

Conclusion: 

  There are two status of double bond in structure of C28 that are completely different from 

each other. Cycloaddition is selected as a main part of reaction and addition process for single 

stage is considered. Thermodynamics parameters and stability energy are evaluated in 

different temperatures. The new cycle that produced after cycloaddition reaction was opened 

and created a new cycle with large size. two positions of double bond that lead to two 

products are strongly different. The structure that contain much resonance loop and the most 

double bond in resonance form was stable than that others, in the other hand these results 

completely Confirmed thermodynamics results that obtained from calculations. 
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Introduction: 

Epoxy silicone resin is widely used for the matrix of compositesand electronic components 

owing to its excellent adhesive and dielectric properties. During curing, epoxy silicone resins 

display extensive branching, passing throughthe gel-point before the formation of 

macromolecular structures. During the isothermal reaction, two critical phenomena can take 

place gelation and vitrification.Vitrification is the transformation from liquid or rubbery 

material to a glassy state. At vitrification, the material solidifies, and the chemical reactions 

can be arrested.Cure kinetics models are generally developed by analyzing experimental 

results obtained by different thermal analysis techniques. In the first part of this work we have 

studied non-isothermal cure kinetics and mechanisms of epoxy silicone resin with the same 

curing agent. In this study we have reported kinetic and thermodynamic parameters on the 

epoxy silicone / (diethylenetriamine) 2NiI2 cure under isothermal conditions. 

 

Experimental: 

Synthesized a silicone containing diol by reaction of polybutylene glycol and dimethyl 

dichlorosilane in the presence of phosphoric acid and toluene at reflax temperature. Then the 

obtained silicone containing diol was reacted with diglycidyl ether of bisphenol A (DGEBA) 

in the presence of phosphoric acid at reflax temperature during 4h .when the epoxy silicone 

resin synthesis with (diethylenetriamine)2NiI2 were carefully mixed and stirred to produce a 

homogeneous mixture under nitrogen atmosphere. 4mg of the mixture was placed in an 

aluminium pan, sealedby using a press and stored in a refrigerator before introducing it into 

the calorimeter. 
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1.Kinetic Methods: 

−ln tα,i = ln[A(α)/G(α)] − Ea/Rti Eqn (1). applied Eqn (1) to isothermal DSC data to indicate 

the dependence of Ea on conversion.used the Kamal autocatalytic model to estimate the rate 

constants and reaction orders of the studied epoxy silicone  system. Thermodynamic 

parameters of curing reaction were calculated using thekinetic parameters and transition state 

(TS) theory. 

 

Result and discution 

Iso-conversional kinetic analysis 

Figure 1. shows DSC curves recorded for epoxy silicone cured with 

(diethylenetriamine)2NiI2  complex at various isothermal temperatures .Table 1 listssome 

characteristics of the cured epoxysilicone systems. Theoriginal DSC data were transformed 

into the αi versustime curves at various isothermal temperatures and the corresponding plots 

are shown in Fig. 2. The reaction rate data were also calculated and plotted versus conversion 

values (Fig. 3). The maximum rates of reaction at the various isothermal temperatureswere in 

the conversion range of α = 0.4–0.5, which is characteristic of an autocatalytic reaction 

mechanism.Model-free iso-conversional analysis was applied totransform the DSC data (Fig. 

2) by means of Eqn (1).The corresponding plot of Ea versus conversion is shown in Fig. 

4.The average value of activation energy obtained from the isothermal data, 95.1kJmol−1 for 

the conversion range of α = 0.04–0.6, is ingood agreement with the value obtained undernon-

isothermal conditions,102.6kJmol−1. 
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                            Figure 1.                                                                         Table 1.  

.                     

                             Figure 2.                                                                                          Figure3 

 

Result and discution: 

The kinetics and thermodynamic characteristics of a nickel-containing epoxy silicone polymer 

prepared through curing of epoxy silicone resin with bis-Ni(II)-diethylenetriamine- iodide 

inorganic curing agent were successfully studied by means of DSC techniques. The method 

used permitted us to regenerate consistent kinetics results in the form of similar Ea on α 

dependency derived from the dynamic data. The Kamal autocatalytic model was used to 

estimate the kinetic parameters of the examined epoxy silicone system [3]. Good agreement 

between the kinetics and thermodynamic results was also found, indicating that an 
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autocatalytic reaction mechanism was more favoured than the nth order path at the isothermal 

cure temperatures used. 
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INTRODUCTION 

  The semiconductor TiO2 has been proved to be an excellent catalyst in the photocatalytic 

degradation of organic pollutants. To enhance its photocatalytic activity, TiO2 is often doped 

with various metal ions and oxides. [1,2].  In this contribution, Sn doped TiO2 nanoparticles 

were synthesized by sol-gel method. The aim of this study was to determine the effects of Sn 

doping and wavelength of irradiation on the photocatalytic degradation of methyl orange under 

UV light. 

2. EXPERIMENTAL 

  A mixture of 3 ml distilled H2O and 6 ml ethanol was added to a mixture of 3 ml  

Ti (OC4H9)4 and 9 ml ethanol. After 3 h stirring, the sol was allowed to stand for 24 h, dried at 

80 ºC for 12 h, and calcined at 450 ºC for 3 h. For the photodegradation studies, two lamps 

(15W, λ =254 nm and 36 W, λ = 365 nm) were used. Desired amounts of photocatalyst were 

used for degradation of MeO (0.05mM).  Aliquots of the mixture were taken at periodic 

intervals during the irradiation and after centrifugation they were analyzed with the UV-Vis 

spectrophotometer at λ max = 477 nm and a calibration curve to determine the residue 

concentration of methyl orange. 
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 3. RESULTS AND DISCUSSION 

3.1. Characterization results 

  The XRD patterns of synthesized TiO2 and Sn doped TiO2 photocatalysts are shown in Fig. 1. 

The XRD pattern of TiO2 shows five primary peaks at 25.20, 380, 48.20, 550, 62.5o,68.50 and 750 

which can be attributed to different diffraction planes of anatase TiO2.

 

                               Fig.1. XRD patterns of 0.3mol% Sn doped TiO2  

 

3.2. The effect of Sn doping on the photocatalytic activity of TiO2 nanoparticles 

  Results in Fig.2 show that when the Sn content is 0.3mol%, the photocatalyst exhibits higher 

photocatalytic activity. If the Sn content continuously increases, the photocatalytic activity 

begins to fall down inversely. It can be reasonably explained by means of limits the amount of 

light reaching to the TiO2 surface, reducing the number of photogenerated e--h+ pairs and 

consequently, lowering the TiO2 photoactivity [3]. 
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Fig. 2. Influence of Sn content on the photocatalytic activity of photocatalysts at wavelength 254 nm : a) 

undoped TiO2, (b) 0.1%, (c) 0.2%, and (d) 0.3%, e) 0.5%, and f) 1% mol Sn doped TiO2. 

3.3. Effect of the source of irradiation    

   The semi-logarithmic graphs of the concentration of MeO in the presence of 400 mg l-1 of doped and 

undoped TiO2 vs. irradiation time (Fig.3) yield straight lines indicating pseudo first order reaction. The 

results showed the MeO decolorization activity of Sn doped TiO2 under irradiation of 254 nm was 

much higher than irradiation of 365 nm [4]. 

 

Fig.3. Semi-logarithmic graph of MeO concentration vs. irradiation time in the presence of undoped and 

Sn doped TiO2 nanoparticles a) at wavelength 254 nm, b) at wavelength 365 nm. 
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4. CONCLUSIONS 

  The photodegradation of MeO has been studied using TiO2 and Sn doped TiO2 nanoparticles. Doping 

an appropriate amount of Sn can improve the photocatalytic activity of TiO2. The reaction rate of MeO 

degradation depended on the wavelength of radiation.The shorter wavelength (254 nm) radiation can 

faster photo degraded MeO in comparison with the longer wavelength (365 nm) radiation. 
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Introduction 

Advanced oxidation processes (AOPs) are attractive alternatives to non destructive 

physical water treatment processes which can be applied for degradation of dyes and many 

organic pollutants in industrial wastewaters [1]. AOPs are able to mineralize aqueous organic 

contaminants [2]. Semiconductor photocatalysis is a newly developed method among 

advanced oxidation processes (AOPs), which can be conveniently applied for the degradation 

of dye pollutants. Many authors have reported that N-doped titanium dioxide, shows a 

significant catalytic activity in various reactions under visible light irradiation [3]. Sun is an 

economical and ecological sensible light source. Doping TiO2 with nonmetals such as 

nitrogen and sulfur is promising method for enhancing photocatalytic performance of 

semiconductor nanoparticles under visible light [4]. Increasing photocatalytic activity of 

titanium dioxide nanoparticles under visible light can be useful for large scale applications of 

heterogeneous photocatalysis under solar light. 

The aim of this study is doping of TiO2-P25 nanoparticles with urea for preparing N-TiO2 

nanoparticles with high photocatalytic activity in the removal of a model contaminant from 

textile industry under visible light. Parameters such as weight ratio of urea to catalyst and 

calcination temperature were investigated for enhancing photocatalytic activity of N-TiO2 

nanoparticles under visible light. 
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Experimental details 

For preparation of nitrogen-doped TiO2, 1 g TiO2-P25 powder obtained from Degussa 

Company was suspended in water; then a proper amount of urea was added at different weight 

ratio from catalyst to urea (1:1, 1:0.5, and 1:1.5). Prepared suspension was sonicated in an 

ultrasonic bath (T460H, Windaus) under frequency of 30 kHz for 15 min in order to improve 

the dispersion of TiO2-P25 in water. The resultant slurry was refluxed and heated at 70-80˚C 

for 4 h. Then it was cooled to room temperature and washed several times by de-ionized 

water. The precipitate was centrifuged, dried at 80˚C for 10 h and finally annealed at 350, 450 

and 550˚C for 1 h. Photocatalytic degradation was performed in a bath quartz photo reactor of 

100 mL volume with Vis lamp in vertical array‚ which was placed in front of the quartz tube 

reactor. 

 

Results 

-The XRD patterns of TiO2 nanoparticles (pure and doped with urea) were shown in figure 1. 

The XRD pattern of TiO2 shows five primary peaks at 25.2o, 38o, 48.2o, 55o and 62.5o which 

can be attributed to different diffraction planes of anatase TiO2. Four different peaks at 27.5o, 

36o, 54o, and 69o can be attributed to different diffraction planes of rutile form of TiO2. 

Results about crystallite size and phase content of TiO2-P25 and N-doped TiO2-P25 were 

reported in Table 1.  

-The maximum photocatalytic activity of N-doped TiO2-P25 under visible light irradiation 

was obtained at TiO2/urea in weight ratio of 1:1 and calcination temperature of 350˚C. 
 

 

 
 

Type Phases 
Crystallite 
size (nm) 

Crystal 
structure (%) 

TiO2-P25 
Anatase 13 89.36 
Rutile 13 10.64 

N-doped 
TiO2-P25 

Anatase 14 87.36 
Rutile 14 12.64 

Table 1: Effect of urea doping process on  

crystallite size and phase content of TiO2-P25 

Figure 1: XRD pattern of (a) undoped TiO2-P25, (b) N-doped TiO2-P25. 
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Conclusion 

Doping of TiO2-P25 nanoparticles with urea produce N-TiO2 nanoparticles with high 

photocatalytic activity under visible light. The effect of doping process on crystallite size and 

phase content of TiO2-P25 nanoparticles is negligible. The photocatalytic activity of N-TiO2 

nanoparticles reached their maximum when the weight ratio of TiO2/urea was 1:1 and 

calcination temperature was about 350˚C. 
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Introduction 

Phase change materials are substances with a high heat of fusion which, melting and 

solidifying at a certain temperature, is capable of storing and releasing large amounts of 

energy. It has been shown that paraffins can be considered as phase change materials. In the 

present work, the melting transition in monolayers of n-dodecane (n-C12H26) physisorbed onto 

the CNT is studied through use of molecular dynamics (MD) simulations. 

 

Simulation details 

MD simulations performed at different temperature for systems containing a CNT (5, 5) with 

length of 50 Å and dodecane alkane, using canonical ensemble. Since each simulation is 

performed in constant temperature, many simulations are required at different temperatures. 

Energy minimization was performed to find the thermal stable morphology and achieve a 

conformation with minimum potential energy for polymer molecules. The velocity form of 

Verlet algorithm method and the Nose-Hoover thermostat algorithm were used to integrate 

the equations of motion with a time step of 1.0 fs. A cutoff distance of 10 Å was used for the 

van der Waals potentials and Lorentz–Berthelot mixing rules were used for cross interactions. 

The CNT atoms to their initial positions have been fixed.  
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Results and Discussion 

MD simulations performed at eight temperatures (235, 250, 260, 265, 270, 285, 300 and 350) 

K.  Figure (1a) shows the configuration of simulated system in initial time of simulation at 

high temperature 350 K for mono layers of dodecan on CNT.  Figure (1b) shows the high-

temperature configuration in last simulation mono layers of dodecan on CNT. In this figures 

ordered structured disarrangement with this is due to interaction CNT with   alkane. 

         
Figure 1-Configuration of simulated system at 350 K for (a) initial time (left) and (b) final time (right). 

The values of the intermolecular energy are given for simulations at various temperatures in 

Figure 2. There is a discontinuous rise in intermolecular energy at the onset of melting. This 

temperature is taken as the melting point. We find that the melting point of dodecan on CNT 

system is T=250 K. 

 

 

Figure 2- The variation of the potential energy as a function of the temperature for simulated system 
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Recently graphene, a single-atom thick sheet of hexagonally arrayed sp2-bonded carbon atoms 

has been discovered as “the thinnest material in our universe” and promises a diverse range of 

applications from composite materials to quantum dots [1,2].  

Due to their unique nanostructure and extraordinary properties, graphene sheets are 

attractive as potential nanoscale building blocks for new materials. To explore the application 

potentials of graphene-based materials, an experiment using metal nanoparticles to decorate 

graphene sheets forming graphene-metal particle nanocomposites has been conducted [3]. 

The liquid-liquid (organic-aqueous) interface has been used for preparation of metals, 

semiconductors and oxides nanocrystals. The method used to prepare thin film at the organic-

aqueous interface involves dissolving relevant precursor in organic layer and injecting 

appropriate reagent in the aqueous layer. The reaction occurs at the interface giving rise to a 

film at the interface. If the contact angle is 90°, then the nanoparticles will be located at the 

middle of the interface [4]. In this paper, we have used the liquid-liquid interface as a medium 

for synthesis of platinum-graphene composite with potential applications in supercapacitors 

and catalysis. 
 

Methods: 

Graphite oxide was prepared from purified graphite, purchased from Merck company, 

according to a modified method reported by Hummers and Offeman [5].  

Graphite oxide powder (10 mg) was dispersed in 25 mL of water by sonication for 1 h, 

forming stable graphene oxide colloid. In a typical experiment, the platinum graphene 

nanoparticles composite was prepared by allowing a solution of PtCl2(SMe2)2 in toluene 
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(1mM) to stand in contact with a solution of graphene oxide. Once the two layers were 

stabilized, appropriate volume of aqueous NaBH4 was injected into the aqueous layer using a 

syringe with minimal disturbance to the toluene layer. 

 

Results and Discussion 

We have demonstrated a facile and efficient route for synthesis of platinum-graphene 

nanoparticles composite via a simple chemical reduction of PtCl2(SMe2)2 and graphene oxide 

at toluene-water interface with NaBH4 as reducing agent at room temperature. 

Graphene oxide was characterized by XRD pattern and SEM image (Fig.1). Also, figures 2a 

and 2b show the overall morphology of the composite, indicating that the obtained product 

consists of spherical platinum nanoparticles. XRD characterization (Fig.2c) established 

synthesis of platinum-graphene composite. 

 

 

 

Fig.1 SEM image(a) and XRD pattern of graphene oxide (b). 

 

 

 

Fig.2 FE-SEM image (a,b) and XRD pattern of platinum-graphene nanoparticles composite (c). 

Conclusion: 

In summary, we have shown that graphene-platinum nanoparticles composite can be 

synthesized using graphene oxide sheets at the toluene-water interface. 

This experiment generally has the following features: (i) formation of thin film at the 

interface between two immiscible liquids (ii) easy and simple separation of nanoparticles (iii) 

experiment is performed in a two phase system with no need to either burst nucleation or 

sequent separation of nucleation and growth. 
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Hyperthermia , either alone or combined with radiotherapy, immunotherapy or chemotherapy, 

can control tumor growth. Therapeutic hyperthermia is in practice by using laser light, 

microwave, focused ultrasound, and localized nanoparticle delivery. In the present study, we 

evaluated the effect of gold nanoparticles (GNPs) in human melanoma cancer cell line to 

determine : microwave hyperthermia induced heating of intracellular GNPs to produce 

thermal destruction of cancer cells. 

Keywords: Gold nanoparticles, Microwave hyperthermia, Melanoma cell line. 

Introduction 

Recently the use of gold colloids and GNPs has become an attactivve platform in biomedical 

applications. GNPs have had a great impact on the medical field, are used for cancer diagnosis 

treatment , and as drug delivery vectors for biologic or pharmacological agents (Hirsch et al. 

2005, Huang 2006, Niidome et al.2006, …). The use of  GNPs in medical fields is based on 

certain specific qualities such as: 1) they are easily fabricated and 2) the binding capacities of 

molecules with  GNPs to target cancer cells, antibodies, carbohydrates and pharmacological 

agents, is higher than other nanoparticles (Hirsch et al.2005, Ganon et al.2008).  
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Methods 

MM200 cell line were initially cultured and proliferated.Then cells were treated with GNPs( 

50 nanometer diameter)at 37˚C and 43˚C.  Cell viability was determined by MTT cell 

proliferation assay . 

Results and discussion 

Cytotoxicity of GNPs alone was determined according to the percentage of viable cells with 

varying concentrations of GNPs compared to the control. In Figure 1. it can be seen that a 

significant decrease in cell viability was observed when cells were incubated with .029mg/ml 

GNPs. 

 Fig 1. MTT assay for viability of cells. 

Cell viability assay by MTT shows 

reduction in viability with variable 

concentrations of GNP-treated MM200 

cells. 

  

 

Table 1. shows the effects of GNPs on cell survival fractions at different radiation microwave 

with and without GNPs. At 43˚C the cytotoxicity enhancement of GNP compared with 

hyperthermia alone (data not shown) had significant difference (p<.001). A concentration-

response of cytotoxicity effect of GNP were shown(Table 1 ). 

                         GNP concentration:           .013ml/ml             .019 mg/ml               

                                    37˚                         86.44±9.25               80±9.25                     

                                     43˚C                       54.60±8.9                52.28±8.9                   

Table 1. antiprolifrative effect of concentration- response expriment of GNP. ( mean ±SD) 

Hyperthermia is a cancer therapy that relies on the localized heating of tumors above 43 °C 

for about 30 min[1]. tumor heating by placing multifunctional nanoparticles at tumor sites 

(hyperthermia) is emerging as an art of tumor treatment by ‘‘nanothermal therapy[2]. The 
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major approach of nanotechnology in tumor treatment includes: to develop less tissue 

resistance to nanoparticles, and enhanced energy deposition of microwave, light, magnetic, 

etc in tissue[3].  

 

 [1]. Magnetic nanoparticles for theragnostics; Veronica I. Shubayev a,c,*, Thomas R. Pisanic II 
d, Sungho Jin b ; Advanced Drug Delivery Reviews 61 (2009) 467–477 

[2]. Newer nanoparticles in hyperthermia treatment and thermometry; R. Sharma *. C. J. 

Chen; J Nanopart Res (2009) 11:671–689. 
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ABSTRACT 

Polybutadiene rubber (PBR)/Nanocomposites was prepare by solution intercalation technique. Surface 

modification of the montmorillonite (MMT) was performed with trimethyl benzyl quaternary 

Phosphonium. The PBR-Nanocomposites morphology and clay dispersion were investigated by X-ray 

diffraction (XRD) and Scanning electron microscopy (SEM).  The improvement of the tensile 

properties of BR with organoclay was less noticeable than inorganic-modified clay. Nevertheless, 

these mechanical properties were enhanced with addition of clay. The mechanical,  physical properties 

and thermal stability of the PBR-Nanocomposites increasing as compared to the neat PBR but solvent 

uptake of these materials decreased as compared to the neat PBR indicating reduced permeability.  

 

Introdution  

Polymer clay mineral nanocomposites have attracted great interest both in industry and in science.The 

kind of nanocomposites exhibit improved properties compared to their micro or macro composites due 

to the fine phase dimensions and phase structure involved. In general, this kind of nanocomposites has 

superior mechanical properties, thermal stability, flame redundancy and gas barrier properties[1-3]. 

 

Experimental 

The firste  prepare organoclay modified with trimethyl benzyl quaternary Phosphonium and Then  

preparation of PBR-Nanocomposites. Organoclay was dispersed in the THF, and then added to the 

PBR solution. 

 

Results and Discussion 
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XRD pattern of nanocomposite is typically with 5% nanoclay shown in figure 1. The basal spacing of 

the nanocomposite was increased to 34.78 nm relative to orgaoclay 31.50 nm (figure 1)that it proves 

structure of nanocomposite is intercalated. The microstructure of the fractured samples of PBR- 

Nanocomposite was investigated using SEM and the particle distribution of silica in the hybrid 

materials was recorded (Figure 2) 

   
Fig. 1: X-ray diffraction patterns PBR- Nanocomposites   Fig. 2. Scanning electron micrographs of PBR- Nanocomposites    

Contents 5% organoclay.                                                 Contents 5% organoclay. 

The mechanical properties of the nanocomposite increasing as compared to the pure PBR(Table1) and  

also decreased swelling properties. 

Table 1-the effect of organoclay on young s' modulus 

No. Analysis Unit Result 

1 

 

                                 25min 

Modulus 300 %       35min 

                                  50min 

Kg/cm2 92.5 

Kg/cm2 96 

Kg/cm2 90.5 

2 Elongation (35 min) % 455 

3 Tensile  (35 min) Kg/cm2 187.5 

4 Hardness Shore A 62 

 

PBR- Nanocomposites were prepared by solution technique. XRD analysis indicated that the PBR 

chain were intercalated. The introduction of OMMT greatly improved the mechanical properties of 

nanocomposites. The PBR-Nanocomposites exhibited excellent thermal stability and swelling 

behavior, which is attributed to the improvement of the barrier properties of nanocomposites. 
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ABSTRAC 

Polybutadiene rubber (PBR)/Nanocomposites was prepare by solution intercalation technique. Surface 

modification of the montmorillonite (MMT) was performed with trimethyl benzyl quaternary 

Phosphonium. The PBR-Nanocomposites morphology and clay dispersion were investigated by X-ray 

diffraction (XRD) and Scanning electron microscopy (SEM).  The improvement of the tensile 

properties of BR with organoclay was less noticeable than inorganic-modified clay. Nevertheless, 

these mechanical properties were enhanced with addition of clay. The mechanical,  physical properties 

and thermal stability of the PBR-Nanocomposites increasing as compared to the neat PBR but solvent 

uptake of these materials decreased as compared to the neat PBR indicating reduced permeability.  

Key word: Polybutadiene, Nanocomposites, Montmorillonite, Solution intercalation. 

Introdution  

Polymer clay mineral nanocomposites have attracted great interest both in industry and in science.The 

kind of nanocomposites exhibit improved properties compared to their micro or macro composites due 

to the fine phase dimensions and phase structure involved. In general, this kind of nanocomposites has 

superior mechanical properties, thermal stability, flame redundancy and gas barrier properties[1-3]. 

Experimental 

The firste  prepare organoclay modified with triphenyl benzyl quaternary Phosphonium and Then  

preparation of PBR-Nanocomposites. Organoclay was dispersed in the THF, and then added to the 

PBR solution. 

Results and Discussion 

TGA pattern of nanocomposite is typically with 5% nanoclay shown in figure2. The microstructure of 

the fractured samples of PBR- Nanocomposite was investigated using SEM 

and the particle distribution of silica in the hybrid materials was recorded (Figure1)  
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   Fig.1. Scanning electron micrographs of PBR- Nanocomposites   Contents 5% organoclay            Fig.2: TGA 

The solvent influence in to nanocomposites increasing as compared to the pure PBR and  also decreased 

swelling properties (Table1). 

(Table1).Results solvent influence in to nanocomposites 

Time solvent 

influence 

min 30 60 90 120 150 180 210 240 270 

Nanocompos

ites Weight 

0.3005 0.496

0 

0.649

5 

0.7270 0.767

6 

0.798

4 

0.819

4 

0.834

3 

0.8343 0.834

3 
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Fig3: Results solvent influence in to nanocomposites 

Conclusion 

PBR- Nanocomposites were prepared by solution technique. XRD analysis indicated that the PBR 

chain were intercalated .The introduction of OMMT greatly improved the mechanical properties of 

nanocomposites. the PBR- Nanocomposites exhibited excellent thermal stability and swelling 

behavior ,which is attributed to the improvement of the barrier properties of nano composite. 
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Introduction: 

The aliphatic esters are important materials in manufacturing processes connected with 

pharmaceutical, food, flavor and fragrance industries. pVT data of these fluids are important 

for efficient design of chemical processes but  experimental of them are not available at all 

thermodynamic conditions . In this situation, equations of state are required for the calculation 

of thermodynamic properties needed in process engineering. A new equation of state (EOS) 

for dense liquids has been recently introduced by Parsafar and Kalantar (modified linear 

isotherm regularity "MLIR EOS") which has been found to be valid for different organic 

liquids such as n-alkanes, alcohols, ketones and 1-carboxylic acids ሾ1ሿ.In the present work, 

we extended LIR EOS to esters using group contribution method.  

 

Method: 

According to contribution method each ester has been considered as a hypothetical mixture of 

their constituent groups, in which the interaction potential among any two groups is assumed 

to be the average effective pair potential. Then, based on the van der waals one-fluid 

approximation, the LIR equation of state is used for such a hypothetical mixture, but the new 

EOS parameters depend on group composition of the mixture. Hence, if the molar density of 

the fluid at temperature T is ߩ, the total density for the hypothetical fluid is equal to nߩ , 
where n is number of carbonic groups of the molecule. Therefore, the LIR reduces to ቈ p

n RT
െ 1 ݊ଶൗ ଶߩ ൌ ܣ  ଶߩ݊ଶܤ ՜ ቈ Z

n
െ 1 ଶൗߩ ݊ଶܣ=   (1) 4ߩ݊ସܤ
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which we shall refer to it as the modified linear isotherm regularity (MLIR) from now on. 

Like the LIR, the MLIR is expected to be valid for dense fluids only (ߩ   ). Also, theߩ

parameters of the new equation of state depend on temperature via the following equations: ܣ ൌ 1a

R
 ܽଶ        ,        ܤ ൌ 1b

R
 ܾଶ                                                                               (2) 

 

Result and Discussion 

To investigate the accuracy of the MLIR EOS for different esters we have used the 

experimental pvt data for these fluids to plot ሺܼ/݊ െ 1ሻݒଶ against ߩଶ for each isotherm. We 

have found a quite good linearity for each isotherms of all esters, see figure 1. The line for 

each isotherm was used to determine intercept and slope to calculate ܣ and ܤ for that 

isotherm from Eq ሺ1ሻ. Then, calculated values of ܣ and ܤ were plotted versus 1/T to 

obtain the values of a1/R, a2, b1/R and ܾଶ. These values are given in Table 1. Therefore having 

the values of the parameters given in Table 1 and using Eqs (2), the values of  ܣ and ܤ of 

an ester may be calculated at any temperature. Then having the calculated  ܣ and ܤ 

parameters along with Eq ሺ1ሻ the density of that ester at different pressure can be calculated.  
Table1. The values of a1/R , a2,b1/R and ܾଶ. for different esters 

fluid ܾଵܴ ൈ 10ସ ሺLସmolିସKሻ 

ܾଶ ൈ 10 ሺLସmolିସሻ 

ܽଵܴ ሺLଶmolିଶKሻ 

ܽଶ ൈ 10ସ ሺLଶmolିଶሻ 

 

Ref 

Ethyl acetate 4.715 3.287 -1.322 6.924 2 

Propyl acetate 4.869 0.242 -1.482 13.157 3 

Butyl acetate 4.024 0.486 -1.311 10.239 3 

Pentyl acetate 3.478 -0.337 -1.118 8.099 2 

Ethyl butyrate 3.962 0.516 -1.399 10.343 4 

Ethyl  
pentanoate 

2.467 2.485 -0.918 2.624 5 

Ethyl 4.720 0.502 -1.457 12.661 4 
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propionate 

Diethyl adipate 4.537 -3.525 -1.445 15.676 6 
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Fig. 1: plot ሺܼ/݊ െ 1ሻݒଶ against ߩଶ at different temperatures for propyl acetate and butyl acetate. 
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Introduction 

The equation of states which are often used to predict thermodynamic properties requires pure 

fluid parameters as inputs. The prediction from EOS is very sensitive to such input parameter. 

Group contribution method has provided a high performance tool for predicting physical and 

thermodynamic properties from the chemical composition and state of matter. Recently this 

method is used to obtain the parameters of a few equation of state. The purpose of this work is 

to calculate the MLIR EOS parameters using group contribution method for esters.  

 

Method 

Using the group contribution method, the linear isotherm regularity equation of state (EOS) 

was recently modified for different organic compounds such as n-alkanes, primary, secondary 

and tertiary alcohols, ketons and 1- carboxylic acids and their mixtures [1 , 2]. Based on group 

contribution concept, an organic compound has been considered as a hypothetical mixture of 

their constituent groups.  On the basis of the van der Waals one-fluid approximation, the LIR 

equation of state was used for such a hypothetical mixture. This equation of state which is 

named modified linear isotherm regularity equation of state (MLIR EOS) is as follows: 

 

22
mm

21 ρnBAρ
n

Z







   (1) 

 

where, ρRTpZ   is the compressibility factor, v1ρ   is the number density, mA  and mB  

are the MLIR parameters and n is the number of constituent groups of organic compound. 

According to MLIR EOS, plot of   21 vnZ   is linear against 2  for each isotherm of these 
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dense fluids. Furthermore, the MLIR parameters were predicted using the contribution of 10 

functional groups in the studied organic fluids. In this work we predicted the MLIR 

parameters (Am and Bm) for esters using the group contribution method. 

To do so, two basic compounds, namely propane and n-butane were used to obtain the 

contribution of methyl and terminal methylene groups (methylene groups each attached to one 

methyle group) in Am and Bm from the following expressions: 
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where 11A  and 11B  are the contributions of methyle groups in Am and Bm and 22A  and 22B  are 

those for the terminal methylene groups, respectively. The cyclohexane was used to obtain the 

contribution of middle methylene groups. Middle methylene groups are methylene groups at 

the middle of chain which each of them attached to two methyle groups. If 33A  and 33B  are 

the contributions of the middle methylene groups in the Am and Bm, the values of Am and Bm 

of cyclohexane are the same as 33A  and 33B  for organic compounds. In esters, we consider 

 COO  as a new functional group and use the values of Am and Bm of ethyl propionate, to 

calculate the contribution of  COO  group ( 1111A , 1111B ) from the following expressions 

at temperature of interest: 
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where the mole fractions of the methyle, terminal methylene, middle methylene, and 

 COO  groups in ethyl propionate are 
5

1
, 

5

2
, 

5

1
, and 

5

1
, respectively. 
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Having the contribution of constituent group in the EOS parameters along with dependencies 

of the LIR parameters to system composition, the MLIR parameters for each ester may be 

calculated from the following expressions: 

 

   2111111333222111esterm BxBxBxBxΒ        (6) 

2

33m 11 22 1111
1 2 3 11

m 11 22 33 1111ester

AA A A A
x x x x

B B B B B

  
          

        (7) 

 

where  

)ps(er of groutotal numb

group inumber of 
i n

x   .         (8) 

 

We have calculated the contribution of three carbonic groups and the  COO  functional 

group at two different temperatures, 298.15 K and 323.15 K using Eqs (2) to (5). The values 

for the constituent groups were used, along with the Eqs (6) and (7) to calculate the MLIR 

parameters for the other esters. Then we were used the calculated values of Am and Bm 

parameters at temperature of interest along with Eq. (1) for a given ester, to obtain its density 

at different pressures. Some of the calculated results are given in Table 1. The average 

percentage error and its maximum value for density were found to be lower than 2.16 and 

2.27, respectively. 
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Table 1: Average absolute percent deviation of the calculated density for some esters at given temperatures and 

for the given pressure range (p), using the calculated values of Am and Bm parameters along with Eq. (1) 
fluid T, K p ,MPa 100  a

av
  ref 

Ethyl acetate 298.15 0.1-35 2.16(2.24) 3 

Ethyl acetate 323.15 0.1-35 2.17(2.27) 3 

Propyl acetate 298.15 2.547-375.90 0.29(0.5) 4 

Propyl acetate 323.15 2.547-376.34 0.28(0.55) 4 

Butyl acetate 298.15 2.547-385.93 0.77(1.17) 4 

Butyl acetate 323.15 2.547-372.09 0.60(1.03) 4 

 Pentyl acetate  298.15 0.1-35 1.12(1.25) 3 

Pentyl acetate 323.15 0.1-35 0.87(1.03) 3 

Ethyl pentanoate 298.15 0.1-35 1.01(1.15) 5 

Ethyl pentanoate 323.15 0.1-35 1.03(1.24) 5 

Ethyl butyrate 298.15 2.547-372.96 1.11(1.32) 6 

Ethyl butyrate 323.15 2.547-375.18 0.71(1.46) 6 

Di ethyl adipate 303.15 0.1-19.79 1.69(1.76) 7 

Diethyl adipate 323.15 0.1-19.71 1.17(1.18) 7 
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Abstract 

While the cohesive energy of material is well known to be the energy needed to divided the 

material into isolated atoms, but in the Nano-Structure it is still could be a question whether; 

(i) The increased surface energy should be equal to the cohesive energy of the 

material, which results from the surface area difference (SAD) between the total 

atoms and the material[ 1]. 

(ii) In the metallic nanostructure it is decreased with the decreasing of the size of the 

particle[2 ]. 

 

Keywords: cohesive energy. coordination number. Nanostructure. . bond-energy. 

 

Introduction 

Since the surface-to-volume ratio is the effective parameter on the size and shape of the nano-

structure the cohesive energy should be the functional of both the surface and interior 

atoms,(where it should depends of the strength and the angle of the chemical bond on which a 

large dangling bonds is exist). 

Consequently the formation of the cohesive energy should be considered by functional of the, 

form factor, coordinate number and structural factor; 

It is also suggested that the strength of the surface bond, due to the distribution of the bond-

energy, degree of freedom, and as container, should be stronger than the interior bonds 

( sEE int ). 
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The model 

If the ratio of this energy is suppose to be a constant 1  ,which is supposed to be equal[3] 

1  ,the ratio of cohesive energy of nano metallic system to the bulk could be fined as 

follow: 
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Where lpZ , lbZ  are the number of nearest 

neishbour and D  the size of Nano Particle with 0D  is the critical size on which the atoms are 

located on the surface and   is the form shape factor.and sit nnn ,,  are the number of 

total،interior and surface atomsin the nanostructures. 
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Introduction 

The Suzuki–Miyaura coupling reaction is a common and convenient tool for C–C bond 

formation during the construction of bi aryls. Because bi aryl moieties are used as the building 

block of a wide range of pharmaceuticals, herbicides, natural products, polymers, etc., much 

effort has been spent on the development of simple and practical conditions for the Suzuki–

Miyaura coupling reaction [1]. Usually, the SM coupling is homogeneously catalyzed by 

palladium compound [2], but, the Ni catalysts have many advantages over the Pd catalyst and, 

for example, they are more reactive and often cheaper than the Pd complexes [3]. Ni 

Catalyzed reactions are more specific and are complementary to their Pd analogues. Their air 

stability, ease of preparation and separation of the catalyst mixture from the product at the end 

of the reaction sequence are some of the advantages of the Ni catalysts. Ni catalysts have been 

found to be better catalysts than their Pd counterparts because Ni is smaller in size compared 

to Pd. Consequently, Ni complexes can approach the aryl halides more easily than Pd during 

the oxidative addition step [4]. In addition Homogeneous catalysis is superior to 

heterogeneous catalysis, making possible highly active and selective organic transformations. 

However, the separation and recovery of homogeneous catalysts are not easy and so it is still 

significant to prepare more active heterogeneous catalysts and to find effective ways of 

heterogenizing homogeneous catalysts for industrial reaction processes [5]. 
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Experimental 

Catalyst synthesis 

The large mesoporous silica with cubic Ia3d symmetry (KIT-6) is prepared in aqueous 

solution using a 1: 1 (wt %) mixture of Pluronic P123 (EO20PO70EO20) and butanol, around 

0.5 M HCl concentrations at 25–35 °C. Either tetraethoxysilane (TEOS) or sodium silicate is 

acceptable as a silica source. In a typical synthesis batch with TEOS, P123 was dissolved in 

distilled water and conc. HCl (35%). To this, butanol was added under stirring at 35 °C. After 

1 h stirring, TEOS was added at 35 °C. The mixture was left under stirring for 24 h at 35 °C, 

and subsequently heated for 24 h at 100 °C. The solid product was filtered, washed with 

distilled water and calcined at 550 °C or 5 h to get KIT-6. The nanocomposite catalyst was 

generated by post-synthesis method, which the poly (vinylpyrrolidone) was supported on the 

KIT-6 surface. Then, the nickel nanoparticles were synthesized by a simple method through 

chemical reduction reaction between hydrazine hydrate and vinyl pyrrolidone. 

 

General procedure for Suzuki-Miyaura coupling reaction  

The Suzuki-Miyaura carbon–carbon coupling reaction between iodobenzene and 

phenylbronic acid was performed using Ni-poly (vinylpyrrolidone)-KIT-6 (named as Ni-

PNVP/KIT-6). To an organic reactor (Radleys Discovery Technologies) were added 

haloarene (1 mmol), arylboronic acid (1.5 mmol), catalyst (1 mmol), K2CO3 (3 mmol) and 

methanol (5 mL). The mixture was stirred at 70 °C for 12 h. The reaction mixture was cooled 

down to room temperature, poured into water and extracted with dichloromethane and water.  
 

Results and discussion 

Composite material Ni-PNVP/KIT-6, with polyvinylpyrrolidone (PNVP) chains 

encapsulated in the 3-D interconnected pore channels of mesoporous silica, KIT-6. The 

composite formation and the presence of PNVP inside the pore channels of KIT-6 were 

evidenced by FTIR, SEM, XRD, TGA, TEM and BET. 

The main goal of this catalytic synthesis was to compare this organic-inorganic composite 

with other functional polymeric materials and to expand the use of these types of composites 

for organic reactions. In addition, the catalytic activity of this composite was compared to 
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show the advantages of Ni-PNVP/KIT-6 as a novel composite. In order to investigate the 

catalytic activity of this catalyst the Suzuki-Miyaura coupling reaction was chosen as a typical 

reaction. The effect of different parameters on Suzuki-Miyaura coupling reaction of 

phenylboronic acid with aryl halides was investigated.    

 

Conclusion  

A novel polymer–inorganic hybrid material (Ni-PNVP/KIT-6) is prepared by a very 

simple and inexpensive method without using any expensive Pd compounds (Ni catalysts 

have been found to be better catalysts than their Pd counterparts because Ni is smaller in size 

compared to Pd). This new solid catalyst become practical alternatives to soluble catalyst in 

view of the following advantages: a) high catalyst activity under mild reaction conditions; b) 

easy separation of the catalyst after the reaction; c) the existence of both organic and 

inorganic phases in this composite has critical effects on the catalyst activity; d) the merit of 

this methodology is that it is simple, fast, mild and efficient; e) the amount of used catalyst is 

so satisfied, f) reusability of the catalyst for several times without any loss in yield of the 

reaction. Finally, we believe that the new synthetic method reported here would greatly 

contribute to a process which is safe for the environmentally. 
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In this study we use classical molecular dynamic simulation to study structural and dynamic 

properties of water and methanol confined between graphite surfaces separated by various 

distance from 7 to 20 Å, at a constant density of 1 g/cm3 for water and 0.8 g/cm3 for methanol 

, at 300 K and 1Kbar. We used water as polar fluid and methanol as a polar fluid with a small 

CH3- hydrophobic moiety.  Results show the formation of a well-ordered structure of fluid 

layers parallel to the graphite surfaces. The fluid molecules in layers in contact with the 

surface have a tendency to orient their dipole parallel to the surface. Such ice-like structure 

may have, however, different structural and dynamical properties than those of ice. 

 
Keywords: Confinement, Graphite layers, Water, Methanol, Z-density profile 
 

Introduction: 

The behavior of water confined in carbon nanostructures has many interesting implications in 

chemical, biological, and electrochemical fields, and several related applications have already 

been explored in the chemical, oil and gas, food, and pharmaceutical industries[1]. Our 

fundamental understanding of the behavior of confined water has been enriched by the study 

of water adsorption isotherms [2] and density distribution and water clustering growth[3] in 

carbon nanopores. Such behavior is influenced by water interactions with hydrophobic 

species in nano environments such as those arising in water channels present in living 

organisms.[3,4] In this work we used water and methanol as fluid and compared their 

behavior in the nanoconfined environment.  



 
 
 

14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

 

 
Methods: 

We used slab model for graphite layers, see Figure1. And also used SPC/E  model water and 

methanol with OPLS Force field. MD simulations are performed in the canonical NVT 

ensemble with the Nose-Hoover thermostat, using the DL_POLY 2.18 program. 

 

 
Fig1. Schematic of the slit pore model 

 

 

Results and discussion: 

In the water systems, most water molecules located in the layers next to the walls orient with 

both of the hydrogen atoms located nearly in the plane parallel to the surface [Figure2]. The z-

density profile peaks show that the separation between the first peak and the wall is 

approximately 2.8 Å for H = 7 and 3.0 for H= 10 Å, and approximately 3.2 Å for H =14.5 Å. 

In the methanol system, the molecules are layered in similar manner position with different 

the separation between the first peak and the wall than the case of water, see Figure 3.  

          
                    Fig.2.Water between graphite layers                           Fig.3.Methanol between graphite layers  

                                            (H=10Å)                                                                       (H=10Å)                                   
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Coumarins are very well known natural products and many such compounds exhibited high 

levels of biological activity. They are used as anticoagulants, additives in food and cosmetics, 

and in the preparation of insecticides, optical brighteners, and dispersed fluorescent and laser 

dyes. Silica gel as an additive promotes the Wittig reactions of phosphorus ylides with 

aldehydes, including sterically hindered aldehydes to increase the rate and yields of alkenes. 

In the past we have established a convenient, one-pot method for preparing stabilized 

phosphorus ylides utilizing in situ generation of the phosphonium salts [1,2]. In this article, 

we report on the catalytic action of nanosilica powder in the conversion of dimethyl 2-(5-

bromo-2-hydroxyphenyl)-3-(triphenylphosphoranylidene)butanedioate to methyl 6-bromo-2-

oxo-2H-chromene-4-carboxylate in solvent-free conditions at 80◦C in fairly high yield. 
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The ylide (5) may result from initial addition of triphenylphosphine 1 to the acetylenic ester 2 

and concomitant protonation of the 1:1 adduct, followed by the electrophilic attack of the 

vinyltriphenylphosphonium cation to the aromatic ring at ortho-position relative to the strong 

activating group. TLC indicated formation of ylide 5 in CH2Cl2 . nanosilica powder was 

found to catalyze conversion of ylide 5 to methyl 6-bromo-2-oxo-2H-chromene-4-carboxylate 

(6) in solvent-free conditions at 80◦C in fairly high yield. TLC indicated that the reaction was 

completed after 1 h. In the absence of nanosilica powder, this reaction was completed (6) at 

reflux temperature (CH2Cl2 as solvent) after 120 h. We also have used MgSO4 , Mg(HSO4)2 , 

ZnO, ZnSO4 , Al2O3 , Al2(SO4)3 , KAlSO4 , NaHSO4 , NaNO2 , CuO, Cu(NO3)2 CuSO4 , 

FeSO4 , Mn(NO3)2 , and MnO2 powder instead of nanosilica in this reaction, but no 

correspounding product 6 was observed, and in all cases decomposition were observed. The 

structure 6 was deduced from its IR, UV, 1 H NMR, 13 C NMR spectra, and mass 

spectrometry. 

In summary, we have found that nanosilica powder is able to catalyze conversion of ylide 5 to 

compound 6 in solvent-free conditions. 

 

Keywords: 4-Bromophenol; chromene; dimethyl acetylenedicarboxylate; 

vinyltriphenylphosphonium salt , Nanosilica 
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Introduction 

Chitosan has attracted considerable interest because of their unique combination of properties, 

such as biocompatibility, biodegradability and antibacterial activity. Therefore, it is used 

widely in drug delivery applications. 

Chitosan (CS) is a polysaccharide, similar in structure to cellulose. Both are made by linear β- 

(1→4)-linked monosaccharides. Chitosan is obtained from the deacetylation of chitin, 

applications of chitin are limited compared to CS because chitin is structurally similar to 

cellulose. 

Chitosan has many advantages, specially for developing micro/nanoparticles. These include: 

its ability to control the release of active agents, it avoids the use of hazardous organic. while, 

reduced toxicity.  

The purpose of this paper was to inspect the potential of chitosan as a carrier in drug delivery 

system. In order to, we studied for a typical interpolymer complexes between anionic-ationic 

polymers could lead to the formation of polyelectrolyte complexes. 

 

Method 

Chitosan (CS) is a polysaccharide, that made  of 2-amino-2-deoxy-β-d-glucan combined with 

glycosidic linkages. Fig. (1) 

Chitosan nano/microparticles can be prepared spontaneously through ionic crosslinking 

between positively charged amino group and counter ions like,sodium sulfate, tripoly 
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phosphate .22–25In either case, ionic interaction between oppositely charged ions is the key 

factor leading to gelation. 

Briefly, the amount known of chitosan was dissolved in acetic acid under magnetic stirring at 

room temperature. then, the amount known of tripoly phosphate was dissolved in deionized 

water water, Then Nanoparticles were spontaneously obtained upon the addition dropwise of 

a tripoly phosphate aqueous basic solution to chitosan aqueous solution under magnetic 

stirring for 2h at room temperature. (rate of  1400 rpm). Then the solution was treated with 

super-filtration.The zone of opalescent suspension was further examined as nanoparticles. The 

drug (Floxetine) loaded chitosan nanoparticles were prepared. In vitro drug   release study at 

37 C in pH 7.4 phosphate buffer was examined with (UV) spectrophotometer . 

 

Results and Discussion 

The physicochemical properties of nano-particles were characterized by IR spectra, 

SEM,TEM and TGA analysis. 

The effect of factors such as  Floxetine concentration, Temperature, solution pH, and Stirring 

Rate on sorption kineties are studied. 

encapsulation efficiency of Flouxetine have also been investigated. 

The drug loading capacity (LC) and association efficiency (AE) of the nanoparticles were 

calculated according to the following equations: 

 weightlesNanopartic

Floxetinamount  Free -Floxetin amount  Total
=LC

 

Floxetineamount   Total

Floxetineamount  Free - Floxetineamount  Total
=AE  

Conclusion 

In summary, novel ionic crosslinking nanoparticles composed of chitosan and poly 

anion.loaded with Floxetine were successfully prepared. The characterization of chitosan 

nanoparticles was investigated by different methods (IR, UV-vis, SEM, TG, TEM).  

Particle size of nanoparticles was in the range of 300-500 nm. The nanoparticles were 

spherical shape and smooth surface. The formation of nanoparticles is confirmed with the 

FTIR spectrum. 
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The experiments results showed that chitosan nano-particles could adsorb Floxetine from 

aqueous solution effectively. The in vitro release studies nanoparticles was determined 

 

Fig (1) : Structure of chitosan 

 

 

Fig (2): SEM micrograghs of the structure of chitosan nanoparticles 

 

 

Fig (3): TEM image of Flouxetine-Chitosan nanoparticles. 
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Abstract: 
In this study, the relationships between this index and oxidation potential (oxE1) of 1-9, 

as well as the first and second free energies of electron transfer (Get(n), for n=1, 2) between 

1-9 and the nitride Gadolinium cluster Gd3N@C80 (n=80, 82, 84, 86 and 88) 10-14 derivatives 

as [X-UT-Y][Gd3N@Cn](n=80, 82, 84, 86 and 88) 15a-i -19a-i supramolecular complexes are 

presented and investigated. The first and second free activation energies of electron transfer 

and kinetic rate constants of the electron transfers, G#
et(n) and ket (n=1,2), respectively, were 

also calculated in this study for [X-UT-Y][M3N@C80-R] and in accordance with the Marcus 

theory. 

 

Keywords: Nitride Gadolinium clusters; Marcus theory; free activation energies 
 

Introduction: 

Since 1985, metal-containing endohedral fullerenes (EMFs) have attracted special attention as 

a new class of technologically relevant materials due to their combined fullerene-like and 

metallic properties. A variety of endohedral metallofullerenes have been reported, but their 

investigations have been severely limited because they are typically formed in extremely low 

yields. Metallic nitride endohedral fullerenes (MNEFs) carbon cages that encapsulate 

trimetallic nitride clusters are one of the important classes of metallofullerenes due to their 

stability and their structures. The electron transfer process occurs between the metallic cluster 

and the fullerene cage. Paramagnetic clusters of Gd3N permit MNEFs to be candidates in 
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applications such as molecular electronics, biomedical imaging, nonlinear optical devices, 

MRI imaging and may neutron absorber beside of radio-medicines. 

 

Graphing and Mathematical Method:  

All mathematical and graphing operations were performed using MATLAB-7.4.0(R2007a) and 

Microsoft Office Excel-2003 programs. The value of the electron transfer rate constant ket is 

controlled by the activation free energy ΔG#
et, which is a function of the reorganization 

energy (l/4) and electron transfer driving force ΔGet  :   ΔG#
et= (l/4)(1+ΔGet/l)

2         ket =k0 exp(- 

ΔG#
et /RT) 

 

Result and Discussion: 

     By using the equations which obtained in this modeling, it is possible to calculate the 

values of ΔG#
et(1) and ΔG#

et(2) of [X-UT-Y][M3N@C80-R] supramolecular complexes. The 

Get(n) (n=1,2) for [X-UT-Y][Gd3N@Cn](n=80, 82, 84, 86 and 88) supramolecular complexes 

are predicted by using the appropriate equations. By utilizing these results, the electron 

transfer energies of Get(n) (n=1,2) of the complexes between nitride Gadolinium cluster 

derivatives with fullerenes (Cn=C80, C82, C84, C86, C88) were approximated. The calculated 

values of the free electron transfer energies of Get(n)
# (n=1,2) for selected [X-UT-

Y][M3N@C80-R] supramolecular complexes in the equations were interpreted. There was 

good agreement between the calculated and the predicted values. In lieu of increasing the 

number of carbons atoms in the fullerene structure, the values of Get(n)
# (n=1,2) decreased, 

while the kinetic rate constants of the electron transfers ket(n) (n=1,2) increased. The 

supramolecular complex structures which were discussed here and the calculated values of 

Get(n)
# (n=1,2) and ket (n=1,2) corresponding to these supramolecular complexes were neither 

synthesized nor reported before.  
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a The X-ray (ORTEP) structure of [Gd3N@C84] was extracted from Ref.[1] directly and it is not the result of the 

present study.  
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Introduction 

Gold catalysts have gained due to their potential for many reactions.The Au particles prepared 

by photo-deposition on TiO2 were smaller compared to those prepared by deposition-

precipitation at similar Au loadings.[1-2].According to the literatures[3],gold catalysts 

supported on metal oxide semiconductor could be prepared by PD metiod.AuCl4
- ions 

adsorbed on the surface of TiO2 particles can react with the photo generated e- to from Au3+ 

and Au0.In this study,a series of Au/TiO2 catalysts were prepared by PD method under 

various PH values.The main objective of this study was to elucidate the effect of various PHs 

on the crystallite size of Au/TiO2 catalysts. 

 

Experimental 

Catalyst preparation 

Using HAuCl4 solution as the gold precursor.The TiO2 powder was synthesized using 

Hydrothermal method[4].HAuCl4 and TiO2 were adjusted at different PH values(PH 

6,9,10,11)using 0.1M NH4OH before illumination.The light source used was 16W 

UV(Philips) lamp.The time of irradiation was 10min.After irradiation,the solution was filtered 

and washed with deionized water until no Cl- detected with AgNO3 solution. 

Characterization 

Scanning electron microscopy(SEM) observation was performed with VEGATS-5136MM 

microscope at an accelerating voltage of 15.0KV and Transmission electron microscopy 
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(TEM) image was obtained  using a (philips CM 120 kv) at an observe or determine the 

morphology and size of  nanocrystal particles in Au/TiO2 nanocrystalls.  

 

Results and discussion 

SEM images 

Fig.1 shows images of Au/TiO2 nanocatalysts and TiO2.It can be seen that Au/TiO2 

nanocatalysts in different PH values have similar morphology with TiO2.This suggests that 

different PH values have no obvious influence on their morphology.Further observation 

shows that Au/TiO2 prepared at (PH=9) had the best size and morphology.The effect of PH on 

the crystal growth explains that the Au/TiO2 nanocatalysts could be formed well at (PH=9). 

TEM images 

Fig.2 shows TEM images of Au/TiO2 nanocatalysts.It can be observed the Au/TiO2 

nanocatalysts consist of a large number of  50  nm. 

 

Fig.1.SEM images of TiO2(a) and Au/TiO2(b)PH=6,(c)PH=9,(d)PH=10,(e)PH=11. 

a b c

d e
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Fig.2.TEM image of Au/TiO2 at PH=9. 
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Phenols are pollutants of high priority concerns because of their toxicity and possible 

accumulation in the environment. Phenols are introduced into surface water from industrial 

effluents such as those from the coal tar, gasoline, plastic, rubber proofing, disinfectant, 

pharmaceutical and steel industries and domestic wastewaters, agricultural run-off and 

chemical spills [1]. Various methods such as UV [2], UV/ H2O2 [3], Photo catalysis [4], 

Ozonation [5], Adsorption [6] and etc., have been proposed for the treatment of wastewaters 

containing organic and inorganic pollutants. Adsorption technology is currently being used 

extensively for the removal of organic and inorganic micropollutants from aqueous solutions. 

There are many absorbents in use [1]. Nanoparticles have high adsorption capacity. In 

addition, the operation is simple and the adsorption process is rapid. In this paper, nano-TiO2 

adsorbents were used to separate 4-chloro-2-nitrophenol (4C2NP) from aqueous solutions. 

The effects of mixing device (shaker, ultrasonic or stirrer), contact time, adsorbent dose 

(0.005, 0.01, 0.05, 0.1 and 0.5 g), initial pH, temperature and initial concentration on 

adsorption capacity were investigated. Moreover, the adsorption data were fitted to various 

equations to obtain various constants related to the equilibrium of the adsorption phenomena. 

The batch adsorption experiments were carried out by varying initial pH, initial 4C2NP 

concentrations, temperature and adsorbent dosage. For each run, accurately weighed nano-

TiO2 was added to 250 mL of aqueous 4C2NP solution taken in a 500 mL erlenmeyer flask 

and the mixture was agitated in a waterbath shaker at constant RPM and temperature. Samples 

were withdrawn at regular time intervals and immediately centrifuged (Hettich) to separate 
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remaining adsorbent particles. Concentrations of the 4C2NP solutions were determined by 

measuring the absorbance of the solution at the characteristic wavelength of 4C2NP using a 

double beam UV-Vis. spectrophotometer (Shimadzu). The percentage of 4C2NP adsorbed to 

the nano-TiO2 can be calculated using the following equation: 

(C -C )0 t% 4C2NP adsorbed = ×100
C0

      (1) 

Where C0 and Ct are the initial and time t liquid-phase  concentration of 4C2NP (mg L1-), 

respectively. It could be deduced that the performance of shaker is the best rather than 

ultrasonic and stirrer. Therefore, all of experiments fallowed by shaker. Adsorption studies 

were carried out for 3 h and it was observed that the amount of adsorbed 4C2NP increased 

linearly with time at the beginning of adsorption. A larger amount of 4C2NP was removed 

within the first 30 min of contact time and the equilibrium was established in 60 min. Effect 

of adsorbent mass on the adsorption of 4C2NP was investigated. Along with the increase of 

adsorbent dosage from 0.005 g to 0.01 g, the percentage of adsorbed increased from 27.5 - 

31%. Above 0.01 g of adsorbent dose, the adsorption equilibria of 4C2NP decreased. So, 

0.01g was considered as a optimum dosage of nano-TiO2 to adsorption of 4C2NP. Effect of 

pH on adsorption of 4C2NP onto nano-TiO2 was analyzed over a pH range from 2 to 12. 

4C2NP was adsorbed onto the nano-TiO2 surface remarkably at acidic pHs but scarcely at 

alkaline pHs. To study the effect of temperature on the adsorption, the experiments were 

performed at temperatures of 298, 308, 318 and 328 K. The equilibrium adsorption capacity 

of 4C2NP onto nano-TiO2 was found to decrease with increasing temperature. To determine 

the impact of the concentration of 4C2NP on the adsorption in aqueous solution in contact 

with nano-TiO2, the variation of the quantity of 4C2NP adsorbed with respect of the contact 

time has been examined for five initial concentrations: C0 = 2, 4, 6, 8 and 10 mg L1-. The 

adsorption capacity of the adsorbent, increases with increasing initial 4C2NP concentration 

because the initial adsorbate concentration provided an important driving force to overcome 

all mass transfer resistance. Equilibrium data were fitted to the Langmuir and Freundlich 

isotherm models and isotherm constants were determined. The equilibrium data were best 

represented by the Langmuir isotherm model. 



 
 
 

14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

 

 
 

References 

[1] S.H. Lin and R.S Juan, J. Environ. Manag., 90 (2009) 1336-1349.  

[2] M. Pera-Titus, V. Garcia-Molina, M.A. Banos, J. Gimenez and S. Esplugas, Appl. Cata.             

B: Environ., 47 (2004) 219-256. 

[3] R. Andreozzi, V. Caprio, A. Insola and R. Marotta, Catal. Today, 53 (1999) 51-59. 

[4] C. A. Emilio, W. F. Jardimm,  M. I. Litter and H. D. Mansilla, J. Photochem. Photobio.   

A: chem., 151 (2002) 121-127.  

[5] P. Gharbani, S. M. Tabatabaii and A. Mehrizad, I. J. Environ. Sci. Technol., 5 (2008) 495-

500. 

[6] V. Srihari and A. Das, Desalination, 225 (2008) 220-234. 

  



 
 
 

14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

 

 

Molecular Dynamics Simulation of Diffusion Coefficient of Nano-Confined 

Lennard-Jones Fluid 

 

                                        Hossein Eslami and Neda Mousaviyan* 

Departman of Chemistry, Persian Gulf University, Boushehr 75168, Iran. 

E-mail:(salmosaviyan@yahoo.com) 

 
   

Keywords: Nano-Confined Fluid, Molecular Dynamics Simulation, NAPT Ensemble, 

Lennard-Jones Fluids,  Diffusion Coefficient. 

 

Introduction  

Understanding the properties of fluids at interfaces is of basic importance in many processes 

such as lubrication, adhesion, coating, chromatography, and membrane separation. Due to the 

nature of these systems, involving an interface between two many-body complex material 

phases, studies of such systems on atomic and molecular scales pose significant experimental 

and theoretical challenges. In fact, confining a fluid between two solid surfaces, whose 

separations are just a few molecular diameters affects significantly both equilibrium and 

nonequilibrium properties of fluids [1]. In this work we have calculated diffusion coefficient 

of nano-confined Lennard-Jones fluid according to Einstein relations and thereafter showed 

that the diffusion coefficient varies abruptly with decreasing intersurface separation. 

 

Method 

Recently we have proposed a simulation method [2] in which only the confined region is 

simulated at a constant number of confined molecules, N, constant surface area, A, constant 

temperature, T, and constant parallel component of the pressure, P||, which we call it NAPT 

ensemble simulation hereafter. In this method it is showed that the parallel component of 

pressure can be adjusted to bulk pressure by dynamically changing the intersurface separation. 

This method is employed in the present work to calculate the diffusion coefficient of a large 

number of confined systems (including LJ atoms confined between fcc (100) surfaces).  
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Results 

The translational diffusion coefficients parallel to the confining surfaces for two sets of 

systems; one simulated at T=119.8 K and P||=20.37 MPa and another simulated at the same 

temperature and P||=167.5 MPa are plotted versus the gap width in figure1. Comparison of 

diffusion coefficient values as a function of separation between confining surfaces with 

solvation force (figure1) shows that the diffusion coefficient parallel to the confining surfaces 

oscillates out of phase with respect to the solvation force. The results of this study show that 

disordered films allow for larger diffusivities, while ordered films give smaller diffusivities. 

More illustratively, the high densities of ordered films leave limited free volume for fluid 

molecules and thus diminish the translational diffusivity. Since the fcc (100) surfaces in this 

work are in registry, films with 50, 150, 250, and 350 particles form commensurate layers 

with surfaces. Therefore the diffusion coefficients of such commensurate layers are much 

lower than the non commensurate ones. 
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Figure1. Left panel: salvation force as a function of intersurface separation, h. Right panel: variation in the 
diffusion coefficient, parallel to the surfaces, with the pore size. The straight dashed line indicates the diffusion 
coefficient of bulk fluid. 
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Abstract 

(5- 35 wt% )Nano vanadium phosphorous oxide (Nano VPO) catalysts supported on SBA-15 

were prepared by Intercalation-Exfoliation-Reduction VOPO4-2H2O in mixed alcohol (2-

Butanol-Ethanol). The NanoVPO/SBA-15(wt%25)catalyst and the method are found to be 

suitable for the selective oxidation of benzyl alcohol to the corresponding aldehyde. The 

kinetic of benzyl alcohol oxidation with excess TBHP over NanoVPO/SBA-15(%wt25) 

catalyst at temperatures of 27, 58, and 90 C was investigated .       

                                                                                

Keywords: Nano Vanadium phosphorus oxide, SBA-15, Benzyl alcohol, alcohol Oxidation, 

supported Nano VPO catalyst 

 

Introduction 

Selective catalytic oxidation of alcohols to carbonyls is one of the most important chemical 

transformations in industrial chemistry.Intercalation, exfoliation, and reduction of 

VOPO4·2H2O were conducted in a mixed-alcohol solvent (2-butanol and ethanol). Whereas 

this processes produced crystallites of pure VOHPO4·0.5H2O, much smaller and thinner 

crystallites were formed in the mixed alcohol compared pervious method. The 

nano(VO)2P2O7 catalyst derived from nano-sized VOHPO4·0.5H2O crystallites exhibited 

extremely high selectivity[1] . The high surface area, large pore volume and large pore size of 

SBA-15[2], enable good dispersion of  Nano VPO species in crystalline form[3].  

 

Experimental 

1. Preparation of catalysts 

SBA-15 were synthesized using  P123 (EO20PO70EO20) as the template and (TEOS) at acidic 
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conditions in the presence of glycerol[4]. A mixture of VOPO4·2H2O [5], SBA-15  and 2-

butanol was heated stepwise at 303, 323, 343, and 363 K for 1 h at each temperature under 

stirring to form a homogeneous solution .To the resulting homogeneous 2-butanol solution, 

ethanol was added at room temperature, and then this solution was refluxed for 20 h to form a 

light-blue precipitate. This precipitate was separated, washed, and dried at room temperature 

overnight to obtain nano-sized VOHPO4·0.5H2O crystallites. The dried precursors were 

heated from room temperature to 673K at a rate of 5 K/min in the air flow (30ml/min) and 

kept at this temperature for at 216h[6]. 

For the first time, in this study, we are going to report the use of mesoporous hexagonal 

molecular sieves (SBA-15) supported VPO catalyst (Nano VPO/SBA-15) for the oxidation of 

alcohols with tert-butylhydroperoxide (TBHP) in the liquid phase. Further, the oxidation 

kinetics of alcohols over (NanoVPO/SBA-15) catalyst is investigated. (Figs. 1-(a) and 1-(b)) 

.From the pseudo –first- order rate constants, the plot of In k´ vs. 1/T (Arrhenius plot) 

was drawn 1-(c)and the value of the apparent activation energy (Ea) was evaluated 

from the slope of the plot to be 35.69 kj mol-1.    

Fig1-(a) Conversion of benzyl alcohol as a function of time at 27, 58 and 90 °C with VPO/ SBA-15 (25wt %) 

catalyst in the presence of excess TBHP. (b) Pseudo-first order kinetics of benzyl alcohol oxidation with VPO/ 

SBA-15 (25wt %) catalyst in the presence of excess TBHP. Reaction condition: 15ml acetonitrile, 0.2g 

VPO/SBA-15(25wt%) catalyst with the grain size of 200–230 mesh; the rotation rate of the reaction mixture 750 

cycle/min; benzyl alcohol 10mmol; Oxidant 150mmol.  

 

Conclusions 

Oxidation of benzyl alcohols is studied in the liquid phase over NanoVPO/SBA-15catalyst 

using tert-butylhydroperoxide (TBHP). The NanoVPO/SBA-15(25%) sample are found to be 
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suitable for the selective oxidation of alcohols than othre sample. The kinetic of benzyl 

alcohol oxidation using excess TBHP over NanoVPO/SBA-15 catalyst was investigated at 

temperatures of 27, 58, and 90 C, and followed a pseudo- first order with respect to benzyl 

alcohol. The Nano VPO supported on SBA-15 showed high selectivity and activity compared 

to bulk NanoVPO catalyst. This may be due to highly dispersed nature of activephase (VPO) 

on high surface area SBA-15 support. 
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Tetrazoles are an increasingly popular functionality with wide ranging applications [1]. This 

functional group has roles in coordination chemistry as a ligand, in medicinal chemistry as a 

metabolically stable surrogate for a carboxylic acid group [2], and in various materials science 

applications including propellants[3] and explosives [4]. Furthermore, tetrazole moieties are 

important synthons in synthetic organic chemistry [5]. Reaction of 5-Phenoxyl-1-H-Tetrazole 

with Hg2(NO3)2.2H2O in the presence methanol and a withe microcrystalline precipitate 

formed which was collected on a fine grade fritted glass crucible and dried in vacuo over 

P2O5. The proposed reaction mechanism is discussed. All structures were characterized by 1H-

, 13C NMR, IR and Elemental analysis. The ultrasonic treatment applied for preparation 

nanoparticles. The resulting nanoparticles were characterized by X-ray diffraction (XRD), 

infrared spectroscopy (IR) and scanning electron microscope (SEM). 
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Abstract 

Dithiocarbamate formed an important class of biologically active ligands. An extremely large 

number of dithiocarbamate complexes with transition and non transition metal ions have been 

known. Dithiocarbamates as ligands are well known to bind strongly and selectively to many 

metal ions, so in the past few years self-assembly directed by metal–dithiocarbamate 

coordination have emerged as a useful supramolecular methodology for the preparation of 

macrocycles, cages, catenanes, and nanoparticles. Most of applications are based on 

complexation properties of DTC ligands with metal ions, especially with transition metal ions. 

The preparation of the metal complexes, benzaldehyde with 1,6-hexamethylenediamine in methanol 

followed by reduction of the Schiff base with NaBH4 in methanol. One-pot syntheses from this amine, 

carbon disulfide, triethylamine and CoCl2.6H2O gave colorless precipitates. The ultrasonic treatment 

applied for preparation of nanoparticles. The produced dithiocarbamate nanoparticles were 

characterized by X-ray diffraction (XRD), infrared spectroscopy (IR) and scanning electron 

microscope (SEM) and another techniques. The antibacterial activity of dithocarbamate 

nanoparticles derivatives tested against microorganism and compared with bulk (non-nano) 

forms conditions. 

 

Keywords: nanoparticles, 1,6-hexamethylenediamine, dithiocarbamate 
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Introduction 

The continuing discovery of the many pivotal roles played by anions in chemical, biological 

and environmental processes has stimulated the construction of molecular host systems 

capable of complexing anionic guests [1]. Dithiocarbamates are versatile ligands capable of 

forming complexes with most of the elements and able to stabilise transition metals in a 

variety of oxidation states [2]. Dithiocarbamate ligand were synthesized and characterized by 

using elemental analyses, FT-IR, NMR. The antibacterial activities of synthesized compounds 

were studied against two Gram-negative species, Escherichia coli, Klebsiella pneumoniae and 

two Gram-positive species, Staphylococcus aureus and Bacillus subtilis. 

 

Experimental 

 The preparation of the metal complexes, benzaldehyde with 1,6-hexamethylenediamine in methanol 

followed by reduction of the Schiff base with NaBH4 in methanol. One-pot syntheses from this amine, 

carbon disulfide, triethylamine and CoCl2.6H2O gave colorless precipitates.  A green  powder 

precipitated that was filtered  and  recrystallized  from chloroform. 

 

Synthesis of dithiocarbamate nanoparticles 

Ultrasonic device was employed to improve the dispersibility of the complex dithiocarbamate 

nanoparticles dispersed in aqueous solutions. The suspension dithicarbamte was ultrasonically 

irradiated with a high-density ultrasonic probe immersed directly into the solution. The 

obtained suspension was allowed to age for 120 min. The working parameters of the 

ultrasonic device were 70 kHz and 40 W/cm2
. 

 

Result  

1. Characterization of nanoparticles 

X-ray diffraction (XRD) technique was used to determine the ingredients of the sample. The 

average crystallite size of the as-prepared dithiocarbamate complex nanoparticles is about 50 

nm, according to the Debye-scherrer formula: D = 0.9λ/ β cos θ (Fig. 1) . The morphology of 

nanoparticles was observed using a scanning electron microscopy (Fig. 2). The obtained 
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samples were characterized and compared via FT-IR analysis with non-nano conditions. FT-

IR spectrometer at room temperature in the range from  250 to 4000cm−1. 

 

 
Fig. 1. The XRD pattern of complex dithiocarbamate nanoparticles. 

 
Fig. 2. SEM photographs of the sample dithiocarbamate (the scale bar is 2 μm). 

2.In vitro antibacterial activity 

  The compounds have been screened in vitro against Escherichia coli, Klebsiella pneumoniae 

and Staphylococcus aureus , Bacillus subtilis various methods are available for the evaluation 

of the antibacterial activity of different types of drugs. Method disc diffusion assay  applied 

for study antibacterial activity. Gentamycin was used as reference drug for bacteria. In 

general, the compounds showed significant antibacterial activity and the bacterial strains with 

the zone of inhibition (Table 1). 

Table 1 

No.  Complexes  Zone of inhibitation (mm)  

Escherichia coli Klebsiella 

pneumoniae  

Staphylococcu

s aureus  

Bacillus 

subtilis  

1  dithiocarbamate complex  17  17  15  -  

2  Nanodithiocarbamate complex  23  23  20  -  
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Introduction 

Natural gas adsorbed on porous materials have been attracting an increasing interest since 

they are a promising alternative to compressed natural gas (at about 30 MPa) as a suitable 

nonpollution vehicular fuel and for bulk transportation [1]. There have been several works 

devoted to the possibility of formation of endohedral complexes between simple molecules, 

such as H2, N2 and NH3, and fullerene nanocages [2, 3]. Here we present the results of our 

theoretical investigation on methane deposition into the Si60 fullerene, and its potential 

applications as a suitable material for energy storage.  

 

Computational methods  

The ab initio calculations based on the generalized gradient approximation (GGA) with the 

Perdew–Burke–Ernzerhof (PBE) functional [4] were performed in density functional theory 

(DFT) and the standard norm-conserving Troullier–Martins pseudo-potentials [5]. The 

calculations are done using a split-valence double-zeta plus polarization function (DZP) as 

basis set for all simulated atoms.  

Results and discussion  

We first examine the incorporation of methane molecule(s) inside C60 fullerene through 

calculating the formation energy (binding energy) of CH4 molecules inserted into C60 cage. 

The formation energy is calculated from: ∆E = EC60-nCH4 – EC60 – nECH4. After full structural 

optimization of the nCH4@C60 system we find that the formation energy value is negative for 
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only one encapsulated CH4 molecule (-5.30 kcal/mol), similar to the experimental observation 

for diatomic molecules embedded inside the C60 fullerene [6].  

Similar calculations have been performed for confined methane molecules in the Si60 

nanocage. Our results reveal that up to eight methane molecules were encapsulated inside the 

Si60 cage can form the stable complex (have negative formation energies). It has been found 

that when methane molecules were incorporated into the cage the fullerene shape deviates 

from a sphere, as depicted in figure 1(a).  

                                            (a)                                                                                 (b) 

 

 

 

 

Figure 1. Schematic representation of two CH4 molecules incorporated into Si60 fullerene and 

(a) corresponding optimized structure. Model for a CH4 molecule pointing toward the side-

wall of C60 fullerene and (b) Si60 fullerene with respect to the hexagon ring of the nanocage 

via its CH2 groups.  

 

We next investigate the insertion of a CH4 molecule into the possible entry sites of the 

considered nanocages (Fig 1 (b)). The interaction of the CH4 molecule with the nanocage 

skeleton was studied by performing single point energy (SPE) calculation. The result of 

present calculations show that CH4 molecule prefers to penetrate into the Si60 through the six-

membered ring via its C–H group with a barrier energy of about six time easier than that of 

the C60 cage one.  

 

Conclusion  

The calculated formation energies of the nCH4@X60 (X=Si, C) complexes showed that 

methane storage capacity of Si60 fullerene is three time higher than that of the C60 fullerene. 

Furthermore, the penetration of methane molecules into the Si60 nanocages is much easier 

than that of C60 one. 
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Abstract 

 In this study, TiO2 nanoparticles were synthesized by reflux route. The crystallite sizes and their 

quality were investigated under effect of molar ratio H2O to Titanium IV Isopropoxide (TTIP). 

Precursor used in this route is TTIP and pure ethanol, methanol and small amount of distilled water 

formed the alcoholic solution. All the resulting nanoparticles were in anatase phase. The quality and 

size of the particles changed with the molar ratio of H2O to TTIP. 

Keywords: TiO2 nanoparticles, Reflux route, H2O molar ratio effect. 

Introduction 

Titania is famous with its high Photocatalytic activity for the degradation of pollutant chemicals and 

hazardous organic compounds. It has three major phases: anatase, rutile and brookite. The anatase type 

has been selectively used for photocatalytic applications [1-2]. Having fine and homogeneous 

nanoparticles with controlled diameters is necessary for using these materials. It is therefore an 

important that the quality of prepared powder can be controlled with a molar ratio of reactants. In this 

work, we have tried to providing anatase TiO2 nanoparticles by reflux method via changing the molar 

ratio of reactants. 

Experimental  

In the present work, ethanol, EtOH (absolute grade); methanol, MeOH (99.8% purity); TTIP (97% 

purity Sigma-Aldrich) and distilled water were used. In order to get nanostructured TiO2, TTIP 

solution was dissolved in mixture of MeOH and EtOH with a molar ratio (1:1:10) and refluxed at 60 
oC for 6 hours. Distilled water was added drop-wise into the hot solution. The obtained precipitate was 

isolated by a filter paper and washed several times with hot water and ethanol in order to remove large 
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aggregates from the product. That was then dried at 60 oC for 15 hours in ambient conditions. It is 

clear that the prepared sample is largly amorphous. The obtained powder was annealed at different 

temperatures by rate of 5 oC /min for 5 hours to the formation of the crystal structure. 

Results and discussion 

Effect of H2O molar ratio based on a reaction formula of TTIP (Ti(OC3H7)4) hydrolysis to obtain TiO2 

[3] is Ti(OC3H7)4 + 2H2O - TiO2 + 4 C3H7OH . 

A molar ratio of [H2O]/[TTIP] for completely hydrolysis of TTIP should be 2. For sake of study on 

effect of H2O amount in the morphology and crystallite size of TiO2 nanoparticles, [H2O]/[TTIP] ratio 

was changed from 5 to 10, 25 and 50 when all other parameters were fixed. The samples were calcined 

at 450 oC for 5 hours. The phase of synthesized structures was all anatase. According to the XRD 

patterns (see Fig. 1), general variation in the peaks intensity of anatase phase was not observed with a 

slowly increase of pure water to hot solution at reflux duration. SEM images of Fig. 2 indicate the 

morphology of nanostructures. In case of [H2O]/[TTIP]=5, the morphology of particles on surface 

seems to be had a high uniformity. By increasing of [H2O]/[TTIP] ratios from 5,10,25 and 50, the size 

of the crystallites was 24, 22,22 and 17 nanometer, respectively. 

 

Fig. 1. XRD patterns of TiO2 samples. 

 

Fig. 2. SEM pictures of TiO2 nanopowders. Those 
were calcined at 450 oC for 5 hours. [H2O]/[TTIP] 

ratio was: a) 5, b) 10, c) 25 and d) 50. 
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Concloution 

In summary, titania pure nanoparticles have been successfully prepared using TTIP as precursor by a 

reflux route. The increase of [H2O]/[TTIP] molar ratio gives rise to better hydrolysis and the decrease 

of the size of TiO2 nanocrystallites. 
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Abstract 

 In this study, TiO2 nanoparticles were synthesized by reflux route. The crystallite sizes and 

their quality were investigated under effect of molar ratio H2O to Titanium IV Isopropoxide 

(TTIP). Precursor used in this route is TTIP and pure ethanol, methanol and small amount of 

distilled water formed the alcoholic solution. All the resulting nanoparticles were in anatase 

phase. The quality and size of the particles changed with the molar ratio of H2O to TTIP. 
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Introduction 

Titania is famous with its high Photocatalytic activity for the degradation of pollutant 

chemicals and hazardous organic compounds. It has three major phases: anatase, rutile and 

brookite. The anatase type has been selectively used for photocatalytic applications [1-2]. 

Having fine and homogeneous nanoparticles with controlled diameters is necessary for using 

these materials. It is therefore an important that the quality of prepared powder can be 

controlled with a molar ratio of reactants. In this work, we have tried to providing anatase 

TiO2 nanoparticles by reflux method via changing the molar ratio of reactants. 

 

Experimental  

In the present work, ethanol, EtOH (absolute grade); methanol, MeOH (99.8% purity); TTIP 

(97% purity Sigma-Aldrich) and distilled water were used. In order to get nanostructured 

TiO2, TTIP solution was dissolved in mixture of MeOH and EtOH with a molar ratio (1:1:10) 

and refluxed at 60 oC for 6 hours. Distilled water was added drop-wise into the hot solution. 

The obtained precipitate was isolated by a filter paper and washed several times with hot 

water and ethanol in order to remove large aggregates from the product. That was then dried 
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at 60 oC for 15 hours in ambient conditions. It is clear that the prepared sample is largly 

amorphous. The obtained powder was annealed at different temperatures by rate of 5 oC /min 

for 5 hours to the formation of the crystal structure. 
 

Results and discussion 

Effect of H2O molar ratio based on a reaction formula of TTIP (Ti(OC3H7)4) hydrolysis to 

obtain TiO2 [3] is Ti(OC3H7)4 + 2H2O - TiO2 + 4 C3H7OH . 

A molar ratio of [H2O]/[TTIP] for completely hydrolysis of TTIP should be 2. For sake of 

study on effect of H2O amount in the morphology and crystallite size of TiO2 nanoparticles, 

[H2O]/[TTIP] ratio was changed from 5 to 10, 25 and 50 when all other parameters were 

fixed. The samples were calcined at 450 oC for 5 hours. The phase of synthesized structures 

was all anatase. According to the XRD patterns (see Fig. 1), general variation in the peaks 

intensity of anatase phase was not observed with a slowly increase of pure water to hot 

solution at reflux duration. SEM images of Fig. 2 indicate the morphology of nanostructures. 

In case of [H2O]/[TTIP]=5, the morphology of particles on surface seems to be had a high 

uniformity. By increasing of [H2O]/[TTIP] ratios from 5,10,25 and 50, the size of the 

crystallites was 24, 22,22 and 17 nanometer, respectively. 

 
Fig. 1. XRD patterns of TiO2 samples. 

 
Fig. 2. SEM pictures of TiO2 nanopowders. Those 
were calcined at 450 oC for 5 hours. [H2O]/[TTIP] 
ratio was: a) 5, b) 10, c) 25 and d) 50. 
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Concloution 

In summary, titania pure nanoparticles have been successfully prepared using TTIP as 

precursor by a reflux route. The increase of [H2O]/[TTIP] molar ratio gives rise to better 

hydrolysis and the decrease of the size of TiO2 nanocrystallites. 

References 

[1] Y. Liu et al., J. Hazard. Mater. 150 (2008) 153–157. 

[2] F. Han et al, Appl. Catal .A-Gen. 359 (2009) 25–40. 

[3] R.K. Wahi et al. J. Colloid .Interface. Sci. 302 (2006) 530–536. 

  



 
 
 

14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

 

 

2110

Nanowire Cd(OH)2 Thin Films Deposited by Chemical Solution Route 

 

R. Sahraeia,*, G. Nabiyouni b, A. Mihandoost b, L. Shiria, and A. Daneshfara 
aDepartment of Chemistry, University of Ilam, Ilam ,Iran 

bDepartment of Physics, University of Arak, Arak, Iran 
* (Email: reza_sahrai@yahoo.com) 

 

Keywords: Nanowires, Thin films, Chemical solution deposition  

 

Introduction  

   Thin films composed of randomly oriented nanowire have attracted tremendous interest in 

recent years. In recent years, nanostructures of metal hydroxides such as, Ni(OH)2, Cu(OH)2, 

Mg(OH)2, and Cd(OH)2 have been synthesized as potential templates or precursors for the 

corresponding oxide materials [1, 2]. Cadmium hydroxide (Cd(OH)2) is a wide band gap (3.2 

eV) semiconductor material [3]. Here, we present a one-step and template-free method for the 

selective growth of ultra-long nanowire bundles of crystalline Cd(OH)2  on glass substrates at 

low temperature through a simple method involving controlled chemical precipitation based 

on principals of ionic and solubility products. 

  

Experimental  

   An aqueous solution of 0.1 M Cd(CH3COO)2 was prepared, and to this solution aqueous 

NH3 solution (25%) was added under constant stirring. A white precipitate was initially 

observed, which subsequently dissolved back into solution upon the further addition of the 

NH3 solution. A pre-cleaned glass substrate was immersed and placed vertically in the 

solution. The solution was maintained at a PH of ca.12 and at room temperature, resulting in 

the direct growth of nanowire bundles on the glass substrate. 

Results and discussion 

   Fig. 1 shows the XRD pattern and SEM image of nanowire Cd(OH)2 thin films deposited 

on glass substrates. The six broad peaks observed in the diffractogram at around 23.81 º, 
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30.49 º, 35.65 º, 49.89 º, 61.57 º, and 75.01 º reveal a monoclinic lattice structure of Cd(OH)2 

[4]. The average crystallite calculated from reflection peaks was about 5 nm which clearly 

support nanocrystalline nature of nanowire.   

. Figure 1 (right) show that the products consist of a large quantity of nanowires with lengths 

ranging up to several tens of micrometers. The wires are interconnected in a complex way, 

with porous structure of sample goes deep inside. 

The optical properties of the Cd(OH)2 nanowires were characterized. Uv-Vis absorption 

spectrum revels that as-deposited Cd(OH)2 film has low absorbance in visible region. The 

band gap of the nanowires obtained was 3.3 eV which is in good agreement with the reported 

for the direct band gap of Cd(OH)2 at 3.2 eV. 

 

          

Fig.1: XRD pattern for the nanowire Cd(OH)2 thin films (Left) and SEM image of the 

Cd(OH)2  thin film (Right). 

Conclusions                                                                                                                          

In this study, ultralong Cd(OH)2 nanowires have been successfully synthesized directly onto 

the glass substrate using a simple, low-temperature, and economical soft solution chemical 

process. XRD revealed the films to consist of nanocrystalline Cd(OH)2 ranging in size 5 nm. 

Also obtained nanowires are uniform and have monoclinic phase. FESEM image shows that 
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products consist of large quantity of nanowires with lengths ranging up to several tens of 

micrometers. 
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Abstract 

MnO2/Carbon black/Graphite nanocomposites were prepared by a sonochemistry method. The structure of 

nanocomposites were characterized by X-ray diffraction (XRD) and scanning electron microscopy (SEM).  

Electrochemical performance of  the nanocomposite electrodes with different MnO2 content were studied by 

cyclic voltammetry, electrochemical impedance spectroscopy and charge/discharge measurements. The 

Electrochemical properties of the nanocomposites exhibited ideal capacitive. The nanocomposite has a high 

specific capacitance of 364 F g−1 at scan rate of 2 mVs-1. The nanocomposites showed highe power density at 

high energy density. 

Keywords: Supercapacitor, nanocamposite, MnO2, Carbon black, Graphite, sonochemistry. 

Introduction 

Supercapacitors, are energy-storage devices which can be used for various electrical equipments, mobile devices 

and hybrid electric vehicles. Supercapacitors have higher power density and longer cycle life than batteries 

while energy density is lower that batteries[1]. On the basic these two mechanism supercapacitors classified as: 

Electric double-layer capacitors (EDLCs) that employ typical form carbons and pseudocapacitors that employ 

transitoin metal oxids compounds (e.g. RuO2, NiO, MnO2) or conducting polymers (polyaniline, polypyrrole,) 

[2]. supercapacitors based on MnO2 as electroactive materials are attracting great attention due to low cost of the 

raw material, high theoretical specific capacitance (~1380 Fg−1) and environmentally compatibility [3-4]. 

Recently, various types of carbonaceous compounds used as electrodes for SCs (e.g., activated carbon, carbon 

black, carbon fiber cloth, graphite powder, glassy carbon carbon aerogel and carbon nanotubes) They were used 

as sole electrode component in supercapacitor or as part of composite electrodes that contain pseudocapacitance 

materials [5]. 

Methods 

Predetermined amounts of Carbon and Graphite, were added to Aqueous solutions of 0.25 M MnSO4 (Merck, 

research grade) and 0.5 M KBrO3 (Merck, research grade) with the total volume of 100 mL. The mixture was 

irradiated with high intensity ultrasound radiation with 480 Wcm-2 input power and working frequency of 24 

kHz. The crystallographic structures of the MnO2 and composites were determined by a X-ray diffractometer 
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(Bruker, D8-advance) at 2Ө=4-70° with monochromatized Cu Kα radiation (λ=1.541874 Å) operated at 40 

kV/30 mA. The morphologies of the MnO2 and nanocomposites powder were observed by scanning electron 

microscopy (SEM, philips, XL30). 

Electrodes were prepared by mixing of the nonocomposites powder as active material with 5 wt% of PTFE dried 

powder (Merck). The resulting mixture was pasted on a steel grid (1 cm2) and then pressed. All electrochemical 

measurements were performed using a potentiostat/galvanostat (PGSTAT100, Autolab, EchoChemie) in a three-

electrode glass cell. The measurements were carried out in a 0.5 M Na2SO4 electrolyte. 

Result and discusion 

Typical XRD patterns for MnO2 and MnO2/Carbon/Graphite nanocomposites with diferent ratios are shown in 

Fig. 1. All these peaks can be indexed to pure orthorhombic γ-MnO2 (JCPDS card ).  

Fig. 2 shows the cyclic voltammogram MnO2/Carbon/Graphite nanocomposite in aqueous 0.5M Na2SO4 

electrolyte within a potential window of 0.0 to +1.0V versus Ag/AgCl at different scan rates. The specific 

capacitance (SC) can be calculated from CVs according to the equations: ܵܥ ൌ ܸ∆ݍ ൈ ݉ 

where SC is the specific capacitance of active material (Fg-1), q is the voltammetric charge (c), the ΔV is voltage 

difference and the m is the amount of active material (g). For the MnO2/Carbon/Graphite nanocomposites with 

mass ratios 56/22/22, the initial specific capacitance based on MnO2 is 358 and 175 Fg−1 at 2 and 200 mVs−1, 

respectively, which is much higher than that of the other samples. 

                                                          

                     

 

 

 

 

 

Fig. 1: Typical XRD patterns of the as-prepared MnO2/Carbon 
nanocomposite samples. 

Fig. 2: CV curves of the nanocomposite electrode with at the 
various scan rates  
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Conclusions 

MnO2/Carbon/Graphite nanocomposites were synthesized using ultrasonic radiation. For the 

MnO2/Carbon/Graphite nanocomposite with mass ratios 56/22/22 the specific capacitance based on MnO2 is 

364 at 2 mVs−1. CV characterization indicates that this material shows fast kinetics for charge–discharge process 

as well as good kinetic reversibility. The nanocomposite demonstrate excellent reversibility and high power 

density. The nanocomposite material can be considered as promising materials in the application of 

supercapacitors. 
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Introduction: 

The pharmacokinetic properties of cephalosporin antibiotics were reported and they are 

almost identical[1]. Cefadroxil and cephalexin has been shown activity broad-spectrum 

antibiotic of the cephalosporin type, effective in gram-positive bacterial infections. 

Cefadroxil is an antibacterial drug that is the para-hydroxy derivative of cefalexin. Since the 

discovery of fullerenes (Cn), one of the main classes of carbon compounds, the unusual 

structures and physiochemical properties of these molecules have been discovered. The 

numbers of carbon atoms at the structures of the fullerenes were utilized here. This study 

elaborates upon the relationship between the number of carbon atoms and the four free 

energies of electron transfer of fullerenes Cn with Cefadroxil and Cephalexin, on the basis of 

the four reduction potentials of the fullerenes, as assessed by applying the Electron transfer 

equation [2].  

 

Graphing and Mathematical Method: 

All graphs were generated using the Microsoft Office Excel 2007 program. Using the number 

of carbon atoms contained within the Cn fullerenes, several valuable properties of the 

fullerenes can be calculated. The values were used to calculate the four free energies of 

electron transfer (Get(1) to Get(4)), according to the Electron transfer equation.  
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Result and Discussion: 

In this study, the number of carbon atoms in the fullerenes was used as an index to establish a 

relationship between the structures of Cefadroxil and Cephalexin,  as well-known first-

generation cephalosporins antibiotics and fullerenes Cn (n=60, 70, 76, 82 and 86). The 

relationship between the number of carbon atoms and the free energies of electron transfer 

(Get(1) to Get(4)) are assessed using the Electron Transfer equation for these supramolecular 

complexes([Cefadroxil].Cn and [Cephalexin].Cn).  

        In 2000, the electrooxidation of cefadroxil was investigated by used a glassy carbon 

electrode by cyclic voltammetry. The electrooxidation of cefalexin at boron-doped diamond 

electrodes and glassy carbon electrodes was investigated by cyclic voltammetry [1]. The four 

reduction potentials of fullerenes Cn have been reported before[3]. The calculations are 

presented for the four reduction potentials (Red.E1 to Red.E4) of fullerenes Cn[2]. Fig 1(graphs 

a-d) demonstrate the relationships between the number of carbon atoms of fullerenes “n” and 

the first- fourth free-energy of electron transfer  of [Cefadroxil].Cn (n = 60, 70, 76, 82 and 

86). By using this graph, it is possible to calculate the values of Get(1) to Get(4) of 

[Cefadroxil].Cn. The related curves for [Cephalexin].Cn have similar structures to Fig. 1(a-d) 

[Cefadroxil].Cn . The results were used to calculate the four free-energies of electron transfer 

(Get(1) to Get(4)) of supramolecular complexes for fullerenes C60 to C300.  

Fig 1 

Conclusion:  



 
 
 

14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

 

 

2118

Cefadroxil and Cephalexin with fullerenes have important electron-transfer properties as the 

most well-known first- generation cephalosporin antibiotics, and molecular conductors. The 

results of this study could be utilized in nano- pharmacokinetic studies related to these 

antibiotics. The novel supramolecular complexes discussed have neither been synthesized nor 

reported previously. 
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Introduction:   

   The synthesis of nanoparticles has been extensively attracted interests for their unique 

properties and quantum size effects [1]. Nickel oxide (NiO) nanoparticles are a very 

prosperous material extensively used in chemical catalysts [2], gas sensors [3] and magnetic 

materials [4]. Correspondingly, research into the synthesis of NiO nanoparticles has increased 

during the past decade with methods such as electrodeposition [5], sol–gel techniques [6] and 

precipitation [7]. In this study, NiO nanoparticles were successfully prepared with thermal 

decomposition method and  characterized with several technique. 

 

Methods: 

     In this work, NiO  nanoparticle was prepared via thermal decomposition of simple 

precursor (NH4)2[Ni(dipic)2]. The prepared  precursor was heated in a crucible at 350, 450 

and 550 °C for 2 h in air to get the NiO nanoparticles. Characterization of both precursor and 

nanoparticle was carried out using FT-IR, XRD, TEM and thermal analysis method TGA. 

 

Results and Discussion: 

    The TGA shows that the temperature up to about 200 °C, there was a large amounts loss in 

weight which was due to loss of the evolution of water and carbon dioxide and no weight loss 

recorded when temperature   increased to above 500 °C.  On the basis of the TGA analysis, 

the precursor powders were calcinated between 350 °C and 550 °C for same time in air. The 
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XRD patterns of calcinated nickel oxide at 350 °C was shown a obvious peak that related to 

Crystalline phase of NiO. It indicates that the precursor was basically decomposed into NiO 

at this temperature. According to the Scherrer formula: D=0.89λ/Bcosθ, the particle size is 30 

nm. When the calcined temperature increased to 550 °C the intensity of the diffraction peak is 

increased with the increasing temperature. But, particle size of the as-prepared NiO increases 

from 30 to 38 nm with increasing temperature. In the FT-IR spectrum, the C=O vibration 

stretching modes occur at 1658 Cm-1 corresponding to two carboxylic groups of dipic. that 

disappear with increase of calcination temperature due to loss ligands. At calcination 

temperature (550 °C), the ligands decomposed and the FT-IR spectrum shows Ni=O peak at 

454 Cm-1. The Transmission electron microscopy (TEM) image of the NiO nanoparticles 

shows a uniform nanocrystalline NiO particles with spherical shapes with weak 

agglomeration. Its average size is about 33 nm, ranging from 30 nm to 38 nm.  

 

Conclusions: 

      Nanocrystalline NiO powder was prepared by thermal decomposition method, using 

(NH4)2[Ni(dipic)2] precursor. The obtained single-phase NiO powder has an average particle 

size of 33 nm after calcination the as-prepared precursor at 450 °C for 2 h. The sample 

exhibits narrow size distribution and weak agglomeration. 
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Introduction 

   Semiconductor nanocrystals synthesized by means of colloidal chemistry techniques attract 

considerable attention due to their size-tunable photoemission characteristics. Among the 

colloidal semiconductor nanocrystals, CdSe has shown almost full range visible light 

emission within an advantage of continuous tunability of the electronic and optical properties 

by changing the physical size of the nanocrystals [1-2] and thus it has been intensively 

studied for its distinguished role in technical applications such as light-emitting diodes, 

lasers, and biological labels [3]. In this article, a green facile room temperature synthesis of 

citrate-capped CdSe nanostructures via a novel method is reported. The as synthesized CdSe 

nanocrystals were characterized using UV-Vis spectrophotometry, scanning electron 

m i c r o s c o p y  ( S E M )  a n d  X R D  t e c h n i q u e s . 

 

Experimental  

   A solution of selenium was prepared by a mixture of selenium powder, sodium thiosulfite 

and distilled water. The mixture was then stirred for 5 h, at 70 ◦C, for the entire selenium to 

dissolve in water giving rise to a colorless solution. In a typical procedure, 3 ml of an 

aqueous solution of Cd(ClO4).2H2O (0.04 M) was added to an aqueous solution of citrate (20 

mL, 0.1 wt%) at room temperature. This was followed by a slow addition of 3 mL (0.04 M) 

selenide ion solution, upon this addition, the color of the solution was changed from white to 

transparent red showing the formation of CdSe  nanoparticles. The mixture was aged for 2 

days. The transparent solution was filtered and red precipitate was obtained. The optical, 
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electronical and structural properties of these nanostructures were characterized using 

different techniques such as X-ray diffraction, Scanning electron microscopy (SEM) and UV-

Vis spectrophotometry. 

 

Result and Discussion  

   Figure 1 shows the SEM image of synthesized nanoneedles. These nanoneedles are formed 

upon nanocrystals growth at room temperature. The UV-Vis absorption spectra consist of an 

absorption shoulder at 498 nm. The electronic band gap was calculated to be 2.7 eV, while 

the corresponding gap of the bulk material is 1.7 eV. Therefore, it is possible to tune the 

electronical and optical properties of materials by reducing their size. The XRD pattern was 

obtained by scanning 2θ in the range of 10-80˚. The results showed that the citrate-capped 

CdSe nanocrystals are in hexagonal structure. Distinct diffraction peaks corresponding to 

(002), (102), (110), (103) and (112) crystalline planes of hexagonal structure. 

 

  

Fig1. SEM image of CdSe nanoneedles (Left) and UV-Vis absorption spectra of citrate-
capped CdSe nanocrystals (Right) 

 

   Conclusion 
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    The citrate-capped CdSe nanocrystals and nanoneedle were synthesized through a novel 

green facile room temperature method. The XRD analysis demonstrated that the nanocrystals 

have a hexagonal structure. The results obtained from UV-Vis absorption data showed that 

the energy band gap of the nanocrystals was increased by 1.0 eV respect to those the balk 

material. 
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Introduction  

   Metal nanoparticles have close-lying bands and electrons move quite freely. The 

oscillations of the free electrons in the conduction band occupying energy states near the 

Fermi level give rise to a surface plasmon absorption band which depends on both the size 

and chemical surrounding of the metal nanoparticles [1]. Their linear optical characteristics 

are recognized as being dominated by the surface plasmon resonance (SPR) that also 

enhances their nonlinear optical response [2]. 

  

Experimental  

   The Au nanoparticles were synthesized by the reduction of Au3- ions in the aqueous starch 

dispersion. The approach was quite simple and straightforward. In a typical preparation, a 

200 µl aliquot of 0.1 M solution of HAuCl4.3H2O was added to 50 ml of a 0.2% (wt) 

aqueous solution of soluble starch. After complete dissolution of these components, an 

aqueous solution of NaOH 0.05 M was continuously added drop wise in the system and the 

pH of solution adjust at 7.0.  

 

Results and discussion 

   The UV-Vis absorption spectrum of the Au nanoparticles after 5 h, showing the surface 

Plasmon absorption of these Au nanoparticles, is presented in Figure 1. The position and the 

width of the plasmon resonance peak can give information about the average diameter of the 

nanoparticles. The plasmon resonance peak at 520 nm and the low width of this peak can be 

related to the very small Au nanoparticles with narrow distribution of the particle size. 
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     By properly monitoring the transmittance change through a small aperture placed at the far 

field position (closed aperture), one is able to determine the amplitude of the phase shift (Fig. 

1). Experimental results of z-scan data with an aperture is divided by those without an 

aperture to obtain pure nonlinear refraction. The peak followed by a valley-normalized 

transmittance obtained from the closed aperture curves indicates that the sign of nonlinear 

refractive indices is negative, i.e. self-defocusing 

  

          

Fig.1: The surface plasmon absorbance spectrum of the gold nanoparticles stabilized in 

soluble starch solution (Left) and Close aperture z-scan experimental curves of the gold 

nanoparticles at three incident intensities (Right). 

Conclusions    

     We have reported a simple route for the synthesis of relatively monodisperse gold 

nanoparticles, reduced and stabilized by soluble starch. The gold nanoparticles stabilized with 

soluble starch are found to be stable in solution over a period of six months at room 

temperature and show no signs of aggregation. The average nanoparticles size was obtained 

from TEM analysis is 16.8 nm that agreed fairly well with UV-Vis absorption spectroscopy 

results. The z-scan measurements, performed with CW He-Ne laser, revealed that the 

nonlinear refractive index in this crystal is in the range of 10-7 cm2/W that mostly agrees with 

result of diffraction pattern.  
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Abstract:  

Sulfonylation and desulfonylation of amines and alcohols are fundamental process in organic 

synthesis which produces sulfonate esters as alkylating agents and sulfonamides as potent 

pharmaceutical and biological active compounds [1]. While, sulfonylation of amines or 

alcohols with sulfonyl chlorides requires basic conditions, deprotection of sulfonylated 

products is also occurred together with the formation of other side products under reaction 

conditions [2]. Thus, the reaction media is an influential factor governing the protection or 

deprotection by sulfonylation. It is usually helpful to control the surface area of catalyst, 

strength of base, solvent and reaction temperature.  

Today, solvent-free heterogeneous reactions using nano catalysts are of much interest as eco-

friendly and environmentally benign methods [3]. In the continuation of our researches, we 

report here the catalytic performances of supported KF on alumina or silica nanoparticles in 

desulfonylation reactions and NH- or O-sulfonylation under solvent-free conditions using 

microwave irradiation or thermal conditions (Scheme 1). 

 
 
 

Wet KF/ nanoalumina, 90 oC

 Solvent-free

R = Ar, Me

SO2XR1R

R1= Ar, Alkyl 
X = NH, O

SO3R + R1XH

 
 

Scheme 1. Desulfonylation of sulfonamides using nano-catalysts 
 

Desulfonylation of sulfonamides can be carried out under solvent-free conditions using 

preparative KF/nanoSiO2 and KF/nanoAl2O3 as reusable basic heterogeneous catalysts. The 
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method offers several advantages such as excellent yields, chemoselectivity of the reaction 

and reusability of the catalysts.  
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Abstract:  

Sulfonylation and desulfonylation of amines and alcohols are fundamental process in organic 

synthesis which produces sulfonate esters as alkylating agents and sulfonamides as potent 

pharmaceutical and biological active compounds. In this research, we report the catalytic 

performances of supported KF on alumina or silica nanoparticles in desulfonylation reactions 

and NH- or O-sulfonylation under solvent-free conditions using microwave irradiation or 

thermal conditions.  

 

Keywords: KF/nanoSiO2, KF/nanoAl2O3, Desulfonylation, Chemoselectivity 

Introduction:  

Protection of amines and alcohols by sulfonylation is a fundamental process in organic 

synthesis which produces sulfonate esters as alkylating agents and sulfonamides as potent 

pharmaceutical and biological active compounds [1]. Sulfonate esters and sulfonamides have 

been used as protecting groups of OH or NH functionalities due to easy removal under mild 

conditions [2]. While, the most common synthetic approach for the sulfonylation of amines or 

alcohols with sulfonyl chlorides requires basic conditions [3-5], deprotection of sulfonate 

esters and sulfonamides is also occurred together with other side reactions in similar 

conditions. A number of basic and neutral catalysts have been reported for the sulfonylation 

of amines and alcohols, however the development of synthetic methods, enabling easy access 

to these compounds, are desirable.  

Today, according to the progress of green chemistry, mineral supported heterogeneous 

reactions have been attracted much attention of synthetic chemists [6]. Among these reactions, 
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solvent-free reactions are of much interest as eco-friendly and environmentally benign 

methods [7-9]. 

In the continuation of our researches, we report here the catalytic performances of supported 

KF on alumina or silica nanoparticles in desulfonylation reactions and NH- or O-sulfonylation 

under solvent-free conditions using microwave irradiation or thermal conditions (Scheme 1). 

 

Wet KF/ nanoalumina, 90 oC

 Solvent-free
R = Ar, Me

SO2XR1R

R1= Ar, Alkyl 
X = NH, O

SHO3R R1XH+

 
Scheme 1. Desulfonylation of sulfonamides using nano-catalysts 

 

In conclusion, Desulfonylation of sulfonamides can be carried out under solvent-free 

conditions using preparative KF/nanoSiO2 and KF/nanoAl2O3 as reusable basic 

heterogeneous catalysts. The method offers several advantages such as excellent yields, 

chemoselectivity of the reaction and reusability of the catalysts.  
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Introduction: 

In recent years, the development of efficient and environmentally benign chemical processes 

or methodologies for widely used recyclable catalyst and unharmful solvent is one of the 

major challenges for chemists in organic synthesis. Heterogeneous catalysts can be recovered 

and reused, whereas homogeneous catalysts are less stable and contaminate reaction mixtures 

[1]. systems are of great interest and importance due to their applications in industry and 

developing technologies [2]. The use of solid acids has many advantages over liquid acids 

such as ease of handling, decreasing reactor and plant corrosion problems, and 

environmentally safe disposal [3]. Also, wastes and by minimized or avoided by developing 

cleaner synthesis routes [4]. Octahyroquinazolinone first synthesized by the original 

multicomponent one Biginelli reaction [5] in 1893, and its derivatives show a diverse range of 

therapeutical properties and pharmacological activities. The simple and direct method for the 

synthesis of Octahyroquinazolinone involves the one-pot condensation of an aldehyde, α,β-

ketoester and a urea under strongly acidic conditions. 

 

Methods: 

Preparation of ZnO nanoparticle: 

Aqueous solutions of zinc nitrates and urea were added into a flask under vigorous stirring 

(300 rpm/min). The molar ratio of Zn2 + to urea was about 1:4. In order to inhibit the growth 

of the ZnO crystallite during the course of precipitation, a certain amount of surfactant (SDS), 

was added into reaction system. Then the reaction system was heated to 95oC and maintained 

at that temperature. After stirring for 2 h, a semitransparent zinc hydroxide colloid was 

obtained. The precipitates were then filtered, washed with distilled water and alcohol for three 
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or four times, dried in air at 80oC, and finally calcined at 350oC for 2 h to achieve samples 

with 30-50nm particle size. 

A mixture of the aldehyde, the β-dicarbonyl compound, urea or thiourea and zinc oxide 

nanoparticles in ethanol was refluxed. The progress of the reaction was followed by TLC. 

After the completion of the reaction, the mixture was filtered to remove the catalyst. By 

evaporation of the solvent, the crude product was recrystallized from hot aq. ethanol to obtain 

the pure compound. All products are known and were identified by comparison of their 

physical or spectral data with those of authentic samples. 

Results and discussion: 

In continution of our investigation about application of solid acids in organic synthesis [6] we 

investigated the synthesis ofOctahyroquinazolinonein the presence of zinc oxide NPs as a 

inorganic solid acid. To optimize the reaction conditions, the reaction of benzaldehyde, 

dimedone and ureawas used as a model reaction. According to the obtained data, using the 

Nano ZnO  (0.0009 g) under solvent (EtOH) in reflux is the best condition for the 

Octahyroquinazolinoneformation. Therefore, some benzaldehyde, dimedone and urea or 

thioureawere subjected toOctahyroquinazolinone(Scheme 1). 

Ar-CHO + +
ZnO NPs

EtOH, reflux N
H

NH

O

O

X

NH2H2N

O

X

Ar

X=O, S  
Scheme1. Nano ZnOcatalyzed synthesis of Octahyroquinazolinone. 

Conclusion: 

In this work we report a mild procedure for the synthesis of different Octahyroquinazolinone 

by solid phase acidic catalyst with improved yields. 
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1.Introduction 

Due to increasing environmental concern, special interest has been paid to the reduction of 

organosulfur compounds in transportation fuels [1]. Hydrodesulfurization (HDS), can remove most 

sulfur compounds, but some refractory sulfur compounds such as benzothiophene (BT) still stay in 

diesel oil. As a result, severe conditions such as higher temperature and more active catalysts are 

required to achieve ultra-low sulfur level of diesel oil [2].One idea that has drawn wide attention, as 

referred oxidative desulfurization (ODS), involves oxidizing the sulfur compounds [3]. TiO2 

nanoparticles as an photocatalyst can be fixed on an inert supports such as zeolite [4]. In this research, 

we examined oxidation of model sulfur compound (benzothiophene) in the presence of the 

photocatalyst synthesized by TiO2 and clinoptilolite. 

2.Experimental 

2.1.preparation of TiO2 nanoparticle 

Titanium tetraisopropoxide (TTIP, 97%, Merck) was first mixed with isopropanol. A 250 ml solution 

of distilled water at various pH was used as the hydrolysis catalyst. Solutions were mixed together 

under vigorous stirring. The prepared precipitates were washed and dried at 100◦C. Then yellow white 

powder was annealed at temperature from 200 to 800◦C .The synthesized TiO2 was deposited on the 

surface of clinoptilolite[5].  

2.2.Desulfurization 

 N-hexan solution of BT with known amount of photocatalyst were placed in dark room undr UV 

irradiation for 0-10 h with magnetic stirring. Reactant samples were collected and analysed by 

HPLC.The effect of different parameters including amount of photocatalyst, TiO2 content, irradiation 

time and  initial concentration who studied and optimized. 

3. Result and discussion 
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3.1. characterization materials                                                                                                             

FTIR spectra  and TEM image of the catalyst are shown in fig 1. It is clear that TiO2 nanoparticle are 

immobilized on the surface of the zeolite and the structure of zeolite remaind intact after synthesis. 

     

 

 

 

 

 

 

 

Figure1 (a). TEM image of photocatalyst                Figure1(b).FTIR spectra of photocatalyst 

3.2. Optimization of Desulfurization 

Degradation of BT at different experimental conditions were studied. Optimized reaction conditions 

are as follows: reaction time 300 min, amount of photocatalyst 0.4 g, initial concentration 200mg/L 

and percent of photocatalyst 20%. The degradation percentage of BT       % 92   was obtained.  

3.3.Kinetics of the reaction 

The rate constant for the reaction was obtained from the pseudo first order equation : 

                                  -ln(Ct/C◦) = kpt 

Where C◦ and Ct are respectively the concentrations of substrate at time zero and time t(s) and kp the 

first-order rate constant (s-1). Application of the equation to the results showed that the photocatalytic 

oxidation follows first-order kinetics..   

4.Conclusion 

Photocatalytic oxidation of BT in n-hexan by TiO2-supported clinoptilolite showed that this 

photocatalyst is the most highly active catalyst for oxidation desulfurization of BT at UV light 

irradiation. 
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Introduction 

Curved nanoscale structures such as carbon nanocones as either caps at the ends of 

carbon nanotubes (CNTs) or free-standing structures have arisen attentions due to their novel 

properties [1–5]. Another category of these materials are nanostructures composed by boron 

and nitrogen atoms, so called boron nitride (BN) [6]. Having characteristic property of semi-

conducting made BN nanostructures as interesting topics for researchers [6]. In addition to 

hexagonal rings, pentagonal rings are also present in BN nanocones making the apex tip. 

Since the apex tip is important in determining the properties of nanaocones, it is important to 

examine the properties of this tip in pristine and doped conditions. Carbon atom is a common 

dopant in the chemical environments; hence, we have investigated the properties of pristine 

and carbon-doped (C-doped) BN nanocones through density functional theory (DFT) 

calculations. 

 

Methodology 

Within this work, the pristine BN nanocone contains 22 B and 22 N atoms and the C-

doped model contains 21 B, 21 N and 2 carbon atoms. The mouths of both nanocones are 

saturated by hydrogen atoms due to avoiding dangling effects (Fig. 1). DFT calculations 

(B3LYP/6-31G*) are performed to optimize the structures and to calculate the EFG tensors in 

the optimized structures. The EFG tensors (qzz) are then converted to quadrupole coupling 

constants (CQ) employing CQ (MHz) = e2Qqzzh
-1 [7]. All calculations are performed using the 

Gaussian 98 software [8]. 

 

Results and Discussions 
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Two sides of the C-doped BN nanocone are shown in Fig. 1 (panels a and b) and the 

obtained results are listed in Tables 1 and 2. One B and one N atom are doped by two C atoms 

at the apex tip. To make the analysis easier, the structure is divided into eight layers based on 

similarities of properties for atoms of each layer. The first layer is the mouth of nanocone and 

the eighth layer is the apex tip. As shown in Fig. 1, the atoms of mouths and apex tips are 

different in the two sides of nanocone. The optimization processes yield the averaged values 

of bond lengths as indicated by dB-N=1.44 Å, dB-C=1.54 Å, dN-C=1.41 Å, and dC-C=1.41 Å. The 

values of total energies indicate that the pristine model could be more stable than the C-doped 

model. The value of dipole moment is increased from 6.80 Debye in the pristine model to 

7.91 Debye in the C-doped BN nanocone which means that the polarizability of the nanocone 

is increased due to the C-doped region. The values of gap energy are 5.66 and 5.31 eV for the 

pristine and the C-doped models, respectively, which indicates that the conducting property is 

slightly increased in the C-doped BN nanocone.  

The CQ properties for the 11B and 14N atoms are divided into layers due to similarities of 

properties for atoms of each layer. The results indicate that the largest magnitudes of the CQ 

properties are for the atoms at mouth and at the apex tip of the pristine model which are 

important positions of nanocones in determining their properties. In the C-doped model, the 

mouth has still the largest value for the CQ properties; however, the atoms of the seventh 

layers significantly detect the effects of the C-doped region as could be seen by changes of 

their CQ properties with respect to the pristine nanocone. The properties of some other N 

atoms also detect the effects of the C-doped region; however, the properties of B atoms of 

other layers are remained unchanged.  

 

Conclusion 

The properties of the pristine and the C-doped models of the BN nanocone have been 

investigated by DFT calculations. The results of the optimization processes indicated different 

stabilities, polarizabilities, and conducting properties for the pristine and the C-doped BN 

nanocones. Moreover, the CQ properties indicated that the apex tip and the atoms close to this 

tip are important in determining the properties of BN nanocones.  
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Table 1: Optimized properties for BN nanocones 
Property Pristine C-Doped 

Total energy (eV) 
Gap energy (eV) 

-47877 
5.66 

-47780 
5.31 

Dipole moment (Debye) 6.80 7.91 

Table 2: CQ properties /MHz for BN nanocones *
 

Layers 
Pristine C-Doped

B N B N 
Layer 1 3.44 1.70 3.44 2.08 
Layer 2 3.03 1.24 3.03 1.24 
Layer 3 2.87 1.09 2.86 0.87 
Layer 4 2.98 1.04 2.98 1.04
Layer 5 2.86 1.08 2.87 1.09
Layer 6 3.16 1.75 3.09 1.86 
Layer 7 2.90 0.98 3.00 2.38 
Layer 8 3.09 1.70 C-Doped C-Doped 

* Averaged values for atoms of each layer are reported. 

Figure 1. The 2D views of the C-Doped BN nanocone. The 
pristine model does not contain the C atoms. 
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Abstract:Low molecular weight polyethylene (wax) was produced as a byproduct during of 

polyethylene production by slurry – phase processes in hexane. This compound is soluble in hexane 

and isolated in separation section. Molecular weight fractionation of wax was performed by heptane as 

solvent then wax separated samples were oxidized at presence of air by benzoyl peroxide as catalyst at 

free solvent condition for production of oxidized wax. At finally in this research nanocomposite was 

prepared by solution technique based on oxidized wax and different concentration of organoclay.The 

microstructure of these composites was characterized by SEM and XRD. SEM and XRD confirmed 

the intercalated structure of nanocomposite and also thermal stability and swelling behaviour of 

nanocomposite were studied. 

Keyword: Polyethylene wax, Benzoyl peroxide, Organoclay,  Nanocomposite. 

 

 1-Introdution: Wax is valuable and applicable in widespread industrial applications such as coating, 

lubricating, and etc. Oxidized polyethylene wax (OPW) due to its polarity is used as lubricant for 

extrusion of PVC, polystyrene, polycarbonate, polymethylmethacrylate and other polar resins (pipes, 

sheets, profiles etc.) [1, 2]. Polymer clay mineral nanocomposites have attracted great interest both in 

industry and in science. The kind of nanocomposites exhibit improved properties compared to their 

micro or macro composites due to the fine phase dimensions and phase structure involved [3].Polymer 

/clay nanocomposite can be prepared by many methods. Including in situ polymerization   

intercalation, solution intercalation, melt intercalation and aqueous clay dispersions. The OMMT / 

OPW nanocomposites were prepared by solution intercalation in heptan solvent.In this research for 
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improvement in thermal property, barrier property and flame-retardant of oxidized wax, organo – 

montmorillonite (OMMT) was added to oxidized wax. 

 

2-Experimental 

2-1.Material  

Polyethylene wax was prepared from ARPC(Arak Petrochemical Complex) and other materials were 

obtained and used from MERCK company without purification. 

The organoclay (Cloisite15A) was obtained Rockwood Company.Cloisite15A is a nanoclay modified 

with dimethyl dehydrogenated tallow quaternary ammonium, specification of this compound is shown 

in( table1). 

 

.  

 

 

 

 

 

Table 1: Specification of Cloisite 15A 

 

2-2. The preparation of OMMT/OPW nanocomposites 

Oxidized polyethylene wax nanocomposites were obtained by the solution method.The organoclay 

modified layered (Closite15A) was dissolved in the heptane white continuous stirring, and then OPW 

solution in Heptane was added to the organoclay-heptanen solution. The mixture was vigorously 

stirred for 12 h.The amounts of added organoclay in OPW were 1,3,5 % . 

3- Results and Discussion  

12 
meq/100g 
Nanoclay

Modifier

Concentration

<2Moisture%

1.66Density g/ml

d001=31.5 
A.

X-Ray 
analysis
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XRD pattern of nanocomposite is typically with 5% nanoclay shown in(figure1).The basal spacing of 

the nanocomposite was increased to 102.36Å relative to orgaoclay 31.50Å(table 1),that it proves 

structure of nanocomposite is intercalated.  

 

Fig.1-XRD pattern of OMMT/OPW nanocomposite 

 

SEM micrograph (figure 2) showed that the layered silicates were dispersed informally in the OPW 

matrix at a nanoscal size,which indicated the formation of  OPW nanocomposite. 

 

Fig.2-SEM micrograph of OMMT/OPW nanocomposite 

(Fig3) shows the effects of organoclay on thermal stability of OPW, with increasing organoclay in 

OPW, thermal stability is improved. 

 

Fig .3- The effects of organoclay on thermal stability of OPW 
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(Fig.4) shows swelling behavior of nanocomposites in water media absorption decreased with 

increasing organs clay content. The precents of nano clay–dispersed impermeable OMMT layer with 

excellent barrier properties decreased the rate of transportation by Lengthening the average diffusion 

path length in WAX matrix .   

    

 

  

 

 

Fig.4 swelling behavior of nanocomposites In water  

 

4-Conclusion: OMMT/OPW nanocomposites were prepared by solution technique.XRD analysis 

indicated that the OPW chain were intercalate. The OMMT/ OPW nanocomposites exhibited excellent 

thermal stability and swelling behavior, which is attributed to the improvement of the barrier 

properties of nana composites.  
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Abstract 

In this research, efficiency and performance of multi walled nano tube carbon and cadmium 

hydroxide nano particle loaded on activated carbon (CNPC) adsorbents for the removal of 

bromothymol blue (BTB) from wastewater has been compared. BTB was used as the model 

compound due to its wide range of applications and high stability in the environment. The 

maximum removal was more than 98% for 25 µg mL-1 of BTB concentration on 0.1 g L–1 

both adsorbents. The influence of variables including pH, concentration of the dye, amount of 

adsorbents, contact time and temperature on the BTB removal has been investigated in batch 

method by one at a time optimization method. The graphical correlation of various adsorption 

isotherm models like, Langmuir, Freundlich and Tempkin have been carried out for these 

adsorbents. Calculation of various thermodynamic parameters such as, Gibb’s free energy, 

entropy and enthalpy of the on-going adsorption process indicate feasibility and endothermic 

nature of BTB adsorption on all adsorbents. The kinetic studies suggest the process following 

pseudo second order kinetics and involvement of particle diffusion mechanism.  

 

Keywords: Adsorption; Bromothymol blue; Multi walled carbon nano tube; Cadmium 

hydroxide nanoparticle loaded on activated carbon (CNPC); Kinetic and Thermodynamics of 

Adsorption.  

 

Introduction 

          Nano particle have very interesting physicochemical properties, such as ordered 

structure with high aspect ratio, ultra-light weight, high mechanical strength, high electrical 
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conductivity, high thermal conductivity, metallic or semi-metallic behavior and high surface 

area [1, 2]. In this research, efficiency and performance of multi walled nano tube carbon and 

cadmium hydroxide nanoparticle loaded on activated carbon (CNPC) adsorbents has been 

applied for BTB removal from wastewater and their efficincy was compared. BTB was used 

as the model compound due to its wide range of applications and high stability in the 

environment.  

 

Experimental and results 

            In the first CNPC were prepared by chemical plating method. This new adsorbent was 

characterized scanning electron microscopy (SEM), while it surface functional groups was 

recognized by FTIR analysis.        

The influence of variables including pH, concentration of the dye, amount of adsorbent, 

contact time and temperature required for efficient removal of BTB from 50 mL of 25 µg mL-

1 sample has been investigated. The system is suitable for quantitative removal of this dye 

from such solution at pH 1 using 0.005 g CNPC, equilibrium time of 9.5 min even 

temperature of 50 °C.  The graphical correlation of various adsorption isotherm models like, 

Langmuir, Freundlich and Tempkin have been carried out for this adsorbent. Calculation of 

various thermodynamic parameters such as, Gibb’s free energy, entropy and enthalpy of the 

on-going adsorption process indicate feasibility and endothermic nature of Bromothymol blue 

adsorption on all adsorbents. The kinetic studies suggest the process following pseudo second 

order kinetics and involvement of particle diffusion mechanism  

 

Conclusion  

           The cadmium hydroxide nano particle loaded on active carbon and multi walled carbon 

nano tube are identified to be an effective adsorbent for the removal of BTB from aqueous 

solutions. It was observed that batch sorption using multi walled nano tube carbon and CNPC 

were dependent on parameters such as initial concentration of dye, time, pH, dose of 

adsorbent and type of dye. The equilibrium and kinetic studies were made for the adsorption 

of dyes from aqueous solutions onto BTB. Adsorption parameters for the Langmuir, 

Freundlich and Tempkin isotherms were determined and the equilibrium data were best 

described by the Langmuir model. The process is endothermic in nature and its kinetics can 
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be successfully fitted to pseudo-second-order kinetic model. The results of the intraparticle 

diffusion model suggested that intraparticle diffusion was not the only rate controlling.     
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Abstract 

Circular dichroism (CD) is being increasingly recognized as a valuable technique for 

examining the structure of proteins in solution. Change in structure of human serum albumin 

(HSA) in intraction of cochisine was studied by circular dichroism (CD) spectroscopy. 

Results show that in the presence of drug both secondary and tertiary structural changed. 

 

Keywords: Circular dichroism spectroscopic, Ligand binding, HSA, Colchicines 

 

Introduction 

Human serum albumin (HSA) is the most abundant protein in human blood plasma and has 

high affinity to many endogenous and exogenous compounds, serving as a solubilizer and 

transporter for drugs and other organic molecules to their targets [1]. Colchicine, a plant 

alkaloid, is one such molecule that can bind tubulin and inhibit tubulin polymerization in 

animal cells, leading to mitotic arrest. Although colchicine itself is not used as an anti-mitotic 

drug due to its severe side effects, several synthetic anti-mitotic drugs, derived from 

colchicine, have immense pharmacy-logical importance [2]. Circular dichroism (CD) has 

become increasingly recognized as a valuable structural technique for addressing these issues. 

These CD contributions are very sensitive to changes in the environment of the chromophore 

and are therefore well suited to follow changes in the secondary and tertiary structure as well 

as the binding of ligand and protein–ligand interactions, provided that a conformational 

change occurs upon binding. Because the occurrence of aromatic side chains and disulfides is 

generally low compared to the total number of amino acids, the CD signal in the near UV-

region is at least an order of magnitude lower than the far UV-CD signal. The aim of this 
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study is to analyze the interaction of COL with HSA; also the effect of drugs on the structure 

of protein was estimated. 

 

Methods 

Circular dichroism (CD) is an optical phenomenon resulting from the interaction of polarized 

light with chromophore that is either inherently chiral or placed in an asymmetric 

environment. 

 

Results and discution 

In proteins, the major optically active groups are the amide bonds of the polypeptide 

backbone and the aromatic side chains. Whereas the CD signal of the former can be 

monitored in the so-called far UV-region (i.e., at wavelengths below 260nm), the signal of the 

latter chromophore is observed in the near UV-region (260–310nm). The far UV-CD signal 

arises from the optical transitions of the amide bonds, which depend on the orientation of the 

peptide planes in the well-ordered secondary structure elements. Exploiting this phenomenon 

the overall secondary structure of proteins in solution can be determined, disclosing the main 

conformational motives such as  -helices,  -sheets,  -turns, and random coil (for reviews 

see [3]. In the near UV-region, aromatic side chains and cystines (disulfide bridges) exhibit 

absorption. Table 1 shows change in structure of HSA in absence and presence of COL by 

far-UV CD method. HSA shows a decrease in  -helical structure and an increase in  -sheet 

in the presence of COL, suggesting the interaction between COL and HSA has been occurred. 

The decrease of  -helix content suggests that the HSA molecules probably adopt a looser 

conformation with the extended polypeptide structures. Fig. 1(A,B) shows the near-UV CD 

spectra of HSA and HSA in the presence of COL, Fig. 7B shows in the presence of COL 

curve of HAS decresed, it means that presence of COL tertiary structural in the environment 

of the disulfide bonds and aromatic amino acid residues changed. 

Table. 1. Secondary structure of HSA derived from the far-UV CD spectrum for binary and ternary 

systems. 
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Fig.1. Near-UV CD spectra of HAS (A) and HSA-COL (B) were measured at pH 7.4. 

 

Conclusion 

The circular dichroism results evidenced partial unfolding of the protein and change in 

secondary an tertiary structure of HSA by binding COL. 
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system  -helix  %  -sheet % Turn % Unordered coil % 

HSA   53.88 18.35 13.50 14.27 

HSA-COL 48.25 19.61 14.35 17.79 
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The decolourization of dye effluents has received increasing attention, thus various chemical, 

physical and biological treatment methods have developed for the removal dyes from aqueous 

solutions, including precipitation, coagulation-flocculation, reverse osmosis, oxidation with 

ozone, chlorine or hydrogen peroxide, use of anion exchange membranes and bacterial cells      

[1-3]. Adsorption has proven to be a reliable treatment methodology due to its low capital 

investment cost, simplicity of design, ease of operation and insensitivity to toxic substances, 

but its application is limited by the high price of some adsorbents and the large amounts of 

wastewater normally involved. Activated carbon [4,5], mesoporous carbon [6], clay minerals 

[7], hydrotalcite [8], biopolymers such as chitosan beads and quaternary chitosan and 

agriculture by-products are a few of the adsorptive materials that have been tested for the 

treatment of wastewaters. The aim of this work is to estimate Degussa TiO2 P25 nanoparticles 

adsorption capacity in the removal of commercial monoazo dye C.I. Acid Red 27 in different 

conditions.   

All adsorption experiments were carried out at the temperature of 25 ºC± 2. The variation of 

the AR27 concentration versus time in the supernatant aliquot has been observed under 

various conditions such as initial pH (3, natural and 9), initial dye concentration (10, 20, 40, 

60 and 80 mg L-1) and adsorbent amount (0. 2 and 1 g L-1). A stock solution of AR27 dye was 

prepared in 200 mg/L concentration and then diluted to the presented concentrations. The 

initial pH was adjusted to the required value with small amount of HCl or NaOH solutions 

before mixing with the TiO2 (Degussa P25). Samples were taken at 5 min intervals, 

centrifuged at 6000 rpm for   20 min and then analyzed by UV-Vis spectrophotometer.  

In Fig. 1 the XRD pattern of TiO2 nanoparticles (P25) for 2θ diffraction angles between 5 º 

and 70 º shows five primary peaks at 25.2 º, 38 º, 48.2 º, 55 º and 62.5 º which can be 
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attributed to different diffraction planes of anatase TiO2 and four different peaks at 27.5 º, 36 

º, 54 º and 69 º which can be attributed to different diffraction planes of rutile form of TiO2. 

These results showed that TiO2-P25 is almost 80% anatase and 20% rutile. The average 

particle size (D in nm) of TiO2 nanoparticles was determined from XRD pattern according to 

the Scherrer’s equation as 18 nm. These nanoparticles have high surface area (50 m2 g-1) and 

can be used for efficient adsorption of environmental pollutants with optimization of 

operational parameters. 

The effect of initial pH on the adsorption yield of AR27 onto P25 at 25 ºC after 20 min 

equilibration, for adsorbent concentration 0.2 and 1 g L-1 and initial dye concentration 60 mg 

L-1 is depicted in Fig. 2. 

 

 

  

 

 

 

 

 

 

 
 

 

The rate constant of adsorption was determined from pseudo-second order model calculated 

correlations are equal to unity that confirms this model for adsorption of AR27 onto TiO2 P25 

(Fig. 3).  

 

 
 

 

Fig. 2. Effect of initial pH on the adsorption of AR27 

on Degussa P25 TiO2.

Fig. 1. XRD pattern of Degussa P25 TiO2 nanoparticles. 
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Results indicated that at acidic pH values high electrostatic attractions existed between the 

positively charged surface of the adsorbent and anionic dye. Optimal dye sorption occurred at 

pH 3. Adsorption of AR27 by P25 reached equilibrium within 20 min and results of 

adsorption showed that P25 nanoparticles can be effectively used as a sorbent for the removal 

of anionic dyes in solutions of a wide region of dye concentration. The kinetic model results 

show that the pseudo-second order constant decrease with increasing of initial dye 

concentration from 10 to   80 mg L-1.  

 

Keywords: TiO2 P25 nanoparticles, Anionic dyes, Adsorption, AR27. 
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Fig. 3. Effect of dye cocentrations on the rate costant of TiO2 P25 adsorption.A) 0.5 g L-1 and B) 1 g L-1 of catalyst  
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Introduction 

  Nanowires have been studied intensely for nearly a decade due to their unique mechanical, 

electrical and optical properties that arise because of their nanometer size scale [1]. Among all 

nanowires, metal nanowires have attracted a lot of interest because of their appealing 

properties such as high thermal and electrical conductivity, and quantized conductance [2]. 

They can be used as nanoscale interconnects and active components of both optical electronic 

devices and nano electromechanical systems. In these applications, the electronic, magnetic, 

or optical properties of nanowire-based devices can be strongly affected by their deformation 

and shape changes, since they interact with each other mostly through surfaces.  

  In order to control their functionality, hence, the mechanical responses of nanowires need to 

be well characterized prior to any practical applications [3]. Atomistic and molecular 

dynamics (MD) simulations of nanowires have been utilized to give insight into the nanowire 

mechanical behavior and deformation mechanisms. This research is aimed at understanding 

the phase transitions behavior of metallic nanowires, through the use of molecular dynamics 

simulation. 

 

Simulation Method 

  As shown in figure 1, a square cross-section nickel nanowire is created out of a bulk face-

centered cubic fcc crystal with the dimension of 20a9a9a (a is lattice parameter, 0.352nm). 

The surface orientations are [100], [010] and [001] in X, Y and Z directions. The MD 

simulations performed in this work used the embedded atom method (EAM) [4], as the 

underlying atomic interaction model. For the EAM, the total energy U for a system of atoms 

can be written as  
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 ܷ ൌ ∑ ሺܨሺߩሻ  ଵଶ ∑ ߶൫ݎ൯  ሻே ߩ        ,               ൌ ∑ ݂ሺ݆݅ሻ                       

where the summations in above equation  extend over the total number of atoms N in the 

system, ܨ is the embedding function,  ߩ is the electron density at atom i, ߶ is a pair 

interaction function, f is the contribution to the electron density at atom i due to atom j and rij 

is the distance between atoms i and j. In this simulation the time-step (∆t) was set at 1.0fs. 

The nanowire shown in figure 1 was first allowed to attain thermal equilibration at 300K 

based on Nose-Hoover thermostat. 

 

Results and Discussion  

  During relaxation process, it was observed that there were some residual tensile stresses in 

the thermally equilibrated nanowire. From the simulation thermal equilibrium was achieved in 

about 

  

Figure 1. Left diagram shows the initial configuration and the right diagram shows thermally relaxed 
configuration of Ni nanowire. 

130,000 time steps. Since the program has been restarted every 2000 to attain data, some data 

has been lost (figure 2). This process was continued until nanowire stress upon thermal 

equilibration was within a near-zero range of ±2MPa, which signifies total relaxation of 

nanowire was achieved. 

  The final results for phase transition after tensile loading of the nanowire will be added soon. 
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Figure 2. Variation of stress during relaxation process 
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Carbacylamidophosphate compounds with general formula R'C(O)NHP(O)R2 have a 

decisive role in catalytic and metabolism processes [1–3], and many applications in 

agricultural and pharmacological industries [4–6]. This wide range of applications has 

stimulated a great research effort involving preparations and characterizations of compounds 

possessing the C(O)NHP(O) moiety [7–10]. In the present study, two new cyclic 

diazaphospholidine species, (I) and (II) (as below) have been synthesized by the reaction of 

POCl3 with the carboxylic diamide (oxamide) salt. The characterization of the products was 

carried out by IR, 1H, 13C, 31P NMR spectroscopy, elemental analysis and also mass 

spectrometry for compound (I).  

 

 

 

 

 

Both compounds show two signals at room temperature in the low field region of the 1HNMR 

spectrum, which collapsed to a single peak when the temperature is increased. Dynamic 

NMR (1H DNMR) and quantum chemical studies were performed to gain insight from this 

conversion process. The free activation energies, calculated at the coalescence temperatures 

are 18.51 and 17.45 kcal/mol for compounds (I) and (II), respectively, which are associated 

with a tautomeric interconversion process, most likely between the lactam and lactim forms.  
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 Molecular models for the most stable tautomeric forms of compound II 

The relative energy, molecular geometry and vibrational properties of several plausible 

tautomers were analyzed by using quantum chemical calculations at the HF/6-311G** and 

B3LYP/6-311++G** levels of the theory. 

 

Calculated relative energies (corrected by zero-point energy) in kcal mol–1 for the different tautomers and 

conformers of compound I 

Tautomer HF/6-311G** B3LYP/6-311++G** PCM/B3LYP /6-311++G** a 

A 0.00 0.00  0.00 

B 9.67 9.74 9.32 

C 10.10 9.00 11.50 

D 27.98 26.13 24.38 

E 24.19 23.49 20.82 

F –b 37.46 30.92 

G 26.04 24.65 21.08 
a DMSO dielectric constant was used in the PCM calculations. bConverges to structure 
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Introduction 

Noncovalent interactions play important roles in many different areas of chemistry. Although 

there are lots of types of noncovalent interactions, the hydrogen bond (HB) is, without doubt, 

the most important one. In fact in HBs, the principal role of interaction is played by the 

hydrogen atom. On the other hand, the beryllium atom has some similarities to hydrogen 

atom; it is electropositive and, when it is covalently bonded to a more electronegative atom, 

has low lying empty orbitals that allow it to behave as an electron acceptor (similar to what is 

happening for a hydrogen atom in hydrogen bonding). In other words, the Be is an element 

which may be regarded as a hydrogen that has a core of electrons! So, it is not surprising if 

Be participates in special type of interactions which share common characteristics with 

conventional HBs. Yáñez et. al.  investigated the interactions between Be with different 

Lewis bases [1]. They showed that these “beryllium bonds” are in general very similar to 

HBs. In the present work, electron density and its Laplacian will be used to gain a deeper 

understanding of the nature of these bonds. 

 

Computational details 

Molecular geometries and their electronic wave functions were optimized at B3LYP/6-

311+G(3df,2p) and CCSD/6-311+G(3df,2p) levels using Gaussian 03 program. Bader’s 

Quantum Theory of Atoms in Molecules (QTAIM) [2] was used to study atomic and bond 

properties. 
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Results and discussions  

The complexes formed between BeH2 and some Lewis bases (NH3, OH2, PH3, HF and HBr) 

have been investigated in this work. Fig. 1a shows the distribution of the Laplacian of 

electron density for BeH2. As it can be seen, there is a region of charge depletion (hole) in the 

Valence Shell Charge Concentration (VSCC) of Be, which, according to Laplacian 

complementary principal [3], can interact with a region of charge concentration (lump) of an 

atom in another molecule and form a “beryllium bond”. As an example, the interaction 

between a hole in Be (in BeH2) and a lump in N (in NH3) has been indicated in Fig. 1b. The 

molecular graph (MG) of H2Be...NH3 has been also showed in Fig. 1b. As expected there is a 

bond critical point (BCP) and a bond path (BP) between Be and N atoms. Similar MGs (we 

have not presented here) have been observed for H2Be...OH2 and H2Be...PH3, but this is not 

the case for H2Be...FH and H2Be...BrH complexes. There is no BCP and BP between Be and 

Br(F) atoms instead, two BPs are formed between Br(F) and the hydrogens of BeH2.    

 

 
Fig. 1- The distribution of the Laplacian of electron density for a) BeH2 and b) H2Be...NH3. 

 

Conclusion 

Complexes formed between BeH2 and different Lewis bases were investigated. Eight criteria 

based on QTAIM properties, including the values of electron density and it’s Laplacian at the 

BCP, penetration of beryllium and acceptor atom, charge, energy, volume and first atomic 

moment of beryllium atom, have been considered and compared with the corresponding ones 

in conventional HBs. Our results show that Be can form “beryllium bonds” with O, N and P 

but not with halogens. In addition QTAIM properties indicate that beryllium bonds and 

hydrogen bonds share many common features.  
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Introduction:  

Diazaphospholes and diazaphosphorinanes are considered as important compounds due to 

their great application in chemistry and medicine [1,2]. 2,3J(P-X) [X = H,C] coupling 

constants dependency on the ring size, hybridization and substituents in some 

diazaphospholes and diazaphosphorinanes have been reported [3]. In this work, two new 

1,3,2-diazaphosphole (1), 4-OCH3-C6H4NHP(O)[4-CH3-NH-C6H3-NH], and 1,3,2-

diazaphosphorinane (2), 4-OCH3-C6H4NHP(O)[NH-C10H6-NH], were synthesized and 

characterized by NMR and IR spectroscopic methods. Ab initio quantum chemical 

calculations were performed to optimize the structures of these molecules by density 

functional theory (B3LYP) and the Hartree-Fock (HF) methods, using the standard 6-31+G** 

basis set. The stabilization energies were calculated by the equation ΔEstabilization =Emolecule-Ei, 

where i = atom. Moreover, NBO computations were done at B3LYP/6-31+G** level to 

obtain the atomic hybridizations. 

 

Method:  

N-4-methoxyphenyl phosphoramidic dichloride was prepared by the reaction of POCl3 

with 4-methoxyaniline in acetonitrile at -5 ºC according to the literature method [4]. The 

synthesis of compounds 1 and 2 were carried out from the reaction of N-4-methoxyphenyl 
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phosphoramidic dichloride with 4-methyl-1,2-phenylenediamine (for 1) and 1,8-

naphthalenediamine (for 2) in the presence of an HCl scavenger, i.e. triethylamine. 

 

Result and discussion:  

A summary of spectroscopic data of these molecules is presented in Table 1.  

Table 1. Some spectroscopic data for compounds 1 and 2 

Molecule 2J(PNHendocyclic)(Hz) 2J(P,C)(Hz) δ (31P)(ppm)  (P=O)(cm-1) 

1 17.0, 17.2 13.5, 12.2 12.63 1175 

2 4.5 7.4, 10.1 -10.39 1100 

 

The NMR spectra of compound 1 show high values for 2J(PNHexocyclic) (17.0, 17.2 Hz) and 
2J(P,C) (13.5, 12.2 Hz ), while for compound 2 these parameters show a drastically   

reduction (2J(PNHendocyclic)= 4.5 Hz and 2J(P,C) = 7.4 and 10.1 Hz). It seems that these 

differences of coupling constant values are related to the ring strain and ring’s member. The 

IR spectra demonstrate that the  (P=O) values for compounds 1 and 2 are 1175 and 1100  

cm-1, respectively, indicating a stronger P=O bond for molecule 1 relative to molecule 2. 

Optimized structures were obtained for molecules 1 and 2 by ab initio quantum 

chemical calculations. The calculated stabilization energies (kcal mol-1) and dipole moments 

(Deby) are presented in Tables 2. The optimizations reveal nearly a planar plane for the five- 

and six-membered rings of molecules 1 and 2. The P-N bond lengths are shorter than the P-N 

single bond (1.77 Å) [5].The exocyclic nitrogen atom of 4-methoxyaniline group in 

compound 1 is relatively planar, but the endocyclic nitrogen atoms are much deviated from 

planarity while all nitrogen atoms in compound 2 are nearly planar. This observation suggests 

the existence of partial multiple bond character between phosphorus and nitrogen. 

 

 

 

 

 

 

 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
2169

Table 2. Calculated stabilization energies (kcal mole-1)  and  dipole moments (Deby) for compounds 1 and 2 

 ΔEstabilization(kcal mole-1) Dipole moments (Deby) 

Molecule  (HF/6-31+G**)  (B3LYP/6-31+G**) HF/6-31+G** B3LYP/6-31+G** 

1 -3556.3641 -3902.7198 2.2224 1.8844 

2 -4082.4713 -4391.7089 2.0966 1.7978 

 

To more consider the atom hybridizations, NBO computations were made at 

B3LYP/6-31+G** level. The results exhibit that in both compounds 1 and 2 hybridization for 

P(1) atoms in P=O and P-N bonds are nearly sp3 while N atoms have sp2 hybrid. It is 

noticeable that the O(19) atom (in OCH3) indicates sp3 hybridization but the bond angles 

around it was about 120.0°.  
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Introduction: 

Research on 1,3,2-diazaphosphorinanes that are important part of heterocyclic phosphorus 

chemistry is of interest because these ring systems are analogous compounds of antitumor 

drugs such as cyclophosphamide [1-3]. In this work, two new diazaphosphorinanes with 

formula ]NHCH)CH(CNHCH)[O(NHPHCOCH4 2232463  (1) 

 and  
]NH)CH(NH)[O(NHPHCOCH4 32463    (2)  were synthesized and characterized by 

NMR and IR spectroscopic methods. Ab initio quantum chemical calculations with Gaussian 

98 program [5] were done at HF level of theory to further investigate on the structures of 

these compounds. Results showed that the stabilization energy of a molecule highly increases 

when the level of the basis set increases 
 

Method:  

5,5-Dimethyl-2-(4-methoxyphenyl), 1,3,2-diazaphosphorinane-2-oxide (1) and 2-(4-

methoxyphenyl), 1,3,2-diazaphosphorinane-2-oxide (2) were prepared by the reaction of 4-

methoxyphenylphosphoramidic dichloride [4] with corresponding diamines. 

 

Result and discussion:  

A summary of the spectroscopic data of these molecules are given in Table 1. 
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Table 1. A summary of the spectroscopic data of compounds 1 and 2. 

 
 

The structures of compounds 1 and 2 were optimized using Gaussian 98 program with 6-

31G*, 6-31G**, 6-31+G**, and 6-31++G** basis sets. Results showed that the stabilization 

energy of a molecule highly increases when the level of the basis set increases, Table 2. 
 

Table 2. Calculated molecular stabilization energy (kcal mol-1) for compounds 1, 2. 
Compound E(HF/6-31G*) E(HF/6-31G**) E(HF/6-31+G**) E(HF/6-31++G**) 

1 -702745.6616 -702770.4350 -702782.3654 -702782.7550 

2 -653756.7284 -653777.5782 -653789.2571 -653789.6080 

     

Compound E(HF/6-311G*) E(HF/6-311G**) E(HF/6-311+G**) E(HF/6-311++G**) 

1 -702858.8937 -702880.5357 -702887.3291 -702887.6599 

2 -653861.3302 -653879.7319 -653886.5224 -653886.8095 

 

In order to find a more stable structure, calculations were performed using higher basis sets, 

6-311G*, 6-311G**, 6-311+G**, and 6-311++G**, and the same result was observed. 

Selected calculated bond lengths and angles are presented in Table 3. 
 

Table 3. Selected bond lengths (Å) and angles (°) of compounds 1, 2 obtained from HF/6-311++G** 
optimization calculations. 

1  2  

P(1)-O(1) 1.4592 P(1)-O(1) 1.4586 

P(1)-N(1) 1.6603 P(1)-N(1) 1.6653 

P(1)-N(2) 1.664 P(1)-N(2) 1.6579 

P(1)-N(3) 1.6568 P(1)-N(3) 1.6607 

    

O(1)-P(1)-N(1) 119.0453 O(1)-P(1)-N(1) 112.2695 

O(1)-P(1)-N(2) 112.3068 O(1)-P(1)-N(2) 112.9516 

O(1)-P(1)-N(3) 113.0646 O(1)-P(1)-N(3) 119.1425 

N(1)-P(1)-N(2) 103.5922 N(1)-P(1)-N(2) 107.366 

N(1)-P(1)-N(3) 100.4954 N(1)-P(1)-N(3) 103.4185 

N(2)-P(1)-N(3) 106.9913 N(2)-P(1)-N(3) 100.3784 

 
Single crystals of these compounds were obtained from a solution of methanol and 

acetonitrile after slow evaporation at room temperature. The selected bond lengths and angles 

are given in Table 4. Comparison of the calculated data with the corresponding 

Compound  δ(31P) 
(ppm) 

2J(PNH)exocyclic 
(Hz) 

3J(PNCH) 
(Hz) 

2J(P,C)aliphatic 
(Hz) 

3J(P,C)aliphatic 

(Hz) 

3J(P,C)aromatic 

(Hz) 
1 9.16 --- 23.9 2.3 6.3 6.4 
2 6.08 10.0 --- 3.3 7.7 6.4 
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crystallographic parameters indicate that there are good agreement between the experimental 

data (from X-ray crystallography) and the theoretical ones. 

Table 4. Selected bond lengths (Å) and angles (°) of compounds 1, 2. 
5  6  

P(1)-O(1) 1.4872(10) P(1)-O(1) 1.4877(14) 

P(1)-N(1) 1.6479(12) P(1)-N(1) 1.6558(16) 

P(1)-N(2) 1.6501(12) P(1)-N(2) 1.6313(15) 

P(1)-N(3) 1.6371(12) P(1)-N(3) 1.6589(15) 

    

O(1)-P(1)-N(1) 111.31(6) O(1)-P(1)-N(1) 111.89(8) 

O(1)-P(1)-N(2) 109.37(6) O(1)-P(1)-N(2) 114.18(8) 

O(1)-P(1)-N(3) 115.34(6) O(1)-P(1)-N(3) 112.39(8) 

N(1)-P(1)-N(2) 110.70(6) N(1)-P(1)-N(2) 105.18(8) 

N(1)-P(1)-N(3) 104.51(6) N(1)-P(1)-N(3) 106.78(8) 

N(2)-P(1)-N(3) 105.37(6) N(2)-P(1)-N(3) 105.83(8) 
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Introduction 

  In fact tautomerism (isomeric reaction) is a special kind of isomerism which is derived from 

greek word tauto and merios. Each of isomers involved in the reaction is called tautomer and 

the difference of resonance forms is from the aspect of electron position. Also keto-enol 

tautomerism of carbonyl compositions are catalyzed by acids and bases[1].In this research we 

have investigated the energy levels of keto-enol tautomerism of structure 3-(cyclopenta-2,4-

dienyl)-3-oxopropanoic acid and obtained IR spectrum ,Raman spectrum and 13C,
1H –NMR 

and compare spectrum experimental obtained.  

   

 

                                   3a                          4a                                5a                                      

 

Methods 

For investigation quantum mechanical calculation at theory of the level using  DFT and UHF 

method with 6-311+G** basic set. The transition state simulated by using SADDLE keyword 

and calculation by winmopac software and final optimization calculated Gaussian 03w 

package program[2].Also in this research using pentum 4 computer with intel core i5 2.53 

GHZ processor. 
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Result and discussion 

 The obtained results of Ab initio method for energy levels in tautomerism mechanism of 

structure 3-(cyclopenta-2,4-dienyl)-3-oxopropanoic acid are shown in table 1,2 . 

Table1: Ab initio  calculation  compounds  3a,4a  and  5a by B3LYP,HF/6-311+G** method (in the Hartree ) 

metho

d 

HF/6-311+G** B3LYP/6-311+G** 

Struct

ure 

ZPE Eele E0 ΔE0 ZPE Eele E0 ΔE0 

3a 0.156506 -532.3134752 -532.156970 0.110371 

(69.2578

)a 

0.145015 -535.4648380 -535.319823 0.085657

(53.749

7)a 

4a 0.150365 -532.1969640 -532.046599 0.139317 -535.3734829 -535.234166 

5a 0.157427 -532.2979273 -532.140501 0.145771 -535.4554378 -535.309666 

aNumber  in parentheses are corresponding ΔE0 values in  kcal.mol-1 

 

Table 2 :Value parameter s total energy with using Ab initio calculation  in theory of  the level B3LYP/6-

311+G** for temperature  298.15 K.  

       Geometry 

 

Structure 

Zero-point vibrational 

energy 

(Kcal/Mol) 

CV 

(Cal/Mol-Kelvin) 

S 

(Cal/Mol-Kelvin) 

E (Thermal) 

(KCal/Mol) 

3a 90.99825 36.907 103.988 97.194 

4a 87.42289 36.548 100.262 93.616 

5a 91.47299 37.536 102.047 97.793 

 

Conclusion 

 Performed investigations on energy levels and comparing obtained IR-Raman-NMR 

spectrums using cuantum mechanic calculation showed that in Keto-Enol tautomerism 

reaction of structure 3-(cyclopenta-2,4-dienyl)-3-oxopropanoic acid is accompanied by a 

53.7497675 Kcal/mol energy reagent and the balance tends more keton and keton state is 

during this reaction , pay electrons related to keton state are moved and form a new sigma 

bond between oxygen-hydrogen and cause forming enol form. Also the process of this 

reaction is completely endothermic and in transition state has structure between keton and 

enol state.   
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Introduction  

       The potential energy function proposed by Korona et al. [1] for the homo- and hetero-

nuclear rare gas dimers is used to solve the nuclear Schrodinger equation for these dimmers 

numerically. To this end, the Discrete Variable Representation (DVR) and Numerov 

numerical methods are employed. 

 

Methods 

       The Numerov method [2]. Let ߰ିଵ, ߰, and ߰ାଵ denote the values of ߰ at the points ݔ െ ݔ , andݔ ,ݏ   is the ݏ respectively (these are the endpoints of adjacent intervals and ,ݏ

length of interval) ߰ିଵ ؠ ߰ሺݔ െ ߰       ,(ݏ ؠ ߰ሺݔ),         ߰ାଵ ؠ ߰ሺݔ   (ሺ1                           (ݏ

       By expanding ߰ሺݔ  ݔand ߰ሺ (ݏ െ  adding ,ݏ in Taylor series involving powers of (ݏ

these two expansion to eliminate odd powers of ݏ, using the Schrodinger equation to express ߰˝ and ߰ሺ୧୴) in terms of ߰, and neglecting terms in ݏ and higher powers of ݏ (an 

approximation that will be accurate if ݏ is small), one finds that  

߰ାଵ ൎ 2߰ െ ߰ିଵ  ଶ/6ݏ߰ܩ5  ଶ/121ݏିଵ߰ିଵܩ െ ଶ/12ݏାଵܩ                                  ሺ2) 

where ܩ ؠ (ݔሺܩ ؠ  ݉ିଶ[2ܸሺݔ) െ  ሿ. Equation (2) allows us to calculate ߰ାଵ, theܧ2

value of ߰ at point ݔ   if we know ߰ and ߰ିଵ, the values of ߰ at the preceding two ,ݏ

points ݔ and ݔ െ  .We use Excel 2007 for this method .ݏ
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       The DVR method [3]. DVR is a method for diagonalizing Hamiltonian matrix in a    

DVR basis set. The DVR basis functions ൛Φఈሺݔ)ൟ are expanded in terms of complete, 

orthonormal functions ሼ߶ఈሺݔ)ሽ: 

න כఈ߶ ݔ݀ ሺݔ)߶ఉሺݔ)
 ൌ  (ఈఉ                                                      ሺ3ߜ 

as   Φఈሺݔ) ൌ  ߶ఉሺݔ)ఉ ఈܶఉற                                                       ሺ4) 

where the matrix ఈܶఉற ൌ ߱ఈଵ ଶ⁄ כߚ߶ ሺݔఈ) is defined for a set of ܰ points ሼݔఈሽ and weights ሼ߱ఈሽ. 

       From the orthonormality relation ሺ3) we get 

ߜ ൌ ሺ܂ற܂)݈݇ ൌ  ଵߙ߱ ଶ⁄ ߶כ ሺݔఈ)ܰ
ൌ1ߙ ଵߙ߱ ଶ⁄ ߶ሺݔఈ)                                     ሺ5) 

thereby, ܂ற܂ ൌ ற܂܂ ൌ ۷, so ܂ is a unitary matrix. Indeed, ܂ is the transformation matrix 

from the orthonormal basis functions onto the DVR basis functions. 

      In DVR basis, the matrix elements of the kinetic energy operator can be evaluated 

analytically and the potential energy matrix elements are approximately diagonal and       

equal to the values of the potential function at DVR points: ܸߙఉ ൌ ܸሺߙߜ(ߙݔఉ. We use 

Mathematica 7 for this method.  

 

Results and Discussion  

       The results are displayed in Table 1. Note that the results of Numerov and DVR   
methods are identical, if we use the appropriate grid points. It is also seen that there is a    
very good agreement between the calculated and the experimental results.  
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Table 1. Calculated and experimental rovibrational spacings (in cmିଵ)  

in the ground vibrational state of Ar െ Ar, Ar െ Kr and Kr െ Kr 

Expt Numerov DVR ܬ´ െ Dimers 0.2310˝ܬ  0.2313  0.2313  2 െ 1 Ar െ Ar 0.3464  0.3467  0.3469  3 െ 2 Ar െ Ar 0.4618  0.4624  0.4624  4 െ 3 Ar െ Ar 0.0800  0.0800  0.0800  1 െ 0 Ar െ Kr 0.1599  0.1600  0.1600  2 െ 1 Ar െ Kr 0.2399  0.2400  0.2400  3 െ 2 Ar െ Kr 0.3198  0.3200  0.3200  4 െ 3 Ar െ Kr 0.0488  0.0488  0.0488  1 െ 0 Kr െ Kr 0.0976  0.0977  0.0977  2 െ 1 Kr െ Kr 0.1463  0.1465  0.1465  3 െ 2 Kr െ Kr 0.1951  0.1953 0.1953  4 െ 3 Kr െ Kr 
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Introduction: 

With the development of nanotechnology, nano particles are recognized to have potential 

applications in electronics, optics, genomics, proteomics and bio-analytical fields because of 

their larger surface area, enhanced chemical reactivity and easier penetration into cells [1]. 

Human serum albumin (HSA), serving as the major soluble protein with high affinity to 

many exogenous and endogenous compounds. HSA transfer many drugs and mineral 

materials in the blood so it uses as a model protein in the biological and chemical physics 

studies [2]. Ciprofloxacin (CIP) is a synthetic chemotherapeutic antibiotic of the 

fluoroquinolone drug class. It kills bacteria by interfering with the enzymes that cause DNA 

to rewind after being copied, which stops DNA and protein synthesis. HSA transfer CIP in 

the body to its target cells. In this study the interaction between HSA and CIP in presence of 

Ag nano particles at the physiological condition (pH=7.4) has been investigated by 

fluorescence spectroscopy. 
 

Methods: 

The fluorescence measurements were performed with F-6200 spectrofluorimeter (Jasco, 

Japan). Excitation and emission bandwidths were both set at 10 nm. pH meter Metrohm 

model. All experiments were carried out at room temperature. 

 

Result and Discussion: 

Fluorescence spectrum of HSA in the presence of CIP and Ag nano particles clearly shown 

that both CIP and Ag nano particles act as a quencher and with the increasing concentration 
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of them, the blue shift occurred in fluorescence spectrum which indicated the less polar 

environment. Fig.1 shows Fluorescence emission spectra for HSA-CIP in the presence of Ag 

nano particles at 280 nm excitation wavelength. For describing the fluorescence quenching 

by drug we used the Stern-Volmer equation. Figure 2 shows the Stern-Volmer plot of HSA-

CIP and HSA-CIP-Ag nano particles at 280 nm excitation wavelenght Results indicate that 

there are two types of domain for CIP in presence of Ag nano particles. Ksv was calculated 

from Stern-Volmer equation and kq was determined by modified Stern-Volmer.  Comparing 

kq in this experiment and kq polymer, shows that we have the static quenching in our 

experiment [kq I 
=19.39x1013

 M
-1s-1  , kq II= 69.11x1013 M-1s-1  ,  kq polymer = 2 x 1010 M-

1s-1].Table 1 shows Ksv and kq for two system. 

 

Fig 1. Fluorescence spectrum of HSA-CIP in presence of Ag nano particles 

 

 

 

 

 

 

 Fig  2. Stern -Volmer plot of HSA-CIP (●), HAS-CIP-Ag nano particles(○) at 280nm excitation wavelength. 

Table 1. Ksv and kq calculated for HSA-CIP and HSA-CIP-Ag nano particles systems 
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System 

ex=280nm 

 

Ksv 

 

Ksv kq (I) kq(II) 

HSA-CIP-Ag nano particles 19.39105 69.11105 19.391013 69.111013 

HSA-CIP 16.08105 --------- 16.081013 --------- 

 

Conclusion: 

The results revealed that binding of ciprofloxacin to HSA could induce conformational 

changes in macromolecule. Stern-Volmer plot showed that the mechanism of fluorescence 

quenching of HSA with ciprofloxacin is static. In the presence of Ag nano particles there are 

two domains for ciprofloxacin to bind HSA.  
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Introduction 

We recently introduced a novel method to increase the resolution of ion mobility 

spectrometry (IMS) [1]. The method is based on applying an inverse pulse to the shutter grid, 

i.e. instead of an ion packet, an empty space is traveling through a bath of ions. It is believed 

that, the space charge among the ions, especially at the edges, tends to narrow the gap, hence 

a better resolution. The space charge in IMS was also experimentally observed and proved to 

be important [2]. Spangler also showed that, the space charge is responsible for the higher 

resolution in the inverse-IMS [3]. We here introduce a method to accurately measure the 

space charge between the peaks in IMS. 

 

Experimental 

The method relies on generation of two consecutive ion packets close to each other by 

applying a double pulse, as shown in Fig.1 The initial spacing between the two packets is 

determined by the delay between the two applied pulses, which is adjustable from s to 

450s. The two pulses push each other while they travel inside the drift tube. Hence, their 

separation increases with respect to their initial spacing.  
 

 

 

 

 

 
 

Fig.1. Generating two consecutive equal peaks by applying a double pulse to the shutter grid. 

The increase in spacing can then be measured accurately. In addition, the ion density in the 

two packets can be varied by adjusting the widths of the two pulses. These experiments can 

Time(ms)
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also be performed at the inverse mode of operation. Therefore, the change in spacing between 

two dips can be studied carefully. 

 

Results and Discussion 

The spacing was measured at a fixed delay between the two pulses while the pulse widths 

were increased. The experiment was performed at various delays. The results (Fig.2-a) show 

an increase in the distance between the two ion packets as a function of total charge of the 

two ion packets. In addition, the extent of increase depends on the initial spacing. However, 

the results for the inverse mode of operation shows that the two dips get closer together as 

they travel (Fig.2-b). The decrease depends on the intensity of the dips as well as their initial 

spacing. 

 

Conclusion 

The results are in well agreement with the Gause's and Coulomb's laws. Comparison between 

the results in the conventional and inverse mode of operation shows that, in the inverse mode, 

the ion bath expands due to repulsion among the ions. This is, therefore, the main cause for 

narrowing the gap and better resolution in the inverse mode.  
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Introduction 

Hexafluoroacetone, HFA, has been used as a stabilizer for peptide structures, as 

protecting and activating reagent, and as a structure modifier in proteins.   

The vibrational spectra of HFA have been the subject of several studies [1-5]. Berney [1], 

based on the depolarization ratios of the Raman spectrum of HFA, concluded a Cs structure 

with two CF3 groups staggered with respect to each other. Berney also, by considering the 

optional vibration of the CF3 groups, estimated the barrier to rotation of the CF3 groups of 

about 1000 cm-1. Pace et al. [2] by assuming a C2v structure for HFA reassigned the 

vibrational spectra of HFA. These authors, based on the calorimetric measurements in the gas 

phase, predicted a barrier to rotation for the CF3 groups of about 1000-1500 cal/mol. Pertillä 

[3] by assuming a C2v structure and using normal coordinate analysis reconsidered the 

vibrational spectra of HFA. Durig et al. [5], by considering the far infrared spectrum of HFA, 

a barrier to rotation of 777±5 cm-1 and a Cs structure concluded. Campton et al. [4], by using 

an ab initio SCF calculation, reconsidered the vibrational spectra assignment of HFA. The 

symmetry obtained by the SCF calculation of Compton et al. [4] is consistent with the two 

electron diffraction results, which conclude a C2 symmetry for the HFA molecule [6,7]. The 

calculated energy difference between the C2V and C2 structures is 4.9 kJ/mol [4]. 

 

Theoretical Methods 

The molecular equilibrium geometry and vibrational transitions of HFA were computed 

with the Gaussian 03. The B3LYP with the 6-31G*, 6-311G*, and 6-311+G(3df) basis sets 

were used for optimizing the structure and calculating the vibrational frequencies. To 
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compare the accuracy of several different computational methods, the geometry of HFA was 

further optimized at the HF and MP2 levels, using the 6-311G* basis set. The B3LYP/6-

311G* level was used for calculating the Raman intensities of the vibrational frequencies. 

In order to assign the observed vibrational transitions, anharmonic frequency 

calculations were performed for HFA using the B3LYP functional and 6-311G* basis set.  

The size of the anharmonicity effect can be grasped from the difference between the 

harmonic and anharmonic frequencies.  

 

Results and discussion 

Theoretically, four conformers could be assumed for HFA, (1) C2v (I) (both CF3 groups 

are staggered with respect to the carbonyl groups, (2) C2V (II) (both CF3 groups are eclipsed 

with respect to the C=O), (3) C2, and (4) Cs structure.  

According to the calculated results, the C2 structure is the most stable conformer, which 

is in agreement with the literature [6].  

The energy difference between C2 structure with other conformers, except for the C2v (I), 

lies in the 2-3 kJ/mol. However, the calculated barrier to rotation for the CF3 rotation is about 

1400 cm-1 (about 17 kJ/mol) which is in agreement with the theoretical results [2].  

The 1806, 363, and 192 cm-1 bands are assigned to the C=O stretching, in-plane C=O 

bending, which is strongly coupled to the asymmetric C-C-C stretching mode, and out-of-

plane C=O bending vibrations, respectively. The C=O in-plane deformation has also 

considerably contribution in the 717 cm-1 band, which is mainly the CF3 in-plane rocking 

mode belong to the B symmetry. 

The 320 cm-1 band was assigned by Berney [1] to the C=O out-of-plane bending. 

According to our results this band is assigned to symmetric C-C-C stretching coupled to the 

CF3 deformation.    

The bands at 1272, 1254, 1157, 1252, 1215, and 972 cm-1 are mainly caused by C-F 

stretching movement. The first three bands are belong to the A symmetry species and others 

are due to the B symmetry species. 

 

Conclusions   
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The vibrational spectra of hexafluoroacetone have been reassigned by aid of modern 

theoretical ab initio and density functional methods. The geometry and vibrational 

frequencies of HFA are calculated at the B3LYP level, using 6-31G*, 6-311G*, 6-311+G*, 

and 6-311+G(3df) basis sets. According to the calculated results, the C2 structure is the most 

stable conformer.    
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Introduction 

Ion mobility spectrometry (IMS) is a technique to detect ions in the gas phase separated 

on the basis of their mobility in an electrical field. Ions in IMS are often formed by ion-

molecule reactions at atmospheric pressure. The choice of ionization method is vital for 

making an appropriate analysis. To achieve high sensitivity, one of the requirements is high 

ion flux through the IMS drift cell. Hence, developing new ion sources and/or improving the 

current systems are highly desirable. Most of the ion mobility spectrometers use radioactive 

material like 63Ni as ionization source [1], which is favored due to its simplicity, stability and 

convenience. This source has deficiencies in limited linear range, inflexible selectivity and 

regulatory requirements associated with radioactive materials. In recent years non-radioactive 

ion sources have been of special interest.  

In this study we present an ion mobility spectrometer equipped with two non radioactive 

ion sources, atmospheric pressure photoionization (APPI) [2] and corona discharge chemical 

ionization [3].   

 
The Design 

The principal components of the new ion mobility spectrometer are shown schematically 

in Fig. 1. It consists of three main parts: two ion sources, an ionization region and a drift tube. 

Ion sources are located in front of the reaction region. Electric field conducts the ions from 

both sources into the reaction region. Pulses of ions are then injected into the drift region 

where separation of ions occurs under the action of an external electric field and collisions 

with the countermoving drift gas. An ion collector is located at the end of the drift tube to 

register the arrival of the ions. 
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Fig. 1. The schematic view of the ion mobility spectrometer 
 

A Krypton lamp, emitting UV light at 10.6 eV, was used as the UV source which is mounted 

in parallel with the axis of the reaction chamber and the drift tube. The lamp is powered by a 

1.2kV DC power supply. The parallel design has the advantage of penetrating the UV light 

deeper in the ionization region, hence a better ionization efficiency. In addition, a curtain 

region is designed in front of the lamp to create a shield of gas, which could contain dopant to 

enhance ionization. The UV ligh could ionize the analyte directly or via charge transfer from 

a dopant ion. In fact, the dopant is used to covert photons to primary ions. It is an appropriate 

substance with ionization energy less than the photon energy such as toluene (IE= 8.828eV). 

Secondary ions are then formed via reaction with the ionized toluene. The corona needle has 

been mounted vertically not to obstacle the photoionization source.  

    
Conclusion 

In this new design an atmospheric pressure ionization IMS instrument whit two ion 

sources was developed. Corona discharge is a powerful ionization source that ionizes species 

with high proton affinity. On the other hand, UV photoionization is a primary ionization 

source which ionizes species with low ionization energy. Combination of the two sources 

covers the limitations of each other. The design enables fast and easy changing between the 

two ionization methods. This allows ionization and measurement of a wide range of analytes 

as well as study of ion molecule reactions.  
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In addition, the two ionization sources can operate simultaneously. Such combination 

provides the possibility of ionization of species with high ionization energy. The mechanism 

is expected to be excitation by the UV light followed by ionization in the discharge.   
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Introduction:  

Malaria is a serious health problem, particularly in tropical region. It is estimated there are 

between 300 and 500 million clinical cases of malaria annually, leading to 1.1-2.7 million 

deaths [1]. Current considerable evidences indicate that quinoline-based antimalarial agents 

such as chloroquine (Figure 1) probably act by forming toxic complexes with free hematin 

[2]. It seems that the investigation of electronic effect controlling the ability in some 

quinoline derivatives to inhibit β-hematin process provides an opportunity to test the activity 

of various quinolines in detail. Recently, Frosch and Popp investigated the relationship 

between molecular structure and Raman spectra of quinolines [3]. 

 
Figure1. Chloroquine 

The present work includes the investigation of substitution effects on the calculated 15N 

shielding tensors on various quinoline derivatives by DFT approach. The calculations were 

performed for two series of quinolines, series A (7-chloro 4-aminoalkyls quinolines 

compounds) and B (quinoline, 3-,5-,6-,8- amino quinolines and 4,8-dichloro quinoline). The 

calculated 15N shielding tensors in this study are expected to lead to insights into structure-

shielding relationships and substitution effects in quinolines. 
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Definitions and computational details:  

All calculations were performed using Gaussian 98 suite of programs [4] on a Pentium IV 

personal computer. The structure of quinolines were optimized using B3LYP/6-31G* [5] 

method. Then, the optimized structures were used to obtain shielding tensors by using GIAO 

method at B3LYP level with 6-311++G** basis set. 

 

Results and discussion:  

In the present study, we calculated the 15N shielding tensors of some quinolines to investigate 

the relationship between electronic properties of these compounds and their ability to inhibit 

β-hematin formation. The calculated isotropic chemical shielding value for nitrogen nuclei in 

series A are remarkably consistent. It is also evident that the calculated σiso values for series B 

compounds (with the exception of 5b) are not significantly differ. The σ11 and σ22 

components as well as chemical shielding isotropy of the nitrogen nuclei for series A 

compounds significantly differ from those of the B series quinolines. In general, the σ33 

component differs not significantly for two groups. Based on the calculated 15N shielding 

tensors, the ߪതଵଵ and ߪതଶଶ from series A to series B are shielded,while ߪതଷଷcomponents is 

deshileded. The large changes in σiso values between two quinolines groups are due mainly to 

large changes in σ11 and σ22. Due to the resonance effects of aminoalkyl substitutions in the 

para position to the nitrogen in series A, the nitrogen nucleus experiences large changes in п-

electron density compared to bare quinoline and other quinolines in series B. This is in 

agreement with the 13C shielding tensor orientation of quinolines and other aromatic systems 

[6]. 

 

Conclusions:  

According to the results obtained in this study, we may draw the following conclusions: 

1) Different aminoalkyl subsistent,-R, on the para position in series A compounds did not 

significantly affect the electron density of the nitrogen quinoline ring. 

2) The results of isotropic 15N shielding values in series B show that π-electron density of 

quinoline nitrogen is not significantly influenced by the presence of amino group in 3-,5-, 6-, 

8-position and dichloro substituent in 4-,8- positions. 
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3) The 15N shielding tensor components are appropriate parameters to examine the changes in 

π-electron density, where these results strongly support that the 15N shielding tensor 

components of quinoline nitrogen are useful tool to compare the behavior of quinolines in 

relation to their β-hematin inhibition activity. 
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Introduction 

Interaction of atomic or molecular systems with intense laser fields results in nonperturbative 

electron dynamics [1]. In the past decade, numerous works have been carried out on the one-

electron H2
+ molecular system [2-4], but a limited number of works is devoted to the two 

electron-H2 system [5-6], with no reference to the HHG phenomena. In this work, The 

mechanism of enhanced ionization in the two–electron molecule H2 subjected to an ultrashort 

intense laser pulse is investigated by solving exactly the 1-D electronic time-dependent 

Schrödinger equation including nuclear motion. Dynamics of adiabatic H+H+ and H–H+ states 

(doorway) are analyzed using time-dependent emission of three alternative forms of the high-

order harmonic generation (HHG) spectra, obtained based on the Gabor analysis of the 

numerical data obtained obtained from the evolution of the central part of the two-electron 

wavepacket of H2. 

 

Computational method and results 

The TDSE for the H2 system considering two 1-D electrons and freed nuclei is solved 

numerically using the split-operator technique [7]. The space belonging to the H2 subsystem 

is discretized to four areas on a generalized pseudospectral grid Fig. 1 and propagate the 

electronic wave function using a second-order split-operator method. Three alternative forms 

of harmonic spectra of adiabatic  H+H+ and H–H+ states (doorway) are calculated and 

compared as functions of laser intensity, based on the dipole moment, dipole velocity, and 

dipole acceleration, using Gabor analysis [8]. The carrier frequency   values correspond to 

the wavelengths of 390, 532 and 790 nm.The results of the λ= 532 nm and I= 5×1014 Wcm-2 
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are represented. The results are plotted in Fig. 2. In each of the main panels of this Fig. 2, 

periodic population oscillation among molecular orbital levels are observable.  

Conclusions  

In this work, HHG spectra of H+H+ and H–H+ states in the central part of the two-electron 

wavepacket of H2 are investigated. The velocity HHG spectra follow the same scheme as the 

momentum HHG spectra but with more spectral detail and less intensity. The dynamics of the 

presented sub–systems before the enhanced ionization can be observed using the acceleration 

HHG spectra. Ionization is enhanced when the excited ionic state H–H+−II is most efficiently 

created from the covalent ground state HH–III, in the upper left of Fig. 1.  

 

Figure 1. Details of the H2 region 
pseudospectral grid simulation box divided 
into four sub-regions. 

 

Figure 2. Time-frequency analysis of the a) 
dipole, b) velocity and c) acceleration 
responses belonging to the H2–II zone of the 
central part of the wavepacket of 1-D H2 
system to a strong few-cycle laser pulse. 
The lower panel shows variation of the inter 
nuclei distance involved in the time 
dependenet electric field with I=5×1014 
Wcm-2 and λ= 532 nm. The time-frequency 
analysis of the signal obtained by Fourier 
transforming with a Gaussian window 
function is given in the up panel. The overal 
harmonic spectrum is shown in the left 
inset. 

a) 

b) 

c) 
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Introduction 

It is well known that photo-physical behavior of a dissolved dye depends on the nature of its 

environment, i.e., the solvent influences the spectra characteristics of the solute molecules 

[1,2]. Several factors influence the visible spectral behavior of dye molecules, especially the 

solvent's polarity and its hydrogen-bond donor/acceptor capacities. In this work optical 

characteristic and the influence of solute–solvent interaction on the visible spectra of new 

amino azo hydroxy-quinoline dye (Fig. 1) was investigated.  

 

 

Methods 

Amino azo hydroxy-quinoline dye was synthesized in our laboratory. The absorption spectra 

of amino azo hydroxy-quinolines dye were recorded at room temperature in various pure and 

binary mixtures of organic solvents using UV-Vis Cary 100. 

N

HO N
N N

CH3

CH3

 
Fig. 1 The structure of amino azo hydroxy-quinolines dye 

 

Results and discussion 

It was found that solute-solvent interactions and solvent-solvent interactions plays an 

important role in determining the solvatochromic behavior and preferential solvation of 
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amino azo hydroxy-quinolines dye. As an example, Fig. 2a shows variation of maximum 

absorption wavelength (max) of the dye in the mixed binary solvent (CCl4 + EtOH). The plot 

of spectroscopic transition energy (E) with increasing solvent polarity was also shown in Fig. 

2b. The investigated dye exhibits different spectroscopic behaviors with increasing of 

concentration of EtOH.  The red shift in this mixed binary solvent might depend on either 

nonspecific or specific (e.g. hydrogen-bonding) solute–solvent interactions and preferential 

solvation. The solvent effect can be analyzed using multi-parameter solvatochromic scales 

[3,4]. 

 

          (a)         (b) 

Fig. 2 Absorption spectra and plot of spectroscopic transition energy (E) of amino azo hydroxy-quinolines in the 

(CCl4 + Ethanol) binary mixtures 
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Introduction 

Azo dyes are one of the important classes of colorants. Many studies have been carried out on 

the relationship between the structure, absorption spectra and photo stability of azo dyes [1]. 

When a polar molecule is dissolved in binary solvent mixture, it interacts differently with 

each of the solvent component. In mixtures of solvents of different polarity, a process of 

preferential solvation occurs [2-4]. 

 

Methods 

Sudan dyes were purchase from Aldrich Chemical Co. The absorption spectra were recorded 

using UV-Vis Cary 100 spectrophotometer at room temperature. Samples for absorption 

measurements were prepared using a 1-cm quartz rectangular cell. The concentration of the 

solutions studied was about 1×10-5 M. 

N
N N

N

HO

N
N N

N

HO

CH3
CH3

Sudan III

Sudan IV

 
Fig. 1 The structure of Sudan dyes 
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Results and discussion 

In this work, the solvatochromic behavior and preferential solvation of two Sudan dyes, 

Sudan III and Sudan IV, (Fig. 1) were investigated by studying their visible spectra in several 

pure and mixed organic solvents. As an example, the optical absorption spectra of Sudan III 

in (cyclohexane-butanol) binary mixtures and plot of spectroscopic transition energy (E) are 

shown in Fig. 2. By increasing solvent polarity, these compound exhibit different 

spectroscopic behaviors depending on the properties of the solubilizing media. The solvent 

dependent spectral shifts might be due to either nonspecific or specific (e.g. hydrogen-

bonding) solute–solvent interactions and selective solvation in the solvation shell. The 

solvent effect can be analyzed using multi-parameter solvatochromic scales [5]. 

 

 Fig. 2 Absorption spectra and plot of spectroscopic transition energy (E) of  Sudan III in the (cyclohexane + 1-

butanol) binary mixtures 
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Introduction:    

Hydrogen bonding is one of the most important concepts in chemistry due to its profound 

influences on the chemistry of life, crystal packing, solvation, catalysis, chelation, and a host 

of other important phenomena [1-2]. The amide functional group is the fundamental unit of 

proteins, peptides, and other biologically important molecules and has been traditionally 

characterized by a restricted C-N bond rotation, coplanarity of the attached atoms, short C-N 

bond lengths, red-shifted carbonyl stretching frequencies, relative stability toward 

nucleophilic attack and protonation at oxygen rather than nitrogen [3]. N-acetylacetamide 

(NAA) as the simplest member of β-diacetamides compounds can participate in the 

amideimidic acid equilibrium (Fig. I).  

In the present study the characterization of the equilibrium conformations, especially global 

minimum, and estimation of the intramolecular hydrogen bond (IHB) and -electron 

delocalization strength were carried out. 

  

H3C N CH3

OO
H

CH3NH3C

O O
H

Imidic acid

H3C N CH3

O O

H

Imidic acid Amide  

Fig I. AmidImidic acid tautomeric equilibriums in NAA. 
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Methods: 

All of the computations in the present study were performed by Gaussian 03 series of 

programs [4]. The geometry optimizations were carried out by B3LYP and MP2 methods with 

the most popular basis set, 6-311++G(d, p). The optimized structures at MP2/6-311++G(d, p) 

level of theory were used to obtained the appropriate wave function files for AIM and NBO 

analyses. The nature of the IHB in the most stable conformers has been studied using the AIM 

theory [5] and the NBO package included in Gaussian 03 [6]. 

Results and discussion:  

Theoretically, NAA has about 11 different conformers, which systematically arranged 

in two tautomeric classes, DA and AI with 3 and 8 members, respectively. From the 

relative energies at all of the computational levels, we can easily conclude the 

following energy order:                                             DA < HB-AI < non HB-AI                                         

This order readily shows that the DA conformers are more stable than the others which 

followed by HB-AI and non HB-AI forms.  

The Schuster energy of IHB for chelated enol forms of NAA and acetylaceton (AA) at all of 

the computational levels were obtained which signify the Schuster energy of hydrogen bond 

in NAA is lower than the corresponding value of AA. Unlike the HB energies, the electron 

densities and its Laplacian at BCPs signify that the IHB in NAA is stronger than the AA.                                 

The results of NBO analysis also show that in chelated forms, one or two lone pairs of proton 

acceptor and the proton donor antibonds are involved and the corresponding stabilization 

energies of NAA and AA are about 42.17, 35.85  kcal/mol, respectively. These results again 

emphasized on the conclusion of geometrical parameters and AIM analyses.  

From the Gillis parameters, q1=RC-N-RC=N and q2=RC-O-RC=O, we can qualitatively estimate 

the greatness of resonance. The results reveal that the -electron delocalization of AI-11 is 

much greater than the other AI conformers. 

Conclusions: 

1. At all of the theoretical levels, the DA forms have more stability with respect to the AI 

conformers. - DA-2 forms have greater stability with respect to the other forms and known as 

global minimum. 
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2. Theoretical calculations at all of the computational levels show that the IHB in AA is 

stronger than the NAA, however AIM and NBO analyses and geometrical parameters give 

the opposite result, EHB(NAA)> EHB(AA) . 

3. A detail investigation of tautomeric equilibrium, hydrogen bond and resonance, explicitly 

show that the origin of tautomeric preference is mainly due to the electron delocalization in 

diamide tautomer, especially LP(N)→ *
C=O charge transfer. 
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Abstract:  

Considering the decoherence theory we try to mention some conceptual problems of this 

theory in tackling the measurement problem The quantum to classical transition discussed in 

the framework of decoherence theory in section I. At the end, we survey some defects of the 

decoherence approach on measurement problem in the framework of gedanken experiments. 

 

Introduction: 

The main stream in quantum mechanics is the Copenhagen interpretation mechanics routed in 

the beliefs of Bohr that the quantum phenomena is a black box and it is impossible to 

represent a lucid description of its nature. Considering Copenhagen hegemony, quantum 

domain is not in the access of experimenter. Then, his knowledge about the micro world is 

based on the measurement results. What is happened in the black box, consisting of quantum 

system and apparatus, must be consider as a metaphysical and mysterious phenomena that 

has not any physical description in the theory.  

I. Decoherene approach on measurement problem 

Decoherence theory tries to explain the so-called transition from quantum to classical by 

considering the openness of quantum systems. Decoherence demands that realistic quantum 

systems are not isolated from their environment. 

  In spite of the classical physics, the environment has a crucial effect on the evolution of the 

system. The role of the environment is twofold: First the interaction with environment leads 

to the suppression of interference terms between quantum states of the system. It corresponds 

with the suppression of the off-diagonal elements of the reduced density matrix of the system 

under its interaction with surrounding. Then by the means of a non-unitary evolution which 
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† shafiee@sharif.edu 
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results from the trace operation on the environment degrees of freedom decoherence shows 

that why interference terms due to the quantumness of the system, removes through the 

interaction with the environment. Second: during the ubiquitous interaction of system-

environment, some preferred states of the system are selected known as pointer states. These 

are states which preserve their correlation under the decoherence phenomena.  

 

Discussion: 

Critical approach on Deceherence 

In the theory of the classical statistics, mixed states are in relation with ignorance 

interpretation of probability. It means, the experimenter knows that every subsystem of the an 

ensemble is in definite states but she does not know exactly that which one is in which state. 

Then, it seems that mixed density matrix of the system results from decoherence phenomena, 

could be interpreted as classical ones. One should keep in mind that the improper mixed 

states results from trace operation on a pure density matrix of the system-environment. The 

whole is in a pure state and all of the possibilities exist simultaneously. Proper mixed state, in 

its classical sense, does not results from a pure density matrix. So, it is not accurate to say 

that improper mixed states could be considered as their classical counterparts. In addition, the 

interpretation of the proper mixed states is dependent on the interpretation of the quantum 

states.  Before going further, suppose that we have an ensemble of a proper mixture with 30% 

of quantum systems in the state|0௭50 ,ۄ% in |0௫ۄ and 20% in the stateห1௬ۄ. Where |0 1| ݀݊ܽۄ  represents spin up and down respectively. If one carries out the spin  ۄ

measurement in the Z-direction what will be the results? One may think that the answer is 

that 20% of quantum particles in the ensemble reflected by the measuring apparatus in 

positive direction of the Z axis . However one can easily show that it is not correct! Since  ห0௫݀݊ܽۄ ห1௬ۄ are in relation with |0௭ۄ according to following relations: |0௫ۄ ൌ ଵ√ଶ ሺ|0௭ۄ  |1௭2.                (ۄ  ห1௬ۄ ൌ ଵ√ଶ ሺ|0௭ۄ െ ݅|1௭3.                (ۄ  

So, even if we have a proper mixture of states, still its interpretation is dependent rigorously 

on the interpretation of the isolated quantum states or the wave function. Obviously, the two 

description results from the formalism of standard quantum mechanics and the density matrix 
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approach are not in agreement. There is no evidence if the mixed state 3 could be results from 

the |߰ۄ in relation 4.  As it is not possible to have a theory with two incompatible descriptions 

decoherence demands that if one takes the effect of the environment into account to describe 

the evolution of |߰ۄ and trace over the degrees of the environment the reduced density matrix 

4 could be retrieved.  
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Introduction 

-Enaminones have been extensively used as valuable precursors in organic synthesis[1, 2] 

and represent useful synthetic building blocks for the synthesis of  amino acids, 

[3]peptides[4], alkaloids[5] and heterocyclic compounds[6]. 

         The aim of the present work is the synthesis and full assignment of the vibrational 

spectra of 3-amino-1-phenyl-2-buten-1-one (AKBA) by means of density functional theory 

(DFT) studies. The calculated geometrical parameters for AKBA will be compared with the 

X-ray results and the calculated vibrational frequencies are compared with those observed 

experimentally. 

 

Method of analysis 

        AKBA was synthesized according to [7] and after recrystallization from hexane/ethyl 

acetate (1:1), the white shining crystals were yielded.  

         The IR spectrum of AKBA was recorded by using Bomem MB-154 Fourier Transform 

Spectrophotometer in the region 500–4000 cm-1 in KBr pellet and in CHCl3, CH2Cl2, and 

CH3CN solution. 

         In this study, the molecular equilibrium geometry and vibrational transitions of AKBA 

were computed with the GAUSSIAN 03 software system [8] by using hybrid density 

functional B3LYP [9, 10] and 6-31G**, 6-311G**, and 6-311++ G** basis sets.  
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Results and discussion 

         The ORTEP and geometry of AKBA is given in Fig. 1, 2, respectively . The full 

optimized geometrical parameters of AKBA along with the experimental structural 

parameters of this compound are compared in Table 1.  

 
Fig 1 

 
Fig 2 

Table 1  calculated geometrical parameters for AKBAa 
(bond lengths in Å, bond angles in °) 

Bond lengths X-ray  A B C APO b 
N…O 2.710 2.6375 2.6481 2.6479 2.658 

N-H7 0.931 1.0210 1.0183 1.0183 1.021 

N-H8 0.939 1.0061 1.0051 1.0051 - 

C=O 1.254 1.2518 1.2447 1.2447 1.246 

C-N 1.318 1.3471 1.3460 1.3460 1.349 
aA: B3LYP/6-31G** B: B3LYP/6- 311G** C: B3LYP/6-311++G** 

b: ref [11] calculated at B3LYP/ 6-31G** 
 

Conclusions 

         Molecular structure and vibrational frequencies of 3-amino-1-phenyl-2-buten-1-one 

(AKBA) have been investigated by means of density functional theory (DFT) calculations. In 

addition, the geometry of this compound was also optimized at the B3LYP level and different 

basis sets. The results was compared with those of 4-amino-3-penten-2-one (APO). The main 

effect of phenyl substitution is shortening of the N· · ·O distance and lengthening of the N-H 

bond length, compared with the corresponding value for APO [17]. The structure of this 

compound was also confirmed by X-ray diffraction method. 

 

References 

[1] R.K. Vohra, J.L. Renaud, C. Bruneau, Collect. Czech. Chem. Commun. 70(2005) 1943. 

[2] C.V. Stevens, B. Kesteleyn, E.R. Alonso, N. De Kimpe, Tetrahedron 57 (2001) 7685. 

[3] Cimarelli, C.; Palmieri, G.; Volpini, E. Synth. Commun.2001, 31, 2943. 

[4] Beholz, L. G.; Benovsky, R.;Ward, D. L.; Barta, N. S.; Stille, J. R. J. Org. Chem. 1997, 

62, 1033. 

[5] Michael, J. P.; Parsons, A. S. Tetrahedron 1999, 55, 10915.  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
2209

[6] Alan, C.; Spivey, A. C.; Srikaran, R.; Diaper, C. M.; David, J.; Turner, D. J. Org. Biomol. 

Chem. 2003, 1, 1638.  

[7] P. Simunek,V. Bertolasi, M. Peskova, V. Machaceka, A. Lyckac, Org. Biomol. Chem., 3 

(2005) 1217. 

[8] M. .J. Frisch, et al. GAUSSIAN03, Revision B.05, Gaussian, Inc., Pittsburgh PA, 2003. 

[9] A. D. Becke, J. Chem. Phys. 98 (1993) 5648. 

[10] C. Lee, W. Yang, R. G. Parr, Phys. Rev. B 37 (1988) 785. 

[11] S.F. Tayyari, H. Raissi, F. Tayyari, Spectrosc. Chim. Acta Part A 58 (2002) 1681.  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
2210

DFT-PCM Investigation of Hydrogen Bonding Strength of Different 

Configurations of Adenine- Thymine Base Pairs in Solution Phase  

Behzad Chahkandi1*, Nazanin Khodabakhsh1, Tayebe Chahkandi2  

1-Department of Chemistry, Islamic Azad University, Shahrood Branch, Shahrood, Iran 

2- Assictant professor, Department of Pediatrics; instructor, Faculty of medicine, Birjand University 

of Medical Sciences, Birjand, Iran  

Email: bchahkandi@gmail.com 

 

Keywords : Hydrogen Bonding, Watson–Crick base pair, PCM, B3LYP, Solvent effect, 
BSSE 

Introduction 

The interaction between nucleotide bases is an important element in structure of DNA consequently, 

there have been numerous studies, experimental [1] and computational [2], concerned with the 

association of nucleotide base pairs. The computational studies rang from gas phase energy 

minimizations to Monte Carlo and molecular dynamics simulations in solution [3]. The work of 

Pohorille, Kollman, and co-workers is particularly notable. Porhorille et al. performed seminal Monte 

Carlo simulations of stacked and hydrogen-bonded base pairs in CCl4 and in water [4]. The discovery 

of the hydrogen bonding between the bases Adenine (A) and Thymine (T) and between Guanine (G) 

and Cytosine (C) by Watson and Crick (1953), together with the crystal structure analyses of the 

protein hemoglobin and myoglobin by Perutz and Kendrew and their co-workers [5], initiated a new 

science, known as molecular biology, as described in Perutz (1963) and Kendrew (1963).  

In the present work we try to calculate geometries, energies and other thermochemical properties of 

the hydrogen bonds in the Watson-crick DNA base pairs and other different configurations of A-T 

base pairs (See Fig 1) with DFT method in solution phase. And then we compared interaction 

energies, enthalpies, free energies, ΔG, and entropies of different orientations of A-T base pairs 

together. 
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Computational Methods   

Nine different configurations of A-T base pairs have been studied in this paper (see Fig 1). All of 

calculations described in this paper were performed with the GAUSSIAN 98 , series of programs at 

B3LYP/6-31G(d) level of theory. The interaction energies, enthalpies, free energies, ΔG, and 

entropies, of hydrogen bonding between A-T base pairs were carried out in cyclohexane and 

chloroform solvents. PCM reaction field calculations are performing by using the polarizable 

dielectric model [6].  

The basis set super position error (BSSE) was computed for all calculations using counterpoise 

method of Boys and Bernardi, employing the massage keyword in the Gaussian programs.     
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Fig 1.Watson -Crick geometry of adenine-thymine base pair and other different orientations of A-T. 

 

Results and Discussion 

The interaction energies of hydrogen bond in A-T base pairs and BSSE corrected interaction energies 

in cyclohexane (ε=2.023) and chloroform (ε=4.9)  solvents were investigated. The effect of solvent on 

stabilization of A-T base pairs shows interesting results. The interaction energies of hydrogen bond in 

A-T complexes with increasing of dielectric constant of solvent decrease in agreement with our 

pervious work.[7] Our results turn out that the interaction energy (  and  BSSE) for A-T (9) base 

pair is larger than others in the two solvents The values of  BSSE are significantly larger than   

which is due to correction of basis set super position error. The values of ΔH in the two solvents show 

that with decreasing dielectric constant of solvent bond enthalpies of each model of A-T base pairs 

increase and in both solvents the bond enthalpies of model (9) is larger than others. As can be seen, 

the ΔS values are quite similar for all complexes and for ΔG with decreasing dielectric constant of 

solvent the value of ΔG will decrease which shows complex stability increase. 

 

Conclusion  

1. DFT calculations indicate that A-T base pairs select different orientations that vary in 

energy and structures. This difference is reason of various hydrogen bonds between O, N and 

H atoms. 
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2. For different orientations of A-T base pairs, with increasing of dielectric constant of solvent, the 

energy decrease. AT (9) model is in lower level of energy and seems to be more stable than other 

models. 

 

References 

1. D. Voet and A. Rich, The crystal structures of purines, pyrimidines and their intermolecular 

complexes; Prog. Nucleic Acid Res. Mol. Biol. 1970, 10, 183-265.  

2. Y. Kyogoku, R. C. Lord and A. Rich, Proc. Natl. Acad. Sci. U. S. A. 1967, 57, 250. 

3. S. B. Petersen and J. J. Led, J.Am. Chem. Soc. 1981, 103, 5308. 

4. N. G. Williams, L. D. Williams and B. R. Shaw, J. Am. Chem. Soc. 1989, 111, 7208. 

5. B. Pullman, P, Claverie and J. Caillet, Proc. Natl. Acad. Sci. U. S. A. 1966, 55, 904. 

6. (a) P. Cieplak and P. A. Kollman, J. Am. Chem. Soc. 1988, 110, 3734. (b) L. X. Dang   

    and P. A. Kollman, J. Am. Chem. Soc. 1990, 112, 503. 

7. M. Monajjemi and B. Chahkandi, J. Mol. Struct (THEOM). 2005, 714, 43.                        

  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
2214

Cloud Point Extraction and Spectrophotometric Determination of sulfide 

 

S.F.Riazia , M.Bahrama,B. Hassanpourb, S.Azimic 
aFaculty of Chemistry urmia university, urmia, Iran 

(fardad.riazi@yahoo.com ) 
bFaculty of Agricultural Engineering and Technology, University of Tehran, Karaj, Iran  

cFaculty of Chemistry, Tarbiat Moallem University, Tehran, Iran 

 

Keywords: sulfide ion, cloud point, concentrate factor, beneficial factor 

 

Introduction 

One of the most important applications of surfactants in analytical chemistry is extraction and 

preconcentration based on cloud point [2]. Surfactants are inert molecules, which have two 

parts, head (Hydrophilic) and tail (Hydrophobic). When their concentration is more than their 

critical concentration (CMC), they get together and make micelles group [1]. 

Preconcentration methods through cloud point liquid-liquid extraction in comparison of 

common liquid-liquid preconcentration have a lot of advantages, such as: it’s inexpensive and 

so stable reaction has minimal exposure to toxic organic solvents and satisfactory 

enrichments factors[3] .In this study, Cloud Point liquid-liquid Extraction method and UV 

detection are used for the determination of sulfide ion. Also, optimized factors that influence 

on the extraction efficiency have been found. 

 

Method 

1. Reagents and apparatus 

Stock solution of para phenyl diamine (PPD), Fe+3, sulfide ion were prepared and used daily. 

Several different factors such as nonionic surfactants concentration, temperature, and 

centrifuge speed affect on our results, and then we tried to optimize these factors. UV-vis 

absorption spectra were recorded using the spectrophotometer (PG mode T80) with 10mm 

quartz cell and centrifuge model Hettich Roto SILENTALL were used for extracting and 

dividing liquid phases. 

2. Statistical Software 
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Microsoft Excel and Matlab7a for analyzing the results and chemo metrics method were 

used. 

 

Results and discussion 

1. Temperature and centrifuge speed optimization 

They were don in a qualitative way, our optimized temperature and centrifuge speed for 

showing cloud point are about 45oC - 70 oC, 3000 -4000( cycle per min) respectively. 

2. Effect of nonionic surfactants (TX-114) concentration 

For optimizing this factor at preconcentration step, several solutions with different 

concentrations of TX-114 were made. The results show at figure1. 

The calibration graph under optimum conditions and different concentration of sulfide ion 

was plotted (figure 2).  

 

 

 

 

 

Figure2. Calibration graph under optimum condition       Figure1. Optimize value of TX-114 from                     

                                                                                                             spectrophotometeric results 

3. Concentrate and beneficial factors 

After comparing sample absorbance before and after preconcentration by triton x-100 and 

triton x-114, we can follow these formulas: 

Concentration factor= final volume of sample without concentrate/final volume of 

concentrate sample    

Concentrate factor= (15/0.5) =30 

Calibration graph equation of no concentrate sample: y= 0.3435x+0.0385   

Calibration graph equation of concentrate sample: y= 17.948x +0.2195 

Beneficial factor= Calibration graph slope of concentrate sample/ calibration graph slope of 

no concentrate sample 

Beneficial factor= 17.95/ 0.3435= 52.25 
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Conclusion 

In this project cloud point liquid-liquid extraction was applied that it’s concentrate and 

beneficial factors are 30, 52.25 respectively. It’s so important to mention that in this method 

applying the system which they need hazardous and toxic organic solvents aren’t necessary. 
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Introduction 

Poly (3-alkoxythiophenes) (P3AOTs) have potential application in photoelectricity or micro-

electronics field [1]. Especially, thiophene-based alternating donor–acceptor (D–A) 

conjugated polymers are particularly interesting because their electronic and optoelectronic 

properties can be tuned efficiently by intramolecular charge transfer (ICT), resulting from the 

efficiency conjugated sequence length (ECSL) of P3AOT can be changed by changing their 

electron distributing. The solubility, process ability, band gap and thermo stability of 

P3AOTs also can be adjusted by their side chains [2].In this work, we have studied structural 

and electronic properties of 3-alkoxythiophenes as candidate monomers for conducting 

polymers. We used quantum mechanical methods for calculations and then compare results 

with the corresponding values of 3-alkylthiophenes (ATHs). 

 

Methods 

All calculations were done with Gaussian 03 program. We calculated full optimization on, 

B3LYP level of theory with the 6-31G** basis set. We used these methods to find optimized 

geometries and electronic properties of 3-alkoxythiophenes and their radical cations. 

 

Results and discussions  

Using Mulliken population analysis, the net atomic electric charges and spin density 

distributions in the AOTs are calculated and summarized in Table1. 
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Table1.Electric charge (spin density) distributions calculated at B3LYP/6-31G**level of theory. 

C3(β) C2(αҩ)  C1(α) AOTs 

-0.3066(-0.1773) -0.0798(0.0163) -0.3432(-0.2146) MeOTh 

-0.3078(-0.1790) -0.0793(0.0173)  -0.3468(-0.2195) EtOTh  

-0.3081(-0.1795) -0.0786(0.0183) -0.3476(-0.2204) PrOTh  

-0.3082(-0.1797) -0.0783(0.0186) -0.348(-0.2209) BuOTh 

-0.3085(-0.1799) -0.0782(0.0188) -0.3482(-0.2211) PtOTh 

-0.3084(-0.1799) -0.0782(0.0188) 0.3482(-0.2212)-  HzOTh 

As seen as in Table1, the electrical charge is more on α position of monomer rings and with 

addition of the length of the substituent increase, too. This manner had found about ATHs 

[3]. 

But electrical charges (spin densities) are more on similar positions of AOTs.  

Consider of bond lengths of AOTs shows that the variations of bond lengths are too small and 

the same bonds of ATOs are shorter than of ATHs. 

Electronic energies of ATOs are noticeably further than ATHs. The level of HOMO orbitals 

rise and the level of LUMO orbitals fall with growing the length of the substituent. The 

energy gap of ATOs and ATHs are presented on Table2. 

Table2. The values of energy gaps (eV) of ATOs and ATHs at B3LYP/6-31G**. 

Number of carbon atoms in the 

substituent 
ATOs ATHs 

1 1.1205 1.1075 

2 1.1243 1.13 

3 1.117 1.1276 

4 1.1184 1.1279 

5 1.1183 1.1279 

6 1.1181 1.1279 

  

There are some fluctuations in variations of the energy gaps but it's obvious that the energy 

gaps reduce with adding the length of substituent. The values of band gap are less generally 

for ATOs in comparison the values of band gaps for ATHs. 

 

Conclusions 

Study properties of ATOs and comparison them with ATHs demonstrate that the bond 

lengths of ATOs are shorter than ATHs and the HOMO-LUMO Gaps (HLGs) are smaller and 
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electrical charge on different positions of heterocycle is more .It seems that addition atom of 

oxygen to the substituent of alkyl has good effects on properties of 3-alkylthiophenes. It's 

maybe related to influence of strong electron-donating of alkoxy group. 
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Introduction 

Conjugated oligomers have received broad interest recently in academic as well as in 

industrial research communities. The ease in obtaining compounds with high-purity and well-

defined structures renders them promising active materials in thin film semiconductor devices 

such as organic field-effect transistors (OFETs), solar cells, nonlinear optical devices, and 

wave guides[1]. 

Polythiophene is one of conducting polymers that is been researched in many researching 

places. A variety of oligothiophene derivatives have been synthesized and their molecular 

and crystal structures, self-ordering, electrochemical, photophysical, optical, and electrical 

properties have all been studied. We have already investigated effects of substituent of alkyl 

on thiophene [2].In this study, we did two works to develop the previous results. At first, our 

researches had done in gas phase. It's clear without regarding effects of intramolecular forces; 

accordance of results with experimental data is not precise perfectly. So we use acetonitrile 

solvent and carried out quantum mechanical calculations in solution phase. The second is 

considering of properties of 3-alkythiophenes terminated with formyl to purpose 

enhancement of stability, fluorescence of this substance. Some oligoformyl-thiophenes 

derivatives have synthesized [3]. We inserted the substituent of alkyl on β position of end-

capped formyl-thiophene and calculated structural and electronic properties of these 

materials. 

 

Methods 
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All calculations were done with Gaussian 03 program. We calculated full optimization on, 

B3LYP level of theory with the 6-31G** basis set.  

 

Results and discussion 

Fig.1 shows the relation of the HLG changes with increasing length of the substituent. The 

HLG changes at gas phase and solution phase are shown and compared in Fig.1. The results 

indicate that a similar manner about both phase observe. On the other hand, with increasing 

the length of the substituent the energy gap and slope of the curve decrease and it is been flat 

finally. Some differences are obvious. The values of HLGs in gas phase are less for smaller 

substituents but this consequence is inverted about the later substituents.  

 

 
Fig1.Comparison the HLGs (eV) for two different phases. 

Table1. shows some important geometric parameters. Adding alkyl group to thiophene 

increase all bond lengths and this effect is more about the bonds near to the substituent 

certainly. The similar bond lengths of 3-alkylthiophenes are longer in solution. 
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Table1. Some important bond lengths (Å) of ATHs  in present of solvent at level B3LYP/6-31G**. 

AThs R1(Cα-H) R2(Cα´-H) R3(Cβ-R) 

Th 1.0846 1.0846 1.087 

MTh 1.085 1.0847 1.5055 

ETh 1.0831 1.0847 1.5122 

PrTh 1.0834 1.0846 1.512 

BTh 1.0833 1.0846 1.5121 

PtTh 1.0833 1.0846 1.5121 

HzTh 1.0833 1.0846 1.5121 

 

Charge distribution and spin density for AThs terminated with formyl calculated and 

presented in Table2. It is obvious that equality of electrical charges on similar positions vary 

with attachment alkyl to ring of thiophene. Electrical charge is more on α position of 

heteroatom ring (α position near to the substituent) and increase with addition length of the 

substituent, too. Comparison the values of the electrical charge and spin density with the 

results related to calculations 3- alkylthiophenes (without formyl group) indicate that in 

present end-capped formyl the distribution of electrical charge is less on all studied positions 

of thiophene. 

Consider of electronic energies show that addition of formyl causes rising the values of 

electronic energies and so the stability improves. 

The calculations of energy gap demonstrate that the HLGs of studied molecules are more 

than the same values for 3-alkylthiophenes. 
 

Table2. Electrical charge (spin density) distributions calculated for the B3LYP/6-31G** of ATHs terminated 
with formyl. 

C3(β´) C2(α´) C1(α) AThs 

-0.0637(0.0551) -0.2011(-0.2012) -0.2011(-0.2012) Th 

-0.0881(0.0221) -0.2014(-0.2014) -0.2299(0.2499) MTh 

0.219(-0.0879)-  -0.2014(-0.2014) -0.2550(-0.2550) ETh 

-0.2024(0.0226) -0.2024(-0.2024) -0.2546(-0.2546) PrTh 

-0.866(0.0228) -0.2024(-0.2024) -0.2544(0.2544) BTh  

-0.0864(0.023) -0.2023(-0.2033) -0.2546(-0.2546) PtTh 

-0.0864(0.0229) -0.2023(-0.2023) -0.2546(-0.2045) HzTh  

 

Calculation of ionization potential indicates the ionization potential reduce when the length of 

the substituent grow. 
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Conclusion 

Consider of energy gaps demonstrates that the values of energy gap in solution are less than 

gas. It's probably indicated effects of intramolecular forces. The bond lengths in solution are 

longer, but variations in the substituent length has no important effect on the bond length. 

The growing of chain of polymer probably occurs on α position, because the electrical charge 

is more than other positions. The stability and charge distribution increase when formyl group 

use as end-capped specie in structure of 3-alkylthiophenes but the values of HLGs increase. 

The ionization potential fall with adding later methylene groups to the substituent and it 

means less potential is needed for polymerization of molecules with longer substituents. 
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Abstract 

In this research we take the potential energy as a series expansion in dimensionless normal 

coordinates and consider terms through six-order. We use the contact transformation 

perturbed method to derive vibrational levels in terms of force constants. For illustration, a 

set of vibrational energies levels of SO2 molecule has been calculated with inclusion of 

anharmonic effects.   

 

Key words: Anharmonicity, vibrational levels, contact transformation perturbation method. 

 

Introduction    

The basic theory of anharmonicity in polyatomic molecules is well known. In previous 

literature, only the cubic and quartic parts of the potential function were considered as 

perturbation in calculation of vibrational energies levels. In the present work, we extend the 

development of the potential energies expression to higher terms. In this study, the zero-order 

Hamiltonian is taken to be the harmonic oscillator vibrational Hamiltonian. This paper 

consists of taking in the first-order Hamiltonian the cubic and quartic terms and the second- 

order Hamiltonian being a perturbation whose terms are of six-order. To facilitate the 

calculation of the second-order energy corrections, we use the contact transformation 

perturbation theory.              

 

Computational method    

A significant of the standard perturbation procedure is achieved by means of a contact 

transformation which changes the form of the perturbation Hamiltonian in such a way that the 

second order is reduced to a first order. These considerations show the convenience of 

transforming the Hamiltonian  into a new Hamiltonian ᇱ through a similarity  
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transformation with a unitary function T as ᇱ ൌ ܶܶିଵ   where T is ݁ఒ௦[1]. If we write down the Hamiltonians   in order of 

magnitude as   ൌ ሺ)  (ሺଵߣ  (ሺଵ  ଶሺଶ)  whereߣ ൌ ∑ ݇ݍଷ′  ∑ ݇ݍଶݍ′,  ∑ ݇ݍݍݍ′,,  ∑ ݇ݍଷݍ′,  ∑ ݇ݍଶݍݍ′,,  ∑ ݇ݍݍݍݍ′,,,                                            
ሺଶ) ൌ  ݇ݍସ   ݇ݍଶᇱ, ଶݍ   ݇ݍᇱ   ݇ݍଶᇱ,, ଶݍଶݍ   ݇ݍସᇱ,         ଶݍ
Where  / means indices of summation are not same. Now we can obtain the energy 

ܧ ൌ ܧ  ݄ܿ  ߱ ቀݒ  ଵଶቁ  ݄ܿ  ݔ ቀݒ  ଵଶቁ ቀݒ  ଵଶቁ  ݄ܿ  ݔ ቀݒ  ଵଶቁ ቀݒ  ଵଶቁ ቀݒ  ଵଶቁ   ڮ

Where 

ݔ ൌ 52 ݇  12  ቆ 41߱ଶ ߱ െ 5 ߱ଷ18߱ସ െ 20߱ଶ ߱ଶ  2 ߱ସቇ ݇ଶ  

ݔ ൌ 32 ݇  32 ቆ 3 ߱߱ଶ െ ߱ଶቇ ݇ ݇ െ 274 ቆ ߱߱ଶ െ ߱ଶቇ ݇ଶ  3  ቆ ߱߱ଶ െ ߱ଶቇ ݇ ݇
  ൮ ߱ ൬32߱ସ  3൫ ߱ଶ െ ߱ଶ൯ଶ െ 4߱ଶ൫3 ߱ଶ  5߱ଶ൯൰൫ ߱ଶ െ ߱ଶ൯ ൬16߱ସ  ൫ ߱ଶ െ ߱ଶ൯ଶ െ 8߱ଶ൫ ߱ଶ  ߱ଶ൯൰൲ ݇ଶ  

ݔ      ൌ ݇ െ 6 ቆ ߱߱ଶ െ ߱ଶቇ ݇݇ െ 6 ቆ ߱߱ଶ െ ߱ଶቇ ݇݇ െ 6 ቆ ߱߱ଶ െ ߱ଶቇ ݇ ݇ െ 6 ቆ ߱߱ଶ െ ߱ଶቇ ݇ ݇െ 6 ቆ ߱߱ଶ െ ߱ଶቇ ݇݇  െ 6 ቆ ߱߱ଶ െ ߱ଶቇ ݇݇    െ 8 ቆ ߱൫4 ߱ଶ െ ߱ଶ െ ߱ଶ൯16 ߱ସ  ሺ߱ଶ െ ߱ଶ)ଶ െ 8 ߱ଶሺ߱ଶ  ߱ଶ)ቇ ݇ଶ  
െ 8 ൭ ߱൫4߱ଶ െ ߱ଶ െ ߱ଶ൯16߱ସ  ൫ ߱ଶ െ ߱ଶ൯ଶ െ 8߱ଶ൫ ߱ଶ  ߱ଶ൯൱ ݇ଶ െ 8 ൭ ߱൫4߱ଶ െ ߱ଶ െ ߱ଶ൯16߱ସ  ൫߱ଶ െ ߱ଶ൯ଶ െ 8߱ଶ൫߱ଶ  ߱ଶ൯൱ ݇ଶ
 ݄ܿ2   ݁݇ଶஷܯ

                                                                                                                                                                                                  
݁ ൌ െܯ ቆ߱ ൬െ߱ െ ߱  ሺ߱ଶ െ ߱ଶ)ଷ  ߱ସሺ3߱ଶ  ߱ଶ)  ߱ସ൫ ߱ଶ  3߱ଶ  ߱ଶ൯  ߱ଶሺെ3߱ସ  2߱ଶ߱ଶ  ߱ସ) ߱ଶ ቀ ߱ସ െ 3߱ସ  2߱ଶ߱ଶ  ߱ସ  2 ߱ଶሺ߱ଶ െ 5߱ଶ)ቁ൰ቇ ଶ 

ܯ ൌ ൭ቆ଼߱ െ 4߱൫ ߱ଶ  ߱ଶ  ߱ଶ൯  ቀ ߱ସ  ሺ߱ଶ െ ߱ଶ)ଶ െ 2 ߱ଶሺ߱ଶ  ߱ଶ)ቁଶ  ߱ସ ቀ6 ߱ସ  6߱ସ  4߱ଶ߱ଶ  6߱ଶ  4 ߱ଶሺ߱ଶ  ߱ଶ)ቁ     
െ 4߱ଶ ቀ ߱ െ ߱ସሺ߱ଶ  ߱ଶ)  ሺ߱ଶ െ ߱ଶ)ଶሺ߱ଶ  ߱ଶ)  െ ߱ଶሺ߱ସ െ 10߱ଶ߱ଶ  ߱ସ)ቁቇ ଷ݄ܿ൱ିଵ

 

 

 

Table (1). Energies ሺܿ݉ିଵ) of the 
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Conclusion 

In Table (1) we present the results of our vibrational energies calculations corresponding to 

the expansion of the potential energy to sixth order. Comparing the calculated vibrational 

energies levels with the experimental energies shows acceptable agreement. In particular for 

the upper energy levels the agreement is very good. We note here that the effects of higher 

order anharmonicity constants on the upper levels are large.    

 

References [1] P. Jenson and P. R Bunker,  Computational Molecular Spectroscopy,  John Wiley (2000).   
[2] S. Zelek, L. Cyrnek, J. Wasilewski, J. Mol. Structure, 629, 61(2003). 

  

vibrational levels of the ground states of  
SO2: experimental [2] vs calculated 

energies. 

Eijk ܧ௦ 
Vibrational levels  

516.94 517.69 010 
1027.97  1029.38  020 
1151.84  1151.38  100  
1361.32  1361.76  001  
1533.15  1535.06  030  
2032.51  2034.74  040  
2295.83  2295.88  200  
2499.36  2499.55  101  
2526.09  2528.41  050  
2678.75  2674.44  130  
2808.55  2805.57  210  
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Introduction 

The interactions between nuclei are commonly described by using a potential that consist of 

the Coulomb and the nuclear potentials. These potentials are usually taken to be of the 

Woods-Saxon form. [1] 

Woods and Saxon introduced a potential to study elastic scattering of 20 MeV protons by a 

heavy nuclei [2] and The Woods-Saxon potential is a reasonable potential for nuclear shell 

model and hence attracts lots of attention in nuclear physics.[3,4,5,] The Woods-Saxon 

potential plays an essential role in microscopic physics, since it can be used to describe the 

interaction of a nucleon with the heavy nucleus.[6] 

 

Methods 

The Woods-Saxon potential can be introduce by the following relation 







 






a

Rr

e

V
rV

1

)( 0                                                                                                                    (1) 

Where V0 (having dimension of energy) represents the potential well depth, a is a length 

representing the "surface thickness" of the nucleus, and R = r0A
1 / 3

 is the nuclear radius 

where 0r = 1.25 fm and A is the mass number. 

The time- independent Schrödinger equation Ĥ E   is therefore 
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Since the system is spherically symmetrical, it is most convenient to use spherical polar 

coordinates, which are related to Cartesian coordinates. When the Laplacian operator 2  is 

converted to polar coordinates, the Schrödinger equation takes the form  
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This partial differential equation may be separated into three ordinary differential equation, in 

each of which we have only one of the variables r,  , and  . To do this we write the wave 

function , which is a function of r,  , and  , as the product of three function ( )R r , ( ) , 

and ( ) : 

( , , ) ( ) ( ) ( )r R r                                                                                                           (4) 

Substitution of this expression  
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Results and Discussion 

By the using of this method we obtain the eigenvalues of energy of the Schrödinger equation: 

 )()2()1(),(

)()(
2
1)

)(
)()(()1(),(

mnmnmnE

smn
sp

spsmnmnE



 






 
 

 

Conclusions 
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In this paper, we will exactly solve the time-independent Schrödinger equation for the 

spherical woods-Saxon potential with the zero angular momentum and we obtained the 

eigenvalues of the Woods Saxon potential. 
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Introduction  

Due to their small size, nanoparticles have distinct properties compared with the bulk form of 

the same materials. These properties are rapidly revolutionizing many areas of medicine and 

technology. Despite the remarkable speed of development of nanoscience, relatively little is 

known about the interaction of nanoscale objects with living systems. Although more and 

more nanomaterials are available, only a few kinds of NP have been used in biological 

studies. Silver NPs, which are easy to synthesize, have attracted our attention due to their 

quantum characteristics of small granule diameter and large specific surface area as well as 

their ability to quickly transfer photo induced electrons at the surfaces of colloidal particles 

[1] As an oxygen-transport protein, hemoglobin (Hb), which has a molecular weight (MW) of 

67 000, is often used as a model to study the structure and function of heme proteins.  Hb is a 

physiologically important globular protein [2-5]. The Hb molecule contains four globin chins, 

of which two are α-chains and two are β-chains [4–7]. To explore the influence of different 

nanoparticles on the conformational structure of BHb, in this study, we have explored the 

interaction of nanoparticles with Hb by biophysical methods, mainly fluorescence, UV 

spectroscopy, and CD spectroscopy. This study may provide valuable answers to the growing 

concern regarding the effects of nanoparticles on the changes of secondary and tertiary 

structures in Hb conformation. 

 

Methods  

The UV-Visible absorption spectra were measured with a Cary spectrophotometer, 100 Bio-

model, with jacketed cell holders. Spectral changes of 3 µM hemoglobin were monitored 
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after adding different concentration of iron oxide nanoparticles by recording the UV-Visible 

absorption (250-500 nm). All the experiments were run in phosphate buffer (0.1 M) at pH 7.0 

in a conventional quartz cell thermostated to maintain the temperature at 20 ± 0.1 °C. 

Intrinsic fluorescence intensity measurements were carried out using a Hitachi 

spectrofluorimeter, MPF-4 model, equipped with a thermostatically controlled 

cuvettecompartment. The working concentration of hemoglobin used was 3 µM so as to 

prevent quenching of Trp fluorescence by the neighboring heme group.  

 

Results and discussion  

In this work we will address the binding of Fe2O3, Cu and silver nanoparticles to 

Hemoglobin( Hb) and the effects of these particles on the structural and spectral properties of 

Hb, by UV-Visible, fluorescence and circular dichroism (CD) spectroscopic analyses. 

From UV/Vis and fluorescence spectroscopy results, it can be suggested that owing to the 

binding of Fe2O3 nanoparticle to Hb, minor conformational changes at the tertiary structure 

are induced and Fe2O3 nanoparticle cause to partially unfolding of Hb. The CD spectrum of 

Hb showed that its secondary structure did not change as well.  

The results of fluorescence spectroscopy and UV/Vis absorption spectroscopy indicated that 

the structure of the Trp residue environments was altered and the physiological functions of 

Hb were affected by silver nanoparticle.  

Our results suggest that silver nanoparticle leads to a partial unfolding of Hb. Moreover, CD 

spectra demonstrate that silver nanoparticle binding leads to alpha beta transition.    

cu nanoparticles induce hemoglobin to convert to hemichrome, which is confirmed by the 

peak position shifting from 405 to 410 nm, and by a new one appearing at 537 nm. we 

concluded that hemoglobin molecules absorbed on the Cu nanoparticle surface and the 

structure of the hemoglobin surface becomes loose, resulting in the decrease of α-helix 

content. Fe2O3 nanoparticle has not a major effects on the hemoglobin structure but the 

results show that silver and copper nanoparticles lead to unfolding of Hb. Hence, Fe2O3 

nanoparticles may inject into the blood for drug delivery and the other applications but sliver 

and copper naoparticles have molecular toxic effects and cause to unfolding proteins. 
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Introduction  

The purpose of this investigation is to estimate Franck –Condon factors (FCFs) of CN 

radical, and to compare the results with the experimental values to find the ability of 

Numerov algorithm. To this end, Hulbert-Hirschfelder potential energy function is used to 

solve Schrodinger nuclear equation by the means of Numerov algorithm. The calculation of 

FCFs is based on the usage of vibrational wave functions. 

 

Methods 

Within the Condon approximation, the intensity of a vibronic transition between two Born-

Oppenheimer vibronic states is proportional to the FCFs, which are defined as the square of 

the vibrational overlap integral dRvv 

  . The FCFs depend mainly on the shape and relative 

positions of the upper and lower potential curves. [1] In the absence of exact expressions for

v , one may use the eigenfunctions derived from the same approximate potential function. 

Therefore, the methods for calculating FCFs depend on the choice of approximate vibrational 

wave functions v .  

In this investigation, the Numerov method [2-3] is employed to solve nuclear Schrodinger 

equation for CN with five-parameter Hulbert-Hirschfelder empirical potential function [4] to 

obtain the vibrational energy levels and vibrational wave functions of CN to calculate FCFs. 

The results are compared with available experimental values.  

The FCFs have been evaluated by the reliable numerical integration procedure for the bands 

of  22
i system of astrophysical molecule CN.  
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Results and Discussion 

Our results are displayed in the following table. It is seen that the vibrational sum rule is 

roughly satisfied for v  and v  progressions in the case of  22
i transition of CN 

molecule. (0,1) and (1,0) bands are found to be equal in magnitude which indicates that the 

bands are of roughly comparable intensities. (0,0) band is the stronger one compare to others. 

FCFs for the  22
i transition of CN molecule 

 (4,2) and (5,0) bands FC factors are small in comparison with others and hence they may not 

be observed experimentally. Table also reveals that the bands involving 0v  with 2v

and those having 3v with 0v  have low intensities. The calculated FCFs agree quiet 

well with those obtained by McCallum et al. (1970), Sharp (1984), Melendez et al. (2002), 

and Reddy et al. (2003). 

 

Conclusion  

Our investigation shows that the Hulbert-Hirschfelder potential function accurately describes 

the vibrational states of CN and Numerov algorithm is a convenient method to estimate 

FCFs.  

 

),( vv   McCallum et 
al., 1970 [5] 

Sharp, 
1984 [6] 

Melendez et al., 
2002 [7] 

Reddy et 
al.2003 [8] 

The Estimated 
Values 

(0,0) 0.499 0.500 0.497 0.492 0.488 
(0,1) 0.371 0.374 0.369 0.372 0.366 
(0,2) 0.111 0.104 0.114 0.115 0.110 
(0,3) 0.017 0.015 0.018 0.019 0.014 
(1,0) 0.320 0.316 0.324 0.322 0.318 
(1,1) 0.045 0.047 0.046 0.041 0.043 
(1,2) 0.350 0.359 0.342 0.343 0.340 
(1,3) 0.223 0.221 0.224 0.225 0.223 
(2,0) 0.126 0.125 0.127 0.128 0.124 
(2,1) 0.240 0.236 0.246 0.238 0.236 
(2,2) 0.122 0.011 0.011 0.016 0.010 
(3,0) 0.039 0.041 0.038 0.041 0.040 
(3,1) 0.195 0.191 0.201 0.198 0.192 
(3,2) 0.099 0.097 0.105 0.105 0.101 
(4,0) – – – 0.011 0.009 
(4,1) – – – 0.094 0.091 

(4,2) – – – 0.002 0.001 

(5,0) – – – 0.003 0.003 

(5,1) – – – 0.072 0.070 
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Introduction : 

Serum albumin the most abundant protein in the blood circulatory system, plays an important 

role in the transport and deposition of a variety of endogenous and exogenous substances. 

Lomefloxacine(LMF) used to prevent urinary tract infections prior to surgery LMF is 

associated with phototoxicityand central nervous system advers effects. 

 

Methods :  

Fluorescence spectra was recorded by F-2500 Fluorescence Spectrophotometer (HITACHI 

Japan) and the widths of excitation and emission slit were set to 10 nm 

Result and discussion :  

By scanning both the excitation and emission monochromator of a common 

spectrofluorometer with ∆λ= 0 nm, a resonance light scanning spectrum can be developed, 

which has been proved to be able to investigate the aggregation of small molecules and the 

long-range assembly and RLS technique is available to provide some insight into the process 

responsible for the formation of the complex,which is shown in Fig. 2. It can be seen that 

RLS intensityis obviously enhanced when Heme is added into HSA-LMF system, indicating 

the formation of the HSA-LMF-Heme ternary complex in the system[1].  
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When the (∆λ) between excitation wavelength and emission wavelength were set 60 nm, 

synchronous fluorescence indicates characteristic information ofTrp residues [2]. The shift of 

the λmax together with the fluorescence quenching of HSA implies the alteration of polarity 

microenvironment around Trp residues, and accordingly binding state of ligands in the 

protein can be deduced[2]. The spectra of Fig. 2 showed visible red shift with increasing of 

LMF and Heme, . The results suggested that LMF and Heme located in the vicinity of Trp 

residues and binding of LMF and Heme increased polarity of microenvironment around Trp 

residues. But binding of Heme increased the polarity more dramatically than binding of LMF 

and in prescence of Heme quenching and red shift was more evident than that of LMF, which 

could indicate that Heme was more close to Trp . 

 

 

Fig1.RLS spectra of HAS-LMFin presence of Heme.          Fig. 2. Synchronous flurescence of HSA-LMF in the          
                                                                                                presence of Heme 
  

 

Conclusion:  

Under the determination conditions, the resonance light scattering spectra of HAS-LMF-

Heme are tested and understand  When Heme is added to HSA-LMF, the resonance light 

scattering intensity of the system increases in result  of formation compelex [1].  By 

synchronize  Flourescence , binding of the LMF and Heme toHSA had been investigated . 

The evident bindings of LMF and Heme to HSAwere resulted red shift , but , binding of 

Heme to HSA increased more drasticallypolarity of microenvironment around Trp residues 

than that of LMF [2]. 

 

Refrence : 
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Introduction 

Since 1980 there has been much interest in the alkali hydrides so as nearly all of the 

experimental advances occurred since then. Because an ionic-covalent avoided crossing 

between the ܺଵΣା and ܣଵΣା state potential energy curves is common to all the alkali 

hydrides, the behavior of each excited electronic state A is quite anomalous. The typical A 

state potential curve is flat-bottomed and highly anharmonic; the anharmonicity constant ߱ݔ is negative and the vibrational energy levels initially become more rather than less 

widely separated with increasing ݒ. The shape of the ground electronic state ܺ potential curve 

is also influenced by this ionic-covalent avoided crossing interaction. 

For the four alkali hydride, NaH, KH, RbH, and CsH, spectroscopic constants and 

accurate RKR potential energy curves (typically [ܩሺݒ)  ܻ] values to  0.01cmିଵ and ܴ௩േ 

values to  0.001A°) for ܺଵΣା and ܣଵΣା states have been determined [1]. 

The nuclear Schrödinger equation is practical to establish characteristics of the 

diatomic molecules; however, this equation is not solvable for the four alkali hydrides, NaH, 

KH, RbH, and CsH, analytically. This work indicates that DVR method is employed to solve 

nuclear Schrödinger equation with various empirical potential functions such as, Hulbert-

Hirschfelder, Levine, Lippincott, Rydberg,Varshni (III), and Varshni (VI). It results in 

calculated vibrational energies, which the first-six lower levels for NaH molecule are shown 

in the following table. Consequences are compared with the experimental energies which 

have been obtained by RKR energy potential curves. 
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DVR method 

Discrete variable representation (DVR) is a representation in which coordinate 

operators are assumed diagonal and are approximated by their values at the DVR point. 

DVR’s are highly advantageous to solve the nuclear Schrödinger equation in order to obtain 

vibration-rotation energies. They greatly simplify the evaluation of the Hamiltonian matrix: 

kinetic energy matrix elements are calculated simply, and potential matrix elements are 

merely the value of the potential at the DVR points. The standard DVR’s are defined in terms 

of classical orthogonal polynomials, weight functions, and their related Gaussian quadratures 

[2,3]. The approximations in these DVR’s are related directly to the approximations of the 

Gaussian quadratures associated with the polynomials used [4].  

 

Results and discussion 

The calculated vibrational energy levels of NaH molecule along with some empirical 

potential functions which are used to solve the nuclear Schrödinger equation are shown in the 

following table. It is obvious that Varshni (III) potential function has the least error value 

among the other functions, so it accurately describes NaH. Moreover, the outcomes which 

were obtained by using Varshni (VI), Lippincott and Levine functions show good agreement 

with experimental vibrational energies of NaH. Regarding the other three alkali hydrides, 

Lippincott, Levine and Varshni (VI) potential functions respectively for KH, RbH and CsH 

molecules are in the best agreement with their empirical vibrational energies. 
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Table- Energy values using empirical potential functions for the ground electronic state of NaH molecule 
 (ିܕ܋)

Mean absolute 
deviation (%) 

E5 E4 E3 E2 E1 E0 
Vibrational Energy 

Levels  

0 5872.6067 4887.9646 3866.9889 2809.2263 1714.1155 581.0138 
Experimental energies 

(cmିଵ) 

0.186 5844.81559 4872.81216 3860.06156 2807.00439 1714.04648 581.55783 
Hulbert-

Hirschfelder 

C
al

cu
la

te
d 

en
er

gi
es

 u
si

ng
 e

m
pi

ri
ca

l 
po

te
nt

ia
l f

un
ct

io
ns

 (
cmିଵ ) 0.056 5867.11311 4887.23629 3868.47142 2811.12301 1715.44931 581.66579 Levine 

0.024 5883.44441 4897.71017 3873.78987 2812.21713 1713.48658 578.05826 Lippincott 

0.21 5838.78703 4868.19387 3856.80712 2804.92439 1712.82614 580.77721 Rydberg 

0.003 5877.01369 4894.07271 3872.72775 2813.35033 1716.26313 581.74391 
Varshni 

(III) 

0.008 5877.83151 4894.83329 3872.97920 2812.85735 1715.01860 579.97983 
Varshni 

(VI) 

 

Conclusion 

Generally the comparison of the results of the table implies that DVR-based 

estimation to solve the nuclear Schrödinger equation for diatomic molecules such as alkali 

hydrides depends on the potential function as well as the employed method. In addition, well 

defined representation, simplicity, and accuracy are the most advantages of the DVR method.  
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Introduction: 

Human holo-transferrin(HTf) as a kind of Carrier protein is in the human blood plasma, 

widely known as an iron-binding protein [1], however the drugs can be bound to HTf with a 

good affinity. This binding interaction results in a non-covalent protein-drug complex 

formation. In this study the interaction between lomefloxacin (LMF) and HTf in the presence 

and absence of heme molecule at the physiological condition (pH=7.4) has been investigated 

by fluorescence spectroscopy and Resonance Rayleigh Scattering (RRS) techniques. LMF is 

a fluoroquinolone with effective broad-spectrum antimicrobial activity. The clinic therapy 

and adverse effect of the drug has a good relationship to the concentration of the protein-drug 

complex, so the study for binding phenomena from different view will be important for 

interpretation of the metabolism and transported process [2,3]. The examinations also 

indicated the effect of heme molecule in the HTF-LMF interaction. 

 

Methods: 

The fluorescence measurements were performed with a F-2500 spectrofluorimeter (Hitachi, 

Japan). Excitation and emission bandwidths were both set at 10 nm. pH meter Metrohm 

model. All experiments were carried out at room temperature. 
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Result and Discussion: 

 Fluorescence spectrum of HTf in the presence of LMF and Heme molecule clearly shown 

that both LMF and Heme act as a quencher and with the increasing concentration of them, the 

red shift occurred in fluorescence spectrum which indicated the more polar environment. 

Fig1 shows Fluorescence emission specta for HTf,LMF in the presence of heme at 280 nm 

excitation wavelength. The Stern-Volmer plot is linear, indicating that only one type of 

quenching prosses occurs,either static or dynamic quenching [4].The result of comparing the  

kq in this experiment and kq polymer,shows that we have the static quenching in our 

experiment. [kq(exp)=6.2287*1012, kq(polymer)=1010]. Fig 2 shows the increase of RRS 

intensity with the increase of Heme concentration in ternary system of HTf-LMF and Heme. 

 

Fig.1. Fluorescense spectra of HTf-LMF-Heme.                                    Fig. 2. RRS spectra of HTf-LMF-Heme. 

 

Conclusion: 

The compare of the Stern-Volmer constant of HTf-LMF, HTf-Heme and HTf-LMF-Heme 

systems, shows a competitive intraction between LMF and Heme with HTf. The RRS 

intensity was well proportional to the concentration of LMF that shown the form of HTf-

LMF complex and increase the size of molecule and probability precipitation of the protein. 

In addition, RRS technique determined the critical aggregation concentration of LMF that 

inducing HTf aggregation. 
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Introduction  

The position of the keto-enol equilibrium and intramolecular hydrogen bond (IHB) 

strength in β-dicarbonyl compounds differ according to the electronic characteristics of the 

substituents, temperature and nature of the solvents [1]. 2-bromo-1,3-diphenylpropane-1,3-

dione, which is  also known as α-bromo-dibenzoylmethane, BrDBM, can be considered as 

representative example of a symmetric β-dicarbonyl. Since the DFT calculations and 

vibrational spectroscopy are highly sensitive methods to theoretically and experimentally 

examine the IHB strength, in addition to conformational analysis, we used these data as the 

empirical witness to study the conformations and IHB properties of BrDBM molecule. The 

obtained results then compare with those of dibenzoylmethane (DBM).       

 

Experimental and method of analysis  

BrDBM was purchased from Aldrich chemical company. The H1-NMR spectra were 

obtained on a FTNMR Brucker at 100 MHz frequency using solution in CDCl3 at 22°C. The 

FT-Infrared spectra were obtained by a Bomem MB-154 Fourier Transform 

Spectrophotometer. The spectra were considered in the solid and CCl4 solution at room 

temperature. All calculations were performed using Gaussian 03W package program.  

 

Results and Discussion  

The structures and relative stabilities of all enol and keto forms of BrDBM, calculated at 

B3LYP/6-31G** level, and its atom numbering scheme are shown in Fig.1. For comparison, 
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the structures of enol and keto forms of DBM and their relative stabilities (in comparison to 

the most stable form of itself), calculated at the same level as BDBM, are also presented in 

Fig. 1. The cis-enol forms are designated as I and their corresponding trans-enol conformers 

are designated as II. Among 8 enol forms for each of DBM and BrDBM, only one (i.e. E1(I)) 

is engaged in a six-membered ring IHB system. Comparison between relative energies of 

BrDBM tautomers, clearly shows that its keto form (K3) is more stable than E1(I) cis-enol 

form, while for DBM the cis-enol form is the most stable. This is a good theoretical reason 

for more content of keto forms in BrDBM (100℅), compared to that in DBM (0℅), in CCl4 

solution, which are also concluded experimentally by 1H-NMR and IR spectroscopy. We 

recently explained the relation of conformational relative stabilities and the keto and enol 

contents of β-dicarbonyls 2,2,6,6-tetramethyl-3,5-heptanedione, 5,5-Dimethyl-2,4-

hexanedione, and Acetylacetone [1]. The H1-NMR spectrum of BrDBM shows no band for 

enolic proton, while DBM spectrum shows a broad band at 16.8 ppm which is assigned to 

δOH proton chemical shift [2]. The IR vibrational spectroscopic study, also, confirm that 

BrDBM is completely in the keto form, while DBM is completely in the enol form. The IR 

spectrum of solid BrDBM shows two strong bands at 1700 and 1675 cm-1, for two C=O 

stretching associated to keto forms, which are absent in the DBM solid spectrum. On the 

other hand, the IR band at about 1540 cm-1 of DBM spectrum (attributed to combined 

stretching of C=O and C=C bonds in the enol forms) is not observed for BrDBM. The IR 

spectra of BDBM and DBM in the region of 1750-1400 cm-1 are compared in Fig. 2. The 

fully optimized geometrical parameters of cis-enol E1 conformer for BrDBM and DBM 

calculated at the B3LYP/6-311++G** level, are given in Table 1. In a theoretical point of 

view, substitution of Br in α position of DBM decreases the O···O and O···H distances. 

Therefore the IHB strength in enol form of BrDBM seems to be more than that in DBM. In 

dihedral angle point of view, since the phenyl groups of DBM are nearer to be co-planar with 

the chelated ring (see Table 1), the IHB of DBM is more resonance assisted. Also, another 

interesting point is the difference between mentioned dihedral angles for keto and enol forms 

of BrDBM, which are 2.5 and 34.6 degrees (averaged values, calculated at B3LYP/6-31G** 

level). So, the conformational stabilization through resonance between double bonds of 

chelated ring and the phenyl group (which is impossible for the enol form of BrDBM) is very 
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proper for DBM keto form. This is why the keto form of BrDBM is more stable than the enol 

form. 

 

Conclusion   

The computational analysis and the experimental NMR and IR studies indicate that 

BrDBM, in the solid and solution phases, is completely in the keto form. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1: The atom numbering system, possible enol and keto tautomers of 

BrDBM (A) and DBM (B), and their relative stabilities (in kcal/mol), 

calculated at the B3LYP/6-31G** level. US; unstable. 
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Table1. Geometrical parameters of BrDBM and DBM 
calculated at the B3LYP/6-311++G** level. 

BDBMDBM 
bond  

distance (Å) 

2.470 2.502 O···O 

1.011 1.010 O–H 

1.251 1.254 C=O 

1.387 1.378 C=C 

1.326 1.326 C–O 

 

Fig 2: The IR spectra of DBM (···) and BrDBM (–) in neat liquid in 

the 1750- 1400 cm-1 region. 
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Introduction 

Ion mobility spectrometry (IMS) is a useful tool for detection of trace species, including 

industrial pollutants, narcotics, and explosives [1-2]. The detailed understanding of the origin 

of a signal relies on an understanding of the ion-molecule chemistry occurring, as well as the 

transport of the ions through the drift gas. Interactions between the closed-shell halide anions 

and the rare gas atoms are among the best-studied prototypes for understanding the details of 

ion-neutral forces [3-5]. In this work, the experimental measurements and theoretical 

calculations of the ion mobility coefficients of halide ions in noble gases are extended in a 

manner that allows comparison of theoretical and experimental mobility to serve the accuracy 

of ab initio potential data used in the calculations. The feasibility of these procedures is 

demonstrated with application of Cl- halide ion in He noble gas. 

  

Method  

1. Experimental details 

The IMS apparatus with the continuous corona discharge as ionization source has been 

used [6]. The chloroform that was used in this experiment had of purity about 99.9% and 

were obtained from Merck. The drift and carrier gases that were used in this work were 

helium. The temperature was changed from 270C to 1000C and the electric field from 

62.5V.cm-1 to 312.5 V.cm-1. 

2. Theoretical details 
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We calculated the Cl-…He potential energy curve at the CCSD (T)/aug-cc-pvqz high 

level of theory using the Gaussian 98 package. Program PC is designed to work with uses a 

spline fit of the tabulated potentials for atomic   ion- atom systems, where it varies as the 

inverse fourth power and to calculate transport cross sections, Fig 1. The cross sections were 

calculated from potential energy and then were used in program GC (Gram-Charlier 

approach) to compute the transport coefficients for the ion mobility coefficients to an 

electrostatic field. 

 

Result and Discussion 

The effects of temperature and electric field on mobility of Cl- were investigated. As it is 

shown in Fig. 2 reduced mobility has positive temperature dependence, the reduced mobility 

in helium increases as the temperature is raised. In fact ions cluster with the water or other 

contaminant contained in the drift gas. As the temperature increases the clusters break down 

and cross-section and reduced mass decrease so, reduced ion mobility increases. The 

calculation results show a good agreement with experimental data of reduced ion mobility. In 

this work the maximum electric field was 312.5 V.cm-1.  

 

 

 

 

 

Figure (2):The ion mobility spectra of Cl- in helium drif gas

 at 218.75 V.cm-1 and different temperatures
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Conclusion 

The effect of temperature and electric field has been studied on mobility of Cl- in noble gases. 

The reduced ion mobility was measured from experimental drift time. Also it was calculated 

from potential energy between ions and drift gases. The calculated ion mobility has a good 

agreement with experimental data. 
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Introduction 

Structure 4-methoxyphenyl acetone is synthesized experimentally in the laboratory. This 

structure has C10H12O2 empirical formula and 3 group is identified for that a)methoxy group  

b)aromatic ring  c) functional group keton. This structure are important material of 

industry[1]. 

 

Calculation method 
1H-NMR spectrum is obtained with 300 MHZ devicied and 13C-NMR spectrum is obtained 

with 75 MHZ device using CDCl3 solvent.  

Also infrared spectrum is obtained using neat specimen (without solvent) on KBr salt plates. 

We used computer 4 pentum with intel core2duo 2.26 Ghz processor for Ab initio calculation 

and primary structure was draw using chemoffice 2010 software and the final optimization 

was performed using Gaussian software by B3LYP/6-311++G** method[2]. Also we used 

NMR-GIAO keyword for calculation spectrum NMR with theoretical method. 
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Result and discussion  

The results a comparison between two theoretical and experimental methods which is 

reported following table. 

 

 

 

Conclusion 

IR , 13C-NMR and 1H-NMR spectrums structure 4-methoxyphenyl acetone were obtained 

using quantum mechanic methods and it has compared with experimental spectrum which 

results showed that index of hydrogen deficiency for this structure is 5 and the obtained 

spectrum confirm the existence of aromatic ring. In infrared spectrum , the most important 

peaks are out of structure branch in 835 cm-1 and carbonyl group in 1711 cm-1 area. Even 

though we have 10 carbon but 13C-NMR shows 8 peaks and the 4 peaks of 114 ppm , 130 

ppm , 120 ppm and 159 ppm are showing an aromatic ring with para branch and also keton 

group shows off in 207 ppm which nuclear overhauser enhancement effect cause enlarging 

Results Infrared Spectrum (IR) 
Method Experimental B3lyp/6-311++g** 

Assignment Important 
mode  nos 

Intensity 
Wave number 

(cm-1) 
Intensity 

Wave number 
(cm-1) 

1 69.12 835 34.098 851.706 υ p-chain 
2 78.03 1020 57.690 1061.85 υ C-O 
3 62.50 1230 3.3810 1229.46 υ C-O 
4 89.34 1275 98.741 1272.75 υ C-C 
5 90.21 1490 36.596 1504.77 υ C=C 
6 75.12 1610 54.874 1655.13 υ C=C 
7 88.93 1711 83.089 1791.84 υ C=O 
8 55.62 3000 33.240 2999.29 υ C-H 
9 55.24 3080 59.547 3059.16 υ C-H

Results 13C-NMR Spectrum 
Method Experimental B3lyp/6-311++g** 

Kind 
atoms 

Chemical 
Shifts(ppm) 

Chemical 
Shifts(ppm) 

C1 130.2 126.732 
C2 114.4 114.383 
C3 28.30 26.9502 
C5 51.60 51.3463 
C6 130.7 121.260
C9 114.0 112.927 
C11 126.9 131.177 
C12 123.3 128.281 
C16 207.1 227.351 
C21 159.2 152.900 

Results 1H-NMR Spectrum 
Method Experimental B3lyp/6-311++g** 

Kind 
atoms 

Chemical 
Shifts(ppm) 

Chemical 
Shifts(ppm) 

H4 6.80 6.7824 
H7 6.80 6.5691 
H10 7.20 7.3273 
H13 7.20 7.0242 
H14 3.60 3.4387 
H15 3.60 3.3155 
H17 3.80 3.3626 
H18 3.80 3.3743 
H19 3.80 2.9545 
H22 2.10 2.6677 
H23 2.10 2.8483 
H24 2.10 3.0969 
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some of the peak. 1H-NMR shows field part above the spectrum has some H with 3:2:3 

integrals and shows that the neighbor doesn’t have any protons and CH3 of low field in 3.3 

ppm near to oxygen shows methoxy group.      
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Abstract 

Non-locality in quantum theory is implied into the global form of the wave function. In 

addition to manifesting itself through the well-known Bell's inequalities, non-locality also 

effects on the properties of condensed systems such as superconductors and superfluids. The 

aim of this article is to point out the significance of non-locality in quantum systems. 

 

Keywords: Non-locality, Bell’s inequality, Entangled State, Many-particle Quantum System 

 

Introduction 

The predictions of quantum theory often seem to contradict the intuitive, and apparently 

reasonable, assumptions about how the world should behave as described by classical theory. 

The principle of locality is one of the classical concepts that seems to fails at quantum level. 

Locality states that an object is influenced directly only by its immediate surroundings. So 

it’s often stated that quantum mechanics is non-local. John S. Bell was the first who 

uncovered the inconsistency between the predictions of quantum mechanics and locality [1]. 

Now, Bell’s demonstration is called Bell’s theorem. On the other hand, Chemists adopted the 

notion of delocalized wave functions of electrons, e.g., in the description of molecular bonds. 

However, the relevance of quantum mechanics to chemistry goes far beyond this. The 

significance of non-locality on the macromolecular scale was already demonstrated in a 

diffraction experiment with fullerene ( 60C ) molecules [2]. The non-local aspect of quantum 

theory is also connected to the global form of the wave function. In classical theory, it is 

generally possible to decompose the system’s description into that of various spatially 

separate subsystems in interaction. In quantum theory, however, the wave function is not 

spatially separable into that of product of subsystems, and so the special form of the wave 
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function plays a significant role. It is, to a good approximation, possible to treat a system of, 

for example, two protons and four electrons, as being reducible to a description of two helium 

atoms with a weak interaction between them. However, a collection of helium atoms can act 

in a noticeably different way, as a single coherent state, has been realized in superfluid. The 

nature of these coherent states is reflected in the non-local character of very special forms of 

their wave functions. In this article, we explore the connection between these two aspects of 

non-locality.  

 

Discussion 

First, we state an extensive disposition of Bell’s theorem. All versions of Bell’s theorem are 

usually generalizations of the original version published by Bell in 1964 [1]. The general 

framework of all of them is to consider an ensemble of pairs of particles prepared as an 

entangled state, so that statistical correlations may be expected between outcomes of 

experiments performed on the particles of each pair. Each pair in the ensemble is 

characterized by the same entangled state. For such an ensemble, the quantum mechanical 

predictions for correlations of the outcomes can be calculated. On the other hand, if it is 

assumed that the statistical character of the pairs is regulated by a theory which satisfies by 

certain Special Relativity based independence conditions, then it is possible to derive a 

constraint upon the statistical correlations of the outcomes of experiments. The constraint is 

stated as an inequality known as “Bell’s Inequality”. The quantum mechanical predictions 

violate Bell’s Inequality. Experiments performed on the pairs confirm predictions of quantum 

mechanics and therefore reject Bell’s Inequality. 

The polarization of photons can be used to produce entangled particles. These photon pairs 

can be produced by 2 1 1 2 1
0 1 04 ( ) 4 4 ( ) 4 ( )p S p s P s S   cascade in Calcium (Fig. 1). 

Likewise, the spin of massive particles can be used to produce entangled particles. For 

massive particles, spin singlet entangled state can be written as: 

1
( )

2
                                                              (1) 

where   and   are eignstates of zS correspond to eignvalues / 2  and / 2 , 

respectively.  
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Fig. 1 

Many experiments of Bell’s inequality have been performed mostly by examining the 

correlation of linear polarization of photon pairs. In all these experiments, the analyzers are 

separated by such distances that no obvious mechanism would exist whereby locality 

condition would be violated. All experiments have violated Bell’s inequality but were in good 

agreement with the predictions of quantum mechanics (e.g., [3]). These experiments 

constitute a spectacular demonstration that there is some non-locality in the physical world. 

 

Conclusion 

The global characteristics of the wave function are a feature unique to quantum theory. 

Information enfolded within the form of the wave function plays an important role in both the 

sort of non-local correlations discussed in Bell’s inequalities and in the detailed behavior of 

condensed and coherent systems such as superconductors and superfluids. In fact, because of 

the non-separability of the general N-electron wave functions, the motion of each electron is 

related to the whole, not simply through a physical force but through non-local correlations. 

And so the fine details of the physical interactions between electrons is experienced within 

the whole system.  
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Introduction 

The interaction of anti-cancer drugs with blood constituents, particularly with serum albumin 

may have a major influence on drug pharmacology and efficacy [1]. Human Serum albumin 

(66.5 kDa), is a monomeric protein comprising 585 amino acids. Cyclophosphamide is an 

anti-cancer chemotherapy drug that used for the treatment of several types of cancers. 

Fluoxymesterone is an anabolic steroid with strong androgenic properties that has been used 

in the treatment of breast neoplasms in women. Synchronous fluorescence spectroscopy 

provided narrow and sharp spectrum[3].The determination of protein using RLS technique 

mostly is based on the enhancement of RLS intensity, which attribute to the new complex 

formation [4].The aim of the present work was to determine the interaction of two anti-cancer 

drugs, Cyclophosphamide and Fluoxymesterone with HSA, as well as to evaluate the 

competition between the binding of one drug in the presence and absence of the other using 

the synchronous fluorescence spectroscopy and resonance light scattering methods.  

 

Methods           

  

The fluorescence spectra and measurements were recorded using a Hitachi F-2500 

spectrofluorometer. The synchronous fluorescence scan spectra were measured at Δλ=60 and 

15 nm. The RLS spectra were recorded by simultaneously scanning excitation and emission 

wavelengths (Δλ=0).  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
2259

0

2000

4000

6000

8000

220 240 260 280 300 320

Wavelength / nm

F
lu
o
re
sc
e
n
ce
 In
te
n
si
ty

2.5 × 10-8 mM

0

Results and discussion 

1. Characteristics of RLS spectra 

At physiological conditions (pH=7.4), the RLS spectra of protein-Fluoxymesterone system 

were recorded using from 220 to 600 nm with Δλ=0. The results are shown in fig1. The RLS 

intensities for only protein are very week and the coexistence of protein and a certain 

concentration of drug can lead to the enhancement of RLS intensity and the appearance of a 

new spectrum. According to this results and previous studies are concluded that the drug 

induced aggregation of protein leads to the enhancement of RLS intensity. 

 

Figure 1. Effect of concentration of Flu on the intensity of RLS 

2. Synchronous spectra 

The effect of fluoxymesterone on the HSA synchronous fluorescence spectroscopy is shown 

in fig.2. It is apparent from fig.2 increasing concentration of the drug led to a dramatic 

decreased in the fluorescence.  

 

 

 

 

Figure 2. Synchronous fluorescence spectra of flu in the presence of various concentration of Flu .Δλ=60. Inset: 

Δλ=15. 

Synchronous fluorescence spectra of Flu-HSA and Cyc-HSA-Flu in the various 

concentrations of Flu at room temperature were recorded in Δλ=60 nm and are displayed in 

Fig. 3. The peak intensity gradually decreased with increasing amounts of the Flu. It can be 
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noted that a complex was formed between the drugs and HSA. Furthermore Fig.3 has shown 

that Cyclophosphamide bound to HSA distinctly modifies the strong binding sites of 

fluoxymesterone. 

 

 

 

 

 

Figure 3. Synchrounous fluorescence changes in Δλ=60. ◊: binary system (HSA-FLU), ♦:Ternary system 

(HSA-CYC)FLU 

 

Conclusion 

The present work has explored the interaction and competitive binding of drugs with HSA 

through various spectroscopic techniques. Results presented in this paper indicate that 

fluoxymesterone binding to human serum albumin causes  conformational changes. The 

partial blocking of specific binding sites in HSA molecule may have significant influence on 

drug availability thus leading to increased efficacy of multidrug therapy. 
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Introduction 

       Usually recognizing of isomeric compounds from each other is difficult and needs 

special and expensive laboratory devices [1, 2]. Ion mobility spectrometry (IMS) permits the 

rapid and simple determination of these compounds. This instrument works at atmospheric 

pressure therefore the experiments are done very simple with this method in compare with 

other instruments such as mass spectrometry. The aim of this work is identification of some 

benzene substituted isomers by ion mobility spectrometry and investigation the temperature 

and the electric field effects on ion mobility spectra of these compounds in order to find the 

optimum condition for identification of them from each other by ion mobility spectrometry.  
 

Experimental  

The IMS apparatus with the continuous corona discharge as ionization source has been 

used [3, 4]. Corona discharge source is constructed from a stainless steel needle and an 

aluminum ring in front of it. The IMS cell has been made from 16 aluminum rings that were 

separated from each other by non-conductive Teflon sheets. The aluminum rings are 

connected to each other by a series of resistors in order to form a uniform electric field. The 

isomeric compounds that were investigated in this research are 2-nitro benzaldehyde, 3-nitro 

benzaldehyde, 4-nitro benzaldehyde, 2-nitro benzylalcohol, 3-nitro benzylalcohol, 4-nitro 

benzylalcohol, 1-choloro 2-nitro benzene, 1-choloro 3-nitro benzene, 1-choloro 4-nitro 

benzene. These materials had a purity of about 99% and were obtained from Fluka and Merck 

companies. The drift and carrier gas that was used in this work were Nitrogen. The 

temperature was changed from 25°C to 225°C and the electric field from 62.5V.cm-1 to 500 

V.cm-1. The follow rates of carrier and drift gas were 300 and 600 ml/min respectively. 
 

 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
2263

Result and Discussion 

     Ion mobility is influenced by the molecular mass of analyt (M) and their collision cross-

section in addition to the operational parameters such as temperature, drift gas composition 

and electric field. The collision cross-section (ΩD) includes structural parameters (physical 

size and shape) and the resultant electronic factors describing the ion-neutral interaction 

forces. Therefore, ions with different mass and/or structure attain different drift velocities, 

providing a basis for the separation of ions in IMS analyzers. We investigated and compared 

isomeric compounds, that they have an identical molecular weight but different structures 

therefore it enables the mass effects to be ruled out and allows the structural effects to be 

examined. It is expected these processes lead to differences in the ion mobility spectra of 

different isomeric compounds. These differences can be caused either by various processes of 

ion formation at atmospheric pressure or during the motion of ions formed through the drift 

tube, due to the differences in interaction between drift gas molecules and ions.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Our studies 

on these substances using conventional IMS with corona discharge ionization source have 

provided differences in ion formation of isomeric compounds depending on their structure. 

The effects of temperature and electric field on mobility spectra of these isomeric compounds 

also were investigated.  
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Figure 1: Ion mobility spectra of benzene substituted isomers at 125 oC and E= 437.5 Vcm-1 in N2 
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Figure 1 shows the ion mobility spectra of benzene substituted isomers that were studied in 

this research at 125 oC and 437.5 V.cm-1 in N2. It shows that the ion mobility spectra of nitro 

benzaldehyde and nito benzylalcohol isomers have different ion pattern that related to 

different ion products with different reduced mobility (K0). The chloro nitro benzene isomers 

have the same ion pattern but different reduced mobility that is probably related to different 

collision cross-section of ion-neutral molecules because of different physical size and shape 

of products. The effect of changing temperature in some isomers caused the production of 

different ions (figure 2) but increasing of the electric field only caused the increase of 

intensity and decrease of resolution. Therefore we chose 437.5 V.cm-1 as the optimum 

electric field. 

Conclusion 

 In this research ion mobility spectrometer with corona discharge ionization source was 

applied for detection of several benzene substituted isomers at atmospheric pressure. The 

result showed the isomeric compounds had different ion mobility spectrum that arise from 
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different structure and different ion products. IMS can be introduced as a sensitive and 

selective method for identification of these compounds. 
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Introduction 

Binary compounds of Group III–Group V elements and composites based on them are 

extensively used in modern microelectronics as light emitting diodes and solar battery 

elements [1]. It was shown that composite materials may be in principle obtained by 

deposition of different group 13 and 15 precursors [2]. In this research, we have studied 

group 13-15 ternary composites on the needle shaped of heptamer clusters. We consider two 

groups; first group with preserving  nitrogen as  non-metal elements and two different group 

13 elements ;[H7MlM′KN7H7] {M,M′=B,Al,Ga},{(l,k)=(1,6),(2,5),(3,4)} and second group 

with gallium fixed in metal center and two different group 15 elements; 

 [H7Ga7YmY′nH7],{Y,Y′=N,P,As},{(m,n)=(1,6),(2,5),(3,4)}. The electronic properties and 

stability of these clusters have been studied. Indeed, we compare these ternary with binary 

compounds and investigate the effects of entering impurity in binary molecules. 

 

Computational Details 

The Calculations in this research have been performed by GAUSSIAN 03 [3] suite of 

program. The geometries of all compounds were optimized at the Becke’s three-parameter 

hybrid functional (B3) with the nonlocal correlation of Lee-Yang-Parr (LYP) level of theory 

and the 6-311+G* basis set. 

 

Results and discussion 

Theoretical studies of mixed cluster compounds that lead to ternary alloys have been carried 

out. General structures of the considered species are given in Figure 1. The energies of 

formation of such species from constituent mixture of monomers are calculated for the 

reactions (1) and (2), respectively. 
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   xሺHMNH)+y൫HM'NH൯→(H7MxM
'
yN7H7)                                                                         

(1) 

     xሺHGaYH)+y൫HGaY'H൯→(H7Ga7YxY
'
yH7)                                                                           

(2)  In Table 1 the results according to reaction (1) are presented. The difference between the 

highest occupied molecular orbital and the lowest unoccupied molecular orbital known as 

HOMO-LUMO gap have been calculated for mentioned clusters.HLG is defined by formula 

below: 

    HLG= EHOMO-ELUMO                                                                                                                                                              (3)        

As an example the HLG values for H7Ga7AsmMlH7 clusters are given in Figure 2.  

                                      

       (a) [HMYH]7               (b) [(HM)4(HM')3(YH)7]            (c) [(HM)5(HM′)2(HY)7]            (d)[(HM)6(HM′)(HY)7] 

Figure 1 General structures of heptamer clusters: (a) homonuclear [HMYH]7 heptamers; and mixed 
[(HM)x(HM')y(YH)7] clusters: (b) x = 4, y =3; (c) x =5, y =2; (d)x = 6, y =1. 
 

Table 1 Energy of formation (kcal mol-1) for clusters in reaction (1).  

 

 

 

 

molecules ΔΕ molecules ΔΕ 

H7B6AlN7H7 -349.87 H7Al6GaN7H7 -682.28 

H7B5Al2N7H7 -402.31 H7Al5Ga2N7H7 -657.60 

H7B4Al3N7H7 -459.59 H7Al4Ga3N7H7 -632.71 

H7B6GaN7H7 -327.86 H7Ga6BN7H7 -499.42 

H7B5Ga2N7H7 -356.26 H7Ga5B2N7H7 -465.49 

H7B4Ga3N7H7 -389.31 H7Ga4B3N7H7 -431.34 

H7Al6BN7H7 -645.26 H7Ga6AlN7H7 -561.74 

H7Al5B2N7H7 -583.68 H7Ga5Al2N7H7 -586.49 

H7Al4B3N7H7 -524.28 H7Ga4Al3N7H7 -611.26 
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Figure 2 The HLG (eV) vs. the number of arsenic atoms (m). 

Conclusion 

The results predict that producing clusters from monomers are favorable in all species. We 

conclude that for first series compounds (nitrogen containing clusters) the observed trend for 

the reaction energy in (H7MxM′YN7H7) compounds is:                                       M: Al>Ga>B 

The computed value of HLG for second series compounds lies within the expected values for 

semiconductors, especially for clusters containing more arsenic atoms. 
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Introduction 

Halogen bond is a non-covalent interaction in which the halogen atom act as an electron 

acceptor and interact with various organic and inorganic electron donors [1]. These electron 

donors should have an available pair (lonepair or π) of electrons, and the resulting halogen 

bonds are usually called n-type or π-type, according to the nature of electron donor. Most of 

the recent studies of halogen bonds have devoted to n-type electron donors, while π-types 

have less considered.      

Recently, distribution of Laplacian of the electron density has been used to study n-type 

halogen bonding interactions [2]. It has been shown that a halogen bond is an interaction 

between a region of charge depletion (hole) on the halogen atom and a region of charge 

concentration (lump) on an n-type electron donor. In the present work, Laplacian of electron 

density will be used to investigate π-type halogen bonds. Our focus will be on the properties 

of electron donor, i.e. the π-system.  

 

Methods 

Molecular geometries and their electronic wave functions were optimized at MP2/6-

311++G(d, p)6d and CCSD/6-311++G(d, p)6d levels using Gaussian 03 program. Bader’s 

Quantum Theory of Atoms in Molecules (QTAIM) [3] was used to analyze critical points in 

electron density and Laplacian fields. 

 

Result and Discussion 

In the present work π-type halogen bonds formed between Br2 and different derivatives of 

butadiene have been investigated. Figure 1a indicates the molecular graph (MG) of complex 

between butadiene and Br2. The MG indicates that, although Br2 is positioned above the C-C 
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bond, it is slightly closer to the first carbon and connected to it via a curved bond path. To 

gain a deeper understanding of the nature of this interaction the distribution of the Laplacian 

of electron density has been considered. As stated in the introduction, a halogen bond can be 

described as a lump-hole interaction. Topologically, a lump corresponds to a (3,-3) critical 

point in Laplacian field. In n-type halogen bonds the lump is a non-bonded maximum in the 

valence shell charge concentration (VSCC) of donor atom, but the situation is different for π-

type halogen bonds. Butadiene, for instance, does not have non-bonded maxima in the VSCC 

of its atoms, instead, it have several bonded maxima, as indicated in Fig 1b for a part of 

molecule. Therefore, it seems that in π-type halogen bonds, the interaction is between a hole 

in the VSCC of halogen atom and (two) bonded maxima at the C=C bond. Nevertheless, one 

question still remains; although the C-C single bond has also bonded maxima (Fig 1b), but 

why does not it participate in halogen bonding? Considering the QTAIM properties at these 

critical points reveal the differences between C=C and C-C bonds.  

 

Figure 1- a) The molecular graph of butadiene-Br2 complex. b) (3,-3) critical points (lumps) in Laplacian of 
electron density of butadiene.  

 

Conclusion 

Similar to n-type halogen bonds, π-types can also be described as a lump-hole interaction, but 

here the lumps are (3,-3) bonded maxima in double bonds. Although, C-C bond in butadiene 

has also two bonded maxima, but since the electron density at these critical points is low (in 

compare to maxima in C=C bond) it cannot act as an electron donor. In addition the 

differences between the potential energy density at the two bonded maxima of C=C, explain 

why the Br2 is slightly closer to the first carbon. 
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Introduction 

A molecule composed of n- atoms has 3n degrees of freedom. This leaves 3n-6 degrees of 

vibrational freedom (3n-5 if the molecule is linear). Vibrational modes are often given 

descriptive names, such as stretching, bending, scissoring, Rocking, and Twisting. 

Some computational methods, particularly ab initio techniques, produce detailed molecular 

information, but no thermodynamic information directly. In the present study, we calculates 

entropy and integrated heat capacity of cubane molecule 

Purpose of the research 

Calculation of the vibrational frequencies for furan molecule By HF/6-31G* and calculation 

of the Entropy for cubane molecule By B3LYP/CEP-31G*Method. 

Methods 

 The vibrational frequencies produced by ab initio programs are often multiplied by a scale 

factor (in the range of 0.8 to 1) to better match experimental vibrational frequencies 

In this study, the author, calculates molecular energy by B3LYP/CEP-31G* method, then 

molecular partition function Q is calculated, and finally by general relationships of statistical 

thermodynamic entropy and Integrated heat capacity is calculated 
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Results and discussion 

Table1: HF/6-31G* Data 

 calculation  Experimental 

Mode number symmetry frequency diff symmetry frequency comment 

1 A 2941 -21 A 2962  

2 A 2936 -5 A 2941  

3 A 2892 -21 A 2913  

4 A 2879 4 A 2875  

5 A 1523 35 A 1488  

6 A 1481 19 A 1462  

7 A 1401 36 A 1365  

8 A 1334 26 A 1308  

9 A 1241 14 A 1227  

10 A 1187 9 A 1178  

11 A 1156 14 A 1142  

12 A 1005 -24 A 1029  

13 A 919 -0 A 919  

14 A 888 -7 A 895  

15 A 825 -15 A 840  

16 A 652 -5 A 657  

17 A 235 -51 A 286  

18 B 2951 -21 B 2972  

19 B 2933 -1 B 2934  
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20 B 2894 -18 B 2912  

21 B 2875 17 B 2858  

22 B 1511 34 B 1477  

23 B 1469 19 B 1450  

24 B 1359 25 B 1334  

25 B 1309 17 B 1292  

26 B 1242 -2 B 1244  

27 B 1180 18 B 1162  

28 B 1134 64 B 1070  

29 B 943 -12 B 955  

30 B 885 -25 B 910  

31 B 861 -4 B 865  

32 B 562 -29 B 591  

33 B 61 -76 B 137  

Frequency in cm-1. The calculated vibrational frequencies were scaled by 0.8985. 
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Table 2 

 shows calculated values of entropy and Integrated heat Capacity for Cubane molecule by 

B3LYP/CEP-31G* method. Note that the vibrational frequencies were scaled by 0.9657 . 

 Entropy Integrated heat capacity Heat capacity

contribution JK-1 mol-1 KJ mol-1 JK-1 mol-1 

Translation 166.80 6.197 20.79 

Rotational 111.29 3.718 12.47 

Vibrational 21.70 5.122 68.88 

Electronic 0.00 0.000 0.00 

Total 299.79 15.038 102.14 

 

Conclusion 

In the present study the  vibrational frequencies obtained for furan, tetrahydro with HF 

methods  using the 6-31G*basis sets were compared.the agreement between the calculated 

and experimental, In this paper the author, calculates thermodynamic properties from 

microscopic data. In the present context, statistical thermodynamics is meant to include the 

methods used to convert molecular energy levels in to macroscopic properties. 
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Introduction 

          The potential energy of a set of atoms as a function of their relative positions is 

fundamental to all branches of chemistry. A  good deal of information  about the structure of 

molecule such as Re , De , ke ,αe ,ωexe  are summarizes in the  potential energy  function(PEF). 

A number of workers have introduced various PEF for diatomic molecules such as Morse in 

1923[1] till Norizadeh and Pourshams in 2004[2]. Examination of the function is done in two 

methods: comparing predicted spectroscopic constants with their known experimental value 

and fitting to experimental RKR data for evaluating goodness-of-fitting. There exist some 

relations between potential parameters and spectroscopic constants. Dunham [3] has shown 

relations between αe ,ωexe  and derivatives of a PEF and varshni [4] has introduced two 

dimensionless functions, F and G , which depends on αe  and ωexe .Because these parameters 

doesn’t depend on PEF and are dimensionless and related to other spectroscopic quantities , 

finding a relationship between them can guide us to an estimation of other spectroscopic 

constants and we got them without any experimental work and simply by calculation. 

We have introduced relation between F & G parameters for Simon 
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Result and discussion 

       While these parameters (F&G) are related to the derivatives of PEF ,for two mentioned 

function , we calculate derivatives up to forth degree in equilibrium bond length bye Maple 6 

software. We calculate values of F and G parameters from their frequently used relations that 

varshni introduced which are including derivatives of PEF.The obtained value of needed 

derivatives and F and G parameters are collected in Table 1. 
 

    As shown in Fig.1,study the change behavior of F&G and fitting their points with “Curve 

Expert” software  for the Noorizadeh-Pourshams function give us:        G=28.15 F1.43  

 

 

      We carry out this procedure for Simon function and readity get:            G=27.6 F1.52 

Table 1: Derivatives and F & G parameters of the Noorizadeh-Pourshams function 

 

 

Fig 1: G via F of the Noorizadeh-Pourshams function 
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Introduction 

During a collision between a thermal electron and an ionic core, the system can be assumed 

to be a quasi-atom with its outer electron in an extended orbit for a very short time, on the 

order of   10–15 s or shorter. The outcome of this collision is the simple scattering of electron 

which should, exchange energy and momentum with a third particle in order to remain in a 

bound state. Such a process is known as recombination [1] which has various types including 

radiative recombination [2], dielectronic recombination [2] and three-body recombination [1]. 

In particular, recombination experiment of electron-proton is carried out for the first time in 

1991 by Neumann [4]. No study has been reported so far on the evolution of the bound 

electron wavefunction. In this research, this phenomenon has been studied by solving time-

dependent Schrödinger equation (TDSE) numerically. 

 

Computational method 

The two-dimensional (2D) TDSE in Cartesian coordinate for the simulation of the evolution 

of free electron wavepacket (WP) into bound electron wavefunction around a proton, has the 

following form in atomic units (me=1, ћ=1, e=1) 
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The coulomb potential, CV , in the xy plane is given by      2
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0  


 eC qyyxxV  in 

which x0 and y0 are the positions of nucleus, x and y are coordinates of the WP center, and 
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eq  is the soft-core potential parameter that eliminates the singularity at nucleus. For a time-

independent potential CV  , the time evolution operator has an exponential form [5]. The 

general solution of Eq. (1) is given by ),,()ˆexp(),,( tyxtittyx   which calculated 

by using split-operator [5] and padé approximation [6] for an 11-points finite difference 

method. In this simulation, for the optimization of the parameters, a 2D box of 10 au×10 au 

size, with a step size of 0.02 au has been used. The time step is set to 0.2. 
 

Results, discussion and conclusion 

Free electron WP consists of a 2D gaussian WP. Nucleus is fixed at the center of the box. 

Electron moves towards the nucleus at 45º angle with respect to the x axis. Calculation is 

carried out in two conditions; with a stationary (a), and moving (b) initial WPs. Electron WP 

is evolved by time-propagator operator and then position of the evolved WP has been moved 

classically based on Verlet algorithm. For the case (b), analysis of the simulated electron 

density at various time-steps shows fast evolution of the WP and spreading of electron by the 

nucleus field. Snapshots of this simulation have been shown in Fig. 1. Furthermore, the same 

simulation is carried out for the corresponding 1D system, and the kinetic energy, potential 

energy and the position expectation values are demonstrated in Fig. 2. Initial δ-function WP 

is transformed to a superposition of hydrogen-like wavefunctions. Symmetry behavior of 

electron WP with respect to the collision direction is due to the head-on collision setup. 

Effects of the reflection from the box walls are observable in the course of WP evolution. In 

the 1D system, the <x> shows clearly the movement of electron WP corresponding to its time 

evolution. Simulation of the evolution of a 3D δ-WP around the proton and study of the 

contribution of laser field to it are underway in this research group. 

 

 

 

 

t = 0 au t = 0.2 au t = 0.6 au t = 3.8 au 
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Fig. 2:Expectation values  T (left), V (middle) and  x (right) during the evolution of a 1D electron 
δ-function wavepaket around a proton. 
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Fig. 1: Snapshots of the evolution of a standing (top) and moving (bottom) free electron δ-function wavepacket 
around the field of a proton. 

t = 0 au t = 0.2 au t = 0.6 au t = 3.8 au 
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Introduction 

1,3,2-Diazaphospholanes and 1,3,2-diazaphosphorinanes constitute a class of interesting 

mimetics of aminoacids, whose importance derives from their promising and diverse 

biological activity[1,2]. In fact, the vicinal diamino functionality is a significant structural 

unit that can cause molecules to be biologically active [3]. In this work, some new 

diazaphospholanes 1-4 with formula RPOX2, X2=1,2-diaminopropane, (R= p-

NH2SO2C6H4NH 1, R = p-NO2C6H4NH 2, R= C6H5CONH 3, R= p-NO2C6H4CONH 4) were 

synthesized and characterized by multinuclear 1H, 13C, 31P NMR and FTIR spectroscopy to 

investigate the effects of chirality and different substituents on the structures of 

diazaphospholanes. In addition, quantum chemical calculations were done using Gaussian 98 

program to describe the structures of four possible diastereomers of 1 including C1 (RR), C2 

(RS), C3 (SR), C4 (SS) and their corresponding enantiomeric mirror images C5 (SS), C6 

(SR), C7 (RS), C8 (RR). 

 

 

Method 

To a solution of corresponding phosphoramidic dichloride [4] in dry acetonitrile, 20 mmol of 

related diamine (propane-1,2-diamine) was added dropwise at about 0°C (in an ice bath) and 

the mixture stirred for 8 h. Then the precipitate was filtered and the resulting solution was 

evaporated to yield the product which was washed with distilled water and ethylacetate and 

dried. 
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Result and discussion 

Quantum mechanical calculations 

 In order to gain insight about the molecular structure and different conformations of the 

diazaphospholane 1, ab initio calculations were performed by Gaussian 98 software at 

B3LYP levels. Several conformations are feasible depending on the orientation of the methyl 

group about five-membered ring. The presence of chiral diamino groups in compounds 1-4 

produced various diastereomers, so that the 31P{1H} NMR spectra demonstrated two peaks 

with different ratios, respectively 

                     
Fiure .1The conformational analysis can be approached using NMR spectroscopy especially 31P{1H} NMR 

spectra. In addition, the computational methods predict that the most stable conformers of 1 are those 

bearing Me group in equatorial position, i.e. C1 (RR) and C3 (SR). 
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Introduction 

Optogalvanic (OG) spectroscopy is an effective method and excellent tool for study of 

spices present in discharge media. In this technique, a pulsed laser beam, with wavelength in 

resonant with two electronic states of an atom, disturbs an existing discharge. As a 

consequence, the steady state populations of the electronic states are changed and a sudden 

rise or fall in the impedance of the discharge is observed. In practice, the wavelength is 

scanned over the transition while the change in the discharge current is recorded. This 

technique has a wide variety of uses such as wavelength calibration [1,2] as well as atomic 

and molecular spectroscopy [3]. The technique is though high resolution, we here report a 

method to further enhance the resolution by considering the time evolution of the 

optogalvanic signal as a second dimension. By this method, even two completely overlapped 

transitions may be separated. 

 
Fig.1. Typical shape of optogalvanic signals. 
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The Methods 

Typical OG signals are demonstrated in Fig 1. Following the laser shot, a sudden 

increase in the discharge current is observed which follows by a sharp exponential decay to 

negative part. Then the current smoothly reaches its initial value. The wavelength is simply 

scanned to obtain a series of different OG signals at each wavelength, i.e. a three dimensional 

plot. The integration of the signal over a certain range of time at each wavelength yields a 

peak which corresponds to the transition between two electronic states. Careful investigation 

of Fig.1-b, reveals that an additional feature is presents between 40 to 100 s range. The 

feature changes if the laser wavelength is scanned. This reveals that a second transition is 

contributing to this signal. The two transitions can be separated if the integration is made over 

different ranges of time. Fig.2. shows the integration for both traces a and b as a function of 

wavelength. 

 
Fig.2. Integration of optogalvanic signal over different range of time as a function of wavelength for traces a 

and b in Fig.1. 

As depicted, Fig.2-a shows only one peak at 630.58 nm but Fig.2-b which corresponds to the 

integration of trace b in Fig. 1, yields two opposite peaks with only 0.01 nm differences.  

 

Conclusion 

Optogalvanic spectroscopy of atoms is one of the best techniques in terms of resolution, 

which is often used for wavelength calibration. The line width could be as narrow as 0.025 

nm.  Using two dimensional optogalvanic spectroscopy, described in this work, it is possible 
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to further down to 0.01 nm resolution. Even, if two transitions are exactly coincident, they 

can be recognized if the have different behavior in time domain.  
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Introduction 

Ultraviolet photoionization of hypoxanthine, xanthine and caffeine were first separately 

studied by Lin et al. and Dougherty et al. using He I lamp as radiation source, [1,2]. Recently, 

Feyer et al, reported the valance photoemission spectra of hypoxanthine, xanthine and 

caffeine at 100 eV photon energy, using the synchrotron radiation [3]. To the best of our 

knowledge, there is no high level theoretical calculation considering the electron correlations 

on the excitation and ionization spectrum of those compounds which play an important role 

in biochemistry and pharmacology. In this work, we used the Symmetry-adapted-

cluster/Configuration Interaction (SAC-CI) method [4] to calculate several singlet, triplet and 

ionized states of hypoxanthine, xanthine and caffeine to predict the UV-photoelectron and 

excitation spectra of.those compounds.  

 

Methodology 

The Symmetry-adapted-cluster/Configuration Interaction (SAC-CI) calculations were carried 

out using direct SAC-CI program which is a new version of SAC-CI method. All singly 

excited or ionized configurations have been included in the calculations. In addition, the most 

important double excited configurations were considered via linked operators and. Triply and 

quadruply excited configurations were also considered by the products of singly and doubly 

configurations through unlinked operators. The D95+(d,p) basis set, with diffused function, 

was used for the geometry optimization. This geometry was then used for the SAC-CI 

calculations. The D95(d,p) basis set with d polarization function on C, N, O and p function on 
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hydrogen was used for the SAC/SAC-CI calculations. We have used frozen core 

approximation during SAC-CI calculations.  

 

Results and Discussions 

Calculations were performed for the ionized and the excited states up to 20 and 10 eV, 

respectively. The number of Hartee Fock molecular orbital used for the SAC-CI calculations 

were 130 for each compound. Vertical excitation and ionization energies, optical oscillator 

strengths and monopole intensities related to ionization intensities were all computed. Fig. (1) 

shows the calculated photoelectron spectrum of hypoxanthine and xanthine, respectvely at the 

SAC-CI level of theory using the D95 (d,p) basis set.  As shown, there are good agreements 

between the calculated spectra and the reported experimental spectra in the literature. 

However, the calculations better agree with the spectra recorded by Lin et al.[1] in both cases  in 

the range of 16 and 20 eV binding energy.  

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Calculated ionization spectrum of a-I) hypoxanthine ,and b-I) xanthine by SAC-CI along with those of 

experimental (II and III) recorded by Lin et al.[1] and Dougherty et al. [2], 

 

 respectively. The blue, gray and white  

atoms represent N, C and H, respectively. 
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 Introduction 

The spectroscopic studies of amino acids, known as the building blocks of proteins, are 

important in understanding their properties in biological systems. Nevertheless, the intrinsic 

properties of bimolecules are usually masked by the complex medium of real biological 

systems. Those properties can be understood in an isolated environment i.e. gas phase. Here, 

we report a joint experimental and theoretical investigation of the He I valance photoelectron 

spectrum of DL-Valine amino acid.  

 

Methods 

The partial ion yield (PIY) measurements were performed in the range of 11.20 - 21.55 eV at 

the Toroidal Grating Monochromator Beam Line (D05-TGM) in the Laboratório Nacional de 

Luz Sincrotron (LNLS), in Campinas, Brazil using a time of flight mass spectrometer (TOF-

MS). This experiment was performed to assure the thermal stability of the sample at different 

temperatures. A second chamber coupled with an electron analyzer (Scienta R4000) was used 

to record the photoelectron spectra. The gas jet was mounted perpendicularly to the plane 

formed by the He I lamp (hν=21.22 eV) and the entrance of the analyzer. The spectrum was 

obtained with an electron analyzer slit width of 0.2 mm and pass energy of 50 eV. The 

electron energy was calibrated with argon and xenon gas samples. 

Results and Discussion  

The experimental photoelectron spectrum of DL-Valine, recorded at 100ºC using the He I 

lamp as well as the spectrum recorded by Klasinc [1] are shown in Fig. 1 (trace a and b 
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,respectively). The theoretical photoelectron spectrum of DL-Valine was calculated by OVGF 

method using aug-cc-pVDZ basis set up to 18 eV, shown in Fig.1 (bottom). As seen, both 

experimental spectra have the same structures, although there are differences beyond 14 eV 

binding energy range. The theoretical spectrum agrees very well with that of the experimental 

one. Four structures is observed in the spectrum, among them, the first two represent the 

energies of the two most external orbitals HOMO and HOMO-1 correspond to 9.53 eV and 

10.69 eV, respectively.  

 
Figure 1: Top, the experimental photoelectron spectrum of DL-valine recorded in (a) this work and (b) recorded 

by Klasinc  [1], bottom, the theoretical spectrum calculated by OVGF method in 3th order 
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Introduction 

Nowadays, Cyclodextrins are studied as carrior molecules to form complexes with some 

drugs to have a good efficiency. The α and β CDs consist of six and seven D glucopyranose 

residues, respectively [1]. The purpose of this research is to obtain the most stable complex. 

 

Computational Method 

In this research, Quantum mechanical (QM)calculations were carried out in order to study 

the host- guest inclusion complexes[2] of salbutamol and lidocaine with α and β- 

cyclodextrin(α and β- CDs). All the structures were optimized with HF method and 6-31G 

Basis set. The inclusion complexation was simulated by putting the guest at the end of CD 

cavity and allowing it to pass through the CD cavity by steps. 

 

Results and discussion 

For the complex of α-CD With Salbutamol, energy of the inclusion Complex vs the z 

coordinate is  shown in Fig.1 The total energy of the α and β-CD/Lido and β-CD/Salbu were 

calculated. The complex formation energy, E, was calculated using the following 

expression: 

                                                        E= E(complex) – (ECD+ Edrug)                                                 

(1) 
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The electronic chemical potential(μ) was calculated as half of the energy of the HOMO and 

LUMO as follows:  

μ= (EHOMO+ELUMO)/2                                                         

(2) 

The energies of HOMO and LUMO and Stabilization energy values  of Host-guest 

complexes are summarized in Table 1.The results indicate that the energy gaps between 

HOMO and LUMO for α –CD/Salbu is more than that of β-CD/Salbu and β-CD/Lido. 

Table1. Electronic energies, HOMO, LUMO and Gap energy of the inclusion complexation of α and β-CDs 
with Lidocaine and Salbutamol of the HF optimized structures 

 

 

                               Fig.1 Graphic diagram for the emulation of the inclusion complexation 

                                      of  Salbutamol into  α-CD 

Conclusion 

Owing to the results calculated by HF/6-31G, α-CD/Salbu complex with the most 

energies of HOMO and LUMO gap is the most stable complex. 
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Species ΔE(kj/mol)     EHOMO(eV)   ELUMO(eV)   EnergyGap      μ(eV)        η(eV)              ω
Lidocaine - -11.36 5.28 16.65 -3.04 8.32 0.55 

Salbtamol - -11.13 4.09 15.22 -3.51 7.61 0.80 

α-CD              - -8.43 3.50 11.94 -2.46 5.97 0.50 

β-CD              - -8.53 3.71 12.25 -2.41 6.12 0.47 

α-CD/Lido     - 2000 -8.44 3.65 12.15 -2.41 6.07 0.48 
β-CD/Lido     - 1000 -8.51 3.53 12.05 -2.41 6.02 0.51 
α-CD/Salbu    - 9000 -8.72 3.53 12.25 -2.59 6.12 0.54 
β-CD/Salbu    - 7000 -8.45 3.78 12.24 -2.33 6.12 0.44 
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Introduction 

Cationic porphyrinic macrocycles (metallophthalocyanines, porphyrazines) represent a large 

and expanding class of compounds which have applications in biology, medicine, catalysis, 

and materials. Binding of porphyrins and metalloporphyrins to the simplest models for 

membranes (ionic surfactants) has attracted much interest due to the possibility of 

understanding many of their biological and photochemical processes, such as photosynthesis, 

oxygen transport, oxidation–reduction, and electron transport. The interaction of water-

soluble porphyrin and metalloporphyrin with ionic surfactants has been widely demonstrated 

[1]. In the present paper we have investigated interactions of a series of anionic surfactants 

with different alkyl chain length; sodium dodecyl sulfate (SDS), sodium tetradecyl sulfonate 

(STS), sodium hexadecyl solfunate (SHS) with tetrakis (N, N´, N´´, N´´´-tetra methyl tetra-3, 

4-pridino) porphyrazine Cobalt(II) ([Co (II) 3, 4-tmtppa] 4+) (scheme 1) in aqueous 

premicellar and micellar solutions by using optical absorption spectroscopy.  

 

Methods:  

Cobalt (II) complex of [Co (II) 3, 4-tmtppa] 4+ was prepared and purified according to 

literature methods [2]. Sodium do decyl sulfate (SDS), sodium tetra decyl sulfonate (STS), 

sodium hexa decyl sulfonate (SHS) were Sigma chemicals and were used without further 

purification. All experiments were run in phosphate buffer of pH 7.2. Aqueous solution of 

([Co (II) 3, 4-tmtppa] 4+ ( 6107.9  M) was titrated by adding appropriate volume 

concentrated solutions of SDS, STS and SHS, respectively. The absorbances were measured 

on the double beam absorbance spectrophotometer Cary 100 scan UV-vis-NIR after stirring 

for 30 min. The measurements were taken at 25 °C.  
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Results and discussion 

The optical absorption spectrum of [Co (II) 3, 4-tmtppa] 4+shows a Soret band ( 348 nm) 

and a Q-band ( 656 nm) feature which is a characteristic of the base porphyrazine. The Q-

band maximum of [Co (II) 3, 4- tmtppa] 4+ obeys beer's law over an extended concentration 

range between 6100.2  to 5100.3  M in water. From this observation we can conclude that 

[Co (II) 3, 4-tmtppa]4+ does not show concentration dependent aggregation. The effect of 

NaCl solution on the absorption spectrum of [Co (II) 3, 4-tmtppa] 4+ in water is shown no 

new band appears even at high concentrations of the salt. This means that [Co(II)3,4-

tmtppa]4+does not form well defined aggregates (i.e. H or J type) even at high concentrations 

of the salt. 

The UV–vis absorption spectra of [Co(II)3,4-tmtppa]4+ in aqueous solution in the presence 

and the absence of SDS are displayed in Figure 1. It is observed that the addition of SDS 

changes the position, width, and intensity of the absorption spectra of [Co(II)3,4-tmtppa]4+ at 

different concentrations of SDS. The most obvious change occurs in the Q-band region of the 

absorption spectrum, and no isobestic point is observed, which indicates significant 

aggregation of [Co(II)3,4-tmtppa]4+ (including ordered J- and H-type). This aggregation can 

be attributed to the neutralization of the positive charges of [Co(II)3,4-tmtppa]4+ by SDS, 

which decreases the electrostatic repulsive force between the porphyrazine monomer. Similar 

results were observed for other surfactants. With increasing alkyl chain length of surfactants, 

the interactions become stronger, which shows the importance of hydrophobic forces. 

Electrostatic interactions also play an important role, as shown by the effect of NaCl on 

binding process. 
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Scheme 1: Chemical structures of [Co 
(II) 3, 4-tmtppa] 4+. 

 
figure1. The UV-vis spectra of [Co (II) 3, 4-tmtppa] 4+ in the 
presence of various SDS concentrations at the buffer solutions.
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Introduction 

 BH is one of the simplest diatomic molecules with only six electrons. Because of its 

simplicity, it has been the subject of many theoretical studies [1,2]. Experimental data on BH 

have been frequently used as benchmarks for testing the accuracy of various ab inito 

theoretical methods. Spectroscopic investigations on BH began in 1931, and so far, several 

electronic transitions involving the X 1Σ+
 ground state and the low-lying excited states have 

been observed [3-8]. The A 1Π → X 1Σ+, B 1Σ+ → X 1Σ+ and C 1Σ+ → A 1Σ+ transitions appear 

near 23000, 52000 and 55000 cm–1, respectively. 
 

Data analysis and results 

 Spectroscopic constants were determined for the X 1Σ+, A 1Π, B 1Σ+, C 1Σ+ and C′ 1Δ 

states of BH by least-squares fitting of rovibronic data. The experimental data listed in Tables 

1 and 2 were used in our study [4-8].   
 

Table 1. Electronic transitions of BH 

Transition v′ range v″ range Ref. 

A 1Π → X 1Σ+ 0 to 3 0 to 3 [5,7,8] 

B 1Σ+ → X 1Σ+ 0 to 3 0 to 3 [6] 

C 1Σ+ → X 1Σ+ 0 0 [6] 

C 1Σ+ →  A 1Π 0 to 2 0 to 2 [7] 

C′ 1Δ  →  A 1Π 0 to 2 0 to 2 [7] 
 

Table 2. Vibration-rotation bands of BH 

Electronic state Infrared bands Ref. 

X 1Σ+ 
v = 1 → 0 
v = 2 → 1 
v = 3 → 2 

[4] 

 

All the observed transition wavenumbers were fitted using the Dunham expression: 
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The preliminary equilibrium molecular constants for the low-lying electronic states of BH are 

listed in Table 3. 
 

Table 3. Preliminary equilibrium molecular constants for BH (in cm–1) 

State Te ωe ωexe Be re (Å) 

X 1Σ+ 0 2366.730(9) 49.341(5) 12.0254(2) 1.232185(9) 

A 1Π 23130.22(6) 2309.30(19) 113.73(19) 12.2015(19) 1.22326(9) 

B 1Σ+ 52335.73(18) 2399.85(49) 69.53(39) 12.3475(25) 1.2160(1) 

C 1Σ+ 55281.53(7) 2473.28(12) 53.37(4) 12.4164(17) 1.21263(8) 

C′ 1Δ 46031.21(6) 2609.86(10) 46.57(3) 12.7609(10) 1.19615(5) 

 

Work in progress 

The RKR potential energy curves of BH have been obtained using the Yl,0 and Yl,1 constants 

from the Dunham fits. Accurate potential energy curves for the X 1Σ+ and A 1Π states will be 

obtained using the direct-potential-fit method. 
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Introduction 

Narcotics have been used for centuries for pain relief. Some of these compounds are 

also frequently abused as illicit drugs [1]. There is a growing need in the pharmaceutical 

industries for rapid, low cost, and sensitive analytical methods in quality assessment and 

cleaning verification for the quality control and production of narcotic drugs. Ion mobility 

spectrometry (IMS) is a simple, fast, inexpensive, highly selective and very sensitive 

technique for a wide range of compounds [2]. In this work, the corona discharge ion mobility 

spectrometry has been applied for identification of several narcotic compounds at different 

temperatures and electric fields. 

 

Method 

The IMS apparatus with the continuous corona discharge ionization source has been 

used [3]. The follow rates of carrier and drift gas were 400 and 600 ml/min respectively. Ion 

mobility spectra of codeine phosphate, oxycodone hydrochloride, papaverine hydrochloride, 

noscapine, methadone hydrochloride and cocaine have been investigated. All of these 

compounds are in solid state. In order to introduce them to ionization region a small amount 

of sample was placed on the tip of a needle and the needle was inserted into the injection 

port. By increasing the injection port temperature to 220oC the vapor of sample was carried to 

the IMS cell by the carrier gas.  

 

Results and discussion 
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The ion mobility spectra of several narcotic drugs were investigated in different electric 

fields, 340-470 V/cm, and different temperatures, 25-225 oC. Fig. 1 shows the ion mobility 

spectra of them at 225 oC and 406.25 V/cm. The results show that changing of electric filed 

did not have any effect on reduced mobility of ions. However, by increasing the electric filed 

the intensity increased. The effect of temperature on ion mobility spectra of codeine 

phosphate has been shown in Fig. 2. At low temperature the rate of proton transfer reaction 

from reactant ions (RIP) to sample molecules is slow therefore the intensity of sample ions is 

low. On the other hand production of dimer ion at low temperature is more probable than 

high temperature; therefore ion mobility spectrum of sample is more crowded. By increasing 

the temperature intensity of monomer ions of sample increased but intensity of reactant ions 

and dimer ions decreased and ion mobility spectra become clear.  

 

Conclusion 

Corona discharge ion mobility spectrometry has been used for investigation of narcotic drugs. 

This method could be a simple, fast, selective, and sensitive method for 

detection of these compounds as it is used for investigation of other compounds. 

The results show that optimum condition for study of narcotic drugs is high temperatures and 

electric field. 
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Introduction 

Non-covalent interactions play an important role in different areas of chemistry.  And a 

halogen bond is a non-covalent interaction involving halogen atom as acceptor of electron 

density. The existence of halogen bonds have been proven, both theoretically and 

experimentally, for iodine, bromine and chlorine. But in the case of fluorine, it is usually 

believed that it does not participate in halogen bonding interactions. In recent years, on the 

other hand, some theoretical investigations raise doubts about this inability of fluorine atom 

[1]. Politzer and co-workers [2] showed that some fluorine containing molecules, such as 

NCF and FCCF, are able to interact with Lewis bases. Although, they classified these 

interactions as halogen bonds, but it seems that these bonds have fundamental differences 

with the traditional halogen bonds of chlorine, bromine and iodine.  

 

Methods 

Using the G03 program package, structures were fully optimized at MP2 theory level with 6-

311++G(d,p) 6d basis functions. We analyzed the bonding characteristics by Bader’s 

“Quantum Theory of Atoms in Molecules” (QTAIM) [3].  

 

Result and Discussion 

In this work we have investigated a series of complexes formed between ammonia and F2, 

NCF, NCCC-F, CF3-CC-F and FCCF molecules. Furthermore, in addition to above 

mentioned molecules, their chlorine/bromine-containing analogous have been also 

considered. Our calculations show that these fluorine bonds differ from traditional halogen 

bonds. Some of these differences have been listed below.  
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Geometry. Except for F2, all of the F…N distances are noticeably longer than the sum of van 

der Waals (vdW) radii of fluorine and nitrogen (3.02Å). In contrast, for all of the traditional 

halogen bonds, the X…N distances are substantially less than the vdW radii of the X and N 

atoms [4].  

QTAIM. The anisotropic distribution of electron density around halogen atom is responsible 

for halogen bond formation. A covalently bonded halogen atom has two different radii, a 

shorter radius along R-X bond (r||), and a larger radius perpendicular to this bond (r). The 

values of r|| and r has been calculated for F, Cl and Br (These values are correspond to the 

distance of nucleus of the X atoms to their non-bonded 0.001 au contour of the electron 

density in the isolated molecules). For chlorine and bromine the r|| values are considerably 

less than their corresponding r values. But this is not the case for fluorine; the r|| and r of 

fluorine are very close to each other which indicate a spherical electron density around 

fluorine. 

Atomic properties also indicate that fluorine bonds differ from traditional halogen bonds. 

For instance, the atomic electrostatic moments (e.g. atomic monopole, dipole and quadrupole 

moments) has been used to calculate the electrostatic potential at a point in the vicinity of 3Å 

(a representative distance of halogen bonding) from the center of halogen atom. These results 

show that the attractive and repulsive terms in fluorine bonds differ from those of traditional 

halogen bonds.    
 

Conclusion 

The geometrical and QTAIM parameters show that there are some fundamental differences 

between the nature of traditional halogen bonds and these fluorine containing ones. 
Especially atomic properties of the halogen and the QTAIM values at the bond critical points 

in F…N bonds indicate that these bonds should be categorized as van der Waals interactions 

rather than halogen bonds.  
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Introduction 

This work is another step forward in the development of our previous works [1-4], which has 

extended the analytical solution of Lippmann-Schwinger (LS) equation for three-body 

scattering via separable potential using the Faddeev approach [5-7]. For a system of three 

non-relativistic spinless particles we write down the total Hamiltonian in the form 

         VHH ˆˆˆ 0   (1) 

where 0Ĥ  is kinetic energy and V̂  is the total potential interaction of three-body system. The 

transition operator )(ˆ zT  for the system is the solution of the equation 

            )(ˆ)(ˆˆˆ)(ˆ
0 zTzGVVzT   (2) 

where  )(ˆ
0 zG  is the free three-body Green's function defined as 1

00 )ˆ()(ˆ  HzzG , in 

which z is complex energy parameter. Faddeev has shown that the three-body transition 

operator can be conveniently as a sum of separate terms corresponding to two-body forces as 

               )(ˆ)(ˆ)(ˆ)(ˆ )3()2()1( zTzTzTzT   (3) 

in which  )(ˆ )( zT i  satisfies the Faddeev equation for two-body scattering as: 

                3,2,1)(ˆ)(ˆ)(ˆ)(ˆ)(ˆ )(
0

)(  


izTzGzTzTzT
ij

j
ji

i  (4) 

The scattering matrix  )(ˆ zTi  arising from two-body potential can be obtained by the LS 

equation: 

            )(ˆ)(ˆˆˆ)(ˆ
0 zTzGVVzT iiii   (5) 

where ),(ˆˆ ikjVV jki   is two-body potential.. 
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Model separable potential 

A separable potential model with uncoupled partial waves can be generally be written as 


  


n

i mm
iii mmvV

1 , ,

;,,;)12)(12(ˆ


  (6) 

where n is the rank of the potential operator, ߥ is the attractive (or repulsive) coupling 

strength and |߯;݈ۄ is the state of the system with angular momentum quantum number ݈ , 

which is a real number in the unitary case. The momentum representation of such a potential 

is 

               pppppp  

  
 ),(*),(

1 , ,

ˆ,ˆ m
i

m
i

n

i mm

ivVV 



 (7) 

where ߯ሺ)ሺ) ؠ ;߯|ۦ ݈ۧ. In this work, we use the form factor as a Yamaguchi model as 

           (8) 

where  n  is the Gamma function and ia  plays the role of scale factor. 

 

Results and discussion 

The present model can be applied to obtain the elastic differential cross sections as well as 

total cross sections from the three-body potential model in the Faddeev approximation. The 

potential parameters are also adjusted to fit the two-body phase shift data and then applied to 

calculate the third virial coefficients of some appropriate systems. Further, we shall obtain the 

uncoupled partial-waves properties for some realistic three-body systems including partial 

waves scattering matrix and its corresponding phase shifts. Our motivation for calculating 

these scattering properties is continuing the previous work for obtaining the analytic 

expressions for both equilibrium and non-equilibrium thermophysical properties of fluids at 

moderately densities. 
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Introduction:  

Transition metals play an important role in catalytic processes. They adsorbed gases on their 

surfaces and make the chemical reactions easy 1-2. 

 

Materials and Methods:  

In this study, the adsorption of H atom on an eight-atom network of surface of Cu (001) and 

on a four- atom network of surface of Fe (001) in two rows is considered. Hydrogen atom put 

on each site and then the system was optimized in the B3LYP level of theory with lanl2dz 

basis set for Cu and Fe and 6-31G for hydrogen. The crystal parameters such as distance 

between Cu and Fe atom were fixed during optimization. In each case, heat of adsorption was 

measured by equation (1-1) and its dependency to surface coverage was studied. 

2
1

2

[ ] (1 1)ads M H M
H

H E E E    
 

 

Results and discussion: 

The calculated energy for Cu metal, Hydrogen, metal-hydrogen and heat of adsorption in 

different surface coverage in three sites (top, bridge and hollow) are listed in tables 1, 2 and 3 

respectively 
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Table 1: Calculated energy in different surfaces for top site. 

EH2 EM 
Ead 

(kJ/mol) 
Ead  (kcal/mol) Ead (a.u) EM-H θ No.H 

-1.17548 -1569.33430 -267.472449 -62.49341525 -0.0995911 -1569.934169 0.25 1 

  -225.377232 -53.86645113 -0.08584295 -1570.506537 0.5 2 

  -192.467134 -46.00074908 -0.73307967 -1571.055047 0.75 3 

  -186.173469 -44.496527 -0.0709108 -1571.61904 1 4 

 

Table2: Calculated energy in different surfaces for bridge site. 

EH2 EM 
Ead 

(kJ/mol) 
Ead  (kcal/mol) Ead (a.u)ٍ◌ EM-H θ No.H 

-1.17548 -1569.334305 -271.984529 -65.0058625 -0.103595 -1569.938173 0.5 1 

  -235.225595 -56.22026638 -0.08959405 -1570.514039 1 2 

 

Table3: Calculated energy in different surfaces for hollow site. 

EH2 EM 
Ead 

(kJ/mol) 
Ead  (kcal/mol) Ead (a.u)ٍ◌ EM-H θ No.H 

-1.17548 -1569.2343 -313.582579 -74.94803525 -0.1194391 -1569.95407 0.5 1 

  -224.4108 -53.63546838 -0.08547485 -1570.5058 1 2 

 

Figure 1 shows the three different sites top, bridge and hollow in different surface coverage 

a) 

 

b)                                                      c) 

Figure 1: Adsorption of Hydrogen atom on three different sites top (a), bridge (b) and hollow (c) in different 

surface coverage for Cu. 
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The calculated energy for Fe metal, Hydrogen, metal-hydrogen and heat of adsorption in 

different surface coverage in two sites (top, bridge) are listed in tables4,5. 

Table4: Calculated energy in different surfaces for top site 

EH2 EM Ead   

(kJ/mol) 

Ead  (kcal/mol)  Ead (a.u)ٍ◌ EM-H θ No.H 

-1.17548 -492.854 -1868.945252 -447.116089 -0.7125356 494.1542756 - 0.5 1 

  -1598.15818 -382.334495 -0.609298 -494.0051038 1 2 

 

 

 

Table5: Calculated energy in different surfaces for bridge site 

 

EH2 EM Ead   

(kJ/mol) 

Ead  (kcal/mol)  Ead (a.u)ٍ◌ EM-H θ No.H 

-1.17548 -492.852 -167.950898 -40.179640 -0.0640313 -493.5057713 0.5 1 

 

Figure 2 shows the two different sites top and bridge in different surface coverage.      

b)                                                            a)                                                       

  Figure2: The adsorption of hydrogen atom on two different sites top (a) and bridge (b) in different surface 

coverage for Fe. 

  

As we see, in Cu heat adsorption of hydrogen atom on hollow site is more negative than other 

sites and in Fe heat adsorption of hydrogen atom on bridge site is more negative than other 

sites. So these sites are more favorable. In each site, the interaction between adsorbed 

hydrogen atoms to Cu and Fe atoms caused decreases heat of adsorption heat of adsorption. 

 

Conclusion:  

In this paper, we study adsorption of atomic Hydrogen on Cu and Fe surface (001). 

Adsorption can occur in three sites: top, bridge and hollow. It was found that adsorption of 
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atomic hydrogen on hollow site on Cu is better than other sites and adsorption of atomic 

hydrogen on bridge site on Fe is better than other sites.  The surface coverage dependence of 

heat adsorption of Hydrogen on has been investigated. It was found that the heat of 

adsorption decreases with increasing the surface coverage, and agrees with Freundlich 

isotherm. 
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Introduction 

The palladium(II) complex is one of the most valuable metal complexes in various catalytic 

reactions and organic syntheses (Nobel prize 2010). Pd(II) coordination complexes catalyze 

the addition of alcohols to vinyl ketones to produce ethers. During the catalytic cycle, the 

alcohol adds selectively to the β-carbon (anti-Markovnikov). Mechanism for the reaction of 

Alcohol with methyl vinyl ketone (MVK), being catalyzed by Pd, has been experimentally 

reviewed in detail. Regarding the experimental evidence, Miller et al. proposed a mechanism, 

which are shown by Eqs. (1, 2) [1]. 

                                                                                                    

                                                                      (1),                                                                (2)                               

                                                                                              

Miller et al. showed that Eq. (2) is the rds during which the alcohol OH bond is broken.  

 

Computational details 

All of the present calculations have been performed with the B3LYP [2] hybrid density 

functional level using the G03 package. The 6-311+G(d,p) basis set was employed except for 

Pd atom, in which the LANL2DZ [3] basis set was used with including effective core 

potential functions. The gas phase optimized geometries used to apply the solvent effects, 

where the valuable PCM [4] model was employed. 

 

Results and discussion 

Considering reactant (3+5) and product (6+7), a transition state is obtained which we call TS 

AA (Fig. 1). For this process, in gas phase, the high barrier ( aE ) is 51.02 kcal/mol which are 
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much higher than the expected values, and therefore this probability is rejected. The 

following model is proposed. In the rate determining step, an enol product is created at first 

(species 8 in Eq. (4)) and in continuation is converted into a keto product (4-methoxy-2-

butanone) which is much more stable (Eq. (5)).  

 

                                                     (4),                                                  (5) 

 

The optimized structure of transition state obtained from reactant (3+5) and product (8+7) has 

been shown in Fig. 2. By taking Solvent effects into consideration, 16.32 /aE kcal mol . 

This shows that the model presented in this research is a suitable model for the methyl vinyl 

ketone hydroalkoxylation catalyzed by palladium(II) complex. 
 

Conclusion 

Using quantum mechanical method, methyl vinyl ketone hydroalkoxylation were investigated 

and ultimately a model was presented in which an enol form is produced in the rate 

determining step and in continuation is converted into keto form.  
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Introduction 

The CN radical has been the subject of extensive studies because of its importance in 

chemical kinetics, flame diagnostics, and astrophysics. The CN radical is found in many 

extraterrestrial sources including the Sun, stellar atmospheres, comets, dark interstellar clouds and 

diffuse interstellar clouds [1-4]. The laboratory spectra of CN have been known for more than a 

century and are produced using a wide variety of sources such as arcs, flames, active nitrogen 

afterglows, shock tubes and electrical discharges of all types. Its spectra extend from the vacuum 

ultraviolet to the far infrared. Among the CN transitions, the A 2Π → X 2Σ+ and B 2Σ+ → X 2Σ+ 

systems are the most prominent and have been studied extensively. 

 

Overview of data 

Data used in this analysis include transitions in the microwave, infrared and visible spectral 

regions [4, 5]. The visible spectra include several bands from the B 2Σ+→ X 2Σ+ transition: Δv = -2,-

1, 0, +1 and +2 sequences in which v′ = 0 to 19 and v″ = 0 to 18. Infrared spectra include vibration-

rotation transitions (Δv = 1 and 2) in which v″ = 0 to 7, and the microwave spectra contain pure 

rotational transitions in the v = 0 to 10 vibrational levels of the ground state. 

 

Results 

A few vibrational levels of the X 2Σ+ ground state (v = 11, 12 and 14) are perturbed by 

the nearby vibrational levels of the A 2Π and B 2Σ+ states. All the data involving the v″ = 11, 

12 and 14 levels were deweighted, and Dunham-type energy expressions [Eqs. 1 and 2] were 

used for the X 2Σ+ ground state while the B 2Σ+ state levels were fitted as individual term 

values. 
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 The leading Dunham constants for the ground state are listed in Table 1. 

 

Table 1. Equilibrium molecular constants (in cm–1) for the ground state of CN  

State ωe ωexe Be re (Å) 

X  2Σ+ 2068.813(7) 13.278(7) 1.8997832(5) 1.1718074(2) 

 

The RKR potential curve for the ground state was obtained using the Yl,0 and Yl,1 constants 

from the Dunham fit. Our preliminary results are shown below.  

       
Table 2. RKR turning points for ground state CN   Figure 1. The RKR potential curve of ground state 
CN 
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0.8 1 1.2 1.4 1.6 1.8

r (angstroms)

E 
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m
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v E(v) / cm–1 rmin (Å) rmax (Å) 

    

0 1031.095 1.1243 1.2250 

1 3073.517 1.0927 1.2681 

2 5089.643 1.0725 1.3001 

3 7079.441 1.0568 1.3277 

4 9042.863 1.0439 1.3527 

 5 10979.868 1.0327 1.3760 

6 12890.419 1.0229 1.3983 

  7 14774.471 1.0141 1.4197 

8 16631.966 1.0061 1.4404 

9 18462.842 0.9988 1.4607 

10 20267.052 0.9921 1.4806 

11 22044.570 0.9858 1.5002 

12 23795.387 0.9800 1.5196 
13 25519.482 0.9745 1.5388 

14 27216.781 0.9694 1.5580 

15 28887.124 0.9646 1.5771 

16 30530.275 0.9600 1.5962 

17 32146.055 0.9557 1.6153 

 18 33734.678 0.9516 1.6345 
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Work in progress 

Accurate potential energy curve for the ground state of CN will be obtained by the direct-

potential-fitting, and it will be followed by deperturbation analysis of the v = 11, 12 and 14 

levels. 
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Introduction 

-Dicarbonyl compounds, including -diketones and -ketoesters, are engaged in 

keto-enol tautomerisation and intramolecular hydrogen bonding. The simplest members of 

these compounds are malonaldehyde (MA) [1] and acetylacetone (AA) [2]. It is well known 

that the tautomerisation equilibrium and hydrogen bond strength in the -dicarbonyl 

compounds are strongly affected by substitution in the terminal groups. 

Ethyl benzoylacetate (EBA) is a ketoester, which is capable to be engaged in keto-

enol tautomerisation. The study of tautomerisation and hydrogen bonding in EBA could be 

interesting since it seems to be similar to benzoylacetone (BA) except that the methyl group 

is replaced by an  ethoxy groups (an electron donating group).   

. The structure, hydrogen bonding, conformation analysis, and tautomerism in  (MA) and 

acetylacetone (AA) have extensively studied by IR, Raman, NMR, X-ray, neutron, and 

electron diffraction methods [2-5].  

The aim of the present paper is to predict the structure and vibrational spectra 

(harmonic wave numbers, and relative intensities for Raman and IR spectra) of EBA by 

means of density functional theory (DFT) levels. The calculated vibrational frequencies are 

compared with those observed experimentally.  

 

 

Experiment 

EBA is purchased from Merck compony and is used without further purification. 
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The mid-IR spectra of EBA and d2-EBA were recorded as liquid film and in CCl4, CS2 and 

CH3CN solutions by using a Bomem MB-154 Fourier transform spectrophotometer in the 

region 600–4000 cm-1. The FT-Raman spectra in the region 3200-200 cm-1 were recorded 

employing a 180º back-scattering geometry and a Bomem MB-154 Fourier transform Raman 

spectrometer operating at the 1064 nm excitation line of a Nd:YAG laser.  

 

Method of analysis 

All calculations for EBA was performed with the Gaussian 03 program package. The full 

geometry optimization of the cis-enol form were performed at the B3LYP-DFT level using 6-

31G** and 6-311G** basis sets. 

 

Results and discussion 

The calculated results indicate that EBA, at least theoretically, exists as several enol 

form (all engaged in intramolecular hydrogen bond) and two keto form. The vibrational 

spectra confirm coexisting of one enol form and two keto forms in the sample. However, the 

results of the NMR spectroscopy are consistent with the coexisting of one enol and one keto 

forms in the samples with the keto content of at least 50%.  

 As calculation suggests, the strength of the hydrogen bond in EBA is less than that in 

AA and BA. These results are confirmed by both NMR and vibrational spectroscopy 

techniques.  

 

Conclusion 

 The conformation, hydrogen bonding and tautomerism in EBA have been studied by 

NMR, vibrational spectroscopy, and theoretical calculations. Both theoretical and 

experimental results supports coexisting of keto and enol tautomers and indicate that the 

intramolecular hydrogen bond in the cis enol forms of EBA are considerably weaker than that 

in AA and BA.  
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Introduction 

Thiazole ring system are widely used structural elements in medicinal chemistry [1]. 

Azo compound constitute the largest class of compound amongst all known families of dyes. 

Benzothiazole-based disperse dyes are considered to be the first example of the successful 

commercial exploitation of hetrocyclic amines [2]. Thiazole and azobenzothiazole are applied 

in liquid crystal technology [3], reprography [4], non-linear optics (NLO) [5] and more 

recently have beeen investigated as potential sensitizers for photodynamic therapy  (PDT)  

[6]. One of the important electronic properties  is the electric dipole polarizability, which is a 

measure of the linear response of the electron density in the presence of an infinitesimal 

electric field, F, and represents a second-order variation in the energy, viz.:     

)(
2

ba FF

E
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3

1
zzyyxx         (1)                                                                             

The experimental result is calculated by the Lorentz-Lorentz equation [7,8], viz; 
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The goal of this work is the theoretical investigation of electronic structure, reactivity and 

dipole polarizability by DFT method and comparison with experimental result. 

 

Theoretical Method 

Theoretical calculations were performed at the B3LYP/6-31+G(3d,3p) level of theory 

using Gaussian 98. Calculated characters are including energy, dipole moment, total charge 
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on sulfur atom, energy gap, hardness and dipole polarizability.these values are showed in 

table 1 and 2. The highest occupied molecular orbital (HOMO) of benzothiazole and 

tetratiafulvalene is showed in fig. 1.  that shows the active site for nucleophilic reaction [9].  
 

Experimental Method 

         The average polarizability was determined experimentally by using the Lorentz-Lorentz 

equation and the refractometric technique, where the refractive index of molecule was 

measured with a DTM-1 refractometer at 50/60 HZ and 20 oC.. The experimental value of 

polarizability for molecule 1 is 1.5670 2310 esu, which is exactly equal with calculational 

dipole polarizability value.  

 

 

 

 

 

Fig. 1. Highest occupied molecular orbital (HOMO) of  1) benzothiazole and 2) tetratiafulvalene 

Table 1. HF energy, E (hartree), dipole moment,  (debay), charge on sulfur atom, Q (esu), energy gap (hartree) 

and hardness,  (hartree) at  B3LYP/6-31+G(3d,3p) level.  
  

  
  
  
  
  
  
  
  
  
  
    HOMOLUMO

E


  

LUMO
E  

HOMO
E  

S
Q   E  

NO. 

0.09815 0.19629 -0.05029 -024658 -0.19893 1.3770 -722.74405 1  

0.06302 0.12604 -0.04540 -0.17144 -0.16861 0.0056 -1833.79610 2  

 
Table 2. calculated ii  (i=x,y,z) and average of the dipole polarizability at  B3LYP/6-31+G(3d,3p). 

 
 
 

 

 

 

Conclusions 

We have found that dibenzothiophene molecule is an electron donor, based on the 

localization of the HOMO and that the nucleophilic attack will take place toward thiazole 

ring. Therefore this molecule can be applied in NLO materials. Also, tetratiafulvalene can be 

used as an electron donor because of resonance coming from delocalizing   electrons and 

 ave )2310( esu    ave (au) zz (au)  yy (au)   xx (au)  
  

NO.  

1.5670107.545 61.483112.375 148.777 1  

2.2764156.226158.799220.510 89.3702  

(1) (2) 
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therefore its high polarizability. Agreement between theoretical and experimental 

polarizability showed that the theoretical method and selected basis set has been corrected. 
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Tetrazole compounds have a wide range of pharmaceutical applications, [1] where they act as 

stimulants or sedatives on the central nervous system. These compounds have 

antiinflammatory, antilipemic, antimicrobial, and antiallergic activities [2]. Moreover, such 

compounds are useful as oxidizers and effective agents for regulating plant growth and as 

explosives and rocket propellants [3]. In addition, tetrazole compounds have a significant role 

in medicinal chemical research [4].  
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Scheme 1. 

To systematically investigate all the possible tautomerisms from tetrazole thion (A and E) 

and its tetrazole forms (B-D) induced by proton transfer, we describe a study of structural 

tautomer interconversion in the gas phase, in a continuum solvent, and in a microhydrated 

environment with 1 explicit water molecule, using MP2, CBS-Q, CBS-QB3 and density 

functional theory (DFT) calculations by means of the B3LYP exchange functions. It was 

found that in the gas phase and solvent tetrazole thion is the most stable isomer. The r relative 

stability, ΔE, of a given tetrazole structure is defined as a difference between its total energy 

and that of the most stable one A. Relative enthalpies and free energies are also defined as the 

difference between the enthalpy or free energy of a given tautomer/rotamer and that of A 

form. MP2 and DFT calculations show that order of stability was found as A > C> D> B> E. 
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Based on MP2 calculations B, C, D and E isomers are higher than A form by 4.47, 0.21, 

0.18, and 27.36 kcal/mol, respectively while DFT method predicts 9.53, 6.86, 7.39, 25.06 

kcal/mol anstability for B-E forms, respectively. Addition of zero point energy (ZPE) does 

not affect the order of relative stabilities (See Table 1). In addition variation of dipole 

moments was studied in the gas phase and in the solvent. Water molecule was gradually put 

in different regions in the vicinity of five isomers. It was found that water can forms different 

hydrogen bonding with molecule. 
 

Table 1 
Relative thermodynamic data for the isomers of tetrazole thion in the gas phase calculated at various methods 
 MP2a ΔEb ΔEZPV ΔH ΔG DFTa ΔE ΔEZPV ΔH ΔG 

A -655.3268739c 0 0 0 0 -656.5536813 0.00 0.00 0.00 0.00 

B -655.3197565 4.47 2.29 1.81 0.93 -656.538496 9.53 2.58 7.24 6.68 

C -655.32654260 0.21 1.9 -2.02 -2.74 -656.5427556 6.86 2.10 4.96 4.57 

D -655.3265852 0.18 1.92 -1.50 -2.17 -656.5418976 7.39 2.13 5.47 5.06 

E -655.2821920 27.36 0.26 27.02 27.19 -656.5137513 25.06 0.70 24.39 24.33 

 CBS-QB3     CBS-Q     

A -655.6477306 0.0 0.0 0.0 0.0 -655.6446331 0.00 0.00 0.00 0.00 

B -655.6412731 4.05 2.53 4.34 3.78 -655.6378574 4.25 2.44 4.59 3.89 

C -655.6448680 1.80 2.11 2.01 1.60 -655.6419141 1.71 2.08 1.99 1.37 

D -655.6441801 2.23 2.13 2.44 2.03 -655.6411792 2.17 2.07 2.43 1.90 

E -655. 25.70 0.81 25.78 25.66 -655.6043696 25.26 0.65 25.34 25.20 
 a 6-311++G(d,p) basis set  b Total Energies in Hartree, c Relative stabilities in kcal mol-1 
 

Conclusions 

On the basis of our work, we summarize the following conclusions. 

1. In the gas phase the tetrazole thion (A isomer) was found the most stable isomer. The order 

of stability was found as A > C> D> B> E.  

2. The geometry, charges and dipole moments of isomers affected by solvent. With increase 

of the polarity of solvents the dipole moments were increased. In addition with increase of 

dielectric constant a regular variation was found. 

3. In the interaction of different regions of mentioned molecule with a water molecule the 

most stable isomers was A but interaction can change the relative stability of different 

isomers of tetrazole thion molecule.  
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Introduction 

      Density Functional Theory (DFT) calculations have been extensively used as a powerful 

tool for predicting several molecular properties, such as geometry, vibrational frequencies, 

and their infrared and Raman intensities during the last decade. Understanding the efficiency 

and accuracy of these methods in predicting the molecular properties could be very useful for 

theoretical and practical chemists.  

Knowledge about the efficiency and accuracy of these methods saves valuable time when 

selecting the most effective and economic method. Acetone, acetaldehyde, and ethyl-methyl 

ketone were selected because of the extensive experimental works on their vibrational 

frequency, and IR intensity.  

 

Computational method  
In the present study, the molecular equilibrium geometry, harmonic force field, and 

vibrational frequencies of carbonyl compounds were computed with the GAUSSIAN-03 

software system by using a vast selection of modern density functionals and ab initio (MP2, 

MP3, and HF) methods. The B, B3 and G96 exchange functionals were combined with the 

PW91, VWN, PBE, LYP, P86, 971, and 972, non-local correlation functionals, resulting in 

the six different functionals: B3LYP, BLYP, G96LYP, BP86, B3P86, B3PW91, and B972.  

We have also implemented the Slater exchange functional and the VWN local correlation 

functional for the DFT calculation. With these DFT and ab initio levels the following basis 
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sets were used: (a) the split valance basis sets supplemented by polarization and diffuse 

functions, including 6-31G, 6-31G*, 6-31G**, 6-31++G**, 6-311G**, 6-311+G**, and 6-

311++G**, SDD, CEP-4G, CEP-121G; (b) Double Zeta basis sets with polarization functions 

(D95**) and also with diffuse functions (D95++**), (c) double and triple zeta Dunning’s 

correlation consistent basis sets including CC-PVDZ and CC-PVTZ. Calculations of regression 

parameters [R2, standard deviation (SD), and scaling factor (α)] were performed on Excel 

program of Microsoft. 

 

Results and Discussion  

Regression parameters of the experimental vibrational frequencies on the theoretical 

data were obtained by the following equation: Theoobs   Where Theo and obs are the ith 

calculated harmonic and ith experimental fundamental frequencies, in cm-1, respectively 

(Experimental data for fundamental frequencies were taken from litratures [1-6],  The 

mentioned Eqation is used for the experimental results in the gas phase. According to 

calculated results, over the entire region, superior results are obtained with B3LYP, resulting 

in SD=15 cm-1 for B3LYP/6-31G*. In the case of B972 and BLYP levels, the best results 

were obtained by the 6-31G** basis set. Our results also shows that the 6-31G* basis set in 

G96LYP and BP86 gives excellent agreement with the experimental values. Results obtained 

at the B3P86 level were very similar to those obtained at the BP86 level. The calculated 

results also indicate that the calculations at the B3PW91 and SVWN5 levels using the 6-31G 

and 6-31G* basis sets gives the best R2 compared with other basis sets. To investigate the 

utility of separated scaling factors (dual scaling) for the two ranges <2000 cm-1 and >2000 

cm-1, we reanalyzed the agreement between theoretical harmonic frequencies and the 

experimental fundamentals for the two ranges separately. The obtained scaling factor, are in 

the 0.958-0.970 range for calculations at the B3LYP level with different basis sets using 

whole frequencies. The standard deviations obtained at the HF, MP2, and MP3 levels are 

quite high compared with the calculated results obtained at all DFT levels. 

 

Conclusion 
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Vibrational spectra of carbonyl compounds were calculated and compared with the 

experimental results. Regression coefficient and standard deviation were calculated. The best 

results were obtained by calculation at the B3LYP level with the different basis sets. 
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Introduction  

Dibarium Cupric Formate Tetra hydrate CuBa2 (HCOO)64H2O is a paramagnetic crystal and 

of course an EPR interest, its structure is determined by the means of X-ray methods[1]. 

[Cu(HCOO)4.2H2O]+2cation due to Jahn–Teller effect for a nonlinear molecule in a 

electronically degenerate state, distortion must occur to lower the symmetry, remove the 

degeneracy, and lower the energy has a distorted octahedral structure.EPR spectroscopy 

represents one of the most powerful experimental methods for investigating electronic and 

structural   features of systems containing unpaired electrons, such as radicals, coordination 

compounds and paramagnetic sites in solids [2,3]. Since, the [Cu(HCOO)4.2H2O]+2cation has 

the d9 configuration, it possesses an unpaired electron, and can interact with an applied 

magnetic field, making it EPR active. Therefore, our other principal goal will be studying 

changes of the EPR g tensor parameters in the 108–375K temperature range using the 

available solid state bond lengths and bond angles of the complex.                                              

                                                                                        

Methods 

All structures were fully optimized with the Gaussian 03W program at the B3LYP/6-311G, 

6-31G**, BWP91/6-31G**levels. After the optimization, g values were calculated using the 

GIAO method [4,5]. 

 

Results and discussion   

Geometry optimization of the [Cu(HCOO)4.2H2O]+2cation is carried out at B3LYP/6-31G** 

and BPW91/6-31G** levels of calculations, which provide a chance to compare two basic 

methods B3LYP/6-31G** and BPW91/6-31G** with inclusion of polarization in the basis 
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sets. Bond angles and bond lengths were calculated in the gas phase; therefore it is expected 

that there will be a difference between experimental and calculated values. The B3LYP/6-

31G** level of calculation provides a better agreement to corresponding experimental values. 

However, generally we expect by increasing the size of basis sets to approach the 

experimental values, but the level of calculation has a major effect in calculation. The g-

tensor calculation was performed by using of NMR/GIAO option. The X-ray data in the 

temperature range of 108–375K is available, therefore there is a chance to use solid state 

experimental geometry data to calculate g values and inspect for possible phase transitions. 

We have used the temperature (108 K) experimental values in Fig 2, as the higher 

temperature values are a thermal average of a number of structural isomers (see below). 

                      
Fig. 1 The B3LYP/6-31G** optimized structure             Fig. 2  The temperature dependence of the g- values                                  
            of the [Cu(HCOO)4.2H2O]+2 
 

 

Conclusions 

The structural optimization of [Cu(HCOO)4.2H2O]+2cation has been carried out using 

B3LYP/6-31G** and BPW91/6-31G level of calculations Reasonable correlations between 

calculated and experimental determined values are obtained when the g tensor components 

are calculated using these geometries with a B3LYP/6-31G**approach, a good correlation 

between the experimental and calculated values is only obtained for the lowest g-value. This 

demonstrates that the temperature dependent structure and g-values of this complex are more 

complicated and we are pursuing additional structural and EPR measurements on this system 

. 
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Introduction  

Six-coordinate copper (II) complexes invariably adopt geometries distorted from a regular 

octahedron, this normally being ascribed to Jahn–Teller (JT) vibronic coupling. The actual 

geometry and crystal packing is decided by a delicate balance between the JT coupling 

parameters, ligand characteristics and lattice interactions[1,2].As part of a general study of 

Cu(II) complexes with tridentate amine ligands, [Cu(L)2][BF4]2, L = 2,6-dipyrazol-1-

ylpyridine:  

 
                       
              
 
 
            

 
 
 

Fig 1 Crystallographic asymmetric 
Unit at 50 K 

 

The coordination sphere of the Cu ion is rhombic at all the temperatures were determined by 

neutron diffraction and by X-ray diffraction at 5,40,50,120 and 290 k [3]. The (2,6-dipyrazol-

1-ylpyridine)copper(II)complex has the d9 configuration it possesses an unpaired electron, 

and can interact with an applied magnetic field, making it EPR active in the 5-290K 

temperature range using the available solid state bond lengths and bond angles of the 

complex.  

                                                                                           

Methods  
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The computer programs were used to the Gaussian view 3.01, Gaussian 03 and all 

calculations were carried out at DFT levels. All the structures were fully optimized with the 

Gaussian 03W program at the B3LYP/6-31G** level. The optimized structural parameters 

are saved for the next step of calculations. The g-tensor calculation was performed by using 

of NMR/GIAO [4,5] option. 

 
 
Results and discussion  

The structure, stability, and EPR spectroscopic properties of (2,6-dipyrazol-1-

ylpyridine)copper(II)complex were studied theoretically using B3LYP/6-31G**method. The 

g-tensors are calculated using the NMR/GIAO computational method. The intention of the 

following investigation is to correlate the temperature dependence of the g-values with 

corresponding calculated values using the neutron diffraction and X-Ray measured Cartesian 

coordinates of all atoms, [3], which were available at the temperatures 5,40,50,120,290 k. In 

a series of calculations covering the temperature range 5-290 K the g tensor components are 

computed and diagonalized gx, gy, and gz are represented in Fig 2. 

 

 

 

 

 

 

 
Fig. 2   The temperature dependence of the g- values 

 

Conclusions 

The crystallographically determined copper (II) coordination sphere varies with temperature, 

but when the g tensor components are calculated using these geometries with a B3LYP/6-

31G**approach, a good correlation between the experimental and calculated values is 

obtained for the g-value. 
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Introduction: 

 The properties of dense phases can be determined with intermolecular interaction. For first 

approximation, this can be explained by pairwise additivity interaction. Up to now, many 

studies that rely on pairwise additivity approximation is reported but in many cases this 

approximation is not sufficient for quantitative or qualitative agreement with experimental 

result. In the studies of solids and dense fluids properties pairwise nonadditivity, especially 

third body interaction is important. One of these properties is the crystal structure and solid 

binding energy. The experimental results show that fcc structure of rare gas solids is more 

stable than hcp structure [1]. Any way previous studies using pairwise additivity potentials do 

not show this trend but theoretical results in nonadditivity interaction of third body were in 

agreement with experimental values. In this research, in order to consider validity or 

nonvalidity pairwise additivity of potentials, third body effect of fluorine gas on interaction 

potentials energy F2 system was studied. 

 

Computational methods: 

 In order to study the third body effect, we have closed the third monomer to F2-F2 system at 

six different orientations (fig. 1) and we calculated the interaction of the third body. 

Calculation of potential energy was performed with MP2/aug-cc-pVTZ level of theory. For 

calculation of third body effect, we have used the following relation: 

E3(N) = E(abc) -E(ab) – E(ac) – E (bc) + E(a) + E(b) +E(c)    

In which E3(N) is the energy of the third body effect and E(abc) is sum of the energy  F2-F2 

system and F2 monomer for each values of distance between third monomer of F2  and F2-F2. 
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E(a), E(b) and E(c) are the energy of each three monomers. E(ab) is the energy of dimer 

system. 

 

Results and discussion: 

Third body effect on potential interaction energy F2-F2 system at one orientation is shown in 

Fig. 2. It is observed that at near distances, the pairwise additivity of potentials is not valid, 

but in the distances about 7 angstrom of Cartesian coordinate origin, third body effect is 

closed to zero and we can use validity of pairwise potentials. 
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 Fig. 2. Energy of third body effect in xy orientation                                                                                          
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Fig. 1. The applied geometry in x-y plane for 
third F2 monomer 
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Introduction 

Conductive polymers are new materials that have important role in modern industries. 

These substances apply in new generations of batteries, sensors, electrodes and different 

types intelligent materials. [1]. Polythiophene is one of conducting polymers that uses in 

many devices made by conducting polymers. Polymerization occurs in (α, α´) positions of 

monomer ring. Attachment of alkyl group in β position of ring improves some properties of 

polythiophene. We have already considered some characteristics of β-alkyl thiophenes as 

candidate for conducting materials [2].  In this work, we want to study some properties for (β-

alkylthiophenes) using mechanical quantum methods. We considered the HT-HT regioregular 

oligomers (n=1-6) including methyl, ethyl and propyl substituent. We have done our 

calculations for neutral and radical cation oligomers. 

 

Methods 

All calculations were done with Gaussian 03 program. We calculated full optimization on 

two level of theory (HF, B3LYP) with the 6-31G** basis set. We used these methods to find 

optimized geometries and electrical and electronic properties of ATHs and their radical 

cations. 

 

Results and discussion 

There are some of essential structural parameters which should be attended in related to 

proper conducting polymers. Since the planarity and alignment of polymer chains are very 

important for conductivity of these materials, our results shown that no torsion observed oligo 
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(3-alkylthiophene) in polymer chain. Fig1. showes the bond lengths in hexa (3-

alkylthiophene). The conjugated length is almost unit for all different types of substituent (1.4 

Å). Calculation of the charge distribution and spin density of all oligomers that growth of 

polymer chain developed from α- position of heteroatom ring. 
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Fig1. The conjugated length of hexa (3-propylthiophene)  

 
The HLGs decrease with growing the length of chain for all alkyl substituents and a falling 

trend in bond gaps is observed clearly. The IPs are presented in Table1. Also The IPs show 

that the ionization potential decreases when the length of chain increases. 

 

Table1. IPs (Hartree) values at B3LYP/6-31G**for oligo (3-alkylthiophenes) 
n OligoMTh OligoETh OligoPrTh 

1 0.3016 0.2988 0.2966 

2 0.2514 0.2506 0.2941 

3 0.2282  0.2264 0.2264 

4 0.2152 0.2151  0.2152  
5 0.206 0.207  0.2057  
6 0.2  0.1978 0.196 

 

Conclusions 

Our calculations demonstrate the radical cation oligomers are completely planar, but the 

torsion exit in neutral oligomers. Also, the radical cation oligomers are aligned and have an 

unit length. The polymerization occurs in α position for all types of alkyl groups, so it's sure 

that possible of crossing bonds are too week with increasing length of oligomer chain, HLGs 

decrease, generally. Therefore conductivity increase with continuing polymerization process 

but the slope of changes will be low. The ionization potentials will be decreased too. It's 

shown that with adding next methylene groups to the chain the less potential will be needed. 
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Introduction 

The cis-enol forms of β-dicarbonyls are stabilized by strong intramolecular hydrogen 

bonds (IHB) [1-3]. In the first part of this study [3], it has been theoretically concluded that 

the hydrogen bond strength of 1,1,1-trifluoro-5,5-dimethyl-2,4-hexanedione, TFMHD, is 

between those of trifluoroacetylacetone (TFAA) and 5,5-Dimethyl-2,4-hexanedione 

(DMHD). Since the vibrational spectroscopy is a highly sensitive technique to experimentally 

examine the hydrogen bonding, we used this data as the empirical witness. The goal in this 

part is to predict the hydrogen bond strength of TFMHD using spectroscopic methods and 

comparison with TFAA and DMHD. It will be showed that there is a good compliance 

between theoretical results and experimental data.  

 

Experimental and Method of Analysis  

TFMHD was purchased from Aldrich chemical company. D2-TFMHD was prepared 

by mixing the non-deuterated sample with D2O (3:1). The FT-IR, FT-Raman and Far-IR 

spectra were obtained on Bomem MB-154 Fourier Transform Spectrophotometer, Bomem 

MB-154 Fourier Transform Raman spectrometer, and Thermo Nicolet NEXUS 870 FT-IR 

spectrometer, respectively. All spectra were measured at room temperature. The spectra were 

considered in the neat liquid and CCl4 solution.   

 

Results and Discussion  
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The theoretical calculations have indicated that the IHB strength of TFMHD is stronger 

and weaker than those of TFAA and DMHD, respectively [3]. This result is excellently 

supported by the experimental NMR proton chemical shifts of 15.95, 14.24 and 15.0 ppm for 

DMHD, TFAA and TFMHD, respectively, which are tabled besides some other spectroscopic 

properties related to IHB strength in Table 1.  

The IR spectra of TFMHD, D2-TFMHD, DMHD and TFAA at regions of 3400-2200 and 

1100-800 cm-1 are shown in Figs. 1 and 2, respectively. The mentioned trend in the IHB 

strength is also consistent with the experimental results of OH/OD and O···O stretching and 

OH/OD in-plane and out-of-plane bending frequencies. The cis-enol forms of β-dicarbonyls 

exhibit an extremely broad band of the OH stretching mode in the 3500-2200 cm-1 region of 

the IR spectrum, which upon deuteration of the enolic proton, appears as a new narrower but 

still broad band in the 2200-1800 cm-1 region. These bands in the IR spectra of DMHD, 

FTMHD and TFAA in CCl4 are centered at about 2660, 2760 and 2900 cm-1. Upon 

deuteration, these bands disappears and new bands with considerably narrower band widths 

appear at about 1976, 2070 and 2120 cm-1, respectively (see Table 1). The position of these 

frequencies could well support the enhancement of IHB strength, going from TFAA to 

TFMHD, and from TFMHD to DMHD. The modes for out-of-plane bending deformation of 

OH and OD bonds are expected to be observed in the region below 1000 cm-1. Considering 

the theoretical calculations and experimental spectra of TFMHD and D2-TFMHD, the 

relatively weak and broad band at 905 cm-1 in the IR spectrum of TFMHD is assigned to its 

OH out-of-plane bending motion. The corresponding γOH bands in the IR spectra of DMHD 

and TFAA appear at 960 and 893 cm-1 (see Table 1), respectively. Another important band in 

this region is O···O stretching, which is attributed to the band at 365 cm−1. The 

corresponding bands in DMHD and TFAA have been reported to occur at 397 and 264 cm−1, 

respectively. 
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Conclusion   

The comparisons of H1-NMR chemical shifts and some observed vibrational frequencies, such 

as νOH, γOH and νO···O, and the calculated geometrical parameters confirm that the 

intramolecular hydrogen bond in TFMHD is stronger than that in TFAA, while it is weaker 

than that in DMHD. 
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Fig. 2: The IR spectra of of DMHD, TFMHD, D2- FTMHD and TFAA in neat liquid in the 

1750- 850 cm-1 region.  

 

Fig. 1: The IR spectra of DMHD, TFMHD, D2- FTMHD and TFAA in neat liquid phase at 

2200-3400 cm-1 region. 

Table1: Comparing several properties 

related to the hydrogen bond strength for 

TFMHD, DMHD and TFAA. 
 DMHD TFMHD TFAA 

δOH 15.95 15.0 14.24 

νOH 2660 2760 2900 

νOD 1976 2070 2120 

γOH 960 905 893 

νO···O 397 365 264 

RO···O 2.525 2.535 2.566 

θOHO 149.2 147.3 146.8 
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Introduction 

Cresyl violet acetate, CVA, (Fig. 1) is an ionic dye commonly used as organic chemical sensor [1, 2], 

photo-sensitizer in photodynamic therapy [3], and energy storage media [4] and as a photo-sensitizer 

in energy and electron transfer reactions [5]. It is a cationic oxazine dye which generally has 

properties similar to the related xanthane and rhodamine dyes [6]. Deeper understanding of the 

chemistry and photophysics of CVA would be of great interest. 

 

Methods 

The dye were obtained from Aldrich and used as received. The absorption spectra of the dye were 

recorded using UV-Vis Cary 100 spectrophotometer at room temperature. Sodium dodecylsulfate 

(SDS) and Sodium tetradecylsulfonate (STS), as anionic surfactants, and 

Hexadecyltrimethylammonium bromide (HTAB) as a cationic surfactant were obtained from Merck. 

The critical micelle concentrations (cmcs) of the surfactants are equal to 0.0009, 0.008, 0.0021 M for 

HTAB, SDS and STS, respectively. 
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Fig.1.Structure of CVA 

Results and discussion 

In this work, the environmental and concentration effects on the photo-physical properties of CVA in 

aqueous, pre-micellar and micellar surfactant solutions (i.e. SDS, STS, and HTAB) were investigated. 

The Job method was applied for determination of stiochiometric ratio between the anionic surfactants 

and the dye (Fig.2). The spectral data demonstrate the importance of the hydrophobic force on the 

dye-surfactant interactions. Effect of addition of Para toluene sulfonate (PTS) and amino ethyl 

ethanolamine (AEEA) on pre-micellar properties of the surfactants was investigated. Finally, 

absorption spectrums of the dye in polymeric environments (PVA and Slime) were also explored and 

a new band, due to higher order aggregates, was detected in the polymeric medium. 

 

(a) 

 

(b) 

Fig.2. Diagram of job method with a) SDS b) STS 
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Introduction 

Environmental pollution due to technological developments is one of the  most important 

problems of this century.Heavy metals such as chromium ,copper ,zink ,silver ,Nickel ,etc 

,Present in waste water are hazardous to environmentent.Owing to their toxicity ,their 

polluting effects on our echo-system provide a possible human health risk. Nickel is a heavy 

metal that can cause water pollution [1] .Various methods has been used such as ion exchange 

, Sediment-making chemical, biological uptake, reverse osmosis, membrane and adsorption 

process using biomass to remove metals from aqueous environments[2]. Adsorption is one of 

common methods to remove heavy metals[3]. In this study, we considered the effect of 

solution pH, contact time, Nickel ion concentration, adsorbent dosage and temperature on the 

adsorption capacity of Palm leaf ash in order to analyze the adsorption kinetics and 

thermodynamic and determine the equilibrium time.                                

Materials and methods  

Palm leaves washed several times and dried, then powdered using mixer.powder was 

burned,as result resume ashes were used as the absorbent to absorb heavy metals.In this 

study150ml metal solution of 100 ppm poured in bookherand and set pH, then we added 0.3g 

adsorbent to it and sampeled at (0,5,10,15,30,60,90,120,150,180 min).after this order we 

separated adsorbent from metal solution whit filter 0.2μm,then the concentration of metal ion 

in solution was measured by flame atomic absorption spectrometr ( SensAA GBS) model.        

 

Result and Discussion 

The effect of pH on adsorption  was investigated in the range (3-8) and optimum pH was 

obtained  also the amount of absorbent was studied at surfaces (1,1.5,2,2.5,3) and optimal 
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dose was obtained .Effet  of  various initital  concentration  was considerd at 

(50,100,150,200,250,300) mg/l  .The result showed that the adsorption capacities of palm leaf 

ashe increased whit the initital Nickel concenteration. The results of adsorption experiments 

indicated that in metal Nickel adsorption using this adsorbent the optimum pH , adsorbent 

dosage and initital concentration of metal ion  were 8 , 1g/li and 100mg/li Respectively,also 

kinetics and isotherms studies  showed  that Freundlich model was suitable to explain the 

experimental data(Fig1) and kinetic adsorption followed a pseudo-scond-kinetic(Fig2).                                    

.                  

  

                                Fig1                                                                                        Fig2  

Conclution  

This study showed that palm leaf ash is a suitable  adsorbent for removal heavy metal from 

waste water.. The obtained results showed that pH, sorbent amount, , initial metal 

concentration uptake time and solution temperature highly affected the uptake Ni(II) capacity 

of the the palm leaf ashe sorbent. 
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Introduction 

Nanoporous inorganic solids have found great utility as catalysts, because of their large 

internal surface area, and narrow pore size. They offer new opportunities in areas of guest-

host synthesis and reaction in the nanoscale for making nanoparticles, and nanocomposites. 

According to IUPAC, porous materials classified in to three categories: microporous, 

mesoporous and macroporous. Microporous materials are exemplified by crystalline 

framework solids such as zeolites, whose crystal structure defines channels and cages. The 

largest known group of microporous materials is the aluminophosphate molecular sieves 

family, members of which were developed in 1982 by Wilson and co-workers. The 

aluminophosphate (AlPO4-n) frameworks are formed from vertex-sharing AlO4 and PO4 

tetrahedral [1]. The controllable pore size distributions are the main reasons for using 

inorganic solids AlPO4 as support or hosts for organic molecules. The Al/P ratio is usually 

one, making the framework electrostatically neutral with no active sites present. Active sites 

for catalyst application can be seen, if organic species incorporated as a guest into the pores of 

AlPO4 host. Organic–inorganic hybrid solids [2] with nanopores and channels have attracted 

much research interest because of their potential applications in molecular adsorption and 

catalysis. In this work, we wish to report the synthesis of poly(4-vinyl pyridine)/AlPO4-11 

nanocomposite by in situ polymerization of 4-vinyl pyridine (4VP) in the presence of AlPO4-

11 and investigation of Al/P ratio for selection the best surface of support. The basic catalytic 

activity of this novel organic-inorganic hybrid was tested for Knoevenagel [3] condensation 

reaction. 
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Experimental 

 (1) Synthesis of AlPO4-11 from aqueous hydrothermal system and investigation of support 

Al/P ratio. (2) Synthesis of P4VP/AlPO4-11 nanocomposite. (3) Knoevenagel condensation 

under solvent-free condition at room temperature. 

 

Results and discussion 

The catalyst was characterized by XRD, XRF, SEM, FT-IR, BET and TPD techniques. The 

AlPO4-11 and P4VP/AlPO4-11 samples showed the same XRD patterns, indicating that the 

crystalline structure of the AlPO4-11 framework was retained after the hybridization. The 

presence of 4VP in the pores of AlPO4-11 is demonstrated by FT- IR and BET specific 

surface areas. The morphology of the nanocomposite obtained from SEM photographs. The 

BJH pore size distribution was determined the size of nanoporous AlPO4-11 and TPD of NH3 

was used to measure the number of acid sites in nanoporous inorganic solid (AlPO4-11). In 

different basic catalyst tested (with different Al/P ratio), excellent yields (100%) and short 

reaction time (2 -5 min) at room temperature without solvent was achieved. It was observed 

that the activity of the catalyst was influenced directly by support Al/P ratio. 

 

Conclusion  

In summary, it was demonstrated that the P4VP/AlPO4-11 nanocomposite could behave as 

recyclable catalyst for the solvent-free Knoevenagel condensation of aromatic aldehydes with 

malononitrile at room temperature offering the good yield. The large surface area of AlPO4-11 

causes this novel compound to act as an efficient basic catalyst. Green media for this 

reusability and simple work-up are the main advantages of this polymer material supported on 

a nanoporous inorganic surface. 

 

 

References 

[1] Q. Wang, G. Chen, S. Xu, Micropor. Mesopor. Mater, 119 (2009) 315–321 

[2] S. Jaenicke, G.K. Chuah, X.H. Lin, X.C. Hu, Micropor. Mesopor. Mater, 35–36 (2000) 

143–153 

[3] K.M. Parida, S. Mallick, P.C. Sahoo, S.K. Rana, Appl. Catal. A: Gen, 381 (2010) 226–232

  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
2354

Prediction of Surface Tension and surface properties in the Binary 

Liquid Mixtures 

 

A. A. Rafatia, A. Bagheri*a, A. R. Khanchib, E. Ghasemiana and L. Safdari Yektac 
aDepartment of Physical Chemistry, Faculty of Chemistry, Bu-Ali Sina University, Hamedan, Iran 

bChemistry Research Department, School of Nuclear Science Research, Nuclear Science and Technology 

Research Institute, Tehran, Iran 
cDepartment of Chemistry, Malayer University, Malayer, Iran 

Email: a_bagheri79@yahoo.com 

 

Introduction  

In this paper, we report experimental values of surface tension for binary mixtures of alkanol 

(methanol, ethanol, 2-propanol and 2-butanol) with acetonitrile obtained using the ring 

method and compared with predicted surface tension from the Suarez method [1, 2]. The 

activity coefficients were evaluated using the UNIFAC group contribution model [3]. Then, 

this model is used to derive surface mole (volume) fraction, surface activity coefficient.  

 

Methods and Theory 

The assumptions that bulk and surface phases are in equilibrium and the partial molar area of 

component i is the same as the molar area of i lead to the Sprow and Prausnitz equation for 

prediction of surface tension [1, 2]: 

b
i

b
i

s
i

s
i

i
i x

x

A

RT




 ln            (1) 

In Eq. (1), xi is the mole fraction of component i, γ the activity coefficient of component i, σ 

the surface tension of the mixture and Ai is the molar surface area of component i. In this 

paper, two methods were used to calculate the molar surface area (Rasmussen and Paqueete 

model) [3]. Rasmussen molar surface areas have been estimated from experimental surface 

tension data: 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
2355

k
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iki QA  ,
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   (2) 

where Qk is the UNIFAC area parameter of group k, and k,i is the number of groups of type k 

in molecule i. The results also indicate that the best prediction is obtained for 

acetonitrile/ethanol system at two methods for calculation of surface area (see figure 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

We calculated surface mole fractions of components using Eq.(1) to investigate the 

relationship between surface layer concentrations and surface tensions(see figure 1). 

 

Conclusion 

The UNIFAC model is used for the calculation of activity coefficients in the bulk liquid 

mixture and in surface layer. Then, two techniques is used for calculation of molar surface 

areas. The surface tension predictions are found to be extremely sensitive to the values of the 

molar surface areas used in the computation. Calculated surface mole fraction values with this 

method show that the surface is enriched with alcohol molecules relative to bulk composition. 
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Introduction 

The role of surfactant treatment has been widely investigated as an efficient method in 

Enhanced Oil Recovery. A surfactant either acts to reduce the interfacial tension (IFT) or to 

alter the wettability of reservoir rock.  Therefore, the oil recovery enhancement is due to 

alternating the wettability of rock surface from oil-wet to more water-wet condition. The 

effect of cationic, anionic, and non-ionic surfactants on enhancing oil recovery has been 

studied.[1, 2] 

Experiment has shown that the non-ionic surfactant/brine solution (Triton X-100) is more 

effective than the solution of cationic surfactant CTAB, Particularly as the temperature 

increases, the oil recovery by using Triton X-100 is appreciably increases.[3] Here, the 

interest is to understand the basic reason which makes Triton X-100 advantageous over 

CTAB in wattability alteration as the temperature is increased.[3] Certainly, the source of 

these differences is the physical properties specific to their chemical nature. Indeed we pursue 

the difference in the physical properties of the brine solution of these two surfactants and their 

behavior as temperature is raised. The physical property we study is the viscosity as a 

function of surfactant concentration at different temperature. Also, the temperature 

dependence of the structural behavior surfactants is probed using absorption and fluorescence 

spectroscopy.  

 

Experimental 

CTAB and Triton X-100 solutions were prepared in brine solution of usual concentration. The 

range of concentrations spans the critical micelle concentration (CMC), e.g. 0.03% for CTAB 
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and 0.015% for Triton X-100. The viscosity of each the solution was measured in the 

temperature range 25 to 80 C .  

The structural behavior of Triton X-100 was probed as a function of temperature using 

pyrene. Further investigations are advancing to study the structural behavior as a function of 

change using fluorescence spectroscopy. 

   

Results and Discussion 

In Figure 1 and 2, the results of viscosities measurements are shown for CTAB and Triton X-

100, respectively. As it can be seen, viscosity increases with concentration smoothly at all 

temperature. This is the case for CTAB too. Some fluctuations are seen close to CMC’s. The 

fluctuations for TritonX-100 look to be different from those of CTAB, indicating the 

difference in the nature of these two surfactants. More importantly the fluctuation enhanced 

close to 60 C . These particular fluctuations are, however,  absence in the case of CTAB. This 

can be interpreted in terms of salting out which occurs in the case of Triton X-100. Further 

investigations were performed by probing the particular structural changes as a function of 

temperature. Pyrene with the characteristics absorption spectra in the UV region was was 

found to be suitable (See Figure 3). It can be seen that as the temperature increases the base 

line of the spectra increases. From absorption spectra shown in Figure 3, a transition in the 

solution structure can be identified near 60 oC. Further investigations are in progress by 

fluorescence spectroscopy. 

 

Conclusions 

This study indicates that the preference of Triton X-100 over CTAB is due to the difference in 

their inherent structure. As the temperature increases there is a drastic change in the structure 

of Triton X-100. The high efficiency of it can be attributed to this.   
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Figure 1.  Viscosity versus concentration of Triton   Figure 2.  Viscosity versus concentration of CTAB 

  between 25-80 oC.  between 25-80 oC.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Absorption spectra of Triton solutions 

at different temperatures. 
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Abstract:  

Effect of binary mixtures of cationic and non–ionic surfactants, DTMAC, and Triton X–100, 

on distribution coefficient, Kd of acetone between toluene and water with variable mole 

fraction of mixed surfactants was investigated with interfacial tension was maintained 

constant. Gas chromatography (GC), with a high accuracy and repeatability in analysis, was 

used. Three constant interfacial tensions of 26.0, 28.0 and 30.0 mN.m-1 were considered, and 

their appropriate distribution coefficient were examined. The equilibrium distribution of 

acetone between phases, shows linear variation. After surfactants addition, the system shows 

rise or fall of solute distribution between two phases. Results shows that, 1) Different Triton 

mole fractions provide different trends in the equilibrium curves and the value of distribution 

coefficient decrease with increasing the interfacial tension or with decreasing total 

concentration of surfactants. 2) At Triton bulk mole fraction of 0.1 the Kd finds the lowest 

value and there exists maximum Kd values at α=0.4 and α=0.1. It may be concluded that 

acetone can be well extracted by toluene in water in some points that Kdare great. 

 

Keywords: distribution coefficient, surfactant mixture, DTMAC, Triton X-100 

 

Introduction:  

The selection of the solvent extraction as a separation technique depends greatly upon how 

the solute distributes between the extract and the rafinate phases[1]. Various means for 

altering this distribution in a desirable way exist but one of the most commonly used now-

adays is what is termed the mixed surfactants. In this work, liquid–liquid equilibrium data 

have been obtained for water–acetone–toluene system in the presence of Triton X-100 and 
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DTMAC in aqueous phase at 298 K, natural pH and at atmospheric pressure at the 10 

different bulk mole fraction of Triton X-100(α). 

 

 

Experimental procedure:  

A weighed amount of aqueous solution containing a known quantity of solute was mixed with 

a known quantity of solvent in a stoppered funnel[1]. The specified quantities of surfactants 

[2] were added to make corresponding mixtures of different bulk mole fraction of Triton X-

100 from 0 to 1. These mixtures were maintained at constant temperature of 298 ± 0.1 K and 

agitated for an extended period of time and stirred on a plate magnetic stirrer (2h) until 

acetone distributes between tow phases. The thermodynamic equilibrium was achieved by 

letting the mixture rest for 4h. After quantitative gravity separation, concentration of acetone 

in the organic samples was measured using GC. Then remaining amount of acetone in the 

aqueous phase calculated from simple material balance since the initial amount is known [3]. 

This method more suitable for systems where the solvent pair is partially miscible as in a 

previous study carried out experimentally by the same authors the system water-ethyl acetate-

ethanol [4]. 

 

Results and Discussion:  

Different Triton mole fractions provide different trends in the equilibrium distribution curves 

and the range of Kd is within (0.621 - 0.711) with coefficient of determination (R2) values 

within (0.964 - 0.999) for  28 mN.m-1 and (0.662 - 0.748) and (0.661-0.761) with R2 values 

within (0.994 - 0.999) and (0.993-0.999)  for  26 and  24 mN.m-1 respectively. The 

equilibrium distribution of acetone between phases for  26 mN.m-1 is shown in Figure 1. 

Similar variation is appropriate for other interfacial tension. That plotted as Corg vs. Caq. In 

this work, water and the organic solvent are totally immiscible. However the solute (acetone) 

present large affinity differences towards water. 
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Fig. 1. Equilibrium distribution of acetone                     Fig. 2. Kd variation versus α for three interfacial tension. 

    between phases in the presence of surfactants 

 

The experimental results for various mole fraction of Triton X-100 are shown in Fig. 2 for  28 

,24 and 26 mN.m-1. Fig 2 shows variation of distribution coefficient Kd with α for three constant 

interfacial tension. From Fig. 2 it is also seen that Kd values are maximum in α=0.05 and 

minimum in α =0.1. 
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Introduction  

        Water gas shift (WGS) reaction is used to generate hydrogen and CO2 from the reaction 

between carbon monoxide and water [1,2]. It is applied to increase the hydrogen production 

and remove CO before ammonia synthesis, refinery hydroprocesses and redistribution of 

hydrogen, or to adjust the H2/CO ratio in the methanol production and the Fischer-Tropsch 

synthesis [3,4]. 

 

Experimental 

In this study, Zn-Mn catalyst was prepared from precursor of [Zn(H2O)6]2[Mn(NCS)6] 

supported on the silica and tested for water gas shift reaction.[Zn(H2O)6]2[Mn(NCS)6] /SiO2 

was calcined at 773 K for 5 h. [Zn(H2O)6]2[Mn(NCS)6] complex has been characterized by 

elemental analysis, XRD, FT- IR, UV-Vis spectroscopy. Characterization of both precursor 

and calcined catalyst were carried out using FT-TR, XRD, SEM, BET specific surface area 

and thermal analysis methods (TGA and DSC). The activity and selectivity of prepared 

catalyst has been studied under atmospheric pressure in a range of reactor temperatures using 

synthesis gas with H2O/CO molar ratio of 2. 

 

Results and discussion 

 The FT-IR spectrum of the [Zn(H2O)6]2[Mn(NCS)6] complex shows two sets of vibrations 

due to the aqua and isothiocyanate ligands. In the FT-IR spectrum, the C=S stretching mode 

of free SCN- is shifted to higher frequency in the corresponding complex which is consistent 

with nitrogen bonding to the manganese. The phase analysis of precursor and calcined 
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catalyst were done by XRD technique. The XRD patterns of both precursor and calcined 

catalyst showed crystalline phases. Characterization of both precursor and calcined catalyst 

was also carried out using scanning electron microscopy (SEM). All the electron micrographs 

were obtained from powder specimens of these materials. SEM observations have shown 

differences in morphology of both precursor and calcined catalyst.            

The BET specific surface area measurements for both precursor and calcined catalyst were 

carried out and calcined catalyst showed a higher surface area than its precursor. This is in 

agreement with SEM results, which showed that the agglomerate size of the calcined catalyst 

is less than its precursor and therefore, leads to an increase in the BET specific surface area of 

the calcined sample. 

The calcined catalyst was also characterized by FT-IR and due to thermal decomposition of 

isothiocyanate ligands, no vibration bands for C=S and C≡N stretching are seen. The catalyst 

showed high catalytic activity for WGS. In order to consider the stability of prepared catalyst 

using a novel method, it was tested for 60 h at 400 °C using H2O/CO with molar ratio of 2. 

The obtained results indicate that this catalyst was highly stable and had retained its activity 

and selectivity for 60 h. 

 

Conclusions 

We have prepared alumina-supported Zinc-Manganese catalyst from [Zn(H2O)6]2[Mn(NCS)6] 

/SiO2 precursor. This preparation procedure is a novel suitable method to produce higher 

active catalysts for the different catalytic processes. During the calcination operation, the 

morphological features of calcined catalyst are quite different with the 

[Zn(H2O)6]2[Mn(NCS)6]/SiO2. The Zinc-Manganese catalyst was studied for the water gas 

shift reaction. The catalyst exhibited appreciable water gas shift activity. This catalyst was 

also highly stable and had retained its activity and selectivity for 60 h. The reaction conditions 

were found to be 400 °C with molar feed ratio of H2O/CO= 2:1 (GHSV= 5400 h-1). 
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Introduction 

The water gas shift (WGS) reaction ,CO+H2O↔CO2+H2, where converts carbon monoxide 

and water into hydrogen and carbon dioxide is one of the oldest and most important 

heterogeneous reactions [1,2]. It has been applied as an important industrial process for pure 

hydrogen production, e.g. for ammonia synthesis, and adjusting the CO/H2 ratio in the 

production of methanol and the Fischer-Tropsch synthesis [3].  

 

Methods 

Na-Mn/SiO2 catalyst was prepared by a novel method and studied for the water gas shift 

reaction.The catalyst was prepared from Na4[Mn(NCS)6]/SiO2 precursor. Na4[Mn(NCS)6] 

was supported on the silica and calcined at 500 °C. Na4[Mn(NCS)6] complex was 

characterized by elemental analysis, FT-IR, UV-vis and XRD spectroscopy and cyclic 

voltammetry. The electrochemistry of this complex was investigated in DMF by cyclic 

voltammetry and differential pulse polarography. Characterization of both precursor and 

calcined catalyst were carried out using FT-IR, X-ray diffraction, thermal analysis method 

such as TGA and DSC, scanning electron microscopy (SEM) and BET specific surface area. 

The activity of prepared catalyst was studied in a fixed bed micro reactor in a range of reactor 

temperatures using H2O/CO molar ratio of 2 at atmospheric pressure.   

 

Results and discussion 

 The elemental analysis of the Na4[Mn(NCS)6] complex is entirely consistent with its 

formulation as is the following spectroscopic characterization.In the FT-IR spectrum, the C=S 

stretching mode of free SCN- at 749 cm-1 is shifted to 815 cm-1 in the corresponding 
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Na4[Mn(NCS)6]  complex which is in consistent with nitrogen bonding to the manganese. The 

C≡N stretching mode of free SCN- was shifted to lower frequency in the corresponding 

complex.  

 The phase analysis of precursor and calcined catalyst were done by XRD technique. The 

XRD patterns of both precursor and calcined catalyst showed crystalline phases. The 

morphological features of calcined catalyst are quite different with the precursor and show 

that the agglomerate size is greatly reduced in compared to the precursor sample described 

above. Characterization of Na4[Mn(NCS)6]/SiO2 precursor  using TGA, generally have shown 

a three-stage decomposition. The first weight loss peak low-temperatures is associated to the 

removal of the physically adsorbed water from the precursor; the second weight loss is due to 

the decomposition of Mn−N and C=S bonds and the third weight loss peak at high-

temperatures may be attributed to the decomposition of C≡N  bond. The DSC pattern of the 

catalyst precursor, exhibited a peak at low-temperatures attributed to the removal of the 

physical adsorbed water and two endothermic peaks at mid-temperatures that are due to the 

various endothermic transition. The peaks at mid-temperatures may be attributed to the 

decomposition of Mn−N, C=S and C≡N bonds which were accompanied by different weight 

losses with changes only in rate of weight loss.  The calcined catalyst was also characterized 

by FT-IR and due to thermal decomposition of isothiocyanate ligands, no vibration bands for 

C=S and C≡N stretching are seen. In order to study the stability of prepared catalyst, it was 

tested for 40 h at 300 °C using synthesis gas with molar ratio of H2O/CO = 2. 

 

Conclusions 

We have reported a novel method to preparation of Na-Mn/SiO2 catalyst for the water gas 

shift reaction. This catalyst showed high activity for the water gas shift reaction. Combining 

the results of the FT-IR spectra, TGA/DSC curves, classical identification method, and XRD 

patterns for Na4[Mn(NCS)6] complex, precursor, and calcined catalyst showed that the 

complex decomposed to form an oxide of Mn as the solid product and a mixture of sulfur 

dioxide, carbon dioxide and nitrogen oxids as gaseous products.                                                                        
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Introduction       

Fischer-Tropsch synthesis (FTS), consisting of the CO hydrogenation to hydrocarbons, over 

transition metal catalysts has been studied extensively [1-3]. The Fischer-Tropsch synthesis 

can be simplified as a combination of the carbon monoxide hydrogenation (FT reaction) and 

the water gas shift (WGS) reaction [4]. Water gas shift (WGS) is used to generate hydrogen 

and CO2 from the reaction between carbon monoxide and water [5].  

 

Methods 

  Silica-supported copper-nickel bimetallic catalyst was prepared from 

[Cu(H2O)6]2[Ni(NCS)6] precursor. The cationic-anionic complex ,[Cu(H2O)6]2[Ni(NCS)6] 

was prepared from the reaction of (NH4)4[Ni(NCS)6] with Cu(NO3)2.4H2O in water and 

characterized by elemental analysis and various spectroscopy techniques such as FT-IR, UV-

Vis and atomic absorption. The physicochemical characteristics of both precursor and 

calcined catalyst were carried out using X-ray diffraction, thermal analysis methods (TGA 

and DSC), FT-infrared, scanning electron microscopy and BET specific surface area. The 

catalyst was evaluated for CO hydrogenation and water gas shift reactions. The carbon 

monoxide hydrogenation was studied over prepared catalyst in the temperature range of 573-

653 K, gas hourly space velocity (GHSV) of 3600 h-1 and H2/CO molar ratio of 2 at 

atmospheric pressure. 

 

 

Results and discussion 
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 In the FT-IR spectrum of [Cu(H2O)6]2[Ni(NCS)6] complex, the C=S stretching mode of free 

SCN- is shifted to higher frequency which is consistent with nitrogen bonding to the nickel. 

The XRD pattern of the calcined catalyst exhibits characteristic peaks for NiO and CuO 

phases. Characterization of both precursor and calcined catalyst was also carried out using 

scanning electron microscopy (SEM). All the electron micrographs were obtained from 

powder specimens of these materials. SEM observations (Fig. 1) have shown differences in 

morphology of both precursor and calcined catalyst.  

 

                          

                

         (a) (b) 

Fig. 1. SEM micrographs of  the [Cu(H2O)6]2[Ni(NCS)6]/SiO2 precursor (a)  and the calcined catalyst (b) 

 

The BET specific surface area measurements for both precursor and calcined catalyst were 

carried out and calcined catalyst showed a higher surface area than its precursor. This is in 

agreement with SEM results, which showed that the agglomerate size of the calcined catalyst 

is less than its precursor and therefore, leads to an increase in the BET specific surface area of 

the calcined sample. 

The calcined catalyst was also characterized by FT-IR and due to thermal decomposition of 

isothiocyanate ligands, no vibration bands for C=S and C≡N stretching are seen. In order to 

consider the stability of prepared catalyst using a novel method, it was tested for 40 h at 300 

°C using synthesis gas with molar ratio of H2/CO=2:1. The obtained results indicate that this 

catalyst was highly stable and had retained its activity and selectivity for 40 h. 

 

 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
2371

Conclusions  

The Cu-Ni/SiO2 catalyst prepared by thermal decomposition of a new precursor, 

[Cu(H2O)6]2[Ni(NCS)6]/SiO2. This method is a simple and suitable way to preparation of 

supported binary catalysts for different catalytic processes.The catalytic tests at 573-653 K (P 

= 1 atm, H2/CO=2:1) showed that the catalyst has the high catalytic activity for methanation 

and water gas shift (WGS) reactions. The methanation reactivity increased with increasing 

temperature while a reverse trend was observed for the water gas shift reactivity. 
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Introduction: 

 Some of dyes and pigments pollution corresponds to an important environmental problem 

due to its toxic effects and cummulation throughout the food chain and consequently in the 

human.There are a lot of ways that dyes and pigments removal from solution. Using 

molecular sieves is a good way for removal materials pollution[1].In this study,  Al-MCM-41 

is a molecular sieve as adsorbent. Such material as Al-MCM-41  is characterized by high 

surface area, high pore volume therefore can removal dyes from solution very well.   

 

Materials and Methods:  

Al-MCM-41 was prepared in hydrothermal condition by adding 2 g of sodium hydroxide that 

dissolved in 150ml of distilled water in a baker. Then 8 g of fumed silica was added to this 

solution at 75 ºC. The resulting mixture continuous stirring for 1h until a clear solution was 

obtained after that 3 g of cethyltrimethyl ammonium bromide (CTAB) was slowly added to 

this solution at room temperature under vigorous stirring. The resulting gel was stirring for 2h 

after the addition was completed. In the next stage 2 g aluminum choloride was dissolved in 

100 ml of distilled water while adding 2.5 ml of concentrated H2SO4until a clear solution was 

obtained. This solution was added to resulting gel drop by drop. During the addition, the 

mixture was vigorously stirred for 2 h. the gel obtained was transferred into a Teflon-line 

stainless steel autoclave for a hydrothermal treatment at 100 ºC for 3 days. The resulting solid 

product was recovered by filtration and was washed for several times with deionized water. 

The white solid obtained was dried in air at 100 ºC for 5h. Finally, the sample was calcined at 

6100 ºC for 16 h in air. 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
2373

 

Dye solution preparation:   

Solution of Chrysoidin G was prepared in double distilled water. Its concentration was 

determined by using absorbance values measured before and after the treatment, at 450nm 

with JENWAY UV-Vis spectrophotometer (Model 6505). 

 

Results and Discussions:  

We investigated effect of pH and amount of adsorbent for removal dye from solution. The 

adsorption of dye was increased at 2-4 pHs then it was constant in 4-7 pHs. So we selected 

pH = 4 for all studies. Then we investigated amount of adsorbent. Adsorption of dye 

increased with rising amount of adsorbent. We studied amount of 0.01-0.05 g of adsorbent. 

0.05 is the best quantity for removal dye from solution. 
 

Isotherms study:  

Adsorption equilibrium data were correlated with the Langmuirand Freundlich isotherms. The 

isotherms fit Langmuire equation. 1ݍ ൌ ܾݍ1 ൬1ܥ൰   ݍ1

Where Ce is the equilibrium concentration of the adsorbate (mgL-1), qe is the amount of 

adsorbate adsorbed per unite mass of adsorbent(mgg-1), q and b are Langmuire constants 

related to adsorption capacity and rate of adsorption, respectively (Fig.1). 

  

Fig. 1. Langmuir adsorption isotherm Chrysoidin G(1/qe vs. 1/C) 

Conclusion:  

The present study shows that Al-MCM-41 is an effective adsorbent for  removal dye solution. 

The optimum PH for adsorption was found to be up 4. The adsorption isotherm of Chrysoidin 

G was fitted by Langmuir model.  
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Abstract: 

The present article reports on the application of modified multiwalled carbon nanotubes 

(MMWCNTs) as a new, easily prepared sensitive and stable solid sorbent for the adsorption 

of trace Cu(II)  ion in aqueous solution. Multiwalled carbon nanotubes (MWCNTs) were 

modified using Glotarid-Dihydrazide Which characterized using different techniques. The 

equilibrium adsorption of copper on the functionalized MWCNTs was studied in various 

temperatures and the adsorption equilibrium was well described using different adsorption 

models. Then the thermodynamic parameters were obtained. 

 

Introduction: 

Many methods including physical and chemical have been used to treat the pollution caused 

by the heavy metals, of which adsorption is a most common adopted method because of its 

simplicity and facility [1]. Carbon nanotubes (CNTs) are relatively new adsorbents that have 

been proven to possess great potential for removing many kinds of metal ions. But, the 

selectivity of the raw or oxidized-MCWNTs for adsorption of metal ions is quite limited. 

MWCNTs modified with some organic compounds are expected to be more selective than 

untreated oxidized-MWCNTs for the adsorption [2]. In this paper, adsorption experiments of 

Cu (II) ion from aqueous solution by modified multiwalled carbon nanotubes (MWCNTs) 

were carried out. The thermodynamic and isotherm model of adsorption were studied 

systematically. 

 

 

 

Methods: 
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To evaluate the thermodynamic properties, we first prepared various solutions with initial Cu 

(II) concentration ranging from 10 to 80 mg/L (100 ml, pH = 5), and then added 0.1 g CNTs 

to each solution. These samples were shaken continuously for 1 h at 280, 300 and 320 K, 

respectively. The suspensions were filtered and the filtrates were immediately measured using 

an atomic adsorption spectroscopy. The amount of copper adsorbed, qe (mg g−1) was 

computed by  

qe=(C0-Ct)Vm-1, where C0 and Ct are copper concentrations (mg L−1) before and after 

adsorption, V is the volume of adsorbate (L) and m is the weight of the adsorbent (g). 

 

Results and discussion: 

Adsorption isotherm 

This study employs the Langmuir and Freundlich isotherms to describe the equilibrium 

adsorption. The expression for the Langmuir isotherm is (qe = qm[ KLCe/(1 + KLCe)]) models. 

Where where qe is the amount of Cu2+ adsorbed per gram of MMWCNTs (mg/g) and Ce is the 

equilibrium concentration of metal ions (mg L−1). The Freundlich isotherm is (qe =KfCe 1/n) 

that Kf and n are the Freundlich constants. Table 1 summarizes the coefficients of the 

Langmuir and Freundlich isotherms for different temperatures. 

Table 1: Parameters of adsorption models for Cu (II) on modified MWCNTs 

Temperature (K) 
Langmuir model Freundlich model 

KL(L/mg) qm(mg/g) R2 Kf n R2

280 0.1386 44.64 0.998 9.897 2.893 0.870

300 2.9515 47.39 0.974 21.020 5.331 0.951

320 4.1925 51.81 0.933 29.540 7.716 0.872

 

Adsorption thermodynamics: 

The thermodynamic parameters, the values of enthalpy,ΔH◦, and entropy, ΔS◦, and Gibbs free 

energy, ΔG◦, of the sorption is defined as: ΔG 0 = - RT ln K and ln K= - (ΔH◦/RT)+( ΔS◦/R). 

The equilibrium constants obtained from the best fitted model (Langmuir) at 280, 300 and 

320 K were used to determine the Gibbs free energy changes as shown in Table 2. 

 

Table 2: Thermodynamic parameters of Cu (II) adsorption by modified MWCNTs 

Temperature (K) ΔG◦ (kJ mol−1) ΔH◦ (kJ mol−1) ΔS◦ (JK−1 mol−1) 
280 −21.16 

67.77 319.76 300 −30.30 

320 −33.26 
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Conclusion: 

This study demonstrated that the modified multiwalled carbon nanotubes could be used as an 

effective adsorbent for the removal of Cu (II) ions. The isotherm study indicates that 

adsorption data correlated well with Langmuir isotherm model. The negative value of ΔG◦ 

indicates the feasibility and spontaneity of the adsorption process. The positive value of ΔH◦ 

suggests the endothermic nature of the adsorption.  
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Abstract: 

The application of modified multiwalled carbon nanotubes (MMWCNTs) as a new, easily 

prepared sensitive and stable solid sorbent for the preconcentration of trace Cd (II) ions in 

aqueous solution was considerd. Multiwalled carbon nanotubes (MWCNTs) were modified 

using thiosemicarbazide were characterized using different techniques. The equilibrium 

adsorption of Cd (II) on the functionalized MWCNTs was studied in various temperatures and 

the adsorption equilibrium was achieved in freundlich isotherm which gave correlation in 

thermodynamic parameters. 

 

Introduction: 

In recent years, great attention has been paid to the application of nano-structure materials, 

especially carbon nanotubes (CNTs). CNTs are good anion and cation adsorption materials 

for wastewater treatment, as they exhibit exceptionally large specific surface areas which are 

easy to decorate [1, 2]. MWCNTs modified with some organic compounds are expected to be 

more selective than untreated and oxidized-MWCNTs for the adsorption of metal ions [3]. In 

this work, we will investigate the thermodynamic and isotherm of the Cd (II) adsorption onto 

modified MWCNTs, in order to obtain the adsorption capacity, thermodynamic parameters, 

and to establish the isotherm model of adsorption on MMWCNTs. 

 

Method: 

In general, the effects of pH, adsorbent dosage, and temperature on adsorption of Cd (II) ion 

were performed at room temperature (27±1 ◦C) by stirring a mass of 0.3 g of MMWCNT with 

150mL of 5mg L−1 copper solutions for 1 h. The study on effect of temperature was 

performed in various temperatures of 300, 310 and 320 K. For isotherm study, 0.1 g of 

MMWCNT was mixed with 50mL copper solutions at various concentrations (5–50 mg L−1) 

and the mixtures were stirred for 1 h at room temperature. The amount of copper adsorbed, qe 
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(mg g−1) was computed by  

qe=(C0-Ct)Vm-1, where C0 and Ct are cadmium concentrations (mg L−1) before and after 

adsorption, V is the volume of adsorbate (L) and m is the weight of the adsorbent (g). 

 

Results and discussion: 

Adsorption isotherm: 

Adsorption isotherms are mathematical models that describe the distribution of the adsorbate 

species among liquid and adsorbent. The experimental data of Cd (II) adsorptions can be 

correlated with the Freundlich (qe =KfCe 1/n) and Langmuir (qe = abCe/(1 + bCe)) models. The 

Langmuir and Freundlich constants were obtained by fitting the adsorption equilibrium data 

to the isotherm models and are listed in Table 1.The results indicate that the Langmuir model 

fits the adsorption data better than the Langmuir model. 

Table 1: Parameters of adsorption models for Cd (II) on modified MWCNTs 

Temperature (K) 
Langmuir model Freundlich model 

KL(l/mg) qm(mg/g) R2 Kf n R2 
300 0.07 27.9 0.9968 3.30 1.83 0.9551 
310 0.13 28.5 0.9879 4.62 2.10 0.9551 
320 0.19 30.8 0.9825 5.63 2.13 0.9735 

 

Adsorption thermodynamics: 

The thermodynamic parameters, the values of enthalpy,ΔH◦, and entropy, ΔS◦, and Gibbs free 

energy, ΔG◦, of the sorption is defined as: ΔG 0 = - RT ln K and ln K= - (ΔH◦/RT)+( ΔS◦/R). 

The equilibrium constants obtained from the best fitted model (Langmuir) at 300, 310 and 

320 K were used to determine the Gibbs free energy changes as shown in Table 2. 

Table 2: Thermodynamic parameters of Cd (II) adsorption by modified MWCNTs 

Temperature (K) -ΔG◦ (kJ mol−1) ΔH◦ (kJ mol−1) ΔS◦ (JK−1 mol−1) 
300 1.66 

41.68 0.143 310 3.37 
320 4.7 

 

Conclusion: 

Adsorption thermodynamics and isotherms of copper on MMWCNTs have been studied. A 

positive value of the standard enthalpy change suggests that the interaction of Cd(II) adsorbed 

by MMWCNTs is endothermic. The negative adsorption standard free energy changes and 

positive standard entropy changes indicate that the adsorption reaction is spontaneous process. 
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The isotherm study indicates that adsorption data correlated well with Langmuir isotherm 

model. 
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Introduction 

Zinc is one of the abundant metals which is used in steel production, alkaline batteries and 

anti-rust paint Several methods were used to remove and recycle this metal, including ion 

exchange, biosorption, electrolysis, reverse osmosis, coagulation, and solvent extraction, etc.  

 (2). With increase of environmental pollution, there is a growing demand to develop novel 

adsorbents of higher efficiency for heavy metal ions removal from aqueous media than those 

commercially available mesoporous silica have received considerable attention because of 

their unique large surface area, well- defined pore size and pore shape Mesoporous silica 

NH2-MCM-41 has been functionalized and employed to eliminate traces of toxic heavy metal 

from wastewater. Mostly, the functionalizations of mesoporous silica have been studied. In 

this study, NH2-MCM-41 mesoporous silica was prepared under basic condition by using 

hexadecyltrimethylammoniumbromide as template and fumed silica as the silica source by 

means of hydrothermal method. Then the effect of solution pH, contact time, Zinc ion 

concentration and adsorbent dosage on the adsorption capacity of NH2-MCM-41 were studied 

in order to analyze the adsorption kinetics and determine the equilibrium time. 

 

Materials and methods  

Zinc (II)  ions solution were obtained of chlorid salt of Zinc. ( MERCK ) . NH2-MCM-41 was 

prepared according to refluxed for 6 h. the method of Ho et al. standard solution of 1000 mg/l 

were used for adsorption experiments. Experiments were performed with the NH2-MCM-
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41mesoporous adsorbent in batch system. This study was conducted by mixing known weight 

of solution of zinc ions of known concentration by the following experimental condition. 

 

Initial metal ion concentration (mg/l) 50,100,150,200,250,300 
Amount of NH2-MCM-41 0.25,0.5,1.0,1.25,1.5,2.0,2.5,3 

pH 3-8 
Contact time 5,10,20,30,60,90,120,150,180,210 

 

Then the solid phase was separated by filtration through 0.2m microfilter. The concentration 

of Zinc was determined by GBC flame atomic adsorption spectrometr( Sens AA ) and the 

sorbed amount was calculated.The percent of removed metal ions by the adsorbents were 

calculated by the following equation: 

 0

0

100
Re eC C

moval
C


   

The equilibrium adsorption capacity of adsorbent was calculated by the following equation: 

 0 e
e

C C V
q

W


  

 

Results and discussion 

 The effects of initial pH on adsorption of Zn(II)  ion onto NH2-MCM-41 are investigated in a 

batch system. sorbent capacity, increased with an increase in sorbent dose for an initial zinc 

concentration of 100 mg/l. The equilibrium sorption capacity decrease from 84.11 to 32.84 

mg/g when sorbent dose wase increased from 0.25-3.0 g/l. This shows that increasing the 

sorbent dosage increased the surface area available, hence the number of sites available for 

sorption increased. The initial metal ions concentration was varied from50 to 300 mg/L at 

temperature 22 º C. Therefore, the percentage of ions adsorbed at higher concentration level 

shows a decreasing trend, whereas uptake of ions displays opposite trend The percent removal 

was increased as the initial Zn(II) concentration increased up to 50 mg/L but further increase 

in concentrations results in decrease in percent removal. Maximum percent removal of Zn(II) 

was observed 77.45 with NH2-MCM-41 at 50 mg/L. This may be due to the saturation of the 

sorption sites and increase in the number of ions competing for the available binding sites in 

the biomass for complexation of Zn(II)ions at higher concentration . Maximum adsorption of 

Zn(II) were observed at pH 7.0 absorbent dose 2.0g/l ,metal concentration 200 mg/l in 210 

min of contact time. The adsorption equilibria data has been fitted very well to Langmuir as 
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well as to freundlich adsorption model ( Fig 1, Table 1).The sorption kinetics followed the 

pseudo – second order rate equation( Fig 2 , Table 2).   

 

conclusions 

The present study showed that the NH2-MCM-41 can be considered as a technology for 

removal Zn(II) in batch process. The obtained results showed that pH, sorbent dose , initial 

metal concentration uptake time and solution temperature highly affected the uptake Zn(II) 

capacity of the the NH2-MCM-41 sorbent. 

Table 1 Freundlich and Langmuir constants for Zn(II) 

Langmuir constant Freundlich constant 

Q(mg/g) b (l/mg) R2 KF (mg/g(L/mg)1/n) n R2 

62,5 0,470 0,983 0,007 24,94 4,90 
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One of the main goals of the catalysis industry is to develop new materials that have novel 

catalytic properties. Bimetallic catalysts started to gain considerable commercial interest in 

the 1960’s for their use in hydrocarbon reforming because they displayed reactivities unlike 

those of the monometallic catalysts [1]. The modification effect is especially important when 

the admetal coverage is in the submonolayer to monolayer regime. However, it is difficult to 

know a priori how the electronic and chemical properties of a particular bimetallic surface 

will be modified relative to the parent metals. There are two critical factors that contribute to 

the modification of the electronic and chemical properties of a metal in a bimetallic surface. 

First, the formation of the hetero-atom bonds changes the electronic environment of the metal 

surface, giving rise to modifications of its electronic structure through the ligand effect. 

Second, the geometry of the bimetallic structure is typically different from that of the parent 

metals, e.g. the average metal-metal bond lengths change. This gives rise to the strain effect 

that is known to modify the electronic structure of the metal through changes in orbital 

overlap [2]. 

Ab initio calculations offer the ability to identify parameters that correlate electronic and 

chemical properties, which in turn provide opportunities to predict how the properties of a 

metal surface are modified by alloying with other metals or promoters. For transition metal 

surfaces, the effect of substituting one metal for another can largely be attributed to the 

modification in the d-orbitals, which participate largely in the bonding interaction with 

adsorbates. It has been further shown that the d-orbitals on the surface of the catalyst of 

interest can be distinguished largely by characterizing the transition metal density of states 

(DOS) for the d-orbitals. Specifically, it is the location of the d-band center of the DOS in 

relation to the Fermi level that has been correlated for many bonding interactions [3]. 
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The current work focuses on the general trends in the electronic and chemical properties of 

overlayer and submonolayer Au/M (M =Pt, Cu and Fe) bimetallic surfaces to demonstrate 

their unique electronic and chemical properties. We will then utilize the adsorption of atomic 

oxygen and O2 to demonstrate the correlation between the surface d-band center and the 

binding energies of both atomic and molecular adsorbates for various bimetallic surfaces. 

Calculations were performed within the framework of density functional theory (DFT) using 

the Quantum Espresso [4], which is a DFT code based on plane wave basis sets. Electron–ion 

interactions are described using the projectoraugmented wave (PAW) method, which was 

expanded within a plane wave basis setting up a cutoff energy of 50Ry (≈ 680.2 eV). Electron 

exchange and correlation effects were described by the general gradient approximation 

(GGA) of Perdew et al. are known as PW91. Brillouin zone integration was performed using 

3×3×1 Monkhorst Pack grid. The Au and Au/M (M = Pt, Cu and Fe) surface calculations 

were performed with fcc(100) surfaces modeled by 2×2 unit cells of five substrate layers. A 

vacuum space equivalent to eight layers is used to separate the slab from the slabs of the 

upper and lower cells, thus ensuring that there were no interactions between the adsorbed 

intermediates and the bottom surface of the next slab. All metal layers were allowed to relax. 

 

Keywords: Bimetallic Catalysis, Au Nanocatalysts, Strain Effects, Ligand Effects, DFT 

Calculation 
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Supported gold nanoparticles have attracted intensive research interest in heterogeneous 

catalysis and fuel-cell electrocatalysis in the past two decades because of their exceptionally 

high activities for low-temperature CO oxidation and distinguished selectivities in a variety of 

redox reactions [1]. These unique features are very different from the traditional platinum 

group metals. One of the most important features of gold catalysis is the striking 

sizedependence. As bulk gold is highly noble, reactivity of goldbased catalysts is critically 

dependent on the particle size; only those particles with sizes below 5 nm show high 

reactivities [2]. 

Fuel cells enable the efficient production of electricity from hydrogen and oxygen. However, 

numerous challenges exist that prevent the viability of fuel cells. One area of intense research 

is the development of new cathode materials for catalyzing the oxygen reduction reaction 

(ORR). Since the electrocatalytic ORR began to receive significant attention in the 1960s, it 

has been known that platinum exhibits the best oxygen reduction kinetics among the noble 

metals. However, ORR rates on pure Pt are several orders of magnitude less than rates of the 

hydrogen oxidation reaction, the complementary reaction that takes place at fuel cell anodes. 

Additionally, cathodes require significantly higher Pt loadings than anodes, due to the 

decreasing ORR rates with increasing specific surface area [3]. The scarcity and cost of 

platinum have motivated the search for more efficient ORR catalysts.  

Although it has suggested that the ORR activity depends on the atomic oxygen adsorption 

energy, rational catalyst design may benefit from an understanding of how alloys alter the 

adsorption of other species in the oxygen reduction. This involves identifying which 
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adsorbates are most important in determining ORR activity and determining if the activity can 

be predicted from the amount of strain and the identity of the alloying metal. 

In this work, we report DFT calculations for exploring the effects of Au alloys. The electronic 

ligand effect can be isolated by substituting the second layer of a Au(100) slab with Pt, Cu 

and Fe transition metals, creating a AuMAu sandwich. Likewise, the strain effect induced in 

alloys through altering the lattice constant can be isolated by changing the lattice parameter of 

the Au(100) slab from its most stable value. Both effects can be combined in a 

pseudomorphic overlayer model in which a M (M = Pt, Cu and Fe) layer is placed over a 

Au(100) substrate. 

Density functional theory (DFT) calculations were performed with the Quantum Espresso 

Simulation Package [4], using plane-wave basis sets based on the projector-augmented wave 

(PAW) method. Basis sets were made finite using a cutoff energy of 50Ry (≈ 680.2 eV). 

Brillouin zone integration was performed using 3×3×1 Monkhorst Pack grid. Surface 

calculations were performed with fcc(100) surfaces modeled by 2×2 unit cells of five 

substrate layers and vacuum space equivalent to eight metal layers. All metal layers were 

allowed to relax. 

 

Keywords: Bimetallic Catalysis, Au Nanocatalysts, Oxygen Reduction, DFT Calculation 
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Bulk gold is chemically inert and is regarded as a poor catalyst, but when gold is in the form 

of nanoparticles and is deposited on metal oxides or activated carbon it becomes surprisingly 

active, especially at low temperatures, for such reactions as CO oxidation and propene 

epoxidation [1]. A lot of studies have been carried out to understand the origin of such novel 

catalytic activity. Previous investigations proposed that the novel catalytic activity is 

originated from quantum size effects of Au nano-particles, from low-coordinated Au atoms of 

Au nano-particles, or from perimeter regions at the contact of Au nano-particles on oxide 

surfaces [2]. Effects of the interaction between Au nano-particles and oxide supports have 

been also investigated. It is considered that the interaction between oxygen and Au surfaces is 

also essential for the catalytic activity. The behavior of oxygen on or near Au nano-particles 

seems to play a key role in the catalytic reaction such as CO oxidation. One way to obtain an 

active gold catalyst on an inert support is to make nanoparticles of gold alloy with a second 

metal that plays the role of activating oxygen [3]. 

To understand the interaction between oxygen and Au surfaces, it is important to investigate 

the dependence of the adsorption states on the gold surface combination (effect of second 

metals) and on the coverage of oxygen. 

Quantum Espresso program [4] based on Gradient-corrected periodic DFT (Density 

Functional Theory) slab calculations were used to determine all the structural, electronic and 

energetic results reported in this paper. The code gives an iterative solution of the Kohn–

Sham equation for a system with periodic boundary conditions using plane-wave basis set. In 

order to represent the electron–ion core interaction, it uses the projector augmented wave 

(PAW) approach. The exchange and correlation potentials are described by the general 

gradient approximation (GGA) of Perdew et al. are known as PW91. In all the cases, the 
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plane-wave expansion was limited at a cutoff energy of 50Ry (≈ 680.2 eV) assuring a good 

convergence in energy. The Brillouin zone integration has been done on a grid of 3×3×1 using 

the Monkorst–Pack k-point. The Au and Au/M (M = Pt, Cu and Fe) Surface calculations were 

performed with fcc(100) surfaces modeled by 2×2 unit cells of five substrate layers. A 

vacuum gap equivalent to eight layers was set in order to separate two subsequent slabs and 

the adsorbates were placed on one side of the slab.  All metal layers were allowed to relax. 

 

Keywords: Bimetallic Catalysis, Oxygen Adsorption, Au Nanocatalysts, DFT Calculation 
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Introduction 

The discharge of dye effluents to the environment, especially to water system, is becoming a 

major concern due to their toxicity. Therefore, adsorbents such as zeolites,  mesoporous 

materials and pillared clays with higher surface areas are used in adsorption processes [1, 2]. 

In the present study, for a first time, we report single and binary component adsorption kinetic 

and thermodynamic studies for adsorption of methylene blue (MB) and auramine (AU) on 

AlMCM-41.  

 

Experimental 

The dyes were obtained from Merck and AlMCM-41 prepared by the method described in our 

previous paper [3]. Adsorption kinetics and isotherm experiments for the samples were 

undertaken in a batch reactor with 250 ml capacity provided with water circulation 

arrangement. Adsorption was performed by shaking 0.005 g of AlMCM-41 in 200 ml of the 

solutions with varying concentrations (10−6–10−5 M) at 25 and 40 ◦C. Concentration of the 

dyes was determined spectrophotometrically by measuring absorbance at 664 and 432 nm for 

λmax of MB and AU, respectively.  

 

 

Results and discussion 

Figure 1 demonstrates adsorption dynamic of MB onto AlMCM-41 at 25 and 40 º C. The 

adsorption capacity for adsorption of MB in initial concentration of 8×10-6 M at 25 ºC is 

2.07×10-4 mol/g, respectively. 
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                                    Fig. 1                                                                                       Fig. 2 

 

 

 

 

 

 

 

 

 

  

Figure 2 demonstrates a comparison of MB adsorption onto AlMCM-41 in single and binary 

component systems at 25 and 40 ◦C for initial concentration of 4×10−6 M. Thermodynamic 

parameters (ΔG◦, ΔH◦ and ΔS◦) for adsorption of MB and AU in binary component system 

were calculated. The results demonstrate that similar to single component systems, the 

adsorption is exothermic. Adsorption of the dyes on the adsorbent in binary component 

system follows the pseudo second-order kinetics. Also, the results demonstrate that the 

second-order rate constant for adsorption of AU is higher than that of MB. The intraparticle 

diffusion model was also applied to the adsorption kinetics of MB and AU in binary 

component system. It is clear that, similar to single component systems, the amount of MB 

and AU adsorption are greatly increasing as the pH is increasing. When pH of solution is 

changed from 6.5 to10, the adsorption capacity will change from 2.03×10-4 to 3.06×10-4 mol/g 

and from 5.56×10-5 to 1.08×10-4 mol/g for MB and AU, respectively.      
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Introduction 

Dyes are important pollutants which are generally present in industrial wastewater. A simple 

method for removal of pollutants is adsorption, especially by activated carbon [1]. Although 

activated carbon has been used widely for pollutant removal, the disadvantage is its relatively 

high cost [2]. The objective of this work is study about the adsorption of cationic (methylene 

blue(MB)) and anionic (methyl orange (MO)) dyes onto the granular activated carbon 

prepared from grapevine rhytidome ,as an abundant and low-cost precursor, (AC-51) from 

both equilibrium and kinetic point of view. The results were compared with the commercial 

granular activated carbon (GAC). 

 

Methods 

In the equilibrium adsorption experiments, 2.0 mg of adsorbents were added into 5 ml of dyes 

aqueous solutions with different concentrations. Then, the samples were placed in a shaker 

with the speed of 150 rpm at 30.0 °C for 24 h. The residual concentrations of samples were 

determined with a UV/Vis spectrophotometer. In the kinetic adsorption experiments, 2.0 mg 

of adsorbents were added into 5 ml of 10 mg/l of MO and 5 mg/l of MB solutions. The 

samples were placed in a shaker (150 rpm, 30.0 °C) and the dye concentration at different 

time intervals was determined with UV/Vis spectrophotometer.  

 

 

Results and discussion 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
2394

Activated carbon was prepared from grapevine rhytidome using phosphoric acid and 

microwave radiation. The variation of the amount of adsorbed dyes as a function of time, qt, 

onto commercial activated carbon (GAC) and the prepared activated carbon (AC-51) are 

shown in Fig. 1. To evaluate the kinetic mechanism that controls the adsorption process, three 

kinetic models (Table. 1) were tested. The results of non-linear fitting of different kinetic 

models to the experimental data are listed in Table 2. Based on the obtained correlation 

coefficients, r2, for adsorption of MB and MO onto the GAC and AC-51 (except MO onto the 

GAC that fitted best with PFO model) the M-exp model fits the adsorption kinetic data and is 

better than the other models. 

 
 

  (a)              (b) 

Fig. 1. Effect of contact time on the removal of dyes by GAC and AC-51 at T= 30.0 °C. (a) MB (b) MO. The 

solid line represents the predicted values by PFO model and the dashed lines by M-exp. 

 
 

Table 1. Kinetic models [3]. 
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Table 2. Parameters of different kinetic models for adsorption of MB and MO onto the GAC and AC-51. 
r2  qe  k2 k1 F2  f2 f1  MB  

              GAC  

0.9564  9.4  -  1.16×10-4  -  - -  PFO  

0.9651  12.1  9.0×10-5  -  -  - -  PSO  

0.9804  21.8  2.992×10-3  1.8×10-5  -  0.106  0.894  M-exp  

              AC-51 

0.9347  10.5  -  2.70×10-4  -  - -  PFO  

0.9607  11.9  3.1×10-5  -  -  - -  PSO  

0.9968  11.3  2.5×10-6  1.39×10-4  -  0.216  0.784  M-exp  

             MO  

              GAC  

0.9935  19.8  -  8.6×10-5  -  - -  PFO  

0.9917  29.4  2.0×10-6  -  -  - -  PSO  

0.9959  23.5  -3.89×10-4  6.7×10-5  -  1.0×10-5  0.999  M-exp  

              AC-51 

0.9953  15.6  -  1.75×10-4  -  - -  PFO  

0.9947  19.6  9.0×10-6  -  -  - -  PSO  

0.9972  15.8  6.859×10-3  1.54×10-4  -  4.6×10-2  0.954  M-exp  

 

 Fig. 2 shows the adsorption isotherms of MB and MO onto the GAC and AC-51. The 

equilibrium adsorption data were analyzed with Langmuir (L) and Redlich-Peterson (R-P) 

isotherms (Table 3). The obtained constants of isotherms derived from linear fitting method 

are listed in Table 4. Based on the calculated correlation coefficients for both GAC and  

AC-51, it is found that R-P fits the adsorption equilibrium data better than L isotherm. 

  (a)            (b) 
Fig. 2. Adsorption isotherms of (a) MB and (b) MO onto the GAC and AC-51 at 30.0 °C. 

 Lines represent the predicted values by R-P isotherm. 
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Table 3. Isotherm models [3]. 
Linear form  Non-linear form  Abbreviation  Isotherm  

m

e

mLe

e

q
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1  

eL

eLm
e CK

CKq
q




1
  L  Langmuir  


e

R

R

Re

e C
KKq

C


1
  

 eR

eR
e C

CK
q




1
  R-P  Redlich-Peterson  

 
Table 4. Obtained isotherms parameters for adsorption of MB and MO onto the GAC and AC-51. 

r2  a  β Rα 1/n K KR KF  KL  qm  MB  

                    GAC  

0.9989  -  -  -  -  -  -  -  0.63  204.6  L  

0.9991  -  0.97  0.74  -  -  138.89  -  -  -  R-P  

                    AC-51 

0.9963  -  -  -  -  -  -  -  0.61  184.6  L  

0.9987  -  0.88  1.47  -  -  180.02  -  -  -  R-P  

                    MO  

                    GAC  

0.9962  -  -  -  -  -  -  -  0.83  172.5  L  

0.9974  -  0.93  1.54  -  -  206.51  -  -  -  R-P  

                    AC-51 

0.9817  -  -  -  -  -  -  -  0.26  138.3  L  

0.9947  -  0.76  2.32  -  -  122.70  -  -  -  R-P  

 

Conclusions 

The present study shows that the activated carbon prepared from low-cost grapevine 

rhytidome is an effective adsorbent for the removal of MB and MO from aqueous solution 

which is comparable with the commercial one. Based on the obtained results from both 

equilibrium and kinetic studies, GAC and AC-51 provide heterogeneous surface with at least 

two different sites for adsorption of MB and MO. 
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Introduction 

The selective oxidation of alcohols to the corresponding aldehydes or ketones is a 

fundamental transformation in both laboratory synthesis and industrial production. Although 

many useful procedures for oxidation of different organic compounds have been reported [1], 

the main disadvantage of these reagents is the difficult working-up of the reaction mixture. 

Functional polymers are specified as very efficient catalyst supports, since they provide the 

stabilizing steric bulk of their framework and several binding sites for simultaneous 

interactions with the particles and the substrates. Poly (4-vinylpyridine) (P4VP) is particularly 

attractive because of its ability for interacting with polar species through hydrogen bonding 

[2]. 

Mesoporous polymer networks are a class of materials that features the mentioned texturation 

[3,4], and works in this field recently succeeded in synthesizing mesoporous polymers with 

high thermal stability, namely highly cross-linked mesoporous poly(4-vinylpyridine) (mp-4-

VP) [5], using silica nanospheres as hard templates [6]. The nanostructure of the mp-4VP 

network is not dependent on swelling effects, thus the material can be used in a variety of 

solvents without loss of the texturation. Since the pores are also well connected, the material 

is well suited for applications requiring good mass transport properties as it is the case for 

catalysis. Other features include possibility of tailoring the pore structure, framework 

composition, and morphologies over a wide range [7]. Many potential applications arise from 

the potential properties of these high surface area materials, including separation technology 

(chromatography, membranes, etc.), catalysis, nanoelectronics, sensors, and spatially defined 

host materials for substances or reactions [8]. In this work, mp-poly(4-vinylpyridinium 

hydrochloride)-CrO3 network (mp-P4VP-CrO3) was synthesized and fully characterized. 

Then, the properties of mp-P4VP-CrO3 network on the oxidations of alcohols were tested.  
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Experimental 

Fully cross-linked mp-P4VP-CrO3 was synthesized using a SBA-15 as template. Then 

template was washed away. Then CrO3 supported on it. A typical oxidation of aromatic 

alcohols was performed; the progress of reaction was monitored by Thin Layer 

Chromatography (TLC). After Completion of the reaction, for the reaction work-up, the 

catalyst was removed from the reaction mixture by the filtration. 

 

Results and discussion (TGA)  

Obtained products were characterized by means of X-ray diffraction spectrophotometer 

(XRD), scanning electron microscopy (SEM), thermo gravimetric analysis (TGA), and 

brunauer emmet teller (BET). The etching of the formed nanocomposite of poly(4-

vinylpyridine) and silica particles yielded a porous solid with a well defined and accessible 

porosity.  

A narrow distributed average pore radius of about 60 Å was found which is consistent with 

the size of the template and the solid sample featured an average surface area of 180 m2 g-1. 

 

Conclusion 

Our studies showed that P4VP-CrO3 network serve as highly active heterogeneous oxidant 

nanocatalyst for the oxidation of benzyl alcohol and its substituted homologues. The existence 

of pure organic phase in this composite has had the critical effect on the catalytic activity. 

This methodology is simple, fast, mild, and efficient. Therefore it is believe that the synthetic 

method would be greatly contributed to the environmentally processes. 
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Introduction 

The extensive application of supported heteropoly-acids (HPAs) as a heterogeneous catalyst 

for a wide variety of applications continues to thrive. Acidity of the HPAs for certain catalytic 

reactions can be adjusted by choosing a suitable support. Apparently, the surface area, particle 

size, pore structure and distribution of the protons of HPAs, which are usually referred to as 

the elements of tertiary structure, the nature of supports and interaction of HPAs with support 

is very influential on catalytic activity. In this research we have been investigated catalytic 

activity of H3SiW9Mo2VO40 supported on ZrO2 for the esterification of n, s and t-butanol with 

acetic acid. Supporting of H3SiW9Mo2VO40 on the surface of ZrO2 and the yield of organic 

reactions were investigated by IR, Uv-Vis Spectroscopies and GC respectively. 

 

Methods 

H3SiW9Mo2VO40 [1] and sol-gel derived ZrO2 powder [2] were prepared according to the 

literature. H3SiW9Mo2VO40 was supported on hydrous zirconia by impregnation method. 1.0g 

ZrO2 was impregnated with an aqueous solution of HPA (0.3g/30ml water). This suspension 

was mixed for 0.5-24hr, then centrifuged and the above aliquots were analyzed by uv-vis 

spectroscopy (Ray leigh UV-2601) in the wavelength range of 200 to 400 nm with quartz cell, 

to calculate the amount of adsorbed HPA on the surface of ZrO2 powder; And the solid, 

analyzed with IR Spectroscopy (Shimadzo 470). The sample impregnated for 30min, after 

drying at 100˚C for 12hr, was used for the catalytic reaction. The esterification of n-butanol 
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(99.8mmol, 7.4 g) with acetic acid (199.8mmol, 12g) was investigated in round bottom flask 

provided with condenser containing different amount of catalyst at 60-100◦C up to 24hr. 

Founded optimum conditions were used for the esterification of 2-butanol and t-butanol  with 

acetic acid. The product esters were analyzed on GC (Micro-Pars, FID detector, Silicon DC-

200 column). 

 

Results and Discussion 

Uv-vis data shows that by stirring the ZrO2 in HPA solution up to 30min, the concentration of 

the HPA in solution decreased, that means the amount of adsorbed H3SiW9Mo2VO40 on the 

surface of ZrO2 was increased. But after 30min, up to 24hr, the concentration of HPA in 

solution was increased again and showed desorption of HPA from surface of ZrO2. Because 

of this phenomenon, we stirred suspension of ZrO2 in HPA solution for 30min in 

impregnation process for the preparation of heterogeneous catalyst. IR Spectroscopy proved 

that HPA was supported on the surface of ZrO2 powder. GC analysis showed that in the 

esterification of n-butanol with acetic acid, increasing the amount of catalyst from 125mg to 

250mg, increased the yield from 51.6 to 66% after 24hr. But further increasing of the amount 

of catalyst to 500mg lowered the yield of reaction to 47% after 24hr, maybe because of the 

inhomogeneous mixing during the process. On the other hand, by increasing the molar ratio of 

alcohol/acid from 1/2  to 1/1 and 2/1, the yield of reaction decreased from 66 to 51 and 34% 

after 24hr respectively. Furthermore, by increasing the reaction temperature from 60 to 80 and 

then 100˚C, the yield of reaction increased from 43 to 66 and then 81.6% after 24hr 

respectively. But in the esterification of s and t-butanol with acetic acid, with 250mg catalyst, 

alcohol/acid molar ratios of 1/2 at 80˚C after 24hr, the yield of reaction are 53 and 17% 

according to the GC analysis. 

 

Conclusion 

Results showed that the optimum conditions for the esterification of n-butanol with acetic 

acid in the presence of ZrO2 Supported with H3SiW9Mo2VO40 are 250mg catalyst with 

alcohol/acid molar ratio of 1/2 at 100˚C. Also we can conclude that this catalyst is more 

efficient for esterification of first order alcohol with acetic acid in comparison by secondary 

or tertiary alcohols with acetic acid. 
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Introduction 

The extensive application of supported heteropoly-acids (HPAs) as a heterogeneous catalyst 

for a wide variety of applications continues to thrive. Acidity of the HPAs for certain catalytic 

reactions can be adjusted by choosing a suitable support. Apparently, besides the surface area, 

particle size, pore structure and distribution of the protons of HPAs, which are usually 

referred to as the elements of tertiary structure, the nature of supports and interaction of HPAs 

with support is very influential on catalytic activity. In this research we have been 

investigated adsorption of different HPAs (H3PW12O40, H4SiW12O40) supported on different 

ZnO powders (commercial and nano-sized) by Uv-Vis Spectroscopy. 

 

Methods 

H3PW12O40 [1] and H4SiW12O40 [2] were prepared according to the literature. Commercial 

ZnO were purchased from Merck (108846) and nano-sized ZnO was prepared by sol-gel 

method with tow different precursors (salt [3] and alkoxide [4]) according to the literature. 

0.015g ZnO was added to a 30 ml of 0.25 mg/ml HPAs solution in water (12.5 mg HPA 

dissolved in 50ml water) and stirred for 24hr. In different intervals, samples (4ml) of 

suspension were taken. The solid was separated by centrifuge and washed with cold and hot 

water respectively. The above aliquots were analyzed by uv-vis spectroscopy (Ray leigh UV-

2601) in the wavelength range of 200 to 400 nm with quartz cell, to calculate the amount of 

adsorbed HPAs on the surface of ZnO powders. 

 

Results and Discussion 
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Uv-vis data shows that the amount of adsorbed H3PW12O40 on the surface of commercial ZnO 

powder, by increasing the processing time, increased up to 4 hr and then remained unchanged 

up to 24 hr. But the results of uv-vis data show that by adsorption of H4SiW12O40 on the 

surface of commercial ZnO powder, the structure of HPA changed and destroyed. On the 

other hand by using nano-sized ZnO powders, the amount of adsorbed H3PW12O40 increased 

up to 12 hr and then remained unchanged up to 24hr. This was attributed to the larger surface 

area of nano-sized ZnO powder in comparison with commercial ZnO powder. The loading 

percent of each sample was calculated and shows that it was increased by the order: nano-

sized ZnO powder (alkoxide precursor, 10.6%), commercial ZnO powder (13.7%), nano-sized 

ZnO powder (salt precursor, 26.7%). 

 

Conclusion 

It was concluded that the ZnO preparation method has crucial effect on amount of HPAs 

adsorption on the surface of ZnO powders. In this way, commercial ZnO and nano-sized ZnO 

powder prepared from alkoxide precursor have lower capacity for the supporting HPAs than 

nano-sized ZnO powder prepared from salt precursor.  
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Introduction 

The role of surfactant treatment has been widely investigated as an efficient method in 

Enhanced Oil Recovery. A surfactant either acts to reduce the interfacial tension (IFT) or to 

alter the wettability of reservoir rock.  Therefore, the oil recovery enhancement is due to 

alternating the wettability of rock surface from oil-wet to more water-wet condition. The 

effect of cationic, anionic, and non-ionic surfactants on enhancing oil recovery has been 

studied.[1, 2] 

Experiment has shown that the non-ionic surfactant/brine solution (Triton X-100) is more 

effective than the solution of cationic surfactant CTAB, Particularly as the temperature 

increases, the oil recovery by using Triton X-100 is appreciably increases.[3] Here, the 

interest is to understand the basic reason which makes Triton X-100 advantageous over 

CTAB in wattability alteration as the temperature is increased.[3] Certainly, the source of 

these differences is the physical properties specific to their chemical nature. Indeed we pursue 

the difference in the physical properties of the brine solution of these two surfactants and their 

behavior as temperature is raised. The physical property we study is the viscosity as a 

function of surfactant concentration at different temperature. Also, the temperature 

dependence of the structural behavior surfactants is probed using absorption and fluorescence 

spectroscopy.  
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Experimental 

CTAB and Triton X-100 solutions were prepared in brine solution of usual concentration. The 

range of concentrations spans the critical micelle concentration (CMC), e.g. 0.03% for CTAB 

and 0.015% for Triton X-100. The viscosity of each the solution was measured in the 

temperature range 25 to 80 C .  

The structural behavior of Triton X-100 was probed as a function of temperature using 

pyrene. Further investigations are advancing to study the structural behavior as a function of 

change using fluorescence spectroscopy. 

   

Results and Discussion 

In Figure 1 and 2, the results of viscosities measurements are shown for CTAB and Triton X-

100, respectively. As it can be seen, viscosity increases with concentration smoothly at all 

temperature. This is the case for CTAB too. Some fluctuations are seen close to CMC’s. The 

fluctuations for TritonX-100 look to be different from those of CTAB, indicating the 

difference in the nature of these two surfactants. More importantly the fluctuation enhanced 

close to 60 C . These particular fluctuations are, however,  absence in the case of CTAB. This 

can be interpreted in terms of salting out which occurs in the case of Triton X-100. Further 

investigations were performed by probing the particular structural changes as a function of 

temperature. Pyrene with the characteristics adsorption spectra in the UV region was was 

found to be suitable (See Figure 3). It can be seen that as the temperature increases the base 

line of the spectra increases. From absorption spectra shown in Figure 3, a transition in the 

solution structure can be identified near 60 oC. Further investigations are in progress by 

fluorescence spectroscopy. 

 

Conclusions 

This study indicates that the preference of Triton X-100 over CTAB is due to the difference in 

their inherent structure. As the temperature increases there is a drastic change in the structure 

of Triton X-100. The high efficiency of it can be attributed to this.   
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Figure 1.  Viscosity versus concentration of Triton Figure 2.  Viscosity versus concentration of CTAB 

  between 25-80 oC.  between 25-80 oC.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Absorption spectra of Triton solutions 

at different temperatures. 
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Introduction: 

 Dye wastewaters are discharged by a wide variety of sources, such as textiles, printing, 

dyeing, dyestuff manufacturing, and food plants [1-3]. Dye can reduce light penetration into 

the water thereby decreasing the efficiency of photosynthesis in aquatic plants and hence 

having adverse impart on their growth. Adsorption is an effective method for lowering the 

concentration of such material in the environment especially if the adsorbent has high 

adsorption capacity. Adsorption using activated carbon is rapidly becoming a prominent 

method of treating aqueous effluents and has been used in industrial processes for variety of 

separation and purification process. In this regard activated carbon and MCM-41 were used 

for comparing the performance of both adsorbents for removal of dyes. 

 

Methods and Materials:  

The azo dye, safranine, activated carbon, GAC, were purchased from Merck. The 

concentration of safranine solution was 20, 25, 30, 35 and 40 mg/L. Maximum absorbance 

wavelength (λmax) was recorded on a JELWAY 6505 UV-Vis spectrophotometer. 

The mesoporous MCM-41 powder was crystallized from an alkaline solution containing 

cetyltrimethylammonium bromide (CTABr, 99%, Merck), sodium silicate solution and 

deionized water. After 72 h in hydrothermal treatment at 100 °C, the MCM-41 powder was 

filtered, washed, and dried then it was calcined at 600 °C for 16 h in air to remove the organic 

template.     

 

Result and Discussion: 
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 Fig. 1 shows pH effects on the adsorption capacity of safranine on the GAC and MCM-41.   

The amount of dye adsorbed on GAC decreases significantly at low (2-4) pHs, then it increase 

and it is constant in pH = 6. However amount of dye adsorbed on MCM-41 increase at (2-6) 

pHs.  In pH = 6 is nearly constant. 

 

Dye removal efficiency:  

The removal efficiency of safranine was calculated as follows: 

  %Removal = 100(Ci-Ce) / Ci  

Where Ci is initial dye concentration (mg/L), Ce is equilibrium dye concentration (mg/L)[4]. 

The result shows a lot of adsorption for adsorbent of MCM-41. Dye removal efficiency at the 

initial dye concentration of 30 (mg/L) on MCM-41 was calculated 99%, but dye removal 

efficiency in the same concentration on GAC was calculated 18%. So, dye removal efficiency 

from MCM-41 better than GAC because MCM-41 is a mesopore but GAC is a micr pore. 

 

Enthalpy Adsorption:   

Heat of adsorption dye was calculated as follows: 

Where K is equilibrium constant, ∆H is heat of adsorption, R is gas constant and T is 

temperature. From slope of equation, ∆H in adsorption dye by GAC was calculated -22.87 

KJ/mol and for adsorption dye by MCM-41 was -137.23 KJ/mol. We can say adsorption on 

MCM-41 is in the border line of physisorption-chemisorption and was named activated 

adsorption. 

 

Fig.1 Effect of pH on adsorption capacity of safranine on GAC and MCM-41. 
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Abstract 

A modified model has been proposed for the calculation of surface tension (ST) and 

interfacial tension (IFT) in electrolyte solutions. Based on the Gibbs dividing surface concept, 

the Langmuir adsorption equation was adopted for surface and interfacial tension in 

electrolyte solutions. Different activity coefficient model such as extended UNIQUAC model, 

Pitzer equation and Meissner method have been utilized for this purpose. In this work surface 

tension of single-electrolyte aqueous systems including NaCl, KCl, HCl, NaNO3, HNO3, 

KNO3, NH4NO3, Na2CO3, Na2SO4, KOH, BaCl2 have been estimated using modified model. 

The interfacial tension between NaCl and n-Dodecane, n-Hexane and Benzene, HCl and 

Tributyl phosphate & Solvesso, KCl and n-hexane have been estimated by mentioned activity 

models. The results showed that the modified model has been predicted surface and interfacial 

tension with overall absolute average deviation of 0.2 and 0.39 respectively. 

 

Keywords: Surface Tension; Interfacial Tension; Prediction; Electrolyte; Extended Uniquac 

model; Activity coefficient. 

 

Introduction  

Surface properties such as surface tension and Interfacial tension have an important 

application in different processes such as separations and purifications in chemical 

engineering. In this regard Prediction of surface and interfacial tension has received more 

attention during recent years. In this work different activity models have been used for 

prediction surface and interfacial tension. 

Theory 

Gibbs adsorption equation is one of the most attractive methods in this field. The Gibbs 

adsorption equation states that the reversible surface energy change between the bulk vapor 

and liquid or two liquid phases at constant temperature and pressure can be introduced by [1]: 
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Int
caca

Int
wwInt ddd                                                                                           (1) 

where, w and ca  are described relative to an arbitrarily chosen dividing surface, it is feasible 

in principle to locate that surface, so that 0w  and Eq. (1) is shrank in term of the activity 

of the electrolyte [2,3], aca, by   

ca
w

caInt aRTdd ln                                                                                                  (3)   

In equilibrium the rate of adsorption and desorption of the electrolyte is equal. Using 

Langmuir adsorption model and coupling with equation following equation will derive:    

ca
caca

cacaw
caInt aRTd

aK

aK
d ln

1
                                                                            (4)    

Integration Eq. (4) from aca = 0 to aca leads us to following equation for estimating surface 

tension of aqueous single-electrolyte solution and IFT between an organic solvent and an 

aqueous single-electrolyte solution:  

caca

w
caIntInt aK

RT


 

1

1
ln0                                                                             (5)   

In Eq. (5) σInt0 is the surface tension of pure water or IFT between an organic solvent and pure 

water in absence of any electrolyte at the system temperature. Meanwhile activity of 

electrolyte can be substituted form different activity models such as Meissner, Pitzer and used 

Extended UNIQUAC model. In this work the capability of Extended UNIQUAC model has 

been investigated for the first time. 

 

Result 

In this work the capability of different activity models has been checked. The results showed 

that in overall, modified model can predict surface tension of inorganic salts accurate than 

acids. The model parameters have been determined by minimization of AARD. The results 

for different model have been presented in Table 1. It is shown that there are good agreements 

between experimental and model results. It can be concluded that the capability of different 

activity coefficient model are the same. This subject can be pointed to adjustable parameters 

in Gibbs adsorption model. As in each case two parameters should be adjusted. This matter 

has caused we cannot judge about ability of activity model. For better judgment this 

parameters must be utilized for prediction of surface tension in mixed electrolyte solution. 
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Table 1. The model parameters for Surface Tension with three models 
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MeissnerPitzerExtended UNIQUAC   
AAPD K w

ca  AAPD K w
ca  AAPD K w

ca  mMax T(K) Salt 
0.2284 1.5827 -1.4243e-6 0.22 1.25 -1.66e-6 0.1828  1.5677  -1.5191e-6  9.84 291.15  NaNO32 

0.1114 6.4858 -6.962e-7 0.114 5.7032 -7.2098e-7 0.1117 5.5825  -7.6622e-7  1.8 293.15 NaNO35 

0.6776 0.1083 5.0034e-7 1.04 0.106 8.05e-7 0.5536 0.1082 5.9872e-7 29.09 303.15 HNO32 

0.0559 16.015 -4.5272e-7 0.0692 13.522 -3.1546e-7 0.0683 199.61 -3.6450e-7 1 295.15 (NH4)2SO4
6 

….. ….. ….. 0.31 8 -5.44e-7 0.1896 8.5668 -5.6357e-7 3.8 291.15 KOH2 

0.0451 16.573 -2.8055e-7 0.0456 15.591 -2.8759e-7 0.0444 15.536 -3.0042e-7 1 293.15 NaCl7 

0.1901 6.7758 -7.329e-7 0.1899 6.3407 -7.4845e-7 0.1809 7.1981 -7.2325e-7 1.84 293.15 KCl8 

0.1291 559.14 -1.7777e-7 0.1307 400.59 -2.028e-7 0.1098 609.77 -2.1905e-7 0.81 298.15 MgCl2
9 

--- --- --- 0.2804 23.924 -2.7492e-6 0.2734 25.961 -3.6939e-6 0.3 293.15 BaCl2
4 

0.6128 0.0045 5.0251e-6 0.51 0.00468 4.12e-7 0.6409 0.0049 5.4955e-7 14.9 293.15 HCl10 

0.1493 4.4294 -1.3438e-6 0.1593 3.2216 -1.6676e-6 0.1503 3.8822 -1.3829e-6 1.8 298.15 KNO3
5 

0.1182 40.918 -1.7899e-7 0.1192 40.092 -1.7547e-7 0.1196 37.538 -1.7836e-7 1.9 293.15 NH4NO3
5 

0.0507 1420.5 -1.8133e-7 0.0537 1074.6 -1.9693e-7 0.0524 1035.5 -2.1315e-7 0.465 303.15 Na2CO3
2 

0.0815 389.27 -2.8011e-7 0.0826 312.562 -3.1574e-7 0.0828 268.44 -3.2428e-7 0.9 308.15 Na2SO4
2 

0.2   0.24   0.2     
Overall 

AAPD 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
2414

Aqueous Solutions of NaCl, MgCl2, and LaCl3”, Journal of Colloid Interface Science, 1999, 

pp. 398-402. 

[8]K. Ali, A.u.H.A. Shah, S. Bilal, A.u.H.A. Shah, “Surface Tensions and Thermodynamic 

Parameters of Surface Formation of Aqueous Salt Solutions: III. Aqueous Solution of KCl, 

KBr and KI”, Colloid Surface A: Physicochemistry Engineering Aspects, 2009, pp.194-199. 

[9]N. Matubayasi, K. Yamamoto, S.I. Yamaguchi, H. Matsuo and N. Ikeda, “Thermodynamic 

Quantities of Surface Formation of Aqueous Electrolyte Solutions III. Aqueous Solutions of 

Alkali Metal Chloride”, Journal of Colloid Interface Science, 1999, pp. 101-105. 

[10]A.A. Abramzon and R. D. Gaukhberg, “Surface Tension of Salt Solutions”, Russian 

Journal of Applied Chemistry, 1993, pp.1320. 

  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
2415

Investigation of instability and relationship between instability and 

magnetic properties at ferrite magnetic single-domain region, MO-Fe2O3 

(M=Cu,Ni) 

 

M.R.Rostami*a , A.Yazdanib , S.Morshedia 
aDepartment of Physics, University of Islamic Azad, North Tehran Branch, Tehran, Iran 

(Email:moosafere@yahoo.com) 
bDepartment of Physics, University of Tarbiat Modares, Tehran, Iran 

 

Keywords: Instability, Spinel, Ferrite, Magnetic, Coercivity, bond energy. 

 

Introduction: 

The ferrites are one type of spinel ceramics. These compounds have many applications for 

produce hydrogen and in medical science due to their soft magnetic properties and 

characteristics of their instability. Therefore, we study the instability and the magnetic 

properties of  ferrites. 

 

Results and discussions: 

1. Study of thermal instability of ferrites: 

In this study instability of thermal and its effect on the crystal structure of nickel ferrite and 

specially copper ferrite of  prepared with co-precipitation method, has been considered. The 

effect of preparation conditions, the effect of environment at factors and the effect of cation 

distribution at ferrites have been taken for investigation of instability. In here, instability at 

two kind of gas has been investigated for nitrogen and methane gas (for effect of 

environmental conditions) and This result shows that the ferrites inside of gas space of CH4 

,earlier become unstable. The results also shows that stability of NiFe2O4 is more than 

CuFe2O4[1]. Table 1, shows stability of prepared copper ferrite in Ta=1000°C is more than at 

Ta=800°C (for effect of preparation conditions). 
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Table 1. Mass loss of copper ferrite at various temperatures inside of gas space of Nitrogen  (per persent). 

Tb ( 
°C ) Ta=800 °C Ta=1000 °C 

900 1.4 - 

1000 2.3 1.4 

1100 2.9 2.4 

1200 3.4 2.8 

Effect of cation distribution indicated that for NiFe2O4 and CuFe2O4 that have inverse spinel 

structure, reduce their degree of inversion is causing instability. This is also true for 

nanoparticles and the degree of inversion is reduced for them because of reduced stability of 

particles in a nano-state. Then, Using Jahn-Teller effect, metallic property of ferrite in 

duration of thermal instability and WIEN2K software, change of crystal phase with creation 

of thermal instability has been investigated [2]. These results indicate that the crystal structure 

of copper ferrite during thermal instability is tilted and its structure becomes trigonal and 

triclinic. According to these results copper ferrite during thermal instability can not accept 

structures with degree of inversion x=0,0.5CM,0.25R3M , because these structures are not 

metallic. 

2. Study of magnetic properties of nano ferrites: 

In this study, bond-energy theory (about cohesive energy) is improved for thermal instability 

of ferrites of multi-element [3,4]. This equation shows the instability of ferrite depends on 

size of particl. Using this theory, relationship between magnetic coercivity ,HC, saturation 

magnetization ,MS, temperature instability of bulk ,Tsb, and temperature instability of nano 

ferrite ,Tsp, is applied as follow: 

ܪ ൌ ଶೌெೄ 1 െ ଵீ ቆቀ ഓഓబቁሺಳ்ሻೌగ ቇభమ ቀ1 െ ೞ்்ೞ್ቁ  
 

Where ,Ka, the constant of magnetic anisotropic ,τ, the spin relaxation time ,T, room 

temperature ,kB, Boltzman constant and ,G, is a coeffecient depends on ionic bond and the 

shape of particles of ferrite. 
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Conclusion: 

1- Important factors  for instability ferrites are include: preparation conditions, environmental 

conditions and cation distribution at ferrites. 

2- Copper and nickel ferrites with inverse spinel structure are stable than normal spinel and 

partial-inverse spinel structures. 

3- Any ratio of  ೞ்்ೞ್ for ferrites to be more, we have stronger magnetic coercivity at magnetic 

single-domain region. 
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Introduction 

Iron oxide nano particle is a very important multifunctional material, which is extensively 

used in fine ceramics, pigments, catalysis and is the best of adsorbent for removal of heavy 

metals from aqueous solution. The presence of heavy metals in the environment is a major 

concern due to their toxicity for many life forms. Therefore, the elimination of heavy metals 

from water and 

Waste water is important to protect public health. 

 

Materials and methods 

Iron chloride hexahydrate FeCl3·6H2O, sodium hydroxide NaOH and distilled water were 

used in all experiments.  

Hematite nanoparticles have been prepared by heating Fe(OH)3 gel after adding trace Fe(II) 

catalyses in aqueous solution to reflux temperature [1]. The optimum conditions were 

obtained.   α-Fe2O3 nanoparticles characterized by using X-ray diffraction (XRD), atomic 

force microscope (AFM), scanning electron microscope (SEM) and infrared spectroscopy 

(IR).The results are shows in Fig. 1and Fig. 2.  
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Results and discussion 

The aim of the present work was the ability of hematite nanopaticles to removal of Cu(II) 

from aqueous solution and investigate thermodynamic and kinetic parameters of the 

adsorption process. In the thermodynamic study the adsorption isotherms Langmuir, 

Freundlich and Temkin were applied and standard enthalpy (ΔH°), standard entropy (ΔS°) 

and standard free energy (ΔG°) were calculated which are given in Table 1 and 2. In the 

kinetic study equilibrium constant (K) and order of reaction were calculated [2] are gathered 

in Table 3. The experimental data at five different temperatures (278 K, 291 K, 300 K, 317 K, 

and 339 K) were obtained. It is clear that these result have a significant correlation with 

Langmuir isotherm model; i.e. the best correlation coefficient is observed for Langmuir 

isotherm model (R2
= 0.996).  The pseudo-second –order model was fitted for this adsorption 

system (K=0.0316). 

 

Table 1. Calculated thermodynamic parameters ( 0 0,S G  ) at different temperatures, in Kj/mol. 

    T(K)        278      291      300      317       339 

    ΔS°       94.588    92.044    93.665     96.690     97.880 

     0G             - 2.5001   - 2.9904   - 4.3049   - 6.8576   - 9.3882 

 

Table 2. Calculated standard enthalpy (ΔH°) 

 

 

 

Table 3. Calculated kinetic parameters in this study 

                Pseudo – first - order              Pseudo – second - order 

     (exp)eq (mg/g)      10.37      (exp)eq (mg/g)   10.37 

     eq (mg/g)       6.147      eq (mg/g)   10.638 

      1K (1/min)       0.065      2K (g/mg.min)   0.0316 

       R2       0.944       R2   0.999 

 

 

 

  Initial copper con. (mg/L)                 ΔH° ( Kj/mol ) 

                       20                       23.794 
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Fig 1. SEM of  hematite nano particles   Fig 2. Profile of  hematite nano particle 

 

Conclusion 

The results of this study indicate that hematite nanoparticle can be successfully used for the 

adsorption of cu (II) from aqueous solutions. Langmuir isotherm well fitted with the 

equilibrium data for adsorption of cu (II). 
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Introduction  

In this study primarily the complexation between the  Bis(2-hydroxy acetophenon)-1,6-

hexanediimine (BHAH) and metal ions such as Pb2+and Cu2+ was investigated 

spectrophotometrically. Then this ligand was selected as a proper modifier for extraction of 

Pb2+and Cu2+ ions on the γ-Alumina. The amount of extracted metal ions was determind by 

AAS.  

The most prominent among the supports used are Amberlite XAD resins [1], activated carbon 

[2], modified chromosorb [3] and sepiolite[4]. 

 

Methods 

 About 1.0 g of γ-Alumina  was added to 50 mg of SDS and was mixed with a magnetic 

stirrer. After addition of 20 mg BHAH ligand dissolved in 3 ml tetra hidro furan (THF) the 

pH was adjusted a approximately to 2.5 by addition of 1 M HCl. The solution was shaken for 

30 min and filtered for preparation of the solid phase. The pH of the solution (250 mL) was 

adjusted to ∼6.0 with hydrochloric acid and passed through the  solid phase column at a flow 

rate of 2 mL min1_ with the aid of a suction pump. The analyte was then eluted with 6 mL of 4 

M nitric acid. The metal ions content of the eluent was measured by flame-AAS. The same 

eluate was used to determine all analytes, 

 

Results and discussion  
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Main factors such as pH, amount of ligand, γ-Alumina  , surfactant and condition of 

eluting solutions on the sorption recovery have been investigated in detail. The 

method was successfully applied for the determination of these metal ions contents in real 

samples with satisfactory results.                         

 

 1. Effect of pH 

 In the solid phase extraction studies, pH of the working solution is main factor for the 

quantitative adsorption of analytes on solid phase . In order to optimize the sorption 

conditions for the retention of the ions on modified γ-Alumina  , the effects of pH was 

investigated in the pH range of 2–11 by using column packed with 1.0 g modified γ-

Aloumina.  Fig. 1 shows that the optimal pH value was in 6.0. Considering these results, the 

pH 6.0 has been recommended for subsequent experiments. 

 
Fig. 1. Effect of pH on recovery of metal ions at optimum conditions 

2. Effect of ligand concentration  

  The amount of ligand on the preconcentration studies is also another main factor. In order to 

investigate the optimum amount of ligand on the quantitative extraction of these ions by the γ-

Alumina  , these ions extraction was conducted by varying the amount of ligand from 2 to 70 

mg. The recoveries of analyte ions without ligand were not quantitative. The results showed 

that with increasing amount of ligand up to 25 mg an increase in recoveries can be achieved 

and further increase does not mentionable change in efficiency.  

.   
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Conclusion 

The modified γ-Alumina by BHAH was used for the extraction and determination of Cu2+ and 

Pb 2+in low concentrations in various samples including vegetable, water and liver. This 

method is simple and there is no need for an elaborate cleanup procedure, since the adsorbed 

metals are simply eluted with 6 mL of 4 mol L 1_ HNO3. 

  The method due to advantages such as high reliability, reproducibility, sensitivity, and high 

tolerance limit of common ions and low detection limit is a powerful tool for rapid and 

sensitive determination of these ions in various media.  
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Effect of calcination conditions on the catalytic performance of Co-Ni/Al2O3 

catalyst used in FTS 
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Abstract 

A Co-Ni-Al2O3 catalyst was prepared using the incipient wetness impregnation method in 

order to study its catalytic activity and selectivity in the Fischer-Tropsch synthesis. The effect 

of calcination temperature, time and atmosphere on the catalytic performance of 80%Co-

20%Ni/90wt%Al2O3 catalyst was investigated. It was found that the optimum calcination 

temperature is 550˚C and the optimum calcinations time is a 6h at the air atmosphere. 

 

Keywords: Co-Ni catalyst, Impregnation, Calcination conditions, Fischer-Tropsch synthesis. 

 

Introduction 

By Fischer-Tropsch (FT) reaction the synthesis gas is converted to a mixture of hydrocarbons. 

Then hydrocarbons undergo further treatment to yield distillates[1]. Fischer-Tropsch catalysts 

are mainly restricted to iron and cobalt and a lesser extent to nickel. The combination of Fe-

Mn [2], Co-Mn [3,4] and Fe-Co catalyst [5] with or without promoters favors the formation of 

C2-C4 alkenes. 

 

Method 

All the tested catalysts in this study were prepared using an impregnation procedure and 

tested in a fixed bed stainless steel micro reactor. 

 

Results and Discussion 

1. Effect of calcination temperature 
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Cobalt nickel oxide catalysts were prepared by impregnation method, the catalyst precursor 

was   calcined at different temperature between 500-800℃. It was found that the catalyst 

which was calcined at 550℃ has shown the best catalytic performance (Fig. 1). 

 
Figure 1. Effect of calcination temperature on the catalytic performance 

 

2. Effect of calcination time 

In order to investigate the effect of calcination time on the catalytic performance, the catalyst 

precursor was calcined for different time between 4-10h. It was observed that the catalyst 

which was calcined for 6h at 550℃ has shown the best catalytic performance. The 

morphology of this catalyst in the precursor and calcined states which are completely different 

are displayed in Fig. 2. These images showed that the morphological features and particles 

agglomerate were changed at different states.  

 
 (C) after the test                         (b) before the test                   (a) precursor  

Figure 2. The SEM images of the catalyst 
 

 

3. Effect of calcination atmosphere 

We also examined the effect of the calcination atmosphere, and calcination process was 

carried out at two different calcination atmospheres including N2 and air. It was found that the 

catalyst which was calcined at air atmosphere has shown the best catalytic performance. 
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Conclusion 

This study revealed that all the calcination conditions influenced the catalyst precursor texture 

and morphology of the calcined catalysts and also these conditions affect the catalytic 

performance of catalysts. 
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Abstract 

Cobalt nickel oxides, prepared using incipient wetness impregnation procedure, were studied 

as catalysts for the conversion of synthesis gas into light olefins. The effect of reduction 

temperature on the catalytic performance of an impregnated cobalt nickel catalyst (80%Co-

20%Ni-90wt%Al2O3) during Fischer-Tropsch synthesis (FTS) was studied in a fixed bed 

micro reactor.  Then the effect of the reduction time on the catalytic performance was studied.  

We also investigated effect of different reductant including H2, CO and syngas (H2/CO=1/1) 

on the catalytic performance. It was found that the catalyst which reduced using H2 for 12h at 

350˚C has shown the best catalytic performance, so that these conditions were chosen as the 

optimum conditions for pretreatment of this catalyst.  

 

Keywords: Co-Ni/Al2O3 catalyst, Impregnation method, Light olefins, Pretreatment 

conditions. 

 

Introduction 

The Fischer-Tropsch synthesis leads to a wide variety of products, whose abundance depends 

on the catalysts employed, as well as operating conditions[1-3]. Although all VIII group 

metals[4] display some activity in C-C coupling reaction during CO hydrogenation, the most 

active metals for FTS are ruthenium, nickel, iron and cobalt[5]. 

 

Method 

All the tested catalysts in this study were prepared using an impregnation procedure and 

tested in a fixed bed stainless steel micro reactor. 

 

Results and Discussion 
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1. Effect of reduction temperature 

Cobalt nickel oxide catalysts were prepared by impregnation method, were reduced at 

different temperature between 250-400℃. It was found that the catalyst which was reduced at 

350℃ has shown the best catalytic performance. 

 

2) Effect of reduction time 

In order to investigate the effect of reduction time the Co-Ni/Al2O3 catalyst was reduced for 

different time between 2-24h. It was observed that the catalyst reduced for 12h has shown the 

best catalytic performance. 

 

3) Effect of reductant agent 

In the present study, we also examined the effect of the reductant agent, for this purpose the 

catalyst was reduced at different atmosphere including H2, CO and H2+CO. It was observed 

that the catalyst reduced using H2 has shown the best catalytic performance. This catalyst was 

characterized using XRD method and the obtained XRD patterns are illustrated in Fig. 1. The 

catalyst precursor was found to be amorphous and the calcined sample before the test has 

different phases including Co3O4(cubic), NiO(cubic) and NiCo2O4 (cubic)  and the calcined 

catalyst after the test has different phases including CoO(cubic), Co(cubic), and Ni 

(rhombohedral), C (hexagonal), Co3C (orthorombic). 

 

Conclusion 

It was found that the pretreatment conditions influenced the catalyst precursor structure and 

morphology of the precursors and calcined catalysts and consequently the catalytic 

performance of catalysts. 
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Abstract 

Cobalt cerium oxide catalyst, prepared using co-precipitation procedure was studied for the 

conversion of synthesis gas into light olefins (C2-C4). Effect of zeoilte support on the catalytic 

performance and structure of Co-Ce catalyst at the same operating conditions (T=450ºC, 

P=1atm and H2/CO=2/1) was studied. The precursors and calcined catalysts (before and after 

the test) were characterized using different methods. It was found that zeolite has a marked 

influence on the catalytic performance, structure and morphology of Co-Ce catalyst. 

 

Keywords: Co-Ce catalyst, Fischer-Tropsch synthesis, Light olefins, Zeolite 

 

Introduction 

Typically, FTS catalysts include VIII group based metals (Co, Ru, Fe) with Co-based ones 

ensuring a superior long-chain hydrocarbon yield and longer life time [1-3]. Co-Ce catalysts 

have been investigated for its selectivity to lower molecular weight olefins [4-6]. 

The aim of present work is to study the effect of the Zeolite support on the catalytic 

performance, surface area, structure, morphology and thermal behavior of Co-Ce catalyst. 

 

Method 

All the catalysts were prepared using the co-precipitation procedure and test of all of these 

catalysts were carried out in a fixed bed micro reactor. 

 

 

Results and Discussion 

1. Effect of Zeolite on the catalytic performance 
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In order to investigate the effect of zeolite on the catalytic performance, two separate catalyst 

were prepared which first one containing 20%Co-80%Co and the other sample containing 

20%Ce-80%Co/15wt%Zeolite. Both of them were tested at the same reaction conditions for 

production of light olefins via Fischer-Tropsch synthesis. The obtained results are illustrated 

in Fig. 1. 

 

Figure 1. Effect of support on the catalytic performance 

2. Effect of Zeolite on the catalyst structure 

The scanning electron microscopy and BET surface area measurement techniques were used 

to investigate the texture and surface area of these two catalysts. The obtained results showed 

that the presence of zeolite has a great effect on the morphology and surface properties of the 

catalyst. The SEM images of unsupported and zeolite supported catalysts are displayed in Fig. 

2 and the BET results are presented in Table 1. 

 

         
                                                    (a)Unsupported                               (b) Zeolite supported 

Figure 2. SEM images of the different catalysts 

 

Table 1.  BET results of different catalysts 
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Conclusion 

The obtained results showed the presence of zeolite has great influence on the catalytic 

performance, morphology and the structure of the catalyst. 
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Introduction 

Dimetyl ether (DME) has recently been suggested as a clean alternative fuel for diesel engines 

instead of diesel, and as fuel additive and family cooking gas instead of liquefied petroleum 

gas (LPG) with much lower NOx emission, near-zero smoke production, and less engine 

noise compared with traditional diesel fuels [1,2]. In view of DME’s potential as a clean 

alternative diesel fuel, much consideration should be given to the production of DME in large 

quantities. At present, DME is produced by methanol dehydration over solid acid catalysts 

such as γ –alumina, HY zeolite and H-ZSM5 zeolite: 

2CH3OH  CH3OCH3 + H2O            (∆G = -12.1 kJ/mole at 250 oC) 

It is known that the modified H-ZSM5 zeolite by various metals which has low acidic sites is 

the better catalyst than the pure H-ZSM5. In this study, we investigated the performance of 

catalytic activity of modified H-ZSM5 zeolites by different metals for production of the DME 

from methanol. Their catalytic activities were investigated at the several temperatures and two 

types compared for determination of the best condition for DME production. 

 

Experimental 

Catalytic reactions were carried out at atmospheric pressure in a continuous fixed-bed glass 

microreactor packed with 1.0 g catalyst. The catalyst was pretreated in a N2 flow (20 ml 

min−1) and then, methanol was introduced into the reactor with a space velocity of 2 ml/ (gcat 

h). The effluent from the reactor was analyzed on-line with Shimadzu 8A gas chromatograph 

equipped with Porapak-Q column and the thermal conductive detector (TCD). The main 
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products were DME and water. The reaction was carried in the temperature range of 250-450 
oC to observe the effect of temperature on the conversion and various catalysts to determine 

the effect of the Si/Al ratio of zeolite and the type of impregnated metal on the catalytic 

activity.  

H-ZSM5 modified by various metal oxides was prepared by wet impregnation with aqueous 

solutions of metal salts, followed by drying at 110 oC overnight and then calcined at 500 oC 

for 4 h in an air stream. By this method, 5 samples of modified zeolites: Na-H- ZSM5, Ni-H-

ZSM5, Al-H-ZSM5, Zn-H-ZSM5, and Zr-H-ZSM5 catalysts were prepared [3,4].  

 

 
Table: Results of catalytic deydration of methanol over H-ZSM5 and metal- 

modified H-ZSM5 at 400 oC (the best temperature for conversion). 

Catalyst 
Metal Oxide 

Content (%) 
Si/Al Ratio Conversion (%) 

Selectivity (%) 

DME COx 

H-ZSM5 10 
15 39.5 88.5                    11.5 

30 34.2 71.2                    28.8 

Na-H-ZSM5 10 
15 67.6 97.1                     2.9 

30 64.3 82.5                    17.5 

Ni-H-ZSM5 10 
15 61.2 95.5                     4.5 

30 58.7 80.3                    19.6 

Al-H-ZSM5 10 
15 50.1 91.4                     8.6 

30 46.9 75.2                    24.8 

Zn-H-ZSM5 10 
15 41.3 90.2                     9.8 

30 39.1 76.7                    23.3 

Zr-H-ZSM5 10 
15 59.7 93.5                     6.5 

30 56.5 79.3                     207 

 

Results and discussion 

Table shows the results of conversion and selectivity of different catalyst for methanol 

deydration. Results indicate that the conversion and DME selectivity decreases with the 

increasing of Si/Al ratio in the all catalysts. Furthermore, adding of the metal in the surface of 

zeolite increases the catalytic activity of the methanol dehydration. Maximum activity is 

reached by using Na-H-ZSM5 catalyst. For others, the activity is decrease by the respect of 

Ni> Zr> Al> Zn. 
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It is well known that by increasing the Si/Al ratio, the strong acidic sites of zeolite convert 

into supper-acid sites. That this lead to increase of coke deposition and deactivation of the 

catalyst, ultimately with increasing the Si/Al ratio the conversion and DME selectivity are 

reduced. 

From the above results, we think that methanol dehydration proceeds easily on the surfaces of 

H-ZSM5  and of each metal modified H-ZSM5, while the activity of these samples depends 

strongly on their acidity strength, H-ZSM5  and Zn-and AL-modified H-ZSM5, which 

possess higher proportions of strong acid sites, deactivate easily due to the carbon deposition. 

That is, carbon deposition occurs mainly on strong acid sites and the formed carbon 

deactivates the dehydration ability of the catalysts. Zr-, Na-,and Ni-modified H-ZSM5 

zeolites exhibited a higher activity for methanol dehydration.large amount of carbon was 

detected on Zn– H-ZSM5, AL– H-ZSM5, and H-ZSM5, which would be the main reason for 

their deactivation. On Na– H-ZSM5  Ni- H-ZSM5  and Zr– H-ZSM5, the detected amount of 

carbon formed is limited. Thus methanol dehydration arises on all kinds of acid sites, but that 

strong acid sites should be depressed in order to prevent carbon deposition. 

Ultimately, it was determined that Na-modified H-ZSM5  zeolite is an optimum catalyst for 

dehydration of methanol to DME with high conversion, selectivity and stability. 
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Introduction: 

Ionic or nonionic surfactant molecules from self-aggregate called “micelles” above the critical 

micelle concentrations. It is well known that the hydrocarbons cores of the micelles solubilize 

many hydrophobic compounds in aqueos solutions. Similarly, surfactants can form their 

aggregates on solid surfaces, which are called “admicelles” or “hemimicells”. The use of 

admicelles in trace analysis has recently reported [1]. Typical chelating agents, such as 

dithizone and PAN, can be incorporated into the inner hydrophobic part of admicelles. The 

dithizone - impregnated admicelles can be used for separation of cations [2-3]. In this research 

the kinetic and thermodynamic parameters for removal Cr3+ by a micro column of alumina 

modified with sodium dodecyl sulfate (SDS) and 1-(2-pyridylazo)-2-naphtol (PAN) was 

investigated.  

 

Experimental:  

1-Immobilization of PAN on SDS – coated alumina 

 The reagent solution was prepared by dissolving 0.25 g of PAN [1-(2-pyridylazo)-2-

naphthol] in 100 ml of 95% ethanol. Two gram of alumina was added to 75 ml of water 

containing 100mg of SDS and the solution was magnetically stirred. After addition of 4 ml of 

PAN solution, the pH was adjusted to 2.5 with 1M hydrocholoric acid. The suspension was 

stirred for 15 min and transferred to Millipore filter holder for the preparation of a column (15 

mm in diameter × 9 mm in height). Under optimized conditions (pH; flow rate) cations were 

retained on the column. The cations collected on the column were eluted with nitric acid. 

Recoveries greater than 96% was obtained for most cations.  
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Result and discussion: 

1-Adsorption isotherms: 

Tow isotherms were tested for their ability to describe the experimental result, namely the 

Langmuire and the Freundlich isotherms. As can be seen in table 1. The Langmuire isotherm 

has good regression coefficient that shows the adsorption obeys the model. 

 

Table1: Compression of Langmuire and Freundlich isotherm. 

"Isotherms parameters R2 Sample

Langmuire Q0=21.82mg/g
b=.0141L/mg 

0.9991 Alumina 
modified 
PAN/SDS Freundlich Kf=1.9828 

n=2.9231 
0.8392

 

2-Thermodynamic parameters: 

The effect of temperature on the adsorption of Cr3+by alumina modified PAN/SDS was 

carried out in the temperature range from 25 to 500C. The results showed that the adsorption 

capacity increased with increasing temperature which indicates that the adsorption process is 

endothermic in nature. For alumina modified PAN/SDS, adsorption process is exothermic 

which indicates that the entropy of Cr3+ions adsorbing by sorbent is higher than the hydrated 

lattice in solution phase. The calculate Gibbs free energy at 2980, 3080 and 3280K was 

negative which indicate that the adsorption process is spontaneous. 

 

3-Adsorption Kinetics: 

The modeling of the kinetics of adsorption of Cr3+by modified alumina was investigated by 

two common models, namely the Lagergren pseudo-first-order model and pseudo-second-

order model. Adsorption kinetics Cr3+by alumina modified PAN/SDS can be described by 

pseudo- second -order. 
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Introduction: 

Acid solutions are widely used in industry and due to their general aggression, inhibitors are 

commonly employed to reduce the corrosive attack on metallic materials [1].In this work 

three synthesized organic compounds have been investigated as corrosion inhibitors 

(fig.1).The inhibition properties of these compounds on stainless steel was tested in sulfuric 

acid 0.5 M containing 100 ppm of inhibitor in different temperatures. These compounds 

contain heteroatoms such as N,O and S which causes greater adsorption of the inhibitor 

molecules into the surface of the steel[2]. Since oxygen have negative charge and easily 

donates electron to Fe atoms, the inhibitors attack from the oxygen sides of the carbonyl  

group.  

         A    B         C 

Fig.1. Determination of charges by quantum mechanical calculations 
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Method: 

All experiments were performed potentiodynamically in 0.5 M H2SO4 .Initially the cell was 

filled with desired solution and after regulating the temperature,working,counter and 

reference electrodes were inserted in the solution .The potential range was 700-1500 mV with 

scanning rate of  4mV/s. all tests were done with respect to saturated calomel electrode in the 

absence and presence of inhibitors. Finally SEM micrographs were taken from the surface of 

the exposed samples to see the performance of the inhibitors. 

Results and discussion: 

 The polarization curves (not shown) for stainless steel in 0.5 M H2 SO4  in the absence and 

presence of the various concentrations of compounds A,B and C indicate that  addition of 

either compound induces a decrease in both anodic and cathodic current densities and result in 

shift of the corrosion potentials to positive direction compared to uninhibited steel.So it can 

be concluded that these compounds are acting as mixed-type inhibitor but dominantly 

suppressing anodic portion of the curves. Corrosion inhibition efficiencies increase as the 

inhibitors concentration increase.Fig 2 shows the effect of temperature on the polarization 

curve of compound B which exhibited the maximum efficiency at a concentration of 100 

ppm. B molecule has bigger size and covers the surface better than others and is less soluble 

so it’s adsorption on steel surface increases compare to two other inhibtors.Temperature 

variations don’t have any effect on general shapes of polarization curves.  

 

Fig.2.polarization curves of stainless steel recorded in 0.5M H2SO4 in presence of 100ppm of B at different 

temperatures (30-60) 
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Conclusion: 

The investigated compounds A,B and C are good inhibitors and are of the mixed-type.The 

adsorption of these inhibitors obeys the Temkin adsorption isotherm.Icorr increases and 

inhibition efficiency decreases(Especially compound A lose its  inhibition effect faster than B 

and C) as the temperature increases which suggests a physical adsorption mechanism. The 

corrosion efficiencies are in order B>C>A. The negative values of ΔG indicate the 

spontaneous adsorption of the inhibitor on the surface of stainless steel.Theoritical findings 

reveal that the differences in inhibitor’s efficiencies can be explained in terms of the value of 

sum of electron charges.Determination of oxygen,sulfure and nitrogen charges by quantum 

mechanical calculations satisfactorily correlate with experimental results,validate the method 

employed here. 
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Abstract 

The effect of a range of preparation variables on the composition and morphology of cobalt-

cerium oxide catalysts prepared using a co-precipitation method is described and the optimum 

preparation conditions were identified with respect to the catalyst activity for the Fischer-

Tropsch reaction. Characterization of catalysts was carried out using different methods 

including XRD, TGA, DSC, TPR, BET and SEM. 

 

Keywords: Characterization, Cobalt-cerium oxide, Fischer-Tropsch synthesis, Morphology. 

 

Introduction 

Group VIII metals, such as Fe, Co, Ni and Ru, are the most popular Fischer-Tropsch synthesis 

(FTS) catalysts[1]. Cobalt containing catalysts are known to be effective in CO 

hydrogenation[2]. It has suggested that on cobalt catalysts, FTS is a structural-insensitive 

reaction and the active phase is cobalt metal[3]. 

 

Method 

All the catalysts were prepared using the co-precipitation procedure and test of all of these 

catalysts were carried out in a fixed bed micro reactor. 

 

Results and Discussion 

1. Effect of ageing time on the morphology of catalysts 

A series of mixed cobalt cerium oxide catalysts were prepared by co-precipitation procedure 

with a range of ageing times between 0-5h; then these catalysts were tested for hydrogenation 

of CO. The obtained results showed that the sample aged for 2h gave the best performance. 

All of these catalysts were characterized using XRD and the actual phases identified in these 
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catalysts under the specified preparation conditions were CeO2 (cubic) and Co3O4 (cubic) 

(Fig. 1). 

 

2. Effect of solution [Co]/[Ce] ratio on the morphology of catalysts 

According to the obtained results, the catalyst containing 80%Co/20%Ce was chosen as the 

optimum catalyst for the conversion of synthesis gas to light olefins. This optimum calcined 

catalyst was characterized using TPR method. The TPR profile of this catalyst revealed four 

distinct reduction peaks at 180ºC, 300ºC, 420ºC and 540ºC (Fig. 2). The precursor of this 

catalyst was characterized using TGA and DSC method and the obtained curves are illustrated 

in Fig. 3. The precursor shows three main thermal effects. 

 
Figure 1. XRD patterns of the aged calcined catalyst before the test 

 

                             
Figure 2. TPR profile of calcined catalyst                  Figure 3. TGA and DSC curves of the catalyst precursor 

 

 

Conclusion 

Characterization of both precursors and calcined catalysts by XRD, SEM, BET, TGA and 

DSC methods, showed that the catalyst precursors are sensitive to the preparation conditions, 
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so that these parameters should be incorporated into the design of experimental programs 

involving precipitation as the method of catalyst preparation.  
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Abstract 

The catalyst containing 40%Fe/60%Co/15wt%SiO2/1.5wt%K was prepared using fusion 

procedure and studied for the conversion of synthesis gas to light olefins. The effect of a 

range of operating variables such as the pressure, temperature and H2/CO molar feed ratio on 

the catalytic performance of fused catalyst was investigated. It was found that the best 

operating conditions is H2/CO=2/1, T=350˚C and P=5 bar.  

 

Keywords: Fe-Co catalyst, Fusion method, Light olefins, Operating conditions. 

 

Introduction 

The Fischer-Tropsch (FT) reaction entails the conversion of CO and H2 to a spectrum of 

product mainly comprising alkenes and alkanes[1-3]. Both Co and Fe are typically used when 

combined with a range of supports and promoters that permit further control over the product 

spectrum[4]. 

 

Method 

In the present study, a catalyst with 40%Fe/60%Co/15wt%SiO2/1.5wt%K composition was 

prepared using fusion method.  

 

Results and Discussion 

The operating conditions were investigated to identify and optimize the operation variables, 

such as H2/CO molar feed ratios, reaction temperatures and reaction pressures that have a 

marked effect on the catalytic performance. 

1) Effect of H2/CO feed ratio 
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The influence of the reaction H2/CO molar feed ratio on the steady state catalytic performance 

of the catalyst containing 40%Fe/60%Co/15wt%SiO2/1.5wt%K prepared using fusion method 

for the Fischer-Tropsch reaction at 350˚C under atmospheric pressure was investigated and it 

was found that the catalyst has shown the best catalytic performance at H2/CO=2/1. 

Characterization of this catalyst was carried out using SEM and the obtained images of 

different stages of  precursor, fresh calcined catalyst (before the test)& used calcined catalyst 

(after the test) at H2/CO=2/1 are shown in Fig. 1. As it can be seen the morphological features 

of these samples are quite different and they have different aggregation and particles size.  

   
    (a) precursor                                  (b) fresh calcined                        (c) used calcined 

 

Figure 1. SEM images of the 40%Co/60%Ce/15wt%SiO2/1.5wt%K catalyst 
 

2) Effect of reaction temperature 

The effect of reaction temperature, ranging from 300-450ºC on the catalytic performance of 

this catalyst was studied. According to the obtained results (Fig. 2), the optimum reaction 

temperature was 350 ºC, at which temperature the total selectivity of light olefins products 

was higher than those at the other reaction temperatures under the same operating conditions. 

 

Figure 2. Effect of different reaction temperatures on the catalytic performance. 

 

3) Effect of total reaction pressure 

The effect of reaction pressure, ranging from 1-10 bar on the catalytic performance of this 

catalyst was studied (T=350˚C and H2/CO=2/1). According to the obtained results, the 

optimum reaction pressure was 5bar, at which pressure the total selectivity of light olefins 
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products was higher than those at the other reaction pressure under the same operating 

conditions. 

 

Conclusion 

The obtained results showed that the catalyst is sensitive to the operating conditions. These 

operating parameters should be incorporated into achieve the highest selectivity toward light 

olefins from the catalyst containing 40%Fe/60%Co/15wt%SiO2/1.5wt%K prepared using 

fusion procedure. 
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Introduction 

The excessive release of color in to the environment is a major concern worldwide[1]. 

Methylen blue has wider application,which inclde coloring paper, temporary hair colorant, 

dyeing cotton, wools, coating for paper stock, medical purpose, ets [2]. Methylen blue (MB) 

is selected as a model compound in order to evaluate its capasity for  the removal of 

methylem blue from aqueous solution. Adsorption techniques have been widly applid to the 

treatment of water solution containing dyes [3-5].  Therefore, this study was carried out to 

understand the adsorption behavior of methylene blue from aquous system onto α-alumina. 

The effect of various experimental parameters, such as initial MB concentration, adsorbent 

dosage, pH, contact time and stirring rate were investigated. 

 

Method:  

The experiments were performed on MB solutions with concetration of 1.75 mg l-1 . At the 

beginning of each run 15 mL, solution of desired concentration of the dye was fed into a 150 

mL pyrex glass reactor and then 0.2 g of adsorbent was introduced and stirred for certain 

times at known speeds , then filtered for spectrophotometric analysis. 

 

Results and discussion: 

The effects of initial MB concenration, adsorbent dosage, pH, contact time and stirring rate 

were studied in a batch mode.The desired conditions for decolorization of 70.57% were 

obtained to be 30 min of contact time, stirring rat of 50 spm with 13 gL-1 of adsorbent. The 

kinetics and thermodynamics of MB adsorption onto the α-alumina in aqueuos solution were 
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investigated. The kinetic of adsorption process was best described by the pseudo-second-order 

kinetic model (Fig.1). The negative value , the Gibbs free energy change confirms the 

feasibility of the process and spontaneousadsorption of methylene blue onto α-alumina. 

 

Fig.1. pseudo-second-order kinetic plots for adsorption of Methylene blue 

Conclusions: 

The results was shown that optimum uptake capacity was found at pH 9 . Kinetic data was 

well described by pseudo-second-order kinetic model. The amount adsorption increased with 

the increasing temperature. The thermodynamic analysis was indicated that adsorption is 

endotermic prosses (enthalpy 18149.462 kjmol-1) and the amount Gibbs free energy was 

shown that adsorption MB on to α-alumina is the spontaneous prosses.  The obtained results 

were indicated  that the  entropy is 58.82 jmol-1k-1.  
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Abstract 

Nowadays the large amounts of dyes can be synthesized and used for many industries such as 

textiles, paper, leather,plastics, etc.. The colored effluents ofwaste water from these industries 

can be mixed in surfacewater and ground water systems, and then they may alsotransfer to 

drinking water and bring a chief threat to humanhealth due to either toxic or mutagenic and 

carcinogenicfor most of dyes . 

The main problem for dyestuff manufactures is the removal of colour, to reduce the quantity 

of colour in effluent and water sources [1], since at the present time there is no single process 

capable of adequate treatment, mainly due to the complex nature of these effluents [2]. Most 

of the existing processes include an initial step of activated sludge treatment to remove the 

organic matter, followed by oxidation (with ozone [3], or Fenton’s reactant [4], or hydrogen 

peroxide plus UV radiation [8]), or by membrane separation [5], or by adsorption, usually 

with AC [6]. 

The experimental data was analyzed by photodegradation of Acid Yellow 36 into the 

photochemical reactor at the presence of TiO2 /PZT/ Fecl3 and K2S2O8. Aqueous AY36 

solution was prepared at the concentration of 10-4M. The sample was enclosed in cylindrical, 

quartz cell and exposed to the UV irradiation. 

 

 
 
 
                                   
                                               Fig.1.  Acid Yellow 36 
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                             This Fig. shows the degradation time of Acid Yellow 36. 

 

In this section, some representative isotherm equations were discussed with a special focus on 

theoretical derivation of the combined Langmuir, Freundlich, Temkin, Dobinin-Radoshkevich  

isotherm equation, also known as the Sips isotherm. 

 

This table shows the Thermodynamic isotherm of Acid Yellow 36 

Isotherm 
General 
formula 

Regression 
equation 

R2 

Langmuir 
eCKqqqe

1
.

1

max

11

max

  y = 1E-06X-8E-07 R2=0.972 

Freundlich efe C
n

kq log
1

loglog   Y=0.7638X-2.0769 R2=0.852 

Temkin 
ee C

b

RT
A

b

RT
q lnln 

 

Y=2E-06X+2E-05 R2=0.813 

Dobinin- 
Radoshkeuich 

2lnln kQq me 
 

Y=-0.0034X-4.78 R2=0.852 

 

Keywords: Thermodynamic isotherms, Photodegradation, UV irradiation.  
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Abstract 

Among thermodynamic properties, surface tension is an important physical property that 

shows information about surface composition and exerts a considerable influence on the 

transfer of mass and energy across interface [1]. Surface tension of mixtures is often very 

sensitive to small changes in composition of the mixtures, and a detailed knowledge of this 

dependency is important for many fields [2]. In this study, we predicted surface mole fraction 

of some organic binary mixtures by Sprow- Prausnitz model [3] and different relations 

between surface mole fraction and bulk mole fraction of studied system have been considered. 

 

Keywords: Surface mole fraction, Surface tension prediction, Binary mixtures, Sprow- Prausnitz 

model 

 

Method 

Experimental density and surface tension data available from the open literatures was used in 

the present work [4]. 

 

Results and discussion 

The assumptions that bulk and surface phases are in equilibrium and the partial molar area of 

component i is the same as the molar area of i lead to the Sprow and Prausnitz equation for 

prediction of surface tension and surface mole fraction. In the present work, we calculated 

surface mole fractions of components using eq 1 . 

 

BiBi

sisi

i
i x

x

A

RT

,,

,,ln



          (1) 
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 In this equation  and i  refer to the surface tension for the mixture and the 

pure component i, Ai is the molar surface area of pure component i, R and T are the gas 

constant and absolute temperature, Bix , and six , are the mole fractions in the bulk and surface 

liquid phases, and also Bi, and si , are the corresponding activity coefficients, respectively. 

The variation of x2,s versus x2 for 1,4-dioxane/n-alkyl acetate mixtures is given in Figure 1 

typically. This figure shows that the mole fraction of n-alkyl acetate at the surface is greater 

than its mole fraction in the bulk at all concentration ranges. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: variation of x2,s versus x2 for 1,4-dioxane/n-alkyl acetate :(○) hexyl (■) butyl 

 

Conclusion 

In this work we calculated the values of surface mole fractions of solute using the Sprow and 

Prausnitz model. In addition parameters such as molecular structure and dipole moment of 

molecules considered in order to get more information about relation between surface mole 

fraction and bulk mole fraction. 
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   In this work the adsorption of some textile pigments (such as acid yellow 199, reactive 

black 8, direct red 264, and direct blue 308) from aqueous solution onto activated carbon has 

been studied. The adsorption isotherm at temperatures 298-325 K and at pH=2 have been 

described by the Longmuir equation. The characteristic curves of the adsorption process have 

been determined. It was found out that the temperature dependence of the adsorption 

equilibrium was described well by the Longmuir model [1]. In this study, the effects of 

various experimental parameters such as temperature and pH have been investigated, Which 

concentrations of Acid yellow 199, Reactive black 8, Direct red 264, Direct blue 308 in the 

solution before and after adsorption were determined using a double beam UV–visible 

spectrophotometer respectively at max [396 nm, 594 nm, 487 nm, 591 nm]. Each experiment 

was duplicated under identical conditions. The amount of adsorption at equilibrium, qe 

(mg/g), was calculate by qe = (C0−Ce)V/W  where C0 and Ce (mg/L) are the liquid-phase 

concentrations of dye initially and at equilibrium, respectively. V is the volume of the solution 

and W is the mass of dry adsorbent used (g). The equilibrium data were then fitted using 

model of Langmuir isotherm, which describes the dependence of Longmuir equilibrium 

constant on temperature and the adsorption capacity of activated carbon decreases when 

temperature solution increase [2-3]. The amount of adsorption equilibrium constant KL 

(L/mol), was calculated by 
emme CKqqq

L

1111
2
 . Where qm (mg/g) is monolayer adsorption 

capacity.  

 

                 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
2456

                                                                   

Dye 
Temp  

(oC) 

KL 

(L/mol) 

ΔH 

(kcal/mol) 

Acid yellow 199 

25 23.67 

-28.41 33 4.75 

47.5 0.79 

Reactive black 8 

33 25.55 

-32.19 42.5 6.61 

47.5 2.24 

Direct red 264 

33 1.51 

-10.99 47.5 0.8 

53 0.47 

Direct blue 308 

33 8.12 

-16.29 47.5 7.51 

53 1.04 

 

By plotting ln(KL) vs. 1/T(K) based on Van't Hoff equation, Hads can be obtained. The 

values of Hads for each dye in the relevant temperature range are shown in the table. With 

notice to the obtained results all reactions are exothermic but there is no specific relation 

between H and the number of -SO3
-Na+ groups in each chemical structure. 

 

Keywords: Temperature, Longmuir Isotherm, Adsorption, Activated carbon 
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Abstract  

 The adsorption behavior of rice husk ash for cadmium ions from aqueous solutions has been 

investigated as a function of appropriate equilibrium time, adsorbent dose, temperature, particle size, 

adsorbate concentrations and pH in a batch system. Studies showed that the pH of aqueous solutions 

affected cadmium removal with the result that removal efficiency increased with increasing solution 

pH. The experimental data were analyzed by the Langmuir and Freundlich models of adsorption. The 

characteristic parameters for each isotherm and related correlation coefficients have been determined. 

Thermodynamic parameters such as ΔGo, Δ Ho and ΔSo have also been evaluated and it has been found 

that the sorption process was feasible, spontaneous and exothermic in nature.  

  

Keywords: Rice husk ash; Cadmium; Isotherms; Thermodynamics. 

 

Introduction  

In recent years, special attention has been focused on the use of natural adsorbents as an alternative to 

replace the conventional adsorbents, based on both the environmental and the economical points of 

view [1]. The RHA has good adsorptive properties and has been used previously for the adsorptive 

removal of metal ions and dye, and filtration of arsenic from water [2]. In the present paper, rice husk 

ash was examined for their sorption properties towards cadmium cations. The influence of several 

operating parameters for adsorption of cadmium, such as contact time, pH, initial concentration, 

particle size, temperature, adsorbent dose, Thermodynamic Properties and Isotherm Adsorptions was 

investigated.  

 

Materials and Methods  

The rice husk ash obtained from burning of rice husk in electrical oven at 700 °C for 1 hour. The 

entire chemical used in the study was of analytical reagent grade, cadmium nitrate, NaOH and HCl.  
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Adsorption experiments were conducted by varying pH, contact time, particle size, adsorbent dose, 

temperature, and adsorbate concentration. For the thermodynamic and Adsorption Isotherms study, 

the experiments were performed using various concentrations of cadmium solutions. The filtrate 

samples were analyzed by Atomic absorption spectrometry.  

 

Results and Discussion  

The result shows that the adsorption of cadmium decreased with the increase in initial concentration 

of cadmium, particle size of sorbent and temperature. With the increase in adsorbent dose the 

adsorption of cadmium is increase. The percentage removal of cadmium by rice husk ash increased as 

the pH of the solution increased and reached a maximum value at pH 6. The increasing contact time 

increased the cadmium adsorption and it remained constant after equilibrium was reached. 

Thermodynamic parameters such as ΔG, enthalpy ΔH and entropy ΔS changes during adsorption can 

be determined from the slope and the intercept of the plots of plots of log Kc versus 1/T (Fig.١).  

 

 

Figure1: Thermodynamic study                                 Figure2: Freundlich adsorption isotherm 

 

The Freundlich isotherm is obeyed better than the Langmuir isotherms, as is evident from the values 

of the regression coefficients (Fig.2).  

 

Conclusion  

The goal for this work is to develop inexpensive, highly available, effective metal ion adsorbents from 

natural waste as alternative to existing commercial adsorbents. A simple and cost effective treatment 

procedure was proposed for the removal of heavy metals through adsorption on rice husk ash. The 
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rice husk ash investigated in this study showed good potential for the removal of cadmium from 

aqueous solutions. 
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Introduction 

Organic–inorganic hybridizing materials, especially the composites consisting of nano-

inorganic particles and polymer resin, have received considerable attention recently due to the 

resultant materials are supposed to have better mechanical and/or thermal properties [1].  

On the other hand, a novel porous material, i. e. mesoporous molecular sieve has attracted a 

great deal of interests for its particular characteristics such as large internal surface area, 

uniform framework and easily controlled pore diameter [2]. Thus some of their application 

including catalysts, sorbent, and separating materials are expected [3]. Furthermore, several 

researchers published finding on the host–guest polymerization of organic molecules in such 

inorganic mesoporous materials [4].  

 

Experimental 

In this study, poly(vinyl amine)/mesoporous SBA-15 (PVAm/SBA-15) nanocomposite were 

prepared by in–situ polymerization within the nano-channels of SBA-15, This nanocomposite 

developed by incorporation of salicylaldehyde Schiff base complex in poly(vinyl amine) and 

applied as heterogeneous catalyst by large internal surface area for oxidation of alcohols.  

 

 

 

Results and discussion 
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The structural feature of composite was studied by BET, XRD, SEM and TGA techniques and 

the Surface properties was investigated. The specific area and the pore size have been 

calculated using Brunauer–Emmett–Teller(BET) and Barrett–Joyner– Halenda (BJH) 

methods, respectively. The structure data of all these mesoporous materials (BET surface area, 

total pore volume and pore size, etc.) were summarized in Table 1. 
 

Table1 Surface data of salen Schiff base complex-supported PVAm/SBA-15. 

 

It is clear that calcined SBA-15 has a high BET surface area (1430 m2/g), a large pore volume 

(1.9 cm3/g) and a pore size (9.9 nm), indicative of its potential application as a host in organic 

materials. After hybridization with PVAm through in-situ polymerization, PVAm/SBA-15 

exhibits a smaller specific area, pore size and pore volume in comparison with those of pure 

SBA-15, which might be due to the presence of polymer on the surface of the SBA-15. 

Although these textural properties are smaller than those found for mesoporous silica SBA-15, 

PVAm/SBA-15 still has mesoporous form and does not block the pores of the SBA-15, hence 

suitable to function then grafting schiff base complex on poly(vinyl amine) specific area were 

decreased but hence suitable to function as a oxidation catalyst for oxidation of alcohols. 

The scanning electron microscopy (SEM) photographs of SBA-15 and PVAm/SBA-15 is 

obvious that before hybridization, the surface of SBA-15 is somewhat coarse and after 

hybridization, the surface of SBA-15 becomes smooth. These results show that surfaces of 

SBA-15 are filled with PVAm. The effect of mole ratio of salicylaldehyde, metal ion and 

amount of mesoporous molecular sieve for synthesis of catalyst was studied. The amounts of 

catalyst in the reaction were investigated and the product obtained in high yield (100 %). 

 

 

Conclusion  

Sample BET surface area 
(m2 g−1)

Pore volume 
(cm3 g−1)

Pore diameter 
(nm) 

Mesoporous silica SBA-
15 

1430 1.90 9.90 

PVAm/SBA-15 856 1.08 8.81 
salen Schiff base ligand–

PVAm/SBA-15 
442 0.39 4.63 

salen Schiff base 
complex–PVAm/SBA-15. 

104 0.25 1.22 
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In this work we report the efficient heterogeneous catalyst for selective oxidation of alcohols 

to aldehyde by TBHP. The large surface area of SBA-15 causes this novel compound to act as 

an efficient oxidation catalyst. 
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        In this study, zinc oxide nanoparticles synthesis in a mild hydrothermal process was 

studied. The ZnO powders were characterized by Scanning Electron Microscopy (SEM), X-

Ray diffraction (XRD), and Fourier transform infrared (FT-IR) spectroscopy. The aim of the 

present work was to investigate the ability of zinc oxide to remove ammonia from aqueous 

solution. For this purpose, batch adsorption experiments were carried out. The effect of 

contact time, temperature, adsorbent dosage and adsorbate concentration on this process has 

been investigated. The Langmuir, Freundhich. Temkin and D-R isotherms were applied to fit 

the experimental results. The results showed that experimental data was best fitted with 

Freundlich isotherm with r2 = 0.994. 

        The thermodynamic parameters such as standard enthalpy change (ΔH0), standard 

entropy change(ΔS0) and standard Gibbs free energy change (ΔG0) were evaluated. These 

parameters indicated that adsorption of ammonia was spontaneous and exothermic process in 

nature. 

 

Key Words: zinc oxide, hydrothermal, adsorption isotherms, thermodynamic parameters. 
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Introduction 

The adsorption process is one of the effective methods for removal dyes from the waste 

effluent. Adsorption  can produce high quality products while also being a process that is 

economically feasible. In the study we selected MCM-41. It provides exciting opportunities 

for fundamental and applied studies on mesoporous materials. Such material is characterized 

by high surface area, high pore volume, as well as parallel and ideally shaped pore structures 

without the complications of a network. The goal of present work was to test the ability of 

adsorption a zeolite such as MCM-41 that removal dye from aqueous solution[1].  

 

Materials and Methods 

Preparation of adsorbent: 

 Mesoporous MCM-41 has been successfully prepared using different synthesis procedures 

and conditions. For preparation MCM-41, Fumed silica (8 g) was added to a solution of 

sodium hydroxide (2g) in distilled water (150 mL) in a baker at 80 °C. The resulting mixture 

continuously stirred until a clear solution was obtained. Then cethyltrimethyl ammonium 

bromide (CTAB) (3 g) was slowly added to this solution under vigorous stirring at room 

temperature. The resulting gel was additionally stirred for 2 h. The obtained gel was 

transferred into a teflon-line stainless steel autoclave for a hydrothermal treatment at 100 °C 

for 3 days.  The resulting solid product was recovered by filtration and washing with 

deionized water for several times. The obtained white solid was dried in air at 100 °C for 5 h. 

Finally, the sample was calcined at 600 °C for 16 h in air.  

 

Dye solution preparation:  
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For this study, safranine was used and it was obtained from Merck. Solution of safranine were 

prepared in double distilled water. Dye concentration was determined by using absorbance 

values measured before and after the treatment, at 48 nm with JENWAY UV-Vis 

spectrometer (Model 6505). 

 

Result and Discussion  

The effect PH:  

The amount of dye adsorbed increases with increase in PH.The dye adsorption was 

significantly change over the PH value of 4 to 6. At the PH renge up to 6, The percentage of 

removal was almost remains constant.  

 

Isotherms study: 

Adsorption equilibrium data were correlated with the Langmuire and Freundlich isotherms . 

The isotherms fit the Langmuire equation (1) and to some extent Freundlich equation (2) . 

  (1)           

)٢(  

Where Ce is the equilibrium concentration of the adsorbate (mgL-1), qe is the amount of 

adsorbate adsorbed per unite mass of adsorbent (mgg-1), q and b are Langmuir constants 

related to adsorption capacity and rate of adsorption, respectively and Kf and n are the 

Freundlich constants [2].  

  
Figure 1. Plot of 1/qe vs. 1/C safranine (Langmuir equation) 
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Conclusion 

In this study, MCM-41 is able to adsorbed safranine from aqueous solutions. It was noted that 

an increase in the temperature resulted the decrease of the adsorption. 

The equilibrium adsorption isotherm was followed, Langmuir and Freundlich isotherms, thus 

correlation coefficient for fitting the Langmuir equation was significantly better than 

Freundlich equation.   
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Titanium dioxide is extensively used in antibacterial surfaces and solar cells [1]. TiO2-anatase 

leads to the degradation of a great number of pollution in air or water [2]. Moreover, the 

photo-induced superhydrophilicity of TiO2 films has also been achieved under UV light [3]. 

TiO2 films can decompose atmospheric pollutants present on its surface and get self cleaning 

from any dust and organic residues. 

The improvement of visible light photocatalytic activity of nitrogen doped TiO2 was usually 

attributed to the decrease of the band gap through hybridization of the N 2p states with O 2p 

states on the top of the valence band[ 4]. 

Doping of nitrogen into titanium dioxide was discovered to induce photocatalytic activity 

under visible light irradiation [5]. Various techniques have been employed to incorporate 

nitrogen to TiO2, either based on chemical reactivity (sol–gel synthesis[6], chemical treatment 

of the bare dioxide [7]and oxidation of titanium nitride (TiN) [8]) or on physical methods 

(laser ablation [9], electron beam evaporation [10] and magnetron sputtering [11]). N-TiO2 

films have been prepared by various techniques. Among the methods sol-gel technique is 

widely used because of its low processing cost, simplicity and ability to produce thin and 

uniform films and easily can be repeated. 

In this work N-TiO2 sample was prepared by chemical sol-gel method. The sol was saturated 

by doping N. The doping effect was measured on improving the hydrophilicity and 

photocatalytic activity. The biggest advantage of N doped TiO2 samples, compared to pure 

TiO2, is their lower excitation energy, which allows the absorbance of the UV portion and the 

visible portion of solar light. 

 

Experiment 
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The process of preparing sol-gel was such as below. Container included 20 cm3 Ethanol and 

magnetic stir. All of these were inside ice-water bath. We added 2 cm3 Ticl4 drop by drop. 

When the result vapor vanished, the composition of the 20 cm3 distillate water and 20 gr urea 

powder (NH2)2CO ( ) were added drop by drop. Spray Pyrolysis deposition method 

started after 5 minutes aging. Substrate was at 300oC and deposition time was 45 minutes. 

Annealing temperature was one hour at 150 oC, one hour at 300 oC and one hour at 450oC. 

Hydrophilicity activity was studied by measuring angle of distillate water drop of 20 μl 

volume . UV light was used with 1mw strength. Photoactivity was measured in the case of 

Methylene blue (C16H18N3SCL) with 0.01 molar density was covered the sample at a dark 

place for 48 hours. Transition spectrums were studied after 10 minutes irradiating under the 

UV light. The maximum absorption of Methylene blue is in wavelength 660 nm and 

consequently maximum decomposition. Methylene blue concentration at time t (C), over 

Methylene blue concentration at time t=0 (C0) is calculated by: 

 

  C/C0=Ln(T0/Tm)/Ln(T0/Ti)                                                 (1) 

 

 Where T0 is the transition coefficient before pollution with Methylene blue at time=0, Ti is      

the transition coefficient after pollution with Methylene blue at time=0 and Tm is the transition 

coefficient after pollution with Methylene blue at time t. 

Therefore by measuring the transition coefficient each 10 minutes and using equation (1),   

decomposition as a function of time is evaluated. 

 

Results  

Fig 1 and 2 show the contact angle of water for glass and N-Tio2 substrates. The decreasing of  

angle  for N-Tio2 is clear and the sample shows superhydrophilicity activity. The angles for 

different UV irradiation time have been shown in Fig 3. Photoactivity was studied by 

measuring the transition coefficient at different times and using equation 1. Fig 4 

demonstrates that N-Tio2 is better photocatalytic than the glass. It means the recombination of 

electron and hole is slow and band gap decreases. 
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 Fig 1: Water drop contact angle for glass substrate.         Fig 2: Water drop contact angle for N-Tio2 substrate. 

        

 

 

 

 

 

 

Fig 3:  Water drop contact angle for two substrates.             Fig 4:  Photocatalytic activity for  two substrates.                                   
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Introduction 

There are more than 100000 types dyes of commercially available. In aqueous solution 

anionic dyes carry a net negative charge due to the presence of sulphonate group while 

cationic dyes carry a net positive charge due to the presence of protonated amine or sulfur 

containing groups [2]. A considerable amount of research on wastewater treatment has 

focused on the elimination of direct dyes essentially for three reasons firstly direct dyes 

represent 20-30% of the total dye market, secondly large fraction of direct dyes are wasted 

during the dying process [3] thirdly conventional wastewater treatment methods which rely on 

adsorption and aerobic biodegradation were found to be inefficient for complete elimination 

of many direct dyes [1]. In this study the removal of three problematic direct dyes from water 

has been investigated using a highly porous high surface area activated carbon. Adsorption 

isotherms for the direct dyes were undertaken at 25C to study the effects of solution pH and 

temperature. 

 

Experimental 

Activated carbon was purchased from Merck .The bulk density and the porosity of the 

adsorbent were 0.64 g/cm3 and 0.4 respectively. There direct dyes which have a wide 

industrial application were selected, namely; Red3BS. The chemical structures of the dye is 

illustrated in Fig.1. 

 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
2472

 

 

 

                                                

Fig1: RED3BS  

The effect of solution pH on dye adsorption was investigated according to the following 

procedure. 0.250 g of dried activated carbon  was added to a 250 cm3  glass bottles  

containing 100 cm3  of  6.010-4  mol /dm3 dye solution. The pH of the dye solutions was 

adjusted over the range pH ( 2- 10) using 0.5  M HCl or 0.5 M  NaOH  solutions. 

510-3 of Red3BS solution was added into active carbon (0.2g) until doing surface absorb. 

The adsorption process was done at the wavelength of 542 nm. 

For surface absorb degree by using activated carbon was calculated according to the initial 

and final concentration in the solution: 

 

 

Results and Discussion 

Effect of solution pH on dye adsorption  

A large decrease in adsorption capacity for this dye was observed under basic condition (i.e. a 

decrease to 40  

% removal at pH 10). Similar adsorption behavior with variation in solution pH has been 

reported in the  

Literature [2,4]. 
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Fig. 2: Effect of solution pH on dye adsorption 
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Effect of temperature on dye adsorption  

The adsorption of red 3BS on activated carbon was studied at temperatures of 

298,308,318,328 K 

With these adsorption isotherms being shown in Fig. 
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Fig. 3: Effect of solution temperature on dye adsorption 

Conclusions 

At 298 K the maximum adsorption values as described using the Langmuir equilibrium 

isotherm model was 40 mg/L for Red3BS. The adsorption capacity of the dyes on activated 

carbon increased in acidic solution, but decreased in basic solution. Adsorption of direct dye 

was found to be spontaneous at the temperatures under investigation (298-328K) as indicated 

from the negative values of free energy . 
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Introduction 

Mesoporous silica materials prepared with the aid of surfactants have been widely used as sacrificial 

templates to obtain a variety of porous materials with well-controlled textural properties such as 

carbons, metals, inorganic compounds, polymers, etc. On the other hand, only a few works have been 

focused on the synthesis of mesoporous materials with an organic framework. To date, mesoporous 

polymers have attracted a great deal of attention owing to their diverse range of applications, including 

such areas of purification, separation, catalysis, and energy storage. Most synthetic strategies for 

fabricating mesoporous polymers have been dependent on the hard template approach. The template 

mesoporous polymeric replicas were obtained after the selective removal of the silica framework in 

the polymer/silica composites. In this way, a porous polymeric material was obtained [1-3]. 

The main purpose of the present work is to investigate strategies to control the structural 

characteristics of porous polymers fabricated by using porous silica materials as sacrificial templates. 

In this paper, it was attempted to report the synthesis of poly (4-methyl vinylpyridinium hydroxide) 

mesoporous polymer (mp-P4MVPH) and used in the Knoevenagel condensation as a basic catalyst. 

 

Experimental 

Mp-P4MVPH was synthesized using a SBA-15 as template. In the first step, the porosity of 

the silica is filled with a monomer 4-vinylpyridine, which is polymerized in situ and then 

quaternized by CH3I and the iodide ion was exchanged with NaOH. Subsequently, the silica 

framework is selectively removed by an etching agent (NaOH), which allows a porous 

polymer to be retrieved. The catalytic activity of mp-P4MVPH was investigated for the 

Knoevenagel condensation of various aldehydes with active methylene. The reaction 

performed in solvent-free conditions and completion of the reaction was monitored by TLC. 

The product obtained in high yield and purity after a simple work-up. 
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Results and discussion 

This novel composite was synthesized and fully characterized with different methods. The 

specific area and the pore size of mesoporous silica SBA-15, P4VP/SBA-15 and 

P4MVPH/SBA-15 and mp-P4MVPH had been calculated using BET and BJH methods, 

respectively. It was known that calcined SBA-15 had a high BET surface area (1430 m2/g), a 

large pore volume (1.9 cm3/g) and pore size (9.9 nm). It was clear that P4VP/SBA-15 and 

P4MVPH/SBA-15 exhibit a smaller specific area, pore size and volume in comparison with 

those of pure SBA-15, which might be due to the presence of polymer on the surface of the 

SBA-15. It was indicated that mp-P4MVPH was exhibited a smaller specific area (594m2 g-1) 

in contrast to a larger pore size (44.3 nm) and volume (6.5cm3 g-1) in comparison with those 

of pure P4MVPH/SBA-15 which was obtained after the selective removal of the silica 

framework. 

Powder X-ray diffraction patterns of SBA-15 showed a typical mesoporous structure with 

three sharp peaks, including one strong peak (100) and two weak peaks (110) and (200) at 2θ 

ranging between 0.5° and 3°. The P4MVPH/SBA-15 sample showed the same pattern, 

indicating that the long-range order of the SBA-15 framework was well retained after 

immobilizing. However, this peak almost disappeared after the removal of template showing 

the destruction of the ordered structure. 

 

Conclusion 

In this paper, it was shown that a clean, efficient, and simple method had been developed for 

the synthesis of mesoporous polymer using inexpensive materials as a good catalyst for 

Knoevenagel condensation. The reactions proceeded with high yield selectivity (100%) under 

solvent-free conditions at room temperature. The catalyst mp-P4MVPH is recyclable and can 

be reused more than seven times without significant loss of activity and selectivity. 
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Abstract 

The association of an anionic azo dye, sunset yellow, and cationic surfactant dodecyl 

trimethyl ammoniom bromide (DTAB) has been investigated using tensiometry and UV-vis 

spectrophotometer. Sunset yellow can form complex structures with cationic surfactant 

species in solutions at very low concentrations of the surfactant. The results show 

hypsochromic shift for the azo dye followed by significant decrease in the λmax  at the 

optimum concentrations of this surfactants. However, when the concentration of surfactant is 

above their critical micelle concentration, the dye can redissolve and dissociate into molecular 

or ionic forms. The importance is discussed of both hydrophobic and electrostatic interactions 

in the binding process. 

 

Keywords: cationic surfactant; azo dye; dye-surfactant interaction; Spectral studies 

Introduction 

Interaction between surfactant and dye are important in various dyeing process as textile 

dyeing, photography, inhabitation of dye transfer in detergency. Surfactants act as wetting 

agent, leveling agent, solubilizers for water insoluble dye, suspending agent and etc [1-3]. 

Strong complex formation was found between cationic surfactant and anionic azo sunset 

yellow dye [2].The reported results in this paper are the results of investigation on the 

interfacial and micellar properties of anionic azo dye sunset yellow with cationic surfactant 

dodecyl trimethyl ammonium bromide.  

Method                                                                                                                                   
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Surface tension measurements were carried out a PC-controlled KSV Sigma 700 tension 

balance that employs the DuNouy ring-detachment method at 298K.The absorbance 

measurements of dye-surfactant solutions were carried out by Shimatzu UV-mini 

spectrophotometer had a one quartz cells ( 10.0 mm in light pass length). 

 

Results and discussion 

In aqueous solutions sunset yellow exist anionic forms. Fig. 1 presents the visible spectra of 

aqueous sunset yellow at 0.04 mM for several concentrations DTAB surfactant. Aqueous 

solution of the dye exhibits a maximum absorption band at 480 nm. In the presence of 

dodecyl trimethyl ammonim bromide up to 1mM the absorbance band decrease weakly and a 

new band at  470 nm appear ( hypsochromic shift ) [3]. The equilibrium surface tension is 

further studied in mixture of dye and surfactant. The adsorbtion at air – water interface cause 

reduction of surface tension.  

 

Fig.1. Absorption spectra of 0.04 mM Sunset Yellow solution at various concentrations of DTAB. 

Conclusion 

The present study shows that the closed packed dye – surfactant ion pairs are formed between 

sunset yellow and cationic surfactant in submicellar aqueous solutions due to the prevailing 

hydrophobic and electrostatic forces in the systems. 

 

Reference 

[1] Jiang YangJournal of Colloid and Interface Science 274 (2004) 237–243 

[2] Halide Akba¸s and Melike Aydemir , Colloid Journal 70 ( 2008) 541-548 

[3] Ma1gorzata Bielska, Anna Sobczyn ska, Dyes and Pigments 80 (2009) 201–205 

  

0

0.5

1

320 420 520

ab
so

rp
ti

on

wavelenght (nm) 

pure Sunset Yellow Dye

1 mM DTAB Surfactant

4 mM

5mM

6mM

10mM

12mM



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
2479
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Abstract 

Micellization and adsorption at liquid-air interface are investigated for mixture of cetyl 

trimethyl ammonium bromide (CTAB) and sodium dodecyl sulfate (SDS) at different 

concenteration of inorganic salt by surface tension and cyclic voltammetry (CV) 

measurements. The data based on plotting of surface tension(γ) as a function of solution 

composition and total surfactant concentration enable us to determine critical micelle 

concentration (CMC) and also from plots of surface tension ( ) as a function of total 

surfactant concentration, we have determined the surface excess ( max ) and mean molecular 

surface area ( minA ). The electrochemical behavior of cationic-anionic (catanionic) mixed 

surfactant and self-assembled solutions at Pt wire electrode has been studied by cyclic 

voltametry 1.  

 

Key words: Mixed surfactant, Electrolyte, Cyclic voltametry, Surface tension 

 

Introduction  

 Mixtures of oppositely charged surfactants exhibit novel solution and interface properties; the 

aggregation in aqueous mixtures of cationic and anionic surfactants occurs at considerably 

lower concentrations than the critical micelle concentration (CMC) of individual surfactant2, 3. 

In the present study, we investigated the mixed micelle and adsorption properties of binary 

surfactant systems containing the cationic surfactant (CTAB) and the anionic surfactant SDS 

in the absence and presence of various concentrations of sodium bromide.  

 

Experimental and Methods 
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CTAB and SDS (99%), Sodium bromide (98%). Ferrocen (98%) were obtained from Merck. 

Surface tension measurements were carried out at 298.15 K by the ring method. Cyclic 

Voltametry (CV) was performed by using an electrochemical analyzer, SAMA 500. A three-

electrode system consisting of a working Pt electrode and saturated Ag/AgCl reference 

electrode with a salt bridge containing 3M aqueous NaCl solution and the counter electrode. 

 

Results and Discussion 

Fig.1 shows the plots of surface tension (γ) measurement of CTAB/SDS mixture in presence 

of NaBr in cationic-rich regions. The concentration corresponding to the break in the plot 

represents the CMC in all the systems.  

 

The values of CMC determined from the cyclic-voltametery and surface tension plots are 

listed in the Table 1. The agreement of the CMC derived from these two methods seems 

satisfactory. 

Also, we determined minimum surface tension at CMC ( cmc ), maximum surface excess 

concentration ( max ), the minimum area per molecule at the aqueous solution/air interface (

minA ) , and the effectiveness of surface tension reduction ( cmc ) in the various percents of 

NaBr.  

 

Conclusion 

The results of surface tension show that the size of mixed micelles and vesicles change with 

the increase of NaBr to surfactant mixtures. voltammetric measurements have been carried 

out to calculate the micellar self-diffusion coefficient (Ds) and intermicellar interaction 

parameter (Kd) of catanionic surfactant in aqueous NaBr solutions at 298.15 K. the results 
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0.03 mM

TABLE 1: Obtained values of CMC the mixed 
system CTAB/SDS by cyclic-voltammetery 
and surface tension methods in cationic-rich in   
CNaBr=0.05M.   

 method CTAB99/SDS1 CTAB97,SDS3 

Cationic-
rich 

CV 0.131 0.156 

Surface-
tension 

0.119 0.131 
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indicate that Kd and Nagg in anionic rich region is more than in cationic rich, this effect 

attributed to the distribution of charges on head group surface of SDS. 
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Abstract 

Interfacial tension data and adsorption thermodynamic parameters for sodium dodecyl sulfate 

from aqueous solutions on the oil-water interface in the presence of salt have been 

investigated. Also the results are compared with data for water-air interface. In this work 

critical micelle concentration (CMC), the surface excess ( max ) and mean molecular surface 

area ( minA ) are determined. 

 

Keyword: Surfactant, Adsorption, Oil, Interfacial 

 

Introduction 

Although much works has been performed on the adsorption of surfactant on air-water 

interface [1,2], comparatively less work has been done on the adsorption of surfactant on oil-

water interface [3,4]. Surfactants adsorption on oil-water interface, along with the resulting 

lowering of the interfacial tension, plays an important role in controlling the desired 

interfacial tension properties in many applications involving surfactants. These applications 

range from large scale industrial operations, such as the enhanced recovery of crude oil from 

reservoirs. 

 

Experimental and Methods 

SDS (99%), Sodium bromide (98%) were obtained from Merck. toluene, n-hexane, n-heptane 

and n-nonane were used as oils, The concentration of salt was varied from 0.008 M to 0.05 M. 

The interfacial tension of the samples was measured using a PC-controlled KSV Sigma 700 

tension balance that employs the DuNouy ring-detachment method at 298K. Measurements of 

the surface tension of pure water at 298.15 K were used to calibrate the tensiometer and to 
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check the cleanliness of the glassware. In all cases, more than three successive measurements 

were carried out, and the standard deviation did not exceed ±0.1 mN.m-1. The temperature 

was controlled to within ±0.1°C by circulating thermostated water through the jacketed glass 

cell.  

 

Results and discussion 

The interfacial tension measurements were used to determine interface data. The addition of 

salt decreased interfacial tension significantly The addition of salt reduced the electrostatic 

double layer repulsion between the SDS ions, which augmented their adsorption at the 

interface. The critical micelle concentration where the concentration of surfactants above 

which micelles are spontaneously formed. For the case of aliphatic alkanes, the CMC 

decreases as the chain length is decreased. A decrease in the CMC due to the presence of 

unsaturation in the hydrocarbon is illustrated also by the lower CMC found for toluene [3]. 

The decrease in the CMC was found to be related to the water solubility of the hydrocarbons. 

The aromatic hydrocarbon, toluene, is solubilized in the palisade layer of the micelle, which 

spreads out the surfactant molecules considerably, thus lowering the CMC of the SDS in 

comparison with aliphatic hydrocarbons[4]. 

 

Conclusion 

The results are compared and discussed in view of the role of the salt and the type of the oil 

phase. On the oil-water interface the adsorption is always lower than that on air-water 

interface. Addition of salt increases the adsorption of the surfactant and decreases CMC 

values on both interface. 
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Abstract: 

 In this study, The Acid Red14 was used as a typical revealed organic dye. The results of this 

study show that was degradable in the presence of oxygon solution in water under UV-C 

irradiation and ZnO/Bentonite catalyst. Investigation of the kinetics prosess showd that the 

log plot of the dye concentration versus time was liner, suggesting a first order reaction. 

Furthermore, the effect of some operational parameters in the prosses such as pH, Initial 

concentration of AR14, amount of catalyst and temperature of reaction were investigated. 

 

Key Word: ZnO/Bentonite, Photocatalyst, Acid Red 14 

 

Introduction: 

From the viewpoint of green chemistry, the photocatalytic decomposition of organic 

compounds in wastewater has attracted a great deal of attention [1]. Many researchers have 

examined some methods for fixing ZnO on supporting materials including glass beads [2], 

silica and zeolite [3]. When using zeolite as ZnO support, care should be taken that ZnO does 

not loose its photo activity and adsorption properties of zeolite is not affected. In this work 

ZnO was supported on a zeolite without loosing photoefficiency and affecting the adsorption 

properties of zeolite. This mixture was used for degradation of aqueous AR 14. 

 

 Method :  

Zeolite-based photocatalysts were prepared by solid state dispersion (SSD) of ZnO. SSD 

initially involves mixing of ZnO and zeolite thoroughly using ethanol in agate pestle and 

mortar; the solvent was then removed by evaporation while mixing. Samples prepared by this 

method were dried at 110◦C and calcined in air at 400◦C for 6 h to obtain ZnO-supported 

zeolite catalysts. ZnO weight was maintained to obtain 5-100 wt.% in the finished forms of 
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the catalyst. For UV/photocatalyst process, irradiation was performed in a batch photoreactor 

of 2 liter in volume with a mercury lamp 48W (UV-C manufactured by Philips, Holland). 

UV-VIS Spectrophotometer, Perkin-Elmer lambda25 was employed for absorbance 

measurements using silica cells of path length 1 cm.  

 

Results and discussion:  

The changes in the absorption spectra of AR14 solution during the photocatalytic process at 

initial and after 2.5 h irradiation times are shown in the Fig. 1.  

 
Fig. 1: UV-Vis spectra of AR14 (30 ppm) in aqueous photocatalyst (ZnO 10% +BEN 90%) dispersion with 

concentration of 250 ppm, irradiated with a mercury lamp light atpH =7, T = 298 K. 
 

The decrease of absorption peaks of AR14 at λmax =515nm in this figure indicates a rapid 

degradation of azo dye. 

Kinetics of photcatalytic degradation of AR14 :The photo oxidation reaction is pseudo-ferst 

order with respect to dye concentration. The plot Ln[dye] versus irradiation time for AR14 was 

linear suggesting that the photodegradation reaction approximately follows the first order 

kinetics (Fig. 4). Rate constant (K = 7.1 × 10-3 min-1) was estimated from the slope of the 

Ln[dye] versus time plot in the optimized conditions. 

 
Fig. 2: Plot of reciprocal of pseudo-first order rate constant against initial concentration of AR 14=50 ppm, 

concentration of photocatalyst (10%ZnO + 90% BEN) = 40 ppm, T = 298 K, pH=7. 
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Introduction 

Synthetic dyestuffs are used extensively by several industries. The pollution caused by 

dyestuffs has been a serious environmental problem for years [1] .Therefore, it is necessary to 

remove the dyes from waste water. Traditional techniques used for treating dye effluents 

include adsorption [2], coagulation [3], etc. In the recent decades ultrasound as a new method 

has been used alone or combined with other methods for the removal of dyes and other 

pollutants [4]. The main objective of this study is de-colorization of RB5 by the combination 

of ultrasound and the sorption process.  

 

Methods 

The sorbent used in this study was NiCo2O4 spinel which synthesized by citrate gel method [5] and 

characterized by X-ray diffraction. In all experiments, conventional and combination (sono-

sorption) methods were compared. In combination method, ultrasonic horn was inserted to a depth 

of 10 mm into the Rosett cell containing 50 ml solution of pollutant with different concentrations and 

different amounts of sorbent. A circulating bath was used to maintain constant temperature during the 

sonication but conventional experiments were performed in a jar cell with a double cylindrical jacket 

in which the temperature was controlled by the circulating water through the jacket and stirring speed 

was fixed without ultrasonic irradiation The sorbent and solution were separated by centrifuge .After 

each run, the concentration of pollutant was determined by UV–vis spectrophotometer. 

 

Results and discussion 
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In this study, sono-sortion of dye on surface of sorbent was studied in range of different 

amount of pH and results released that the maximum adsorption occurred in the range of pH 

11- 12. Different parameters such as amount of sorbent, effects of contact time, temperature, 

initial concentration, ultrasonic irradiation intensity were investigated. In both methods 

sorption increased with increasing of sorbent dose due to the increase of surface area of 

sorbent. Also, sorption efficiency increased with increase of temperature in both methods. In 

all experiments, amount of removal and rate of removal was higher in the presence of 

ultrasound than conventional method. The major factors for this behavior are probably related 

to the increase of surface area of the solid phase from cavitation-induced particle size 

reduction and improve of mass transport of liquid solution to the solid surface via acoustic 

streaming. The sorption process in combination method was studied at three selected 

intensity. The result indicated that the sorption efficiency increased with increasing of 

intensity from 30% to 60%. It is suggested that in the higher intensity, there are more bubbles 

and also more violently bubbles collapse. Adsorption isotherms Langmuir and Frundlich 

models were studied and both models fitted by experimental data. Also, the removal kinetics 

of RB5 followed pseudo-second-order kinetic model. 

 

Conclusion 

The present study clearly shows that the spinel NiCo2O4 is an effective sorbent for RB5 

removal from aqueous solution. This removal was enhanced in the presence of ultrasound. 

The experimental data was fitted by Langmuir and Freundlich modeles. The kinetics of 

sorption was obeyed the pseudo-second-order. 
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Introduction: 

Nowadays Transport properties in fluids and fluids mixture are one of the paid intentioned 

topics in physics and chemistry and have been of interest to scientists over many decades 

because of its adoption in industry as a potential plasma forming gas [1]. Plasma is a state of 

matter similar to gas in which a certain portion of the particles are ionized, the basic premise 

is that heating a gas dissociates its molecular bonds and changing it into its constituent atoms. 

Further heating leads to ionization and turning it into a plasma which contains charged 

particles, positive ions and negative electrons.[2] 

In present work we have investigated composition of  Ar െ HଶS plasma, in order to obtain 

equilibrium transport properties of mentioned plasma, such as equilibrium constant and then 

the viscosity, diffusion coefficient and the other transport properties of mixture are computed 

in the 4th approximation of the Chapman-Enskog method. This theory presents accurate 

formulas for the multi component gas mixture under thermal and chemical equilibrium [2]. 

The obtained results are compared with the literature and the agreement is quite good. 

 

Keywords: Transport properties, Plasma, Chapman-Enskog, equilibrium constant. 

 

Methodology 

At first step, we studied the possible chemical reactions in Ar െ HଶS plasma and tabulated the 

corresponding chemical reaction in table 1, it is assumed that seven different species are 

existed in the Argon and Hydrogen Sulfide plasma so using statistical mechanic and 

definition of the partition functions the equilibrium constants for the mentioned reactions are 

obtained.  For partition function, the calculation was carried out including all energy levels 

provided by NIST[3]. Values of individual partition functions have significant effect on 

plasma composition, which causes influence the transport properties of the plasma. 
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Table 1. Reactions and the corresponding equilibrium constants 

Reactions log Kܚۯ  ത܍ ՜ ାܚۯ  ܍ത 4.7139

ܚۯ           ۶܁ା ՜ ାܚۯ  ۶܁ ܁۶ 10.3899  ۶ ՜ ۶܁ା  ത 1.4799܍

܁۶      ۶  ത܍ ՜ ۶܁  ത܍ 6.5837

   ۶܁  ത܍ ՜ ۶܁ା  ܍ത 5.1038

Then the transport coefficient of the mixture are obtained following the perturbation 

technique in the solution of Chapman Enskog [2] for the Boltzmann equation, the transport 

properties were obtained by its first order perturbation method. The Chapman-Enskog 

solution of Boltzmann transport equation leads to the expression for transport properties based 

on a series of collision integrals ),( sl , that depend on the intermolecular potential energy 

)(rU , which is defined as: Ω(,௦) ൌ ටଶగಳ்כೕכ   ଶߛ൫െݔ݁ ൯ߛଶ௦ାଷ(1 െ ߯)ܾܾ݀݀ஶஶݏܿ                                                    ߛ

(1)       

where, kB is the Boltzmann constant, ݉כ
   and  ܶכ  are the effective mass and the effective 

temperature of the colliding particle, b is the impact parameter and γ୧୨   is related  to the 

relative velocity. he first approximation, diffusion and viscosity coefficient for pure 

substances depend only on Ω୧୨(ଵ,ଵ)and  Ω୧୨(ଶ,ଶ) respectively. 

Following the kinetic theory of dilute gases, the binary diffusion coefficient involving particle 

i and j is computed       ܦ ൌ  ଷಳమ  ் ்ೕଵ  ೕ כ  ்ೕכ ఆೕ(భ,భ)                                                                                                                            (2) 
where ܶ   and ܶ are temperature of ith and jth particle respectively and  ܶכ  is the effective 

temperature. Similar expression can be written for the other transport properties and also these 

equations can be extended for a multicomponent system.  

 

Conclusion 

In this work we studied a method for evaluating thermophysical properties for various species 

in the Ar െ HଶS plasma, As a matter of fact results for thermophysical properties of pure 
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Argon can be compared with works of many other authors [4] which are in satisfactory 

agreement with them. Thermophysical properties including equilibrium and non equilibrium 

properties for various species in Argon and Hydrogen Sulfide plasma are expressed by the 

different values of the heavy particle temperature and electron temperature ratio. No 

published data exist for comparison but these data will become a useful data for calculating 

plasma characteristics of arc in a gas mixture containing the mentioned species in high 

electron temperatures. 
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Introduction 

If radial distribution functions (RDFs) are available as a function of interparticle distance ( r ), 

density (  ), and temperature (T ), then the entropic properties such as changes in free 

energies ( ,A G  ) and entropies ( S ) could be calculated. In this project, the entropic 

properties will be calculated using three analytical RDF (MGMA [1], Goldman [2] and MM 

[3]) 

Theory: Statistical mechanical equations for A  and  S  

Using thermodynamic fundamental equations (  2

1

2

/A P d




    ), we can write: 

 2 2

1 1

3

0
(2 / 3) ( ) / ( , , )(1 / )A kT d du r dr g r T r d dr

 

 
  



    (1)   

where k and u(r) are the Boltzmann’s constant and interparticle pair potential, respectively. 

The first expression on the right hand side of equation (1) is related to ideal gas. S is 

obtained from ( ) /S E A T     where 2 1
( ) ( )E E E     and  

2

0
2 ( ) ( , , )igE E N u r g r T r dr  



                                                     (2) 

where 
igE is internal energy for ideal gas. 
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Results and discussion 

Using Goldman, MM and MGMA expressions, theoretical values of * */A T  and *S  are 

obtained. These quantities are compared with the experimental data. Table 1 shows the 

numerical values of * */exA T  and *
exS  at reduced temperature * / 2.087T kT    and 

different densities. In this table, theoretical values obtained from Goldman, MM, and MGMA 

expressions have been compared with those of Exp. and an accurate analytic equation of state 

for the L-J fluid (Mecke et al. EOS) [4].  

The AAD values related to * * */ ( )ex exA T S   in connection with Goldman, MM, and MGMA 

expressions at the range of applied temperatures and densities are 10.44(6.85), 73.14(26.7) 

and 3.81(3.01), respectively.  

Table 1. Comparison of numerical values of * */exA T  and *
exS  at * 2.087T     

  
2

* * *

.

/ ex
Exp

A T * *

.

/ex
Mecke et al

EOS

A T * */ ex
MGMA

A T * */ex
Goldman

A T * */ex
MM

A T *

.
ex

Exp

S *

.
ex

Mecke et al
EOS

S *
ex

MGMA

S *
ex

Goldman

S *
ex

MM

S 

0.498 -0.189 -0.189 -0.171 -0.242 -0.557 0.708 0.738 0.721 0.771 1.068
0.538 -0.173 -0.174 -0.160 -0.219 -0.468 0.583 0.608 0.594 0.637 0.874
0.598 -0.132 -0.133 -0.125 -0.163 -0.316 0.384 0.398 0.390 0.420 0.569
0.642 -0.086 -0.087 -0.082 -0.104 -0.189 0.226 0.232 0.229 0.247 0.332
0.719 0.035 0.036 0.034 0.041 0.066 -0.078 -0.080 -0.079 -0.085 -0.112
0.773 0.155 0.159 0.153 0.176 0.269 -0.308 -0.317 -0.312 -0.336 -0.443
0.815 0.273 0.280 0.271 0.304 0.439 -0.499 -0.512 -0.505 -0.543 -0.712
0.850 0.388 0.400 0.387 0.426 0.588 -0.663 -0.682 -0.670 -0.718 -0.940
0.880 0.500 0.518 0.500 0.543 0.721 -0.808 -0.833 -0.816 -0.873 -1.140
0.906 0.610 0.633 0.612 0.657 0.842 -0.939 -0.968 -0.948 -1.010 -1.319
0.929 0.718 0.745 0.722 0.768 0.953 -1.058 -1.090 -1.067 -1.134 -1.482
0.949 0.824 0.850 0.830 0.877 1.057 -1.168 -1.199 -1.178 -1.248 -1.631
0.968 0.927 0.958 0.936 0.984 1.153 -1.270 -1.304 -1.280 -1.352 -1.769
0.986 1.029 1.067 1.041 1.088 1.244 -1.366 -1.405 -1.376 -1.448 -1.898
1.017 1.229 1.272 1.246 1.293 1.411 -1.540 -1.583 -1.553 -1.620 -2.133
1.044 1.423 1.469 1.445 1.494 1.563 -1.697 -1.741 -1.713 -1.770 -2.344
1.069 1.613 1.668 1.641 1.691 1.703 -1.839 -1.889 -1.861 -1.903 -2.536
 

Conclusion 

The Goldman and MGMA expressions both predict the values of * */A T , *S , * */exA T  

and *
exS  with acceptable errors, but MM expression is not suitable for this purpose. Among 

the three expressions, MGMA expression predicts these properties with less error.  
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Introduction 

A detailed understanding of molecular orientation at liquid/vapor interface is of great 

importance in chemical engineering, chemistry, and biology. Plenty experimental methods has 

been devoted to study the surface orientation [1,2]. Also molecular dynamics has been shown 

to be very specific in determination of orientation [3]. Interfacial Surface tension (σ) and 

surface energy ( sE ) are practically and theoretically important factors in determination of the 

solubility. The correlation between surface entropy ( sS ), surface energy, surface tension, with 

the liquid dipole moment (µ) support molecular orientation at the liquid/vapor interface.   

In this study the relation between the surface tension, surface entropy and the surface energies 

of a model solvent is investigated to provide evidences and to establish a relative molecular 

orientation at the liquid/vapor interface. 

 

Method  

Surface tension is inherently can be measured accurately. It turns out that surface tension is a 

strong and reliable method of studying the liquid surface energetics, surface energy and 

surface entropy. By accurate measuring surface tension thus these two important surface 

thermodynamic functions can be determined accurately. At the microscopic level an estimate 

of the molecular surface structure in particular the molecular orientation at liquid/vapor 

interface, can be studied.  Model liquids, pyridine (Py) and its alkyl derivatives methyl (MPy), 

ethyl (EPy), propyl (PPy) and butyl (BPy) substituted for which surface tension data is 

available [4] are employed. Gaussian 2003 program is used to calculate the gas and liquid 
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phase dipole moments of these materials by DFT method [5]. The correlation of molecular 

dipole moment to sS , sE , and   at the freezing point are studied.  

 

 

Results and Discussion 

Pyridine and its alkyl derivatives, the class of reagent nominated for the preparation of 

pyridinium ionic liquids, are chosen as the model liquids. Certainly the differences in physical 

and chemical properties of these compounds arise from their structural details. Then what can 

be said about the orientation of the molecules at the interface from experimental sS , sE , σ and 

the calculated liquid dipole moment is as the following. First it should be noted that model 

compounds are consisted of a polar part involving the nitrogen atom and a non-polar part 

consisting the rings carbon atoms and the alkyl group. Both parts contribute to the surface 

thermodynamic functions. Therefore, the most probable orientation must be consistent with 

the surface energy and surface tension as well as the surface entropy. Since both surface 

tension and surface energy of methyl derivatives are decreasing function of dipole moment ( 

Fig.1 and Fig.2) it can be concluded that the trend is in the order of decreasing component of 

dipole moments normal to the liquid surface. This implies that the contribution of pyridinium 

nitrogen is decreased by the increase of the dipole moment and conversely the contribution of 

the methyl group to the surface microstructure is increased. For this we have to use the 

principle of independent surface action. Based on this principle each part of the molecule 

contributes to the surface tension independently. For instance the most probable orientation of 

the 4MPy is the one that has the most symmetric orientation with respect to the surface. That 

is, among methyl derivatives, 4MPy with the largest dipole moment and the smallest surface 

tension can take an orientation with its nitrogen exposing less than its methyl group to the 

surface. This means that as the molecular dipole moment among an alkyl analogue increases 

the molecules oriented at surface in such a way to decrease the surface tension. This could be 

attained by exposing the alkyl group, rather nitrogen atom, to the surface which accordingly 

decrease the force exerted on the atoms on the surface. At the same time this will restrict the 

motion of the surface molecules, specially the rotation, and hence the surface entropy. 

 

Conclusions 
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In this study we have explored the use of σ and its temperature dependence as well as sS , Es, 

to establish correlation with the calculated liquid and gas dipole moments to determine the 

relative orientation of molecules at the interface for model liquid pyridine and its alkyl 

derivatives. 

 

 

 

 

 

 

 

                                            Figure 1                                                                                 Figure 2                       
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Introduction 

Molecular dynamics (MD) simulation is an indispensable tool for investigating the behavior 

of liquid [1]. The outcome of the simulations is primarily controlled by the expressions for the 

total energy, which are collectively referred to as the force field [2]. The ability to accurately 

investigate the properties of different solution by using the suitable force field will provide an 

increased understanding of the thermodynamics and properties of these systems [3]. In this 

work we will predict density, viscosity and structure of pure acetone, which is largely used in 

chemistry, by molecular dynamic using a general force field such as OPLS. Using the acetone 

as the solvent, we will simulate the structural properties of poly (methyl methacrylate) 

(PMMA) solution. 

 

Method  

Properties of acetone, PMMA, and the acetone/PMMA were carried out using the DLPOLY2 

program. The calculations were performed in the NPT ensemble. Periodical boundary 

conditions were applied. All bonds were constrained using Shake algorithm. The Berendsen 

algorithm was used for constant temperature and pressure simulations. The DLPOLY package 

contains the computation of the configurational part of the internal energy, by a direct 

averaging of the pair interactions over the whole cell for Lennard-Jones interaction, and by 

the Ewald summation techniques for Coulomb part, because of the long range nature of this 

interaction. The energy and pressure contributions from the long range part of the Lennard-



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
2500

0

200

400

600

800

0 100 200 300 400 500
time/ps

M
SD

0.00

0.40

0.80

1.20

1.60

2.00

2 6 10 14
r/Å

R
D

F

Cc-Cc 
Cm-Oc 

4

8

12

R
D

F

C1-C3
C5-C5

0.4

0.8

1.2

R
D

F

Cc-C5
Cc-O2 

Jones interactions were corrected as usual by analytically expressed contributions beyond the 

cutoff. 

 

Results and Discussion 

Density of the liquid is important measure of the size of the molecules and the strength of 

their interaction. The accuracy of simulated density is quite good with the maximum deviation 

1.99 % with respect to the experimental [4], which is also a test for the accuracy of the force 

field used. 

 Transport properties such as diffusion (D) and viscosity () of acetone were predicted by 
using the Eq. 1 and 2 . For this, we use the simulated mean square displacement, MSD, (Fig. 
1). 

 

which r(t) is the position at time t,   is the simulation time, r is the radius of molecule. The 

value r was determined by using Gaussian program with MP2/6-311++g** level. 

The structure of liquid acetone can be characterized well by RDF, ])[( yxrg   which is the 

probability of finding atom y located at distance r from atom x. The   cc CCrg   and 

  cm OCrg   obtained by MD simulation using OPLS force field are shown in Fig. 2. From 

all atoms correlations considered, Cc-Cc and Cm-Oc show the highest regular correlation both 

at short- and long-range. The simulated structural properties of PMMA in acetone involves 

interesting features. The acetone molecule does not interact deep into the polymer backbone 

but interact regularly with the side chain. Also the backbones interact in a particular way, but 

the side chains interaction is an indication of regular molecular system. Fig. 3 and 4. 
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Abstract:  

Equations of state (EOSs) are generally used to estimate thermodynamic properties of gases, 

liquids and solids. In most of the EOSs critical properties or intermolecular potential energy 

parameters are needed as input data to estimate constants in the equations. Measured values 

of critical properties are available for some compounds, but for such data can not accurately 

be predicted. statistical associating fluid theory (SAFT) has been proposed by Chapman et al 

that it based on thermodynamic perturbation theory of Wertheim. In this research our aim is 

to predict sound velocity and heat capacities with the Simplified PC-SAFT.                              

 

Keywords: Simplified PC-SAFT, Equation of state, Sound velocity, heat capacities 

  

Introduction: 

The thermodynamic properties of n-alkanols are a problem of great practical interest. Among 

all of the EOSs proposed by different investigators, only a few are based on a fundamental 

theory, but the majority has been developed as a result of the mathematical processing of 

experimental data. Two theoretical treatments commonly used in chemical engineering for n-

alkanols are (SPHCT) and (SAFT) [1]. For years, SAFT has been extensively used to 

calculate the phase behavior of associating and non-associating fluids. In SAFT a molecule is 

composed of m segments correspond to atoms, functional groups or complete molecules. the 

contribution to Helmholtz free energy of bonding between segments can be calculated from 

the background correlation function for segments. 

SAFT EOS can be represented as a sum of Helmholtz energies:  

 

where A  and idealA  are the total Helmholtz energy and the ideal gas Helmholtz energy 

A =   Aideal gas    +  Ahard sphere   +     Adispersion   +     Aassociation

2

2~

)1(

34








hs
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Term of hard sphere: 

The packing factor is defined as 

Term of association: 

                                                       Aassoc=(2Log[x]-x+1)NAv.k.T 

Term of dispertion: 

The dispersion term is expressed also with the results of Alder et al.  

  

  

  

  

Speed of sound:  

the Speed of sound calculations from: 

Heat capacities:  

the specific heats at constant pressure pC  and volume VC , given by the derivative of the 

Helmholtz energy and the pressure, which are direct calculations from the Simplified PC – 

SAFT:                            













2

res2

T

A
TCC ideal

VV
 

 

  
  

Results and discussion: 

The results of Chen and Mi have shown that the Simplified PC – SAFT EOS predicts accurate 

phase envelope of chain fluids. In this work, the Speed of sound and Heat capacity calculated 

on the basis of the Simplified PC – SAFT EOS over the wide density and temperature ranges 

including critical temperature. In Figs. 1, 2 we compare correlated values of Speed of sound 

and Heat capacities for methanol  with the values calculated with the Simplified PC – SAFT 

EOS. Very good predictions are obtained for both at three different temperatures, including 

liquid and supercritical regions.  
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Introduction 

In this work, a recently intermolecular potential energy surfaces for methane, ethane and 

propane dimers [1-3], derived from the quantum-mechanical ab initio calculations at MP2/6-

3111G(2d f ,2pd) level, have been used to calculate the cross-sections and transport collision 

integrals of ethane and propane governed by two-body interactions. To calculate the low-

density viscosity and diffusion coefficients, we have used the procedure known as the Mason-

Monchick Approximation (MMA) [4], which is the classical counterpart of the infinite-order-

sudden (IOS) approximation of quantal inelastic scattering. The potential energy obtained for 

complete site-site interactions for each different type of selected hydrocarbons. For 

calculating the ab initio potential interactions, several data points are used to calculate the 

main routes. 

 

Transport cross-sections and collision integrals 

According to the kinetic theory of gases at low-densities, the scattering angle )( , the 

transport cross section  ,)( EQ l  and the collision integral   ,),( Tsl  can be calculated from 

the intermolecular potential interaction as follow: 
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  (3) 

where b is the impact parameter, E is the relative kinetic energy of colliding molecules and 0R  

is the closest approach of two molecules. The superscripts l and s appearing in the collision 

integral   denotes weighting factors that account for the mechanism of transport by 

molecular collision. Thus three successive numerical integrations are required to obtain the 

collision integrals.  

For polyatomic molecules, the theory is complicated, which a simple approximation has been 

proposed by Monchick and Mason, who assumes that the Chapman-Enskog theory of non-

spherical molecules retains its original form, but the collision integrals as a function of 

reduced temperature TkT B
*  , must be averaged over all possible relative orientations 

occurring in collisions as : 

)(
8

1
)( **),(**),( TdT slsl 


       (4) 

 

Results and Discussion 

In this work, we have examined a recently proposed ab initio PES of methane, ethane and 

propane dimmers with calculating the transport properties. The Numerical values of *)1,1(  

and the defined ratios *A , *B , *C and *E  are obtained in this work. The temperature behavior 

of *)2,2(  for propane, as an example, is shown in Fig. 1. Further, calculated viscosity 

coefficient of propane from the MMA approach has been compared with the experimental 

results, which has shown in Fig. 1. The overall agreement between the experimental data and 

those obtained from the ab initio surface is reasonable under the MMA assumptions. 
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Fig. 1,2: Temperature behavior of calculated *)2,2(  and η from the MMA approach in comparison of 
experimental data for propane. 
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 Introduction 

In recent years, there has been increased interest in aluminosilicate zeolites containing extra 

framework alkali cations. In the basic zeolites, aluminum is substituted for silicon in the 

framework. Alkali metal cations, such as sodium and litium, compensate the net negative 

charge left by the substitution of silicon by aluminum and are located in distinct sites in the 

zeolite pore system. The cations are bound at these sites mainly by electrostatic forces, 

although they are often conveniently described as being coordinated to one or more oxygen 

atoms. The common  location of the cations in dry faujasite-structure zeolites (such as X or Y) 

are shown in figure1.1,2,3 

 
Figure1. Cation sites in FAU type zeolite 

Many previous studies, both experimental and computational, have focused on the adsorption 

of halocarbons in faujasite-structured zeolites. Vibrational spectroscopy and molecular 

simulations carried out by Mellot, Davidson, and others4,5 have shed light on the mode of 

bonding of chlorofluorocarbos (CFCs) and hydrofluorocarbons (HFCs) in siliceous FAU, 

NaY, and NaX. Also, the basic NaY and NaX faujasites can be used to separate various 

hydrofluorocarbons during the manufacture of CFCs substitutes.6 This paper deals with the 

self-diffusion of CFCl3 in siliceous faujasite and NaY zeolites. 

Methods 
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The total host-guest interaction energy was taken as the sum of a short-range terms modeled 

with a (6-12) Lennard-Jones potential, and long-range columbic term. The Zeolite hosts were 

modeled as follows: (i) Siliceous faujasite, Si192O384, with q(Si)=+2.4 and q(O)=-1.2; (ii) 

Na56Al56Si136O384. The NaY zeolite framework was built in accordance with Lowenstein , s 

Al-O-Al avoidance rule.7 ,and then was placed n 56 Na cations in especial sites as showed in 

figure1. Charges for guest molecule (CFCl3) consist of : q(C)=0.616, q(F)=-0.176, q(Cl)=-

0.086.5 All our molecular dynamic simulations carry out in the DL_POLY program in the 

NVT and then NVE ensemble. All self-diffusion coefficients were obtained over 5×106 

iterations, after an equilibration periods of 3×106 steps, with a cutoff radius of 13Å. The 

simulations spanned a range of temperatures between 200 and 700K. The trajectory was 

recorded every 20000 steps during the production stage. The mean square displacements 

(MSDs) of CFCl3 molecules at different temperatures in siliceous faujasite and NaY zeolite 

were evaluated by means of the following classical equation:7  

  

where N corresponds to the number of CFCl3  molecules considered in the computation of the 

MSD. The self-diffusion coefficients were obtained from the long-time limit of the MSD 

using the following Eintein relation:7 

 

 The activation energies corresponding to the self-diffusion processes were calculated from 

the Arrhenius relation:7 

 

3. Result and discussion 

Figures 2 and 3 illustrate MSD plots for CFCl3 in siliceous faujasite and NaY zeolites as a 

function of  temperature. Table 1 reports the self-diffusion coefficients in various 

temperatures (200-700K) and activation energies. As is shown, the MSDs and  self-diffusion 

coefficient for  CFCl3 in both of zeolites increase with temperature because of  increase of 

kinetic energy of particles. 

 

Table 1: Diffusion Coefficients and activation energies calculated for CFCl3 in FAU and NaY  

Temp (K) D CFCl3 in FAU (m2/s) D CFCl3 in NaY (m2/s) 
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200 1.091×10-9 0.1092×10-9 

298 2.913×10-9 0.4393×10-9 

400 7.363×10-9 1.040×10-9 

500 9.291×10-9 4.340×10-9 

600 10.350×10-9 5.054×10-9 

700 13.996×10-9 8.347×10-9 

Activation energies (KJ/mol) 5.959 10.200 

 

          

Figure 2. MSD plots for CFCl3 in siliceous zeolite        Figure 3. MSD plots for CFCl3 in NaY zeolite 

  

In the case of CFCl3 diffusion in NaY, the presence of extra framework cations gives rise to 

additional host/guest electrostatic interactions. Because of this reason, self-diffusion 

coefficient of CFCl3 in NaY zeolite is less than in siliceous faujasite zeolite in each 

temperature. Also activation energy of CFCl3 in NaY zeolite is more than in siliceous 

faujasite. 

 

Reference 

[1] N. A. Ramsahye and R. G. Bell, J. Phys. Chem. 109 (2005) 4738. 

[2] R. J. Davis, Catal. 216 (2003) 396. 

[3] D. Barthomeuf, Catal. Rev.-Sci. Eng. 38 (1996) 521. 

[4] A. M. Davidson, C. F. Mellot, J. Eckert, A. K. Cheetham, J. Phys. Chem. 104 (2000) 432. 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
2511

[5] C. F. Mellot, A. K. Cheetham, J. Phys. Chem. 103 (1999) 3864. 

[6] D. R. Corbin, B. A. Mahler, World Patent, W. O. 94/02440 (1994). 

[7] D. F. Plant, G. Maurin, R. G. Bell, J. Phys. Chem. 111 (2007) 2836.  

  



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
2512

Prediction of the low-k behavior of structure factor for xenon fluid by 

definition of direct correlation function 
H. Nikoofard*,T. Rezayie 

Department of chemistry, industrial university of shahroud, shahroud, Iran 

(Email:toktamrezayie@yahoo.com) 

 

Key words: Xenon fluid, Structure factor, Direct correlation function, Attractive and 

repulsive forces. 

 

Introduction 

It is well known that the main feature of structure factor, S (k), in the large values of k are 

almost completely determined by the short-range repulsive part of the inter atomic forces that 

its range develops with density. But the behavior of S(k) in low-k is correctly determined only 

by using long-range attractive forces. Since the attractive forces have a crucial role in 

determining the thermodynamic properties of a liquid, there is a considerable interest to study 

of S(k) in the low-k [1]. In this work we use the model based on the definition of DCF to 

calculate S(k) of xenon fluid in low-k. This definition is [2]: 
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0c  is direct correlation function of hard sphere fluid.   is density.   and B are molecular 

diameter and adjustable parameter that must be obtain in different thermodynamic states.  

 

Methods 

By having direct correlation function we may calculate the structural factor of xenon fluid 

as: 

))(1(

1
)(

kc
kS


  

c(k) is Fourier transformation of c(r) 





0

2sin
)(4)( drr

kr

kr
rckc   

 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
2513

Results and discussion 

We calculated structural factor of xenon fluid and shown this result in Fig.1. In this way we 

investigate the behavior of )( minkS  for xenon fluid in other thermodynamic states. This 

result is shown in Fig.2. It is clear we observe the qualified behavior of )( minkS  in which 

the increasing in density leads to decrease in )( minkS . 

k (nm-1)
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S(
 k

 )
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Fig.1. Structure factor of xenon fluid in T=285 and Lmol /33.0 . 
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Fig.2. Variation of )( minkS  versus density at T=300K. 

 

Conclusions 

By using the expression of the direct correlation function, an analytic solution for the 

calculation of structural factor, S(k), for xenon fluid was obtained. The good behavior of 
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structural factor, S(k), observed in low densities. The approach here for structure factor, S(k), 

of xenon can be used for showing the linear relation of S(k min) with density. 
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Introduction 

Properties of compound containing the heavier group 14 elements, Si, Ge, Sn, and Pb are very 

different compared to the corresponding carbon compounds. Si-containing molecular systems 

have attracted great attention because of their interesting mechanical and electronic properties 

[1]. Shirota and Castner [2] have studied the effect of C replacement by Si on viscosity of ILs 

and found that the viscosities of the ionic liquids (ILs) are substantially reduced by this 

replacement.  

To understand the effect of silicon substitution on the dynamic properties of hydrocarbons, we 

study the properties of pentane (1) and its Si-containing analogous (2) (Figure 1) by ab initio 

molecular dynamics simulation and gas phase density functional theory (DFT). 

 

Methods 

Geometry optimization and harmonic normal mode vibrational analysis for (1) and (2) were 

carried out with the Gaussian03 program at the B3LYP/6-311+G(d,p) level. For ab initio 

molecular dynamics simulations we used the version 3.11.1 of the computational CPMD code. 

Simulations were performed for 19.35 ps on the gas phase (1) and (2), using periodic cubic 

box at 273.15 K and local density approximation (LDA) functional with the Goedecker-Teter-

Hutter pseudopotentials was applied. The plane wave basis energy cutoff was set to 150 Ry. 

The MD time-step was 4 a.u. and the electron mass is set to be 800 a.u.  
 
 

 

Results and discussion 
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The mean square displacement (MSD) [3] obtained by simulations is relevant to transport 

processes (e.g. diffusivity and viscosity) in the material, and thus this allows comparison, 

recognition and an estimate of the difference of the transport properties based on the 

molecular specifications. In spite of the fact that MSD obtained do not represents true 

diffusion of the system in liquid bulk, the outcome is quite evident by the difference within 

19.35 ps of the simulation (Figure 2). The slope of the MSD considered in time for (2) is more 

than (1) and this is evidence for higher diffusion in compound that contains Si. 

Harmonic normal mode vibrational analysis is performed for (1) and (2). They both have 

 

 

 

 

 

 

 

 

 

 

 

 

45 fundamental frequencies. Comparison of the vibrational frequencies shows 30 mimicking 

vibrational modes undergo a reduction in their frequency (red shift) due to replacement of C 

Figure 2. MSDs for the n-pentane (green line) and its 
Si-containing analogous (blue line) versus simulation 
time t obtained by ab initio CPMD. 

Figure 3. Barrier to rotation about the dihedral 
angle  = C1–C2–X3–C4 (X=C and Si), green� 
line for n-pentane and blue line for the Si analog. 

(1) 

Figure 1. Chemical structures of n-Pentane and Si-substituted. 

(2) 
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by Si, while a blue shift is obtained for other 12 mimicking vibrational modes. These red-

shifted frequencies are in the range of 2.07 cm-1 to 825.5 cm-1 and the values of blue shift are 

between 1.02 cm-1 and 12.12 cm-1. The shift in frequency can be followed by changes in the 

reduced mass and force constant. The decrease in force constant and /or the increase in 

reduced mass lead to a reduction in vibrational frequency. The reduction in force constants in 

these stretching modes is related to weakening of the Si–H bond and elongation of this bond, 

compared to C–H bond.  

Transport phenomena may be affected by the rotational barrier for interconversion of these 

minima. For determination of the rotational barriers, the relaxed potential energy surface was 

scanned for dihedral angle , e. g. C1–C2–X3–C4 (X=C and Si), Figure 3. The maximum 

barriers to rotation for (1) and (2) are 23.81 and 9.03 kJ.mol-1, respectively. The maximum 

barrier for (2) is lower by about 15 kJ.mol-1 than (1). It seems this is due to elongation of the 

Si–C bond relative to C–C bond, which reduces steric interactions and facilitates rotation 

about the dihedral angle . Thus, we can infer this more easier rotational motion leads to the 

interconversion of conformers become more plausible and this causes the MSD of the Si-

analog is more than n-pentane.  

 

Conclusions 
In accord to these results, insight can be gained into the molecular basis for observed higher 

diffusivity and less viscosity of silicon containing hydrocarbon, which in particular shown for 

pentane. 
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Introduction 

Dilute gas transport properties have been proven to be quite useful for testing and refining 

intermolecular potentials [1]. Direct inversion of the data of any of these properties gives an 

effective isotropic interaction potential energy .In the present work the unlike interaction 

energy are employed to calculate the low density as well as high density transport properties 

of several mixtures containing nitrogen using Chapman-Enskog and Vesovic-Wakeham[2] 

methods through the exact form of Lebowitz’s solution of the Percus-Yevick equation [3], 

respectively.  

 

Results and discussion 

In this work we obtain transport properties of N2 and noble gas mixtures. Figure 1 shows 

deviation plot for the viscosity of He-N2, Ne-N2, and Ar-N2 at high density from the 

experimental data [4, 5]. 

 
Our estimated accuracies are within 1% for the dilute viscosity, 2% for the dilute binary 

diffusion coefficient, 25% for the dilute thermal diffusion factor, and 7% for dilute thermal 
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conductivity. The accuracies of the calculated viscosity at high density were found to be 

within 2%. 
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Introduction  

It is well known that none of the classical analytical equations of state (EOS) can represent 

the thermodynamic properties of fluids near the critical point accurately. However, an 

analytical equation of state can be developed to a universal model for describing the crossover 

from classical to non-classical critical behavior upon approach of the critical point [1]. The 

original crossover (CR) EOS, introduced by Kiselev, obtained from a general procedure for 

transforming a classical EOS into a crossover model, which reproduces the scaling laws in the 

asymptotic critical region and is transformed into the original classical EOS in a wide range 

around the critical point [2]. 

In recent years, several works have been made to construct a classical EOS with a crossover 

treatment that is able to describe with equal accuracy the critical region as well as the 

uncritical region. For this purpose, several molecular-based EOS have been proposed; among 

those equations the statistical associating fluid theory (SAFT) EOS is one of the most 

powerful predictive tools for the study of thermophysical properties of fluids. At present 

several versions of the SAFT EOS are available, most of them differing in the reference term. 

An analytical version of SAFT, the so-called modified SAFT-BACK EOS, developed by 

Maghari et al., has been developed to predict the second-order thermodynamic derivative 

properties of n-alkane in the wide density and temperature ranges [3]. 

In this work, we developed a crossover theory combined with the modified SAFT-BACK 

EOS to calculate thermodynamic properties of n-alkanes near and far from critical region and 

comprised with classical modified SAFT-BACK model and experimental data. 

Equation of state 
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Within the statistical associating fluid theory framework, following the SAFT-BACK EOS, 

Helmholtz energy for a fluid is written as a sum of the separate contributions to the energy. 

The residual Helmholtz free energy for a non-association chain fluid is written as: 
chainsegidealres AAAAA           (1) 

where A  and idealA  are the total Helmholtz energy and the ideal gas Helmholtz energy at the 

same temperature and density, dishcbseg AAA   is the contribution due to segment-segment 

interactions and chainA  is the contribution due to the formation of a chain of m segments. In 

this model the reference term is selected as hard-convex-body (hcb), which is different with 

most versions of SAFT: 
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Where m is segment number,   is considered the segment shape by a non-spherical degree, 

which is related directly and rigorously to the geometry of the hard convex body and   is 

packing fraction. By introducing the reduced form of Helmholtz energy 
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Crossover modified SAFT-BACK EOS 

In order to obtain the CR SAFT EOS, we must firstly represent the classical expression for 

the dimensionless Helmholtz free energy as:  

 

)()1ln()0,(),(),( 0 TvPvTavTavTa resres        (4) 

where cc TTTT 00 /)(  , cc vvvv 00 /)(    and ),( vTares   is the dimensionless residual 

part of the Helmholtz free energy. Secondly, on the basis of the renormalization-group 

calculations [4,5], one must replace the classical dimensionless temperature T  and v  in 

),( vTa   equation with renormalized values: 
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where  ,,a  and   are the current best estimates of the non-classical critical exponents and 

cc TTT /)(  , cc vvv /)(  , cccc TTT 00 /)(  , cccc vvvv 00 /)(   and Y is 

crossover function, which can be written in the parametric form 
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Results and Discussion 

Critical parameters for the first four n-alkanes are calculated through the modified SAFT-

BACK EOS and are listed in Table 1. As shown in this table, calculated parameters are in 

good satisfaction with experimental values which are given in NIST Chemistry WebBook. 

  

Table 1. Experimental and calculated values of the critical parameters 
Alkanes K/exp

cT  K/cal
cT  

3exp m/cV  3cal m/cV  )mol/m( 3exp
c  )mol/m( 3cal

c  

CH4 190.564 190.3 -50186.9   51030.9   10139.00 10752.70 

C2H6 305.330 305.0 41045.1   41076.1   6870.00 5672. 15 

C3H8 369.825 369.7 41000.2   41099.1   5000.00 5128.21 

C4H10 425.125 423.9 41055.2   41048.2   3923.00 4032.26 

 

Furthermore, Figs. 1 and 2 represent the 3D graphs of critical part of classical and crossover 

the Helmholtz free energy, respectively for n-Butane. 

It must be noted that the graphs for Methane, Ethane and Prapane are similar to Buthane's 

graph 
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Figure 1:Critical part of the classical Helamoltz free 
energy versus dimentionless parameters 

Figure 2: Critical part of the crossover Helamoltz 
free energy versus renormalized parameters 
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Introduction 

Asphaltenes are molecular substances that are found in crude oil, along with resins, aromatic 

hydrocarbons, and alkanes. Asphaltenes consist primarily of carbon, hydrogen, nitrogen, 

oxygen, and sulfur, as well as trace amounts of vanadium and nickel atoms. Asphaltenes are 

believed to be suspended as a microcolloid in the crude oil [1]. The molecules are believed to 

be held together with π-bonds, hydrogen bonds, and electron donor-acceptor bonds [2]. In this 

work the classical molecular dynamic simulation was used to study the mechanism of 

aggregation of a typical crude oil asphaltene. The aggregation and solubility of asphaltene 

which are important issue in industry are studied by molecular dynamic (MD) simulation. 

  

 Methods 

We carried out the simulations by using a computer cluster in parallel mode. All MD 

simulations were done by DL-POLY version 2.17. The initial ensemble was constructed form 

eight asphaltene molecules by duplication of this molecule in a cubic box of sides 73.01 Å 

(Figure 1). The ensemble was initially simulated as NVE ensemble at zero pressure with a 

time step of 0.0001 ps for 5000 steps. Then, the simulation was carried out in the canonical 

NVT ensemble by the Verlet leapfrog algorithem at 300 K using Berendsen thermostat. The 

intramolecular potential parameters were chosen from DRIEDING force field. Figures 1 (a)-

(c) can be used to deduce the mechanism of the aggregation processes.  
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Figure 1: a) Initial NVT ensemble, b) after 20000 steps, c) after 50000 steps. 

 

Results and discussions 

By the energy profile it is found that the final equilibrium configuration is adequately 

attained, at time steps 0.001 ps, after 1.4 ns.Two group of three and one group of two 

asphaltene molecules were put in a 3-3-2 matrix. It was noticed that, at first, asphaltenes 

molecules in each group stack together producing aggregate comprising closely packed 

asphaltene molecules. Then the packed asphaltene at the middle move toward each other and 

a pack of four and eventually all molecules stack together. The best way of characterization of 

the relative structure of fused ring is to use the pair correlation functions and identify the site-

site correlation of the fused ring plane using heteroatom as the particular site. In addition to 

considering heteroatoms, four carbon atoms are labeled almost symmetrically at corners of the 

fused ring plane, Ca, Cb, Cc, and Cd as the corresponding appropriate sites. In the same plots 

comparisons are made with the simulation when the simulation box is filled with Toluene as 

the solvent (Total 750 Toluene molecules)(Fig.2 and 3). The density of the box content is 0.86 

gr/cm3. 

  

Conclusion  

Mechanism of solvation has been followed by addition of solvent. Accordingly, part of the 

fused ring plane next to the long alkyl chain gain a higher momentum than the opposite side 

of the plane with short chains. The height of the peaks corresponding to correlation function 

of this part diminishes drastically and since a shift in the position of the first and subsequent 

peak, either to higher or to small distances with respect to aggregated asphaltenes occurs, 

indicates the planes take apart from this part. The fact that the opposite parts of the plane to 

which short alkyl chain attack remain almost ''intact'', in either solvated and aggregated 

asphaltene, it can be seen that plans may take positions intact in pairs, which is evident by the 

fact that almost all peak are doubly over laid. 
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Schem 1. Chemical structure of the  

asphaltene molecule used for simulation. 

 

  

    Figure 2 Pair correlation of Cb-Cb                                                 Figure 3 Pair correlation of Cc-Cc  
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Introduction 

Ionic liquids are attracted a widely important application in many fields of science and 

technology such as liquid/liquid extraction and polymerization processes. They are liquid at 

room temperature, but in fact have an enormous liquid range of organic and polymeric 

materials. In this work, the statistical associating fluid theory (SAFT) is developed for 

prediction of thermodynamic properties of imidazolium-based ionic liquids (ILs) by fitting 

PVT data over a wide temperature range (313.15 K to 472.15 K) at both liquid and 

supercritical state. The results in agreement with recent experimental evidence. 

 

Model description 

In this work, an equation of state (EOS) is developed to predict accurately the PVT properties 

as well as sound velocity of ILs based on the SAFT EOS. Our model is described as:  
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the presence of covalent chain-forming bonds among the segments, third term dispersion and 

last term apolar ,which includes dipole-dipole interactions. polar
2

a , polar
3

a  are the second and third 

order perturbation polar terms, respectively[1,2]. The model contains six pure-component 

parameters: (i) three parameters for nonassociating nonpolar compounds (i.e., the segment 

number m, the temperature-independent segment volume 00, and the segment dispersive 

energy parameter u/k),(ii) two additional parameters for association and one additional 

parameter for polar interactions (i.e., the effective polar interaction diameter p). 

 

Result and Discussion 

In this work, the model parameters for pure ILs are estimated by fitting the PVT data 

available over a wide temperature range.[4]. We have calculated the PVT as well as second 

derivative properties of some selected ILs. As an example, the PVT properties of 

[Hmim]+[BF4]- at different densities and temperatures are shown in Fig. 1. Comparisons of 

the pressures obtained in this work and literature data are shown in Fig. 2. 
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Figure2.Comparisons of the pressures 
measured in this work (■) and literature 

Figure 1. Pressure data of[Hmim]+[BF4]- at different densities 
and temperatures(♦,313.15; ■,352.15; ▲,393.15; ×432.15; 
*,472.15). 
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Introduction 

 Some organic compounds such as polycyclic aromatic hydrocarbons (PAHs) exert 

photoinduced toxicity to numerous plants and bacterias in the presence of solar radiation [1]. 

The mechanism of photoinduced toxicity can be generally classified as photosensitization 

(generation of reactive oxygen species) and photomodification to more toxic photoproducts 

[2,3]. The detailed mechanism of PAHs action on these species hasn’t completely been 

understood yet. In this study we will calculate molecular and thermodynamic parameters for 

some PAHs to investigate probable mechanisms by using quantum mechanical methods. 

 

Methods 

We have used Density Functional Theory (DFT) and Time Dependant Density Functional 

Theory (TD-DFT) methods to calculate electronic and vibrational energy levels of some 

PAHs to predict transition states of their oxidation/reduction reactions. The calculations are 

carried out by Gaussian 03 and Firefly packages. 

 

Results and discussion 

Interpreting the results from mentioned calculations, we will describe the probable 

mechanisms of PAHs. The energy gap between the highest occupied molecular orbital 

(HOMO), and the lowest unoccupied molecular orbital (LUMO) is an important parameter to 

indicate the extent of toxicity of PAHs.The reason for that is the phototoxicity of these 

compounds is based on electronic excitation due to absorption of photons from solar 

radiation. Hence, almost none of them are toxic in dark.  
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Conclusion 

Inferring the detailed reaction pathway and mechanism of PAHs require the knowledge about 

electronic structure of PAHs as well as electronic structure of the molecules in plant and 

bacteria infected by them. This goal can be achieved by using computational chemistry 

softwares. In this study we show that PAHs could inhibit photosynthesis with a competitional 

reduction-oxidation reaction in plants and bacteria. 
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Introduction 

Molecular Dynamics (MD) simulations have been used extensively during the past few 

decades to study the properties of inhomogeneous systems [1-4].  

Lower computation time is achieved by applying smaller values for cut‒off radius which, in 

turn, results in less accuracy. The execution of the long range corrections in order to 

overcome the inaccuracy resulting from using small values of cut‒off radius is affected by the 

non uniform distribution of density profile of inhomogeneous systems along the direction 

normal to the interface. Many studies are concerned with performing long range corrections 

for inhomogeneous fluids [4-7].  

 

Theory 

During our MD simulations, the non bonded interactions between united atoms are described 

with a lennard‒Jones potential. We used a truncated potential in our simulations, and 

calculated the forces acting on any particle i inside its cut‒off distance. To consider long 

range corrections an extra contribution is added to the z-component of the force affecting 

particle i. In fact, this contribution accounts for those forces acting on any particle from 

outside its cut‒off distance[4]. 

In this work, to consider long range corrections to the direction perpendicular to the interface, 

we have added the slab based long range corrections to the diagonal components of pressure 

tensor and also to the forces acting on each particle in the form similar to Eq. 1. 

        2
c

r

LRC k

R r

f z π f r dr ρ z zd z




                                                                                    (1) 
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Where ∆z = z - zk and zk is the position of the kth slab, r is the distance between the centers of 

interaction sites, Rc is the cut‒off radius, ρ(r) is the number density and  f (r) is the force.  

We first performed a number of simulation runs for methane by the cut‒off distance equals to 

5.5σ without using long range corrections. We then adjusted the obtained values of the density 

to a hyperbolic tangent function [2]. This function is then replaced in Eq. 1 to obtain the long 

range correction expressions in our MD simulations of inhomogeneous methane.  

 

Results and discussion 

We performed a series of MD simulations at seven values of reduced temperature in the 

interval T*=0.7-1.127 in NVT ensemble to study the vapor-liquid thermodynamic properties 

of methane using DL_POLY_2.20 simulation package[8].  

In the case of simulations with cut-off radius equals to 5.5σ, the average absolute deviation 

(AAD) of calculated liquid densities from the experimental values is 2.54%, while liquid 

densities are predicted with AAD equals to 1.33% with the application of long range 

corrections for cut-off radius Rc=2.5σ. The AAD in the prediction of vapor pressure is 2.47% 

with small cut off distance and using long range corrections, while the vapor pressures with 

Rc=5.5σ without the application of  long range corrections show large deviations from 

experimental data[9]. The values of the surface tension with smaller cut-off radius have large 

deviations from experimental data but the long range correction contributions have 

significantly reduced the error. On average, the calculated uncertainties, using the block 

average method, for simulations with small cut-off distance including long range corrections 

was about 0.0281. 

 

Conclusions 

The effects of truncation of intermolecular forces in inhomogeneous systems are treated in 

this study. By employing new long range corrections, more accurate results by the cut-off 

radius Rc=2.5σ for the values of the coexisting densities and the surface tension are observed. 

The time required for the simulations with Rc=2.5σ, applying corrections of this work, is 5 

times lower than the time required with Rc=5.5σ without the application of the corrections.  
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In this work, the Flory- Huggins theory [1] has been applied for investigating phase 

equilibrium behavior of protein solutions. Based on such a model, we can obtain the 

following relations for chemical potential of solvent (0) and solute (1) molecules, respectively,  ߤ ൌ ߤ  ܴܶሾln(1 െ ߮ଵ)  (1 െ ଵܲି ଵ)߮ଵ  ߮ଵଶሿ                                                                     
ଵߤ      (1) ൌ ଵߤ  ܴܶሾln߮ଵ െ ( ଵܲ െ 1)(1 െ ߮ଵ)  ଵܲ(1 െ ߮ଵ)ଶሿ                                                        
(2) 

where,  ൌ  -is  Flory- Huggins parameter, ߮ and ߮ଵ are volume fractions. The liquid ݇/ݑ∆ݖ

liquid phase equilibrium can be predicted by converting ߮ଵto x1 in Eq. (2) and using the 

thermodynamic relationቀడఓభడ௫భቁ், ൌ 0 .  So, for the spinodal line we have,  

 ߮ଵଶ െ ቀ1 െ భିଵଶభቁ ߮ଵ  ଵଶభ ൌ 0                                                                                                   

(3) 

Denoting the compositions of two phases ߮ଵ́ by and ߮ଵ́ሖ , we have the condition for phase 

equilibrium bianodal as, ݈݊(1 െ ߮ଵ́)  (1 െ ଵܲି ଵ)߮ଵ́  (߮ଵ́)ଶ ൌ ݈݊൫1 െ ߮ଵ́ሖ ൯  (1 െ ଵܲି ଵ)߮ଵ́ሖ  ൫߮ଵ́ሖ ൯ଶ
                       

(4) ݈݊߮ଵ́ െ ( ଵܲ െ 1)(1 െ ߮ଵ́)  ଵܲ(1 െ ߮ଵ́)ଶ ൌ ݈݊߮ଵ́ሖ െ ( ଵܲ െ 1)൫1 െ ߮ଵ́ሖ ൯  ଵܲ൫1 െ ߮ଵ́ሖ ൯ଶ
      

(5) 

The osmotic pressure, ߨ, can also be obtained by deriving the activity a0 from Eq. (2) and the 

relation between activity and pressure,ߨ ൌ െ(ܴܶ/ ܸ)݈݊ܽ(ܶ, , ߨ as ,(ݔ ൌ െ ቀோ்బబቁ ቂ ଵܲି ଵ߮ଵ  ቀଵଶ െ ቁ ߮ଵଶ  ଵଷ ߮ଵଷቃ                                                                                   
(6)      
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By rearranging Eq. (3) we will have,  ൌ (ଵିభ)ఝభିଵଶభఝభ(భିଵ)    . This is the relation between spinodal 

data with the parameter, . It is also possible to use the bionodal data for calculating the  

parameter at any temperature. To do that, Eqs. (4) and (5) should be solved simultaneously, 

which tends to the relation, ݈݊൫߮ଵ́ ߮ଵ́ሖ⁄ ൯ െ ଵ݈ܲ݊ (ଵିఝభ́)൫ଵିఝభ́ሖ ൯൨  2 ଵܲ൫߮ଵ́ሖ െ ߮ଵ́൯ ൌ 0                                                                     

(7) 

Such calculations have been done for some protein solutions and the obtained  parameters 

have been indicated that the behavior of the  parameter in terms of inverse temperature, 1/ T, 

can be expressed in a linear relation as ൌ ܽ  ܾ/ܶ. Following figure shows this linear 

dependency for behavior of  in terms of 1/ T for some given mixtures.  

1 /  T  X  1 0 3 ,  K - 1
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Eq. (6) predicts the osmotic pressure of a mixture at any concentration by having the spinodal 

or bianodal data. So, we can replace the parameter  in Eq. (6) to obtain the osmotic pressure, ߨ. Such a calculation has been done for some protein solutions and the results are shown in 

the following figure. The predicted linearity of osmotic pressure via concentration in Flory 

theory can be considered in this figure obviously. 
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Introduction 

Many of reactions occurring in the biological systems such as biological cells, are taken place 

in the situations that include species like crowding molecules. So, it is necessary for such 

reactions to take into account the role of crowding molecules on the thermodynamic 

properties. In this work, using statistical thermodynamics the equilibrium concentrations of a 

typical biochemical reaction has been calculated.  

 

Molecular thermodynamic formulation 

We can consider the typical biochemical reaction as, 

n R ՚՜ P                        

(1) 

where R is the reactant and P is the product that are distributed in a sea of crowder, denotes as 

C with the concentration of ܿ . The initial concentrations of R and P are denoted by ܿோ and ܿ 

, respectively. If we consider the degree of reaction by  , so the concentrations of R and P at 

equilibrium are ܿோ(1 െ ) and  ܿ(1 െ ), respectively.the thermodynamic equilibrium 

constant K is then, ܭ ൌ (ೃబఈ/)ሾುబ(ଵିఈ)ሿ                                                                                                                                

(2) 

Based on a statistical thermodynamic model we represent the reactant, product, and crowder 

as chain molecules with number density, chain length , and segment diameter (i= R, P, C). In 

addition, the short range interactions between the nonbonded segments is modeled by the SW 

potential, 

(ݎ)ݑ ൌ ቐ ݎ                                                     ∞ ൏ ߪ                                 ߝെߪ ൏ ݎ ൏ ߪݎ                                                                                                                              ߪ

(3) 
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where ߪ ൌ ൫ߪ  ൯ߪ 2 ⁄ is the additive HS diameter, ߝ ൌ ඥߝߝ is the cross well depth, 

and  ൌ ൫ߪ  ߪ൯ ൫ߪ  ൯ൗߪ  is the cross well width.    

The Helmholtz free energy of such a system can be obtained by adding three contributions 

from a) hard-sphere (HS) interactions, b) the attractive square-well (SW) interactions, and c) 

chain formation contributions to the ideal contribution as, ܣ ൌ ௗܣ  ௦ܣ  ௦௪ܣ                                                                                                  ܣ

(4) 

The HS contribution can be written [1], ఉೞ ൌ ൬మయ
యమ െ ൰ ݈݊∆  ൫గభమ ଶ⁄ ൯ି൫మయ యమൗ ൯∆  మయ యమൗ∆మ                                                                           

(5) 

where  ൌ ∑ ݉ߩߪ  and ∆ൌ 1 െ ଷߨ 6⁄ . The SW contribution can be obtained using the 

second order Barker- Henderson perturbation theory [2], ఉೞೢ ൌ ଵ
బ ∑ ∑ ݉ ݉ߩߩ൫ܽߚଵ  ଶܽଶ൯ߚ                        

(6) 

where, ܽߚଵ ൌ െమయߨߪଷ ൫ߝߚ൯൫ଷ െ 1൯݃௦൫ߪ, ଷ൯                                                                          

ଶܽଶߚ (7) ൌ బమ∆ర൫ఉఌೕ൯ଶ൫బ∆మାగభమ∆ାగమమయ ସ⁄ ൯ డቀఉభೕቁడబ                                                                                             

(8) 

and ଷ is an effective packing factor, and݃௦൫ߪ൯ is the pair correlation function of hard 

spheres at contact which defines as, ݃௦൫ߪ൯ ൌ ଵ∆  గఙఙೕమସ∆మఙೕ  గమఙమఙೕమమమଶ∆యఙೕమ                                                                                                 

(9) 

The contribution from chain connectivity has been obtained in the statistical associating fluid 

theory (SAFT) [3] and equation of state for chain fluids [4] as, ఉೌ ൌ ∑ (1ߩ െ ݉)݈݊ݕ௦௪(ߪ)                                                                                              

(10) 
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where the cavity correlation function at contact, ݕ௦௪(ߪ), is defined by, ݕ௦௪(ߪ) ൌ ݃௦௪(ߪ)݁ݔ(െߝߚ)                                                                                                   

(11) 

with ݃௦௪(ߪ) ൌ ݃௦(ߪ)  ଵଶగబఙయ ൬3 డ൫ఉభ൯డబ െ  డ൫ఉభ൯డ ൰                                                               

(12) 

Finally, the degree of reaction, , can be obtained from, ቀడ(ఉ ⁄ )డఈ ቁ்,,ఘೕ ൌ 0                                                                                                                      

(13) 

 

Results and Discussion 

The degree of reaction can be calculated at various molecular structure conditions for R, P, 

and C. One sample of such calculations has been shown in the Fig. 1. As one can see, size of 

the protein can affect degree of reaction, since increasing protein size will decrease the 

volume accessible to the crowders as folding occurs, and it would then decrease the degree of 

reaction. Overlay, we can get the results that are definitely similar with the results that have 

been reported for crowding effect via the activity coefficient model [5]. 
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Fig. 1: Degree of reaction   for folding  ܴሬሬሬሬԦ ܲ  as a function of the molecular concentration of crowder C, for ܿோ=0.013 mol/l, ߪ ൌ 0.38 ݊݉, ߪ ൌ 0.5 ݊݉,   ݉ ൌ 1, ݉ ൌ 1. 
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Introduction 

Poly(ethylene terephthalate) (PET) is the most important polyester, used for many 

applications such as food packaging for ovenable food trays and beverage packaging, due to 

its superior barrier properties in comparison with polyolefins, polycarbonates, polystyrene, 

and other polymers.1 Among all plastics, PET is of particular attention in terms of possibility 

of recycling of PET bottles. Despite the existence of large experimental data on the properties 

of PET, computer simulation studies of this polymer are scarce. This is due to the fact that the 

rigid structure of PET does not allow the use of advanced Monte Carlo methods. Moreover, 

molecular dynamics simulation studies of PET are difficult due to the high relaxation times of 

polymer, especially in the glassy state. 

Very recently Eslami and Muller-Plathe2 have developed an accurate force-field for PET. The 

force field has been employed to simulate a long chain, consisting of 120 repeat units, of PET 

over a wide temperature (from 280 to 600 K) and pressure range, for long time scales (30 ns). 
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The force field is validated against the experimental results for the PVT properties, the 

characteristic ratio, the dipolar ratio, and the population of ethylene glycol bond conformer. In 

all cases the agreement with experiment is shown to be quite good.2 The local dynamics of the 

chain has also been investigated by calculating phenylene reorientation, collective dipole 

moment, and individual dipole moment correlation functions.  

In this work we aim to perform detailed atomistic molecular dynamics simulation of water 

effect on the structure and dynamics of PET in the NPT ensemble.  

 

Method 

We use the force field reported by Eslami and Müller-Plathe2 and simulated a long chain, 

consisting of 120 repeat units with different weight percents of water (0.5%, 1.0%, and 1.5%), 

over a wide temperature range (280 to 600K). To include water molecules in the simulation 

box, we used a recently developed grand canonical ensemble simulation method.3 Setting a 

high values for the target chemical potential of water molecules, fractional water molecules 

were inserted in the simulation box and grown up to full water molecules. This procedure has 

been repeated till getting a fixed composition of water-polymer mixture. The prepared 

polymer-water samples were relaxed for about 5 ns. After this initial equilibration period, 

long simulation runs were performed to study the effect of water on the static and dynamics of 

polymer in the presence of water. 

 

Results 

Static Properties 

Local structure of chain in the presence of water has been examined by looking at the 

immediate neighborhood of CO groups. Our results show that initially added water molecules 

to the polymer matrix are more probable to be found in the vicinity of polymer CO groups. 

Addition of more water molecules to the polymer matrix causes the formation of small-size 

clusters among water molecules. 

 

Dynamic Properties  

Analysis of the chain dynamics in the presence of water is performed by looking at the local 

dynamics of phenylene groups. In Figure (1) we have shown the autocorrelation functions, at 
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300 K, for vectors normal to the phenylen groups. The results indicate that added water 

molecules to the polymer significantly enhance the polymer mobility.  

 

Figure 1. Autocorrelation function for vectors normal to phenylene groups at 300 K. 
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Introduction 

A property of central interest for theoretical study of confined fluids is the density distribution 

of the molecules. In a macroscopic thermodynamic system, the density distribution of 

molecules about a central molecule has a spherical symmetry and therefore, one-body density 

profile, ρ(r) is only a function of intermolecular distance, r, and hence ρ(r)=ρ(r). In a confined 

fluid system, like a fluid confined between two parallel plates (nanoslit), the density profile 

only changes against the walls [1]. Therefore, for a nanoslit ρ(r)=ρ(z) which z is the normal 

distance from one of slit walls. This is noticeable that all average thermodynamic properties 

of the confined fluid can be obtained using this density profile, if the intermolecular 

interactions are known. However, some thermodynamic properties, like normal and lateral 

pressures, have a local behavior and for calculation of these properties, we need to three 

dimensional density profile of the fluid around a confined molecule inside the nanoslit [2]. To 

calculate the three dimensional structure of a hard sphere fluid within a nanoslit, we used 

density-functional theory, as a powerful approach to study the structure and the phase 

behavior of nano confined fluids [3].  

 

Density Functional Theory 

In a density functional theory for an inhomogeneous fluid, the grand potential functional 

energy is related to the Helmholtz free energy functional as follows [4]: Ωሾ(ܚ)ߩሿ ൌ ሿ(ܚ)ߩሾܨ   ሼ(ܚ)ߩܚ݀ ܸ௫௧(ܚ) െ  ሽ                                                     (1)ߤ
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Where μ is the chemical potential of the system and Vext(r) is the external field. In the 

Tarazona version of the non-local weighted density approximation [3], the Helmholtz free 

energy divides to ideal and excess parts. According to the variational principle, the 

equilibrium density distribution function of the non-uniform fluid corresponds to the 

minimum of the grand potential [4], (ܚ)ߩΛଷ ൌ ݔ݁ ቆߤߚ െ ߚ డிೣሾఘ(ܚ)ሿడఘ(ܚ) െ ߚ ܸ௫௧(ܚ)ቇ                                                     (2) 

 

 Results and Discussion  

In this work, to obtain three dimension density profile of a hard sphere fluid around one of 

fluid molecules, Vext in cylindrical coordinate is as follows: 

ܸ௫௧(ܚ) ൌ ۔ە
ۓ 0             (ܴଶ  (ଶݖ  ଶܴ)             ∞ߪ  (ଶݖ  ݖ            ∞ߪ  ଵܪ െ ݖ        ∞2/ߪ ൏ െܪଶ  2/ߪ                                                                     (3) 

 

where σ is the diameter of the hard sphere molecule and H1 and H2 are the normal distances of 

central molecule from walls 1 and 2, respectively. While the external field is non-spherical, 

the density profile is non-spherical and a function of R and z. In Fig. 1 (a), the three 

dimensional density profile of a hard sphere fluid with bulk density ρσ3=0.6, confined inside a 

nanoslit with H=8σ is showed. In this Figure, H1=4.5σ and H2=3.5σ. The unsymmetrical 

behavior of density profile around a confined molecule is clear from this Figure. In addition, 

in Fig. 1(b) the density profile of the mentioned fluid is showed when R=0. As is shown in 

this Figure, the slit walls change the radial symmetry of density profile about a molecule and 

density profile in left and right hand sides of molecule is different.  
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(a) 

 

(b) 
Fig. 1 (a) Three dimensional density profile of hard sphere fluid with ρσ3=0.6 about one of molecules inside a 
nanoslit with H=8σ. The distance of central molecule from left and right hand side walls is 3.5 σ and 4.5σ 
respectively. (b) Density profile of the mentioned fluid when R=0. 
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Introduction 

Nanofluids are dispersions of solid or liquid nanoparticles in a liquid. These fluids have 

attracted considerable attention recently because of their potential as high performance heat 

transfer fluids. This is known that the thermal conductivity of base fluids will enhanced by 

suspending nano or larger sized solid particles in fluids, since the thermal conductivity of 

solid is typically higher than the base fluid [1]. To explain the reasons for the anomalous 

increase of the thermal conductivity in nanofluids, four possible mechanisms are proposed. 

These possible mechanisms are Brownian motion of the nanoparticles, the nature of heat 

transport in the nanoparticles, the effects of nanoparticle clustering and molecular layering of 

the liquid at the liquid-particle interface [1]. From these four mechanisms, some researches 

show that the layering structure of the based fluid around nanoparticle has the dominant role 

[2]. In all these researches assumed that the base fluid aggregate about nanoparticle and create 

a layer with homogeneous density. In the other hand, statistical mechanical results show that 

the density profile of fluid about a nanoparticle has an inhomogeneous feature, i.e. the 

structure of fluid around nanoparticle has a layering form [3]. The main goal of this work is to 

investigate the role of depletion of fluid molecules around nanoparticles. To do this, we used 

Density Functional Theory for obtaining accurate density profile of fluid around 

nanoparticles. 

 

 

 

Fundamental Measure Density Functional Theory (FMDFT) 
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In a density functional theory for an inhomogeneous fluid, the grand potential functional 

energy is related to the Helmholtz free energy functional as follows: Ωሾ(ܚ)ߩሿ ൌ ሿ(ܚ)ߩሾܨ   ሼ(ܚ)ߩܚ݀ ܸ௫௧(ܚ) െ  ሽ                                                     (1)ߤ

Where μ is the chemical potential of the system and Vext(r) is the external field. According to 

the variational principle, the equilibrium density distribution function of the non-uniform fluid 

corresponds to the minimum of the grand potential, (ܚ)ߩΛଷ ൌ ݔ݁ ቆߤߚ െ ߚ డிೣሾఘ(ܚ)ሿడఘ(ܚ) െ ߚ ܸ௫௧(ܚ)ቇ                                                     (2) 

In FMDFT the Helmholtz free energy splits to ideal and excess parts and Eq. (2) can be 

solved using a standard Picard iterative method. 

 

 

Results and Discussion  

While the repulsion forces have the main role in structure of fluids, and while nanopaticles 

can be assumed as colloidal particles with hard sphere field, we used a hard sphere model to 

obtain density profile of the base fluid around nanoparticles. However, this is well known that 

if the fine structure of soft spheres has minor deviation from density profile of hard spheres, 

but their averaged properties such as excess adsorption are close together. Therefore, we have 

used density profile of a hard sphere fluid around nanoparticles, obtained using FMDFT. To 

do this, while the distance between nanoparticles in nanofluid is very large, we assumed that 

the suspended nanoparticles are independent. Therefore, the total excess adsorption is equal to 

the number of nanoparticles multiply to the excess adsorption about each nanoparticle. This 

should be noted that excess adsorption defines as ∫[ρ(r)-ρb]dr where ρb is the base fluid 

density. Our results show that the total excess adsorption increases with decreasing the size of 

nanoparticle which is similar to the behavior of the thermal conductivity enhancement of 

nanofluids with decreasing the nanoparticle diameter. These behaviors for Al2O3-water 

nanofluid are compared in Fig. 1. In addition, in Fig. 2 the variation of total excess adsorption 

versus thermal conductivity enhancement is showed for Al2O3-water nanofluid. The linear 

correlation (R2=0.992) between total excess adsorption and thermal conductivity approved the 

strong dependency between them. 
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Fig. 1 Dependence of effective thermal conductivity 
for water–Al2O3 nanofluid [4] and total adsorption to 
the nanoparticle size. 
 

Fig. 2 Dependence of effective thermal conductivity 
for water–Al2O3 nanofluid [4] to total adsorption. 
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Introduction:  

Macromolecular science has had a major impact on the way people live over the world. 

Polymeric liquids are widely used for industrial and residential purposes. A parameter of 

particular interest in synthetic polymer is the glass temperature, which describes the 

temperature at which amorphous polymers undergo a second-order phase transition.  

 

Methods:  

In 1994, Tao and Mason [1] calculated a perturbation correction term related to the effect of 

attractive forces. The final form of the original TM EOS is expressed as follows: 

4
2

/
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212 ))((8.11
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)())()((
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))()((1
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kT
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        (1) 

where P is the pressure, kT has its usual meaning, B2 is the second virial coefficient,  is the 

scaling factor, b is the effective Van der Waals co-volume, and  is the number density. The 

parameters A1, A2, and  are defined by:     143.0A1  ;     ]1e[65.264.1A )093.1(
2   ;    

)]002.0(50.4)002.0[(26.0093.1 2/1               (2) 

In which  denotes the Pitzer acentric factor. These parameters in the EOS are not accessible 

for polymers. We decided to investigate about a new corresponding states correlation in order 

that TM EOS could be applied to polymers. In this respect, the following correlation equation 

for B2 using new scaling parameters, such as the surface tension γg and the molar density g, 



14th Iranian Physical Chemistry Conference 

   University of Tehran, Kish, February 25-28, 2011  

  

 

 
2551

both at the glass transition point has been developed. The resulting correlation for the second 

virial coefficient reads as follows: 

4****
2

*
2 3494.34294.75597.81288.20804.0)(

321 


TTTTTBB g                                  (3) 

with     4/32/12/3* ]/[ gref TTTT      and    RNT ggref /3/13/2  . 

where g is the density at glassing point, Tg the glassing temperature, N the Avogadro 

number, and g the surface tension at glassing point. The other two functions,  and b, were 

correlated by way of the following pair of equations: 

)]/exp(1[)][exp(
4/1*

22
*

11 TcaTcag   and )]/exp()/25.01(1[)]exp()1[(
4/14/1 *

2
*

22
*

1
*

11 TcTcaTcTcabg    (4) 

Where ,01054.01 a ,9387.22 a 7613.01 c , and 3227.12 c .We were able to obtain λ from PVT 

data at a high density. The physical properties of all six polymers were taken from Refs. 4-7 

and are listed in Table 1.                                        

 
Table 1. Parameters for the polymer liquids. 

γg (mN/m) 
 

ρg (kg/m3) 
 

Tg (K) 
 

MMWg Substance 
 

31.23c         842.85b260a 42 a-PP 

49.20d           1192.90b232a 44 PEO 

28.45c 1114.04b150a 74 PDMS 

34.94c 1022.97b373a 104 PS 

35.77c  1066.44b 239a 58 PVME 

32.94c  1192.66c 459c 254  PC 
a taken from Ref. 4; b taken from Ref. 5; c taken from Ref. 6; d taken from Ref. 7; gMonomer molecular weight. 
 
Results and discussion: 

 At first, a correlation equation for the second virial coefficient was developed using the 

surface tension and the liquid state density at the glass transition temperature. This 

modification is important because it delivers two advantages: 1) it relieved us from the usage 

of critical constants and acentric factors as appeared in the Tsonopoulos correlation [2], 2) 

glass transition temperature is an important property in plastics applications, because it 

provides information about how the polymer behaves under ambient conditions. This property 

is more important than the melting and critical point of polymers. In the present study, we 

have empirically found that  in Eq. 2 is a weak function of the acentric factor so that we can 

approximate  to 1.093. Moreover, the parameter Tc in the exponential term that appears in 

the TM EOS was changed to Tg. We performed the calculation of molar volume of all six 
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aforementioned polymers using the modified TM EOS. We have compared our correlation 

with one proposed by Ghatee and Boushehri (GB) correlation [3]. Table 2 contains the AAD 

of the calculated molar volumes using the TM EOS along with these two correlations.  

 

Table 2. Percent deviation means of the calculated specific volume with reference to literature data [8]. 

     AAD (%) density 
polymer class NP ∆P(bar) ∆T(k) With using our 

correlation 
With using GB 

a-PP Poly(α-olefins) 55 1-1000 353.15-393.15 0.11 0.14 
PEO Polyethers 45 1-400 353.15-393.45 0.05 0.14 
PDMS Polysiloxanes 95 1-2025 291.25-338.15 0.30 0.65 
PS Vinyl polymers 189 1-2000 391.45-557.25 0.61 0.58 
PVME Polyesters 84 1-1200 311.5-415.5 0.25 0.26 
PC Polyesters 48 1-1500 443.7-603.4 1.35 1.49 

Generally speaking, the present work convincingly demonstrates that the modified TM EOS 

along with the input parameters at the glassing point is capable of providing reliable 

information on the PVT properties of polymer melts. 

 

Conclusions: 

In the present work, the surface tension and the liquid density at the glass transition 

temperature were employed to construct a new corresponding states correlation of second 

virial coefficient for polymer melts.  
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Introduction and Theory 

In the perturbed hard-sphere chain (PHSC) theory a chain molecule is modeled by a series of 

freely jointed tangent hard spheres, and the influence of attractive forces is taken in to account 

by adding a van der Waals attractive term. Following the introduction of a new form for the 

radial distribution function [1] into the reference system of the PHSC equation of state, by 

Song et al. [2], a much better agreement with the computer simulation data was obtained. The 

resulting equation of state [3], has three input parameters; an energy parameter, a size 

parameter, and a parameter representing the number of chains per molecule. Recently, Eslami 

[4] proposed a corresponding states correlation, based on minimum input information, for 

calculating the temperature-dependent parameters of the PHSC equation of state. In this work 

this equation of state has been extended to mixtures and tested against the experimental data 

for a large number of multicomponent mixtures. 

In the simplest form, the PHSC equation of state developed by Eslami [4] reads as:  

kT

a
qqrdgbr

kT

P
ba







)(
)1)(2(

)25(
)1()(1 2 




      (1) 

where P is the pressure,  is the number (molar) density, d is the hard-sphere diameter, g(d+) 

is the pair radial distribution function of hard spheres at contact, kT is the thermal energy per 

one molecule, and qa and qb are constants for each chain. The temperature-dependent 

parameters, a(T) and b(T), are expressed in terms of the critical constants [4]. In this work, by 

applying suitable mixing and combining rules, this equation of state has been extended to 

mixtures (the results are not shown here). The final equation of state for mixtures is expressed    

Results and discussions  

The experimental PVT data of a large number of fluid mixtures; including mixtures of liquid 

noble gases, nitrogen and carbon dioxide with hydrocarbons, hydrocarbons, olefins, 
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aromatics, and refrigerants, are employed to check the prerdictive power of the equation of 

state for mixture. The results for a few typical mixtures are compared with experimental data 

in Figure 1. The results in Figure 1show that knowing just the critical constants of pure 

components is sufficient to calculate the PVT properties of mixtures of varieties of molecular 

shapes, sizes, and polarities. Even in the case of mixtures with different sizes the results are 

quite good; there is no need to introduce the binary interaction parameters in the equation of 

state. In the case of mixtures of long-chain alkanes, the deviations are higher than the others. 

This is expected, as the equation of state of pure components [4], and the original perturbed 

hard-sphere-chain equation [2,3] also show higher deviations for long-chain hydrocarbons, 

compared to light components. Even for the mixtures of long-chain alkanes the predications 

of the present equation of state are shown, see Figure 1, to agree very well with experimental 

data.  

 
Figure 1. Deviation plot for the density of mixtures, compared to experimental data, as function of temperature. 
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Introduction 

The inherent possibility of accurate measurement of the liquid surface tension () turns into a 

strong and reliable method of studying the liquid surface energetic and surface microstructure 

[1]. Liquid surface tension linearly decreases at low temperatures close to the freezing point 

and vanishes non-linearly as the critical point approaches. The existing empirical scaling laws 

elucidate the surface tension close to the critical temperature as a function of temperature 

scaled distance from the critical temperature. 

As a part of systematic studies on liquid surface properties [2,3] first we use the temperature 

dependence data of the experimental surface tension over a wide range of temperature to 

estimate the critical temperature of different ILs based on imidazolium, phosphonium, and 

ammonium cations. The use of surface tension values measured under liquid-vapor 

equilibration has a meaningful feature of producing critical point temperature. 

 

Evaluation of Critical Temperature 

According to Guggenheim [4], a certain exponent describes the vanishing of surface tension 

with the temperature irrespective to their chemical nature: 

9/11
c )( TTa          (1) 

Using the experimental surface tension data measure at equilibrated liquid/vapor was used to 

determine the critical point of the ILs. 
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Computational Details 

The usual procedure of the quantum mechanical density functional theory was performed to 

determine the interaction energy between the cation and the anion, using the Gaussian 03 

package [5] at B3LYP/6-311G** level of theory. The calculations were performed on twelve 

ILs: [Cnmim]BF4, [Cnmim]PF6, [Cnmim]I, and [Cnmim]Cl, where n is 4, 6, and 8. 

 

Results and Discussion 

The available surface tension data for imidazolium-, phosphonium-, and ammonium-based 

ILs having different anions show that the predicted critical temperature by scaling law, 

Guggenheim, and Eötvös approaches is a function of cation type and its alkyl chain length as 

well as the anion type as shown in Figure 1. 

                 
Figure 1. Critical point temperature of ILs, predicted using surface tension data measured at liquid-vapor 

equilibrium. 

 

According to this dependence on the nature of IL, the anion-cation interaction energy (Einter) 

was calculated and the correlation with the predicted critical temperature was studied. The 

predicted critical temperature has a direct relation to the absolute value of Einter. The ILs with 


4BF  anion, which have the highest critical point temperature consistently, have the largest 

absolute value of Einter. As the alkyl chain length increases, the critical temperature decreases. 

 

Conclusions 

Ionic liquids with 
4BF anion have small surface entropies [2] and show high critical point 

temperatures, which decreases with the alkyl chain length. The cation-anion interaction 
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energy, calculated by quantum chemical method, has been correlated with the predicted 

critical temperature. IL having a stronger cation-anion interaction has a higher critical 

temperature. 
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