
15th Iranian Physical Chemistry Conference
University of Tehran, Tehran, September3-6, 2012 

In the name of God 

Proceeding of the15th Iranian Physical 
Chemistry Conference 

 

University of Tehran, Tehran, Iran 

September3-6, 2012 



15th Iranian Physical Chemistry Conference
University of Tehran, Tehran, September3-6, 2012 

Organizer:

 

 

University of Tehran 

 

Iranian Chemical Society 



15th Iranian Physical Chemistry Conference
University of Tehran, Tehran, September3-6, 2012 

Scientific Chairman: Dr. Ali Maghari 

Executive Chairman: Dr. Hassan Behnejad 

Scientific Committee:

Dr. A. Maghari  

Dr. Gh. Islampour  

Dr. H. Eslami  

Dr. H. Behnejad  

Dr. Gh. Parsafar  

Dr. A. H. Pakiari  

Dr. S.Khoei  

Dr. S. Jalili  

Dr. A. Rostami  

Dr. H.Mahdavi  

Dr. F.Shemirani  

Dr. H. Sabzian  

Dr. A. Jalili  

Dr. A. Shafiei  

Dr. Z. Jamshidi  

Dr. A. Mohajeri  

Dr. S. H. Mousavipour  

Dr. S. Yaganegi  

Organizing Committee: 

Dr. H. Behnejad 

Dr. A. Shayesteh 

Dr. M. Hamzehloo 

Mr. A. Rafi Dargahi 



15th Iranian Physical Chemistry Conference
University of Tehran, Tehran, September3-6, 2012 

List of Referees: 

Dr. Ashasi, H. Dr. Khoei, S. 

Dr. Azizi, Kh. Dr. Maghari, A. 

Dr. Behnejad, H. Dr. Mahdavi, H. 

Dr. Bordbar, A. Dr. Mahjani, M. Gh. 

Dr. Bordbar, M. M. Dr. Mohajeri, A. 

Dr. Dahestani, M. Dr. Mousavipour, S. H. 

Dr. Ebrahimi, A. Dr. Najafi, b. 

Dr. Eslami, H. Dr. Nasehzadeh, A. 

Dr. Fakhraei, S. Dr. Nourizadeh, S. 

Dr. Farrokhnia, M. Dr. Pakiari, H. A. 

Dr. Farzi, N. Dr. Parsafar, Gh. 

Dr. Foroutan, M. Dr. RashidiRanjbar, P. 

Dr. Ghannadzadeh, H. Dr. Refati, A. A. 

Dr. Gharibi, H. Dr. Rezaei, M. 

Dr. Ghatee, H. Dr. Rostami, A. 

Dr. Gholami, M. R. Dr. Sabet, A. 

Dr. Goharshadi, E. Dr. Sabouri, A. A. 

Dr. Habibi, A. Dr. Sabzian, H. 

Dr. Habibi, M. H. Dr. Sadeghi, R. 

Dr. Habibi, S. M. Dr. Shayesteh, A. 

Dr. Hadipour, N. Dr. SoleymanNejad, M. 

Dr. Hashemianzadeh, M. Dr. Shemirani,F. 

Dr. Hamedanian, M. Dr. Shafiei, A. 

Dr. Illukhani, H. Dr. Tabrizchi, M. 

Dr. Islampour, Gh. Dr. Tafazzoli, M. 

Dr. Jafarian, M. Dr. Yeganegi, S. 

Dr. Jalili, A. H. Dr. Zafarani, M. T. 

Dr. Jamshidi, Z. Dr. Zargam, N. 

Dr. Karimi, M. H. Dr. Zeini, A. 

Dr. Keshavarzi, E.  



15th Iranian Physical Chemistry Conference

University of Tehran, Tehran, September 3-6, 2012

Table of Content

Invited Lecturer 

Oral Session 

Poster Session 

Applied Chemistry 

Electrochemistry 

Classical & Statistical Thermodynamics 

Chemical Kinetics 

Computational Chemistry 

Nanochemistry 

Quantum Mechanics & Spectroscopy 

Surface Chemistry 

1

9

294

295

447

1434

1807

2040

2284

3519

3722



15th Iranian Physical Chemistry Conference
University of Tehran, Tehran, September 3-6, 2012

1

 
 
 

Invited Lecturer 



15th Iranian Physical Chemistry Conference
University of Tehran, Tehran, September 3-6, 2012

2

Tautomerism and Dichroism in Anisotropic Media 

A.Ghanadzadeh Gilani 

Department of Chemistry, University of Guilan, Rasht, Iran 

E-mail: aggilani@guilan.ac.ir

Keywords: Tautomerism / Azo dyes / Liquid crystals / Dichroism 

Azoquinolin compounds are well known to be in equilibrium with other tautomeric forms. It 

is described by the intra-molecular proton transfer between the phenol and imine groups in 

ground and/or excited state. Nature and position of the substituents of the molecule play a 

significant role on the tautomeric equilibrium, and thus on photo-physical properties.  

Since the azo group is an electron acceptor. The hydrazone tautomer is favored by electron 

withdrawing substituents, like NO2, because the imino group is an electron donor. Further 

stabilization of the hydrazone tautomer is achieved with intra- or intermolecular hydrogen 

bonding.

It is due to the large differences in the dipole moments and electron donor and acceptor 

properties of each tautomer. Generally, the equilibrium is influenced strongly by the 

properties of the solvent. The hydrazone tautomer is promoted by an increase in the polarity 

of the media. Both tautomers can be detected from the visible absorption spectra. The 

differences between the absorption spectra of the tautomeric compounds can be used to 

distinguish them.  

The anisotropic solvation characteristic of azoquinolins (Fig. 1) in polar nematic liquid 

crystals was investigated. The azoquinolin dyes in the polar nematic hosts show an 
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anomalous behavior. From the spectral data (Fig. 2), the influence of anisotropic 

environment on the solvation of the compound is complicated. However, the spectral 

behavior of azoquinolins in nematic solvent should have multiple origins, and several 

interactions contribute to some extent. 

Fig. 1 o-azoquinolin dye 

For the dye, the azo form is almost entirely dominated in polar nematic host, while the 

compound remains dominantly in hydrazone form in dipolar aprotic solvents such as 

acetonitrile.

Fig. 2 Visible absorption spectra of o-azoquinolin in liquid and liquid crystalline solutions 

It should be concluded that, the spectral changes in nematic host depends on several factors 

such as solvent polarity, viscosity, molecular packing, polarizability and host rigidity. 
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The polarized absorptions spectra of the compounds were recorded in parallel-aligned liquid 

crystal cells and their dichroic ratios were obtained. The dichroic ratios ( AAR ll / ) of the 

dyes dissolved in the nematic host were calculated from the absorption of light polarized 

parallel ( llA ) and perpendicular ( A ) to the liquid crystal alignment (Fig. 3).  

According to the dichroism results obtained in the present work the dichroic ratios R of the 

dyes are larger than one. This means that the absorption bands for these dyes could be 

considered as parallel transition (i.e. *).

Fig. 3 

References:  
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Nanoporous Materials and Its Applications  

Alireza Badiei 

School of chemistry, College of Science, University of Tehran, Iran1

Order forms of nanoporous materials have been synthesized in a variety of hexagonal, cubic, 

and lamellar phases through the reaction of inorganic species in the presence of surfactant 

self-assemblies as supramolecular templates [1]. These materials have attracted vast interest 

because of their potential application as catalysts [2-5], solid phase microextraction (SPME) 

[6, 7], metal scavengers [8], preconcentration of metals [9, 10] and in the modified electrodes 

[11-13].Up to now, the synthesis pathways, which rely on the competition between 

hydrophilic and hydrophobic entities are not full understood. They involve interfacial 

chemistry that is studied here in the purpose to i) improvement the quality of the material, ii) 

find novel routes for metal functionalization and iii) modify the hydrophobicity of the 

surface. The materials were characterized using various techniques: elemental analysis, 

atomic absorption, nitrogen adsorption-desorption, ion chromatography, XRD, FT-IR, UV-

visible and solid state NMR.  

Taking advantage of the electrostatic interface between the silanolate groups and surfactant 

head groups in the as-synthesis form of MTS, cobalt (III) complexes were directly ion 

exchanged with surfactant in ethanol solution. The adsorbed complex is either in pure 

electrostatic interaction with the surface or grafted at the surface within the channels 

depending on the nature of the complex. This method provides a novel post-synthesis metal 

modification route that preserves the channel structure and, saves a calcination step in 

comparison with other synthesis routes [14-16].
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A new analytical method to titrate the silanolate groups on the surface of MTS has been 

proposed which allows to measure surface charge density (SCD). This method has been used 

to evidence the effect of the surfactant counterion on SCD. We have also shown that a higher 

lyotropic character of the anions favours long range order of the mesostructure.Therefore, the 

well accepted {S+, I-} generic pathway should be better referred as to {S+, m X-, (1-m) I-}

[16-19].

Direct displacement of surfactant by the silylating agent has been shown to take place on the 

as-synthesized form of MTS. Total or partial silylation of the surface is obtained depending 

of the silylating agent. A mixture of chloromethylsilane in hexamethyldisiloxane leads to full 

coverage of trimethylsilyl groups and to a highly hydrophobic surface. Hexamethyldisilazane 

silylates with almost no displacement of the surfactant. A subsequent removal of the latter 

leaves behind hydrophilic islands of the size of the ammonium head. Cation exchange can be 

performed in these islands at pH up to 10 without structure collapse [20-21]. 

A new approach to produce the nano-layered silica using very low surfactant concentration 

was provided. This method is safe and cheap with too high yield of the product to the 

template without necessity to recovery of surfactant. The effect of temperature, crystallization 

time and co-surfactant concentration on phase formation was studied. The result of this part 

of research was proofed in US patent No. 13034357 [22]. 

References 
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Dynamics and Diffusion of N2 and O2 in Zeolite Li-LSX Studied by 

Molecular Dynamics Simulations 
 

M. H. Kowsari *a,b, Mahdiyeh Bamdad b , and Mahmud Ashrafizaadeh b 

a Department of Chemistry, Institute for Advanced Studies in Basic Science (IASBS), Zanjan, 45137-66731, 

Iran. 
b Department of Mechanical Engineering and Sheikh Bahaei National High-Performance Computing Center, 

Isfahan University of Technology, Isfahan, 84156-83111, Iran.   (E-mail: mohammad.kowsari@gmail.com) 
 

Keywords:Zeolite Li-LSX,Molecular Dynamics (MD), Diffusion, Mean Square 
Displacement 
 

Introduction:  
Studying the dynamics behavior of molecules inside the pores of zeolites is a central feature 
to control the performance of these materials in many industrial applications. For example, 
the differences in diffusion coefficients of the guest species in the pore media basically 
control of separation procedure. Previous researches show that zeolite Li-LSX, with |Li 96| 
[Si96 Al96 O384] formula unit, is suitable for selectively adsorbs nitrogen over oxygen [1]. 
Thus, this zeolite can be used for effective separation of N2 from air, and for O2 production in 
the chemical industry. 
In this work, the dynamics and the self-diffusion coefficients of N2 and O2, both as pure 
species and as air binary mixtures, in two designed states of zeolite Li-LSX, were studied by 
MD simulations. The main purpose of this study is to compare the mean square displacement 
(MSD) and diffusion of N2 and O2 in zeolite Li-LSX. We also determine the effect of 
temperature, loading, and Li III situation on the dynamics of guest species inside of the 
Li-LSX framework. 

 

Computational Details and Methodology: 
Extensive NVT and NVE MD simulations are carried out by DL_POLY program to study the 
dynamics and the diffusion of N2 and O2 at different loading in 2×2×2 replica of the cubic 
unit cell (Fd-3) of Li-LSX for several temperatures between 260 and 700 K. The 
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intermolecular interactions were employed using Lennard–Jones (12–6) and coulombic 
potentials by the reported parameters in Ref. [2]. Except of Li III cationic sites, which are 
considered in both of fixed and mobile form in the simulations, other atoms of zeolite are 
fixed at the crystallographic coordinates obtained by Lobo [3]. The gas molecules were 
modeled as rigid sites and inserted randomly in the pores using of Mercury program. Periodic 
boundary conditions were employed and the equations of motion were integrated using the 
Verlet leapfrog scheme. The time step of the simulations was 1 fs and cutoff distance of 
Rcutoff = 20 Å. The electrostatic interactions were calculated using the Ewald summation 
method. The final MSD results for N2 / O2 were obtained by ensemble–averaging from 350 ps 
of five NVE runs in each case. The self-diffusion coefficient of particle i is obtained from the 
slope of the MSD plot versus time using Einstein relation. 
 

Results and Discussions:  
Simulated MSDs are compared for the gases of binary mixtures inside of zeolite Li-LSX in 
Figure 1. The calculated diffusion coefficients of gases from the Einstein relation at different 
temperatures and conditions are also reported in Table 1. O2 illustrates faster dynamics than 
N2 inside the zeolite. Our results show that the MSD and diffusion of N2 increase in the 
presence of mobile Li III cations in the simulations. This is a result of the strong interaction 
of the quadrupole moment of N2 molecules by the electric field associated with the Li cations 
of the Li-LSX lattice. 
 
 
 

M
SD

 / 
Å2  Table 1. Simulated diffusion coefficients, Di, (in 10-8 m2s-1), at 

different temperatures for O2 and N2, as binary mixtures and as single 

species, in LiLSX framework using of fixed Li III ( with the diffusion 



15th Iranian Physical Chemistry Conference 
 

University of Tehran, Tehran, September 3-6, 2012 

 

12 

         
 
 
 
 
 
 
 
Summary and Conclusions: 
MD simulations are used to study the 
dynamics and diffusion of N2 and O2 
in Li-LSX zeolite at different 
loadings, temperatures, and the fixed 
or mobile situations of Li cationic 
sites. We find that the Li III cationic 
sites have an important role in the 
dynamics and diffusion of N2 
molecules. Further research is 
planned to study the activation energy for diffusion process of gases and more description of 
the dynamics of guests in Li-LSX zeolite.  
 
Acknowledgement: 
Financial support of the Aviation Industries and the ministry of science and the 
computational support of National High-Performance Computing Center of the Isfahan 
University of Technology are acknowledged. 
 
References 
[1]  R. K. Agha, G. De Weireld, and M. Frère; Adsorption; 11, 179–182, 2005. 
[2]  K. Watanabe, N. Austin, and M. R. Stapleton; Mol. Simul.; 15, 197–221, 1995. 
[3]  M. Feuerstein and R. F. Lobo; Chem. Mater.; 10, 2197–2204, 1998. 

T / 

K 

DN2; in mix 

(N2/O2) (16:4)/uc 

DO2; in mix 

(N2/O2) 

(16:4)/uc 

DN2; pure 

(loading 16/uc) 

DO2; pure 

(loading 4/uc) 

29

8 

0.11,(1.01) 2.77,(2.76) -----,(0.98) 3.00,(3.34) 

40

0 

0.82,(2.27) 3.70,(3.65) 0.71,(2.56) 4.26,(4.35) 

50

0 

1.80,(3.41) 3.95,(3.97) 1.93,(3.35) 4.62,(4.91) 

60

0 

2.92,(4.50) 4.39,(4.47) 2.76,(4.13) 6.00,(5.59) 

70

0 

3.67,(4.84) 4.92,(5.39) 3.95,(4.63) 6.60,(7.62) 

Figure 1. The calculated MSDs for O2 

and N2 as air binary mixtures in LiLSX at 

400K for two forms of Li III cations in 

the simulations. 
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Vapor-liquid interfacial properties of ionic liquids 

 

A. Maghari and F. Ziamajidi 

Department of Physical Chemistry, University of Tehran, Tehran, Iran 

ziamajidi@khayam.ut.ac.ir 

 

Introduction: 

Ionic liquids are essentially molten salts composed entirely of a mixture of anions and cations 

with a melting temperature below the boiling temperature of water. These are rapidly gaining 

interest as replacements for traditional organic solvents used in chemical processes. They 

have the ability to dissolve an enormous range of inorganic, organic, and polymeric materials 

at very high concentrations, are noncorrosive, and have low viscosities and no significant 

vapor pressures. In this work, we developed a new version of SAFT EOS to describe the 

behavior of vapor-liquid interfacial properties of ionic liquids using a density functional 

theory (DFT). We have calculated the surface tension as well as interfacial surface thickness 

with use of three methods, including the common intersection method (CIM), Winkelmann 

method and inversion method. The calculated results are also compared with experimental 

data and show that these methods are given satisfactory predictions the surface thickness and 

its corresponding surface tension at various temperature. 

 

Method: 

The fluid in the surface region is assumed an inhomogeneous one. In the vertical direction of 

the surface, density gradient  is changed with z and is usually approximated using the 

hyperbolic tangent function imposed by the van der waals theory of capillarity: 
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(1) 

where  is surface thickness,  and  are liquid and vapor densities, respectively. The 

surface tension can be expressed as follows: 

               (2) 

where p is normal pressure,  is the tangential pressure tensor that can be calculated 

from the density in every layer by the EOS. 

From Eq. (1), it can be seen that the density profile  depends on the surface thickness . 

Winkelmann used the following expression to estimate the surface thickness [1]: 

                  (3) 

Furthermore, Maghari et al. [2,3] have presented a novel approach, named common 

intersection method (CIM) based upon the characteristic of an intersection point on the 

isotherms of the density profile versus density. Moreover, they introduced an inversion 

method to predict the surface thickness from the surface tension experimental data.  

In this work, the surface thicknesses of some ionic liquids obtained from these methods, are 

used for calculating of surface tension by DFT approach and modified SAFT BACK EOS.  

 

Results and discussion: 

The behavior of surface tension and surface thickness versus temperature for hexyl 

-3-methylimidazolium tetra flour borate (as an example of ionic liquid) are shown in Figs 1 
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and 2, respectively. Surface tension decreases with increasing temperature, whereas surface 

thickness increases with increasing temperature. The results presented indicate that within the 

-3-methylimidazolium family the increase in the cation alkyl chain length reduces the surface 

tension values. 

                     

 
 

 

Reference: 

[1] J. Winkelmann,  .J Phys. Condens. Matter, 13 (2001) 4739. 

[2] A. Maghari and M. Najafi, 2009, J. Stat. Mech, (2009) PO5003. 

[3] A. Maghari and M. Najafi,  J. Stat. Mech, (2009) PO2041. 

Fig. 2. Surface tension of [Hmim][BF4] from 

293 to 342 K.with different methods: ,Invesion, 

CIM Wi k l d i t l

Fig. 1. Surface thickness of [Hmim][BF4] from 

293 to 342 K.with DFT method: ,Inversion, 

i k l CIM
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Molecular Dynamics Simulation of an Amine-Functionalized 

Imidazolium-Based Ionic Liquid 
 

M. H. Kowsari* and M. Aziznezhad 
Department of Chemistry, Institute for Advanced studies in Basic Sciences (IASBS), Zanjan, 45137-66731, Iran 

(E-mail: mohammad.kowsari@gmail.com; mohammadaziznezhad@gmail.com) 

 
Key words: Molecular dynamics, Ionic liquid, CO2 capture, Transport properties. 
 
Introduction: 
Rising of unexpected emission of carbon dioxide (CO2) in the atmosphere is one of the great 
challenges in this world. Recent studies show that the Ionic liquids (ILs) can be used as the 
suitable liquid absorbents in the capture of CO2 from its production places and prior to 
atmospheric release. However, this sequestration and capturing capacity can be improved by 
introducing basic character in the ILs. Functionalization of ILs with a suitable moiety (like 
amine) may be implied in this regard. As the first stage of drawing CO2 capture process in 
ILs, in this work we investigate the structure and properties of the pure IL 
1-(3-aminopropyl)-3-methyl-imidazolium tris(pentafluoroethyl)trifluorophosphate, 
([apmim][FEP]) as the proper absorbent candidate, with molecular dynamics (MD) 
simulation. The purpose of this work is to provide clear microscopic picture of this IL in pure 
state and determine the role of amine functionalized cations and perfluorinated anions on the 
properties of ILs. Finally we will used of the simulation results of pure ionic liquids as the 
initial point for simulating of CO2 capture in this ionic media in nearly future. 
 
Computational methods: 
The force field parameters used in this work for the [apmim]+ cation and the [FEP]- anion is 
reported by Maginn et al. [1,2]. The simulations were done in constant pressure and 
temperature (NpT) ensemble with the Nosé–Hoover thermostat/barostat algorithm as 
implement in the DL_POLY 2.18 package [3]. The simulation box consists of 150 ion pairs of 
[apmim][FEP]. Periodic boundary conditions were used, and the equations of motion were 
integrated using the Verlet leapfrog scheme. In all simulations, pressure, time step, and cutoff 



15th Iranian Physical Chemistry Conference 
 

University of Tehran, Tehran, September 3-6, 2012 

 

17 

distance were fixed at 1 atm, 0.001 ps and 17 Å, respectively. After equilibration of system in 
several steps up to desired temperatures (300, 400, and 500 K), generally the production runs 
with ~7.5 ns trajectory time length used for data collecting and analysis.  
 
Results and discussion: 
We compute the radial distribution functions (RDFs), mean-square displacements (MSDs), 
velocity autocorrelation functions (VACFs), and diffusion coefficients of ionic species in this 
ionic liquid. Some of calculated properties are summarized for example in Figure 1. The 
diffusion coefficients of ions are calculated from the slope of mean square displacement 
plots, and the electrical conductivity from the Nernst-Einstein formulas. Simulation results 
are in agreement with experiment in predicting relative trends of properties and determining 
the role of the amine functionalized imidazolium-based cation and perfluorinated [FEP]- 
anion on the dynamics and transport behavior of this task specific ionic liquid compared with 
common ILs.  

 
Figure 1: The calculated MSDs of ions at different temperatures (left), and the RDFs for the key atomic sites of 

the cation-anion, cation-cation, and the anion-anion from the simulation of [pamim][FEP] at 400 K (right). 

 
 
Acknowledgments:  
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Molecular Dynamics Simulations Studies of surfactant -Wrapped Single 

-Walled Carbon Nanotubes surface 
 

M. Foroutan*, M. Fatemi 
Department of Physical Chemistry, School of Chemistry, College of Science, University of Tehran, Tehran, 

Iran,  m.fatemi@khayam.ut.ac.ir 

 

Keywords: Molecular Dynamics (MD) Simulation, Carbon Nanotubes (CNT), Triton X100 
Surfactant, Radius of Gyration (Rg). 
 

Introduction : 
We used a molecular dynamics (MD) simulation approach to probe the behaviors of the 
carbon nanotubes (CNT) with Triton X100 surfactant. So we assess nanotubes in different 
temperatures and diameter, according as the result of our simulations; the strong 
intermolecular interaction between CNT and TX100 that cannot be influenced by the 
temperature in the rage we reported, and with an increase in nanotubes diameter, the 
interaction energy is increased.  
 

Computational Procedure: 
 MD simulations were performed in the Tinker molecular modeling package (version 5.0)[1], 
using the AMBER99 force field, we used the (5,5), (6,6), (9,9), and (10,10) CNTs armchair 
with a length of about 25Å. The diameter of CNTs ranges from 6.68 to 13.46 Å. 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. Non-bonded van-der-Waals interactions were modeled by a Lennard-Jones 
potential with a cut-off distance of 1.2 nm. Our simulation is related to the behavior of the 
TX100 when they are close to the CNT in an “ideal” poor solvent. 
 

Results and Discussion: 
Figure 1 and 2 represent the snapshots of CNT wrapped by the TX100. As figure 3 shows; 
with an increase in CNT diameter, the interaction energy is increased[2], because the surface 
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contact area between them increases accordingly, As Figure 4 shows; the attractive 
interaction of the TX100 with the CNT increasing only slightly with increasing temperature. 
Thus, the temperature dependence of the interaction energies can be considered negligible. 
As figure 5 shows, the radius of gyration (Rg) values of TX100 molecules increasing and 
show a fluctuation as the flexible hydrophilic polyethylene oxide chains wrap around the 
CNTs. As figure 6 shows, the Rg of TX100, when interaction with CNTs is higher than 
without CNTs, is caused by the intermolecular energy between TX100 and CNTs, which 
directly gives rise to the strong -  interactions [3] with the nanotube surface, called 
“ -stacking”[4] are responsible for the strong tendency of nanotubes to “stick together”, 
which is a major obstacle to their processing.  
 

Conclusion: 
Our simulation results showed that, the CNTs with larger diameter are suggested as better 
candidates compared to smaller CNTs in diameter for nanocomposite reinforcement 
applications ,and the higher temperature and consequently higher kinetic energy does not 
have any significant effect on the total TX100 size. 

 
 
                                                                        
                                                                        
 

   Fig. 1. Front view snapshot for a (5, 5) CNT Wrapping by  Fig. 2. Side view snapshot for a 
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Introduction: 
Ionic liquids (ILs) are green liquid salts composed of organic cations and organic or inorganic 
anions. A combination of different anions and cations in ILs will lead to an infinitely large 
number of compounds with different properties. Some physical and chemical properties of 
ILs can be tailored by the selection of suitable cations, anions and substituent groups on the 
ions. Consequently, to design new ILs for specific tasks, it is very important to understand the 
relationship between the ionic structures and the fundamental properties of ILs [1].  
In this work, atomistic molecular dynamics (MD) simulations have been used to study of the 
diverse thermodynamic quantities, structural features, dynamical behavior, and transport 
properties of four ionic liquids based on the imidazolium cation ([bmmim]+:
1-butyl-2,3-dimethyl-imidazolium, [pamim]+: 1-(3-aminopropyl)-3-methyl-imidazolium, 
[bmim]+: 1-butyl-3-methyl-imidazolium, and [mim]+: 1-methyl-imidazolium) and 
bis(trifluoromethane-sulfonyl)imide, (CF3SO2)2N– (also known as [Tf2N]–) anion. The main 
purpose of these simulations is to compare the thermodynamic quantities (see Table 1), the 
mean square displacements (MSDs), transport coefficients, and the radial distribution 
functions (RDFs) of ILs. Finally, we determine the effects of alkyl / functional substituent 
groups of imidazolium cations on the properties of these ILs.  
 
Computational methods: 
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MD Simulations of the four ILs were carried out with at least 5000 atoms (125–180 ion pairs) 
in the simulation cell at 298, 400, 450, 500, and 600 K. In all simulations via DL-POLY 2.18 
software [2], pressure, time step, and cutoff distance were fixed at 1 atm, 0.001 ps and 16.5 
Å, respectively. Periodic boundary conditions were employed, and the equations of motion 
were integrated using the Verlet leapfrog scheme. For each ionic liquid, all simulations were 
performed in the isothermal–isobaric (NpT) ensemble at five different temperatures during 5 
ns to reach the equilibration of the system. To calculate the properties which are mentioned 
above, each of the equilibrated system was studied in the NpT ensemble with the long 
simulation run for 7.5 ns. 
 

Results and discussion: 
Some of calculated thermodynamic properties are summarized for example in Table 1. The 
diffusion coefficients of ions are calculated from the slope of mean square displacement 
plots, the electrical conductivity from the Nernst-Einstein formulas, and the viscosity from 
the Stokes-Einstein relation. Simulation results are in agreement with experiment in 
predicting relative trends of properties and determining the role of the substituted cation 
structure on the dynamics, thermodynamics, and transport behavior of this family of ionic 
liquids. Radial distribution functions of different atomic sites were also calculated at 400 K. 
 

Table 1. The calculated internal energy of vaporization ( ), enthalpy of vaporization ( ), molar 

volume , and cohesive energy density (c) from simulations of 4 ILs at two temperatures. 

[X][Tf2N] ILs 

[X]+ 

T 

(K) 
 

 

 

 

Vm 

(cm3/mol) 

c 

(J/cm3) 

[bmmim]+ 400 179.030 182.360 310.325 576.91 

 500 161.631 165.791 331.301 487.90 

[pamim]+ 400 214.412 217.742 280.749 763.71 

 500 190.804 194.228 300.429 635.11 
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[bmim]+ 400 117.826 121.156 301.321 391.03 

 500 93.240   97.400 322.653 288.98 

[mim]+ 400 80.211   80.211 218.434 351.96 

 600 32.166 37.154 245.332 131.11 

Conclusions: 
we determine the effects of changing the substituent groups of imidazolium cations on a wide 
range of properties of 4 imidazolium-based ILs. The trends in the MSD, diffusion coefficient, 
and electrical conductivity of studied systems are: [bmim][Tf2N] > [pamim][Tf2N] > 

[bmmim][Tf2N] > [mim][Tf2N]. The trends in the ,  and cohesive energy 

density in these series of ILs are: [pamim][Tf2N] > [bmmim][Tf2N] > [bmim][Tf2N] > 
[mim][Tf2N]. 
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package, v. 2.18, Daresbury Laboratory, UK, 2007. 
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Introduction: 
The interactions between noble metals and noble gas atoms have become of great interest in 
theoretical and experimental investigations due to their respective noble characters. In recent 
years many effort has been expanded to prepare and characterize the systems in which a 
noble metal like Au, Ag, and Cu is bound to a noble gas. During the last few years, noble 
metal clusters have attracted great attention in basic science due to their unique physical and 
chemical properties. These metals clusters play an important role in several high technology 
fields such as nanoelectronic and nanomaterials. Most of the experimental works have been 
investigated the structure, electronic and optical properties of metal cluster in embedding rare 
gas matrix. However there has been rarely attention on the interaction of metal clusters with 

noble gas atoms. In the present work, calculation have been carried out in  

complexes (M = Cu, Ag and Au; Rg = Kr, Xe and Rn;  = 0 and ±1) and the nature of M–Rg 
bond has been investigated based on NBO, QTAIM, and EDA analysis.  
 
Method of Calculation:  
The interaction of trimer metal clusters with noble gas atoms calculated at 
DFT-CAM-B3LP/aug-cc-pVDZ-PP and MP2/aug-cc-pVDZ-PP level of theory, using the 
Gaussian 03 and 09 suites of programs. The interaction energy is defined as the difference 
between the energy of a complex and sum of the energies of its components, and interaction 
energies were corrected for the basis set superposition error. To reveal the nature of bonds, 
the NBO, QTAIM, and EDA analyses were carried out on CAM-B3LYP structures. 
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Result and Discussion: 

The symmetry of optimized structure for anionic and cationic trimer corresponds to hD  and 

hD3  point groups, respectively. Neutral gold trimer have vC2  and hD3  symmetry (in 

agreement with the Jahn-Teller effect). The optimized geometry for the lowest-lying isomers 

of  (  = 0 and ±1) complexes with rare gas atoms have been displayed in Figure1. The 

equilibrium bond lengths and binding energies have been obtained for these complexes. 
According to Figure 2, for same metal, the values of interaction energies for the rare gases 
have the order of Rn > Xe > Kr, and also the corresponding values for gold complexes are 
higher than copper and silver complexes. As a matter of fact, these results were obtained for 

all of the  complexes. 

 
                                                                                        
                             RgM 3

                RgM 3
            RgtM )(3

       
RgbM )(3

    

Figure 1: Geometrical structure of neutral and ionic coinage metal clusters and their complexes. 

The higher electron affinity (EA) of cationic complexes than neutral and anionic complexes 

leads to higher binding energies for cationic complexes than  and . 

   

Figure 2: Binding energy (kcal mol-1) and equilibrium bond lengths (Å) for  complexes 

NBO analysis has been held on optimized CAM-B3LYP structures. Obviously, the positive 
natural charge (NPA) of Rg atoms in the same metal complexes increases through Kr to Rn. 
This indicates a substantial amount of charge transfer from Rg to M3 clusters. However, for 
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same Rg atoms complexes with different metals, qRg has the order of Rg
RgAuq

3
> Rg

RgCuq
3

> 

Rg
RgAgq

3
The QTAIM analysis, based on the bond critical point properties, revealed that 

cationic and neutral complexes had both electrostatic ( 0)(2 r ) and covalent (H(r) < 0) 

characters, simultaneously. While, for anionic complexes, both )(2 r  and H(r) are positive 

and these bonds are electrostatic in nature. 
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Introduction: 

The all-trans-1,3,5,7-octatetraene has two close-lying lowest singlet excited electronic states 

-the ionic uB11  electronic state, and the covalent gA12  electronic state which lies lower than 

the uB11 state. In condensed phases, excitation to 11Bu state is typically followed by fast 

relaxation to the 21Ag state, which is responsible for the red-shifted fluorescence emission 

spectra. 

It is the purpose of this article to calculate and compare the internal conversion decay rate 

constants of the all-trans-1,3,5,7-octatetraene (hereafter, simply referred to as ”octatetraene”)  

in the condensed and gas phases. 

 

Theory: 

The Internal conversion decay is due to the breakdown of the Born-Oppenheimer 

approximation. The general expressions we previously derived for calculating the internal 
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conversion rate constants between two displaced-distorted-rotated adiabatic potential energy 

surfaces have been used to determine the decay rate constants for 11Bu 21Ag internal 

conversions of octatetraene in which the coupling between the 11Bu and 21Ag occurs by the 

non-totally symmetric bu modes. A recipe that allows one to estimate the Duschinsky 

parameters from the relative intensities of vibronic bands in absorption-emission spectra are 

also developed.  

 

Results and discussion: 

The phase-dependency of  the zero-zero energy gap, frequencies of totally symmetric 

accepting modes, and Huang-Rhys factors for the 11Bu 21Ag internal conversion guided us 

to estimate the associated decay time in free jet expansions, static gas, and n-octane and n-

hexane matrices. 

Following table  indicates that in the low temperature limit 11Bu 21Ag internal conversion 

takes place more efficiently in the condensed phase than in the gas phase. 

Table1. Decay time constant associated with 
uB11 gA12 internal conversion  

for octatetraene in different phases 

11Bu 21Ag ICIC 1 k zero zero energy gap )cm( 1

free jet expansions 1.65 (ps) 6604

static gas 2.36 (ps) 6574

n octane 232.22 (fs) 3522

n hexane 290.12 (fs) 3388
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These results are in consistent with the ratio (11Bu 11Ag) / (21Ag 11Ag) of integrated 

fluorescence intensity that was experimentally estimated to be ~16.6 in the gas phase [1] and 

0.1±0.05 in acetonitrile solution [2]. The internal conversion in acetonitrile solution at 293 K 

was estimated to be 400 fs [2]. In addition, we found that a 3-mode model consisting of 

promoting mode 38  (of symmetry bu, which is composed of CC double-bond stretches, 

2CH scissors, and CH in-plane bends [3]), which has the highest vibronic coupling and two 

totally symmetric accepting modes 6  (consisting of in-phase CC double-bond stretches, 

2CH  scissors, and CHin-plane bends [3]) and 12  (consisting of the in-phase CC single-

bond stretches and CH in-plane bends [3]) could be considered as the minimal models for 

the 11Bu 21Ag internal conversion both in condensed and in gas phase. Moreover, it has 

been found that distortions of vibrational modes to some extent increase the decay rate 

constant of this transition in gas phase, and have minor effect on the rate in condensed phase. 

 

Conclusion: 

Our calculations show that in the low temperature limit the uB11 gA12 internal conversion 

takes place on a 232-290 fs time scale in condensed phase and 2 ps in gas phase. 
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Introduction: 
Delocalized hydrocarbyl ligands cyclobutadiene, C4H4, (Cb), trimethylenemethane, 
C(CH2)3, (TMM), and cyclopropenyl (C3H3) belong to the fundamentally important species 
that for a long time have been considered as prototypical reactive intermediates which are too 
unstable to isolate under usual experimental conditions. A common feature for these reactive 
intermediates is that coordinated forms of them behave as if they are aromatic species, 
although they do not satisfy the simple Hückel criterion for aromaticity (4n+2  electron) in 
their free state. 
The purpose of this study is the elucidation of bonding interaction between this group of 
ligands and a selected series of 5 cyclopentadienyl metal complexes ( 5 C5H5)M with 
M=Co, Rh, in complexes   CpM Cb, CpM TMM, and [CpM C3H3] . 
 
Method: 
Full geometry optimization has been performed at the framework of the DFT level, at the 
BP86 level of theory, being embedded in Gaussian 09 program. The basis sets for all atoms 
have a triple-  quality augmented with two sets of polarization functions, def2-TZVPP. The 
core electrons are approximated by the effective core potentials (ECP). To describe the nature 
of bonding interactions we use energy decomposition analysis on natural orbitals for 
chemical valence (EDA-NOCV) [1] implemented in ADF2009 package. Therefore, the 
second set of geometry optimization is carried out at BP86/TZ2P+ level with ADF package.  
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Results and Discussion: 
Energy information origination from EDA-NOCV analysis, shows that in complexes 
CpM-Cb, CpM-TMM and [CpM-C3H3]- (M=Co, Rh), the heterolytic fragmentation, CpCo+2 
and TMM-2/Cb-2, corresponding to the ionic view, is accompanied by the a higher price in 
terms of energy compared to the homolytic fragmentation, CpCo  and TMM /Cb , 
corresponding to the covalent view. For example in CpCo-Cb complex, while the orbital 
interaction Eorb of neutral species generates -189.9 kcal/mol stabilization, the Eorb of 
doubly charged framework of CpCo+2 and Cb- 2 rises to -347.8 kcal/mol. The values of 
dissociation energies also show that heterolytic (ionic) dissociation of CpCo-Cb (De= -706.2 
kcal/mol) is almost six times more endothermic; i. e., less favorable, than the homolytic 
(covalent) dissociation (De=-127.6 kcal/mol). The same trend is observed for the interaction 
energy Eint of the charged fragments (-723.2 kcal/mol) compared to the neutral ones (-128.6 
kcal/mol). 
 
Conclusion: 
The bonding interactions in complexes CpM Cb, CpM TMM, and [CpM C3H3]  have been 
analyzed by charge and energy decomposition EDA NOCV and MO analyses. A common 
feature for these reactive intermediates is that coordinated forms of them behave as if they are 
aromatic species, although they do not satisfy the simple Hückel criterion for aromaticity 
(4n+2  electron) in their free state. There seems to be a general notion that the rich 
chemistry of these reactive molecules concerns the formation of a dianionic 6  electron 
donor ligand (Cb 2/TMM 2) and satisfaction of Hückel’s 4n+2 rule, through interaction with 
metal based fragments. In contrast to this common belief, EDA NOCV analysis shows that 
the origin of this behavior lies in the strong covalent bonding interaction between the valence 
d  orbitals of the metal atom and p  orbitals of the ligand.  
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Introduction: 

The linear polyenes are a class of molecules whose spectroscopy, photophysics, and 

photochemistry have been a subject of active research, and are excellent candidates for 

illustrating the theory of non-Condon vibronic transitions. From various spectroscopic 

observations, it has been revealed that the linear (all-trans-)polyenes with four or more 

double bonds have two close-lying lowest singlet excited electronic states: the ionic uB11  

electronic state, and the covalent gA12  electronic state which lies lower than the uB11  state. 

The transition from the ground state gA11  to uB11  state is strongly dipole allowed which 

leads to well-resolved absorption spectra, whereas to the gA12  state is symmetrically 

forbidden but vibronically allowed.  In this study we present a general approach for 
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calculating the Condon vibronic structure observed in electronic absorption and fluorescence 

spectra of all-trans-1,3,5,7-octatetraene. 

 

Theory: 

1. Absorption spectra: For a molecular electronic absorption process in an isotropic medium, 

in which the transitions occur from the statistically equilibrated ground )()( QQr vg , to the 

manifold of all final excited )()( QQr ve , adiabatic vibronic states, the thermally 

averaged absorption cross section ),( T is obtained as 

0

)(])(exp[Re
3
4),( tgttidt

c
T aegeg               

(1) 

where c is the speed of light, eg is 00 transition angular frequency, eg  is the width of 

vibronic band, and )(tga  is the time correlation function. Evaluation of )(tga gives 
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3
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21
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(2) where N  is number of independent harmonic oscillators, )( is NN diagonal matrix 

of reduced frequency )( jj , T , T , A , A  are NN diagonal matrices that their 
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3 AAW , D  is 

the column vector whose components are the shift of the equilibrium nuclear configuration of 
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the excited respect to that of the ground electronic state. For the dipole-allowed electronic 

transition 
2

)(0gea(t)g in which )(0ge  is the electronic transition dipole moment at the 

equilibrium configuration of the ground electronic state. 

2. Normal fluorescence: The fluorescence intensity from the statistically equilibrated excited 

)()( QQr ve , to the manifold of all ground )()( QQr vg , adiabatic states can be written as 

0
3

3

)(])(exp[Re
3
4),( tgttidt

c
Tw eegeg               

(3) 

where the expression for )(tge  is similar to that of )(tga . 

 

Results and discussion: 

Absorption ug BA 11 11  and fluorescence gu AB 11 11  spectra of octatetraene have been 

calculated using equations (1) and (3), respectively in the 35053-42553 cm 1 region by 

including all ub  and active ga  totally symmetric modes at both jet-cooled and room 

temperature. A mirror image relationship exists between fluorescence and absorption spectra. 

The intensity of all vibronic bands are calculated relative to that of 00 band. 

Conclusion: 

Our calculations show that there is a good agreement between the vibronic structure of 

spectra calculated in this work and those obtained experimentally [1, 2, 3]. 
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Introduction: 
There are numerous experimental data on the relaxation of the CS2 molecule by a variety of 
bath rare gases [1,2] which their interpretation needs to have an accurate potential energy 
surface for the interaction of CS2 with the bath gas. The only report on the interaction of CS2 
with the rare gases is related to the work of Bruhel et al.[3] In the present work, the potential 
energy surface (PES) of CS2-Ar, CS2-Ne and CS2-He are calculated using ab initio method. 
The interaction second Virial coefficient (B12) of the considered complexes are calculated 
using their calculated PES. In addition, the vibrational energy levels of the most stable 
configuration of each complex are also calculated. 
 
Method : 
The dimer geometry is described by two variables (R, ) where R is the center of mass 
separation  between the rare gas and CS2, and  is the angle between the vector R  and CS2 
axis. The interaction energy, on a regular grid of ten angular orientations: =0 (10)90 , and 
radial separations: R=2.5(0.1)15 Å, were calculated at the CCSD(T)/aug-cc-pVDZ level of 
theory plus a set of 3s3p2d1f1g bond function  considering the BSSE correction. All of the 
calculations have been performed using GASSIAN 09. In addition, the symmetry adapted 
perturbation theory (SAPT) calculations with the same basis set were also performed on the 
most stable configuration ( =90°) of each complex for comparing with the CCSD(T) results. 
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Result and discussion: 
The calculated points on the CS2-rare gas PES were fitted globally to an analytical model 
potential.[4,5] Fig1 shows comparison between the calculated potential and the results obtained 
from the global fitting for Ar-CS2 complex. The values of the isotropic dipole–dipole (C6) 
and dipole-quadruple dispersion (C8) coefficients of each complex were obtained from its 
calculated CCSD(T) potential energy surface. 
We have also calculated the B12 of each complex (Fig 2) from its calculated angle-dependent 
potential. 
 
 
 
 
 
 
 
 
 

The calculated potential of the most stable configuration ( =0, 90 ) of each complex was 
used in the LEVEL 8.0 program to determine the vibrational energy levels and the 
spectroscopic constants. 
 
 
 
 
 
 

Conclusion: 
In this work, the potential energy surfaces of the He-CS2, Ne-CS2 and Ar-CS2 van der Waals 
complexes were calculated applying CCSD(T)/aug-cc-pVDZ-333211 level of theory. Finally 

Table 1. The spectroscopic parameters (vibrational frequency, unharmonicity) for the He, Ne and 

Ar- CS2 complexes (T-shape and linear geometry) calculated in this work. 

 Ar-CS2( =90 )  Ar-CS2 ( =0 ) Ne-CS2 ( =90 ) Ne-CS2 ( =0 ) 

e (cm-1) 39.465 31.554 32.894 27.323 

exe 1.3637 1.5452 2.8442 2.4872 

eye -0.025106 -0.03044 0.01227 -0.1233 

eze 0.001453  0.0027896 0.0020424 - 
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Fig 2.  B12 for the three dimers, calculated using the 

computed  potential energy surfaces in this work.     
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B12 for each complex, vibrational levels and the spectroscopic constants of the most stable 
configuration were calculated by using of LEVEL 8.0 program. 
 
Reference: 
[1] J. E. Dove, H. Hilppler, J. Chem. Phys. 1985, 82, 1907. 
[2] M. Heymann, H. Hippler, H. J. Plach, J. Troe, J. Chem. Phys. 1987, 87, 3867. 
[3] M. Bruhel, G. C. Schatz, J. Phys. Chem 1988, 92, 7223. 
[4] R. Bukowski, J. Sadlej, P. Jankowski, K. Szalewicz, S. A. Kucharski, H. L. Williams, B. 
M. Rice, J chem phys 1999, 110, 3785. 
[5] G. Murdachaew, A. Misquitta, R. Bukowski, K. Szalewicz, J chem phys 2001, 114, 764. 
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Introduction: 

Oxygen Reduction Reaction (ORR) has become one of the most extensively studied 

electrochemical reactions due to interest for the development of polymer electrolyte fuel cells 

[1]. In aqueous alkaline solutions, oxygen reduction is a multi-electron reaction that may 

proceed according to different pathways (Eqs. 1-3)  

2 2 0

2 2 2 0

2 2 0

2 4 4 0.401 / 14 (1)

2 0.427 / 14 (2)

2 3 0.942 / 14 (3)

O H O e OH E V SHE at pH

O H O e HO OH E V SHE at pH

HO H O e OH E V SHE at pH

 

The situation becomes more complicated if the electrocatalyst happens to be non-noble 

transition metals where the formation and involvement of the oxide layers even further 

complicate the mechanism [2, 3]. In this work ORR was studied on copper in 1M NaOH 

solution in a wide range of potential and effect of copper oxide formation has been 

investigated on the kinetics and mechanism of ORR. 
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Materials and methods: 

Sodium hydroxide used in this work was analytical grade Merck product and oxygen was 

99.9% pure provided by a local supplier. Water was deionized and distilled and subsequently 

de-oxygenated by purging with nitrogen (99.99%). Cylindrical copper of 99.99% purity was 

placed in Teflon holder exposing circular areas of 0.283 cm2. Experiments were conducted in 

a conventional thermostated three electrode cell with copper forming the working electrode. 

Its potential was monitored against a glass frit separated SCE and a large platinum plate 

forming the counter electrode. The cell was powered by a VoltaLab PGZ100 

Potentiostat/Galvanostat run by a PC through its commercial software's. 

 

Results and discussion: 

Fig. 1 shows current-potential curves for ORR on copper in O2 saturated 1M NaOH solution 

at 27 C obtained over a range of rotation rates (200–1000 rpm) where 5 minutes time delay 

at open circuit potential employed between voltammograms. The kinetic analysis of curves 

has been carried out using the Koutecky-Levich Eq. 

2 2 2

2 3 1 6 1 2

1 1 1 (4)
0.62O O Oj nFkC nFD C
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Fig. 1. Current-potential curves for ORR on copper rotating-disc electrode in O2 saturated 1M NaOH solution at 

27 C with 5 minutes time delay at open circuit potential between consecutive cycles. Potential sweep rate is 40 

mV/s. 

 

Conclusions: 

On the basis of the experimental findings it is concluded that direct oxygen reduction is 

accompanied by the electrochemical reductions of copper oxides which formed during time 

delay at open circuit potential. The number of electrons transferred per O2 molecule obtained 

on different copper surface is close to 4 on oxide free copper surface and gradually decreases 

to 2 when the oxide layers cover the copper surface. Also calculation of rate constant of 

oxygen reduction on copper surface, demonstrated a faster kinetic of reaction on oxide free 

surface of copper. 
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Introduction: 

Carbon dioxide is now known to be a major cause of global warming because it is the largest 

contributor to the green house effect. According to National Oceanic and Atmospheric 

Administration (NOAA), atmospheric concentrations of CO2 increase each year by about 2 

ppm [1]. Photosynthesis, photocatalytic and electrochemical reduction of CO2 seem to be 

three of the most effective methods for the procssening and recovery of the air carbon based 

sources. Since CO2 is the most stable and the most oxidized state of carbon, the 

transformation of CO2 to other compounds is fundamentally an energy requiring reduction 

process [2]. Direct electrochemical reduction of CO2 on various bare metalic electrodes 

requires large overpotentials (more negative than -2 V vs saturated calomel electrode) [3]. It 

is therefore important to search for active electrocatalysts which can mediate electrochemical 

reduction of CO2 at lower potentials. Numerous transition-metal (mainly Co and Ni) 

complexes, such as macrocyclic cobalt or nickel, cobalt phthalocyanine (CoPc), or porphyrin, 

have been reported to have such catalytic effects[3]. 

In this study, the electrochemical reduction of carbon dioxide by Cobalt-dimethylglyoxime 

complex [Co(DMG)2ClPy] in acetonitrile solvent investigated.  
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Materials and methods: 

All chemicals were analytical grade reagents and were purchased from Merck. Purity of 

nitrogen and carbon dioxide was % 99/999. The Co(DMG)2ClPy solution was 1mM and 

0.1M of tetrabutylammonium perchlorate used for electrolyte salt. 

 

 

Apparatus: 

Electrochemical studies were carried out using an Autolab potentiostat (PGSTAT30). A 

conventional three-electrode cell was used, comprising Ag+/AgCl wire  as the reference 

electrode, a graphite rod as the counter electrode and glassy carbon (5mm in diameter) as the 

working electrode. 

 

Result and discussion:  

As shown in figure (1-B), CO2 reduction was performed at a constant potential -1.6 V (vs 

Ag/AgCl) at Cobalt-dimethyleglyoxime complex in the CO2-saturated solution. In 

non-aqueous medium, carbon monoxide, oxalic acid and formic acid were mainly produced 

from CO2 reduction [4]. Valuable substance can produced by adding an proton source in 

solution by following equations (1-4):  

CO2 + H+ + 2e-              HCOO-  (1) 

CO2 + 2H+ + 2e              CO + H20            (2)                              

CO2 + 6H+ + 6e              CH3OH + H2O    (3)                              

CO2 + 8H+ + 8e              CH4 + 2H2O      (4) 
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Conclusion: 

The electrochemical reduction  of CO2 into useful substances can be achieved  using an 

appropriate elctrocatalyst which lower over potential of CO2 reduction process. We have 

successfully used cobalt complex for the catalytic reduction of CO2 in an ACN-based 

electrolyte in positive potential than standard potential reduction of CO2.  

Reference:                                                                                                  
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Figure 1. CVs of Co(DMG)2ClPy (1mM) under N2 (A)and CO2 (B). Scan rate:
100mv/s. Supporting electrolyte: TBAP (0.1M) in acetonitrile 
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Introduction:  

Glucose is most abundantly found monosaccharide in nature and complete oxidation of 

glucose produces very high energy( 2.87 106 J/mole). To derive useful energy from 

glucose, directconversion of chemical energy to electrical energy is the best option. In 

electrode preparation for glucose oxidation, different parameters such as catalyst loading 

[1-3], metal percentage [1], are influencing on electrode performance. In this paper effect of 

different loading of metal catalyst on glucose oxidation was studied. 

 

Experimental 

Two electrodes were prepared by immobilizing platinum on Vulcan with Pt/Vulcan ratio 5% 

and 10%. An aqueous solution of K2PtCl6 was prepared and glucose, as protecting agent, and 

Vulcan were added. A freshly prepared NaBH4 solution was added drop wise under vigorous 

stirring condition and a black colloidal dispersion obtained. Then electro catalyst was 
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prepared by mixing catalyst, distillated water, Isopropyl alcohol and PTFE. After 

electrocatalystpreparation, it was coated on Carbon paper. The electrochemical experiments 

were performed in a three-electrode cell arrangement. A platinum sheet was used as counter 

electrode, while all potentials were measured with respect to Ag/AgCl electrode. 

Electrochemical experiments were carried out using Zahner Electrochemical systems.  

 

Results: 

The electro catalytic performance of the electrode was investigated by Cyclic Voltammetry 

(C.V) and electrochemical Impedance Spectroscopy (E.I.S), Linear Sweep Voltametry 

(L.S.V) respectively. The result indicated that pt10%/Vulcan (loading 1.5 mg/cm2) a good 

electro catalytic activity toward the oxidation of glucose. Compared to the pt 5%/Vulcan 

(loading 0.5, 1 mg/ cm2), which displayed a low activity for glucose oxidation 
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Conclution:  

The  pt10%/Vulcan (loading 1.5 mg/cm2)  is the best electro catalytic activity toward the 

oxidation of glucose.   
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Introduction: 

A newly fabricated polymer electrolyte membrane (PEM) fuel cell usually needs a activation 

period to be activated and reach its best performance [1]. Activation procedures could be 

understood as all the actions that can bring the MEA to its highest and stabilized 

performance. Many different activation protocols developed base on continues, pulse and 

cycling of the potential or current. The US Fuel Cell Council (USFCC) has established cell 

activation protocols to standardize the process [2].  

In this work two conditioning procedures to condition PEM cells, such as constant voltage 

0.6V and USFCC protocol were applied to two PEM cells. The performances of activated 

cells were studied based on polarization curves and impedance spectroscopy. Results showed 

that selection of MEA activation procedure is important in H2/air PEMFC and constant 

voltage procedure o.6V produce better performance than another.  

 

Material and methods: 
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In this study two similar MEAs were used. The MEAs were prepared with a Nafion 

membrane sandwiched between two electrodes. Both anode and cathode platinum load was 

0.38 mg cm-2. All tests were conducted on Scribner test station (model 850 C). 

Two activation procedures, constant voltage 0.6 V and USFCC protocol were used. After 

activation process at 75oC, ambient pressure and H2/air gas feed mode polarization curve, and 

EIS experiments were performed. 

 

Results and discussion:  

Fig. 1a show polarization curves of activated MEAs by constant voltage 0.6V and USFCC 

protocol.  

 

 

 

 

 

 

 

 

 

Fig 1: Polarization curve (a) and EIS spectra at 0.7V (b) of activated cells by constant voltage 0.6V and USFCC 

protocol at 75oC.  

 

The results show MEAs activated by constant voltage 0.6V have the better performance than 

another. Fig. 1b depicts the impedance spectra for PEM fuel cells in Nyquist form at 0.7V.  
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In impedance spectra at 0.7V, there is only one semicircle at high frequency, reflecting the 

kinetics of oxygen reduction reaction [3]. The diameter of the arc for activated cell by 

constant voltage is lower than that of activated cell by USFCC procedure.  

Fig. 1b also show the intersection of the imaginary impedance with the real impedance at 

high frequencies of the activated cell by constant voltage 0.6V toward another cell shifts to 

the right, so, it can be concluded that ohmic resistance of the MEA activated by USFCC 

protocol is higher than that of another MEA.  

 

Conclusion: 

In house MEAs were on-line activated using constant voltage at 0.6V and USFCC activation 

protocol. This process was studied by I-Vs polarization curves and impedance spectroscopy. 

Results showed that selection of MEA activation procedure is very important in H2/air 

PEMFC. Indeed conditioning by constant voltage procedure at 0.6 V is an effective method 

compared to USFCC activation protocols.  
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Introduction: 

One of the major troubles caused by the activity of human beings in modern societies 

is the increasing rate of global warming that can be linked to increase in the concentration of 

greenhouse gases in the atmosphere. Many attempts have been made to reduce this rate. One 

of the optimistic options that being explored for reductions in anthropogenic greenhouse 

gases emissions is using hydrogen as fuel instead of gasoline or natural gas. Different 

methods are being explored and suggested for overcoming to this problem, while the 

economic issue is one of the major concerns. About 50 percent of the word's hydrogen is 

extracted from natural gas, with about 40 percent coming from steam methane reforming that 

its cost is relatively high.[1] The electrical spark or arc discharge methods or using catalyst to 

decompose natural gas into the heavier hydrocarbons, carbon, and molecular hydrogen is 

suggested, up to date. Here we are reporting the results of some experiments that different 

catalysts were used to decompose the natural gas components into the carbon and hydrogen. 

 

Experimental: 
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All the experiments were carried out in flow system consists of a one meter tabular 

quartz reactor similar to those used previously in this laboratory.[2] The catalysts were placed 

in the tabular quarts reactor and a 43-cm-long section of the reactor was heated by a resistive 

furnace. The reactor temperature was controlled by a platinum/platinum-13%-rhodium 

thermocouple. The pressure in the reactor and also the flow rate of the reactants over the 

catalysts were controlled by BD/26.600G pressure transducer and two needle valves at the 

entrance and exit of the reactor. To analyze the products of the reactions, two GCs with flame 

ionization detector (Shimadzu GC-8A) and thermal conductivity detector (PYE Unicam 204) 

along with a 3 meter long silica gel column were used. A six-way gas sampling valve was 

used to take samples of a 3 cm3 sample loop into the gas chromatographs for analyzing. 

 

Results: 

Different experiments were carried out to determine the percentage of the reaction 

that takes place on the surfaces of different catalysts. At first, some experiments were carried 

out at the temperature range of 900K to 1000K and pressure range of 300 to400 Torr, to 

determine the amount of the natural gas, pure methane, or pure ethylene that decomposes in 

the absence of the catalysts. Then the experiments were repeated at lower temperatures (800K 

to 900K) in the presence of the catalyst and the same range of pressure. The results show an 

increase in the decomposition rate of ethylene by ~50-65 percent in the presence of catalysts.  

The effect of different catalysts like Ni-SiO2 and honeycomb form of metal nickel on the 

decomposition of the above mentioned reactants was investigated.[3,4] The results of one of 

the experiments in the presence of Ni-SiO2 as catalyst and ethylene as reactant when the flow 

rate was 3.0 Torr/min are shown in Table 1. Our results indicate ~90% of ethylene 

decomposes into the methane, ethane, carbon, hydrogen and in some extend heavier 

hydrocarbons. In some other experiments, the results indicate 20% of methane is decomposed 
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into the carbon and hydrogen when methane is passed over the surface of catalysts. The detail 

of the experiments and obtained results will be discussed at the Conference.   

 

Table 1. Concentration of the Products Produced when Ethylene Gas is Passed over Ni-SiO2 Catalyst at 848 K 

and ~501 Torr. 

Reactant Blank concentration 

(mol/L) 

Reaction mixture 

(mol/L) 

[Methane] 0.0 9.48×10-6 

[Ethane] 0.0 2.79×10-6 

[ethylene] 1.7×10-4 4.5×10-6 
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Introduction: 
In recent years, synthesis and stabilization of metallic nanoparticles has been considered by 
many researchers, mainly due to their unique properties associated with the change from the 
macro- to the nanoscale [1].Silver nanoparticles (Ag NPs) show exclusive optical, electrical, 
magnetic and chemical properties and strong biological activity because of their strong 
plasmonic absorption in the visible range and very large surface to volume ratio [2]. In the 
present study the synthesis of silver nanoparticles via low power UV irradiation of solution of 
AgNO3 in ethanol, in presence F127 triblock copolymer (PEOnPPOmPEOn) has been 
reported.  
 
Experimental Section: 
Silver nanoparticles were synthetized by an induced reduction under UV irradiation. A 
solution that was prepared by mixing the equal volume of solutions of AgNO3 and F127 in 
ethanol with specified concentration was irradiated using a low power UV lamp (6W) in a 
quartz cuvette at different exposure time, te, and at 24°C. 
 
Results and Discussion: 
Kinetic of Ag NPs formation:The colour and the extent of silver nanoparticles depend on 
exposure time and the concentration of the ethanolic solutions of AgNO3 and F127. To show 
the time dependency of silver nanoparticles formation, the solution of [AgNO3] and [F127] 
with specified concentration was irradiated by UV lamp at different exposure time. The 
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results show that the extent of Ag NPs increases by increasing the exposure time.The 
dependency of the silver nanoparticles formation to the concentrations of reactants has been 
investigated by performing two sets of kinetic experiments. In the first set of experiments, the 
effect of [F127] on the Ag NPs formation was investigated at different F127 concentrations 
and the constant concentration of AgNO3. The second set of experiments was carried out at 
different AgNO3 concentrationbut with constant concentration of F127 the results show that 
the extent of Ag NPs formation increaseswith increase in both AgNO3 and f127 
concentrations.  
 

2D maps for probing the nucleation and growth of Ag NPs:In this study the 2D maps of the 
first derivate of the absorbance with respect to exposure time over the space of exposure time 
versus wavelength has been constructed.By using this method it has been shown that for the 
band at about 420 nm the switching was observed after 2 min of irradiation. The kinetic of 
nucleation process (up to 2 min of irradiation) have fitted with a first-order rate equation 
andthe kinetic of growth process (after 3 min of irradiation) have been modelled with 
different kinetic modelsbut the best fitting was obtained with second-order rate equation. 
 
Conclusion: 
UV irradiation of ethanolic solution of AgNO3 in presence of F127 is a fast and facile method 
for high yield synthesis of silver nanoparticles. The UV-vis spectra of the formation of Ag 
NPs show that the extent of Ag NPs increases with increase in exposure time and also AgNO3 
and F127 concentrations. It has been shown that the 2D map technique can be used to find the 
switching time.The advantage of the present study in comparison with the previous works [3] 
is the formation of the higher extent of silver nanoparticles from the more dilute solution by 
using a lower power UV lamp (6W) in the short UV irradiation time. 
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Introduction:  
Cleavable surfactants are amphiphiles in which a weak linkage has been deliberately inserted, 
normally, but not always, between the hydrophobic tail and the polar headgroup. The main 
objective behind the development of cleavable surfactants is to improve the rate of 
biodegradation and the rate of biodegradation has been studied for several of the surfactants 
[2]. pH labile linkages in surfactants result in special applications in industry and biological 
science such as targeting drug delivery, gene therapy and … [3]. The viscosity of surfactant is 
greatly related to the size, shape and organization of micelles in solution [4]. In this article 
aggregation behavior of ester-containing gemini surfactant 'dodecyl betainate gemini (s=3)' 
which is new synthesized surfactant was investigated using viscosimetry and dynamic light 
scattering.  
 
Methods: 
Dynamic light scattering were performed with Malvern instrument (model ZEN3500,UK). 
All measurements were performed immediately after solution preparation. For each 
measurement, the refractive index and viscosity of the solutions were determined. The 
refractive index was determined using a Kr ss digital refractometer model DR 201-95. 
Viscosity measurements were carried out using an Ubbelohde viscometer, suspended 
vertically in a thermostat. In order to check the reproducibility, the time of fall for every 
viscosity measurement was noted at least three times.  
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Results and Discussion: 
For the first guess of shape and size of aggregations formed, different concentration of 
dodecyl betainate gemini (s=3) before and after critical micelle concentration (CMC) were 
prepared and viscosity was measured.  It was found at concentrations higher than around 30 
mM viscosity change dramatically with increasing the concentration. The effect of NaBr on 
viscosity was also investigated and it was found at concentration  0.5 mM the viscosity is 
similar to pure solutions, but at concentration NaBr=5 mM, viscosity increase dramatically. It 
is indicating that there is probably a phase transition from spherical micelles to cylindrical 
micelles. To confirm this guess, size and zeta potential of these solutions were determined 
with dynamic light scattering (DLS). The results of DLS show that dodecyl betainate gemini 
(s=3) form micelles around 2 nm and the addition of salt causes growing of micelles up to 
12-18 nm. 
 
Conclusions: 
Addition of salt has considerable effect on aggregation behavior of dodecyl betainate gemini 
(s=3).The result of DLS confirm the result of viscosity. By tuning the concentration of 
surfactant and also the salt we can determined the conditions that a phase transition occur. 
This phenomenon makes this cleavable surfactant interesting for applications such as 
targeting drug delivery. 
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Abstract: 
The periodic mesoporousorganosilica is built from bridge organosilanes of type 
(R’O)3Si-R-Si(OR’)3 wherein organic groups R, are homogeneously distributed throughout 
the stable inorganic framework [1-2]. Very recently, we have demonstrated for the first time 
that an ionic liquid based periodic mesoporousorganosilica (PMO-IL, scheme 1) is an 
effective and powerful support for the immobilization and stabilization of Pd nanoparticles on 
the Suzuki-coupling reaction in water [3], and the aerobic oxidation of alcohols [4]. We have 
also investigated the use these materials in order to immobilize Yb(OTf)3-pypox catalyst 
system in the enantioselectiveStrecker reaction of imines with trimethylsilyl cyanide 
(TMSCN) to afford the corresponding chiral -aminonitriles [5]. In continuation of this 
study, herein, we wish to disclose that a novel ruthenium-supported catalyst comprising 
PMO-IL material (Ru@PMO-IL) is a highly efficient catalyst for the selective oxidation of a 
wide variety of alcohols, including not only benzylic and allylic, but also alicyclic and 
aliphatic alcohols in the presence of molecular oxygen/ or air as the oxidant . 
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Introduction: 
Organic-inorganic hybrid materials are the most attractive compounds for coatings due to the 
combined properties of organic polymers such as processability, flexibility, low density and 
those of inorganic materials such as thermal stability and high hardness. The properties of 
nanocomposites are dependent on the size and shape of dispersed phase as well as interaction 
of two phases. Compatibility and interaction of two phases govern optical and mechanical 
properties. Inorganic nanoparticles can be dispersed in organic matrix physically.  
Alternatively they can be connected to the matrix with strong bonds. In the mean time 
connection of two phases with covalent bond is the most favorable method. In sol-gel process 
a network former such as tetraethyl orthosilicate (TEOS) take apart in the hydrolysis and 
condensation reactions and form inorganic network.  An organoalkoxide can play the role of 
coupling agent and connect inorganic network to the organic one.  Sol-gel type hybrid 
coatings provide several advantages such as : i) low temperature synthesis while yielding 
highly pure homogenous metal oxide materials., ii) low toxic solvent is used  iii) desirable 
size and shapes can be obtained and iv) it is  possible to have coating with high inorganic 
content. 
Polycarbonate is a thermoplastic engineering polymer that has good properties such as high 
transparency, low density and high toughness. But low hardness causes PC to lose 
transparency when scratched. In plastic coating such as polycarbonate increasing of 
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temperature higher than Tg leads to curvature. Therefore, UV curable organic resins can be a 
good alternative. UV curable resins such as urethaneacrylate can create properties of organic 
coatings such as flexibility and barrier properties. The energy of UV irradiation can cure 
organic part and in the same time condense the sol-gel part.  
The aim of this work is the study of the role of coupling agents on the structure and 
morphology of silica phase. The effect of this morphology on the mechanical properties of 
hybrid coatings used for PC has been discussed. 
 
Materials and methods: 
Tetraethyl orthosilicate (TEOS) from Wacker was used as the inorganic network former. 3- 
methacryloxy propyl trimethoxy silane (MEMO) supplied by Degussa  was used as the 
network modifier. Both precursors were used as received without any purification. The 
organic part of the network contained urethane acrylate oligomer and acrylic monomers 
purchased from Cytec (Netherlands). An amine type co-phtoinitiator and photoinitiator were 
supplied by Merck. Hydrochloric acid (37%) and ethanol were also provided by Merck. 
 
Apparatus: 
A Brucker FT-IR spectrophotometer with a resolution of 4 cm-1 was used to study the 
chemical structures of hybrid coatings. SAXS measurements were performed on a PW1700 
x-ray scattering instrument using a copper radiation with  = 0.154 nm and pinhole 
collimation of the incident beam. Dynamic mechanical thermal analysis was carried out by 
means of a Tritec2000. Nano scratch test performed by using triboscop apparatus.  
 
Result and discussion: 
Storage modulus is indication of the strength of materials against deformation in different 
temperature under oscillation forces [1]. Therefore, higher storage modulus means that 
coating can resist deformation. Increasing TEOS: MEMO ratio increases storage modulus. 
This can be attributed to a more compacted structure of silica phase in high TEOS:MEMO 
ratio that can create stronger structures. The Guinier and Porod plots of SAXS data for the 
hybrids showed a linear region, the Rg and D obtained from the slopes of the curves are listed 
in Table 1. Results show that by increasing in TEOS/MEMO mass fractal dimension 
increased that confirmed more compact structure of inorganic nanodomains[2]. Also, more 



15th Iranian Physical Chemistry Conference 
 

University of Tehran, Tehran, September 3-6, 2012 

 

65 

compact structures have smaller size. these facts, causes that these structures show higher 
mechanical and thermal properties such as elastic modulus and Tg. FTIR spectra confirmed 
SAXS data and a peak at 560 cm-1 that have been attributed to structural defect in silica 
network, appear when TEOS/MEMO decrease.  Scratch test showed that increasing in 
elastic modulus increase scratch resistance of coatings. 

Table 1. Gyration radius and fractal dimension of the hybrids coatings. 

Gyration radius  Rg 

(nm) 

Mass fractal 

dimension (Dm) 
samples  

29 1.1 T20I50  

24.34 1.24 T50I50  

17.8 1.56 T80I50  

 

Conclusion: 
Incorporation of nanosilica phase into organic phase can improve thermal and mechanical 
properties of coatings. Morphology of hybrid coating plays a crucial role in determination of 
nanocomposites. Coupling agent can compatibilize organic and inorganic phases but must be 
used in appropriate levels.  
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Introduction: 
Valsartan drug used orally for the treatment of hypertension, exhibits a low bioavailability 
(23%), probably related to its poor water solubility. According to the Biopharmaceutical 
Classification Scheme, Valsartan is a water-insoluble, lipophilic and highly permeable 
compound. Therefore, it is possible to improve the Valsartan  bioavailability by increasing 
its apparent solubility in water through Nanoemulsion and Microemulsion [1, 2]. The aim of 
this study is to design and develop Nanoemulsion and Microemulsion of Valsartan for 
enhancing its solubility, hence the oral bioavailability. 
 
Materials and methods: 
In this research work, first of all the In order to formulation of Nanoemulsion and 
Microemulsion system in water, the Ipm as oil phase, Tween 80 as surfactant, and Isobutanol 
as co-surfactant were selected. For this system Pseudo-ternary phase diagrams was 
constructed to identify the Nanoemulsion and Microemulsion existing zone (Fig1-b). 
Microemulsion was prepared by water titration method. Required quantity of Tween 
80,Isobutanol,IPM by distilled water with continuous stirring until a transparent and 
homogenous Microemulsion is produced. 



15th Iranian Physical Chemistry Conference 
 

University of Tehran, Tehran, September 3-6, 2012 

 

67 

Nanoemulsions were prepared by a homogenization-sonication technique [3] by gradual 
addition of the aqueous phase to the oil phase . Rapidly  using a magnetic  stirrer and 
followed by bath sonication to yield the  Nanoemulsion. 
 an excess amount of Valsartan was added to Microemulsion and Nanoemulsion formulation 
then shaken for 12h at 500 rpm and the supernatant layer was separated and subjected to 
centrifugation at 3,000 rpm for 15 min in order to remove the undissolved drug.Concentration 
of Valsartan in the samples was quantified spectrophotometrically in a UV-visible. 
Spectrophotometer. 
 
Result and discussion:  
From the ternary phase diagrams shown in Figure 1, it was concluded that highest 
Microemulsion zone was achieved for the systems with 2.4:1 ratio of Tween 80: Isobutanol. 
The obtained data confirm enhanced solubility of Valsartan in optimized Nanoemulsion and 
Microemulsion as compared to its respective individual ingredients. 
 
Conclusion: 
Nanoemulsion and Microemulsion technique with proposed formulation led to improvement 
in Valsartan availability, suggesting the potential for technique's use as a topical vehicle for 
Valsartan delivery. 

 
Fig. 1.a) Picture of a Nanoemulsion (left) and a Macroemulsion (right); b) Pseudo-ternary phase diagrams for 

IPM, Tween 80/ Isobutanol ratio of 2.4/1,Water 
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Introduction: 
Over the past decade, molecular devices have received significant attention owing to their 
great potential applications in atomic-scale circuits. Many interesting physical properties 
have been predicted theoretically and verified experimentally, such as negative different 
resistance (NDR), molecular rectification, and field-effect characteristics, etc [1]. One 
extensively employed method for theoretical study of molecular junction is based on density 
functional theory combined with  non-equilibrium Green’s Function technique 
(NEGF-DFT). Molecular junction is an open, semi-infinite, non-periodic, non-equilibrium 
system [2].To get the molecular rectification, the electron donating groups and electron 
withdrawing groups (F, CF3, Me, OMe, NMe2) are placed on the different position of the 
Diphenyl ethynylene (DPE) molecular wire.  
 
Computational method: 
 

1.Geometry optimization: 
In order to obtain a stable molecular structure, all models were optimized at the B3LYP level 
with LANL2DZ basic sets by using Gaussian03 program.Each of them was then sandwiched 
between two equilateral triangles of Au atoms. The geometries of the isolated molecules were 
extracted from the optimized extended molecules and then translated into the central region 
between the two Au (111)–(3×3) electrodes. 
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2. Electron transport calculation: 
The electron transport properties of the Au/molecule/Au systems were investigated using the 
ATK 11.2.2 program which is based on density functional theory (DFT) combined with the 
first principle non-equilibrium Green/s function (NEGF). The current–voltage (I–V) 
characteristics were obtained from the Landauer – Büttiker formula, 

  
Where 2e2/h is the conductance quantum G0, and f is the Fermi function. L, R are the 
electrochemical potentials of the left and right electrodes, respectively : L(Vb)= Ef  – eVb  2 
and R(Vb)= Ef  + eVb  2 . Ef is the Fermi energy of the electrode.  The energy range [ L(Vb), 

R(Vb)] contributing to the current integral was defined as the bias window. T (E, Vb) is the 
total transmission coefficient [3]. 
 
Result and discussions: 
The computed electron transport properties of the two systems DPE (a) and DPE-2NMe2 (b) 
are plotted in Figure1.The results Show that the anchoring group plays a crucial role in the 
conductivity of the molecular junctions. The current–Voltage (I–V) characteristics, 
conductance, rectification ratio and negative differential resistance (NDR) properties of these 
molecules were investigated systematically. The results were analyzed by the electronic 
structures of the isolated molecules, transmission coefficient, Molecular Projected 
Self-consistent Hamiltonian (MPSH), Partial Density Of State (PDOS) and Potential drop of 
the Au/molecule/Au systems.  
                                                                A 
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Figure1. (A) Schematic 

illustration of molecular 

junctions (a) and (b), (B) I–V curves 

in the bias range from –4.6 to +4.6 

V, (C) Differential conductance 

(dI/dV) versus voltage curves, (D) 

Rectification ratio (R) as a function of 

applied bias voltage, R(V) is 

defined as R(V) = I(+V) / I(–V) , 

(E) first row, Spatial distribution of MPSH states of molecule system (b) at ±4.2 V bias, and second row, the change of the 

charg-density distribution, and potential drop across the molecule induced by applied voltages bias of -2.2V and -4.2V 

respectively . The chemical potential of the right electrode is negative and that of the left electrode is positive. 
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Introduction  
Metal-organic frameworks (MOFs) represent a new class of hybrid organic-inorganic 
supramolecular materials comprised of ordered networks formed from organic electron donor 
linkers such as carboxylates or aminesand metal cationssuch as Zn+2.[1] They can exhibit 
extremely high surface areas, as well as tunable pore size and functionality, and can act as 
hosts for a variety of guest molecules. Since their discovery, MOFs have enjoyed extensive 
exploring, with applications ranging from gas storage to drug delivery to sensing.[2]The 
topology of MOFs is intimately related to both the coordination environment favored by the 
metal ion and the geometry of the organic “linker” groups, which together form so-called 
secondary building units that establish the network symmetry. These characteristics further 
distinguish MOFs from other classes of porous materials, such as aerogels, which are 
amorphous, and ordered or partially ordered materials created from block copolymers. 
Bidentatephosphonate monoesters are analogues of popular dicarboxylate linkers in MOFs, 
but with analkoxy tether close to the coordinating site. Herein, wereport 3-D MOF materials 
based upon phosphonate mono-ester linkers. Cu( 1,4-benzenediphosphonate bis 
(monoalkylester), CuBDPR, with an ethyl tether is nonporous; however, the methyl tether 
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generates an isomorphous frameworkthat is porous and captures CO2with a high isosteric 
heatof adsorption of 45 kJ/mol.  
 
Results  
Herein, we report two new 3-D MOFs, Cu( 1,4-benzenediphos-phonate bis( monoalkyl ester) 
, CuBDPR, R = ethyl, 1;R=methyl, 2 . Through a joint experimental and computational study, 
we demonstrate that the alkoxy tether can play a crucial role in mediating gas sorption. More 
generally, we show that phosphonate monoesters, like carboxylates, can strike a balance 
between robustness and crystallinity to form porous 3-D architectures. Compound2 shows 
preferential adsorption of CO2 over other gases and an exceptionally high Hads(45 kJ/mol) 
for CO2. 
 
 

 
Figure 1. (a) The dianionic ligand, BDPR, where R = Et or Me.(b) Single crystal structure of one column of 

CuBDPMe, 2 (1 is similar),showing the bidentate coordination of the phosphonatemonomethy-lester and the 

4-coordinate geometry of Cu. (c) 1-D pores in 2 with solvent accessible voids (1.2 Å probe ingold). In c, one 

channel is shown in a space filling representation. 

 

Figure 1 shows the structures of both compounds 1 and 2. The crystal structure of 1 showed, 
formation of a 3-D network with channels. In 1, the ethyl groups of the phosphonate esters 
protrude into the pores restricting the aperture to ~4.5 Å. The channel walls are decorated 
with the ethyl groups of the ligand and the CuO4 metal cores. 
For compound 2, a modest uptake of CO2 at ambient temperatures was observed (Figure 2), 
30.9 cm3(STP)/g, 1.38 mmol/g, 6.06 wt% at 273 K and 1200 mbar. This equates to a loading 
of 0.45 CO2 per Cu center. At zero loading, indicative of the highest energy sites, the Hads 
was calculated at 45 kJ/mol, a high value for a physisorptive process. 
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Figure 2. Comparison of experimental and simulated 

CO2 adsorption isotherms at 273 K, where the 

geometry of the methoxy groups have been altered 

from the X-ray structure in silic 

 

 

 
 
GCMC simulations were performed on 2 using the UFF parameters[3] and REPEAT[4] 
charges. The simulated isotherm using the X-ray structure of 2 is shown in Figure 2 (red) and 
was found to underestimate the CO2 uptake by approximately 25% throughout the pressure 
range examined. Since the GCMC simulations used here to only allow for a fixed MOF 
framework, it was thought that this approximation may be responsible for the underestimated 
CO2 uptake 
All structures optimized to geometries in which the CO2 molecules were oriented roughly 
perpendicular to the hypothesized end-on bridging mode. One key experimental observation 
supporting the lack of direct interaction of CO2 with the Cu sites is that in the crystal 
structure, although the Cu centers are 4-coordinate, there is no ligated water. Figure 3 shows 
the CO2 oxygen atom probability distribution resulting from a GCMC simulation at 1 atm 
CO2 and 273 K. The plots show that there are four symmetrically equivalent binding sites in 
the unit cell. The guest molecules align along the channels with either the carbon or oxygen 
of the CO2 at the midpoint between the methyl groups.The present study shows that 
phosphonate monoesters can balance crystallinity and permanent porosity giving a structure 
(2) accessible to CO2 with a heat of adsorption measured as 45 kJ/mol. Moreover, the alkoxy 
group represents a mechanism for regulating porosity by both modifying the pore but also by 
potentially acting in a dynamic manner as a gate for guest diffusion. Further studies are 
ongoing. 
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Figure 3. Probability density plots of the CO2 oxygen atom in a unit cell of 2 at 1 bar, 273 K from simulation.  
In a) probabilities along the c-axis are projected onto the a-b plane while in b) probabilities along the b-axis are 
projected onto the b-c plane. A green CO2 molecule is shown in a) for reference. 
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Introduction: 
Room-temperature ionic liquids (RTILs) are salts in liquid phase [1]. The advent of the 
Car-Parrinello (CP) method in 1985 enabled one to use a quantum mechanical description of 
the electronic degrees of freedom combined with a classical phase space trajectory involving 
a fictitious electronic mass parameter [2]. Several ab initio molecular dynamics (AIMD) 
studies of pure IL can be found in the literature but the number of AIMD studies of IL/Water 
mixture is limited [3]. Seeking some details of mechanism and the extent of water miscibility 
of ILs with different nature we performed CPMD and Classical MD simulation calculations 
for pure bulk ILs and binary ILs/Water systems including hydrophobic [C4mim][PF6] and 
hydrophilic [C4mim][BF4] ILs. 
 
Methods: 
Car-Parrinello molecular dynamics simulations were performed with the CPMD code for neat 
water, pure bulk of each IL, and mixture of each with water. The general gradient-corrected 
density functional BP86, together with norm-conserving pseudopotentials. The electronic 
orbitals were expanded in a plane wave basis set with an energy cutoff of 100 Ry. All the 
CPMD simulations were performed using a fictitious electron mass of 800 au and at 298.15 K 
for 40 ps. 
Results and Discusions : 
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CPMD approach was carried out for pure [C4mim]PF6 and [C4mim]BF4 ionic liquids and 
their mixtures with highly dipolar water solvent in order to study admixing mechanism as 
well as hydrophobic and hydrophilic interactions from an electronic point of view. First DFT 
results were analyzed on isolated ion pairs with various methods of assigning partial charges 
to the atomic centers. Next the trajectory of a 40 ps long Car-Parrinello MD were analyzed 
under bulk conditions. Water molecule influences the hydrophobic and hydrophilic ionic 
liquids to a different extent, which can be evidently probed by the atomic charges of 
partnering constituents (Figure 1). The reduction in simulated dipole moment of water upon 
admixing with hydrophilic ionic liquid is larger than with hydrophobic one, and roots from 
stronger electrostatic screening (Figure 2). Water molecules tend clustering when mixed with 
[C4mim]PF6, and upon admixing with [C4mim]BF4 they are essentially interact with anion 
while keeps residing on the imidazolium ring (Figures 3). The sketch of the density profiles 
of atoms and the spatial distribution of water and anion molecules around cation is also 
calculated (not shown here).   

 
 
 
 

                                        
     
 
 
                                                                               
Conclusions: 

When mixed with water, the average charge on each F atom in 4BF  (in 6PF ) anion is 

-0.3261e (-0.1820e). The simulated charge on each H atom of water (0.3290 e) can be found 
evidently responsible for the effective FH  interaction in [C4mim]BF4 but ineffective in 
[C4mim]PF6. The fluctuation in molecular dipole moments in the CPMD ensemble of 
IL/Water mixture has been used to monitor the change in average dipole moment of water. 
These results and more detailed considerations provide insight into the hyrophilic and 
hydrophobic character from an electronic point of view. 

Figure 3: Comparison between 
RDF of OW HW

Figure 1:Comparison of ESP  
partial charges of anion

Figure 2: Simulated (CPMD) 
dipole moment distribution
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Abstract: 

In this work, experimental solubility and tie-line data for the (water + formic acid + 

1-decanol) system were obtained at T = 323.15 K and atmospheric pressure. Data for the 

binodal curves were determined by cloud-point titration method. The concentration of each 

phase was determined by acidimetric titration, the Karl–Fischer technique, and refractive 

index measurements. A type-2 LLE phase diagram was obtained for this ternary system The 

experimental tie-line data were compared with those correlated by the NRTL model and the 

binary interaction parameters were obtained. 

 

Keywords: Liquid-liquid equilibrium; Tie-line data; Formic acid; 1-Decanol; NRTL model; 

Separation factor. 

 

Introduction: 

Formic acid is the simplest carboxylic acid which is an important intermediate in chemical 

synthesis. It is principally used as a preservative and antibacterial agent in livestock feed, but 

furthermore it is used to process organic latex into raw rubber, in the textile industry, for the 
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tanning of leather [1], This work presents the LLE data for (water + formic acid + 1-decanol) 

ternary system at 323.15 K, the phase compositions and tie-line data were measured for the 

first time. Distribution coefficients and separation factors were determined from the tie-line 

data, in order to evaluate the extracting ability of the solvent for the separation of (water + 

formic acid) mixture. The experimental LLE data were correlated with the non-random 

two-liquid (NRTL) model [2], and the values of the interaction parameter were obtained. This 

model has been successfully applied for the correlation of several ternary systems. 

 

Methods: 

1-Decanol with stated mass fraction purity higher than 0.99 was obtained from Merck .For the 

study of the equilibrium data, analytical grade Formic acid containing 98 wt% (Merck) was 

used. The purity of the acid was checked through acidimetric titration with 1 N NaOH. 

A 250 cm3 glass cell connected to a thermostat was used to measure the LLE values at 323.15 

K .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 4 h at constant system temperature 

to separate completely into two liquid phases . 

 

Results and discussion: 

The system exhibited type- 2 phase behavior, having only two liquid pair of partially miscible 

(water + 1DEC) and (FA + 1DEC) one pairs of completely miscible (water + FA). The area of 

the two-phase region depends on the solubility of water in organic phase. 1DEC with high 

boiling temperature has very low solubility in water, so it may be considered as a good 

candidate for liquid–liquid extraction process. To indicate the ability of the solvent in the 

recovery of formic acid, distribution coefficients for water (D1=x13/x11) and formic acid  (D2 

= x23/x21) and separation factors (S) were calculated from experimental data. x 13 and x23 are 
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the mole fractions of water and formic acid in organic rich phase, respectively. x11 and x21 are 

the mole fractions of water and formic acid in aqueous phase, respectively. The separation 

factor is defined as the ratio of distribution coefficients of formic acid (2) to water (1), S = 

D2/D1. 

 

Conclusions: 

Liquid-liquid equilibrium data for the (water + formic acid + 1-decanol) ternary system were 

determined at T = 323.15 K. The separation factor and distribution coefficient for the organic 

solvent used in this work were calculated. The experimental results indicate that 1DEC has 

high separation factors, indicating the ability of the solvent to extract formic acid from water. 

The consistency of tie-line data was verified by applying the Othmer-Tobias and Bachman 

equations. The NRTL model was used to correlate the experimental LLE data. The RMSD% 

values in the correlation by NRTL for the ternary system over the temperature range of 

323.15 K were found to be 0.88%.  
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Introduction: 

Amino acids are the building blocks of other biomolecules such as peptides and 

proteins; therefore for their separation process it is important to study their behavior in 

aqueous systems containing electrolytes [1]. One of the thermodynamic properties of aqueous 

amino acid solutions is water activity which is an important 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.  

The aim of the present essay is to present experimental data on vapour-liquid equilibria using 

isopiestic method for binary aqueous solutions of L- serine, and the effect of ionic liquid on 

the activity coefficient of L-serine in aqueous solutions at 298.15 K.The results have been 

used to calculate the activity cofficients of all component in binary and ternary 

systemes,using original pitzer equations[2] and modified pitzer for electrolyte+polar 

non-electrolye mixtures[3]. 
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Materials: 

L- Serine (>0.99) and was obtained from Merck. The amino acid were used without 

further purification, and double distilled, deionized water was used.Ionic liquid [Cmmim][Cl]  

was  prepared  and  puri ed  using  the  procedure described  in  the  literature . 

 

Apparatus and Procedure : 

In this study, the isopiestic method is used to obtain the activity of water in aqueous 

(serine +IL) solutions. It is based on the phenomenon that different solutions, when 

connected through the vapour space, approach equilibrium by transferring solvent mass by 

distillation. Equilibrium has been established once the temperature and pressure are uniform 

throughout the system, provided that no concentration gradients exist in the liquid phase. 

Equality of the solvent chemical potential implies the equality of the solvent activity. Since 

the solvent activity is known for one or more standard solutions, it will be known for each 

solution within the isopiestic system. 

 

Results and Discussion: 

From the calculated osmotic coefficient data, the activity of water solutions and the vapor 

pressure of this solution were determined at isopiestic equilibrium molalities.               

From the water activity data, activity coef cients of all component in binary and ternary 

systemes,using original pitzer and modified pitzer equations for (electrolyte + polar 

non-electrolye) mixtures were obtained. 

 

Conclusion: 

The accurate water activity and osmotic coefficient of the ternary systems contaning 

1-carboxymethyl-3-methylimidazolium chloride [Cmmim][Cl]+L-serine  and their 
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corresponding binary L-Serine aqueous solutions  have been measured at 298.15 K. The 

experimental osmotic coefficient data were fitted satisfactorily to the Pitzer,modified 

Pitzer.The parameters obtained with the modeles were adopted to calculate the activity 

coefficients.The result show that there is a salting in effect between the molecules of  

[Cmmim][Cl]and L-Serine.The effects of electrolytes on the activity coefficient of an amino 

acid can be attributed to the formation of ion-pair coplex between the ions in the solution and 

the charged amino and carboxyl group of the amino acid. 
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Introduction: 

The major contaminants of livestock effluent are nitrogen and organic matters; however it 

may contain other contaminants such as potassium, phosphorus and growth factors 

(hormones and heavy metals) or acute contaminants such as pharmaceuticals.Much attention 

has been recently devoted to the fate of pharmaceutically active compounds such as 

antibiotics in soil and water. Among them,tetracycline (TC) and tylosin (TYL) antibiotics 

were shown to be poorly biodegradable and toxic for microorganisms.Application of 

Ag1+-catalyzed peroxydisulfate, as an advanced oxidation process, introduces an effectual 

method for wastewater treatment. The advanced oxidation processes (AOPs) based onthe in 

situ generation of reactive OH radical is applied. Thisradical species can quickly and 

nonselectively oxidize a broadrange of organic pollutants. An accelerated reaction using 

S2O8
2 to destroy antibiotics can be achieved via chemical activation with Ag1+ to generate 

sulfate radicals (SO 4 ). In this work ,Silver ion (Ag1+) -catalyzed peroxydisulfate was 

studied for the degradation of Tylosin in an aqueous medium.The effect of different 

parameters, such as temperature,peroxydisulfate concentration, and Ag1+ concentrations, 
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were investigated. Degradation efficiency was not considerable when using peroxydisulfate 

alone. Studies revealed that increases in temperature and in the initial concentrations of 

peroxydisulfate and Ag1+ up to 100 mM and 0.4 mM, respectively, enhanced pollutant 

degradation. 

 

 

Materials and methods: 

Tylosintartrate (98% of purity) were obtained from Razi(Iran).Silvernitrate was obtained 

from AppliChem and ammonium peroxydisulfate from Merck. The solution was immediately 

prepared before the measurements to avoid a change in concentration due to 

self-decomposition.Added to the pollutant-and-Ag1+ solution in a glass bottle was 50 mL of 

synthetic solution containing the desired initial concentration of S2O8
2; this was mixed using 

a magnetic stirrer. The pollutant solution samples were taken at the desired time intervals and 

were analyzed with a UV/Vis spectrophotometer (Shimadzu UV-160) at max = 305 nm with a 

calibration curve based on the Beer-Lambert law. The efficiency of pollutant removal was 

expressed as the ratio of Ctto C0, as in Eq.(1), where C0 is the initial concentration value of 

pollutant and Ctis the concentration value of pollutant at time t. 

      X = C/C0               

(1) 

 

Result and discussion: 

The degradation of Tylosin was investigated using S2O8
2 alone, Ag1+ without 

peroxydisulfate, and both Ag1+and S2O8
2, (Figure 1).There was no observable loss of 

pollutant when S2O8
2 was applied in the absence of Ag1+, andthe Tylosin removal was not 

considerable when using Ag1+ in the absence of S2O8
2.The results reveal thata considerable 
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decrease in the concentration of the pollutant occurred when the sample was oxidized by 

S2O8
2in the presence of the Ag1+ catalyst because of sulfate radicals generated due to the 

chemical activation ofperoxydisulfate with Ag1+.In addition, increasing the reaction 

temperature may significantly accelerate the Tylosin degradation. 

Figure 1.Effect of S2O8
2-/Ag+ process in removal ofTylosin. [TYL]0=50ppm, [S2O8

2-]0=100mM, 
[Ag+]0=0.4mM, pH 0=natural, T=250c. 
 
 
Conclusion: 

Application of peroxydisulfate along with Ag1+ introduces an effectual and safe method for 

oxidative removal of Tylosin at the laboratory scale. The degradation rate of Tylosin was 

shown to be dependent on the temperature and the Ag1+, Tylosin, and peroxydisulfate 

concentrations. An increase in peroxydisulfate concentration, meanwhile, enhanced the 

degree of degradation. The results indicate that degrees of degradation of Tylosin were 

obviously increased by increasing the initial concentration of Ag1+. 

 

Reference: 
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Introduction 

 In this work, a method based on the modified Enskog theory [1] (MET) and some equations 

of state have been used for calculation of the transport properties of some fluids. This method 

has already been used for n-alkanes by using an empirical equation of state (EoS) and the 

MLIR introduced by Parsafar and Kalantar [2]. 

On the basis of the Enskog theory, the viscosity ( ) of a dense hard sphere fluid is given as 

[1]: 

            

(1) 

The quantity Y is related to the hard-sphere equation of state as: 

            

(2) 
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Enskog himself proposed and formulated its application to real dense fluids by suggesting 

that the internal pressure has to be added to p in Eq. (2), because of contribution of the 

intermolecular interactions in the pressure. 

The main limitation of using the MET is lack of experimental data for co-volume, b0, that was 

substituted from hard sphere (HS) theory, and zero density transport properties was 

substituted from the kinetic theory of gases for the HS in the MET expression, because of the 

fact that dense fluids behave more and less like a HS fluid [2]. 

By substituting 0 from the kinetic theory of gases and 2/3 3 for b0 in Eq. (1), one finds that,  

              

(3) 

Similarly, for the thermal conductivity ( ), one may show that:                                              

              

(4) 

Where a, b, c, i, j, and k are coefficients which may be temperature dependent. So a quadratic 

expression for both viscosity and thermal conductivity coefficients in terms of  at high 

densities  for each isotherm is expected, where                     

 

Methods: 

To evaluate above mentioned expressions, we have used experimental values of densities and 

the transport properties to calculate Y from the differentiation of pressure given by the 

empirical equation of state, equation III [3] and LIR [4]. 
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Results and discussion: 

We have found that, the curves of   and  versus , for 

different isotherms of a fluid fall onto a common curve at high densities and temperatures, 

but the curves depend on the nature of fluid. 

The obtained coefficients of Eq. (3) are plotted versus temperature in Fig. 1, for oxygen. As 

shown in this figure, at high temperatures , the coefficients are constant for nonpolar 

molecules; however for polar molecules like water, they aren’t constant even at high 

temperatures . Owing to the fact that simple fluids behave like the HS at very high 

temperatures, such observations are expected. Similar temperature dependencies for the 

coefficients of Eq. (4) has also been observed. 

We have used this approach to predict the coefficients of Eqs. (3) and (4) for argon, oxygen, 

nitrogen and methane at different densities  and temperatures using 

their empirical EoSs [5, 6, 7, 8, 9]. 

 

Conclusions: 

By using experimental data of transport properties for one isotherm and equation III or LIR 

for calculation of  for a dense fluid, we may calculate the transport property of that fluid at 

high temperatures  in this paper. 
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Fig. 1.a,b, and c in Eq. 3. versus T for Oxygen 

 

References: 

[1] J.O. Hirschfelder, C.F. Curtiss, R.B. Bird, Molecular Theory of Gases and Liquids, John 

Wiley & Sons, New York, 1964. 

[2] G.A. Parsafar , Z. Kalantar, Calculation of the transport properties of dense fluids using 

modified 

Enskog theory and an appropriate equation of state, Fluid Phase Equilibria 253,108–117, 

2007. 

[3]G. A. Parsafar, H. V. Spohr, G. N. Patey, An Accurate Equation of State for Fluids and 

Solids, J. Physical Chemistry B, 113, 11977, 2009. 

[4] G. A. Parsafar, E.A. Mason, Linear Isotherms for Dense Fluids: A New Regularity, J. 

Phys. Chem., 97, 9048, 1993. 



15th Iranian Physical Chemistry Conference 
 

University of Tehran, Tehran, September 3-6, 2012 

 

94 

[5] Richard B. Stewart and Richard T. Jacobsen, Thermodynamic Properties of Argon from 

the Triple Point to 1200 K with pressure to 1000 MPa, J. Phys. Chem. Ref. Data, Vol.18, 

No.2, 1989. 

[6] Richard B. Stewart and Richard T. Jacobsen, W. Wagner, Thermodynamic Properties of 

Oxygen from the Triple Point to 300K with pressure to 80 MPa, J. Phys. Chem. Ref. Data, 

Vol.20, No.5, 1991.  

[7]R.Span, Erric. W. Lemmon, Richard.T .Jacobsen, W. Wagner, A. Yokozeki, A Reference 

Equation of State for the Thermodynamic Properties of Nitrogen for Temperatures from 

63.151 to 1000 K and Pressures to 2200 MPa, J. Phys. Chem. Ref. Data, Vol. 29, No. 6, 

2000. 

[8] U. Setzmann, W.Wagner, A New Equation of State and Tables of Thermodynamic 

Properties for Methane Covering the Range from the Melting Line to 625 K at pressures up to 

1000 MPa , J. Phys. Chem. Ref. Data, Vol.20, No.6, 1991.  

[9] Daniel G. Friend, James F. Ely, and Hepburn Ingham, Thermophysical Properties of 

Methane, J.Phys. Chem. Ref. Data, Vol. 18,No. 2, 1989. 



15th Iranian Physical Chemistry Conference 
 

University of Tehran, Tehran, September 3-6, 2012 

 

95 

Kinetic study of uracil tautomerization in the gas phase 

 

Sh. Ramazani*, Z. Deylami 

                                       *Department of Chemistry, Yasouj University, Yasouj, Iran 

                                                                                                          (

            Email: Z_daylami@yahoo.com)                

                                                                       

Key words: Kinetics, Potential Energy Surface, Rate Constant, Tautomerization.   

 

Introduction: 

In this research the kinetics and thermodynamic of reaction of uracil tautomers  in gas 

phase have been studied. Hydrogen transfer from Lactam to produce lactim is carried out R1. 

In R2 reaction there is also a hydrogen abstraction. Reaction scheme is shown below:      

 

 

scheme 1 

Uracil is one of the four nucleobases in the nucleic acid of RNA. It is a common and 

naturally occurring pyrimidine derivative. This tautomers is the hydrogen bond acceptor and 

can form two hydrogen bonds.  

 

Materials and methods:  

          Ab initio calculations were carried out using the Gaussian 03 program. Molecular 

geometries and harmonic vibration frequencies of all stationary points along the reaction 

pathway were calculated with the mpwb95/6-31+G* level of theory. 
PAA k*
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The rate constant of the title reaction is calculated by RRKM theory. For an unimolecular               

reaction. 

Where A* is the energized reactant, A is the activated complex, and P 

represents product.  

This rate constant, k(E), according to the RRKM theory can be expressed as: 

Where is the symmetry factor, )( EEW denotes the total number of states of the TS with 

 activation energy E , and )(E represents the density of states of the energized reactant [1]. 

 

Result and discussion: 

The potential energy surface (PES) along the minimum energy path and relative energies  

for reaction  R1 and R2 are shown in Figure1 and 2. Two transition states are found 

tautomery (TS1 and TS2). In this study we have consider lactim is an intermediate. Saddle 

point was verified to connect the proper reactant and product by performing an intrinsic reaction 

coordinate    

 (IRC) calculation [2]. Figure1 shows the intrinsic reaction coordinate (IRC) for reaction R at 

the mpwb1k/6-31+G(d,p) level. The calculated results showed this reaction is a hydrogen 

Abstraction process. The 

optimized geometries of all 

stationary points obtained ( see 

scheme 2) .                
 

 

 

  

)(
)()(

E
EEW

h
Ek
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 Scheme 2. Optimized structures of lactam (A), TS1 (B), lactim (C), TS2 (D), and lactim2 (E) at the mpwb1k MPWBlK/6-31+G(d,p)  level 

Harmonic vibrational frequencies were calculated at the mpwb1k/6-31 +G (d,p) level of 

theory to determine zero point energies (ZPE) IN R1 reaction hydrogen atom number 12 

abstracted with Oxygen atom number 7 to produce lactim. In R2 reaction hydrogen atom 

number 12 to is also abstracted with oxygen atom number 8 to produce lactim2 at this 

reaction. The potential energy surfaces (PES) for each pathway are plotted. Barrier height 

energy are 184.49 and 209.78 kJ/mol forR1 andR2 

respectively. 

 

 

 

 

 

 

 

Figure1. Potential energy surface along the           Figure 2. Relative energy ( kJ/ mol )for all                   Figure 3: Arrhenius 

Plot for R,                         minimum energy path for R reaction .           reaction at the mpwblk/6-31+G(d,p) level.        

Symbols show tunneling effect. 

 

Non-linear least-squares fitty used to calculate rate constant expressions for rate constants 

which are plotted in figure 3: 
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G and H are 57.89, 56.40 kJ mol-1 for the R reaction respectively. These 

results are shown that lactam is significant than lactim2. 
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Introduction:  

Sixty percent of dyes used in the textiles industries are azo dyes [1]. Lately, there has been 

considerable attention for the complete degradation of dyes through advanced oxidation 

processes (AOPs) that can oxidize types of organic pollutants to inorganic compound [2]. 

Recently, bismuth ferrite photocatalyst (BFO) has attracted considerable attention due to the 

narrow band-gap energy (2.1 eV) and high chemical stability [3]. 

 

Materials and methods: 

In this work, pure bismuth ferrite (BFO) as a visible-light photocatalyst has been synthesized 

via ultrasonic-assisted method at mild conditions. The structure of BFO was examined. Then, 

the photocatalytic degradation of RB5 was investigated under sun light irradiation to get 

knowledge about the potential industrial applications.  

 

Apparatus: 
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The ultrasonic irradiation with equipment operating at 20 kHz (W- 450 D), X-ray 

diffractometer (XRD, Phlips PW1800), UV–vis spectrophotometer (Unico 2800), Fourier 

transform infrared (FT-IR) spectrometer (Avatar 370) were carried out. 

 

 

Result and discussion: 

The RB5 was completely degraded in 60 min under solar light irradiation via the sample 

synthesized via ultrasound with the average crystallite size of 40 nm. The BFO have higher 

photocatalytic activities in acidic and basic medium rather than natural medium. The 

isotherm of adsorption and the kinetic and mechanism of photocatalytic degradation of RB5, 

were investigated and compared using different concentrations of dyes. Also, the 

intermediates during photodegredation were specified. 

 

Conclusions: 

The characterization data show that high mineralization and compelate degradation of RB5 

were achieved under applied conditions. The photocatalytic degradation of dye fit well with 

the Langmuir–Hinshelwood model. The relation between equilibration constants in the dark 

and in the presence of sun light irradiation was discussed. The photocatalys was stable under 

visible light irradiation after various cycles. The result of using different scavengers shows 

that the cleavage of the cromophore structure, naphthalene and benzene rings was mainly 

related to the hvb+ pathway.  
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Introduction 
 

Chemical oscillations occur in time and space when chemical reaction systems with 

non-linear kinetics are coupled to diffusion, sedimentation, dissolution, and/or adsorption 

processes. Having two or more sets of steady state conditions is the unique characterization 

of these non-linear kinetic systems. In the past three decades more than a thousand chemical 

oscillation systems have been observed either accidentally or after a clever design and 

systematic search. Larger number of steady states far from each other and with short stability 

periods may result in chaotic behavior which can be considered as superposition of two or 

more oscillations [1,2] 

In this work, a new simple oscillator based on the dissolution rates of solid NaOH coupled to 

the diffusion of the dissolved species and displacement of the acid-base equilibrium of an 

indicator, affected also by the change in the ionic strength of the solution due to the 

dissolution of NaOH. This oscillation appears, thus, as a twinkling star around the NaOH pill. 

 

Materials and Methods: 

A solution of 0.0157 M phenolphthalein (phph) in 50/50 ethanol/water is prepared. 1ml of 

this phph solution is diluted with 3ml of water and then is poured into a 7×7 cm2 flat 
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petri-dish to have a solution of about 2-4 mm depth. Next, one NaOH pill of known diameter 

is weighted and placed in the center of the petri-dish. The twinkling star starts oscillating 

appearing as the inward and outward travelling of the circular border between the colorless 

solution containing higher concentration of the NaOH(aq) and lower concentration of phph 

and the purple solution containing lower concentration of the NaOH(aq) and higher 

concretion of phph. This oscillation would continue until the entire pill is dissolved.  

A Sony camcorder model HDR-J50E/BE36 is used to film and record the color evolution of 

the chemical oscillation system. A pair of 18 W visible light projectors is used as the full 

spectrum source of light which is necessary for the RGB analysis of the oscillating system. 

To prevent interference of the neutralization of phph by the CO2 content of the air with the 

chemical oscillation, a 12M NaOH solution is placed in the reaction chamber as desiccant. 

 

 

 

 

 

Figure 1. Snapshot of one cycle of the oscillation of the twinkling star with time. The 

purple and colorless phases contain lower and higher concentrations of the  ion, respectively. 

 

Results, discussion and conclusion: 

When the NaOH is located in the phph solution, the produced ions migrate into the 

solution and react with phph and turn its color to purple. Concentration of  around the 

NaOH pill increases so that the first solution phase around the NaOH pill turns to colorless. 
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The chemical and physical processes involved in this oscillation are as follow: 

(1) 
 

(4) 

(2) 

 

(5) 

(3) 

 

(6) 

    Colorless                                        
Purple  

Purple                                        
Colorless 

 

6                 8                          10 

12                  14 

Colorless Purple Colorless 

 

According to this reaction scheme, when concentrations of and are high, they 

diffuse circularly away from the NaOH pill. The diffusion rate of  ions in the bulk of the 

phph phase is significantly lower than that in water.  At very high phph concentration, no 

oscillation can be observed because all  ions react with  species and cannot form a 

different phase. The depth of solution should also be less than the height of the NaOH pill. 

After optimization of the conditions for obtaining longer oscillations, and the highest possible 

contrast, the twinkling star oscillations are recorded and converted into an RGB matrix data. 

A routine RGB analysis is carried out to locate and follow the exact position of the border, 
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instantaneously. The spatiotemporal oscillation is then modeled based on the chemical 

kinetics/dynamics given in Equations 1-6.  
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Introduction: 

Prediction of the decomposition kinetics in different temperature profiles has applications in 
various fields such as military sciences or food science and technology. There are different 
approaches to predict degradation in different temperature profiles, one of which is using the 
DSC technique and theoretical calculations, then comparing theoretical results with 
experimental data. In this paper, a novelnmethod was proposed for predicting the 
decomposition kinetics in different temperature profiles using DSC data. 

 

Experimental: 

The thermal degradation experimentsof a typical sample(Vanadyl complex with Diamino 
propane – 3 – methoxy  salicylaldehyde as its schiff base ligand) were performed within the 
temperature range of 50 – 550 C at different heating rateson a LINSEIS STA PT-1000 DSC 
analyzer calibrated by Tin, Indium, Lead and Zinc and samples were held in Alumina 
crucibles. After data acquisition, data analyzing was done by MATLAB software. 
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Calculation: 

After extracting baselines from raw data and determining the values of (conversion), 
d /dt(reaction rate) at each heating rate [1],the variations of activation energy (Ea) and the 
multiplication of the reaction model and the frequency factor (f×A)with regard to were 
calculated using the isoconvertional Friedman mehod [2]. In order to predict the reaction 
progress diagrams, it was assumed that the value of  can be obtained at any moment (or 
temperature) by the following equation: 

 

where (T(t+ t),t+ t) equals the value of  at the isothermal T(t+ t) and at the time t+ t and 

subsequently (T(t+ t),t) equals the value of  at the isothermal T(t+ t) and the time t.Fig. 1a 
depicts experimental diagramsand calculated theoretical diagrams according to above 
equation for three different heating rates (Fig. 1b). 

 

Figure 1. (a) Experimental (points) and theoretical (lines) diagrams of conversion fraction of X thermal decomposition and (b) 

Corresponding heating rates; Each line style in plot (a) is related to same line style in plot (b) 
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Fig. 2a illustrates the predicted conversion diagram (line) for the heating rate of Fig. 2b using 
above mentioned equation and as it can be observed in Fig. 2a, the predictive and 
experimental(points) data overlap very well and the accuracy of the work is validated. 

Figure 2.(a) Experimental (points) and predicted (line) diagrams of conversion fraction and (b) Corresponding heating rate 

 

Conclusion: 

As it wasmentioned, the innovative method can be applied reliably for prediction of reaction 
progress in thermal analysis. But it must be considered that the method was examined for a 
first order phase transition and its validity for second order or lambda phase transitions may 
not be confirmed because the Friedman method which was used in our proposed method is 
applied particularly for first order phase transitions. 
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Introduction: 

 In this investigation, reaction of ethane with radical of thrichloromethane has been 

studied. This reaction is a hydrogen abstraction reaction.  

C2H6 + CCl3  C2H5 + CHCl3               

(R) 

In 1971 Hautecloque, s investigated it by IR absorption technique and reported it’s rate 

expression equal to 3.47x10-10 e-75.74 [kJ/mole]/RT (cm3 molecule-1 s-1), at 521-578 K [1]. In 1975 

Hautecloque, s reported rate expression of this reaction 3.49x10-10 e-75.74 [kJ/mole]/RT and 1.9 

(cm3 molecule-1 s-1)at 511-573 K and 550 K, respectively [2]. In 1982Matheson, I and 

Tedder, j used gas chromatography to investigated mentioned reaction at 377-523 K and 

reported its rate expression 1.66x10-12 e-59.45 [±2.38 kJ/mole]/RT(cm3 molecule-1 s-1) [3].In this study 

we investigated it theoretically. 

 

Materials and methods:  

Geometries of all species have been obtained at the MP2 level with the 6-311++G (d,p) 

basis sets. All quantum chemical calculations have been carried out using Gaussian03 
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program. Transition state along the reaction path has been searched with scanning techniques. 

Frequency test shows that transition state has one imaginary frequency and it’s reasonable. 

Rate constant of this reaction are calculated according to generalized transition-state theory 

(TST). TST explains the reaction rates of elementary chemical reactions. Original form of 

this theory was put forward in 1935, after that it was recognized that it provided a very 

valuable insight into how chemical reactions occur. The improved treatments usually have 

been referred as generalized transition-state theory. The general expression for transition state 

theory is as follows: 

 

In this equation Bk and h are Boltzmann’s and Planck’s constants. isthe degeneracy of  

reaction and is the tunneling factor. The Q parameters are the sum of 

translational,vibrational, rotational and electronic partition functions for spices. 

 

Result and discussion: 

Geometries of all spices have been shown in scheme 1. Radical of thrichloromethane 

abstracts hydrogen of ethane to produce product via transition state. In geometry of TS C....H 

bond is 1.32 A0, C….H bond is 1.30 A0 and angle of C....H….C is 177.220. Imaginary 

frequency is 1844.9i cm-1. Potential energy surface and relative energies for reaction show in 

figure 1 and 2, respectively. As shown in figure 2, transition state 59.4(kJ mol-1) is higher 

than reactant. The Arrhenius plot for this 

reaction is shown in Figure 3. 
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Scheme1.Optimized structure at the MP2/6-311++G(d,p) level. Distance and angle are shown in angstrom and degree respectively. 

 

 

 

 

 

Figure 1.potential energy surface of                Figure 2. Relative energies of reaction      Figure 3. Arrhenius plot for reaction 

reaction at theMP2/6-311++G(d,p).                                at MP2/6-311++G(d,p) level. All values           that calculated 

without Tunneling factor  are corrected by zero point energies.                                    Symbols represent experimental data.       

            number in parentheses are at CCSD(T).             

 

Non-linear least-squares fitty used to calculate rate constant expressions for rate constants 

which are plotted in figure 3: 

 

 

 

Conclusion:  

Reactant is 30.1 (kJ mol-1) more stable than product. According to results, G is 24.9, H 

is 30.1 and T S is 5.5 (kJ mol-1) and barrier energy for reaction is 59.4(kJ mol-1). 
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Introduction: 

Charge reorganization in chemical species is a time-dependent phenomenon which takes 

place in several chemical processes such as electrochemical or photochemical reactions [1-3]. 

These reactions can be studied by either chemical kinetics or time-dependent quantum 

mechanics which provides a rigorous way for the corresponding wave function [4]. In the 

following, charge reorganization of a simple  system is studied using time-dependent 

techniques. 

 

Methods: 

The electronic wave function of  system of 66HC is considered as a superposition of the 

corresponding ground and excited electronic states for which the  electrons are excluded. 

The initial pre-constructed electronic wave function is then projected onto the superposition 

elements as wave packet at 0t . To obtain propagation of this wave packet, which is not 

necessarily eigenfunction of the system’s time-independent Hamiltonian, the time-dependent 

Schrödinger equation is numerically solved utilizing matrix representation of the Hamiltonian 

operator and wave packet. 
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Results and discussion: 

The initial state of 66HC   electronic structure is considered as one of its Kekule 

configurations as Fig. 1 at 0t  shows it. This figure displays how the charge density is 

reorganized during the considered period of time and clearly shows that the electronic 

structure is transformed to the other Kekule structure after 0.04 femtoseconds. 

 
Fig. 1. Charge density reorganization of the  system. 

 

Conclusions: 

The  system of strongly delocalized electronic structures can be studied using 

time-dependent techniques and the results shows extremely fast charge reorganization in 

these systems. In the present work, it is shown that the  system of a hypothetical localized 

structure is transformed to some other localized structure. 
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Introduction: 
Popular biomolecular force fields (FF) such as AMBER, CHARMM, OPLS and GROMOS 
were designed, parameterized and continuously refined for main classes of biomolecules. 
Many research works deal with problems in which a novel residue, ligand or organic 
molecule is present in the system and thus researchers seek for new parameters that should be 
in agreement with the FF applied to other parts of the system. There are many alternative 
solutions for such problems but many of them provide general low quality parameters. A high 
quality receipt implies a high level of customization which is not a trivial task. In this work 
we review the current status of the PARAMATICA package that is designed for development 
of biomolecular FFs to new molecules. 
 

Methodology: 
The initial design of PARAMATICA obeys the general protocol proposed by CHARMM 
developers for CHARMM General FF (CGenFF) [1]. Extensions for other popular FFs will 
be in our future work. The potential energy V(R) in the CHARMM FF is a function of the 
positions of all atoms and has the following general form: 
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where the sum covers all bond or angle vibrations, dihedral rotations, improper distortions, 
and non-bonded van der Waals or Coulomb interactions. Parameters in this equation must be 
optimized to reproduce a variety of target data such as molecular geometries, harmonic 
vibrational frequencies, rotational energy profiles and interaction strength and distance with 
TIP3P model of water. In addition to the routine procedure some tasks such as 
conformational search might also be necessary to identify the most important structures of 
molecules. All of these are implemented in a robust user-friendly fashion in PARAMATICA. 
 

Results:  
PARAMATICA acts as a control center for managing all tasks necessary for optimization 
and validation of the new set of parameters. Some of these tasks are actually performed in 
MOPAC2009, GAMESS, Firefly and NAMD program packages. An interface was provided 
for automatic input generation and output processing with any of these programs and all of 
them can be executed from inside of PARAMATICA. The PARAMATICA tool kit provides 
facilities for: 
1) Extraction of available and missing parameters from CGennFF.  
2) Random or grid-based conformational search. 
3) Converting geometry specifications (Cartesian, Internal) to each other. 
4) Unique definition and assignment of atom-names and atom-types. 
5) Graph-based analysis of structures and numeration of bonds, angles and dihedrals (see 
Figure 1). 
6) Providing initial guess for missing parameters by analogy or from QM calculations.  
7) Normal mode analysis of force constant matrices. 
8) Energy, gradient and hessian calculations from CHARMM FF. 
9) Charge optimizations based on interaction with water molecules. 
10) Optimization of dihedral parameters based on QM energy profiles. 
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Conclusion: 
Powerful functional programming and external communication abilities of MATHEMATICA 
were combined to an extensible package for analysis and parameterization of biomolecular 
force fields. The PARAMATICA tool box makes any related force field development tasks 
easy, fast and customizable. 
 
References: 
[1] K. Vanommeslaeghe, et al , J. Comput. Chem., 31 (2010) 671. 

Figure 1. Graph based analysis of molecular structures. Red dashed lines represents 
missing bond parameters.
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Introduction: 
The current formulation of quantum theory of atoms in molecules (QTAIM) is constructed so that 
only the -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  system can be detected 
as well by AIM theory and similar concepts can be generalized to  bonds too. This generalization is 
based on the fact that  and  components of charge density do not mix for linear and planar 
molecule [1,2]. Aromaticity as a fundamental property plays a particular role in chemistry to measure 
the reactivity of molecules. There are different indices to evaluate the aromaticity, such as geometry 
based Harmonic Oscillator Model of Aromaticity (HOMA) [3] or magnetic based by  electron 
delocalization (DI)[4]. In the present work, planar boron nitride (BN) sheet is considered to 
investigate the change in  components of electron density by means of QTAIM. Also, the effect of 
substitutions on the aromaticity due to  components of electron density is evaluated by using 
6-center DI within the framework of the AIM theory. The results are compared with HOMA indices. 
 
Theoretical Method:  
Geometry calculations and frequency tests were carried out at HF/6-31g* level of theory by Gaussian 
03W program. Fig. 1(A) shows typical optimized structure of BN sheet where R refers to H, CCH, 
NCO, CNO, N3 and OCN substituents, with the ability to conjugate with  electrons of BNsheet.  
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Figure 1: (A) Optimized structure of typical BNsheet substituted by R (R: H, CCH, NCO, CNO, N3 and OCN). (B) The 

AIM molecular graphs correspond to -BPs and BCPs. Six affected BCPs (2-6) are numbered for both substitutions in 

N50 and B5 side. 

 
Substitution takes place on nitrogen 50 (N50) and boron 5 (B5), separately. AIM 2000 program was 
applied to represent the topological graphs of electron density corresponds to molecular  systems.  
 
Results and Discussion: 
The AIM graphs are represented for  system in Fig. 1(B). The results reveals that the most changes 
occurs in electronic properties corresponds to the CPs adjacent to substitution (2-7) and the other 
CPs remains almost unchanged. Table 1 summarizes the electron density  at these BCPs for both  
and  density, and the results of DI in comparison with HOMA indices. Generally, the local ring 
aromaticity decreases after substituting. When substitution takes place at N50, the concentration of 
electron density in BCPs number 4 and 6 increases while it decreases for BCPs 2 and 8. This trend is 
reversed in cases in which the substitution is connected to B5. The change in the value of BCP is 
reflected in the corresponding bond lengths. This phenomenon would change the local aromaticity of 
BNsheet. So, The calculated 6-center DI indices for  electron density of BN rings connected to 
substituents show a decrease in aromaticity after substituting. This trend is in a good agreement with 
HOMA indices.  
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Table 1: Eelectron density at CPs 2-7 , DI and HOMA indices for BN rings connected to substituents N50 and B5 sides. 

Substitution 

 Connection 
structure 

 electron density  electron density 
HOMA index DI*105 

2 & 3 4 & 5 6 & 7 2 & 3 4 & 5 6 & 7 

N50 

BNsheet 0.2004 0.1984 0.1951 0.0213 0.0205 0.0194 0.894 5.128 

BNsheet -N3 0.1892 0.2070 0.2001 0.0206 0.0221 0.0205 0.876 4.656 

BNsheet -CCH0.1871 0.2054 0.1988 0.0193 0.0217 0.0201 0.859 4.300 

BNsheet-OCN0.1876 0.2104 0.2019 0.0209 0.0226 0.0208 0.882 4.523 

BNsheet -NCO0.1895 0.2062 0.2001 0.0205 0.0220 0.0204 0.876 4.601 

BNsheet -CNO0.1810 0.2070 0.2024 0.0185 0.0222 0.0207 0.839 3.950 

B5 

BNsheet 0.1990 0.1962 0.1942 0.0186 0.0186 0.0186 0.880 6.140 

BNsheet -N3 0.2012 0.1934 0.1917 0.0202 0.0185 0.0186 0.859 5.086 

BNsheet -CCH0.1990 0.1923 0.1916 0.0195 0.0181 0.0185 0.856 5.986 

BNsheet-OCN0.2103 0.1906 0.1894 0.0214 0.0181 0.0183 0.874 5.320 

BNsheet -NCO0.2026 0.1923 0.1908 0.0202 0.0183 0.0185 0.860 5.301 

BNsheet -CNO0.2062 0.1905 0.1888 0.0211 0.0179 0.0181 0.866 5.956 

 
Conclusions: 
The results of 6-center DI for  components of electron density of BNsheet show that the 
substitutions remove the uniformity of electron density and reduce local aromaticity of hexagonal 
BN ring connected to substituents.  
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Introduction: 

Prediction of the electron dynamics prior to the formation of an ion pair by an ultrashort laser 

field is the keystone to the control of chemical reactions. The hydrogen molecule is one of the 

most fundamental few-body, and the smallest quantum systems. Nevertheless, when exposed 

to strong laser fields, it exhibits a variety of specific ionization and dissociation phenomena 

in the nonperturbative electron dynamics regime [1,2].  
 

Method: 

The instantaneous electronic wavefunction (wave packet) of H2 in a nonrelativistic intense 

laser field is obtained exactly by applying the time propagation technique for solving the one 

dimensional (1D) time-dependent Schr dinger equation (TDSE). Special attention is paid to 

the dynamics of the isolated homolytic and ionic doorways or transient species produced 

during the evolution of the two-electron wave packet of H2 based on the three alternative 

forms of high-harmonic generation (HHG) spectra, including position, velocity, and 

acceleration moments. 
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Result and discussion: 

 The ultrafast electronic and nuclear dynamics of the preionization (doorway) homolytic and 

ionic 

quasi-states of the two-electron molecular H2 in the presence of ultrashort intense laser pulses 

of 532 nm wavelengths with I = 1 × 1014 Wcm 2 intensity is studied beyond the 

Born-Oppenheimer (fixed nuclei) approximation.  
                    

Space of the electron density of  the two-electron 1D H2 system around the nuclei is 

partitioned into four physicochemically significant partitions, including homolytic (e1H +  

H  +e2)  (e2H+   H+ e1) and ionic (H +  H )  (H   H +) transient species. The 

underlying mechanisms responsible for the formation and evolution of the homolytic and 

ionic transient species are explored based on probing variation of the two-electron norms of 

these states and their corresponding time-dependent HHG spectra. 

 

Conclusion: 

Analysis of the Gabor transform of the HHG spectra over the whole duration of the 

interaction shows that both electrons of the ionic (H +  H ) transient species follow a short- 

path trajectory, while both electrons of the ionic (H    H  
+) transient species follow a 

long-path trajectory. The role and sequence of the formation of these two complement ionic 

species switches with switching the starting phase of the laser field. At each evolution 

instance of the homolytic (e1H +  H  +e2)  (e2H+   H+ e1) species, the electronic wave 

packets of the two electrons are spread alternatively via both the SP and LP. These results are 

summarized in Figure 1. 



15th Iranian Physical Chemistry Conference 
 

University of Tehran, Tehran, September 3-6, 2012 

 

123 

 

Reference: 

[1] Y.-J. Jin, X.-M. Tong, and N. Toshima, Phys. Rev. A 81, 013408 (2010).  

[2] J. L. Sanz-Vicario, H. Bachau, and F. Martin, Phys. Rev. A 73, 033410 (2006). 

[3] M. Vafaee, F. Sami, B. Shokri, B.Buzari, and H. Sabzyan, J. Chem. Phys. in press. 

 

FIG. 1. Simulation box, corresponding to the un-ionized 

central H2 system introduced by Vafaee et al. [3], adopted in 

this study The two (green) dots near the origin represent

initial positions of the nuclei. SP and LP denote the short and

long paths, respectively. 
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Introduction: 
Although many efforts have been devoted to the preparation of 1,2,4 - triazoles by palladium 
catalyzed annulations strategies [1],  the recent work of Heravi et al.[2] have led to a 
regioisomeric substituted thiazolo [3,2-b]1,2,4 triazoles with high yield and good 
regioselectivity during Sonogashira coupling reaction. The main objective of this study is to 
computationally investigate the underlying reasons for the experimentally observed 
regioselectivity in Sonogashira synthesis of 6-(4-nitrobenzyl)-2-phenylthiazolo [3,2-b]1,2,4 
triazole [2] (expressed as isomer 3) in the gas and solution phases from the structural and 
thermodynamic viewpoints via density functional theory (DFT) calculations.  
 
Computational details: 
The calculation of energetics as well as geometry optimizations was performed at two levels 
of DFT methods to assess the performance of these methods in prediction of geometry and 
energy: i) 6-31G* using the popular B3LYP level of theory and ii) 6-311+G* basis set with 
modern M06 functional [3]. In the case of iodine, the relativistic effective core potential 
(RECP) determined by Hay-Wadt [4], LANL2DZ, with accompanying basis set was used. 
All DFT calculations have been performed using GAMESS suite of programs [5]. 
 
Result and discussion:  
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We have first determined the optimized structure of isomer 3 by performing geometry 
optimization procedure in the gas phase and also PCM method with DMF as solvent and then 
we have compared the optimized structure with the available crystallographical data. The 
average absolute deviation (AAD) of X-ray experimental data with M06/6-311+G* calculated 
values in the gas and solution phases are 0.54% and 0.42%, respectively. The M06/6-311+G* 

optimized structure of isomer 3 in the gas phase was presented in Fig. 1. 
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Thermochemical data, including reaction energies (with and without zero-point energy 
corrections), enthalpies and Gibbs free energies computed at B3LYP/6-31G* and 
M06/6-311+G* levels of theory in the gas and solution phases have been calculated and the 
gas phase calculated values have been presented in Table 1.  
 
Conclusion: 
In the first step, the validation of our calculated structural properties of the title compound 
was represented by comparison with the available X-ray crystallographical data that 
demonstrated a reliable agreement. Our calculated reaction enthalpies and free energies in the 
gas and solution phases indicate two important facts: i) the production of compound 3 is 
thermodynamically more favorable than its regioisomer 4 and ii) the employment of larger 
basis set and more modern functional leads to a decrease of about 4 kcal/mol in the difference 
between the reaction energies of regioisomer 3 and 4 while there is a close accuracy between 
these two levels of theory for the prediction of geometry. 
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[1] D.J. Dale et al.; “Gas-phase pyrolysis of 4-amino-3-allylthio-1,2,4-triazoles: a new route 
to [1,3]thiazolo[3,2-b][1,2,4] triazoles”; J. Chem. Soc. Perkin Trans.; 1, 424-428, 2001. 
[2] M.M.Heravi et al.; “Regioselective synthesis of 6-benzylthiazolo[3,2-b]1,2,4-triazoles 
during Sonogashira coupling”; Tetrahedron Lett. ; 46, 1607-1610, 2005.  
[3] D.G.Truhlar et al.; “The M06 suite of density functionals for main group 
thermochemistry, thermochemical kinetics, noncovalent interactions, excited states, and 
transition elements: two new functionals and systematic testing of four M06-class functionals 
and 12 other functional”; Theor Chem Account.; 120, 215–241, 2008. 
[4] W.R.Wadt et al.; “Ab initio effective core potentials for molecular calculations. Potentials 
for main group elements Na to Bi”; J. Chem. Phys.; 82, 284 -298,1985.  
[5] M. W. Schmidt et al.;“General atomic and molecular electronic structure system”; J. 
Comput. Chem.;  14, 1347-1363, 1993.   
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Introduction: 
Nano cluster coinage metals and compounds have attracted lots of attention in medicine, 
catalysis fabrication of nano devices, and other applications according to their unique 
physical and chemical properties. The strength and reversibility of the inter-particle 
zwitterion-type electrostatic interactions between amino acid groups are evidenced by the 
slow disassembly upon increasing pH at ambient temperatures and its acceleration at elevated 
temperature. These findings provide new insight into the precise control of interfacial 
interactions and reactivities between amino acids anchored to nanoparticles and have broad 
implications in the development of colorimetric nanoprobes for amino acids. Histidine is one 
of the 20 naturally occurring -amino acids that belongs to the group of aromatic and 
heterocyclic amino acids. It operates as a precursor of hormone histamine, and adjusts the 
amount of metal. It can bind a proton to the nonbonded electron pair of its ring nitrogen to 
become a weak acid at low pH. Histidine is the only amino acid that has a functional group 
that titrates in the physiological pH range. Histidine may be coordinated to metal atoms via 
amino groups, carboxyl groups, or the nitrogen atoms of the imidazole ring, thus acting as a 
mono-, bi-, or tridentate ligand. Gas-phase acidity (GPA) of organic compounds has been 
extensively investigated because it eliminates the effects of solvent and thus lets us study the 
intrinsic factors which influence the acidity of an organic compound. The reaction between 
metal clusters and organic molecules in the gas phase is an ideal environment in which the 
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complexation mechanisms, the binding energies, the enthalpies, and the reactivity of the 
metal ions can be obtained in the absence of any complicating solvent effects.  
 
Theoretical methods: 
Geometries of the histidine complexes, in its neutral and anionic forms with M3 clusters (M = 
Au, Ag and Cu) were fully optimized using the density functional theory (DFT) with B3LYP 
methods employing the Spartan 10 program. The 6-31+G** basis set was used for the atoms 
in histidine, while for M3 clusters the Los Alamos effective-core potential (ECP) Lanl2DZ 
basis set was applied. The effect of solvation was taken into account using Polarized 
Continuum Model (PCM). The Natural bond orbital (NBO) was conducted for these 
complexes in order to obtain the natural charges. Quantum theory of atoms in molecules 
(QTAIM) analysis was performed with AIM2000 package to calculate the properties of bond 
critical points (BCPs).  
 
Result and Discussion: 
The interaction of histidine with M3 clusters that serve as simple catalytic model of Au, Cu, 
and Ag nano particles was investigated. Theoretical calculation was performed with 6-31+G** 

ULANL2DZ basis set. For this purpose, histidine amino acid was chosen in two different 
forms (anionic (–), and neutral ( )). Interactions of M3 clusters with these forms of histidine 
were explored and the corresponding thermodynamic properties were computed. Quantum 
theory of atoms in molecules (QTAIM) was used to determine the nature of bond between the 
amino acids and clusters. Natural bond orbital (NBO) analysis was also applied to investigate 
the charge transfer of complexes. Also, the aciditiy of His and His-OMe (denoted by HB in 
Eq (1)) was first calculated based on Eq (1). Then, using the same computational methods, 
the acidities of the metal-complexed species of these compounds (denoted by [HBM3], 
(where M3 includes Au3, Ag3 and Cu3) were also calculated based on Eq (2).  

        HB  B- + H+            Gacid (1) 
[HBM3]  [BM3]– + H+      Gacid  (2) 

 
Another goal of this work is to predict the pKa values which are not experimentally available. 
In this paper, we predict the pKa values in water for the same set of acids calculated in gas 
phase. Good agreement is found between our calculated pKa values and GPAs of compounds. 
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Conclusion: 
Interaction of histidine with Au3, Ag3 and Cu3 clusters has been illustrated in the geometrical, 
spectroscopic, and energetic aspects. The bond lengths of A-X in histidine increase after 
complexation, and the stretching modes of these bonds undergo a red shift with respect to 
isolated ones. In the next step, the effects of Au3, Ag3 and Cu3 clusters on the gas-phase 
acidity of histidine have been explored. The results of this study indicate that, upon metal 
complexation, the gas-phase acidity (GPA) of the studied weak organic acid drastically 
increases to the extent that it converts the weak acids of interest to a super acid. For instance, 

Gacid of H2SO4 (known as a super acid in the gas phase) is 306.3 ± 3.1 kcal/mol. However, 
the acidities His and His-OMe examined herein are considerably enhanced (they become less 
endothermic, on average, by almost 40 kcal/mol) when the compound is complexed with Au3, 
Ag3 and Cu3 clusters. 
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Introduction: 

Aromatic molecules are important in the wide range of science. Particularly their biological 

role for constructing the molecular building blocks such as proteins and DNA is crucial. 

Phenol is one of the simplest aryl alcohols with several applications in the organic chemistry, 

biology and bio-chemistry. Hence, heavy experimental and theoretical studies were done on 

the electronic transitions and electronic structures of this molecule [1, 2].  

Protonation is a fundamental chemical reaction. Recent advances in the laser spectroscopy 

and ab initio computational methods provide a good situation to study the isolated protonated 

aromatic molecules in the gas phase [3]. The protonation effect in the electronic properties of 

phenol and substituted phenol is the main subject of this study. 

 

Computational methods: 

The “ab initio” calculations, have been performed with the TURBOMOLE program, making 

use  of (RI) approximation to evaluation of the electron-repulsion integrals. In all of 

calculations, the starting geometries were constructed with Cs molecular symmetry and the 

equilibrium geometry  at the ground electronic states (S0) has been determined at the 
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MP2/cc-pVDZ level. At the optimized excited state geometries, the energy of the ground 

state and two lowest excited states of A  and A  symmetries were determined at the 

RI-CC2/cc-pVDZ and aug-cc-pVDZ levels.  

 

Results and discussion:  

Several isomers can be produced by protonation of phenol. Hence, our first goal 

was to find the most stable protonated isomer by optimization of the ground state geometry at 

the MP2/cc-pVDZ level. According to calculations, the most stable isomer of protonated 

phenol is Para-Isomer (C4), which is planer an has the Cs symmetry point group. The 

optimized S1 excited state of C4 under the Cs symmetry is planar, although, without the 

symmetry restriction, the S1 optimized geometry shows a drastic out of plan deformation in 

the benzene ring. The adiabatic electronic transition energy for S1 (A 1,  state) at the 

CC2/aug-cc-pVDZ level has been determined the value of 4.34 eV for the C4 protonated 

isomer of phenol (see Table 1). The experimental value of 4.50 eV was reported by Pino et al 

for the 0-0 band of S1 ( ) state in the neutral phenol [4]. This shows that the protonation 

has very small red shift effect on the S1 state of phenol.  

 

Protonated phenol 

 (C4 isomer) 
Neutral Phenol 

Excited State Adiabatic Energy(eV) Excited State Adiabatic Energy(eV) 

A'1 ( *) 4.34 A'1 ( *) 4.67 

A"1( *) 5.32 A"1 ( *) Not  converged  
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Table 1: Adiabitic transition energies of the lowest electronic excited states of the C4 protonated phenol and the 

neutral phenol, calculated at RI-CC2/aug-cc-pVDZ level of theory under the Cs symmetry point group. 

 

Conclusion: 

 In comparison to neutral phenol, the main effect of protonation is a red shift of the 

first * electronic transition of protonated phenol. The full optimized geometry (without 

symmetry constraint) of the first * electronically excited state of protonated phenol showed 

a drastic geometry deformation. This behavior may lead to a short life time excited state of 

protonated phenol, which can be accompanied with a broad and structurless electronic 

spectrum. 
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In the Iranian chemistry community, it has been judged that physical chemistry is a discipline 

studying chemical phenomena only from theoretical and physical points of view without any 

application in the society and industry. In this presentation, it will be demonstrated that 

physical chemistry, as one of the most active research areas of science, plays an important 

role to promote such industrial areas as oil and gas industries as well as many other practical 

disciplines.  This way a demonstration will be presented to depict the road map from 

thermodynamics laboratory to simulation and design an industrial natural gas refinery plant. 

The presentation includes the following topics: 

- An overview of natural gas sweetening industry and its national and economic 

importance. 

- Measurement and modeling phase equilibria in systems comprised of acid gas + 

chemically reactive aqueous electrolyte solutions at low and high pressure regions. 

- Measurement and modeling thermo-physical properties of complex aqueous solutions 

at low and high pressure regions. 
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- Measurement and modeling kinetics of absorption of acid gases in complex aqueous 

solutions. 

- The importance and applications of the experimental data generated in the laboratory 

to process design and simulation.  

- Development of a process simulation package to simulate and design a natural gas 

sweetening plant based on a specific newly formulated solution. 

- Design and construction of a gas sweetening pilot plant to analyze long term process 

performance of newly formulated as well as conventional industrial solutions. 
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Introduction:  

Water is the most commonly used cooling fluid to remove unwanted heat from heat transfer 

surfaces [1,2]. Two of the main problems of cooling systems are corrosion and scale 

phenomena. Using phosphonates, R3C–P(O)(OH)2, as inhibitors is one method of preventing 

mineral scale and corrosion in these systems. Phosphonates are generally considered to be 

CaCO3 and CaSO4 scale inhibitors and react stoichiometrically with the calcium ions and 

form insoluble Ca–phosphonate precipitates which share some of the same harmful effects as 

the other forms of scale being inhibited [3]. In this work, the corrosion and scale inhibition 

property of the aminotris-(methylenephosphonic) acid (ATMP) have been studied by using 

potentiodynamic polarization and electrochemical impedance spectroscopy (EIS) techniques 

plus weighing. 

 

Materials and methods:  

The ATMP inhibitor was added to the cooling water system solution in different 

concentrations. Admiralty brass (AB) with chemical composition of 70% Cu, 29% Zn and 
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1% Sn were used as working electrode. At first, the working electrode was polished 

mechanically and then exposed to test solution. A Pt sheet and saturated calomel electrode 

(SCE) were used as a counter and reference electrode, respectively. All the measurements 

were conducted after 2 h. The potentiodynamic Tafel measurements were done by the scane 

rate of 2 mV/s. The EIS experiments were carried out in the frequency range of 10 kHz to 

0.01 Hz. It could be understandable that the antiscale efficiency is a function of the mass of 

scale on WE. If the mass of the scale deposited on WEs in blank and scale inhibitor added 

aqueous samples is defined as mo and m1, respectively, the antiscale efficiency could be 

expressed as follows:           = ( mo- m1)/ mo               

Eq. (1)  

Results and discussion:  

The different concentrations of ATM scale inhibitor were added in the tested aqueous sample 

and the deposited scale mass on WE and the corresponding antiscale efficiency calculated 

from Eq. (1) were listed in Table 1. It is seen that the best performance was observed with 60 

ppm of ATMP. Polarization measurement has been done and polarization curves are shown 

in Fig. 2. The results indicate that all the cathodic polarization curves are parallel and suggest 

that the hydrogen evolution is activation controlled and the reduction mechanism is not 

affected by the presence of the inhibitor. By increasing the ATMP concentration up to 60 

ppm, Ecorr became constant and the Icorr was decrease from 9.2 to 1.5μA/cm2. Based on the 

decrease of the cathodic and anodic currents, ATMP is considered as a mixed type inhibitor. 

By increasing the 80 and 100 ppm of ATMP, Icorr were increased because high concentration 

of ATMP can dissolve the Cu ions and causes the dezincification of alloy. Fig. 3 shows the 

obtained Nyquist diagrams of AB in water cooling system solution in presence of different 

concentrations of ATMP. The Nyquist plots show, at least, two “depressed” capacitive loops 
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with real impedances ranging from 3 to 12 k cm2. The best anticorrosion performance was 

observed by only 60 ppm of ATMP and the corrosion resistence was found 20.6 k cm2. 

Table1. The scale mass on WE in various aqueous samples and the corresponding antiscle efficiency. 

ATMP-100ppm ATMP-80ppm ATMP-60ppm ATMP-40ppm ATMP-20ppm Blank Aqueous samples 

0.0138 0.0079 0.0028 0.0043 0.0114 0.02 m 

30.6% 60.4% 85.7% 78.4% 43.2% - Antiscale efficiency 

 

 

 

 

 

 

 

 

 

 

 

Conclusion: 

The corrosion and antiscale inhibition of ATMP have been evaluated. The results of 

weighting method show that the addition of 60 ppm of ATMP can inhibit scale formation and 

 

 

        Fig 3. Nyquist plots of AB in different 

concentration of ATMP 

 

 

Fig 2. Polarization curves for AB in different 

concentration of ATMP 

0

0.3

0.6

0.9

1.2

0 0.3 0.6 0.9 1.2
Z' (k .cm2)

-Z
'' 

(k
.c

m
2 )

0

3

6

9

12

0 3 6 9 12

Z' (k .cm2)

-Z
'' 

(k
.c

m
2 )

ATMP-20ppm
ATMP-40ppm
ATMP-60ppm
ATMP-80ppm
ATMP-100ppm



15th Iranian Physical Chemistry Conference 
 

University of Tehran, Tehran, September 3-6, 2012 

 

138 

the electrochemical methods suggest that the best anticorrosion performance can be observed 

by only 60 ppm of ATMP. 
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Introduction: 

Magnesium and its alloys are increasingly used in aerospace and automotive applications 

owing to their ultra lightness (Their density is thirds that of aluminum and one fourth that of 

iron) and high strength to weight ratio [1]. However, Mg is highly chemically reactive when 

exposed to air or water and forms oxide/hydroxide layer, which make it very susceptible to 

galvanic corrosion. The poor corrosion resistance of magnesium and its alloys restrict their 

wide application [2-3]. In this work, the inhibition effect of 

N,N-bis(salicylidene)-2-hydroxy-1,3-propandiamine (Salpr) Schiff base on magnesium 

corrosion was studied using different electrochemical methods including; potentiodynamic 

polarization, Electrochemical Impedance Spectroscopy (EIS) and Electrochemical Noise 

(EN) methods. 
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Materials and methods: 

A three-electrode cell, consisting of magnesium working electrode (WE), a platinum sheet as 

counter electrode (CE), and a saturated Ag/AgCl electrode as a reference electrode, were 

used for electrochemical impedance spectroscopy (EIS) and polarization measurements. 

Electrochemical tests were carried out using a autolab3 potentiostat-galvanostat and Nova 

software (version 1.6) were used for data recording. Electrochemical noise data were also 

recorded using a autolab3 potentiostat-galvanostat and Nova (version 1.6) software.  

 

Results and discussion: 

Salpr inhibits both the anodic and cathodic reactions by blocking the local anodes and 

cathodes on the magnesium surface and acts as a mixed type inhibitor. Salpr is an effective 

inhibitor for corrosion of magnesium in 0.01 M concentration of hydrochloric acid, and the 

inhibition efficiency increases by raising the concentration of inhibitor. The inhibition 

efficiency increases from 27.64 % to 79.16% respectively, for the lowest and the highest 

concentrations of inhibitor. EIS results show that as the concentration of inhibitor increases, 

the charge transfer resistance is raised and the double layer capacity is decreased. The data 

obtained by analysis of electrochemical noise data in frequency domain, are in relatively 

good numerical and good trend agreement with the polarization and EIS results. Salpr acts 

through adsorption on the magnesium surface and its adsorption obeys the Langmuir 

adsorption isotherm. The values of Gads showed that Salpr adsorbs on the magnesium 

surface via physisorption. Surface morphologies of the magnesium samples were observed by 

Scanning Electron Microscopy (SEM) before and after the immersion of samples in inhibited 

and blank acid solutions. SEM images revealed that the magnesium surface damage is 

significantly decreased by the mentioned inhibitor. 
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Conclusion: 

Salpr Schiff base behaves as efficient corrosion inhibitor and its inhibition efficieny increases 

by inhibitor concentration. Salpr acts through adsorption on the magnesium surface and its 

adsorption obeys the Langmuir adsorption isotherm. The data obtained by analysis of 

electrochemical noise data in frequency domain is relatively in good agreement with the 

polarization and EIS results.    
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Introduction: 

 One of the methods of modification, upgrading, stabilization and changing the properties of 

polymers is based on the irradiation with high energy accelerated radiation (gamma rays, 

X-rays, and accelerated ion beams). Irradiation of polymers with high energy radiations leads 

to the formation of very reactive intermediates in the forms of excited states, ions and free 

radicals. These intermediates are almost instantaneously used up in several reaction pathways 

which result in the arrangement or formation of new bonds structures. The ultimate effects of 

these reactions are the formations of oxidized products, grafts, cross-linking and scissoring of 

main or side chains which are also called degradation. The degree or dominance of these 

transformations depend on the nature of the polymer and the conditions of treatment before;, 

during and after irradiation and close control of these factors make the modification of 

polymers possible by radiation processing. 

In this study the thermal behavior and Kinetic models for decomposition of the irradiated and 

unirradiated polyvinyl butyral (PVB) were investigated based on DTA and DTG 
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thermograms, as well. Experimentally, solid-state kinetics is studied either isothermally or 

nonisothermally. Many mathematical methods have been developed to interpret experimental 

data for both heating protocols. These methods generally fall into one of two categories: 

model-fitting and model-free. Historically, model-fitting methods were widely used because 

of their ability to directly determine the kinetic triplet (frequency factor [A], activation energy 

[Ea] and model). There are many model fitting methods that extract the three kinetic 

parameters known as the kinetic triplet from nonisothermal data. These methods were used 

extensively earlier in solid-state kinetic analysis [1-7]. In the present work, we used 

nonisothermal model-fitting direct differential method. 

 

Materials and methods: 

The polyvinyl butyral (PVB) film with 20 m of thickness made by RisØ Co., Denmark, 

were used in this experiment. Irradiation was carried out about 5 Secs with 30 MeV 

accelerated protons on the Cyclon-30 cyclotron made by IBA Company, Belgium. The 

thermograms of un-irradiated and irradiation samples (2 ± 0.1 mg) were recorded in a 

nitrogen atmosphere at a heating rate of 10 Kmin 1 from 30 to 700 C using a thermal 

analyzer (NETZSCH-Geratebau GmbH STA 409 PC). 

 

Result and Discussions: 

Thermal degradation is a very important process which helps in determining the influence of 

the polymer morphology on the thermal stability, the optimum temperature of operation and 

the activation energies related to the degradation processes. Thermogravimetric analysis 

(TGA) has been proved to be reasonably rapid and precise method for the determination of 

such kinetic parameters related to the degradation processes [8]. The kinetic analysis of 

thermal degradation of un-irradiated and irradiated PVB was carried out by using the 
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dynamic weight loss data from the thermogravimetry (TGA). The TGA/DTG thermograms of 

un-irradiated and irradiated PVB are shown in Fig.1. As shown in Fig.1.a the decomposition 

of un-irradiated PVB proceeds in two steps in the temperature range of 155.87-624.42 C 

with the two peak temperature 321.48 C and 529.56 C. But the decomposition of irradiated 

PVB as shown in Fig.1.b proceed in one major step in the temperature range of 269-509 C 

with the peak temperature 388.5 C. The decomposition rate of a specimen can be represented 

by the rate expression [9] as Eq. (1), where  is the fraction of solid decomposed at time t, 

f( ) is a function of  depending on the reaction mechanism and k is the rate constant given 

by the Arrhenius equation, If Eq. (1) is combined with the Arrhenius equation and a constant 

heating rate =dT/dt (K/min) is employed, the decomposition rate equation can be written in 

differential form as (Eq. (2)), An empirical relation exits between frequency factors and 

activation energies. Where A is the pre-exponential factor (1/min), E is the activation energy 

(J/mol), R is the universal gas constant (8.314 J mol-1K-1), T is the temperature of reaction 

(K). 

 

 In this study, we adopted an approximation of the integrated form as (Eq. (3)), [9,10]. Where 

F( ) is the integral form of the empirical function f( ), (E+2RT) is assumed to be constant for 

moderate temperature. In these data analysis, a homogeneous reaction Order-based (F) 

model, F( )+(1- )^n, is found to give the best fit of the data at the range of the major weight 

loss region whit different reaction order (n) for un-irradiated and irradiated samples as 

summarized in table 1. 
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As shown in Fig. 2, the plot of ln[F( )/T2] vs. 1/T results in a straight line with a slope of 

-E/R giving the activation energy [Ea], and frequency factor [A], can be calculated from the 

activation energy and the intercept on the Y axis. The values of activation energy, frequency 

factor and other thermal decomposition parameters for unirradiated and irradiated PVB are 

summarized in Table 1. 

 

Conclusion: 

The thermal properties of un-irradiated and irradiated PVB nitrogen were investigated by 

TGA/DTG, and compared. From the results obtained, the activation energies and frequency 

factor for thermal degradation of PVB film increase with the high energy protons irradiation. 

This study clearly indicates that the thermal stability of PVB as an effect of  30 MeV 

accelerated protons irradiation is increased significantly. The increasing in thermal stability is 

correlated with the morphological changes induced in the PVB polymeric sample as a 

consequence of irradiation leads to the formation of very reactive intermediates in the forms 

of excited states, ions and free radicals. These intermediates are instantaneously used up in 

several reaction pathways which result in the arrangement and formation of new strong bonds 

and stable structure of PVB. 
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Fig.1. TGA/DTG curves of (a) Un-irradiated (b) Irradiated PVB in nitrogen 

 

 
Fig. 2. Plot of ln[F( )/T2] vs. 1/T for the determination of the activation energy 

Table1. Results of thermal decomposition parameters for un-irradiated and irradiated PVB 
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Introduction: 

Petroleum fuel oil components such as light and heavy fuel oil (LFO and HFO) are various 

liquid or semi-solid materials from several industrial processes. Negligible quantities of fuel 

oil (C6+) are produced by olefins plants using feedstocks of light paraffin such as ethane, 

whilst plants using naphtha or gas oil as feedstocks produce higher quantities of fuel oil. 

Conversion (reforming, cracking, upgrading) of fuel oil to valuable hydrocarbon products is a 

very important technology for a variety of applications. In cracking process, it is necessary to 

get various useful hydrocarbon gases and oils. However, the chemistry of fuel oil upgrading 

is extremely complicated. Recently, a novel technology of plasma and catalytic process was 

studied by many researchers for hydrocarbon reforming [1-2]. In a plasma reactor there are 

many energetic electrons, ions and neutral particles being able to collide with hydrocarbons 
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and provide the energy required to crack the bands. Therefore, the produced radicals can join 

and introduce another hydrocarbon. These electrons could play the role of catalyst in FCC 

(Fluid Catalytic Cracking) process. Our approach in this work is to present briefly a new type 

of non-catalytic-non-thermal dielectric barrier discharge (DBD) plasma reactor [3] to convert 

C11-C18 heavy fuel oil (such as aromatic, naphthene and paraffin hydrocarbons) to lighter and 

marketable products at room temperature and under atmospheric pressure. 

 

Materials and methods: 

In the present work we have used a cylindrical DBD, 20 kHz ac power supply, cold trap and 

gas chromatography as shown in Fig. 1. This study consists of designing and developing the 

required DBD reactor, investigating the electrical behavior of the applied voltage and the gas 

flow rate on the plasma chemistry of the cracking quantitatively and qualitatively.  

 

    

                                   (A)                                                             

(B) 

Figure 1. (A). Schematic representation of experimental setup used in this study. 

(B). Molar compositions of Fuel Oil as a feed. 
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Result and discussion: 

The results show that fuel oil can be cracked in the atmospheric pressure DBD and converted 

to relatively valuable (H2, CO, CO2, C2-C5 valuable products) and partly heavier remaining 

hydrocarbons. Applied voltage and plasma-generating gas flow was 7.5 kV and 200 SCCM 

respectively. Qualitative analysis was done by GC-FID and verified by Gas Chromatography 

Mass Spectrometry (GC/MS). 

 

Conclusion: 

The valuable hydrocarbons have more percentage of the output products compared to the 

heavier hydrocarbons. Increasing the voltage and gas flow rate improve the cracking 

percentage that is assumed to happen due to increasing the stronger microdischarges in the 

DBD reactor.  
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Introduction: 

The production of hydrocarbons directly from methane requires high temperatures, which 

makes the process expensive and non-selective. One of the new approaches to activate 

reactants is the electric gas discharge. A series of plasma and chemical processes such as 

ionization, dissociation and excitation of molecules and atoms are initiated that make the 

ionized fluid far from thermodynamic equilibrium. In such non-equilibrium medium the 

temperature of electrons can reach several eV while the temperature of the reactants remains 

relatively low, near room temperature. Hence, the electron collisions are responsible for the 

dissociation of the molecules. There are various works demonstrating the possibility of 

methane conversion by non-thermal plasmas [1,2]. The main drawback of non-thermal 

plasmas is their low chemical energy efficiency, reaching 10% at most, which is far from the 

industrial demand that require high conversions at chemical efficiencies above 30%. The 

pulsed plasmas, however, demonstrated far better results [3-7]. The main advantage of the 

pulsed plasmas, relative to the continues ones, is due to its ability of rendering temporal non 
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equilibrium of population distribution among the molecular vibrational levels, through which 

the dissociation of the molecule take places more easily [8]. 

In this study we will examine the influence of electrode gap distance in the transformation of 

pure methane to produce hydrocarbons using short pulsed plasma reactor.  

  

 

 

Methods: 

Fig. 1 shows the experimental set-up. The reactor was made of a quartz tube consisting of 

two electrodes fabricated from aluminium. In order to produce uniform electric field, the 

upper electrode was shaped according to Ernest profile. The electric pulse is formed by 

discharging the bank capacitors through a high voltage thyratron switch. The repetition rate 

of pulsed discharge was controlled by a control-trigger from 3 to 20 kHz. The pulse voltage 

and current waveforms are sampled using current (Pearson 6585) and voltage (Tektronix 

P6015A) probes, which are connected to a four channel digital oscilloscope (Tektronix 

TDS3054C). The pulse energy is the area under the power waveform graph, calculated by the 

oscilloscope through the multiplication of current and voltage waveforms. The outlet 

products were analyzed using a three channel gas chromatograph (GC Varian CP-3800). The 

bulk gas temperature was estimated by the thermocouples attached to the outer wall of the 

reactor. 

The conversion and selectivity are defined according to the following relations: 

 

4

44

CH
in

CH
out

CH
in

m
mmConversion 44 CH

out
CH
in

i
outi

mm
mnySelectivit

 



15th Iranian Physical Chemistry Conference 
 

University of Tehran, Tehran, September 3-6, 2012 

 

153 

Where ,,, 44 i
out

CH
out

CH
in mmm and in are the moles of methane introduced, the moles of methane 

at the outlet, the moles of product i at the outlet and the carbon number of the product i

,respectively. 

 

Results and discussion: 

Based on the oscillographs of voltage and current and the resulting power, the pulsed-power 

width was about 20 nanoseconds. At these short periods, nonequilibrium vibrational 

population distribution is built up. The different hydrocarbons up to C6 were detected by FID 

detector, among which C2 hydrocarbons and hydrogen were major products 

 
Fig. 1. A Schematic view of  the  experimental setup 
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Fig. 2: Methane conversion and energy efficiency against electrode gap distance, applied voltage is 21 kV, 

frequency is 15.5 kHz and total feeding gas flow is 400 mL/min. 

The methane conversion rate and energy efficiency versus the electrode gap distance is 

shown in Fig. 2. In general, there is an optimum value of gap distance at which the 

conversion performance is optimum. Hydrogen and acetylene were the main products of the 

conversion process, both having selectivities around 72%. The chemical energy efficiency 

reaches about 32% at conversion rate exceeding 50%, at the best point.  

The optimum conversion parameters at gap distance of approximately 5 mm, is probably due 

to the optimum value of reduced field E/N, where E is electric field inside the plasma an N 

shows the total density of different molecules present in the medium. It should be noted that 

every parameter in a plasma, including the dissociation rate, is a function of reduced field. 

  

Conclusions:  

It was demonstrated that an optimum value of the electrode gap distance exists at which point 

the conversion performance of the plasma reactor was superior. The energy efficiency as high 

as 32% at conversion rates of more than 50% was obtained while the average temperature 

was around 100 0C. This achievement can be accounted for promising, regarding the low 

temperature processing of the methane. 
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Introduction: 

Nanostructured catalysts can be highly active for majority of reactions. In the present work, 

we report a research on the performance of bimetallic Ce-MnSAPO-34 catalyst in methanol 

to light olefins (MTO) process prepared by hybrid ultrasound-hydrothermal method. 

 

Materials and methods: 

Mn and Ce were introduced in to the SAPO-34 framework by isomorphous substitution and 

impregnation method respectively. Synthetic gel was transferred in to autoclave and heated at 

200°C for 56 h. The catalyst was characterized with XRD and FESEM techniques. Catalytic 

conversion of methanol to olefins experiments were carried out in a U-shape Pyrex micro 

reactor (8mm i.d) at atmospheric pressure. Reaction gas, which was composed of 10 mol% 

methanol and 90 mol% H2O, was allowed to flow with a gaseous space velocity of 4200 

cm3/gr.hr-1. 
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Result and discussion: 

A detailed examination of diffraction pattern (as shown in Figure1) reveals the formation of 

SAPO-34 rhombohedral structure (JCPDS 01-087-1527) as indicated by diffraction peaks at 

2  = 9.74 and 12.85º. The average crystallite size was calculated 14.9 nm using Sherrer 

equation demonstrating the nanostructure framework of the synthesized catalyst. 

Implementing ultrasound method might be responsible for uniform particle size distribution 

achieved in this research [1]. Additionally, formation of some nano-scale particles over 

SAPO-34 crystals can be identified. 

The effect of reaction temperature on the conversion of methanol over nanostructured 

Ce-MnSAPO-34 catalyst is shown in Figure 2. Specifically, as the temperature increases 

from 300 to 500°C, the methanol conversion changes from 85% to 100%. Temperature 

dependent selectivity variations over modified SAPO-34 are depicted in Figure 3. Both light 

olefins production and methanol conversion reach a maximum at 400°C. 
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Figure 2: XRD pattern of Ce-MnSAPO-34. 
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Figure 2: Methanol conversion over 

Ce-MnSAPO-34 catalyst. 
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Figure 3: Olefins selectivities over 

Ce-MnSAPO-34 catalyst. 

Conclusion: 

Introduction of Ce and Mn heteroatoms by the aid of ultrasound method lead to the excellent 

performance in MTO process. Light olefins selectivity reaches a maximum value of 90%. 
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 Introduction: 
 In this paper, are have performing simulations molecular dynamic (MD) simulation within 
an isobaric- isothermal ensemble. The tersoff potential many-body interatomic potential[1] 
was used to model the energetic and dynamics of the stress on single wall silicon nanotubes 
(SWSiNTs), Our aim has been to calculate the melting temperature of SWSiNTs at the 
various radius size and investigate effect of stress on SWSiNTs too.  
 
Simulation Details: 
We considered three type of SWSiNTs, namely, armchair, zigzag, and chiral, of  length 3.16, 

4.8, 3.63nm respectively[2]. The time for the simulation was set fst 1 . Each nanotube was 

equilibrated for 60000 time steps, during which the total energy remained content. The initial 
temperature was set at KT 300 , and was raised up to the melting point incrementally at 5K 
in each time step. The velocity Verlet algorithm was employed to integrate the equations of 
motion, and periodic boundary condition was applied along the axis of the nanotube in the 
z-direction 
 

Result and Discussion: 
The results are shown the transition a solid to liquid phase can be identified by a jump in the 
variation of cohesive energy with temperature (Figer 1.). An inspection of these variations 
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shows that the melting point or all type of  nanotubes  increase with the radii in a nonlinear 
manner. Such a behavior seems not to be radiuses dependent and more to be due to the 
symmetry property of the nanotubes themselves (Figer 2. left).. In  other step, we supposed 
(8,0) zigzag  nanotube for investigate the effect of stress on nanotubes (Figer2. right). We 
put it under various stress, and observed  Stress on nanotube reducing stability of the 
nanotube and  it’s transition was down. 

200 400 600 800 1000 1200 1400 1600 1800 2000 2200
-4.0

-3.8

-3.6

-3.4

-3.2

-3.0

C
oh

es
iv

e 
en

er
gy

(e
V
)

Temperature(K)  
Fig. 1. Variation of the cohesive energy for the (14,14) armchair silicon nanotube during melting. 
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Fig. 2.left) The variation of the melting point ( mT ) with the radius for set of armchair ( 30  deg.) silicon 

nanotubes, right) The effect of stress on (8,0) zigzag nanotube 

Conclusion: 
The sum up, in this paper, we performed MD simulations based on tersoff potential, to 
investigate a solid-to-liquid phase transition involving three type of SWSiNTs. (zigzag, 
armchair, chiral). The results show that the melting temperatures of SWSiNTs depand on the 
nanotube radius as well a chiral angle and the stress on the nanotube makes coherent energy 
reduced and so, melting point reduced. 
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Introduction : 
Nanofluids are a new class of nanotechnology-based heat transfer fluids produced by 
dispersing nanoparticles with sizes typically smaller than 100 nm into traditional heat transfer 
fluids such as water, ethylene glycol, and engine oil. Due to small sizes and very large 
specific surface areas of the nanoparticles, nanofluids have novel beneficial properties [1, 2]. 
In order to study the heat transfer performance of nanofluids and use them in practical 
applications, it is necessary first to study their thermophysical properties.  
In this paper the four main thermophysical properties, i.e. density, specific heat capacity, 
thermal conductivity, and viscosity of TiO2-water nanofluids at various particle volume 
concentrations and temperatures is measured experimentally. As the purchased nanoparticles 
had a hydrophobic surface, at first the TiO2 nanoparticles are functionalized by a new 
chemical treatment and then dispersed in water. Furthermore, the measured data are used for 
comparison with the predicted values of the existing classical models. 
 
Preparation of nanofluids: 
The TiO2 nanoparticles (Nanostructured&Amorphous Materials, Inc.) with a nominal average 
particle diameter of 15 nm and the density 3.9 g/cm3 were used. Distilled water was used as 
the base fluid. As the purchased nanoparticles had a hydrophobic surface, they agglomerated 
and precipitated when dispersed in water in the absence of a dispersant/surfactant. Thus, for 
better dispersion, TiO2 nanoparticles were functionalized by a new chemical treatment as 
follows. The TiO2 nanoparticles were mixed with 1,1,1,3,3,3, hexamethyldisilazane 



15th Iranian Physical Chemistry Conference 
 

University of Tehran, Tehran, September 3-6, 2012 

 

163 

(C6H19NSi2) in a mass fraction ratio of 2:1. The resulting mixture was sonicated at 30 ºC for 
1 hour using ultrasonic vibration at sound frequency of 40 kHz. This process permitted to 
place the hydrophilic ammonium groups on TiO2 nanoparticles surface. Then, the soaked 
nanoparticles were dried with a rotary evaporation apparatus. Finally, these dried 
functionalized nanoparticles were added to distilled water to produce the TiO2-water 
nanofluids in different volume fractions (0.1, 0.5, 1, 1.5, and 2%). The nanofluids were 
sonicated continuously for 1 hour with an ultrasonic probe (400 W, 24 kHz).  
 
Measurement of thermophysical properties: 
The thermophysical properties of nanofluids are collected for temperatures ranging from 20 
ºC to 60 ºC and for the nanoparticle volume fractions of 0.1, 0.5, 1, 1.5, and 2.0%. A SVM 
3000 Stabinger Viscometer (Anton Paar GmbH) was used to measure the density according to 
ASTM D7042. The specific heat capacity was measured with a differential scanning 
calorimeter (DSC) (NETZSCH DSC 200F3-Maia) directly. The thermal conductivity was 
measured using a KD2 Pro thermal properties analyzer (Decagon devices, Inc., USA), which 
is based on the transient hot wire method. The U-tube (reverse-flow) capillary viscometer 
(Petrotest ® Instruments GmbH & Co. KG) was used to measure the kinematic viscosity of 
nanofluids and then the dynamic viscosity can be obtained by multiplying the measured 
kinematic viscosity by the density of the nanofluid. 
 
Results and discussion: 
Results show that the measured density and specific heat capacity are in good agreement with 
mixing theory and thermal equilibrium models, respectively [1]. Moreover, the measured 
viscosity and thermal conductivity of nanofluids are higher than the values of the base fluid. 
The thermal conductivity ratio of nanofluids increases with increasing particle volume 
concentration and slightly increases with increasing temperature and, conversely, the 
viscosity of nanofluids significantly decreases with increasing temperature and increases with 
increasing particle volume concentration. The existing correlations for calculating the thermal 
conductivity and dynamic viscosity of nanofluids failed to predict the experimental values 
correctly. Therefore, according to the experimental data two correlations are proposed for 
calculating these properties. Finally, obtained results show that the utilized functionalization 
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method can be an effective way to produce stable and suitable TiO2-water nanofluids with 
reasonable thermophysical properties.  
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Introduction: 
Shortened or end-opened carbon nanotubes (CNTs) showed various potential applications, 
such as dye-sensitized solar cells[1], DNA analysis[2], and so on[3]. Furthermore, good 
dispersion of short CNTs in a composite material is critical to minimize stress concentration 
at agglomerates and achieve optimal mechanical performance [4]. However; CNTs are long, 
entangled and insolubility which makes it difficult for such applications. Thus they must be 
cut or end-opened to operable lengths and so for dispersibility. To solve these issues, several 
methods of CNTs cutting have been reported. But, it is reported that methods are very 
complicated, energy-consuming and time-consuming [5]. In this study, we developed a facile, 
effective and controllable method to obtain shortened multi walled carbon nanotubes (S-
MWCNT) in a shorter time. Electromagnetic Waves treatment with mainly chemically 
oxidation was used for shortening and efficiently dispersing of Arrays multi-walled carbon 
nanotubes (A-MWCNTs).  
 
Materials and methods: 
 Aligned MWCNT prepared by chemical vapor deposition using a floating catalyst method 
(diameter > 100 nm, length of 100 m, and purity < 90%). Analytical graded potassium 
permanganate (KMnO4) and sulfuric acid (H2SO4) were obtained from Merck, Inc. 
A-MWCNTs (75 mg) were added to a mixture of 40 ml of KMnO4 and 6 ml of H2SO4: 3/1 
mol vessel (100 ml). The Teflon vessel is embedded under electromagnetic waves at 
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temperature of 90 oC. Digestion was performed for different times (5, 10, 20, 30, and 40 min) 
at a constant wave irradiation power of 700 W. Then, after the cutting treatment, each 
mixture was filtered using a hydrophilic PTFE membrane (0.22 μm). 
 
Apparatus: 
To harness the extent of cutting, shortened MWCNTs (S-MWCNTs) were fully characterized 
by UV–visible and Raman spectroscopes as well as scanning electron microscopies (SEM), 
transmission electron microscopies (TEM) and optical microscopy (OM). 
 
Result and discussion: 
 TEM micrographs of A-MWCNTs and S-MWCNTs during 20 min are shown in Fig. 1. The 
A-MWCNTs are smooth (Fig. 6(a)), while there are some roughnesses after 20 min of 
treatment (Fig. 6(b)). Such roughnesses are frequently used to justify oxidation of the CNTs 
surface [6]. Also, open end of A-MWCNTs are shown in the Fig (2c). According to Fig. (6d), 
It seems that the cutting of CNTs mostly happened where the CNTs are bent. The bended 
parts of CNTs are related to the vulnerable pentagon and heptagon [7]. So, damages at these 
sites are harsh enough to eventually cut the CNTs (Fig. 6(d)).  
 

 
 
 
 

 

 

 

Fig. 1. TEM images of the MWCNTs samples: (a) A-MWCNTs (b),(c) and (d) S-MWCNTs at 20 min. 
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Conclusion:  
The results show that with this treatment, the long tubes of A-MWCNTs (>80 μm) were 
ef ciently and signi cantly shortened to below about 1 μm after 40 min the treatment. In the 
same time, the S-MWCNTs formed stable dispersion state in water without the help of 
surfactants that provided possibility for further functionalizations and applications. Also 
Decrease in the degree of S-MWCNT crystallinity was observed under 15 min reaction time 
that this Irregularity, improved after 20 min treatment. At the end, This method can be 
considered as an efficient route for the cutting of MWCNTs due to its fast and controllable 
procedure. 
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Introduction 

Thermal conductivity of carbon nanotube polymer composites and its influences from 

MWNT volume fraction that are studied withelement methods will be surveyed in this 

research. Nanopolymer in this research is made by epoxy that is reinforced with multiwall 

carbon nanotube. In next step the results of finite element method will compare with new 

runs based on effective medium theory and cylindrical inclusions in polymer composites. 

Also, the results will compare with the other model for more review[1,2]. Finally, behavior 

adaptation of volume fraction have been studied in Both analytical and finite element models, 

and accuracy of each method in expression the effect of volume fraction of fillers is measured 

to be used in future research with high reliability.
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Method of Research: 

In this project we check the influence of some of structural parameters on thermal 

conductivity of CNT-Epoxy composite. It is assumed that the nanotubes are distributed in 

axial direction in the composite structure. Mathematical solution for the effective thermal 

conductivity in axial direction is performed by using the effective medium theory [1-3]. A 

heterogeneous material withproperties,be replaced with the homogeneous substance in the 

same conditions. In hypothetical homogeneous composites, filler materials are distributed 

uniformly in the matrix [2]. It is assumed that thermal conductivity is in steady state without 

heat generation. This structure has a similar response in both of analytical and finite element 

methods. It has a main role on simplification on related model [1,2]. In other words, 

molecular structure is unusable in analysis, therefore it must be replaced with similar 

structure. Therefore we replace this model with equivalent continuum model [,4]. The fact 

that the outer layer of CNT has a greater thermal conductivity in Compared with inner layer, 

led to change the equivalent continuum model to effective solid fiber [,5].   

 
Fig.(1)-Models for MWNT: (a) graphene layers; (b) equivalent 

Continuum model; (c) effective solid fiber[].   

 

Also a finite element model of nanocomposite is used according to continuum mechanics. In 

finite element analysis different parameters such as length, diameter, volume fraction of 
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fillers and interfacial conductance or boundary thermal resistance as its inverse are studied by 

researchers [2]. In this paper For each parameter, the other parameters will be fixed. Then the 

quantity of volume fraction will be changed and its effect on thermal conductivity will be 

examined. Then the results will be checked with analytical results.  

 

Result and discussion:

The research shows an increment ofconductivity linearly with increase in volume fraction of 

the MWNT. Similar result will be found with theoretical model. This research also accredits 

finite element approach based on continuum mechanics in studying theof the. 

 

 

Conclusion:

The influence of volume fraction of MWNT has been studied in this paper.  thermal 

conductivity of carbon nanotube polymer composites and its influences from different 

parameters such as length, diameter, volume fraction of fillers and interfacial conductance or 

boundary thermal resistance as its inverse Could be checked withelement methods and will 

be surveyed in future researches. 
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Introduction: 

Including a bioactive coating can improve the Ti-based implants and hard tissues bonding [1]. 

It has been demonstrated that the bonding of hard tissue and Ti-based implants can be 

improved by Hydroxyapatite (Ca10(PO4)6(OH)2, HAp) which provides bioactivity and 

osteoconductivity. Co-existence of HAp and TiO2 improves adhesion and corrosion 

resistance and creates a good combination of biochemical stability and mechanical properties 

of Ti-based implants [2]. Plasma electrolyte oxidation (PEO) is an advanced technique of 

HAp layer production that has raised a lot of attention in the past decade. PEO is an 

electrochemical process to deposit ceramic layers on light metal substrates. The main 

characteristic of this technique is producing electrical discharges along with plasma in the 

vicinity of metal surface [3]. 
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In this research, Dependence of PEO processing parameters and physicochemical 

characteristics of synthesized HAp-TiO2 nanostructured composite layers on Ti surface were 

investigated.  

 

Materials and Methods: 

A home-made rectifier with a maximum output of 600 V/30 A was used as the power source. 

Ti substrates served as anode and a cylindrical ASTM 316 stainless steel container was used 

as cathode. Details of the surface cleaning procedure can be found in our previous work 

[3].Constant potential of 350 V in DC mode was applied to the samples for 3, 6 and 10 

minutes. Coating electrolyte contained 1 g/l -glycerophosphate ( -GP, C3H7Na2O6P, Merck) 

and 5, 10 and 15 g/l Calcium acetate (CA, Ca(CH3COO)2.xH2O, Merck). Electrolyte 

temperature was kept constantly at 70±3 C during the process.  

 

Results and Discussion: 

HAp, anatase, -tri calcium phosphate and calcium titanate were detected in fabricated layers. 

Fabricated coatings are fully crystalline even in samples coated in short periods of time. High 

current density passing through electrochemical cell in phosphate electrolytes has been 

reported before [4]. The rate of this addition increased especially when CA concentration 

changed from 10 to 15 g/l. This feature can be related to the raising of electrolyte 

conductivity by increasing in its concentration.  

All layers are porous in accordance with the common feature of PEO fabricated layers. The 

effect of electrolyte concentration on morphology of layers is relatively independent of their 

growth time. By addition in electrolyte concentration 5 to 10 g/l more porous layers would 

form in the same period of time. This feature is a result of addition in the current density 

passed through samples as well as increasing in the rate of oxide layer formation. 
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The nanometric HAp crystals were produced as a consequence of the high cooling rate of the 

nucleated HAp crystals in electrolyte. This nanostructured HAp along with the porous top 

oxide layer resulted in better biocompatibility performance of samples.  

 

Conclusion : 

Porous TiO2-HAp composite layers were fabricated by PEO technique. The increase in HAp 

phase fraction was ascending by addition in growing time and electrolyte concentration. As 

an important result the increase in HAp fraction in case of addition in electrolyte 

concentration from 10 to 15 g/l CA is much higher than in case of addition from 5 to 10 g/l 

CA. Nanometric crystals of TiO2-HAp were observed.  
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Introduction: 
Many researchers are interested to find new ways for extending the useful life cycle of 
coatings that this lead to life growth of structures and equipment [1-3]. In this study, the 
encapsulation process of Tung oil, as an oxidative healing agent, in poly-urea 
formaldehydewas presented.These micro/nanocapsules were synthesized by in-situ 
polymerization.That it may improve and open new view in the field ofcapsule synthesize and 
coating science.Such coatings typically incorporate micro/nanocapsules that contain 
film-formers; which polymerize in the presence of air and heal the crack.Efficacy of these 
micro/nanocapsules in healing of cracks in an epoxy coating [4] and corrosion protection has 
been demonstrated.Also this method does not need to the catalyst that can solve theproblem 
of the major discontinuity in coating matrix because the existence of the catalyst. 
 
Materials and methods: 
At room temperature, 130 ml of deionized water with 5ml of 5wt% dodecyl sulphate solution 
were mixed in 500 ml beaker. Under 200 rpm agitation 2.5 g urea, 0.25 g ammonium chloride 
and 0.25 g resorcinol were dissolved in solution. The pH was adjusted to approximately 3.0 
by using 1 wt% solution of hydrochloric acid in deionized water. After 10 minutes of 
agitation 25 ml of Tung oil was added slowly and allowed to stabilize for 15 min under 
agitationbefore sonication. The tapered 18 mm tip sonication horn of a 1000 W ultrasonic 
homogenizer (Hielscher-UIP 1000) was placed in the solution, for 3 min at 30% intensity 
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(~3.0 kJ of input energy). After stabilization, 6.335 g of 37 wt% formalin was added. The 
emulsion slowly heated and maintained at 60 C under stirring at 600 rpm for 5 hours.  
 
Apparatus: 
For investigation of capsules characteristics, such as Shell wall integrity, aggregation 
phenomena, microcapsule size, micro/nanocapsule's core content and loss factor Scanning 
electron microscopy (SEM),Fourier transform infrared spectroscopy (FTIR) and Soxhlate 
apparatus were used.Also the self-healing ability and corrosion performance of the scratched 
epoxy coating, containing Tung oil capsules, were approved by EIS tests through two weeks 
and the results were compared with scratch and unscratched neat one. 
 
Results and discussions: 
SEM images showed that the capsules were spherical in shape, and had a rough, non-porous 
exterior shell wall.All of synthesized capsules were in the range of 500nm-10 m 
diameter.The spectrum obtained by FTIR confirmed that shell and core materialswere made 
of urea–formaldehyde polymerand tung oil respectively. The mean core content of two 
synthesized capsule samples was around 90 wt% which gained by Soxhlet apparatus. 
Scratching of neat epoxy led to severe decline in corrosion resistance of coating and in last 
day of EIS study, the scratched one was degraded completely. But the capsule incorporated 
coating was stronger in preservation of its primary corrosion resistance, although there was a 
little depreciation in its corrosion behavior, along test period. In fact, this film was found to 
provide a very high level of protection to the underlying metal in the case of scratched neat 
coat. 
 
Conclusion: 
The used encapsulation process (in-situ polymerization, oil in water emulsion) was successful 
for incorporation of Tung oil in PUF shell. Synthesized micro/nanocapsules in paint films 
released healing material, which during cracking healed cracks efficiently with satisfactory 
anticorrosive properties. Incorporated Tung oil capsules through epoxy structure provided 
self-healing ability for coating without any catalyst requirement. 
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Introduction: 
Cobalt ferrite duo to its high coercivity, moderate saturation magnetization, high magneto 
crystalline anisotropy,high chemical and mechanical hardness is one of the good candidates 
for high-density recording media, sensors,transformer cores, and microwaves devices [1-2]. 
The substitutionof non-magnetic Al3+ions in cobalt ferrite can reduce the loss factor, and thus 
improve the efficiency of microwave devices and transformers applications. The present 
work reports the synthesis of CoFe2-xAlxO4nanoparticles and studyof their structural and 
magnetic properties through X-ray diffraction and magnetization measurements. 
 
Experimental: 
The metal nitratesand citric acid dissolved in de-ionized waterwere used as the starting 
materials for sol-gel method. The ammonia solution was also used to adjust the pH value to 7. 
The solution was re uxed for 4 h at 100ºC. The mixtures were evaporated at 80ºC to form 
gels. The gels were dried at 220ºC for more than 2 h. The powders were annealed at 
temperatures 800ºC for 2 h. 
 
Results and discussions: 
The XRD patterns (Fig. 1)indicate the single-phase cubic spinel structure for all 
compounds.The size of crystallites calculated by Scherrer formula show the nano-size of 
crystallites(Table 1).For the complete seriesCoFe2-xAlxO4the crystallite sizes and lattice 
constantsdecrease with increasing x  due to the fact that Al3+ ionic radius (0.51Å) is smaller 
than that of Fe3+ ion(0.64Å) [3].It can be also seen that the X-ray density decreases with 
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3l  concentration for all compositionsbecause the decrease in mass over takes the decrease 

in volume of the unit cell. 
 

Figure 1.XRD patterns (Left panel) and M-H loops (Right panel) of CoFe2-xAlxO4nanopowders (x=0, 0.5, 1) 
 

Magnetic measurements(Table 1) show that both the saturation magnetization ( )s  and 

coercivity )( cH  decreases with increasing of Al contentdue to thedecreased superexchange 

interaction by the substitution of 3l ions in place of 3Fe  ions at octahedral site. For 

x=0, s is smaller than that of bulk value (74.08 emu/g) [2] which can be due to the spin 

disorder effects and formation of dead layer on the surfaceof nanoparticles. 
 

Table1.The crystallite size (D), lattice constant(a), X-ray density ( xd ),saturation magnetization( s ), 

remanencemagnetization ( r ) andcoercivity )( cH  of CoFe2-xAlxO4nanopowders. 

x  )(nmD  )( 0Aa  )( 3Cmgmd x  )( gemuM s  )( gemur  )(Gc  

0.0 27.81 8.3379 5.377 61.253 28.005 1102.8 

0.5 26.85 8.2930 5.128 60.476 17.384 583.41 

1.0 8.95 8.2719 3.625 55.502 17.459 577.97 

 
Conclusions: 
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The CoFe2-xAlxO4(x = 0, 0.5, 1) nanoparticles prepared by Sol–gel method possesscubic 
spinel structure.Thenano-crystallite sizes and lattice constantsdecrease with increasingof Al 
content. The saturation magnetization andcoercivity decrease on substitution for Fe by Al. 
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Introduction: 
Stringent regulations about diesel fuel quality in the near future require improvements in the 
catalytic performances of hydrodesulphurization (HDS) catalysts that are conventionally 
composed of alumina-supported sul ded NiMo or CoMo [1]. Recently, ZrO2 supported 
catalysts have attracted more attention [2]. The purpose of the present paper is to compare the 
activity of NiMo sul de supported over Al2O3 and ZrO2 in the HDS of thiophene.  
 
Materials and methods: 
Al2O3 and ZrO2 supported NiMo catalysts were obtained by the impregnation method using 
ammonium heptamolybdate and nickel nitrate. Prepared samples were characterized by XRD, 
FESEM and surface area analyzer BET. The HDS activity tests were performed in a stirred 
reactor at 160°C and atmospheric pressure (1 wt% thiophene in decane as a model fuel). 
 
Result and discussion: 
The XRD patterns of the samples are shown in Figure 1. As can be seen in the figure, sharp 
peaks related to gamma alumina (in NiMo/Al2O3) and tetragonal ZrO2 (in NiMo/ZrO2) are 
visible. The peaks related to active phases (NiO, MoO3 and NiMoO4) are not appeared at 
NiMo/ZrO2 catalyst. This observation could be due to high dispersion of this species over the 
ZrO2 support. Comparing FESEM images (Figure 2) showed that nanoscale particles of 
NiMo/ZrO2 catalyst have uniform distribution. BET results (Figure 3) presented the surface 
area of the NiMo/ZrO2 was lower than NiMo/Al2O3. Thiophene HDS activities of 
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nanocatalysts are illustrated in Figure 4. From the data, it could be observed that the ZrO2 
supported NiMo nanocatalyst exhibited much higher catalytic activities than that of 
Al2O3-supported one.  
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Figure 3: XRD patterns of NiMo/Al2O3 and 
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Figure 4: FESEM images of NiMo/Al2O3 and 

NiMo/ZrO2 nanocatalysts. 
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Figure 5: BET surface area of NiMo/Al2O3 and 

NiMo/ZrO2 nanocatalysts. 
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Figure 6: Hydrodesulphurization of thiophene over 

NiMo/Al2O3 and NiMo/ZrO2 nanocatalysts. 

 
Conclusion: 
NiMo/Al2O3 and NiMo/ZrO2 nanocatalysts were successfully synthesised by impregnation 
technique. Comparing XRD patterns of nanocatalysts showed high dispersion of active metal 
on support in NiMo/ZrO2 catalyst. Comparing FESEM images showed nanoscale particles of 
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NiMo/ZrO2 have uniform distribution. The HDS activity results showed ZrO2 supported 
NiMo catalyst exhibited much higher catalytic activities than that of Al2O3-supported one. 
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Introduction:  
Orotidine 5’-monophosphate decarboxylase (OMPDC) is a protein and can act as a target for 
drugs that are directed against RNA viruses, such as poxviruses and flaviviruses. OMPDC’s 
inhibitors, such as BMP, can also be effective against such biological agents as West Nile 
virus, Plasmodia, including the malaria causing Plasmodium falciparum, OMPDC is present 
in cancerous cells and hence BMP can also act as an anticancer drug. OMPDC produces a 
nucleotide called uridine 5’-monophosphate (UMP) from which BMP itself can be produced 
by substitution of one of its carbon atoms. Since the mechanism by which BMP inhibits 
OMPDC has been clarified, we intent to provide an insight into this mechanism by 
performing atomistic level computer-based simulations [1-4]. 
 

Materials and Methods:  
Here, we have carried out molecular dynamics (MD) simulations for a 10 ns duration with the 
time-step set at 2 fs at the fixed temperature of T= 300 K. The binding free-energy 
calculations were performed via MM-PBSA (Molecular Mechanics 
Poisson-Boltzmann/surface area) method. The initial structure of OMPDC, obtained from 
x-Ray structures of OMPDC from Saccharomyces cerevisiae complexed with BMP, was 
extracted from PDB [ 1DQX code of Protein data Bank] site. Furthermore, two MD 
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simulations were performed separately to investigate the behavior BMP and OMPDC in 
water. MM-PBSA method does not provide the true free energy results, but could only be 
used to compare against similar systems, since the entropy contribution is not calculated with 
this method. 
 
Apparatus:  
The AMBER 10.0 was used to perform the MD simulations to provide the space-time 
trajectories of the OMPDC – BMP complex. Using these trajectories, AMBER tools package 
was employed to use the MM-PBSA method to calculate the free energy of binding. The 
calculations were performed at the Medical Nanotechnology Supercomputer Centre in the 
Department of Medical Physics & Biomedical engineering at the Shahid Beheshti University 
of Medical Sciences (Tehran, Iran). 
 
Result and discussion:  
The inhibitor of OMPDC displayed inhibition constant (Ki), the concentration of competing 
ligand in a competition assay which would occupy 50% of the receptors if no ligand were 
present, of 6.2×10-51 M. Interestingly, the Ki value for BMP was comparable with 
experimental results [1], and was seen to be better than Km, the concentration of substrate at 
which enzyme activity is at half maximal, for the substrate OMP, which we have calculated 
to be 6.9×10-46 M. Binding of BMP and its structural features show that there are 12 
hydrogen bonds and one Pi interaction with residues of the active site of OMPDC. With 
respect to Ki, the interaction of BMP with OMPDC has a higher affinity compared with 
OMP. 
 
Conclusion: 
Out MD simulations have provided some valuable data at atomic scales, which are 
unavailable from inspecting presently available crystal structures and experiments. The 
results of these simulations provide kinetic and thermodynamic properties concerning the 
inhibition of OMPDC enzyme, and the potential value of the knowledge gained for repressing 
its related diseases at atomic scales. 
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Introduction: 
The generalized entropy of Tsallis is [1] 

      (1) 

wherek is a positive constant, usually the same as Boltzmann constant, pi is the probability of 
the i’th microstate and q is the entropic index and shows the degree of nonextensivity. In the 

limit of , the Tsallis entropy converges to the Boltzmann-Shannon entropy 

     (2) 

The entropic index, q, may be any negative or positive constant, dependent on the nature of 
the system. Deviation of the entropic index from unity means deviation of the system 
behavior from Boltzmann-Gibbs statistics. This deviation can be due to different effects like 
long time memory, long range interactions or self-gravitation [2].  
 
Partial molar entropy in Tsallis statistics: 
For a complex system consists of two independent subsystems, named A and B, the 

probability of i’th microstate of the complex system is . If this complex 

system obeys from Boltzmann-Gibbs statistics, the total entropy is where  
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and contain mixing entropy. For ideal mixtures, the average of interactions between A and 

B molecules is similar to the A-A and B-B interactions. For these mixtures, 

. However, if A-B interactions are 

different from A-A and B-B interactions, the total entropy of mixture deviates from ideal 
mixture. In Tsallis framework, for the complex system mentioned above, if we suppose 

, the total entropy of the complex system will be 

. Therefore, in this statistics, there is an additional term that 

is due to introducing entropic index, q, and power form of the Tsallisentropy. For a non-ideal 
mixture, if the entropic index relates to the intermolecular interactions, then  

 .The partial molar entropy of the i’thcomponent, , can be obtained by 

differentiation of the total entropy respect to the , when T, P and  are constant: 

     (3) 

This differentiation leads to the following equation for partial molar entropy of the 
component A in a non-ideal two component system: 

   (4) 
 

Results and discussion: 
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The results of Eq. 4 for a number of liquid and solid alloys are collected in Table. 1. 
Comparison of the results with experimental data indicates that this equation has a great 
successfully to obtain partial molar entropy of the non-ideal mixtures. 
 

Table. 1 Partial molar entropy (J/mol.K) of two non-ideal mixtures calculated from Eq. 4 in comparison with experimental data. 

x1 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

W-Ta [3] 

 (cal) 69.64 70.49 71.42 72.41 73.46 75.15 76.02 77.90 81.43 

 (exp) 69.60 70.40 71.49 72.66 73.95 75.75 77.30 79.02 83.45 

 (cal) 93.75 89.51 86.94 84.94 83.37 82.39 81.13 80.27 79.52 

 (exp) 94.19 89.76 86.70 84.53 82.90 81.39 80.55 80.01 79.30 

Zn-Pb[4] 

 (cal) 111.4 106.3 102.3 99.4 97.1 95.11 93.43 91.97 90.74 

 (exp) 112.6 106.8 102.9 100.1 97.9 95.82 94.06 92.43 91.13 

 (cal) 111.3 112.5 113.9 115.7 117.9 120.6 124.3 129.6 139.6 

 (exp) 111.2 112.4 113.7 115.2 117.6 119.6 122.9 127.9 136.3 

 

Conclusion 
The obtained results in this research show that the Tsallis statistical mechanics can be used to 
obtain partial molar entropy of non-ideal mixtures. The maximum relative error in all 
obtained results (not reported here) is smaller than 5%. 
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Introduction: 
Room temperature ionic liquids (RTILs) are molten salts, which are liquid over a wide 
temperature range including ambient [1]. In this work, the solubility of CO2 and H2S in a 
some ionic liquids, contain [hemim][PF6], [hemim][BF4], [hemim][OTf], [hemim][Tf2N], 
[emim][EtSO4], [emim][PF3(C2F5)2], [emim][BF4], [emim][PF6], [emim][Tf2N], 
[hmim][BF4], [hmim][PF6], [hmim][OTf], [hmim][Tf2N], [Omim][BF4], [Omim][PF6], 
[Omim][OTf], [Omim][Tf2N] at temperature 303.15 K and pressures up to 1.5 MPa were 
experimentally measured. The solubility data were correlated using the 
Krichevsky–Kasarnovsky and also pitzer equations and Henry’s law constants were obtained. 
Then the results interpreted by interaction parameters and free space in the solvent related to 
molecular structure of solvent, and compared with each other and other data in the literature. 
 
Apparatus and procedure: 
The volumetric method was used to measure the gas solubility [2]. PVT experimental data 
obtained using the NIST [3].  
Using a Mettler model DL-37 Karl-Fischer volumetric titrator, the water content of ILs was 
found to be below100�10ppm. The temperature of the double-wall equilibrium cell, which 
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was connected to a water recirculation bath (PMT Tamson model T 2500), was measured 
with a Lutron model TM-917 digital thermometer with a 0.01 K resolution using a Pt-100 
sensor inserted into the cell. The equilibrium cell pressure was measured using a KELLER 
model PA-33X pressure transmitter sensor in the range of (0 to 2) MPa, which was accurate 
to within 0.01 % of full scale and that of the gas container was measured using a Druck 
model PTX 1400 pressure transmitter sensor in the range of (0 to 4) MPa, which was accurate 
to within 0.1 % of full scale. The calibration of pressure sensors was carried out against a 
dead-weight gauge. 
 
Results and Conclusion: 
The results of the solubility of CO2 and H2S in the some ionic liquids with different cations 
and anions are investigated at temperature 303.15 K and pressure up to 1.5 MPa. Henrys law 
constants and partial molar thermodynamic functions of solution were estimated from 
experimental data. The results were compared with previously reported experimental data 
[4,5] shows that the solubility of H2S is higher than CO2 in all ILs. Also for both CO2 and 
H2S, the solubility increase as the alkyl chain length/ or anion size increase which it is related 
to molar density of ILs and strength interaction between cations and anions. We obtain a 
relatively good linear correlation between Henry’s law constants and the number of carbon in 
alkyl chain of cation for both CO2 and H2S. 
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Introduction: 
Ionic liquids (ILs) are organic salts that are liquids at temperatures below 373.15 K. They 
have received considerable attention as alternatives to the traditional organic solvents. Due to 
the phenomenal growth of publications dealing with their interesting physical and chemical 
properties and possible applications they have been attracting intense interest in the scientific 
literature. In solution, the solvation and ionic association of ILs determine the unique 
properties of these systems and also most of the applications of ILs are closely related to 
these phenomena occurred in the IL solutions. In addition, a fundamental issue in the design 
of novel ionic liquids is the understanding of the nature/strength of cation-anion interactions 
and intermolecular forces in the bulk ionic fluid due to their intrinsic relation with most of 
their physicochemical properties, such as melting temperature, density, viscosity, surface 
tension, and vapor pressure [1-3]. 
The ILs based on 1-alkyl-3-methylimidazolium cation ([Cnmim]+) are one of the most 
important and promising class of ILs since they can be used for synthesis of IL with different 
anions including organic ones [3]. Among all the imidazolium based ILs, 1-alkyl-3- 
methylimidazolium bromide ionic liquids are the most studied ILs and despite the potential 
utility of [Cnmim]Cl, few of its physical properties have been reported. In the present work, 
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in order to study of ionic association and solvation behavior of [C6mim][Cl] as well as their 
variation with the physicochemical properties of the molecular solvents, volumetry and 
acoustic measurements for different binary mixtures containing [C6mim][Cl] + solvent 
(methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, acetonitrile ,water)  at different 
temperature were carried out. 
 
Experimental Section: 
Materials. [C6mim][Cl] and all of the solvents (methanol, ethanol, acetonitrile, 1-propanol, 2 
propanol, and 1-butanol) were obtained from Merck. The solvents were used without further 
purification. [C6mim][Cl] was dried in high vacuum at 333.15 K using a rotary evaporator for 
at least 4 h in 0.7 kPa. Double distilled and deionized water was used. 
 Procedures. All the solutions were prepared by mass on a Sartorius CP124S balance precise 
to within ±0.0001 g. 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.  
 
Results and Discussion: 
The experimental density and sound velocity data were obtained for the binary [C6mim][Cl] 
+ water, methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, and acetonitrile systems at the 
288.15-313.15 K temperature range at 5 K intervals at atmospheric pressure. The standard 

partial molar volume and isentropic compressibilities of the free ions [C6mim]+ and Cl and 

ion pairs Clmim][C6  in the investigated solvents were determined and their variations with 

temperature and type of solvents were also studied. Furthermore The infinite dilution 

solvation numbers of [C6mim][Cl] in the investigated solvents, n , were calculated. The 

trend of all of the investigated volumetric and acoustic properties of [C6mim][Cl] in water 
with temperature is completely opposite to that for nonaqueous solvents. In nonaqueous 

solvents the sum of the molar volume of ions [C6mim]+ and Cl , (IL)V , decrease by 

increasing temperature but the molar volume of the ion pair Clmim][C6 , IPV , increases 
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with temperature. However, both of (IL)K and IPK  in nonaqueous solvents decrease with 

increasing temperature. The volume and isentropic compressibility changes occurring on ion 

pairing in nonaqueous solvents, VIP and KIP , which are positive, increase by increasing 

the temperature. The obtained infinite dilution properties (IL)V , (IL)K and n  which are 

a measure of the ion + solvent interaction, indicate that although the solvation of free ions 

[C6mim]+ and Cl  in water is weaker than that in the investigated nonaqueous solvents, 

however, these infinite dilution properties do not show a similar trends for different 
nonaqueous solvents. 
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Introduction: 
As we know, the wavelet transform, a family of orthonormal bases, is introduced as a 
technique for performing multiresolution analysis in statistical mechanics. The wavelet 
transform is a hierarchical technique designed to separate data sets into sets representing local 
averages and local differences. The advantage of the wavelet transform, is as an 
approximation scheme for the efficient calculation of thermodynamic properties[1]. In fact, 
wavelets analysis  is a modern numerical tool that is an extension of the Fourier analysis 
[5].in pervious articles, we used this method for water[2] and methane[3] in 298K. In this 
article we have efforted to solve OZ equation for methane in different temperatures by using 
wavelets and their properties and compare the results with acquired results from the 
molecular dynamic (MD) simulations.                                                                       
  
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 Ornstein-Zernike (SSOZ) 
equation has the following form [4]: 
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nHn=nW*C*(nW+nHn)                                                                                     
(2-1)                                                         
 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 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 (LJ) potential plus coulomb terms. 
Most of the numerical algorithms for solving relation (2-1) impose the Fourier representation 
of (2-1) 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)                         
(2-2)     
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 (2-2) by wavelets, we expand matrices G and C in an arbitrary orthonormal basis set 
and by substituting in relation (2-1)  we obtain the basis representation of the SSOZ equation 
and calculate the approximating coefficients[5]. 
 
Conclusion: 
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. We have acquired a set of RDFs of methane in different temperatures. The 
calculated RDFs are in fairly agreement with those obtained by discontinues molecular 
dynamics(DMD) computer simulation.  These agreements between the results show that the 
using of wavelets is useful and powerful method to study the fluids structure. For example, In 
figure (1), the results of solution of SSOZ equation for RDF of carbon-hydrogen interaction 
sites are compared with results from DMD computer simulation [6]. The methane 



15th Iranian Physical Chemistry Conference 
 

University of Tehran, Tehran, September 3-6, 2012 

 

199 

temperature is assumed  126.8 K and the L_J parameters are chosen: cc=0.397kj/mol, 
ch=0.168kj/mol, hh=0.0711kj/mol, cc=3.357A0, ch=2.741A0, hh=2.134 A0[6]. 

 
Figure (1).Carbon-hydrogen RDF in methane: the solid line represents DMD and the dashed line represents this work. 
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Introduction: 

Polypropylene (PP) is a fiber-forming polymer which is greatly used in wide range of textile 

production. Despite bearing many great mechanical and chemical properties as well as low 

cost, the polymer has no acceptable dyeability using classical dyeing methods which are of 

importance in textile industry. To overcome the problem, many attempts have been made 

based on physical and chemical modification of polypropylene. The serious disadvantage of 

these approaches is to increase the cost of products. 

Recently, incorporating clay nanoparticles into polypropylene matrix as a commercial and 

effective way to impart dyeability to polypropylene has been suggested. The proposed 

method could considerably improve dyeability of the polymer with classical dyeing methods. 

This improvement, however, was examined by several researchers using an unsuitable 

criterion, i.e. K/S value, which is unable to project what specifically happening in dyeing 

system [1].  

In this study, therefore, we investigate the dyeing mechanism and dyeability of polypropylene 

fibers incorporated by clay nanoparticles with a disperse dye in terms of some 
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thermodynamic parameters such as standard affinity, enthalpy and entropy changes of dyeing 

bath as well as the equilibrium adsorption isotherm, which have not been reported by other 

researchers on PP/Clay composite fibers.  

 

Materials: 

The fiber grade polypropylene homopolymer, named Moplen HP552R, was purchased from 

Arak Petrochemical Co. (Arak, Iran), and used as received. 1 wt.% OMMT and 3 wt.% 

PP-g-MA as a compatibilizer for preparation of PP/Clay nanocomposite  were employed. 

The selected disperse dye for this work was the commercial grade of C.I. Disperse Blue 56 

named Serilene Blue RL without further purification that was purchased from Yorkshire 

Group, UK.  

 

Apparatus and Methods: 

0.1 g of PP and PP/Clay were individually dyed in the solutions containing 0.01, 0.02, 0.03, 

0.04, 0.05 and 0.06 g/l of dye at three different temperatures, 80, 100 and 120 °C, until 

equilibrium sorption was obtained. The dye concentration in the bath was measured using 

Cary 100 UV-vis spectrophotometer.  

 

Result and discussion: 

For both types of fibers (PP and PP/Clay) the linear isotherms (Nernst Isotherm) describe the 

relationship between sorption extent of the dye on fiber and in solution. As expected, the 

standard affinity decreases with increasing of temperature for both fibers because the 

adsorption of dye on fibers is an exothermic process and releases heat energy. The standard 

affinities of dye to PP/Clay are considerably higher than those to virgin PP.  



15th Iranian Physical Chemistry Conference 
 

University of Tehran, Tehran, September 3-6, 2012 

 

202 

The enthalpy change of dyebath containing PP/Clay is lower than that of dyebath containing 

PP; i.e. the amount of heat energy released when dye molecules are absorbed into polymeric 

matrix in PP/Clay was lower than that in PP. It could be concluded, therefore, the dye 

molecules in PP are more strongly embedded within the polymer chains than PP/Clay.  

The entropy change of the bath containing PP/Clay is lower negative value than PP’s that 

means the dye molecules were embedded less compactly in the PP/Clay fiber than PP fiber. 

In fact, the negatively larger value of entropy change of PP indicates that after completion of 

dyeing, the mobility and freedom of dye molecules is appreciably reduced for the PP 

substrate. It can be attributed to the creation of suitable voids within the PP/Clay fiber 

because of incorporating of clay into the PP matrix.  

 

Conclusion: 

In respect of dyeing mechanism, while the dyeing sites are not available for both types of 

fibers, the clay particles provide a type voids that could keep the dye molecules. In addition, 

clay particles improve the accessibility of the fiber sites, which is very important for effective 

dyeing procedure. In other words, it seems that the created tortuous pathways can contribute 

to form the available spaces within PP/Clay fiber to hold and confine dye molecules. 

 

Reference: 

[1] N. Rabiei et al.;"The kinetic and thermodynamic parameters of dyeing of 

polypropylene/Clay composite fibers using disperse dye"; Dyes and Pigments; 94,386-392, 

2012.  
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Introduction: 

A simple equation of state (EoS) was recently been introduced [1]as 

 

or 

                             (1) 

where  is the compressibility factor,  and  are thermal and internal 

contributions to compressibility factor,  is molar volume, and , , and  are 

temperature dependent parameters. This EoS has been found to be accurate for all types of 

nano- and bulk- solids, an ionic liquid model, confined water in the carbon nanotubes with 

different diameters [2], and bulk fluids, in the entire temperature and pressure ranges for 

which experimental data are reported, except for the isotherms within the critical region. The 

aim of this work is to investigate the validity of a 3-term expression similar to eq 1 for both 

thermal and internal contributions tothe compressibility factor, separately. 

Possibility of presenting thermal and internal pressures by a simple three-term 

expression in density 
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One may simply assume that in order to have EoS-III, both thermal and internal pressures 

have similar density dependencies, as  

                       (2a) 

                               (2b) 

where  and  are the thermal and internal pressures respectively, and  and  

are temperature dependent coefficients of the  and  and  are those for the 

. Note that for , a fluid behaves ideally,  and , because of the fact 

that there is no interaction among molecules in the ideal state. To examine such assumption, 

we have used empirical EoSsfor some fluidsto calculate their thermal pressure. Then eqs2a 

and 2b have been fitted onto the calculated values for fluids. The results are shown in Figure 

1a-cand Table 1 for some isotherms.From the results given in Table 1, we may conclude that 

EoS-III is accurate for all isotherms, except for those within the critical region, however, 

neither eq2a nor eq2b fit onto the thermal and internal contributions, respectively, if a wide 

density range is considered. 



15th Iranian Physical Chemistry Conference 
 

University of Tehran, Tehran, September 3-6, 2012 

 

205 

 
Figure 7.Calculated results obtained from the empirical EoS of Ar[3] at 180 K. Solid curves are the fit onto (a) 

eq1, (b) eq2a, and (c) eq 2b. 

Table 1. Coefficient of determination ( ) for fitting , , and  calculated from the empirical EoS, onto eqs1, 2a, and 

2b, respectively, for given isotherms of Ar, N2[4], and H2O [5]. 

  (K) (MPa) 
   

Ar      

 160 0-375 0.99896 0.99795 0.96732 

 180 0-495 0.99941 0.99845 0.97976 

N2      

 130 0-480 0.99914 0.99497 0.96445 

 150 0-530 0.99959 0.99791 0.98254 

H2O      

 630 20-1000 0.99999 0.99750 0.98789 

 800 0-750 0.99858 0.99512 0.98571 

 

Reference: 

[1]  Parsafar, G. A.; Spohr, H. V.; Patey, G. N.J. Phys. Chem. B2009, 113, 11977-11987 
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[4] Span, R.; Lemmon, E.W.; Jacobsen, R.T.; Wagner, W.; Yokozeki, A. J. Phys. Chem. Ref. 
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Introduction: 

Requirements of improved corrosion resistivity and mechanical properties of the epoxy 

coatings lead to the use of composite systems with the addition of glass flake in the epoxy 

coatings[1]. Curing is a determining step in coating process and properties as well.  So, the 

understanding of the mechanism and kinetics of cure is the first essential step in the 

evaluation of processing-property relationship [2]. In this work, the curing kinetics of 

diglycidyl ether of bisphenol-A epoxy resin cured with a polyaminoamide in the absence and 

presence of nano-glassflakes (NGF) were studied by means of non-isothermal differential 

scanning calorimetry (DSC) experiments at four heating rates. 
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Experimental: 

Calorimetric studies were carried out on a Mettler-Toledo DSC-821 thermal analyzer in 

covered high pressure stainless steel pans under nitrogen atmosphere at heating rates of 1, 

2.5, 5 and 10 K min-1. 

 

Results and discussion: 

The data were analyzed by Friedman, Ozawa and new method (modified Borchardt and 

Daniels-BD) approaches. Friedman method showed that Ea is roughly constant over the entire 

conversion range for both systems with and without NGF. The average values of Eaare 46,8 

kJ.mol-1and 48,8 kJ.mol-1for the systems with and without NGF, respectively. According to 

Ozawa method, the calculated activation energy for the neat epoxy/polyaminoamide system 

is 53.8 kJ mol-1, while these value decrease to 51.3 kJ mol-1 in the presence of NGF. Also, in 

this method, the average ln (A/s-1) values are 10.89±0.85 and 10.06±0.73 for the neat resin 

and the system including NGF, respectively.According to the results of modified BD method, 

the calculated ln (A/s-1), Ea, and n are 9.52, 49.62 kJ mol-1, 1.00 for the neat resin, while for 

the system including NGF the values are 8.98, 47.83 kJ mol-1, and 0.97, respectively. 
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(a) (b)

Fig.1. Curing rate versus temperature:   

(a)  epoxy/polyaminoamide at 10K min-1, (b) epoxy/polyaminoamide/1%NGF at 10 K/min, 

Conclusion: 

In all analyses, the values of Ea for the nano-glassflake filled system are lower than those of 

the neat epoxy/polyaminoamide throughout the curing reaction, although these differences 

are low. Also, the experimental data obtained provided the evidence that the curing behavior 

showed an nth-order characteristic for both neat and NGF-filled system. 

Reference: 

[1] J. González-Guzmán, J.J. Santana, S. González, R.M. Souto: Title of Resistance of 

metallic substrates protected by an organic coating containing glass flakes. In Progress in 

Organic Coatings, Volume 68, Issue 3, July 2010, Pages 240-243. 
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Introduction 

According to the increasing inquiry of better electrochemical materials for electrical energy 

device such as battery of high energy and power density, various types of lithium 

intercalation materials have been used to promote Li adsorption. To raise the Li adsorption 

capacity of the carbon-based electrode, the carbon nanotubes (CNTs) have been considered to 

be one of the promising candidates because of its outstanding electrical and mechanical 

properties. Therefore, many theoretical and experimental works have been assigned to study 

the intercalation of Li in single-walled carbon nanotubes (SWCNTs) [1]. In this study, we 

investigate the detailed energetic of lithium adsorption on the functionalized SWCNTs. 

Moreover, electronic properties of functionalized nanotubes before and after lithium doped 

were investigated.  

Methods 

All calculations 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 NH2/(8,0), COOH/(8,0) SWCNTs doped with lithium. The 

cutoff energies for plane waves were chosen to be 50 Ry. Calculations were performed in the 

supercell approximation. The lattice parameter along the axial direction of the nanotube is 3 

times the unit length of the pristine nanotube. The Brillouin zones were sampled with 1×1×9 

Monkhorst–Pack meshes, which represent the convergence of our systems, along the -Z 

direction [3].  
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Results and Discussion 

After functionalization of (8,0) SWCNT with –NH2 and –COOH groups, we doped Li in the 

inside and outside of these nanotubes. The adsorption of Li on different sites of NH2/(8,0), 

are presented in Figure 1. The binding energy, (Eb=E(CNT+Li)-E(CNT)-E(Li)), of all Li-doped 

functionalized nanotubes was calculated and reported in Table1. Considering the binding 

energy as a criterion for adsorption tendency, the internal adsorption of Li is more desirable 

than the external adsorption of Li. As indicated in Table 1, the binding energy of Li-doped 

NH2/(8,0) and COOH/(8,0) for all sites is more than of  Li-doped (8,0) SWCNT. Moreover, 

binding energy of site A for functionalized nanotubes is more than that of all other sites. 

 

 

 

 

 

 

 

 

 

 

 

system site binding energy 

Li@(8,0) -37.63 

Li@NH2/(8,0) A -47.76 

Li@NH2/(8,0) B -46.20 

Li@NH2/(8,0) C -46.19 

Li@NH2/(8,0) D -45.08 

Li@NH2/(8,0) E -46.05 

Li@NH2/(8,0) F -47.45 

Li@NH2/(8,0) G -45.40 

Li@NH2/(8,0) H -45.44 

Li@COOH/(8,0) A -44.40 

Li@COOH/(8,0) B -38.69 

Li@COOH/(8,0) C -40.99 

Li@COOH/(8,0) D -41.04 

Figure 1. Model of Li adsorbed on 

NH2/(8,0) in different sites. Corresponding 

Table 1. Electronic binding 

energies (kcal/mol) determined 

for the Li doped into the inside 

of (8.0), NH2/(8,0) and 

COOH/(8,0) SWCNTs of 

different sites
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Also we have calculated band structure for NH2/(8,0), COOH/(8,0), Li@NH2/(8,0) and 

Li@COOH/(8,0) SWCNTs (Figure 2). According to band structures, conduction reduces with 

Li doping.  

                            

 

 

 

 

Conclusion 

According to the first principles calculations, functionalization of (8,0) nanotube with –NH2 

and –COOH groups increases the Li adsorption energies. After Li doping functionalized 

SWCNTs, conduction of functionalized SWCNTs is reduced. 

Keywords: Density functional theory, functionalized SWCNT, Binding energy, band 

structure. 
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Figure 2. Electronic band 

structures for: (a) NH2/(8,0), (b) 

Li@NH2/(8,0), (c) COOH/(8,0) 

and (d) Li@COOH/(8,0) 
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Introduction: 

A simple method to analyze polymer-polymer miscibility in solution is the viscometric 

technique [1]. The viscosity study on ternary system of two different polymers and a solvent 

has been a subject of continuing interest, mainly due to its simplicity and importance in the 

characterization of the intermolecular interaction between the two different polymers in 

solution [2]. Compatibility of polymer can be explained in terms of the thermodynamic and 

hydrodynamic parameters [3]. 

 

Materials and methods: 

The poly vinyl acetae (PVAc) used in this study had a reported nominal average molar mass 

of 140 kg.mol-1. The poly vinyl pyrrolidone (PVP) used in this study had a reported nominal 

average molar mass of 58 kg·mol-1. Acetonitrile used in this study was purchased from Merck 

Chemical Co. and had a reported mass fraction purity of 0.99. The polymer solutions were 
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filtered before use and their viscosities were measured using a jacketed Ubbelohde 

viscometer with 0.4 mm capillary.                                                                          

 

Results and discussion: 

The viscosities of PVAc solutions in pure acetonitrile and in pre-prepared PVP solution with 

constant concentration 2 kg.m-3were measured at various temperatures. Also the viscosities of 

PVP solutions in pure acetonitrile and in pre-prepared PVAc solution with constant 

concentration 2 kg.m-3 were measured at various temperatures. According to the Huggins 

equation )][( bCred , the intrinsic viscosity, [ ], of the polymer is obtained by 

extrapolation of reduced viscosity to zero polymer concentration. The obtained intrinsic 

viscosities and viscometric interaction parameter, b, are listed in Tables 1 and 2.  

 

Table 1. Intrinsic viscosity, [ ] (m3.kg-1), of PVAc and PVP and [ ] (m3.kg-1)   

T/K [ ] PVAc-0 [ ] PVAc-PVP [ ] PVP-0 [ ] PVP-PVAc [ ] 

293.15 0.07396 0.06367 0.03866 0.03393 -0.01502 

298.15 0.07101 0.05996 0.03706 0.03108 -0.01703 

303.15 0.06851 0.05540 0.03578 0.02833 -0.02056 

308.15 0.06667 0.04991 0.03399 0.02646 -0.02429 

313.15 0.06473 0.04273 0.03263 0.02470 -0.02993 

Table 2. Viscometric interaction parameter, b(m6.kg-2), of PVAc and PVP and b (m6.kg-2) 

T/K 103b PVAc-0 103b PVAc-PVP 103b PVP-0 103b PVP-PVAc 103 b 

293.15 2.227 3.282 1.074 1.288 1.269 

298.15 2.262 2.977 1.011 1.317 1.021 

303.15 2.272 2.869 0.972 1.258 0.883 
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308.15 2.187 2.779 0.945 1.134 0.781 

313.15 2.167 2.979 0.918 1.077 0.971 

The polymer solvent method and the classical dilution method were used studying the 

compatibility of polymers. In the polymer solvent method intrinsic viscosity and viscometric 

interaction parameter of a polymer in pure solvent were compared with intrinsic viscosity and 

viscometric interaction parameter of a polymer in solution of another polymer. The polymer 

blend is compatible if 0][  and is incompatible if 0][ . Whereas BA ][][][  

and [ ]A= [ ]A-B- [ ]A-0. Where 0][ A and BA][  are intrinsic viscosities of polymer A in 

pure solvent and in solution of polymer B, respectively. Another compatibility criterion is 

based on the difference between experimental and ideal values of viscometric interaction 

parameter. On the basis of this criterion, the polymer blend is compatible if 0b  and is 

incompatible if 0b . Whereas BA bbb  and 0ABAA bbb . Where 0Ab and 

BAb  are viscometric interaction parameters A in pure solvent and in solution of polymer B, 

respectively. The results of Tables 1 and 2 indicate that the PVAc/PVP blends are 

compatible. 

 

Conclusion: 

In this work, the polymer solvent method was used to studying the compatibility of polymers. 

The obtained result reveals that PVAc/PVP blends are compatible. 
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Introduction: 

Time of flight (TOF) mass spectrometry is one of the most important methods for 

quantitative and qualitative analysis of materials. The ionization source in TOF mass 

spectrometry can be electron impact, laser and synchrotron radiation. In this method the ions, 

produced by direct ionization or thermal desorption from an ionic salts, accelerated in a 

uniform electric field and then separated in a field free region based on their masses to charge 

ratio. In TOF mass spectrometry, the m/z ratio is proportional to the square of flight time. For 

accurate calibration known masses are required to obtain the parameters for converting the 

flight time to mass. In this work, the TOF mass spectra of alkali halides including LiCl, KCl, 

NaCl, CsCl and their mixtures were recorded and used for mass calibration.  

 

Experiment: 

Fig. 1 shows the set-up of the TOF mass spectrometer constructed in the Isfahan university of 

technology [1]. The ionization source of the set-up is laser radiation (355 nm) produced by a 
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Nd-YAG laser (Quantel model YAG980,France).  

 

Fig.1 Set-up of the TOf mass spectrometer  

During the experiment the TOF was under high vacuum (10-7 mbar). The TOF mass spectra 

of the samples were recorded at different laser intensities, detector and repeller plate voltages. 

The aqueous solution of alkali halides (0.1M) was prepared and coated on an aluminum 

surface, used as repeller. Sample was directly irradiation by the laser light to evaporate and 

ionize.  

 

Result and discussion: 

Fig.2 shows a typical mass spectrum obtained from a mixture of alkali salts. It is evident that 

the resolution is good enough to distinguish different isotopes. Also, we observed different 

clusters of the type of M+(NCl) [2] where M and N are alkali atoms. To calibrate the mass 

spectrum, the masses and flight times were fitted in a m1/2= at +b. (Fig. 3).    
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Conclusion:  

We observed the presence of clusters such as M+ as well as M+(NCl) such as Li+(LiCl) , 

Na+(NaCl), K+(KCl), and K+(NaCl)2 produced by laser desorption ionization. Using the 

calibration method, a mass accuracy of ±0.04 m/z was obtained. 
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Introduction

Further miniaturization of the electronic devices is not possible with traditional (macro/micro) 
methods of synthesis of transistor materials and production of integrated circuits. Nanoelectronics is a 
branch of nanoscience/nanotechnology that addresses the industrial quest and commercial thirst for 
this miniaturization down to nanometer scales. Design and study of the nanoelctronic circuits which 
fundamental components are molecules is referred to as moletronics or molectronics. Shrinking 
electronic devices to these scales increases capacity of data storage devices, increases speed of digital 
computing processes, and decreases power consumption of electronic instruments. 
Nanoelectronics(molectronics) provides also possibility of manufacturing nanometric actuators and 
sensors which will revolutionize sciences and technologies of motion control, measurement, and 
biological monitoring, diagnostic and interferences. 

In order to design and properly apply effective nanoelectronic devices and circuits, behavior 
of electrons (their charge and spin) in static field-free molecular and intermolecular spaces, and in the 
electro-dynamical systems under static and time-dependent external electric and magnetic fields, and 
electron-nuclear interaction should be known exactly.pintronics is a version of electronics in which 
the spin of electrons contributes to the steady state response properties and characteristics of the 
transport phenomena in an electronic device. This contribution provides a variety of new features to 
the performance of electronic devices, such as more secure encoding/decoding of data, magnetic 
control of the device function, accurate production of local magnetic fields, and more reliable sensing 
and actuating. In spintronics, spin density can redistribute under local fields either with or without 
charge transfer.  
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 Three critical problems are to be resolved prior to the use of nano-size and molecular devices 
in nanoelectronic circuits. These include: (i) limitations for packing moletronic devices in a 
three-dimensional space, (ii) possibility of tunneling between neighboring molecules, and (iii) energy 
dissipation in the nuclear motion of the molecules. The first two problems, which are well-defined in 
physicochemical contexts, are addressed so far by encapsulating the device with inert chemicals 
and/or capping with -bond insulating moieties, and spreading as farther as possible the circuit 
components over a two-dimensional space. While, the interferences between electronic and nuclear 
motions which can result in thermoelectric effects and uncontrollable energy-dissipation in 
nanoelectronic devices and circuits [1], have not been investigated so far. These interferences are 
studied here based on QTAIM and normal mode analyses.  

  

Results and Discussion 

After presenting an introduction to nanoelectronics and thermoelectric effects, the nature of electron 
(charge & spin) is discussed [2] regarding its behavior in a molecular-size electronic device. Then, the 
evolutions of the molecular electronic and nuclear motions in a typical single-molecule device 
exposed to external electric field (EF) are studied. New molecular coefficients are introduced to 
describe and probe occurrence of Joule-like and Peltier-like effects in molecular nanoelectronic 
devices. A semiemirical intramolecular temperature scale is introduced to describe electronic and 
nuclear energy redistributions induced by EF over the molecular device space, which is used to 
introduce and plot intramolecular (or nanoscale) thermograph (Figure 1) based on which details of 
energy redistribution and electronic energy dissipation can be extracted and the performance of any 
prospective nanoelectronic device can be rated prior to synthesis and manufacturing of the device.

Figure 1: A typical Thermograph 
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Abstract: 

Recently, silicon based reactive diluents have been paid many attentions because 

silicon-containing compounds usually have outstanding chemical and thermal stability, and 

insulativity. These interesting investigations have proved the advantages of silicon based 

reactive diluents; meanwhile, they also suggest that the chemical structure of 

silicon-containing compounds should be carefully designed to guarantee the elaboration of 

these advantages [1,2]. 

We report our findings on relative energy, geometric properties of methyl (methylene) silane 

and its derivatives (see Fig.1). Geometry optimizations are carried out by B3LYP method. 

This is using 6-311++G** basis set of the Gaussian 98 system of programs [3].  The 

investigation in water solution was carried out by means of the self-consistent reaction field 

(SCRF) method [4] at the B3LYP/6-311++G** level of theory. To confirm the nature of the 

stationary species, frequency calculations are carried out. For minimum state structures, an 

only real frequency value is accepted. In order to find substituent effect on methyl 

(methylene) silane, theoretical study via DFT method is employed in the manuscript. The 

following substituents are taken into considerations: NO2 and CH3. 
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In this work, an AIM-analysis of the topology of the charge density were used to investigate 

the influence of the substituents at the methyl (methylene) silane on the structural, electronic 

and energetic properties of these constitutional isomers (see Fig. 2.). Changeability of the 

C–Si, C-N and C–C bond lengths was analyzed in terms of the natural bond orbital (NBO) 

method. 

According to all of the theoretical calculations, the stability orders ( E in kcal/mol) for the 

methyl (methylene) silane in gas phase and solutions are as follows: 

NO2 > CH3 > H 

Geometrical parameters showed that the calculated geometric parameters for methyl 

(methylene) silane and its derivatives in gas phase, water, THF and DMSO solutions were 

very similar. 

 

Keywords: methyl (methylene) silane; ab initio method; DFT method; solvent effect 

 

Fig. 1. The structure of methyl (methylene) silane derivatives 

 

R=H, CH3 and NO2 

 

Fig. 2. The contour map of methyl (methylene) silane obtained from the B3LYP/6-311 G** wave function 
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Introduction: 

It's been nearly four decades since Carl Sagan first addressed the general public from a 

scientist's perspective, confronting the possibility of extraterrestrial life [1]. Different 

scientific hypothesis are proposed to answer this controversial question. The search for 

extrasolar terrestrial planets is in large part motivated by the hope of finding signs of life or 

habitability via spectroscopic biosignatures [2]. The main focus of these spectroscopic 

methods is the direct detection of extrasolar terrestrial planets. However, in some cases 

searching for spectroscopic signatures by a direct technique (i.e., a direct interaction of 

radiation and matter) is an impossible goal due to blind spots in the space. In this study, a 

new approach, based on indirect spectroscopy, for finding out extraterrestrial life on other 

planets is proposed and compared with another direct spectroscopy. 

 

Method: 

On the one hand, planet-shine spectrum is investigated, when reflected sunlight from a planet 

illuminates the night side of one of its moons. A low-resolution optical spectrum could be 

obtained which informs us from the vegetation of that planet. On the other hand, radio 
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astronomy is probed, a field that has become one of the most important tools of astronomical 

observations. Radio astronomy has been responsible for a great part of our understanding 

about the universe, its formation, composition, interactions, and even the predictions we can 

do about its future path. 

 

Result and Discussion: 

Earth’s deciduous plants have a sharp order-of-magnitude increase in leaf reflectance 

between approximately 700 and 750 nm wavelength. This strong reflectance of Earth’s 

vegetation suggests that surface biosignatures with sharp spectral features might be detectable 

in the spectrum of scattered light from a spatially unresolved extrasolar terrestrial planet. An 

ideal surface biosignature would be produced by a large and abrupt change in the reflectance 

at wavelengths that penetrate to the planetary surface (FIG. 1). There are some problems 

associated with not only this technique, but also with any optical-based technique. Since 

radio waves have a large wavelength, they experience less interference. As a result, they can 

travel across large distances. Moreover, the sunlight, cloudy conditions, and rain do not affect 

our observations. 

 

 

 

 

 

 

Connection between life and volcanic activity is straightforward. Life is closely related to 

volcanic activity of planets and there is no possibility of existing life on any planet, unless 

volcanic activity could be existed on it [3]. Since these two issues are clearly connected, we 
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propose that using the volcanic activity via radio spectroscopy on far planets can lead us to 

put away planets which are without life. This helps us to search life on a limited subset of far 

planets. 

Conclusion: 

Spectroscopic methods are favourable approaches to investigate alien life. Among 

spectroscopic methods, radispectroscopy is a reasonable technique to study extraterrestrial 

life.  
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Introduction: 

Electron scattering and photoionization (PI) of molecules have been investigated 

extensively over the past few decades, both theoretically and experimentally. These 

investigations provided numerous information in various applied fields such as plasma, 

radiation and astro-physics [1]. Although ionization of electron from atomic and diatomic 

species have been studied at femto and attosecond time scales so far, it is still impossible to 

follow evolution of a bound electron wave function into a free electron described ideally by 

a Dirac -function. 

In this research, time-dependent Schrödinger equation (TDSE) is solved numerically to 

investigate the reverse phenomenon, i.e. evolution of the free electron wavepacket (WP) near 

a nucleus in terms of the transformation into bound electron wave functions. This evolution is 

quantified by evaluating the instantaneous contributions of the hydrogen-like s , p , d  

orbitals to the evolving WP. The departure from the initial WP has been quantified by 

calculating time-dependent autocorrelation coefficients of the WP. Effects of the 
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characteristics of the initial Gaussian WP, including its entrance direction, velocity, and 

initial widths, on the instantaneous contributions of the hydrogen-like orbitals and 

autocorrelation coefficients are also investigated. 

 

Computational Method: 

A two-dimensional Gaussian shape propagating WP of the form Eq. (1) is considered to 

represent the incoming free electron. In this WP, cx  and cy  are coordinates of the center of 

the WP, which is moved during the simulation with a classical speed of v  along a defined 

direction. The x  and y  parameters denote the initial widths of the WP. This WP is 

initially set at the entrance point of 000  , yxr  and its evolution is followed by solving 

numerically the TDSE in a two dimensional space, which has the form (in atomic units) given 

in Eq. (2). In this equation, ),( NN yx and NZ are the coordinates of the nucleus and its 

charge, and scp is the soft-core potential parameter that allow avoiding the singularity at the 

nucleus. Eq. (2) is solved numerically by a direct integration method using an appropriate 

split operator. A negative imaginary potential (NIP) acting as absorbing wall, operative only 

near the borders of the simulation box, is added to the Hamiltonian.  
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Results, discussion and conclusion: 

         Examples snapshots of the evolving WP and variations of the hydrogen-like orbital 
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contributions to the WP are presented in Figs. 1 and 2. Results show that electronic WP 

spreads as it moves toward the nucleus, and scatter when comes close to nuclei. Part of WP is 

bounded to the nucleus temporarily. Increasing velocity of the WP, results in intensified 

peaks. Evolution of the asymmetric WP is accelerated in the direction it has a smaller  

value. Moreover, distancing the WP travel path from the nucleus decreases its scattering, and 

contributions of the hydrogen-like orbitals [3].  

Fig. 1. Snapshots of the evolved WP 

near the H nucleus at different WP 

velocities 7.07 (a), 4.71 (b) and 3.53 

au (c). 
 

Fig. 2. Contributions of the s and 

p  hydrogen-like orbitals, (C1s, C2s, 

C2px and C2py) to the evolved WP at 

different velocities (as labeled). 
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Introduction: 
It is well known that a covalently bonded halogen atoms can act as electron acceptors and 
interact with electron donor species. This type of noncovalent interaction is usually called 
halogen bond [1]. Halogen bonds have attracted immense attentions in recent years, because 
of their importance in different fields of chemistry and biochemistry. In addition, the fact that 
halogens usually have negative partial charges (due to their high electronegativity), makes 
these negative-negative interactions more interesting for theoretical chemists. The nature of 
halogen bonds is still the objective of many researches [1,2]. Eskandari and Jalali studied 
halogen bonds by focusing on electrostatic properties of halogen atoms [3]. They showed that 
electric quadruples of halogen atoms are mainly responsible for their attractive interactions 
with negatively charged atoms. The main objective of this work is to investigate the 
cooperativity and anti-cooperativity effects on the electrostatic properties of the halogen 
atoms.  
 

Methods: 
Molecular geometries and electronic wavefunctions were fully optimized at 
MP2/6-311++G(d,p) 6d level using Gaussian 03 program. Bader’s QTAIM was used to 
evaluate atomic electrostatic moments. Integration over atomic basins was carried out using 
standard mode of AIMAll program. 
 

Results and Discussions: 
The multipole expansion (ME) of electrostatic potential at a given point, S, in a vicinity of a 
molecule is given by:  
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In which, ,  and  are, respectively, the atomic monopole moment, atomic dipole 

moment vector and the atomic traceless quadruple moment of i-th atom.  and   are 

the distance between  atom i and the point  and the unitary vector pointing from atom i to 

point , respectively. In this work, we used ME of electrostatic potential to study the halogen 

bonding interactions in  and  systems. Here  is Cl2, Br2, 

ClBr, FCl or FBr. To investigate the trends of halogen bonds in  and 

 complexes, ME of electrostatic potential, , at molecular surface, along 

the  bond of  and  systems has been calculated. Figure 1 displays the 

relation between  and electron density  at the bond critical points , , (as a measure of 

the intermolecular binding strength) of   and  interactions. Clearly, there is 

no correlation between the values; however, a very good linear correlation is found when one 
excludes the FCl and FBr molecules (Figure 2). It seems the electrostatic terms are not the 
only terms which responsible for formation of halogen bonded complexes of FCl and FBr. 
NBO analysis also confirms that charge transfer is important in these complexes. 
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Fig. 1 Relation between  and  

  

Fig. 2. Relation between  and  

Conclusion: 

ME of electrostatic potential has been calculated in the vicinity of halogen atoms in  and 

 systems. In all of the cases, the  component of atomic quadruple moment of 

halogens is mainly responsible for formation of halogen bonds. Comparing  and 

 reveals that  reduces the quadruple moments of halogens and hence 

destabilizes the second halogen bond in .  
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Introduction: 

Stars having remarkable emission lines in the optical spectra are called emission-line stars 

and widely distributed on the Hertzsprung-Russell diagram including various stellar types.1 In 

addition to line positions, knowledge of Einstein A coefficients for rovibronic transitions has 

important applications in astrophysics.2 Experimentally, Einstein A coefficients can be 

determined indirectly via lifetime measurement; however, this lifetime is related to the rate of 

radiative decay ofan excited state to all lower energy levels. 

         Magnesium hydride is an important molecule in different 

astrophysicallyenvironments. Lines of the A2 X2 +transition have been detected in 

different stellar regions such as the solar photosphere,3 the spectra of sunspot,4 nearby L 

dwarfs,5 and late-type stars.6 In addition,theB 2 + X 2 +bands have been detected in sunspot 

umbral spectra.7 

 

Theory: 
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Line intensities of rovibronic transitions are proportional to Einstein A coefficients which 

directly depend on transition wavenumber  (in cm–1), the Hönl-London factor , and the 

dipole moment operator  in Debye which is a function of internuclear distance . 

 

 

 

Where R(r)is the electronic transition dipole moment in Debye and can be written as:   

R(r)=              (3) 

Electronic dipole moments  can becomputed theoreticallyfrom high level ab initio 

calculations.8 Using the matrix elements of dipole moment operator  in various 

internuclear distance, were calculated numerically by program LEVEL.9This 

program uses an effective Hamiltonian in which rovibrational levels can be calculated 

numerically. If one uses Condon’s approximation, Einstein A coefficientswould depend 

onFrank-Condon factors , defined by eq. 4.10 However, we do not make that 

approximation in program LEVEL, and use Eqs. (1) to (3) instead. 
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TheA2  and B  2 +excited states of MgH are close to each other, and there are extensive 

perturbations between them. These include spin-orbit and rotational perturbationsthatmix 

theirwavefunctions.The programPGOPHER11 can simulate and fit rovibronic lines with the 

aid of spectroscopic constants including rotational and spin-orbit constants. 

 

Result and discussion: 

Because of spin-orbit coupling, we expect 12 branchesforeach vibronic transition of the 

A2 X2 +system with various intensities. For example, Table 1 shows that Einstein 

Acoefficients of the R22 branchof the (1-0) band depend significantly onthe the total angular 

momentum quantum number J. 

Table1. Einstein A coefficients of R22 electronic transition band of A2 X2 + 

J” energy A(calculated)A(PGopher) 

R 0.5 1 5 353161.0000 0.121971000 -0.861079 16413.017 385553.230 397456.545 

R 1.5 1 5 424416.0000 0.122034000 -0.861648 16413.998 429035.749 442267.975 

R 2.5 1 5 454789.0000 0.121952000 -0.861980 16410.7425 450566.558 464440.244 

R 3.5 1 5 471048.0000 0.121723000 -0.862064 16403.2785 462898.031 477118.363 

R 4.5 1 5 480475.0000 0.121343000 -0.861877 16391.6151 470261.142 484665.203 

R 5.5 1 5 485853.0000 0.120804000 -0.861390 16375.7781 474452.383 488934.105 

R 6.5 1 5 488454.0000 0.120099000 -0.860561 16355.7986 476345.086 490825.702 

R 7.5 1 5 488927.0000 0.119215000 -0.859340 16331.7236 476402.865 490817.641 

R 8.5 1 5 487618.0000 0.118141000 -0.857662 16303.5965 474873.601 489166.955 

R 9.5 1 5 484713.0000 0.116861000 -0.855450 16271.4773 471887.701 486010.635 

R 10.5 1 5 480297.0000 0.115356000 -0.852609 16235.4418 467498.889 481405.439 
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R 11.5 1 5 474396.0000 0.113606000 -0.849030 16195.4646 461705.232 475350.441 

R 12.5 1 5 466991.0000 0.111586000 -0.844581 16152.0176 454506.935 467849.043 

R 13.5 1 5 458029.0000 0.109270000 -0.839106 16103.7042 445717.391 458711.969 

R 14.5 1 5 447434.0000 0.106628000 -0.832426 16053.1082 435463.959 448071.637 

R 15.5 1 5 435107.0000 0.103626000 -0.824325 15998.6709 423502.043 435681.780 

R 16.5 1 5 420932.0000 0.100230000 -0.814554 15940.8175 409740.510 421450.019 

R 17.5 1 5 404781.0000 0.096400400 -0.802820 15879.6988 394051.609 405248.216 

R 18.5 1 5 386519.0000 0.092097200 -0.788776 15815.4635 376295.993 386940.567 

R 19.5 1 5 366006.0000 0.087279600 -0.772019 15748.2602 356336.343 366385.678 

R 20.5 1 5 343114.0000 0.081908600 -0.752071 15678.2533 334039.883 343454.630 

R 21.5 1 5 317733.0000 0.075949100 -0.728371 15605.6235 309296.623 318036.809 

R 22.5 1 5 289795.0000 0.069375400 -0.700257 15530.5658 282036.425 290063.636 

R 23.5 1 5 259299.0000 0.062177300 -0.666944 15453.2956 252255.115 259533.756 

R 24.5 1 5 226353.0000 0.054370400 -0.627505 15374.2721 220067.917 226564.712 

R 25.5 1 5 191230.0000 0.046010200 -0.580836 15292.804 185704.470 191389.04 

R 26.5 1 5 154455.0000 0.037213900 -0.525628 15210.3652 149734.680 154582.798 

R 27.5 1 5 116917.0000 0.028190400 -0.460313 15126.7334 113021.386 117012.603 

R 28.5 1 5 80047.1000 0.019285700 -0.383020 15042.2945 76994.154 80111.865 

R 29.5 1 5 46064.1000 0.011047600 -0.291505 14957.4494 43870.705 46101.026 

R 30.5 1 5 18329.8000 0.004321210 -0.183069 14872.6609 17018.765 18344.379 

 

Conclusion: 

Keeping the astrophysical importance of rovibronic intensities in mind, we have Einstein A 

coefficients of MgH for calculated the A2 X2 +and   B  2 + X 2 + systems. 
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Introduction: 
Bisphosphonates (BPs) are important pharmaceuticals, which are widely used in treating 
various bone disease and as carriers of radio nucleotides for therapeutic and imaging 
applications [1]. These compounds are characterized by a P-C-P backbone and two side 
groups (R1 and R2) that determine their activity. Modeling the interaction of BPs and their 
biological targets (FPPS enzyme and bone mineral) is of special interest for analysis of the 
mechanism of action of BPs and design of novel more potent derivatives. Such a modeling is 
initially performed at a molecular mechanical level of theory and availability of force field 
parameters is the perquisite for it. In this work CHARMM additive force field is 
parameterized for some derivatives of bisphosphonates according to the CHARMM general 
force filed (CGenFF) protocol [2]. 
 
Materials and methods: 
The potential energy V(R) in the CHARMM FF is a function of positions of all of atoms in 
the system and has the following general form: 
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where the sum covers all bond or angle vibrations, dihedral rotations, improper distortions, 
and non-bonded van der Waals or Coulomb interactions. To find missing parameters in BPs, 
all atom types are set according to CHARMM defined types and parameters that are exist in 
CGenFF parameter set are used.  
To determine the global minimum structure, all initial structures which are obtained from 
varying rotamers, are optimized by PM6 semi-empirical method with MOPAC and the most 
stable conformers are then used for further geometry optimization at the B3LYP/6-31G(d) 
and  MP2/6-31G(d) levels of theory by GAMESS program. Structural properties of global 
minimum are used as initial guess for missing parameters. Force constants are determined 
from matrix of second derivatives with respect to internal coordinates. Initial guess for 
charges are obtained from electrostatic potential calculations at MP2/6-31G(d) and then all 
CGenFF protocol rules are applied for charges, also for all symmetric atoms in molecule the 
charges are symmetrized. Final charges are optimized to reproduce the interaction energies 
and distances with TIP3P model of water calculated at HF/6-31G(d) level. 
 
Result and discussion: 
The HEDP molecule and its different protonation states are used as model compound. 
Reasonable agreement between QM data and CGenFF available parameters provide the 
possibility of using them as initial guess for missing parameters (Fig.1). In Fig.2 water- 
compound model for some interaction sites and their relative distance and energy are shown. 
These results will be used as target data in charge optimization procedure. Reasonable 
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agreement are also found between MM energy profiles of flexible dihedrals and those 
obtained from MP2/6-31G(d) calculations.  

 
Figure1.Molecular graph of HEDP with atom-type lables and data from some force constants and related 

bond/angle  calculated data from MP2/6-31G(d)  data from CGenFF reported parameters (Force constants 

[kcal mol-1 A -2, kcal mol-1rad-2])  

 
Figure2. Some interaction sites of HEDP with water molecules. 

Conclusion: 
CHARMM-compatible parameters are developed for bisphosphonates and the parameter set 
are used to generate a new force field that can be used in molecular mechanical simulations. 
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Introduction: 

One of the major obstacles in quantum molecular dynamics computations is the exponential 

growth of computational cost with increasing dimensionality. Devising new methods to lower 

computational complexity and cost is paramount for application to systems with higher 

dimensionality. In this regard, representing potential energies as sum of products can enable 

more efficient computations. Using the FHF and the ClHCl model systems, in this paper we 

investigate the feasibility of the Higher Order Singular Value decomposition (HOSVD) 

algorithm for representing potential energies as sum of products.  

 

HOSVD: 

Tensor decomposition involves representing a tensor as a sum of terms involving one 

dimensional arrays. In particular, Tucker decomposition represents an I J K tensor X , 

as 1 2 3X G A B C , where, G is an (R1×R2×R3) tensor known as the core tensor, the 

matrices A, B and C, are called Tucker matrices, and integers R1, R2, R3
 are the Tucker ranks. 

The HOSVD algorithm computes the decomposition via matrix SVD computations [1, 2]. 



15th Iranian Physical Chemistry Conference 
 

University of Tehran, Tehran, September 3-6, 2012 

 

246 

HOSVD algorithm: 

Given an I1×I2×… ×Id tensor X, and Tucker ranks R1,R2,…,Rd: 

For n=1, to d 

X(n)  Unfold X in mode n  

A(n)  Rn leading left singular vectors of X(n)   

End  

G  X ×1 A(1)T×2 A(2)T…  A(d) 

Output: G, A(1), A(2), …,  A(d) 

Results and discussion: 

We considered the ClHCl potential energy in terms of Jacobi coordinates with r as the ClH 

diatom bond length. The potential energy was discretized with 110 points for the radial 

coordinates and 60 points for , with (R, r) between 1.5 and 12 bohr, and in the 

range[0, ]. The resulting tensor was decomposed. Modes 1, 2 and 3 were chosen 

corresponding to R, r and respectively. We found that modes 1 and 2 do not allow rank 

truncation, however we can truncate the rank in mode 3 to 35 without practically any error 

(Table I).  

T able 1. ClHCl with (R, r) between 1.5 and 12 bohr                                Table 2. ClHCl with (R, r) between 0.2 and 12 bohr  
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This corresponds to a compression factor of 38%. We can even achieve a compression factor 

of 48%, with R3=29 and an error of only 10-8, this is chemically exact. We found that 

including grid points with very high potential energy, i.e. points for which the atoms are too 

close, can have adverse effects on the decomposition (table II). However these points do not 

have physical significance. Our investigations also indicated that a symmetric choice for the 

Jacobi coordinates (with r as the ClCl bond length) significantly increases the efficiency of 

the decomposition such that even the aforementioned adverse effect is more than 

compensated for (table III). It should be noted that our computations with FHF showed 

similar results. 

Table 3. ClHCl with (R, r) between 0.2 and 12 bohr, symmetric model. 

Ranks 
Relative 

Error 

Compression 

Factor 

(110,110,38) 4.73×10-15 33  

(110,110,35) 8.35×10-13 38  

(110,110,32) 1.15×10-10 43  

(110,110,29) 1.12×10-8 48  

Ranks 
Relative 

Error 

Compression 

Factor 

(110,110,38) 4.94×10-6 33  

(110,110,35) 6.37×10-6 38  

(110,110,32) 8.23×10-6 43  

(110,110,29) 1.10×10-5 48  
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Conclusion:  

Using HOSVD we were able to decompose potential energy functions for heavy-light-heavy 

model systems and obtain accurate some of product representations with significant data 

compression.Our investigations show this method to be very promising. 
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Ranks 
Relative 

Error 

Compression 

Factor 

(110,110,38) 1.71×10-15 33  

(110,110,35) 1.71×10-15 38  

(110,110,32) 1.71×10-15 43  

(110,110,29) 1.65×10-11 48  
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Introduction 

Hydrofluoroethers (HFEs) are a kind of compounds which have been developed to replace 

CFCs in applications such as the cleaning of electronic equipment, heat transfer agents for 

semiconductor and electronics manufacture and fluid carriers for lubricant deposition [1]. The 

atmospheric oxidation of n-C3F7OCH3 (HFE-7000) will be initiated by reaction with OH 

radicals that the initial attack of OH radical on HFE-7000 leads to the formation of haloalkyl 

radicals [2], which in turn reacts with atmospheric O2 to give peroxy radicals 

(C3F7OCH2O2•). The reaction of C3F7OCH2O2 radical with NO, NO2 and HO2 in the 

troposphere finally causes the formation of haloalkoxy radicals (C3F7OCH2O•). 

Calculation method 

Geometry optimization of the reactants, products and transition states have been obtained 

using B3LYP/6-311G(d,p) method. The vibration frequencies were attained in the same 

theory level for the optimized reactants, products and transition states. No virtual frequencies 

of all stationary points were identified (NIMAG=0). Transition states are defined by the 

presence of only one virtual frequency (NIMAG=1). To ascertain that the identified transition 

states connect reactants and products smoothly, intrinsic reaction coordinate (IRC) 

calculations were done at B3LYP/6-311G(d,p) level. 
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Results and discussion 

Two possible pathways have been detected for reactivity and decomposition for C3F7OCH2O 

radical. (1) C3F7OCH2O radical react with O2 atmospheric to perform O2H and C3F7CHO. (2) 

is thermal decomposition of C3F7OCH2O radical to C3F7O and CH2O. The C-H bond length 

of TS1 will change from 1.105 to 1.227Å (approx. 11%) the optimization structure of TS2, 

indicated that C-O bond increases from 1.344 to 1.981Å (approx. 47%). The energy barrier 

for path (1) and (2) obtained 4.3 and 16.8 kcal mol-1, respectively. These results reveal that 

the reactants and products in a stable minimum potential energy surface (PES) are marked 

only with positive vibrational frequencies. Transition states of TS1 and TS2 are characterized 

by a negative frequency, which are -1023 and -376 cm-1,respectively.The existence of 

transition state on the PES is obtained by IRC calculation performed at B3LYP/6-311G (d, p) 

level. The IRC plots (Figure. 1) clearly showed a smooth transition from reactants to products 

on the PES. 

Rate constants for C3F7OCH2O radical were calculated using the following equation: 

  

G  is the free energy of activation.  

 

The final rate coefficients were corrected using transmission coefficient by Wigner’s method 

[3]. 
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Fig. 1  IRC plots performed for transition states TS1 and TS2 

The results showed that the rate constants for the C-H bond scission and C-O bond cleavage 

are 97.6 and 9.6 s-1, respectively. 

Conclusion 

Two important channels (C-H bond scission and C-O bond cleavage) are considered in detail 

that the C-H bond scission is found to be favorable for the C3F7OCH2O radical reactivity. The 

energy barrier for C-H bond scission (TS1) and C-O bond cleavage (TS2) is 4.3and 

16.8Kcal.mol-1, respectively. The rate constants evaluated for the C-H bond scission and C-O 

bond cleavage are found to be 97.6 and 9.6 s-1, respectively. 
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Introduction:  
During the last decades, several studies have focused on the organic semiconductor due to 
their potentially interesting properties for electronic and optoelectronic applications [1, 2]. In 
such devices the transport properties of the organic material and the interaction between the 
metal contact and the molecules adsorbed at the metal-organic interface plays a key role [3, 
4]. The net charge of the adsorbate multiplied by the distance between adsorbate and topmost 
metal layer may contribute to a substantial interface dipole, modifying the alignment between 
the frontier orbitals of the molecule and the Fermi energy of the metal in the contact. 
Therefore, a precise knowledge of the adsorbate geometry becomes mandatory for a 
quantitative understanding of the energetic defining injection or extraction of charges. In the 
present work, the adsorption of 1,4,5,8-naphthalene tetracarboxylic dianhydride (NTCDA) on 
a (110)-oriented silver substrate as a model of organic semiconductor contact is investigated 
with the second order Møller-Plesset perturbation theory (MP2) and density functional theory 
(DFT). 
 
Theoretical model: 
In the present study, we have applied MP2 using the resolution-of-identity approximation for 
the evaluation of two-electron integrals (RIMP2) as implemented in the TURBOMOLE 5.7 
software package to optimize the adsorption geometry of NTCDA on the Ag(110) surface. 
For comparison with a method excluding dispersion interactions, we have applied DFT using 
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the hybrid functional B3LYP with an exchange-correlation energy calculated on an 
integration grid of medium density (m4). For this study, five different silver clusters were 
used to model the Ag(110) surface including Ag16(9,4,3), Ag22(9,4,9), Ag32(15,16,1), 
Ag34(9,16,9) and Ag50(25,16,9). The notations represents for instance for the smallest cluster 
i.e. Ag16(9,4,3), 9 atoms in the first layer, corresponding exactly to the unit cell required by 
chemisorbed NTCDA on Ag(110), and 4 and 3 atoms in the second and third layers, 
respectively, that are in total 16 silver atoms. For all these structures the geometry of the 
adsorbed organic molecule are fully optimized while the structure of metal clusters are kept 
fixed.   
 
Results and discussions: 
For several substrate clusters the heights of different atoms in NTCDA with respect to the 
topmost silver layer were obtained from the minimum of the BSSE-CP corrected PES, 
occurring typically at about 0.14 - 0.18 ° larger distance with respect to the optimized RIMP2 
geometries without BSSE-CP correction. Irrespective of computational scheme and the 
cluster size, the two types of oxygen atoms of NTCDA occur at different heights, revealing 
distortions from planarity.  
In sharp contrast to the adsorbate geometries which we consider to be reasonably converged 
for the largest substrate clusters, the MP2 adsorption energies do not follow any simple rule. 
This finding indicates that unavoidable boundary effects arising from the finite size of the 
metal clusters inhibit the definition of converged adsorption energy. 
 
Conclusions: 
In this work we used MP2 and DFT calculation to study the adsorption of NTCDA on the 
Ag(110) surface. Excluding the smallest cluster (Ag16) which was not be able to model the 
adsorption geometry, other clusters represent mostly the same adsorption geometry. The next 
smallest cluster with 22 Ag atoms was used for the further investigations. The studies on the 
molecular orbitals reveal some efficient hybridization between the organic adsorbate 

-orbitals and the orbitals of the metal substrate. These types of hybridizations are 
responsible for this chemisorption and may be the reason of charge transfer between the 
adsorbed molecule and the metal substrate. With the comparison of two ab initio methods 
which were used in this study we concluded that the lack of the dispersion terms at DFT 
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approaches have strong influence on the adsorption geometry. DFT gives the adsorption 
geometry which is strongly bended where the adsorption geometry at MP2 is nearly flat.  
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Introduction: 

Transition metal diborides, attract for a long time much attention of physicists and material 

scientists due to their unique physical and chemical properties such as hardness, high melting 

point, etc [1]. Tantalum diboride (TaB2) has the hexagonal AlB2-like structure p6/mmm space 

group [2]. In 2008, phase pure TaB2 powder was synthesized using reduction of Ta2O5 by 

B4C and graphite at 1600Cº in an alumina tube furnace under following Ar [3]. Tantalum 

diboride has high melting point, high hardness, good thermal and electrical conductivity, and 

resistance to most acids and bases [4]. This compound is an excellent candidate for ultra-high 

temperature propulsion systems due to specific mechanical properties. Besides, investigation 

of high temperature strength, thermal shock resistance and oxidation resistance are necessary 

to establish it as a competitive material for thermal protection systems [3].  

 

Computational method: 
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The calculations have been performed with ultrasoft pseudopotential method in the frame 

work of Density Functional Theory (DFT) by using the Plane Wave (PW) that implemented 

in Quantum Espresso software [5]. In this method, the Generalized Gradient Approximation 

has been used for exchange-correlation energy. The experimental lattice constants used in 

these calculations are a=3.088 Aº, c=3.241Aº [6].  

 

Result and discussion:   

In this research, the structural parameters a and c are calculated 3.096 Aº and 3.313Aº 

respectively. Following this calculation, bulk modulus and it's derivative, compressibility at 

zero pressure and etc calculated and compared with other results for this compound. Also, the 

influence of pressure on structural parameters is investigated. Increasing the pressure 

decreases the structural parameters. The plot of partial density of states of various orbitals in 

comparison to total density of states, in order to considering the quality of contribution 

distribution of different atoms orbital is brought in figure. 1.  

 

 

 

 

 

 

 

 

Fig. 1. Total density of states in comparison to partial density of states for TaB2. 

 

Conclusion: 
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Achieved results for structural parameters in present work are in good agreement with 

experimental results. Also for transformation in crystal planes in a-axis direction in compare 

of c-axis direction lower energy is needed.  Figure of the density of states show that this 

compound is a kind of metal and figure of partial density of states indicate that B-2p orbital 

and Ta-5d orbital have the main contribution in the electronic conductivity of this compound.  
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Introduction: 

Thermodynamic and volumetric properties of polymeric systems play an important role in the 

polymer industry and are often a key factor in polymer production, processing, and material 

development, especially for the design of advanced polymeric materials [1]. Predicting the 

thermodynamic properties of polymers especially at high temperature-high pressure (HTHP) 

conditions is of great importance in industry. An artificial neural network (ANN) can be a 

suitable alternative to model the different thermodynamic properties of chemical systems. 

ANN is a simple method for modeling, which does not need explicit formulation of exact 

mathematical or physical relations between input and output data. In this study, the 

applicability of ANN in predicting the specific volume of polymeric systems up to high 

temperature and high pressure conditions is investigated.  

 

The neural network used: 

Many models of neural networks have been used to estimate of thermodynamic properties 

[2,3]. There are three main states in the operation of a neural network: learning, validation 
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and test. The learning or training is the process by which a neural network modifies the 

weights in answer to initial information. In this study, 2865 experimental data points of 25 

polymers were used. A combined method that includes an artificial neural network and a 

simple group contribution method have been used to estimate the specific volumes of 

polymeric systems at different temperatures and pressures using the Matlab software. 

Temperature (T), pressure (P), molecular mass (M), and the structural groups that form the 

molecules were given as input variables. 

Results and discussion: 

Several network architectures were tested to select the most accurate scheme. The optimal 

number of neurons was determined by trial and error. The weights connection and biases 

were obtained using a feedforward backpropagation neural network for 2865 experimental 

data points. The best network topology was obtained as (18-20-1).The average absolute 

percent deviation (AAD%) is 0.06 for prediction of specific volume for all data. Fig. 1 shows 

a comparison between experimental and calculated values of specific volume of studied 

polymeric systems during training and during prediction. This study shows that the chosen 

artificial neural network and the group contribution method represent an excellent alternative 

for the estimation of specific volumes of polymeric systems with acceptable accuracy. 
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Fig. 1. Comparison between experimental and calculated values of specific 

volume of polymeric systems: (a) during training and (b) during prediction. 

Conclusion: 

A feedforward backpropagation neural network with (18-20-1) structure was 

designed to predict the specific volume of different polymeric systems. Total 

number of experimental data used to design the stated network is 2865, of 

which 75% were randomly chosen to train the network, 10% for validation, and 

15% to test it. The average relative deviations for train, validation, and test sets 

are 0.05, 0.06, and 0.07, respectively. 
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Introduction: 

Corrosion of metals is an enormous problem throughout the world. Several techniques have 

been used to protect metals from corrosion. Among them, the use of organic coatings in 

conjunction with cathodic protection is considered efficient apporoach to combat corrosion. 

Although the combination offers various merits, the serious problem called 

cathodicdisbondment could be raised in the presence of failures on the protective coatings[1]. 

The applied cathodic potential that activates cathodic reactions at the adge of the defects is 

the driving force for this phenomenon. In fact, cathodic disbanding as a consequence of 

cathodic protection occurs due to hydrogen evolution and accumulation of OH- ions at the 

coating- substrate interface[2].Attempts have been made to use corrosion pigments to 

imorove the cathodic disbonding resistance of the organic coatings.In recent years, attempts 

have been done to use nano sized anticorrosion pigments to improve the coating resistance 

against cathodic disbanding[3]. Electrochemical Impedance Spectroscopy (EIS) has taken an 

undeniable position in corrosion studies. EIS is considered a powerful nondestructive test to 

evaluate performance of the protective coatings[4].The scope of this work is to study the 
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effect of TiO2 nanoparticles addition on the resistance of epoxy- polyaniline (EP-PANI) 

coating to cathodic disbanding via EIS. Further investigation was facilitated usig surface 

analysis. 

 

Experimental (materials, apparatus and methods): 

Specimens of mild steel in the form of 1×1 cm2 were mounted, so that only one side of the 

electrode was in direct contact with the electrolyte. The test mild steel panels were pre-treated 

by degreasing in ethanol for 10 min.For preparation of the coatings, 0.306 g of pure PANI 

and PANI-EP- TiO2 nanocomposites powder were suspended in 3 ml TEPA, followed by 

proper mixing using a magnetic stirrer, with speed of 300 rpm for 12h. Then 1g of EP resin 

was  mixed with 0.2 g suspension. The obtained liquid paints were coated on substrate by 

brushing and then samples were dried in 50  for 24h. A 3.5% NaCl solution was prepared 

from laboratory grade NaCl and distilled water. An area of 1 cm2 of samples (PANI-EP, 

PANI-EP-TiO2) was exposed to the electrolyte without applying potential for 150h at 65 . 

Then an area of 1 cm2 of samples was exposed to the electrolyte with applying -1.5 V vs 

Ag/AgCl via Power Supply (ADAK,PS-405) for 150h at 65 ( according to ASTM G8). EIS 

measurements were performed on Potentiostat/Galvanostat (EG& G model Parstat 2263). EIS 

measurements were carried out over a frequency range of 100 kHz to 0.01 Hz, using ±5 Mv 

amplitude of sinusoidal voltage as perturbing signal. Experimental data was fitted and 

analyzed by ZView(II) software. Corrosion cell equipped with graphite as counter electrode 

and Ag/AgCl as reference electrode. The coated mild steel panel was the working electrode. 

 

Results and discussion: 
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The results showed two time constants for PANI-EP in the absence of voltage and for 

PANI-EP-TiO2 in the presence of -1.5 V, and one relaxation time for PANI in the presence 

of -1.5 V and for PANI-EP-TiO2 in the absence of voltage.The electrochemical elements 

such as corrosion resistance of coatings (RCoat) was obtained. Results showed that the 

resistance of PANI-EP and PANI-EP-TiO2 without applying potential after 150h immersion 

was 3675 .cm2 and 9818 .cm2, respectively. Also, at the end of immersion time 

disbanding phenomenon was observed for PANI-EP. Under the voltage of -1.5 V, the 

resistance of PANI-EP and PANI-EP-TiO2 after 150h immersion was 29852 .cm2 and 

6.4393×105 .cm2, respectively. Results confirm that in te presence of TiO2 nanoparticals the 

corrosion resistance, adhesion and cathodic disbonding resistance increased. This 

enhancement is related to decreasing the diffution of electrolyte and delayment in achieving  

of the corrosive ions on substrate[3]. 

 

 

Conclusion: 

This study indicated that incorporation of TiO2 nanoparticals in EP-PANI coating greatly 

increased adhesion and resistance to cathodic disbonding as well. The ability of TiO2 

nanoparticals incorporated organic coating to resist disbondment was related to the role of 

TiO2 nanoparticals on delayment in diffution and achievement  of the corrosive ions on 

substrate. 
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Introduction: 

Erbium has no biological role but is said to stimulate the metabolism All erbium compounds 

should be regarded as highly toxic, although initial evidence would appear to suggest that the 

danger is limited [1]. Solvent polymeric membrane based ISEs, together with the 

incorporation of ion carriers, have shown to be a very useful tool for clinical, environmental, 

and chemical analyses as well as for process monitoring. Potentiometric detection based on 

ion-selective electrodes (ISEs) offer the advantages of speed and ease of preparation and 

procedures, relatively fast response, reasonable selectivity thorough judicious choice of the 

membrane active materials, wide linear dynamic range, and low cost [2,3]. In this research, 

we wish to report the preparation a Er3+ PVC-based membrane electrode based on 

3-hydroxy-N'-((pyridin-2-yl)methylene)naphthalene-2-carbohydrazide (L) as an neutral ion 

carrier. 

 

Materials and methods: 
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The Merck and the Aldrich Chemical Co. were the providers of the following reagent grades: 

benzyl acetate (BA), nitrobenzene (NB), Dibutyl phthalate (DBP), acetophenone (AP), high 

relative molecular weight PVC, sodiumtetraphenyl borate (NaTPB), tetrahydrofurane (THF) 

and chloride and nitrate salts of the cations used.  Triply distilled deionized water was used 

throughout. 

 

Apparatus: 

All electromotive force (emf) measurements were carried out with the following cell 

assembly; Ag/AgCl| internal solution, (1×10-3 M ErCl3)|PVC membrane|test solution|Hg2Cl2, 

KCL (saturated). A Corning ion analyzer 250 pH mV meter was used for the potential 

measuremrnts at 25.5 ± 0.1 ºC. The activities were calculated according to the Debye-Huckel 

procedure. 

 

Result and discussion: 

In this study, a plasticizer/PVC ratio of about 2.2 was found to be the most suitable ratio. The 

obtained data revealed that, the membrane incorporating 67% DBP, 30% PVC, 2% ligand, in 

the presence of 1% sodium tetraphenyl borate (NaTPB) as a suitable lipophilic additive 

considerably improved the sensitivity of the erbium sensor and showed the best sensitivity, 

with a good Nernestian slope of 20.5±0.4 mV/decade of Er3+ concentrations (1.0×10 6–

1.0×10 2 M) and a detection limit 5.3×10-7 M. The pH dependence of the responses of the 

membrane was investigated by the sensor behavior in a 1.0 × 10-3 M Er3+ solution. The 

potential response of the sensor is independent of pH, in the pH range of 2.8–9.5. The 

dynamic response time of the membrane was measured at various concentrations (1.0×10-6 to 

1.0 × 10-2 M) of the test solutions and the results exhibited that the sensor has a fast response 

time of ~5 s. To investigate the membrane electrode selectivity, its potential response was 
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monitored in the presence of various interfering foreign cations using the matched potential 

method (MPM) [2]. The electrode shows a very good selectivity towards Er3+ ions over a 

wide variety of cations, including alkali, alkaline earth, transition and heavy metal ions. The 

proposed sensor was successfully applied as an indicator electrode for the potentiometric 

titration of 1.0 × 10-4 M  of Er3+ ions with a 1.0 × 10-2 M EDTA. 

 

Conclusion: 

The results obtained from the above mentioned study reveal that a potentiometric PVC-based 

membrane sensor based on 

3-hydroxy-N'-((pyridin-2-yl)methylene)naphthalene-2-carbohydrazide (L) functions as an 

excellent Er3+ selective sensor and can be used for the determination of this ion in the 

presence of considerable concentrations of common interfering ions. The short response time, 

applicable pH range, lower detection limit, and potentiometric selectivity coefficients of the 

proposed sensor make it a superior device for the determination of this ion. 
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1. Introduction  

In this study, formation kinetics of methane and ethane mixtures gas hydrate was predicted. The 

thermodynamic natural path in chemical reaction kinetics was used for the kinetics modeling of the 

hydrate formation in a volume constant process [1]. In this method, the system was considered as a 

classical thermodynamic or macroscopic view. 

2. Methods 

In this study, a conceptual model was proposed that defines a macroscopic driving force and uses only 

the initial conditions (temperature and pressure) and final conditions (equilibrium conditions). The 

basic idea is that there is only a unique path for each experiment that on this path decays the chemical 

affinity. Prigogine and Defay [2] defined the chemical affinity as a generalized force in terms of 

potential difference as: 
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)1( 
VTmmi i

A ,][

Where m is the stoichiometric coefficient and m is the chemical potential. Considering to the 

correlation of m with its chemical potential in some arbitrary state and an activity ratio, Qi:  

)2(  
K
Qi

Qi
    ,     )ln(

iQi RTA

Where K is thermodynamic equilibrium constant and Q is a dimensionless measure of the extent of 

reaction. Accordingly, the affinity decays towards zero for this chemical reaction so that: 

)3( 0,VTA

Where ÅT,V=[ A/ t]T,V is the affinity decay rate. The correlation of ÅT,V with the elapsed time is: 

)4( ]/1/1[, kirVT ttAA

Where Ar is the affinity rate constant and tk is the expected time to attain equilibrium. In order to 

directly correlate Ai with ti, Eq. (4) must be integrated, which yields: 

)5( )]1exp(.ln[
ii ttri AA

Where ti=(ti/tk). By calculating Q, Ai can be calculated by Eq. (2) for the hydrate formation system. 

By plotting Ai versus ln[ ti.exp(1- ti)], Ar and tk can be obtained.                

3. Results and discussion 

The experimental data of the gas hydrate formation of methane-ethane mixtures of 0.199 and 0.603 

mole fraction of methane at constant operating temperature of 277.15 k have been studied.  
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Fig 1. Chemical affinity versus ln[ ti.exp(1- ti)] (on the right), experimental and modeling results (on 
the left) for 0.199 mole fraction of methane in the mixture (forms sI hydrate structure). 

 

 

Fig 2. Chemical affinity versus ln[ ti.exp(1- ti)] (on the right), experimental and modeling results (on 
the left) for 0.603 mole fraction of methane in the mixture (forms sII hydrate structure). 

 

4. Conclusions  

The results indicated that this model can well predict constant volume experimental data for both of 

crystals I and II hydrate former. The both of mixtures form hydrate at 2 steps. 
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Abstract 

Alkali-Surfactant-Gas (ASG) flooding is one of the novel chemical techniques in Enhanced 

Oil Recovery. In this technique, the co-injection of gas and chemical slug results in the 

formation of foam. Foam reduces the mobilityof injected chemical solutions and improves 

the displacement efficiency of the process.Foams in practice are generally generated and 

stabilized with surfactants.However,surfactant stabilized foams have some weakness.If 

nanoparticles were utilized instead of or with surfactants, foams stabilized with such particles 

could have a number of important advantages. The main purpose of this research is creation 

of stable foam with nanoparticles and utilizing this nanoparticle stabilized foam for mobility 

control of injected fluids in enhanced oil recovery applications. Finally, the performance of 

the foam that is created and stabilized with mixture of surfactant and nanoparticles was 

compared withthe foam that is created and stabilized withonly surfactant in 

alkaline-surfactant-gas process in terms of oil recovery from coreflood experiments. In this 

research, hydrophilic silica nanoparticles with an average size of 10 nm were used.The 
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mixture of surfactant and hydrophilic silica nanoparticles in various concentration were used 

to foam generation.The results of the experiments showed that the concentration of surfactant 

and nanoparticles should be selected optimize. In theexperiments, most oil recovery was 

obtained when the concentration of both surfactant and hydrophilic silica nanoparticles in 

chemical solution was selected 0.5 weight percent. 

Key words:Enhanced Oil Recovery, Chemical Flooding, Foam, Nanoparticles, Mobility 
Control 

 

Introduction 

One of the main criteria for the success of ASG process is the formation of stable foam with 

adequate mobility reduction characteristics [1].Surfactant stabilized foams have some 

weakness. However, if nanoparticles were utilized instead of or with surfactants, foams 

stabilized with such particles could lead toremoving restrictions on the use of surfactants 

[2].Nanoparticles are finding their way into various branches of the petroleum engineering 

industry [3-7]. Certain small solid particles have been used in conjunction with surfactant 

molecules, which they adsorb at fluid/fluid interfaces, to stabilize drops in emulsions and 

bubbles in foams [8]. In contrast to surfactant molecules, adsorption of solid particles to 

fluid/fluid interfaces does not change the interfacial tension [9]. This research is based on 

utilizing hydrophilic silica nanoparticles with surfactant to make stable foam for enhanced oil 

recovery applications.  

 

Materialsand Methods 

Sodium dodecyl sulfate (SDS) which is an anionic surfactant, Hydrophilic silica 
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nanoparticles with an average size of 10 nm and Sodium carbonate (Na2CO3) as alkaline were 

used in chemical coreflood experiments.One type of Synthetic formation brines, representing 

formation fluid of a reservoir, with total dissolved solids of 103000 mg/L was used in 

corefloods. Water flooding as secondary recovery technique was performed with Persian Gulf 

water.The crude oil used for corefloods has a viscosity and density of 3.46 cP and 30 

API.Nitrogen with 99.99% purity was used for mobility control of injected fluids.ASG 

coreflood experiments were conducted after the optimal chemical formulation was identified 

through aqueous stability, phase behavior, and foam stability tests. Coreflood experiments 

were performed at 100 bars and 60 C. 

 

Apparatus   

Figure 1 shows the schematic of ASG coreflood setup. 

 

Figure 8:schematic of ASG coreflood setup 

 1)Sandpack, 2)Differential pressure difference, 3)Backpressure regulator, 4) Gas accumulator, 5)Liquid 

accumulator, 6)High performance liquid chromatography (HPLC) pump, 7)Sampler 
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Results and Discussion 

It was observed that when the concentration of hydrophilic Silica nanoparticle was low, there 

were not enough particles to attach completely at the interface around the bubbles in foam 

and when particle concentration increased, more particles could be adsorbed at the bubble 

interface, which stabilized the produced foam. But, with further increased nanoparticle 

concentration, the particle aggregation occurred, which inhibited foam generation. When the 

surfactant concentration was selected enough, the attachment of surfactant to nanoparticle 

surface can change nanoparticles surface properties and show surface activity useful for foam 

generation. But, as the more surfactant molecules were adsorbed onto the particle surface, the 

particle surface charge decreased and the electrostatic repulsion between particles decreased 

that led to particle aggregation. 

 

Conclusion 

Silica nanoparticles can function in similar ways to surfactants and stabilize foams in the 

absence of any other surface-active agent, but certain differences in behavior are inevitable. 

When the concentration of nanoparticles and surfactant are selected optimize, strong and 

stable foamsare created and displacement efficiency is increased that leads to more oil 

production. 
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Introduction: 

In dry reforming of methane, Ni/Al2O3 catalyst suffers from less activity and stability, due to 

the side reactions [1, 2]. Addition of zirconia and Cu as promoters to Ni/Al2O3 has increased 

stability and activity, respectively [1-3].  Zirconia decreased coking and sintering of active 

phases [2]. In this research, the properties of Ni/Al2O3 catalyst were improved by utilization 

of sol-gel method and ZrO2 and Cu addition as suitable promoters. 

 

Materials and methods: 

Ni(10wt%)-Cu(3wt%)/Al2O3-ZrO2(10wt%) catalysts were prepared by a direct sol-gel 

process utilizing citric acid as gelling agent and impregnation method. The structure, 

morphology, surface area and functional groups of the synthesized nanocatalysts were 

assessed using XRD, FESEM, BET and FTIR analysis, respectively. Catalytic performance 

was evaluated by the dry reforming of methane in a U-shape quartz micro reactor (8 mm i.d.), 

operated under atmospheric pressure, CH4/CO2=1 and GHSV=24 (l/gr.hr).  
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Result and discussion: 

XRD patterns confirmed the formation of amorphous structure and non-existence of Cu 

spinel for the catalyst synthesized by sol-gel method. Extremely broad and weak diffraction 

peaks of Ni oxides suggested the high dispersion of these species on the surface of the 

support. FESEM images of nanocatalysts indicated that utilization of sol-gel method led to 

uniform, tuneable and smaller nanoparticles and homogenous dispersion. The quantitative 

analysis showed the high specific surface area for the sol-gel sample (148 m2/g).  

The catalytic performance results showed that the synthesized nanocatalysts had high activity 

and stability. However, the sol-gel sample exhibited better catalytic performance. Moreover, 

production of syngas with H2/CO ratio very close to unity at 850°C was achieved in the both 

nanocatalysts as a result of high activity of copper for methane decomposition, which is the 

rate limiting step of the overall reaction. 
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Figure 9: XRD patterns of Ni-Cu/ZrO2-Al2O3. 

 
Figure 10: FESEM images of Ni-Cu/ZrO2-Al2O3. 
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Figure 11: Product yield over Ni-Cu/ZrO2-Al2O3. 

 
Figure 12: Stability test of Ni-Cu/ZrO2-Al2O3. 

 

Conclusion: 

Ni-Cu/Al2O3-ZrO2 nanocatalysts were synthesized by sol-gel and impregnation methods. Sol-

gel method prevents Cu spinel formation due to high dispersion of ZrO2 between Al2O3 and 

Cu species. As a result of the better characterization results, synthesized catalyst by sol-gel 

method exhibited higher catalytic performance and H2/CO ratio very close to unity. 
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Introduction: 

Promoters like cobalt and copper beside carbon suppression, can improve Ni dispersion over 

the support via controlling the size of Ni ensembles [1,2]. To this aim in this work, the effect 

of mentioned promoters on activity and stability of plasma treated Ni/Al2O3 catalyst is 

investigated. 

 

Materials and methods: 

TheNi(10wt%)/Al2O3-ZrO2(10wt%) nanocatalysts with two kinds of promoter (3wt% Co and 

3wt% Cu) were prepared bynon-thermal plasma method.The non-thermal plasma treatment 

time was 15 min and the treatment was repeated for three times in order to get a uniformly 

treated powder.XRD, FESEM, TEM, BET and FTIR techniques have been used to 
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investigate the effect of the non-thermal plasma on the structure of Ni/Al2O3-MgO 

nanocatalyst. 

 

Result and discussion: 

FESEM image of Ni-Co/Al2O3 in Figure 1 shows nano-size particles with uniform and 

agglomeration free morphology. TEM image ofNi-Co/Al2O3 in Figure 2 illustrates small 

active phase particles with high dispersion. Strong interaction between support and active 

sites that can be seen in TEM image is originated from plasma. Non thermal plasma via 

flattening the particles over the support intensifies interaction between particles. 

Catalytic experiments were evaluated in the temperature range of 550–850°C in the quartz 

packed bed reactor. The effect of temperature, CH4/CO2 ratio, GHSV, yield, H2/CO ratio and 

stability test has also been studied. 

Ni(10wt%)-Co(3wt%)/Al2O3-ZrO2(10wt%) (Plasma)

 
Figure 13: FESEM image of Ni-Co/Al2O3-ZrO2. 

Ni(10wt%)-Co(3wt%)/Al2O3-ZrO2(10wt%) (Plasma)

50nm
 

Figure 14: TEM image of Ni-Co/Al2O3-ZrO2. 
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Figure 15: H2 and CO yields over synthesized 

nanocatalysts at different temperatures. 
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Figure 16: Time on stream performance of synthesized 

nanocatalysts. 

 

Comparison of product yield in Figure 3 shows better catalytic activity of Ni-Co/Al2O3 rather 

than Ni-Cu/Al2O3in dry reforming of methane.It seems Co can decompose methane better 

then Cu in dry reforming. Another role of promoters like Co and Cu is controlling the 

ensemble size of Ni. Due to sintering of copper in temperature range of dry reforming, big 

ensembles of Cu and consequently Ni, will not be able to decompose methane as well as 

small Ni particles in Ni-Co/Al2O3. Figure 4 shows good stability of both catalysts that 

confirms effect of plasma in synthesis of anti-coke and stable catalysts. 
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Introduction: 

The surface of a liquid has interesting properties which appear as the surface tension. The 

surface tension play an important role in chemical industry, biological membranes operation, 

electrochemical reactions, mass transfer such as distillation, adsorption, extraction and 

several other processes [1]. 

There are a lot of methods to predict the surface tension of binary mixtures including 

Escobedo and Mansoori, Miller andFainerman,Ramkrishnaand…, but these methods required 

more information and data about structure, density, critical temperature and pressure, molar 

volume and some other properties. So, in this paper we present a very simple model to predict 

surface tension of binary mixtures. This model gives useful information such as hard sphere 

diameter. 

 

Theory and Method: 
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The scaled particle theory (SPT) of fluids was presented by Reiss et al. and is 

concernedprimarily with systems of hard spheres [2]. The resultant relation of the scaled 

particle theory for the surface tension calculation is presented by the following expression[3]: 

(1) 

Where , k, T, a and Pare respectively the surface tension, Boltzmann constant, temperature, 

hard sphere diameter and pressure and y is the reduced density, which is given as  , 

Where  is the density of pure fluid and Nis Avogadro’s number[3]. As it mention before 

SPT was developed for pure fluid but we extend this theory to binary mixture by using 

mixing rule. We assume that by mixing of pure fluidswe have hypothetical fluid. Physical 

property of thishypothetical fluid can be obtained by using and , 

Where  and aremole fraction of component 1 and 2, molecular weight of 

mixture and molar volume of mixture respectively. Molar volume of mixture is calculated 

by  .We can write Eq. (1) for hypothetical fluid as following: 

(2)Where  and  are respectively surface 

tension and hard sphere diameterof hypothetical fluid and also the reduce density is given 

as .  

 

Results and Discussion: 
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We apply SPT & OFT to 115 organic-organic compounds (including alkanes, alkanols, 

alcohols, cyclic ethers, amines, aromatic compounds, acids and…)binary mixtures at 3187 

point and at wide range of temperature.The average absolute deviations (%AAD) results for 

thesebinary mixtures obtained %3.48.This work suggests that our model can be applied to 

calculate the surface tensions of a wide range of mixtures with good accuracy. 

 

Conclusions: 

SPT coupled with OFT can be used for prediction of surface tension of binary mixtures with 

satisfactory results. The results for binary organic solution is very good while the results for 

aqueous solutions and organic solution containing alcohols the results is poor.   
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INTRODUCTION: 

Schiff-base ligands   have been reported to show a variety of biological action by virtue of the 
azomethine linkage, which is responsible for various anti-bacterial, anti-fungal, anti-cancer, anti-viral, 
herb cal, clinical and analytical activities and this activity  tends to increase in metal(II) Schiff-base 
complex [1] . The chemistry of Schiff-base ligands and their metal complex has expanded enormously 
and encompasses a vast area of organometallic compounds and various aspect of bioinorganic chemistry 
[2]. The chemistry of metal complexes  containing Schiff base ligands derived from condensation of 
aldehydes and amines is of enduring significance, since they have common features with 
metalloprophyrines with respect to their electronic structure and catalytic activities that mimic enzymatic 
oxidation [3].  

Arturo Silvestre et all , reported on the interaction of calf thymus DNA with Fe(III) Salen, that results 
obtained have been interpreted in terms of an electrostatic binding  of [Fe(salen)]+ cation and  the 
phosphate group of DNA [3]. Design and synthesis of small synthetic systems that recognize specific 
sites of DNA is an important area of much current research these could be at least in part due to the 
formation of none covalently associated complexes by several such molecules with nucleic acids. 

In this study the interaction of CoBBASE with CT-DNA was analyzed by using spectroscopic method 
in various conditions as concentration and temperature, and then binding constants, binding mode, and the 
binding thermodynamic parameters was determined. The results obtained by UV spectroscopy with 
changing in temperature, DNA thermal denaturation and viscositymetery.  
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Materials and Methods 

In this study we use CoBBASE  that is a red solid  with Mw = 532.24g/mol and CT-DNA that 
obtained from Sigma Aldrich and NaCl , HCl, H2SO4, EDTA.  Absorbance spectra were recorded using a 
lambada 25 double beam spectrophotometer. The absorbance measurements were performed by keeping 
the concentration of the CT-DNA constant while varying the CoBBASE added to the cell. The 
absorbance at 403 nm was recorded after each addition of CoBBASE and repeat this way in various 
temperatures such as, 30, 35, 40, 45 and 50°C. The intrinsic binding constant Kb was determined for 
interaction between CoBBASE and CT-DNA. 

Also we studied the effects of addition of various concentration of metal complex with concentration 
of 9.4*10-5mM to CT-DNA. And then the viscosities of solution contain CT-DNA and CoBBASE 
complex were studied by Ostwald viscometer. 

Denaturation and changing in melting temperatures for DNA in the absence and in the presence of 
various CoBBASE complexes were measured by following the changes in the UV-vis absorption spectra 
at 260 nm as a function of temperature. The absorption intensities at 260 nm were plotted against 
individual temperatures in the presence of each concentration of CoBBASE complex, and the midpoints 
of the inflection regions in the temperature vs A260 curves were taken as the corresponding Tm values. 

Result and discussion: 

The UV-vis spectra of CoBBASE at 25°C between 200-700 nm showed two peaks at 275 and 403 nm 
, that peak on 403nm assigned to transfer charge in complex. 

To study about thermal stability of CoBBASE , we repeat  UV-vis spectroscopy in various 
concentration with increasing temperature in 30,35,40,45 and 50°C .  

The UV-vis spectra of interaction between CoBBASE and CT-DNA were recorded in various 
temperatures. UV-vis spectra shows that by increasing concentration of CoBBASE  vs CT-DNA 
absorbance increase and it has the same treat  for all temperatures 25, 30,35,40,45 and 50°C.  

Intercalating agents are expected to destack the base pairs causing elongation of the double helix 
resulting in an increase in the viscosity of CT-DNA. On the other hand viscosity of CT-DNA in the 
presence of Co2+ BBASE, which bind to CT-DNA by non-intercalative mode has been found to decrease 
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in the  presence of small amount of complex and subsequently increase as the CoBBASE concentration 
increases.in the presence of CoBBASE complex viscosity of CT-DNA has been found to dependence on 
complex concentration[4]. 

The viscometers data shows that there are two phase of binding between the Co (II) complex and CT-
DNA. In principle, decrease in viscisity could be explained by the effects like change in conformation 
flexibility or salvation of the CT-DNA molecules. by increasing in CoBBASE concentration, viscosity of 
CT-DNA show increase, it would indicate that the binding of CoBBASE complex with CT-DNA could 
be surface binding or by  forming bridged adduct. 

Interaction of small molecules with double helix is known to increase the melting point temperature at 
which the double helix denatures into single stranded DNA . the melting temperature can be determined 
by monitoring the absorbance of the DNA at 260nm as a function of temperature.  

Thermal denaturation profile of CT-DNA solution in the absence and presence of increasing amount 
of CoBBASE, were obtained by plotting the absorbance for each solution by mole ratio of CoBBASE to 
CT-DNA as 0, 0.013, 0.026, 0.052 and0.104 as a function of temperature. 

It is known that when the temperature in the solution increases, the double stranded DNA gradually 
dissociate into single strand; Tm is therefore defined as a temperature where half of total base pairs is 
unpaired. The DNA melting temperature Tm is strictly related to the stability of the double helix, and the 
interaction of chemical with DNA may alter Tm, by stabilizing or destabilizing the final complex. The 
presence of the positive charge on the intercalate should further increase the attractive interaction with the  
negatively charged phosphate groups and help the intercalative mechanism[5]. 

The melting temperature carried out for CT-DNA in the absence of any added complex revealed at Tm 
of 74.5±0.5°C under our experimental condition, the melting temperature of CT-DNA 1.268*10-5 M 
increase about 1 to 8°C at mole ratio of CoBBASE to CT-DNA as 0 , 0.013, 0.026, 0.052 and0.104 
.These results are indicative of strong metal complex=DNA interaction, that stbilizesthe native DNA 
conformation. 

 Conclusion: 

The binding of CoBBASE complex to CT-DNA, while the wavelength of maximum absorption , max does 
not show considerable changes the amount of absorption increases, represents the outside-binding and 
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hydrophobic interaction modes. The increasing of viscosity of CT-DNA upon addition of CoBBASE 
represents the stable interaction by non-intercalative mode between CT-DNA and CoBBASE. 

 The CT-DNA-binding process is endothermic for CoBBASE and has the large positive entropy value. 
These can be represent the predominate role of electrostatic interactions and outside binding mode. The 
increasing of melting temperature (Tm) of CT-DNA upon addition of CoBBASE represents the stable 
interaction between CT-DNA and CoBBASE. 
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