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The extended Lennerd-Jones potential-based equation of state (ELJ-based EoS) was developed to 

predict the density of quantum light systems up to the extremely high temperature, high pressure 
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(HTHP) conditions and found that it can be applied for these compounds successfully. Our 

results are in good agreement with the experimental and the previous literature data up to high 

temperatures and pressures. In general, the ELJ-based EoS can provide a simple procedure for 

prediction of thermodynamic properties of different classes of hydrocarbons.  
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Introduction: 

The metal coordination in metal amino acid complexes has received much attention [1-2]. 

 

Methods: 

All experiments were carried out in double distillated water at pH=4.0 potassium hydrogen 

phthalate ,hydrochloric acid buffer and 0.5M NaClO4 .In typical experiment, 2ml of Ni(NO3)2 

solution 0.03M in 0.5M NaClO4 (ionic strength) was titrated by glycinamide 0.24M solution.UV-

Vis spectra of combinations were recorded in range of 200-800nm in 10 minutes after adding 

50μl glycinamide solution. 

 

Results and discussion: 

 The figure 1 show typical titration spectras of Ni(NO3)2 upon increasing addition of 

glycinamide at 25.0oC. The observed spectral changes were used for determining the combining 

constants due to by using SQUAD program which was developed to empower the evaluation of 

the best combining constants due to absorbance measurements by using a non-linear least-square 

method. The input data consist of (a) the absorbance values(b) the total glycinamide and 

Ni(NO3)2 concentrations. The Gauss-Newton non-linear least-squares algorithmis is used for 

making minimum total residual squares,calculating of eq.no.1. 
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Figure1.The titration absorption spectra of Ni(NO3)2 (0.03M) by Ga (0.24M) in NaClO4 0.5M at 298K  
 

 
 

Fig. 2,3. The vant’t Hoff plots of Ga to  Ni(NO3)2 
 
Table 1. Thermodynamic parameters and binding constants for binding of  Ni(NO3)2 to Glycinamide 
 
 
 
 
 
 
 
 
 

Conclusion: 

in respect to our results,the stoichiometry of glycinamide-Ni(NO3)2 combining are as 1:1 and 

2:1.  
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log  
(M-1) 

G0
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mol-1) 

H0
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(kJ 
mol-1) 

S0
T 

(J mol-1 
K-1)  

283 4.74±0.84 -25.7 326.8 1245.6 
288 5.53±0.71 -30.5 326.8 1240.6 

293 6.17±0.47 -34.6 326.8 1233.4 
298 7.94±0.00 -45.3 326.8 1248.7 
303 8.50 -49.3 326.8 1241.3 
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Introduction: 

The knowledge of vapor-liquid equilibria (VLE) properties of fluids and fluid mixtures is 

important for separation processes and production operations including re nery and petroleum 

reservoir industries. Under these circumstances the development of PVT EOSs and PVT 

correlations for modeling of the VLE properties can be highly useful. 

Recently Papari et al. [1] modified van der Waals (vdW) family EOSs to improve their 

ability to represent the volumetric properties of compressed liquids of various fluids.  

In this work we employ the revised method developed previously by Chen et al. [2] and 

the modified vdW family EOS to model the vapour-liquid equilibrium of non-polar and polar 

fluids. The modified van der Waals type EOS includes the Scott [3] and Carnahan-Starling (CS) 

[4] repulsion terms.  

 

The method: 

The revision method used in this work includes two parts: 1) modification of van der Waals co-

volume of pure fluids and 2) revision of fugacity expression for the saturated liquid. A 

temperature-dependent revision factor was introduced to the liquid fugacity coefficient 

expression derived from traditional isothermal integration, and the vapor pressure of pure liquids 

was then successfully reproduced.  

The revised fugacity coefficient for liquid phase is then formulated as: 
L
EOSr

L T )(          (1) 
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Introduction: 

The thermophysical properties are important to quantify the deviation from ideality of the 

thermodynamic functions of mixtures, which result essentially from molecular interactions [1]. 1-

alkanols are of great interest nonideal compounds due to they can form complex structure [2]. In 

this project excess molar enthalpies, for binary mixtures of isobutanol + methanol, ethanol and 1-

propanol at 298.15 K were measured experimentally by a solute calorimeter. The experimental 

results were correlated with a polynomial Redlich–Kister equation [3] for binary mixtures to 

estimate the coefficients. The excess molar enthalpies are negative over the entire range of 

composition for all mixtures. These indicate that isobutanol interacts more strongly with 1-

alkanols (C1–C3). The experimental results were explained according to the NRTL model [4]. 
 

Materials and methods: 

Isobutanol, methanol, ethanol and 1-propanol (w > 0.99) where w is mass fraction, were 

purchased from Merck and used without further purifications. Densities and refractive indices 

were measured and their values were in good agreement with values found in the literature. 

Mixtures were prepared by weighing the liquids in ground stoppered weighing bottles, taking due 

precaution to minimize the evaporation losses.  
 

Apparatus: 

A Parr 1455 solution calorimeter was used to measure the excess molar enthalpies. The 

measurements were carried out in an isolated room at 298.15 K and ambient pressure. The All the 

weighings were performed on an electronic balance (AB 204-N Mettler) accurate to 0.1 mg.  
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Excess molar enthalpies of (water + methanol) at 298.15 K and ambient pressure were also 

measured to check the reliability of the apparatus used in this study.. The accuracy of the 

calorimeter was therefore considered reliable.   

 

Result and discussion: 

The experimental excess molar enthalpies, , values were determined from the following 

equation 

 

Heat capacity of the calorimeter was determined by following of Operating Instruction Manual. 

For the intermediary mixture compositions, it is not possible to determine  directly from pure 

reagents due to limited volume of the cell and vessel. Hence, a mixture is used in Dewar vessel 

whose  can be previously determined, and the value of  is calculated by 

 

 

Conclusion: 

The excess molar enthalpies , are reported for {methanol, ethanol and  1-propanol} in 

isobutanol at 298.15 K and ambient pressure over whole range of mole fractions. The sign of   

for all systems are negative and the magnitude of   values decreases with increasing of chain 

length. These indicate that isobutanol  interacts more strongly with 1-alkanols (C1–C3). 

 

Reference: 

[1] K. Khanlarzadeh, H. Iloukhani, J. Chem. Thermodyn.; 43, 1583  1590, 2011. 

[2] M.Costas and etal;  J. Chem. Soc., Faraday Trans. I,; 81, 635-670, 1985. 
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Introduction: 

Heat of mixing data is extensively used to test and improves theories of mixtures and provides 

thermodynamic data for the development and design of chemical engineering processes. In this 

paper heat of mixing, for binary systems of butylacetate + methanol, ethanol and 1-propanol at 

298.15 K and atmospheric pressure were measured experimentally. The experimental results 

were correlated with a polynomial with Redlich–Kister equation [1] for binary mixtures to 

estimate the coefficients. The binary excess molar enthalpies for all systems under investigation 

are found to be positive over the entire range of compositions. The experimental results were 

explained according to the Wilson model [2]. 

 

Materials and methods: 

Butylacetate  and 1-alkanols (w > 0.99) were purchased from Merck and used without further 

purifications. Densities and refractive indices were measured and their values were in good 

agreement with values found in the literature [1]. Compounds were stored in brown glass bottles 

and fractionally distilled immediately before use. All the weighings were performed on an 

electronic balance (AB 204-N Mettler) accurate to 0.1 mg.  

 

Apparatus: 

A Parr 1455 solution calorimeter was used to measure the excess molar enthalpies. The 

measurements were carried out in an isolated room at 298.15 K and ambient pressure. The excess 

molar enthalpies of (water + methanol) at 298.15 K and ambient pressure were also measured to 
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check the reliability of the apparatus used in this study. The accuracy of the calorimeter was 

therefore considered reliable. More details of apparatus are described in the literature [3]. 

 

Result and discussion: 

The experimental heat of mixing, , values were determined from the following equation 

 

Molar heat capacity of the mixture was calculated according to Venkatesulu etal [4] and heat 

capacity of the calorimeter was determined by following of Operating Instruction Manual. For 

the intermediary mixture compositions, a mixture is used in Dewar vessel whose  can be 

previously determined, and the value of  is calculated by 

 

The excess molar enthalpies are positive over the entire range of composition for all mixtures. 

These indicate that butyl acetate interacts more weekly with 1-alkanols (C1–C3). 

 

Conclusion: 

Heat of mixing determination is considered to be of prime interest, as this property is essential in 

characterizing the mixing process of the mixture. The sign, magnitude and symmetry of this 

property are due to molecular interactions operating among the constituents of mixtures. The 

interactions between like and unlike molecules in liquid mixture are reflected by excess molar 

enthalpy data of liquid mixtures. 
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Introduction: 

 When a kosmotropic salt was added to an aqueous solution of an aliphatic alcohol, the 

system becomes an immiscible aqueous biphasic system (ABS), above a critical concentration of 

electrolyte. On the other word, the hydrated ions of the electrolyte enforce the alcohol to exclude 

from the rest of the solution as an independent phase. Thus the alcohol molecules were “slated-

out”, and separated to form an ABS [1]. Ananthapadmanabhan and Goddard [2] was studied the 

salting effect of some salts on polymers. However there is no report on the systematic study of 

the slating effect of different kosmotropic salts on different alcohols in the literature. In this 

respect, we measured the binodal curves of some aliphatic alcohols + some kosmotropic salts to 

study the salting effect of these systems.  

 

Materials and methods: 

 The aliphatic alcohols are ethanol (99.5 %), 1-propanol (99.5 %), 2-propanol (99.7 %), 2-

methyl-2-propanol (99.5 %) and 2-buthanol (99.5 %), and the salts are trisodium citrate, 

disodium hydrogen citrate, diammonium hydrogen citrate, disodium tartrate, disodium carbonate, 

disodium sulfite, disodium tiosulfate, and dipotassium oxalate all with the analytical purity. All 

chemicals used in this work were purchased from reliable suppliers and used without further 

purification. The cloud point titration method was performed to collect the binodal curve data. In 

this method, an appropriate amount of aqueous solution of slat solution or alcohol was placed in a 
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thermostatted double-wall glass vessel, and the solution was titrated with the alcohol solution or 

vice versa, until the solution turned turbid; which indicated the formation of two liquid phases. 

 

Result and discussion: 

The binodal curves of diammonium hydrogen citrate + alcohol + water and alcohols + salts + 

water systems at T= 298.15 K were shown in Figures 1. a and 1. b, respectively, as examples. 

 
Figure 1. Binodal curves of diammonium hydrogen citrate (ca) + alcohol (m) + water (Figure 1. a) and alcohols (m) 

+ salts (ca) + water (Figure 1. b) systems at T = 298.15 K. 

 

 

 

 

 

 

 

 

Based on the measured binodal curves it can be concluded that phase separation ability of 

different alcohols and ions are as follows:  

Alcohols: 2-buthanol > 2-methyl-2-propanol > 1-propanol > 2-propanol > ethanol 

Anion:  citrate > carbonate > sulfite  oxalate> tartrate  thiosulfate > hydrogen citrate 

Cations: Na+ > K+ > NH4
+ 

 

Conclusions: 

 The phase formation ability of different alcohols can be attributed to the factors that can 

be affecting the magnitude of the intermolecular interactions, such as boiling point and dielectric 

constant of the alcohol. Also, it was found that, the more the free energy of hydration of the ion 

the more the salting-out ability of the ion [3]. 
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Introduction: 

 Study of the mixed solvent systems in the presence of an added electrolyte is an attractive 

field to study. When the concentration of the added salt exceeds a critical criterion, the one phase 

mixed solvent system becomes an immiscible biphasic system, so that, the concentration of the 

one of the solvents is more than the other, in each of the phases. [1] In recent years several 

research groups have focused on the measurement and thermodynamic investigation of the 

aqueous two phase systems (ATPSs) composed of an aqueous solution of a short chain aliphatic 

alcohol in the presence of an electrolyte. Disodium tartrate is a biodegradable and nontoxic salt 

and therefore, can be used as a proper and green substitute for traditional inorganic salts.  

This paper is continuation of our studies on different ATPSs, in which the tie-line compositions 

and binodal curves of 1-propanol, 2-propanol, 2-methyl-2-propanol or 2-butanol + disodium 

tartrate + water ATPSs were determined experimentally. Also, the generalized Wilson model [2] 

was successfully used for the correlation of the tie-line data and binary interaction parameters 

were also reported. 

  

Materials and methods: 

 All chemicals used in this work were purchased from reliable suppliers. Binodal curves of 

the studied ATPSs were collected using cloud point titration method. For the determination of the 

tie-lines, feed samples (about 20 cm3) were prepared by mixing appropriate amounts of alcohol, 

salt and water in the vessel. Then the mixture was allowed to settle for 8 h. After separation of the 
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two phases, the concentrations of the salt in the top and bottom phases were determined by flame 

photometry. The concentration of alcohols in both phases was determined by refractive index 

measurements performed at 298.15 K using a refractometer (Atago, model DR-A1, Japan). 

 

Result and discussion: 

The experimental tie-line data for the studied systems were correlated using generalized 

Wilson model. The generalized Wilson model for the excess Gibbs energy, GE, is built up from 

two contributions: a segment based local composition Wilson contribution to account the short-

range interaction contribution, GE,SR, and a Pitzer–Debye–Hückel (PDH) contribution to account 

the long-range interaction contribution , GE,LR,  
, ,E E SR E LRG G G                                                                                                              (1) 

The experimental tie-line compositions were correlated using generalized Wilson model and the 

result of the correlation were reported in Table 1 for the ATPSs composed of 1-propanol and 2-

propanol alcohols, as examples. 

 
Table 1. Values of restricted parameters of e-Wilson model for the studied alcohol (m) + disodium tartrate (ca) + 

water (w) systems at T = 298.15 K. 

 

Conclusion: 

 The liquid-liquid equilibrium of the ATPSs composed of some aliphatic alcohols + 

disodium tartrate + water systems were studied experimentally and theoretically. Based on the 

obtained deviations (Dev), reported in Table 1, it can be concluded the performance of the 

generalized Wilson model in the correlation of the tie-line compositions is very good. 

 

 

Reference: 

system Hwca
a Hcaw

a Hwm Hmw Hcam Hmca 102Dev

1-propanol+ca+w 5.5457 0.4393 0.4997 1.442 4.1303 -3.6921 2.63 

2-propanol+ca+w 5.5457 0.4393 1.3389 0.5808 -0.8151 3.1303 2.10 
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Introduction: 

Aqueous two-phase systems (ATPS) are biphasic systems composed mainly by water. This kind 

of systems have been successfully applied for the separation of different kinds of solutes, such as 

metal ions [1], proteins, DNA and RNA [2], cells or viruses. 

In recent years, considerable interest has arisen concerning the behavior of tetraalkylammonium 

salts in aqueous solution, particularly with regard to their anomalous thermodynamic behavior, 

hydration, and apparent structure-promoting influence in water. So far, many thermodynamic and 

spectroscopic studies have indicated the concept of "structure maker" appropriate for a 

tetrabutylammonium bromide (TBAB) ion. Lee et al. [3] determined the liquid-liquid equilibrium 

(LLE) behavior of TBAB, benzene, and water mixture. However, data for the phase diagram of 

the TBAB + salt + water systems have not been reported at present. In this work, we reported 

LLE data for the TBAB+ kosmotropic salts (Na3PO4, Na2CO3, Na2SO4, NaH2PO4, Na2HPO4 and 

Na3-citrate) ATPSs.  

 

Experimental Section: 

Materials.TBAB, Na3PO4• 12H2O, Na2CO3, NaH2PO4•2H2O, Na2SO4, Na2HPO4 and Na3-citrate 

were analytical grade reagents and purchased from Merck. 

Procedure.The experiments were carried out using a glass vessel with a working volume of 50 

cm3 to determine the phase equilibrium (binodal curve). The glass vessel was provided with an 

external jacket in which water was circulated at constant temperature using a thermostat. The 
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binodal curves were determined by the cloud point method. A salt solution of known 

concentration was titrated with the TBAB solution or vice versa, until the solution turned turbid. 

The composition of the mixture was determined by mass using an analytical balance with a 

precision of 1.0 10-7 kg). Determination of the tie-lines included a series of ATPSs formed by 

mixing appropriate amounts of TBAB, salt, and water in the vessel which was placed in a 

thermostatted bath. The feed samples were prepared by mixing appropriate amounts of TBAB, 

salt, and water in the vessel. The mixture was placed inside an equilibrium cell, where it was 

agitated in order to allow an intimate contact between the phases, and the thermodynamic 

equilibrium was finally achieved byletting the mixture at rest for 24 h. After separation of the two 

phases, the concentrations of sodium citrate in the top and bottom phases were determined by 

titration with hydrochloric acid. The concentration of TBAB in both phases was determined by 

refractive index measurements performed at 298.15 K using a refractometer (QUARTZ RS-232, 

Ceti, Belgium) with a precision of ±0.0001. The relation between the refractive index, nD, and the 

mass fractions of polymer, w1, and salt, w2 is given by . The values of 

coefficients a0, a1 and a2 for the applied system were obtained as 1.3315, 0.1513, and 0.1545. 

 

Results and Discussion: 

LLE data and phase diagrams of new aqueous two-phase systems, composed of TBAB + Na3PO4• 

12H2O, Na2CO3, NaH2PO4•2H2O, Na2SO4, Na2HPO4 and Na3-citrate, were determined at T = 

(298.15, 308.15, and 318.15) K. The effect of temperature and anion on the bimodal has been 

studied. It was found that an increase in temperature caused the expansion of the two-phase 

region. This is because the effects of a decrease in temperature on the structure of water is 

qualitatively similar to that of a kosmotropic (structure-making) ion and therefore can promote 

the phase-forming ability in the investigated system as a favorable factor for salting-out of IL. 

The salts share a common cation but contain different anions, it is easy to see that the salting-out 

ability of the anions follows the ordering PO4
3->HPO4

-2 (low salt concentration)>Cit3->HPO4
2  

(high salt concentration)>CO3
2 -  SO4

2->H2PO4 . 

 

Conclusions: 
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LLE data for the aqueous TBAB+ kosmotropic salts have been determined at T = (298.15, 

308.15, and 318.15) K. The effect of temperature on the phase diagram has been studied and 

shown that the two-phase area is expanded with a decrease in temperature. The ability of the 

kosmotropic salts studied for phase separation follows the order: PO4
3->HPO4

-2 (low salt 

concentration)>Cit3->HPO4
2  (high salt concentration)>CO3

2 -  SO4
2->H2PO4  which can be 

explained by Gibbs free energy of hydration of anions. 
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Introduction: 

In this study, we apply an equation of state based on statistical-mechanical perturbation theory to 

liquid mixtures. Three temperature-dependent quantities are needed to use the equation of state 

(EOS): the second virial coefficient, B(T), effective van der Waals covolume, b(T), and a scaling 

factor, (T). Based on the theory, all the three temperature-dependent parameters depend only on 

the repulsive branch of the potential function, and therefore, by our procedure, can be found from 

Hvap and nb . It has considerable predictive power. 

 

Method:  

In this section, we summarized the results of derivation of the statistical mechanical equation of 

state, which was derived by Ihm et al. [1], from statiscal-mechanical perturbation theory. This 

equation of state is: 

ij ij
ijijjiijijijji GxxFBxx

kT
P )(1                                                            (1) 

where xi and xj are mole fractions, and the summations run over all components 

 of mixture.  The quantities ij and Bij are related to the pair potential uij (r ). Gij 

 and Fij are defined [2] as follow 
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Where :       
k

kk dx 3
6
1

3               with k = 0.22 k .                                             (4)                                        

The equation for calculating dk is :         3
3
2

kk db                                                                                 (5)                                                           

The simplest combining rules for predicting unlike-molecule interactions from like-molecule 

interactions are an arithmetic mean for nb
-1/3 and a geometric mean for Hvap . 

( nb)ij
-1/3 = (1/2)[( nb)i

-1/3 + ( nb)j
-1/3]                                                                               (6) 

( Hvap)i j= [( Hvap)i ( Hvap)j]1/2                                                                                      (7)     

Once ( nb)ij and ( Hvap)ij are known, the values of ij, bij and (B2)ij follow according to Ref [3]. 
 

Result and Discussions: 

This work proves that the ISM equation of state can be applied to predict the PVT behavior for 

fluid mixtures. The most important advantage of this EOS than other equations is simplicity and 

also needs less input information for fluids. In practical, knowledge of only two constants, heat of 

vaporization and liquid density at the normal boiling point that are almost available for fluids is 

sufficient to determine the PVT surface of the fluids.  
 

Conclusion: 

The results in Table I show that agreement between our calculated data and experimental data is 

very good. 
Table I. Comparisons between Calculated and Experimental Values [4] of Compressed Liquid Densities for  

Mixtures of  (x1 n-butane + x2 isobutane) 

X1 T(K) P(kPa) 

 
exp(kg. m-3) NPa AAD%b 

0.25 240 481.6-6977.0 621.79-628.56 14 0.62 

 280 491.4-6984.1 578.14-588.18 14 0.72 

 320 1010.3-7034.9 529.04-544.07 13 3.74 

0.50 260 503.9-6987.3 605.31-613.20 14 0.2 

 300 312.0-7003.6 559.40-571.85 15 1.7 

 340 998.6-7084.7 506.59-525.72 13 4.9 

0.75 280 494.5-7039.4 588.49-597.80 14 0.4 

 300 576.66-7005.5 565.16-505.7 14 1.47 

 340 1008.5-7019.3 513.55-531033 13 4.5 
 



1473

  a NP: number of data points     

 b 
N

i i

caliiNAAD
1 exp,

,exp,1001%  
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Introduction: 

For decades, a great amount of experiments have allowed the proposition of some empirical 

polarity scales, most of them derived from experiments where single solute models are used to 

probe (spectrophotometrically, thermodynamically, kinetically, etc.) the interaction with olvents 

of different polarities. A collection of excellent reviews is available regarding the olvent effect 

and polarity issues. Solvent effects on transition metal complexes have been reviewed, and more 

attention has been paid to binary solvent mixtures in this field.[1-2-3]  olutesolvent interactions 

are much more complex in mixed solvent systems than in pure solvent due to the possibility of 

preferential solvation by any of the solvents present in the mixtures. Moreover, the solvent-

solvent interactions produced in solvent mixtures can affect the solute-solvent interactions, and 

therefore they can also effect preferential solvations.[4-5] 

 

Materials and methods: 

Trimetoprim (Fluka, analytical reagent grade) was recrystallized from hot water, washed with 

ethanol, and dried over P2O5. Equivalent weights were checked by titration against a standard 

alkali solution. Methanol was obtained from Merck as an analytical reagent grade material and 

was used without further purification. All dilute solutions were prepared from double-distilled 

water with a specific conductance equal to (1.3 (0.1) S ·cm-1. 

 

 

Apparatus: 
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A Jenway pH-meter, model 3520(precision of 0.001 units of pH), was used for pH 

measurements. The hydrogen ion concentration was determined with a combination electrode 

(Jeneay). A thermostat having accuracy of ±0.1 ºC maintained the temperature of the 

potentiometric cell. [Model: EX.1200-30-6 STH, this oven is made in Iran]. The sampler model 

Boaco and the sampler model R88OE enjoyed accuracy of 10-100 and 100-1000 micro, 

respectively.  

 

Result and discussion: 

 In this study, the effect of solvent on protonation constant of trimetoprim (C14H18N4O3 with 

290.32 molecular mass and 98% purity) was determined in mixed of water and ethanol with 

various percents of ethanol such as %, 10%, 20%, 30%, 40%, and 50% in (25±1)  . During 

titration process, potential changes were measured and recorded after adding specific amounts of 

titration solution. Then, based on these empirical results, the required computations were 

conducted in Excel Microsoft and the most suitable model was chosen through minimizing error 

function.  

 

Conclusion: 

According to these parameters, the effect of solvent on the porotonation constant was 

investigated and the amount of pK in various percents of water and ethanol was determined. The 

Results show that pk would be increased if percent of ethanol was raised that can be related to the 

parameters named Kamlet-Taft.  
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Introduction: 

Leor (2001) studied the effect of solvent, structure, and temperature on ionization balance 

constant in Phenols and Pyridiniom ions of mixture of water and 1-4 Dioxan (0-70%)  with 

weight loss of dioxin in 10-50 temperature changes and observed that the effect of structure and 

temperature demonstrates the possibility of using Hamtz equation and the model of Marshal 

Quist in all temperatures and this equation allows the investigation and analysis of the three 

effects in order to develop pk [1].  W.Y.Ma et al. (200) computed the effect of different solvents 

using theoretical approach and obtained the 4 kinds of balances in gaseous phase and they studied 

the effect of solvent polarity on the recent balances and specified that solvent polarity has a 

considerable effect on entire energy reduction [2]. The study on the solvent effect on the reaction 

constant of tert-butyl radical addition to 2-substituted allyl cholorides (Yuh- wern wu, 2005) 

which lead to determine  Hamit parameter of SH2 free radical reaction in different solvents so 

that it indicated some degrees of reaction capability with electron effect of substitutions [3].     

 

Materials and methods: 

Pyridine carbaldehyde C6H5NO was obtained from Fluka as analytical reagent grade material and 

used without further purification. Methanol was from Merck (reagent grade) and was used as 

received. Sodium chloride was from Merck and was dried under vacuum at room temperature for 

at least 72 h before use. The NaOH solution was prepared from titrisol solution (Merck), and its 
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concentration was determined by several titrations with standard HCl. All dilute solutions were 

prepared from double-distilled water with a specific conductance equal to (1.3 (0.1) S ·cm-1. 

 

Apparatus:  

A Jenway pH-meter, model 3520(precision of 0.001 units of pH), was used for pH 

measurements. The hydrogen ion concentration was determined with a combination electrode 

(Jeneay). A thermostat having accuracy of ±0.1 ºC maintained the temperature of the 

potentiometric cell. [Model: EX.1200-30-6 STH, this oven is made in Iran]. The sampler model 

Boaco and the sampler model R88OE enjoyed accuracy of 10-100 and 100-1000 micro, 

respectively.  

 

Result and discussion: 

In this study, a base solution with specified density and determined ionic power was prepared and 

another acid solution with specified density of given substance was prepared, too. Base solution 

and acid solution were alkali metered. Constant k of nornset and conditioned potential were 

obtained and finally was computed in excel through minimizing error function of parameters. 

The effect of solvent on the porotonation constantions of pyridine carbaldehyde (C6H5NO and 

mw=107.11) was investigated different mixtures of water and methanol were as (0%, 10%, 20%, 

30%, 40%, 50%) and all of the experiments were carried out at (25±1)  . 

During titration changes in potential against volume increament were recorded.  Then calculation 

were done by excel software using minimizing the error Function. After that the mast suitable 

model was chosen. 

 

Conclusion: 

Other calculation were done in excel and based on these calculations were done in excel and 

based on these calculation, influence of solvent on the Protonation constant was investigated. 

Pyridine carbaldehyde was in the form of HL+ and it bas K1 protonation constant. The result 

shows that amount of K1 decrease by increasing of Methanol. Also, the influential effecr of 
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solvent was assessed on the basis of equation. Parameters a, b, s also was determined. The results 

shows that the effect of s is higher in comparision cuith other parameters. 
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Abstract 

        The formation of complex species of dioxouranium(VI) ion with isoleucine were studied in 

aqueous solution in the pH range of 1.0-3.6 at 25°C and constant ionic strength 0.1 mol  dm-3 

NaClO4 using a combination of potentiometric and spectrophotometric techniques. Results 

showed evidence for formation of the following species: UO2HL2+ and UO2(HL)2
2+. 

 

Keywords: Dioxouranium(VI), Isoleucine, Spectrophotometry, Stability constant 

 

 

Introduction: 

       Uranium is a trace constituent in rock phosphate, which is extensively used as a source of 

phosphorous for fertilizers and livestock feed supplements. Calcium phosphate, for example, a 

source of calcium used as an animal feeding supplement, can present concentrations of uranium 

as high as 200 ppm. Thus, the investigation of the pathway, uranium (from feeding)  animal  

human, is particularly important, as far as the radiological protection of the general population in 

concerned. Interaction between amino acids, peptides, and proteins with transition metal ions 

plays an important role in biochemistry and biology. Great attention has been paid to elucidating 

and interpreting the thermodynamic and structural characteristics of these biological ligands 

complexes. 
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Experimental: 

        The present work deals with the study of dioxouranium(VI), UO2
+, complexes by isoleucine. 

The method of determination of the stability constant based on the relation           A = f([H+]) [1-

2]. Using a combination of spectrophotometric and potentiometric methods, absorbance and pH 

were measured for a solution containing UO2
+ with a large excess of each ligand. Treatments of 

the spectrophotometric data in the range 250-285 nm (in the interval of 5 nm) obtained during the 

titrations as a function of the H+ concentration was conducted with the computer program 

(Microsoft Excel Solver). The program allows calculation of stability constants for different 

stoichiometric models.  

 

Results and Discussion: 

       The complex MxHyLz
(nx+y-z)+ formed, is characterized by its stoichiometry (x:y:z), where M 

and L represent the metal ion and each ligand, respectively. To determine the stability constant of 

the complexation or protonation of the ligands, equation (1) is defined by xyz [1]. 

xM+n + yH+ + zL-    MxHyLz
(nx+y-z)+    (1) 

xyz = [MxHyLz
(nx+y-z)+] / ([M+n]x[H+]y[L-]z)   (2) 

       The method of determining M was previously described [1] and its values at different 

wavelengths are used in this work. Using a suitable computer program (Microsoft Excel Solver), 

the data were fitted for estimating the formation constant of equation (2). We used the Gauss - 

Newton nonlinear least - squares method in computer program to refine the absorbance by 

minimizing the error squares sum from the following equation. 

U = (ai – bi)2                                         i= 1,2,3,… 

where ai is a quasi-experimental and bi is a calculated one.  

       The protonation constant of the ligands have been used for computation of the stability 

constants, xyz, of the metal-ligand. In aqueous solution the ligands exist in its anionic form (L-), 

zwitterionic species (HL), and cationic form (H2L+). In acidic pH, in this case, the predominant 

species for complexation is HL. The spectrophotometric titration data were analyzed as before 

[2]. For finding the proposed species, the spectrophotometric titration data were analyzed by 

offering the following species to the computer program: UO2L, UO2HL+, UO2HL2, UO2H3L2
+2, 



1482

UO2H3L3
+, UO2H4L4

+. As expected, all the proposed species were systematically rejected by the 

computer program except UO2HL+ and UO2(HL)2
+. The model finally chosen, formed by 

UO2HL+ and UO2(HL)2
+, resulted in a satisfactory numerical and graphical fitting.  
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Introduction: 

In this work, the results relating to the thermodynamic properties for the ternary solutions of        

[CoCl2 + Co(NO3)2](aq) using the potentiometric method and based on Pitzer ion interaction 

model are reported at 298.15 K. The Pitzer model is one of the most famous and useful models in 

electrolyt solutions [1-2]. This paper is a continuation of the research on ternary aqueous 

electrolyte solutions [3]. The potentiometric measurements reported in this work were carried out 

with a galvanic cell containing a solvent polymeric membrane Co2+- ion selective electrode 

(Co2+-ISE) and Ag-AgCl electrode and various series of this mixed salt electrolyte system, at 

ionic strengths of 0.001 to 6.000 mol.kg-1. A series of concentrated mixed electrolyte solutions, 

characterized by their molal salt ratio (r = 1.00, 2.50, 5.00, 7.5, 10.00, 15.00) was used in a 

standard addition technique to modify the molality of the mixed electrolyte in the experimental 

cell.  

 

Potentiometric measurements: 

The cell arrangements in this work were as (A) Co–ISE | CoCl2 (mA0) | Ag-AgCl, (B) Co–ISE | 

Co(NO3)2 (mB0) | Ag-AgCl, (C) Co–ISE | CoCl2 (mA), Co(NO3)2  (mB) | Ag-AgCl and (D) Co–

ISE | Co(NO3)2 (mB0) | NO3–ISE. The electromotive force (emf) of cell (A) was measured so as 

to calibrate the electrode pair composing the cell (A). Then the emf of cell (B) was measured to 

get the selectivity coefficient (Kpot) of the Ag-AgCl electrode for 3NO  ions. The emf of cell (C) 

was measured for determination of activity coefficients of CoCl2 in the mixed electrolyte 
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solution. Finally, the emf of cell (D) was measured to find the parameters of Pitzer equation for 

single salt Co(NO3)2 electrolyte solution.  

 

Calculation of thermodynamic properties: 

The mixed ionic interaction parameters (
3ClNO

S and 
3COClNO
) were determined for the studied 

ternary system according to the Pitzer graphical method [4]. Then these parameters obtained were 

used to predict the thermodynamic properties of the system under investigation by the Pitzer 

model. The osmotic coefficients ( ) (fig. 1), the mean activity coefficients of Co(NO3)2 (fig. 2) 

and the excess Gibbs energy (fig. 3) were calculated for all of the series of solution. 

 

 

 

 

 

 

 

 
Fig. 1. . Variations of osmotic coefficient.  Fig. 2. . Variations of activity coefficients of Co(NO3)2.   Fig.3. Variations of excess Gibbs energy 

 

Conclusions: 

The thermodynamic properties of the system [CoCl2 + Co(NO3)2](aq) were studied by a 

potentiometric method using a solvent polymeric Co2+-selective membrane electrode and an Ag-

AgCl electrode 298.15 K. The results showed that the Pitzer model could be used to describe this 

aqueous system satisfactorily. The mixing Pitzer parameters (
3ClNO

S ,
3CoClNO
) were determined 

for this system. The parameters were then used to calculate thermodynamic properties such as the 

osmotic coefficients ( ), the activity coefficients of Co(NO3)2(aq) in the mixture (
23 )(NOCo ) and 

the excess Gibbs energy (GE) which is one of the most important thermodynamic properties.  
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Introduction: 

The formation constants of the species formed in the systems H++ Mo(VI) + histidine and H++ 

histidine have been determined in different aqueous solutions of methanol (0-40 % v/v) at 25 C 

and constant ionic strength (0.1 mol dm-3 sodium perchlorate), using a combination of 

spectrophotometric and potentiometric techniques. The composition of the complexes was 

determined by the continuous variations method [1-2].   

 

Experimental: 

The present work deals with the study of molybdenum(VI) complexes by histidine. The method 

of determination of the stability constant based on the relation A = f([H+]) [1-2]. Using a 

combination of spectrophotometric and potentiometric methods, absorbance and pcH were 

measured for a solution containing Mo(IV) with a large excess of the ligand. Treatments of the 

spectrophotometric data in the range 250-290 nm (in the interval of 5 nm) obtained during the 

titrations as a function of the H+ concentration was conducted with the computer program. The 

program allows calculation of stability constants for different stoichiometries models.  

 

Results and Discussion: 

It was shown that molybdenum(VI) forms a mononuclear 1:1 complex with the amino acid of the 

type MoO3L2- at pH 5.8. The protonation and formation constants in various media were 
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analyzed in terms of Kamlet-Taft parameters. Single-parameter correlations of the formation 

constant, KS, versus  (hydrogen-bond donor acidity),  (hydrogen-bond accepter basicity) and 

* (dipolarity/polarizability) are poor in all solutions, but multi-parameter correlations represents 

significant improvement with regard to the single-parameter models. Linear relationship is 

observed when the experimental logKS is plotted versus the calculated ones while all the Kamlet-

Taft parameters are considered. Finally, the results are discussed in terms of the effect of solvent 

on protonation and complexation. 
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Introduction: 

Excess properties of mixtures provide information about the molecular interactions between the 

various components and can be used for the development of molecular models describing the 

thermodynamic behavior of mixtures [1–2]. 

The thermodynamic properties of mixtures are of great industrial interest. The property studied 

has proved to be meaningful from a thermodynamic point of view, as it provides direct 

information about the energetic effects arising between the molecules present in the mixture, so it 

can help to explain the rearranging of the bondings that occurs during the mixing process, which 

is essential when studying new theoretical approaches to the liquid state, either pure or mixture. 

 

Materials and methods: 

Methyl iso butyl ketone,2-propanol, 2-butanol, 2-pentanol, 2-hexanol and 2-heptanolwere 

purchased from Merck with purity higher than 99%,and used without further purifications. The 

density of the pure compounds and mixtures was measured by means of an Anton Parr DMA 

4500 oscillating U-tube densimeter, provided with automatic viscosity correction.  

 

Results and discussion: 

The excess molar volumes V E
m  for the three binary systems were evaluated using the equation 
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dominant factors are physical interactions and negative values suggested that the main factor in 

the interactional forces is chemical interactions. 
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Introduction: 

 Study of ionic liquids (ILs) as solvents has received an increasing attention in the last years from 

fundamental and applied points of view [1]. ILs has been used for reducing or eliminating the 

hazards from volatile organic solvents, solvents in analysis, synthesis, catalytic reactions, and 

separation processes. ILs have been accepted as “green-chemicals” which excited both the 

academia and the chemical industries due to their unique properties, and are liquids wide 

temperature range including room temperature. To design any process involving ILs on an 

industrial scale, it is necessary to know some thermo physical properties such as viscosity and 

density [2,3]. In this work, the thermodynamic properties for the binary mixtures of 1-hexyl-3-

methylimidazoliumtetrafluoroborate ([C6mim][BF4]) with Aminopropanol (AP) and isobutanol 

have been investigated. We have measured densities, , for the binary mixture of 

{x1[C6mim][BF4]+x2Aminopropanol} and {x1[C6mim][BF4]+x2isobutanol} at atmospheric 

pressure in the temperature range of (293.15 to 338.15) K and in the entire composition range. 

The excess molar volumes, , partial molar volume, , excess partial molar volume, , 

partial molar volume at infinite dilution, , apparent molar volume, , the excess thermal 

expansion coefficients, , isothermal coefficient of excess molar enthalpy , were 

calculated from the experimental values of densities . These data were correlated with the 

Redlich- Kister equation.  

 



1492

Materials and methods: 

 All of chemical materials were purchased from Merck, Germany (purity for [C6mim][BF4]  

0.98%, water (K.F.)  1.0%, and for AP  0.99%, water (K.F.)   0.3% for isobutanol  0.99%) 

and were used without further purification. The purities of the components were verified by 

measuring the densities, viscosities, and refractive indices which were in good agreement with 

the literature values. the compounds were degassed just before use. 
 

Apparatus: 

 The densities of the pure components and their binary mixture were measured with an Anton 

Paar digital vibrating U-tube densitometer (model DMA 4500) with a resolution of 5 10-5g.cm3.  

The densitometer was calibrated with bi-distilled, freshly degassed water, and with dry air from 

time to time at the whole temperature range, and at ambient pressure. The temperature in the cell 

was regulated to ±0.01K, with a thermostat. Temperature in the cell was measured by means of 

two integrated platinum thermostat. Measured density values are precise to 1 10-5g.cm3. 

 

Results and discussion: 

 excess molar volumes for binary mixture of {x1[C6mim][BF4] + x2AP} shows S-shaped 

dependence on composition with positive values in the [C6mim][BF4] rich-region and negative 

values at the opposite extreme. with increasing temperature, it increases. We can observe that the 

excess molar volumes present a minimum at , and maximum at to 0.75 for 

this system.  for {x1[C6mim][BF4]+x2isobutanol} are negative with a minimum at . 

The strength of ion-dipole interaction between the ILs and the solvent is in agreement with the 

increasing order of the absolute values of . The increase in the magnitude of the positive  

values with increasing temperature can be attributed to the decreasing importance of hydrogen 

bonding with increasing temperature. If interactions between unlike molecules are stronger than 

those exist between like molecules, as a consequence negative  will be observed.  
 

Conclusion: 

 the positive deviation of the  indicates that the interactions are weak. Other factors that affect 

the volume are molecular shape and size of components in the mixture. The Prigogine–Flory–
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Patterson theory predicting the excess molar volumes with the agreement between the theoretical 

and the experimental. In the PFP theory, there is no explicit polar contribution and although the 

theory does not consider all the possible interactions existent in the mixtures under study.  
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Introduction: 

In the present work, densities, , and viscosities, , for binary mixture of (x13-amino-1-

propanol+x2isobutanol) and (x13-amino-1-propanol+x22-propanol) have been measured at 

atmospheric pressure and in the entire composition range. These quantities have been used to 

calculate excess molar volumes, , viscosity deviations, .. These excess and deviation 

quantities have then been fitted to the Redlich– Kister equation [1]. The obtained correlations 

were used to calculate the other thermodynamic functions such as thermal expansion coefficient, 

, and its excess value, E, and isothermal coefficient of excess molar enthalpy ( / P)T,x. 

Results of such calculations were used for interpreting intermolecular interactions that exist 

between molecules of the binary mixture, qualitatively. The Prigogine-Flory-Patterson (PFP) 

theory has been successful in prediction the volumetric properties of various kinds of binary 

mixtures [2,3]. In this theory, excess thermodynamic properties of a binary mixture are separated 

into three contributions: the interactional contribution which is proportional to the interaction 

parameter, 12; free volume contribution which arises from the difference between size of two 

components; and pressure contribution which depends on the internal pressure and reduced 

volume of the components. In this work, we have investigated the PFP theory as a method to 

predict the  of these binary mixtures. Results of these calculations were used for interpreting 

intermolecular interactions that exist between molecules of the binary mixture. 
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Materials and methods: 

The alcohols purchased from Merck Company (with purities in mass fraction greater than 0.995 

for isobutanol and 2-propanol, and 0.99 for 3-amino-1-propanol), and were used without further 

purification. The density and viscosity of the pure compounds were compared to literature data. 

 

Apparatus: 

 The densities of the pure components and their binary mixture were measured with an Anton 

Paar DMA 4500 Oscillating U-tube densitometer, and the uncertainties were estimated to be 

within ±1×10 2 kg m 3. The temperature in the cell was regulated to ±0.01K with a solid state 

thermostat. The apparatus was calibrated once a day with dry air and double- distilled freshly 

degassed water. Dynamic viscosities were measured with an Ubbelohde viscometer. 

  The mass of dry bottle was first determined. The less volatile component of the mixtures was 

introduced in the bottle, and the total mass was recorded. Subsequently, the other component was 

added, and the mass of bottle including two components was determined. Each mixture was 

immediately used, after it was mixed by shaking. All the weightings were performed on an 

electronic digital balance (AB 204-N Mettler) accurate to ±0.1 mg. The uncertainty in the mole 

fraction is estimated to be lower than ±1×10 4. 

 

Results and discussion: 

 The excess molar volumes and viscosity deviations of both binary mixtures are negative within 

the entire composition range and become more negative with increasing temperature from 

(293.15 to 333.15) K. The increase in the magnitude of the  values with increasing temper- 

ature can be attributed to the decreasing importance of hydrogen bonding with increasing it. 

 

Conclusion: 

The densities of these binary mixtures were measured over the temperature range and over the 

entire composition range. Data of the excess molar volumes for these binary mixtures were 

calculated from the values of the experimental density. The calculated excess molar volumes 

using the PFP model are comparable with experimental values. Viscosities of the binary mixtures 

under study were measured and their deviations were calculated as a function of composition and 
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temperature. The results of calculations show that viscosity deviations are negative over the 

composition range at all temperatures for both mixtures, and become less with increasing it. 

 

References: 

[1] O. Redlich, A.T. Kister, Ind. Eng. Chem 40 (1948) 345–348. 

[2] F. Kermanpour, H. Z. Niakan, J. Chem. Thermodynamics, (2012) In press. 

[3] P. J. Flory, R. A. Orwoll, and A. Vrij, J. Am. Chem. SOC. 86 (1964) 3507-3514. 

  



1497

Thermodynamics and excess properties of {trichloromethane + amines} at 

(293.15, 298.15, 303.15 and 308.15) K. Experimental results and application of 

the Flory theory. 
 

e, J.Rajabi d and H.Bagheri M. Rakhshi *a , M. Ghanbaria, M. Rezaei-Sametib , S. Nadali c 
*aDepartment of Physical Chemistry, Faculty of Chemistry, University of Bu-Ali Sina, Hamadan 65174, 

Iran 
*Corresponding author (Emil: m.rakhshi.chem@gmail.com) 

bDepartemnt of Chemistry,  Faculty  of  Science , Malayer University, Malayer, Iran 
cIslamic Azad  University , Thehran South Branch, Tehran, Iran 

dIslamic Azad  University , azad university of gonbad , gonbad , Iran 
eIslamic Azad  University , Thehran Orient Branch, Tehran, Iran 

 

Keywords: Thermal expansion coefficients; Excess thermal expansion coefficients; Isothermal 

Coefficient of pressure excess molar enthalpy; Flory theory. 

 

Introduction: 

     Thermal expansion coefficients  , and their excess values E, and  isothermal  coefficient of 

pressure excess molar enthalpy 
xPH ,T

E
m )/(  of the binary and ternary mixtures formed by 

Trichloromethane +  n-butyl amine , + s-butyl amine, and + diethyl amine were measured at  

(293.15,293.15, 303.15 and  308.15) K for the liquid region and at ambient pressure . The 

thermal expansion coefficients  , and their excess values E, and  isothermal coefficient of  

pressure excess molar enthalpy 
xPH ,T

E
m )/(  calculated from experimental densities [1-3]. 

Negative values of E or positive value of 
xPH ,T

E
m )/(  for binary mixtures may be attributed to 

strong chemical or specific interactions between the components present in the mixtures or to 

structural contributions arising from the geometrical fitting of one component into the other due 

to differences in the molar volumes and free volume between unlike molecules. 

 

 

Methods: 
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  The excess  thermal expansion  coefficients and  isothermal  coefficient of  pressure excess 

molar enthalpy  were correlated as a function of the mole fraction  by using  the  Redlich–Kister 

equation  for binary ,respectively. in this work  for predicted the experimental and  other  

thermodynamic parameters we used the flory model [3]. 

 

Results and discussion : 

  In this work for predicted the experimental and other thermodynamic parameters we used the 

Flory model . The Flory model has been commonly employed to analyze the molar volume of the 

mixture and the excess molar volume parting from the equation of the state in function of the 

reduced variables: 
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Conclusions: 

The excess function 
T

V E
m

 was computed by analytical differentiation of (2)  at (293.15 K to 

308.15 K)  and  E
mV  of this work we have also obtained  isothermal  coefficient of  pressure excess 

molar enthalpy , 
xPH ,T

E
m )/( , and excess thermal expansions coefficient E. The comparison 

between experimental and theoretical values are graphically represented in Fig 1 (A1 to A3 and B1 

to B3) . The obtained results show a good agreement between theory and experimental data.  
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Introduction:  

The importance and vital role of -amino acids and their peptides in living systems is well 

known. Nonetheless, there are research subjects in relation to amino acids and peptides that 

should be investigated [1]. The protonation constants of -amino acids in organic solvent media 

are often different from those in water alone, as these media tend to be lipophilic rather than 

hydrophilic [2-3]. The ionization constant is an important physicochemical parameter of a 

substance, and knowledge of this parameter is of fundamental importance for a wide range of 

applications and research areas. Moreover, knowledge of this constant is needed to determine the 

distribution constants using the potentiometric method. There are several methods for the 

determination of dissociation constants, but potentiometry is still one of the most commonly used 

methods because of its accuracy and reproducibility [4]. 

 

Experimental: 

The macroscopic protonation constants of L-alanine have been studied in different aqueous 

solutions of 1,4-dioxane (0-50 % by v/v) using a potentiometric method at 25 C and constant 

ionic strength 0.1 mol dm-3 (NaCl). The electromotive force, E, was measured using a pH meter 

Precisa model 960. The combined glass-pH electrode (model 6.0258.000) was modified by 

replacing its aqueous KCl solution with 0.01 mol dm-3 NaCl + 0.09 mol dm-3 NaClO4 saturated 

with AgCl. All titrations were carried out in a 80 mL thermostated double-walled glass vessel. To 
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exclude carbon dioxide from the system, a stream of purified nitrogen was passed through a 

sodium hydroxide solution and then bubbled slowly through the reaction solution. 

 

Results and discussion:

L-alanine macroscopic protonation constants are expressed as K1 and K2 according to the 

reactions: 

H2L+          H+ + HL                              K2=[H2L+] / [H+] [HL]                                (1)

HL           H+ + L-                                  K1=[HL] / [H+] [L-]                                     (2)

The macroscopic protonation constant values have been determined using the potentiometric 

technique under the same condition of temperature, ionic media, and mole fraction of 1,4-

dioxane and calculated using the computer program (Microsoft Excel Solver) which employs a 

nonlinear least-squares method [5].  

  
Fig. 1 Distribution diagram of the different species of 

l-alanine in water at 25±0.1°C and an ionic strength 

of 0.1 mol dm-3 (NaCl) 

 
Scheme 1 Microscopic and macroscopic dissociation 

equilibria of l-alanine

Table 1 Macroscopic protonation constants of the carboxylic, K2, and the amino, K1, and the methyl ester, K21 

groups of l-alanine at 25±0.1°C, different aqueous solutions of 1,4-dioxane, and an ionic strength of 0.1 mol dm-3 

(NaCl) 

dioxane % logK2 logK1 log K21 methyl ester 

0 9.04 2.01 8.38 

10 8.91 2.15 8.33 

20 8.79 2.28 8.24 

30 8.67 2.48 8.18 

40 8.54 2.61 8.12 

50 8.43 2.87 8.05 

Conclusions 

m
ol

e 
fra

ct
io

n

pH

H2L+

HL
L-
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 L-alanine is an ampholyte compound with one acidic and one basic functional group in its 

molecule. Depending on the pH of the aqueous solutions, this compound can exist as a 

protonated form H2L+, as a neutral form HL (as unionized HL0 or as a zwitterion HL±, which are 

indistinguishable by acid-base titration), or as an anionic form L  (Scheme 1). 

The two macroscopic protonation constants of  l-alanine in water-1,4-dioxane mixed solvents 

have different behavior (Table 1). The protonation constant of the amino group of the amino 

acid, K1, increased as the solvent became enriched in the organic component, but the protonation 

constant of the carboxylic acid group, K2, decreased as the organic solvents increased in the 

mixture. 
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Introduction: 

Depending on the pH values of the media, an amphiprotic compound (such as glycine) may exist 

in four different microforms. Although, the neutral form of an amino acid is more lipophilic and 

hence more effective in diffusing through the cellular membrane as compared with the charged 

forms, the macroscopic protonation constants can provide no information about the equilibrium 

that produces HLo (with no charge) species. The tautomeric and the protonation microconstants 

can describe the amount of various microforms of an amino acid at different pH values. 

Aqueous-organic solvents, mainly 1,4-dioxane, mixtures have been widely used due to sparingly 

or insolubility of many compounds in pure water as solvent. Further, any physicochemical 

property of solution can be easily varied by changing the composition of water or the organic 

solvent in the mixtures. However, chemists have usually attempted to understand solvent effects 

in terms of polarity, defined as the overall solution capabilities that depend on all possible 

(specific and non-specific) intermolecular interactions between solute and solvent molecules. 

Many reports on solvent polarity scales have been published in the last few decades [1]. 

Previously, the solvent effect on the protonation equilibrium was believed to be guided chiefly 

by electrostatic interactions (Born model) [1]. However, recent studies have revealed that the 

change in macroscopic properties such as the dielectric constant of the solvent, cannot be the sole 

factor [1]. It is desirable to develop other empirical functions to take into account the complete 

picture of all intermolecular forces acting between solute and solvent molecules. 

Experimental: 
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The electromotive force, E, was measured using a Precisa model 960pH ion-meter. The 

combined glass-pH electrode (model 6.0258.000) was modified by replacing its aqueous KCl 

solution with 0.1 mol dm-3NaClmol dm-3NaCl saturated with AgCl. The electrode was soaked 

for (15 to 20) minutes in a water-1,4-dioxane mixture before the potentiometric measurements. 

All titrations were carried out in a 80 mL thermostated double-walled glass vessel. To exclude 

carbon dioxide from the system, a stream of purified nitrogen was passed through a sodium 

hydroxide solution and then bubbled slowly through the reaction solution.All measurements 

were performed at 25 C and constant ionic strength (0.1 mol dm-3 sodium chloride). The 

protonation constants were evaluated from measurements of the emf by titration of a 25 mL 

glycine or glycine methyl ester [(5.0-8.0) 10-3 mol dm-3] solution with a 0.1 mol dm-3 sodium 

hydroxide solution both in the same ionic strength and mole fraction of organic solvent of 1,4-

dioxane [(0 - 50) % by v/v].  

 

Results and Discussion: 

The protonation constants were obtained from systematic emf measurements of the following 

cell: GE/HCl-NaCl, H2L+ + HL + L- in water-1,4-dioxane/NaCl/Ag-AgCl, where GE is the glass 

electrode and H2L+, HL and L- are the different species of the amino acid involved in the 

protonation equilibria studied. The four microscopic protonation constants of glycine could be 

calculated from the macroscopic protonation constants of the amino acid if the value of only one 

microscopic constant (for example k21) was available. The value of k21 was determined from 

measurement of glycine methyl ester with this assumption that the protonation constant of the 

compound is the same as that of k21 (the uncharged form) for the amino acid. This assumption is 

the best approximation available in the literature for this purpose [2]. So, the values of k11, k12, 

k22, and kT have been calculated as: 

 K2 = k21 + k22        (1) 

 1/K1 = 1/k11 + 1/k12       (2) 

kT = k21/k22 = k12/k11       (3) 

The two macroscopic protonation constants of glycine in water-1,4-dioxane mixed solvents have 

different behavior. The protonation constant of the amino group of the amino acid, K1, decreased 

as the solvent became enriched in the organic component, but the protonation constant of the 
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carboxylic acid group, K2, increased as the organic solvents increased in the mixtures. It is very 

difficult to interpret the variation of the protonation constant values of glycine with respect to the 

percentage of the organic solvents in the mixtures using the dielectric constant of the solutions as 

a single parameter.In general, the standard free energy of protonation equilibria consists of two 

terms: an electrostatic term, which can be estimated by the Born equation and a non-electrostatic 

term, which includes specific solute-solvent interactions. When the electrostatic effects 

predominate, then in accordance with the Born equation, a plot of log10K versus the reciprocal of 

the dielectric constant of the media, , should be linear. To obtain a quantitative method for 

evaluation of the solute-solvent interaction on protonation constants, we used the method 

introduced by Kamlet, Abboud and Taft (KAT). The KAT equation contains non-specific as well 

as specific solute-solvent interactions separately, and that the latter could be subdivided into 

solvent Lewis-acidity interactions (hydrogen-bond accepter, HBA solute, and hydrogen-bond 

donor, HBD solvent) and solvent Lewis-basicity interactions (HBD solute-HBA solvent). In 

general, all of these parameters constitute more comprehensive measures of solvent polarity than 

the dielectric constant or any other single physical characteristic alone, because they reflect more 

reliably the complete picture of all intermolecular forces acting between solute and solvent 

molecules. In general, this approach has been widely and successfully applied in the correlation 

analysis of all kinds of solvent-dependent processes. The multiparametric equation, Eq. 4, has 

been proposed, using the solvatochromic solvent parameters, ,   and * which have been 

introduced in previous reports. logK = A0 + a  + b  + p *   (4) 

Although the solvent polarity is identified as the main reason of the variation of log10K values in 

water-organic solvent mixtures, but the results show any single-parameter correlations of log K1 

and log K2 values individually with *, , and  did not give good results in all cases. However, 

the correlation analysis of log K1 and log K2 values with dual-parameter equations indicate 

significant improvement with regard to the single- or multi-parameter models. The expressions 

of the KAT equation for each property are obtained and are given as dual-parameters (including 

 and *) using the Linest program and discussed using the KAT parameters. 

 

References: 
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Introduction:   

Piroxicam (PX) (4-hydroxy-2-methyl-N-2-pridyl-2H-1,2-benzothiazine-3-carboxadiamide-1,1-

dioxide) belongs to a class of non-steroidal pharmaceuticals with anti-inflammatory properties 

which are used to treat rheumatoid, arthritis and post operative inflammations[1]. Drugs 

belonging to the non-steroidal anti-inflammatory drug group (NSAID) are not only used as anti-

inflammatory and analgesic agents, but also exhibit chemopreventive and chemosuppressive 

effects on various cancer cell lines. Cu(II) complexes of these NSAIDs show better anti-cancer 

effects than the bare drugs. The Cu(II)–NSAID complexes have also been implicated to have 

better anti cancer effect [2]. When the temperature is increased the double stranded DNA 

dissociates to single strands, generating hyperchromic effect. The melting temperature (Tm), a 

aluable parameter to study the metal complex-DNA interactions, is defined as the temperature 

where half of the total base pairs get unbound[3]. The melting temperature of DNA (Tm) in the 

presence of a binding molecule or metal can also be used to distinguish between intercalative and 

external binding modes. Usually, classical intercalation gives rise to higher Tm values than 

either  groove binding or outside stacking [4].  

                              

Materials and methods:  

In this work we use of Cu(Pirox)2(DMF)2 and Tris-Hcl buffer (pH=7.0). Calf thymus DNA (ct-

DNA) was purchased from Sigma Chemical. The UV/Vis spectrum was measured using a Perkin 

Elmer Lamba25 UV/Vis spectrophotometer equipped with thermal bath. 

Result and discussion:  
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0.11  0.055 0.028 0  [Cu(Pirox)2(DMF)2] / [ct-DNA] 

330.708 330.702 329.162 330.628 Tm (K) 

451624.5 322336.59 382689.74 273745.76 H (kj/mol) 

                       

                           
Figure2 . Thermodynamic stability curve of ct-DNA and the different molar ratio of  Cu(Pirox)2(DMF)2 

 

Conclusion: 

Very small changes of Tm value confirmed outside binding mode. As observed, the curves 

all(Figure2) have the same structure and a peak that represents the most stable. The result show 

driving force  is entropy and enaturation process was endothermic. 
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Abstract: 

Liquid–liquid phase equilibria (LLE) for the system of water/formic acid/2-ethyl-1-hexanol were 

investigated experimentally at temperature of 298.15 K.Atype 2 liquid–liquid phase diagram was 

obtained for this ternary system. These results were correlated simultaneously by the UNIQUAC 

model. The values of the interaction parameters between each pair of components in the system 

were obtained forthe UNIQUAC model using the experimental results. The root mean square 

deviation (RMSD) between the observed and calculated masspercents was 0.4885%. The mutual 

solubility of 2-ethyl-1-hexanol and water was also investigated by the addition of formic acid at 

temperature298.15 K. 
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Introduction: 

The separation of carboxylic acids from aqueous solutions resulting from fermentation processes 

or synthetic methods is industrially and scientifically important, the precise LLE data are needed 

and required in design of many chemical processes, separation operations, and fermentation 

industry [1]. formic acid is one of the most widely used carboxylic acids, which has many 

industrial applications. the extraction of this acid from aqueous mixtures using the liquid + liquid 

extraction technique is still an important problem. However, few important investigations have 

been carried out in recent years on the LLE measurements and the extraction of Formic acid from 

aqueous solutions by Guy Malmary [2], Zhenyu Li [3]. 
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Methods: 

The Formic acid and 2-ethyl-1-hexanol with stated mass fraction purities higher than 0.99% were 

purchased from Merck. The organic chemicals were dried over molecular sieves. Distilled and 

deionised water was used throughout all experiments. All materials were used as received 

without any further purification. The water content of the organic phase was measured by the 

Karl–Fisher method using Metrohm-870 KF Titrino plus Karl–Fisher titrator. The analysis for the 

two phases was done by direct titration of weighted sample against 0.1N sodium hydroxide with 

phenolphthalein as the indicator. 

 

Results and discussion: 

Since (2-ethyl-1-hexanol + water) and (2-ethyl-1-hexanol +formic acid) are two liquid pairs that 

are partially miscible and the only liquid pair (water + formic acid)is completely miscible, the 

ternary system behaves as a type 2 LLE [4]. The area of the two phase region depends on the 

solubility of water in the organic phase. It can be seen that the water solubility in 2-ethyl-1-

hexanol is extremely low. In order to evaluate the extracting capability of 2-ethyl-1-hexanol for 

the separation of Formic acid from aqueous solutions, the separation factor (S) was 

calculated.The reliability of experimentally measured tie-line data can be determined by applying 

the Othmer-Tobias and Bachman correlation equation. 

 

Conclusions: 

The ternary system exhibited type-2 behaviour of LLE. The UNIQUAC model was used to 

correlate and analyse the experimental LLE data. The optimum UNIQUAC interaction 

parameters between Water, Formic acid, and 2-ethyl-1-hexanol were determined using the 

experimental liquid–liquid data. for the UNIQUAC model. In general, the LLE data of this 

ternary system can be correlated fairly well with this equilibrium model. The solubility of water 

in 2-ethyl-1-hexanol very low increases with amounts of Formic acid added to (water + 2-ethyl-

1-hexanol) mixture. The RMSD% values in the correlation by UNIQUAC for the ternary system 

over the temperature range of 298.15 K were found to be 0.4885%. 
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Abstract: 

Experimental solubility curves and tie-line data for the (water + phenol + cyclohexanone) system 

was obtained at T = 298.2 K and atmospheric pressure. The tie-line data was determined by 

techniques karl-fischer and refractometry. This ternary system exhibits type-2 behavior of LLE.  

Distribution coefficients and separation factors were measured to evaluate the extracting ability 

of the solvent. The consistency of the experimental tie-line data was determined through the 

Othmer–Tobias and Bachman equations. The data were correlated with the NRTL (  = 0.25) and 

UNIQUAC models and the parameters estimated present root mean square deviations below 2%. 

 

Introduction: 

One of the important sections of the petrochemical industry is phenol production, especially for 

the production of resins [1].  Phenol is formed by oxidation of cumene in liquid phase, leading to 

cumene hydroperoxide (CHP); in following order: the CHP suffer a catalytic decomposition, 

producing phenol and acetone with water and -methyl styrene as byproducts.  So, a stream 

including phenol, water and small amounts of acetone and -methyl styrene is produced at the 

end of the process [2].  The remotion of phenol from aqueous solutions is an environmental 

interest for a very toxic stream [3]. 

The distribution coefficients of phenol for systems (water + phenol + 1-decanol) and (water + 

phenol + tridecanol) have been published at T = 293.15 K [4]. The LLE data for the systems 
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(water + phenol + tert-butanol) at 298.15 K and (water + phenol + 1-butanol), (water + phenol + 

2-butanol) are reported at T = (298.15 and 313.15) K [5]. 

 

Methods: 

The phenol and cyclohexanone with stated mass fraction purities higher than 0.99 were 

purchased from Chem-lab and Merck, respectively. The organic chemicals were dried over 

molecular sieves. Distilled and deionised water was used throughout all experiments. All 

materials were used as received without any further purification. 

The water content of the organic phase was measured by the Karl–Fisher method using Metrohm-

870 KF Titrino plus Karl–Fisher titrator.  The refractive indices of both phases at equilibrium 

were measured and used for building standard curves. 

 

Results and discussion: 

Since the (phenol + solvent) mixture is the only liquid pair that is completely miscible and two 

liquid pairs (phenol + water) and (water + solvent) are partially miscible, these ternary systems 

behave as type-2 LLE [6]. 

In order to evaluate the extracting capability of cyclohexanone for the separation of phenol from 

aqueous solutions, the separation factor (S) was calculated. 

The reliability of experimentally measured tie-line data can be determined by applying the 

Othmer-Tobias and Bachman correlation equation. 

 

Conclusions: 

The UNIQUAC and NRTL (  = 0.25) models were used to correlate the experimental data and to 

calculate the phase compositions of the mixtures studied. The corresponding optimized binary 

interaction parameters were also calculated. Both the models give relatively good results for the 

system investigated. The separation factors and distribution coefficients for the organic solvent 

used in this work were calculated. The high separation factors for the cyclohexanone confirm the 

ability of these solvents for extraction of phenol from aqueous. 
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Introduction: 

The protonation constants of nicotinek acid have been determined in 10–80% (v/v) etanol-water 

mixtures  at 25 °C and constant ionic strength (0.1 mol L–1 sodium perchlorate) by 

potentiometric technique and calculated using a suitable computer program which employs a 

nonlinear least- squares method. The effect of solvent composition on the protonation constants 

in the mixed solvents were correlated with the Kamlet-Taft solvatochromic parameters ( ,  and 

*). It was shown that logK1 and logK2 values of nicotinek acid increases with increasing etanol 

content up to 50% and then tend to decrease. Further, more an over-view of the effect of 

preferential solvation and solvent structure of electrolytes in etanol-water mixtures on the values 

of the protonation constants in these media were also discussed.nicotinek acid (an anti-bacterial 

compound)  is determined in  different aqueous solutions of 1- etanol. 

 

Materials and methods: 

Potentiometry titration is a well known reference method for pKa determination, and it can be 

easily used in organic or hydro-organic solvents. To evaluate the protonation constants, first the 

calibration of the potentiometer and the electrodes should be performed by Gran’s method. The 

measured emf values in the potentiometric titration of the compound in the different aqueous  

solutions of 1- etanol are conducted with a suitable computer program for data treatments using a  
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fitting method. All measurements were performed at 25 C and constant ionic strength of 0.1 mol 

dm-3 sodium chloride. 

In all cases, the procedure was repeated at least three times and the average values and the 

corresponding deviations from the average are reported in this work. 

      

Apparatus: 

A Jenway pH-meter, model 3520 (precision of 0.001 units of pH), was used for pH 

measurements.The hydrogen ion concentration was determined with a combination electrode 

(Jenway). A thermostat having accuracy of ± 0.1°C maintained the temperature of the 

potentiometric cell. [Model: EX.1200-30-6 STH, this oven is made in Iran]. 

  

Result and discussion: 

The protonation constant values of nicotinek acid have been determined According to the 

obtained results, increasing the amount of the organic solvent reduces the dielectric constant in 

the aqueous-1-etanol  mixtures and so, in accordance with the Born equation the protonated 

species of the nicotinek acid are  expected to be more stable in media with lower dielectric 

constants. When electrostatic effects  predominate, a plot of log K versus the reciprocal of the 

dielectric constant of the media should be linear.  Previously, we have reported [1-2] that the 

dielectric constant alone cannot serve as a quantitative  measurement of the solvent polarity. This 

property is often inadequate, since the dielectric constant description considers a solvent to be an 

unstructured continuum, not composed of individual solvent  molecules with their own solvent-

solvent interactions, and does not take into account specific solute-solvent interactions. In this 

work, we have used the method was introduced by Kamlet, Aboud, and Taft (KAT). The KAT 

equation contains separate terms for non-specific as well as specific solute-solvent interactions. 

Finally, the dependence of acid-base equilibria on solvent composition will be discussed from 

the determined coefficients of KAT parameters.  

 

Conclusion:   

In this work, the protonation constants of some nicotinek acid have been determined in etanol -

water mixture of varying compositions (10–80% etanol by volume). It is very difficult to 
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interpret the logK variations of the nicotinek acid studied by only macroscopic parameters of the 

etanol-water mixtures. It is known that one of the most important factors determining the 

equilibrium constants is the reaction medium, so, the solvent effect on protonation constants 

could be explained on the basis of dielectric constant of the medium, solvent structure, 

preferential solvation, and microscopic parameters (as Kamlet-Taft solvatochromic parameters). 

A Jenway pH-meter, model 3520 (precision of 0.001units of )was used for pH measurements. 

The hydrogen ion concentration was determined with a combination  nelectrode (Jenway). A 

thermostat having accuracy of ± 0.1A Jenway pH-meter, model 3520 (precision of 0.001) 
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Introduction: 

The role and timing of physic chemical profiling in drug research has significantly changed 

during the last decade. Determination of fundamentally important physic chemical properties 

such as dissociation, solubility and lipophilicity  has been shifted to the early stage of drug 

discovery in order to facilitate the screening of  drug like candidates. 

The pKa value is a key parameter to predict the dissociation state of a molecule with respect to 

pH. Knowledge of this parameter is essential in estimation of ADME properties since absorption 

and distribution are highly affected by the dissociation of the compound. However, many drugs 

are sparingly soluble in water and any experimental pKa determination requires the use of an 

organic or hydro-organic solvent. Mixtures of water and organic solvent, mainly methanol, 

ethanol, or 1-propanol, are usually employed. In the present work, the protonation constants of 

trimethoprim (an anti-bacterial compound)  is determined in  different aqueous solutions of 1-

propanol. 

 

Materials and methods: 

Potentiometry titration is a well known reference method for pKa determination, and it can be 

easily used in organic or hydro-organic solvents. To evaluate the protonation constants, first the 

calibration of the potentiometer and the electrodes should be performed by Gran’s method. The 

measured emf values in the potentiometric titration of the compound in the different aqueous  
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solutions of 1-propanol are conducted with a suitable computer program for data treatments 

using a  fitting method. All measurements were performed at 25 C and constant ionic strength 

of 0.1 mol dm-3 sodium chloride. 

In all cases, the procedure was repeated at least three times and the average values and the 

corresponding deviations from the average are reported in this work. 

    

Apparatus: 

A Jenway pH-meter, model 3520 (precision of 0.001 units of pH), was used for pH 

measurements.The hydrogen ion concentration was determined with a combination electrode 

(Jenway). A thermostat having accuracy of ± 0.1°C maintained the temperature of the 

potentiometric cell. [Model: EX.1200-30-6 STH, this oven is made in Iran]. 

  

Result and discussion: 

The protonation constant values of trimetoprim have been determined According to the obtained 

results, increasing the amount of the organic solvent reduces the dielectric constant in the 

aqueous-1-propanol  mixtures and so, in accordance with the Born equation the protonated 

species of the tri-methoprim are  expected to be more stable in media with lower dielectric 

constants. When electrostatic effects  predominate, a plot of log K versus the reciprocal of the 

dielectric constant of the media should be linear.  Previously, we have reported [1-2] that the 

dielectric constant alone cannot serve as a quantitative  measurement of the solvent polarity. This 

property is often inadequate, since the dielectric constant description considers a solvent to be an 

unstructured continuum, not composed of individual solvent  molecules with their own solvent-

solvent interactions, and does not take into account specific solute-solvent interactions. In this 

work, we have used the method was introduced by Kamlet, Aboud, and Taft (KAT). The KAT 

equation contains separate terms for non-specific as well as specific solute-solvent interactions. 

Finally, the dependence of acid-base equilibria on solvent composition will be discussed from 

the determined coefficients of KAT parameters.  

 

 

Conclusion:   
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In this work, the protonation constants of some trimetoprim have been determined in propanol -

water mixture of varying compositions (10–80% propanol by volume). It is very difficult to 

interpret the logK variations of the trimetoprim studied by only macroscopic parameters of the 

propanol-water mixtures. It is known that one of the most important factors determining the 

equilibrium constants is the reaction medium, so, the solvent effect on protonation constants 

could be explained on the basis of dielectric constant of the medium, solvent structure, 

preferential solvation, and microscopic parameters (as Kamlet-Taft solvatochromic parameters). 

A Jenway pH-meter, model 3520 (precision of 0.001units of )was used for pH 

measurements.The hydrogen ion concentration was determined with a combination  nelectrode 

(Jenway). A thermostat having accuracy of ± 0.1A Jenway pH-meter, model 3520 (precision of 

0.001). 
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Introduction : 

Ribonucleotide Reductase (RNR) catalyzes the synthesis of the four deoxyribonucleotides 

needed for DNA synthesis and repair in cell. The RNR protein consists of two non-identical 

subunits, the R1 and R2 proteins. The latter protein contains an iron-tyrosyl free radical center 

essential for enzyme activity. This enzyme has been targeted for cancer treatment. Therefore, 

structural studies on this enzyme has important role for designing of new antimetabolites. Under 

physiological conditions, this protein has a high -helical content. It is important to know how 

structure of RNR folds into their biologically active states and how these active states are 

stabilized.[1,2]. 
 

Materials and method: 

the mouse R2 was purified protein by DEAE chromatography. R2 samples (0.18 mg/ml) and  

dodecyl trimethyl ammonium bromide (DTAB) were dissolved in 10mM potassium phosphate  

and  70 mM  KCl buffer solutions of various pHs (pH 3, 7 and 10) at temperature of 25 C . The 

buffer conditions for the thermal denaturation experiments were the same as those used for 

DTAB unfolding (10 mM potassium phosphate, 70 mM KCl, pH 7) and the protein 

concentrations of 0.19 and 0.5 mg/ml were used. Circular dichroism (CD) spectra were obtained 

withan Aviv circular dichroism spectrometer . For equilibrium studies, the readings at 222 nm 

were compiled. 

 

Result and discussion: 

The Circular dichroism spectra were recorded in the temperature interval 8–90°C, at 222 nm and 

plots of standard- Gibbs  free energy ( G of unfolding versus the temperature in protein 
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concentrations of 0.19 and 0.5 mg/ml  were obtained. The results only conform to the simple            

N2        2N       2U model of unfolding The values of the thermodynamic parameters were 

obtained as:  Tm =330.15 K, H1 =654.5 kJ  mol 1 , H2 =115.5 kJ  mol 1 , Cp1 =92.3 kJ T 1 

mol 1, Cp2 =3.6 kJ  T 1 mol 1 and  Tm =338.15 K , H1 =254.9 kJ  mol 1 , H2 =99.9 kJ  mol 1 

, Cp1 =18.21 kJ  T 1 mol 1, Cp2 =3.57 kJ  T 1  mol 1  for  reactions 1 and 2  in protein 

concentrations of 0.19 and 0.5 mg/ml ,respectively. The interaction of DTAB with R2 in various 

pHs of (3,7,10) at temperature 25°C has been studies by CD. The values of 39.9 kJ  mol-1 , 46.1 

kJ  mol-1 and 47.8 kJ  mol-1, were obtained for G°D(H2O), in various pHs of ( 3,7 and 10) 

respectively. 

 

Conclusion: 

 Hopefully, the analyses of the stability of RNR by denaturants and their effects on the secondary 

structure of the proteins would be used for rational new drug design.                
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Introduction: 

Measurement of the dielectric constant (relative permittivity) is a useful technique for 

characterizing molecular structure, solute-solute and solvent-solute interactions, and molecular 

ordering in solutions. 

The value of the dielectric constant is strongly related to molecular structure and intermolecular 

interactions [1-3].Relative permittivity measurements were made on binary mixtures of 

(cyclohexanol + cyclohexanone) for various concentrations at T = 298.2 K. The molecular dipole 

moments were determined using Guggenheim-Debye method in the temperature range of (298.2) 

K. The variations of effective dipole moment and correlation factor, g, with the mole fraction in 

these materials were investigated using Kirkwood-Frohlich equation. 

 

Methods: 

The densities of the solutions were measured at 298.2 K using DA-210 (Kyoto electronic) 

density meter. The refractive indices of the solutions were determined at a wavelength of 589 nm 

using an Abbe Refractometer (Model CETI). The density meter and the refractometer were 

initially calibrated before being used to perform measurements. The temperature was controlled 

by circulation of water through a jacket surrounding the sample and was measured to an 

accuracy of ± 0.1 K. The electrical capacitance of the dielectric cell was measured using a 

Wayne Kerr model 6425B Digibridge. Measurements of the capacitance required for calculating 

the static dielectric permittivity were performed at a frequency of 10 kHz. 
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Results and discussion: 

Dielectric excess parameters, the Kirkwood correlation factor, dielectric parameters and 

refractive index have been reported for binary liquid mixtures of cyclohexanol and 

cyclohexanone at various concentrations. The parameters show systematic changes with 

concentration. The Kirkwood correlation factors indicate the existence of strong intermolecular 

interactions in these systems.The dipole moments of the binary mixtures of ( cyclohexanol + 

cyclohexanone ) were calculated using the Guggenheim-Debye equation [4]. The expression for 

the dipole moment is given by: 

μ  

Where 1 is the static permittivity and n1 is the refractive index of pure non-polar solvent, k is the 

Boltzmann constant and NA is Avogadro's number. The dielectric increment given by: 

=  where the subscript 12 denotes a property of the solution. C is the 

molar concentration (mol / cm3), and (  /C) o is the limiting gradient of the plot of versus 

concentration. The permittivity and the refractive index values of these liquids were measured at 

298.2 K. Dielectric permittivity increments of binary mixtures of (cyclohexanol+cyclohexanone) 

  
Fig.1. Dielectric permittivity of cyclohexanone as a function of  mole fraction at 298.2 K 

Fig.2. Dielectric permittivity of cyclohexanol as a function of  mole fraction at 298.2 K 

 

Conclusions: 
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At 298.2 K, values of the dipole moment and Kirkwood correlation factor for cyclohexanol with 

cyclohexanone were determined at various concentrations. These results yield a Kirkwood factor 

g < 1, and indicate a high degree of parallel dipole associations. 
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Introduction: 

In optics the refractive index (nD) of a substance (optical medium) is a number that describes 

how light, or any other radiation, propagates through that medium. The refractive index is a basic 

optical property of materials and its accurate value is often needed in many branches of physics, 

biology and chemistry [1,2]. Knowledge of the refractive index of aqueous solutions of salts and 

biological agents is of crucial importance in applications of evanescent wave techniques in 

biochemistry [3]. Chemical modifications may be detected by measurements of refractive index. 

Among the many possible applications is the control of adulteration of liquids.  

 
Experimental Section: 

Material. Ethylene glycol, D-mannitol, D-fructose, sucrose and maltose were purchased from 

Merck Company (Germany). They are used without further purification.  

Apparatus and Procedure. Refractive indexes for the sodium D-line were measured with an 

Abbe reftactometer (CARL ZEISS, Model A, Germany).A minimum of three independent 

readings were taken for each composition.The uncertainties of the refractive index are ± 1 × 10-4. 
 

Table 1. Refractive indices (nD) as functions of molar concentration (c) also Kn (obtained from equation 1) for 
aqueous solutions of D-Fructose at atmospheric pressure and T = 292.15 K 

c (mol/L) nD Kn c (mol/L) nD Kn c (mol/L) nD Kn 
0.0954 1.3355 0.0252 0.9226 1.3565 0.0254 3.5128 1.4205 0.0249 
0.2085 1.3384 0.0254 1.1244 1.3616 0.0253 4.0116 1.4326 0.0248 
0.3275 1.3415 0.0256 1.6315 1.3744 0.0253 4.5255 1.4450 0.0247 
0.5156 1.3462 0.0254 2.3645 1.3925 0.0251 4.9425 1.4547 0.0246 
0.7133 1.3513 0.0255 2.9547 1.4070 0.0250 5.2137 1.4612 0.0246 
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Results and Discussion: 

The experimental values of refractive index for aqueous solution of D-fructose at T = 292.15 K 

and different molar concentration are listed in Table 1.  

It is clear that for this solution the refractive index values increases with the molar concentration 

increasing. Also the variation of refractive index against molar concentration is liner (Figure 1).    

As seen in Figure 1 by plotting of the curve of refractive index versus molar concentration (c) for 

aqueous solution of D-fructose at T = 292.15 K the following equation obtained (R2 = 0.9999):  

3337.10246.0 cnD                                                        (1) 

For different aqueous solutions we can write this equation (nD vs c) and then obtain Kn. for each 

aqueous  solution the coefficient Kn indicate the strength of this solution on decreasing of light 

velocity when the light move through of this solution. The value of Kn can be dependent on 

molecular weight, molecular structure and number of free electrons of solute molecule [4]. For 

example, the values of Kn increases as the weight of solute molecules increase. 

            

 
Figure 1. Refractive index (nD) versus molar concentration (c) for aqueous solution of D-fructose at T = 292.15 K  
 
 

Conclusion: 

The experimental refractive index for aqueous solution of ethylene glycol, D-mannitol, D-

fructose, sucrose and maltose were measured at T = 292.15 K and atmospheric pressure. We can 

obtain the experimental equation for fitting of refractive index.  
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Introduction: 

Studies on the thermodynamic properties (refractive index: nD, viscosity: , and density: ) of 

binary systems are being increasing usual as tools for the investigation of the nature of 

interaction between molecules in liquid mixtures [1]. Also the thermodynamic properties of 

aqueous solutions have the important applications in industrial fields such as food, Drug and oil 

[2,3]. 

 

Experimental Section: 

Material. Sodium thiocyanate, sodium bicarbonate, sodium acetate and sodium citrate were 

purchased from Merck Company (Germany). They are used without further purification.  

Apparatus and Procedure. Refractive indexes, densities and kinematic viscosities ( ) were 

measured using an Abbe refractometer (CARL ZEISS, Model A, Germany), a digital vibrating 

glass tube densimeter (DA-500E, China.) and three Ubbelhode viscometer with automatic 

measuring unit (SCHOTT, AVS 400, 1.Germany), respectively. The viscosity ( ) obtain from 

kinematic viscosities (  =  × ). The uncertainty of density is ±1 × 10-4 (g.cm-3). Also the 

uncertainty of the refractive index and viscosity are ±1 × 10-4 and ±0.003 (mPa.s), respectively. 
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Table 1. Refractive indices, Densities, and Viscosities as functions of mole fractions of sodium thiocyanate, x1, for 

aqueous solutions of sodium thiocyanate at atmospheric pressure and T = 292.15 K  

x1  (g.cm-3) n  (mPa.s)  x1  (g.cm-3) n  (mPa.s)  

0.0055 1.0102 1.3383 1.0339 0.0453 1.0916 1.3734 1.2235 

0.0095 1.0189 1.3423 1.0512 0.0567 1.1129 1.3826 1.3139 

0.0143 1.0291 1.3465 1.0701 0.0718 1.1397 1.3941 1.4764 

0.0187 1.0385 1.3506 1.0868 0.0925 1.1741 1.4089 1.7943 

0.0226 1.0466 1.354 1.1021 0.1347 1.2365 1.4356 2.7608 

0.0282 1.0582 1.359 1.1252 0.1832 1.2981 1.4618 4.7006 

0.0365 1.0747 1.3661 1.1703 0.2185 1.3382 1.4783 7.4532 

 

Results and Discussion: 

It can be seen in Table 1 that for aqueous solution of sodium thiocyanate the values of density, 

refractive index and viscosity (Figure 1) increases as the mole fractions of solute increase (at 

292.15 K).    

Most studies on viscosity are confined to the description of dilute solutions of solutes via 

determination of the A- and B-coefficients in the Jones-Dole equation [4]: 

  BcAc 2/11                                                  (1)                   

Where  and  are the viscosities of solution and solvent responsively.  

  
Figure 1. Variation of viscosities, , against mole fraction of sodium thiocyanate, x1, for binary system of water (1) 

+ sodium thiocyanate (2) at T = 292.15 K  

Conclusion: 

y = 37865x5 16253x4 + 2787.4x3 119.88x2 + 5.8701x + 1.0037 
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Experimental viscosities, densities, and refractive indices for binary system of water + sodium 

thiocyanate, sodium bicarbonate, sodium acetate and sodium citrate were obtained over the wide 

range of composition and T = 292.15 K. some of the experimental equations was applied for 

fitting of the thermodynamic properties data.  
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Introduction  

Protein is a vital chemical substance in our life and the predominant target of many drugs in the 

human body. Thus, investigate upon protein-drug interaction is very useful for determining the 

therapeutic effectiveness of drugs on bio targets. Human serum albumin (HSA) is the most 

important protein of the blood plasma that acts as a carrier for various drugs such as anti-cancer 

drugs [1]. It has been proved that macromolecule such as albumin notably accumulates in tumor 

tissues so HSA is a potential drug carrier of anti-cancer agents such as FCCP [2]. FCCP is a 

potent uncoupling agent that uncouples mitochondrial oxidation from phosphorylation, thus it 

can improve from energy production by mitochondria in cancer cells and cusses cell death [3]. In 

this work we study on the interaction between HSA and FCCP and aggregation behavior of HSA 

in response to the existence of FCCP by resonance light scattering (RLS) and Zeta-potential 

measurements. 

 

Material and methods: 

 All reagents were purchased from Sigma-Aldrich Chemical Corporation (St. Louis, USA) and 

used without further purification. The concentration of HSA and FCCP were 1.5× 10-3 and 10-10 

mM, respectively. Stock solution of HSA and FCCP were always prepared freshly in the 

phosphate buffer solution with concentration of 50 mM at pH 7.4. 

 

 

Apparatus: 
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The resonance light scattering spectroscopy was applied with an F-2500 spectrofluorometer 

(Hitachi, Japan) by simultaneously scanning the excitation and emission with  = 0 nm. The 

zeta potential measurements were administered on a Zeta Sizer Non series-ZS (Malvern 

Instrument, UK) and a Dispersion Technology Software (DTS) at 298 K using drug. 

 

Result and discussion: 

The RLS measurement of HSA-FCCP system indicate that when the FCCP concentration 

reached to 1.49 × 10-12 mM the RLS intensity initiated to increasing because the complex is 

formed and also FCCP aggregated on the HSA. The zeta-potential measurement of HSA-FCCP 

system demonstrates there is an initial increase of the zeta-potential with increasing FCCP 

amounts to 1.42 × 10-12 mM, that correspond to initial point of aggregate. The positive value of 

the zeta-potential also proves the existence of electrostatic interactions between HSA and FCCP 

molecules. At higher concentration of FCCP there is a reversal in the sign of the zeta-potential 

which becomes negative that suggests interaction will continue via hydrophobic binding. 

 

Conclusion: 

The observed increase in RLS intensity proves that interaction between HSA and FCCP can 

occur then HSA can serve as carrier for deliver FCCP to bio target. The obtained result from 

RLS and Zeta-potential measurements express that  the concentration of FCCP that is less than 

approximately 1.4 ×10-12 probably is appropriate to cancer therapy.  
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Introduction: 

Most chemical and biochemical phenomena take place in solution. Solution is a homogeneous 

mixure of two or more substances. Since the relative values of ingredients of a solution can 

change limitedly, it is a system of the combination of variable percentages. Thermodynamic 

characteristics of solutions are obtained by measuring density, viscosity, etc. The importance of 

these characteristics can be mentioned as follows: 

1. They are useful for the justification of physical andchemical processes in biological and 

engineering sciences ,agriculture ,pharmacy and many other sciences. 

2. These properties can be used for better understanding of interactions between molecules and 

molecular structure.1 

 

Materials and methods: 

The substances used in this study were 2-Butanol,Cylohexanon and Methyl Cyclohexane. All 

used substances were Merck and Aldrich with a purity higher than 99.5%. The purity of these 

materials was verified by comparing their density and viscosity with the values obtained from 

other articles. 
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Apparatus:  
  

The density of the pure compounds and mixtures was measured by means of an Anton Parr 

DMA 4500 oscillating U-tube densimeter, provided with automatic viscosity correction. The 

uncertainty of density measurement was ±1 × 10–5  g.cm-3. 

 
Result and discussion: 

The excess molar volumes V E
m  for the binary systems were evaluated using the equation    

)( 11

1
ii

N

i
i

E
m MxV   1  

  
where  is the density of the mixture, i is the density of pure component i, xi is the mole 

 
the mixture. V E

m  for the binary systems were fitted by the least-squares method to the Redlich–

Kister [3] equation k
ji

n

k
kji

E
ij xxAxxV )(

0
    2 

Experimental data and fitted equations for the three binary systems are depicted in Fig. 1. 

  
Fig. 1 Excess molar volumes at 298.15 K for the binary systems: Methyl Cyclohexane + Cyclohexanon (    ). 

2- Butanol +Cyclohexanon ( ) and 2- Butanol +Methyl Cyclohexane ( ) 

Full line calculated with Redlich–Kister equation. 

Excess molar volume was calculated for 2-Butanol+Cyclohexanon,2-Butanol+Methyl 

Cyclohexane and Methyl Cyclohexane+Cyclohexanon systems at a temperature range from 298 

K. Excess molar volume was reported positive for each systems , and it increased with 

temperature . It seems that, as a result of mixing the solutions, an attraction state arises between 

them, and then they transform into monomer. The monomer state can occupy a large space, 

which , in turn, leads to increase in volume. 
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Conclusion: 

Densities and excess molar volumes V E
m  of binary and ternary mixtures of 2-Butanol-Methyl  

cyclohexan and Cyclohexanon were measured at 298K. The measured data and calculated values 

of all systems are in good agreement. 
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Introduction: 

Excess properties of mixtures provide information about the molecular interactions between the 

various components and can be used for the development of molecular models describing the 

thermodynamic behavior of mixtures [1– 2]. 

The thermodynamic properties of mixtures are of great industrial interest. The property studied 

has proved to be meaningful from a thermodynamic point of view, as it provides direct 

information about the energetic effects arising between the molecules present in the mixture, so 

it can help to explain the rearranging of the bondings that occurs during the mixing process, 

which is essential when studying new theoretical approaches to the liquid state, either pure or 

mixt ure.  

 

Materials and methods: 

The substances used in this study were 2-Butanol,Cylohexanon. All used substances were Merck 

and Aldrich with a purity higher than 99.5%. The purity of these materials was verified by 

comparing their density and viscosity with the values obtained from other articles. 

 

Apparatus: 

The density of the pure compounds and mixtures was measured by means of an Anton Parr 

DMA 4500 oscillating U-tube densimeter, provided with automatic viscosity correction. The 

uncertainty of density measurement was ±1 × 10–5  g.cm-3. 



1544

 

Result and discussion:  

Thermal coefficient of expansion for pure components is calculated by the following equation: 

1

pT
                                                                                                                  ( 1)             

Thermal dependence of density of pure components is indicated by the following equation:  
4

0

i
i

i
T A T

                                                                                                                          
 (2)  

  In before – mentioned equation T is dead temperature. 

Main expression denotes the relationship between molar volume of a mixture and its excess 

molar volume as follows : 
2

1

E
i i m

i
V x V V                                                                               ( 3) 

Where 1v  and 1x  are molar volume of component i. In case of mixtures, by differentializing 

equation2  we can obtain the following expression: 

2

1 ,

,

,

i

i i E
i p x m

p x

p T

x V
V V
T T T

      

                                   (4) 

Thus, thermal coefficient of expansion for mixtures is calculated by the following equation  : (2) 

2

1,

1 E
m

i i i
ip x

V x V
V T

                                                                                   (5)
 

Where and 1  are thermal coefficient of expansion of mixture and pure component 

respectively .Figure 1. excess thermal coefficient of expansion E  for two – component mixture  

2- Butanol + Cyclohexanon at  temperatures 298(   ),303(   ),308(   ) and 313(    ). 
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The values of thermal coefficient of expansion were obtained for 2- Butanol +Cyclohexanon. 

The values of this quantity were positive and regularly increased as the temperature grew up. The 

positive values of excess thermal coefficient of expansion that the expansion of solution is 

greater than liquids in their pure form.  

 

Conclusion: 

The values of thermal coefficient of expansion were obtained for 2- Butanol +Cyclohexanon 

.The measured data and calculated values of this systems are in good agreement. 
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Introduction: 

Schiff bases drived from Salicylaldehyde and diamines as N,N'-bis (Salicylaldehyd) ethylene 

diamine are one of the most synthetic ligand system with important in asymmetric catalysis[1]. 

In the area of bioinorganic chemistry interest in Schiff-base complex has containing sites in 

metallo-proteins and metallo enzymes [2]. Lysozyme is a global protein, cosists of 129 amino 

acids with a molecular weight of about 14.3KD. Its structure is stabilized by four disulfide 

bridges and the interior of the protein is almost hydrophobic while the surface is mostly 

polar[3,4]. 

So,In the present work thermal denaturation of lysozyme has been studied and the melting point 

of lysozyme in the presences and absences of Ni( )Salen [Salen :N,N -bis(Salicydene)1,2-

diamino ethane]  to analysis denaturation data we use Sigma plot and Igor softwores. 

 

Materials and Methods: 
Lysozyme (HEWL)Was obtained from cenajen and Ni( )Salen synthesized in laboratory [5] and 

other chemical materials were obtained from merck company. All solutions was prepared 

freshly. 

 

Apparatus: 

The absorbance monitoring was performed on a Perkin-Elmer UV/Vis Lambada 2 equipped with 

thermostat cell compartment and lambada 2 software. The spectrophotometer was equipped with 

a cell thermostst bath . 
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Results and Discussion:  

The UV/Vis titration experimants were made by addition of  Ni( )salen solution in to a 1.4ml 

curette containing the HEWL solution of appropriate concenteration. The titration of experiments 

were performed at various temperature with precision of ±1 C. 

The melting curves of both free HEWL and HEWL-Ni( )sale complex in phosphate buffer were 

obtainal by measuring the lysozyme absorbance at 281 nm as a function of  temperature. Melting 

temperatures were measured in phosphate buffer pH 7.0 containing 9.7  lysozyme. The 

temperature was scabbed from 25 until 93 C. 

In order to identify the solution properties of Ni( )salen, we employed UV/Vis spectroscopy. the 

optical absorption Spectrum of Ni( )Salen shows two bands in 321 , 392 nm and a weak band at 

443 nm, we choose 392nm. 

 

Conclusion: 

In this work interaction of lysozyme with Ni(II)Salen  in 5 mM phosphate buffer, pH=7 were 

studied  using differential  UV/Vis  spectroscopy method at different temperatures.The 

temperatures absorbance measurements at 281 nm. Change in absorbance of protein-Salen 

complex with temperature were used to determine the denaturation of melting temperature Tm 

,thermodynamic parameters, Hm , Gm and the heat capacity change Cpm between the native 

and denatured states.Then  increasing of Tm upon addition of Ni(II)salen concentration show 

increasing protein stability with complx formation.. 
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Introduction: 

        The studies of thermodynamic and thermoacuatic properties of binary mixtures provide 

useful information about physical forces acting between the molecules of the same substance in 

pure liquids and the nature of interactions between the unlike molecules [1-3]. When two liquids 

are mixed together, the resulting changes in physical and thermodynamic properties can be 

considered as a sum of several contributions due to free volume change, change in energy, 

change in molecular orientations, steric hindrances etc[4-5]. 
 

 Results and discussion:  

       Thermal expansion coefficients  , and their excess values E , and  isothermal  coefficient of  

pressure excess molar enthalpy xPH ,T
E
m )/(  of the binary mixtures formed by  {methyl 

acrylate + benzene, + toluene, +o-xylene, +  m-xylene, and +p-xylene} were measured at 

(293.15-318.15)K  for the liquid region and at ambient pressure. The obtained results were then 

compared with the calculated values by using the Flory theory of liquid mixtures. The results 

show a good agreement between theory and experimental data. From these data available volume 

(Va), isothermal ( /K ), isobaric (K), and isochoric acoustical parameters ( //K ), isochoric 

temperature coefficient of the internal pressure (X), and Moelwyn-Hughes parameter (C1), have 

been calculated. The excess thermal expansion coefficients and isothermal coefficient of pressure 
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excess molar enthalpy were correlated as a function of the mole fraction by using the Redlich–

Kister equation for binary mixture, respectively. The thermo acoustical method has also been 

employed to obtain the available volume, aV , using the relation(1-2), 

]1[]
1

1[ /// KK
V

K
VV TTa       (1)                    T

XTSKKK )1(3
2
1 *

///    (2) 

The Flory model has been commonly employed to analyze the molar volume of the mixture and 

the excess molar volume parting from the equation (3) of the state in function of the reduced 

variables: 
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Fig. 1. Plot of aV , E and 

xPH ,T
E
m )/( against mole fraction for {(B1);Ma + benzene , (B2); Ma + toluene, (B3) ; Ma + o-

xylene, (B4); Ma + m-xylene, (B5); Ma + p-xylene, }  at 293.15 K ( ), 298.15 K ( ), 303.15 K ( ) ,308.15 K ( ) ,313.15 K ( ) 

,318.15 K (o). 
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Introduction: 

Calix[n]arenes are one of the three major groups of organic macrocyclic host compounds in 

supramolecular chemistry [1]. They are composed of phenol units connected by ortho-methelene 

bridges and may complex to a variety of guests in solution as well in the solid state [2]. Several 

calix[n]arene–metal ion complexes have been reported, most of them require that the hydroxyl 

groups of the calixarene are derivatized to esters or ethers due to the poor solubility of the para-

tert-butylcalix[n]arenes [3]. Calix[4]arenes are widely used as building units for construction of 

preorganized molecules for supramolecular and coordination chemistry applications. The 

coordination chemistry of the calix[4]arene-based ligands was recently reviewed. The 

calix[4]arene moiety can be substituted on the upper or lower rim with a large variety of 

substituents. The coordination properties of such ligands are tuned by appropriate choice of 

substituents, differing in hydrophilicity–hydrophobicity, the number and type of donor atoms 

present, etc. Another effect of substituents on the coordination ability is based on the change in 

geometry of calix[4]arene units due to the steric requirements of substituents [4]. 

 

Materials and methods: 

Calix[4]arene - crown 6 ether.was obtained from Acros Organics Fig 1., sodium monovanadate 

and were purchased from Merck (p.a.) and used without further purification. All dilute solutions 

were prepared from double distilled water with a specific conductance equal to 1.2±0.1 Scm 1.  
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Fig 1. Structure of ligand calix[4]arene- crown 6 ether. 

 

Apparatus: 

A Jenway research pH-meter (model 827) was used for the pH measurements. The hydrogen ion 

concentration was measured with a Jenway combination electrode. The pH-meter was calibrated 

with Metrohm pH 4.0 and 7.0 buffers leading to pH estimate error of ±0.001 pH units. 

Spectrophotometric measurements were performed using a UV–Vis cary 300 scanning 

spectrophotometer with a Pentium4 computer using 10 mm quartz cells. 

 

Result and discussion: 

In this work, stability constant of vanadium(V) cation and Calix[4]arene were determined in 

metanol solution at 25 °C using spectrophotometric technique. The calixarene in this study was 

consistsed of four benzene rings which are arranged conically, so that hydroxyl groups form a 

coordination sphere where metal cation can be bound. 

 

Conclusion: 

A new dioxovanadium/calix[4]arene compound, has been synthesized under different conditions. 

We have prepared a new polymer including bis-bipyridyl-calixarene chelating agent ether at 

complex metal ions with tetrahedral coordination geometry. We concluded that, the molar ratio 

of ligand to metal was 1:1. The more electric charge effects on metal dioxovanadium is the 

electrostatic force is stronger so the formed complex is stronger. The stability constants of 

obtained complexes depend on two groups of upper rim and lower rim as well as size of rings. 

Amounts of equilibrium constants in L1 ligand indicate that phenyl rings of calix with  electrons 
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are agent of complexing. Its demonstrated chelating properties are currently explored in 

separation studies involving various metal ions of economical or environmental interest. 
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Introduction:  

      Nuclear Magnetic Resonance (NMR) is a useful technique for studying the structure of 

chemical and biological systems, from small molecules to complicated structures such as nucleic 

acids and proteins. Chemical shifts and spin–spin coupling serve to recognize the molecular 

conformation, composition and environment of the moiety. However, the investigation and 

understanding of the relationships between molecular structure and measured NMR parameters 

can sometimes be quite difficult, and need the support of theoretical calculations [1].Theoretical 

methods for the prediction of the nuclear magnetic resonance (NMR) parameters of molecules 

have become a useful quantum chemical tool. A number of papers have recently appeared in the 

literature concerning the calculation of NMR chemical shift (CS.) by quantum-chemistry 

methods [2-5]. 

 

Computational methods: 

       The entire calculations were performed at density functional (DFT) levels on a Pentium 

using Gaussian 03. The geometry of the title compounds in (Fig. 1) is fully optimized and 17O 

NMR chemical shielding are calculated with GIAO and CSGT approach by applying B3LYP 

method at  the 6–31G (d,p), 6-31++G(d,p) and 6-311++G(d, p) basis sets. The obtained shielding 

tensors were referenced against to an absolute shielding reference ref =287.5 ppm  
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Fig. 1 

Results discussions 

The results show that in the compounds A1 and A2, A4 and  A7  the GIAO method by 6-31++G 

(d,p), in  compound  A3  and A6  the CSGT method by 6-31++G(d,p) and 6-31G(d,p) 

respectively and in the compounds  A5 and A11  the GIAO method by 6-31G (d,p) are a good 

agreement with experimental. Fig.1 , Table 1 

  
Fig. 1 Optimized of structures of Benzyl ethers derivatives 

 
Table 1.  Theoretical chemical shift and experimental chemical shift of Benzyl ethers 17O NMR spectra (ppm), 

deviation error calcEXP  with B3lyp/6-31++G(d,p). 

Compounds GIAO CSGT Exp. a 
IAOG  CSGT  

A1 -18.0 -2.7 -14.0 4.0 -11.3 

A2 4.3 17.7 9.6 5.3 -8.1 

A3 29.3 38.0 39.0 9.7 1.0 

A4 35.4 39.5 49.0 13.6 9.5 

A5 52.2 56.5 40.1 -12.1 -16.4 

A6  34.3 44.2 33.0 -1.3 -11.2 

A7 -21.3 -5.9 -20.0 1.3 -14.1 

A8 2.5 16.2 -   

A9  14.1 20.3 -   

A10 52.0 -5.3 -   

A11 52.1 57.9 33.5 -18.6 -24.4 
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Introduction: 

Dielectric studies on binary mixtures are important for understanding the intermolecular 

interactions (dipole-dipole interaction and hydrogen bonding) in the mixture. The heterogeneous 

and homogeneous interactions in binary mixtures using dielectric measurements have been 

studied and reported by several investigators [1–3].1,2-butanediol (1,2BD) is one of four stable 

isomers of BD, which has many scientific and industrial applications. The presence of two 

hydroxyl groups in vicinal positions (at the positions 1 and 2) of this diol makes it suitable as a 

useful chemical intermediate in the manufacture of many chemical products. The separation of 

BDs from aqueous solutions using solvent extraction technique is industrially and scientifically 

important. It is recently reported that, 2-ethyl-1-hexanol (2EH) can be used as a good solvent for 

the extraction of BDs from aqueous solutions [4].   

 

Materials and methods: 

The chemicals 2-ethyl-1-hexanol (mass fraction purity > 99.5%) and cyclohexane (mass fraction 

purity > 99.9%) were obtained from Merck. 1,2-butandiol (mass fraction purity > 98%) was 

purchased from Fluka. appropriate amounts of the solute into 10 3cm  volumetric flasks with an 

The high purity grade cyclohexane was used for the calibration of the dielectric cell.  

Apparatus: 
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The refractive indices of the solutions were determined at a wavelength of 589 nm using an Abbe 

Refractometer (Model CETI). The densities of the pure compounds were measured at various 

temperatures using DA 210 (Kyoto electronic) density meter.  The electrical capacitance of the 

dielectric cell was measured using a Wayne Kerr model 6425B Digibridge. A three-terminal 

dielectric cell was constructed for measurements on small volumes of solutions.  

 

Result and discussion: 

The heterogeneous interaction in the polar mixture may also be obtained from the modified 

Bruggeman equation.The heterogeneous interaction may be obtained by the excess permittivity (
E ).The excess Helmholtz energy ( EF ) is almost equal to the Gibbs energy G  for a 

condensed phase and is a suitable parameter to evaluate the interaction (both the long-range and 

short-range) between the components.  For the investigated temperature range, the deviation of 
EF  for the system was found to be positive in both the solute-rich and solvent-rich regions. For 

this system, the excess free energy due to short-range interaction between dissimilar molecules (

12F ) are positive in the 1,2BD rich region, suggesting anti-parallel orientation of the dipoles. 

T/K  
 

  
 

298.2 0 0.00 0.00 0.00 0.00 

 0.111 72.63 -5.30 -8.94 58.39 

 0.199 114.88 8.65 -16.09 107.44 

 0.291 139.70 31.58 -16.56 154.72 

 0.345 148.22 47.12 -14.39 180.95 

 0.399 151.02 62.27 -10.45 202.83 

 0.448 145.50 73.57 -6.23 212.84 

 0.501 141.02 85.40 -2.18 224.24 

 0.563 125.36 93.06 2.19 220.61 

 

Conclusion: 

Values of static permittivity, Kirkwood correlation factors, Bruggeman parameter, excess 

permittivity, and excess Helmholtz energy for the binary liquid system of 1,2BD with 2EH 

studied at various concentrations have been reported. From the dielectric data, the heterogonous 

interactions for investigated mixture were calculated. For this system , the strength of the 

2x )/(0 molJF E )/( molJF E
rr )/( molJF E

AB )/( molJF E
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interaction between the unlike molecules reach a maximum when the composition is 

approximately 0.5 in 1,2BD.  
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Introduction: 

Propane dehydrogenation (PDH) has received much attention to meet the ever-increasing 

propylene demand based on: 

          kJ/mol 241                                     HHCHC 0
29826383 H                       (1) 

The reaction is highly endothermic and equilibrium limited. Consequently, the elimination of H2 

product by a mild oxidant such as CO2 (via reverse water-gas-shift, reaction 2) over suitable 

(non-redox oxides, e.g. Ga2O3) catalysts can increase equilibrium conversions [1]. 

          kJ/mol 40                               OHCOCOH 0
298222 H                        (2) 

The reaction can also occur in single-step over redox oxide (e.g., Cr2O3 and V2O5) catalysts: 

          kJ/mol 641              OHCOHCCOHC 0
298263283 H                       (3) 

The PDH in the presence of CO2 is also of interest because it utilizes a greenhouse gas [2]. 

In this work, the chemical equilibria of single and two-step oxidative PDH with CO2 are studied 

and the results are compared with those of simple conventional steam diluted PDH. 

 

Materials and methods: 

The equilibrium compositions were obtained by Gibbs free energy minimization of the gaseous 

system using Lagrange undermined multiplier method [3]. The resulting set of equation was 

solved by using Matlab software and the results were compared to reported data.  
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Result and discussion: 

Figure 1 shows the equilibrium conversion of propane in the presence of steam and CO2. Both 

steam and CO2 increase the conversion due to lowering partial pressure of the hydrocarbons. 

CO2 further increases the conversion, especially in two-step pathway, by consumption of H2. 

Figure 2 shows that H2/CO ratio of the product in two-step process decreases with CO2 content 

of the feed and approaches to that of single-step (that is, zero) path, resulting the convergence of 

the two paths for CO2-rich feeds as also confirmed by Fig. 1.  

 

 
Figure 1. Effect of CO2(or steam)/C3H8 on propane 

conversion at 873 K. 

Figure 2. Effect of CO2 (or steam)/C3H8 on two-step 

equilibrium H2/CO molar ratio. 

Table 1 shows the temperatures required for 50 and 60% propane conversions (typical 

commercial values) for different pathways. For 60% conversion, equimolar addition of CO2 to 

the feed reduces the reaction temperature for no dilution and steam diluted by 54 and 29 K, 

respectively, illustrating the advantage of using CO2 as a mild oxidant in PDH. 

 
Table 1. Temperatures (K) required for 50 and 60% propane conversions (CO2(steam)/C3H8=1, P=1 atm). 

Conversion (%) Temperatures (K) 

 No dilution Steam CO2 (single-step) CO2 (two-step) 

50 875 850 891 821 

60 901 876 930 847 
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Conclusions: 

Equilibrium calculations of CO2 PDH give promising results. Using CO2 as a mild oxidant, the 

reaction temperature could be reduced about 50 K for a given conversion; especially in two-step 

reaction pathway. In practice, however, the conversion levels are lower than equilibrium ones 

implying that further research is required to develop more efficient catalysts. 
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Introduction: 

When high molecular weight nonionic polymer molecules dissolve in a fluid, they typically 

expand to form spherical coils. A polymer coil’s hydrodynamic volume depends upon the 

polymer molecular weight and its thermodynamic interaction with the solvent. Favorable 

polymer–solvent interactions also increase the hydrodynamic volume of the polymer coil. When 

the polymer–solvent interactions are unfavorable, the polymer coil volume is decreased. With 

unfavorable polymer–solvent interactions, polymer coils can completely collapse and become 

insoluble in the fluid. Polymer–solvent interactions depend upon the polymer molecular 

structure, chemical composition, solution concentration, solvent molecular structure, and the 

solution temperature [2,3].  

 

Materials and methods: 

The polyvinyl alcohol (PVA) used in this study was purchased from Merck Chemical Co. and 

had a reported nominal average molar mass of 72 kg mol-1. Distilled water was used for 

preparation of solutions. The polymer solutions were filtered before use and their viscosities 

were measured using a jacketed Ubbelohde viscometer with 0.4 mm capillary. 

 

Results and discussion: 

The viscosities of aqueous solutions of PVA were measured at various temperatures and 

concentrations of polymer. According to the Huggins equation, the intrinsic viscosity, [ ], of the 

polymer is obtained by extrapolation of reduced viscosity to zero polymer concentration. The 

obtained intrinsic viscosities and Huggins constants, kH, are listed in Table 1. Our data reveals 
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that the Huggins constants for PVA in water are higher than the expected value (0.35). The 

obtained intrinsic viscosities of PVA are decreased by increasing temperature. Therefore, mixed 

water was changed to the weak solvents for PVA by increasing temperature. The values of 

expansion factor ( ) which calculated using intrinsic viscosities are listed in Table 1. The 

values of expansion factor were decreased by increasing temperature. For evaluating of theta 

temperature and entropy of dilution parameter, the values of )( 35 plotted versus 1/T. From 

the intercept and slope of these plots the values of theta temperature and entropy of dilution 

parameter were calculated. The obtained theta temperature and entropy of dilution parameter are 

420 K and -15, respectively. The obtained entropy of dilution parameter indicates that entropy of 

dilution parameter is negative that is, solvent molecules are ordered by PVA. The heat of dilution 

parameter, , were calculated and listed in Table 1. The obtained results indicate that heat of 

dilution parameter is negative that is, interactions of segment-solvent are favored toward 

segment-segment in PVA. By using entropy and heat of dilution parameters, the polymer-solvent 

interaction parameter, , and second osmotic virial coefficient,A2, were calculated and listed in 

Table 1. The results of Table 1 indicate that polymer-solvent interaction parameters are increased 

by increasing temperature. Polymer-solvent interaction parameter and second osmotic virial 

coefficient are related to the thermodynamic quality of solvent in polymer solutions. A good 

solvent has a low value of polymer-solvent interaction parameter and positive value of the 

second osmotic virial coefficient, while a poor solvent has a high value of polymer-solvent 

interaction parameter and negative value of the second osmotic virial coefficient; therefore the 

results of Table 1 indicate that the quality water for PVA were decreased by increasing 

temperature.  
Table 1. Some Thermodynamic and hydrodynamic parameters of PVA in water 

T/K [ ]/m3 Kg-1 kH    103A2/m3 mol Kg-2 

293.15 0.08910 0.609 2.295 -0.6323 0.3143 2.81 

298.15 0.08604 0.620 2.268 -0.6217 0.3249 2.69 

303.15 0.08290 0.641 2.240 -0.6114 0.3351 2.57 

308.15 0.08012 0.654 2.215 -0.6015 0.3450 2.45 

313.15 0.07820 0.650 2.197 -0.5919 0.3547 2.32 

Conclusion: 
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In this work, the polymer solution thermodynamic parameters were evaluated by temperature 

dependence of polymer chain expansion factor. The obtained thermodynamic parameters 

indicate that water becomes an increasingly weak solvent for poly(vinyl alcohol) with increasing 

temperature. 
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Introduction  

In the past forty years the interaction between synthetic nonionic hydrophilic polymers and ionic 

surfactants dissolved in water has been extensively studied. The poly(ethylene glycol) 

(PEG)/sodium dodecyl sulfate (SDS)/water is a typically important system and has been 

investigated through many different techniques [1]. The (polymer + surfactant) mixtures have 

important properties for a wide range of industrial application fields as floatation processes, 

foaming control, detergency, and enhanced oil recovery. Comparison between thermodynamic 

properties of surfactants in water and aqueous polymer solutions is interesting and helpful for the 

better understanding of polymer-surfactant interaction [2,3]. These have convinced us in 

studying the micellization behavior and evaluation of associated parameters of anionic surfactant 

SDS in (water + PEG mixed solvent) system. In this work, we present our results on density and 

sound velocity measurements of solutions of SDS in water and in aqueous solutions of 

PEG2000, PEG6000 and PEG10000 over a range of temperatures at atmospheric pressure. The 

effects of polymer and temperature on the apparent molar volume and isentropic compressibility 

of SDS are studied. From these data, the variation of the critical micelle concentration (CMC) of 

SDS in pure water and in aqueous PEG solutions with temperature was obtained. Parameters of 

the micellization of the investigated surfactant in the absence and presence of PEG are also 

estimated.  
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Experimental Section 

Materials. SDS (mass fraction purity > 0.98), PEG samples with nominal molar mass of 2000, 

6000, 10000 were obtained from Merck and were used without further purification, and double 

distilled and deionized water was used.  

Procedures. All the solutions were prepared by mass on a Sartorius CP225D balance precise to 

within ±0.00001 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).  

 

Results and Discussion 

In the present work, density and speed of sound measurements for SDS in pure water and in 

aqueous solutions of 0.1 %w/w of PEG2000, PEG6000 and PEG10000 at T = (288.15, 293.15, 

298.15, 303.15 and 308.15) K were carried out in order to describe the effect of PEG on the 

thermodynamic properties of aqueous SDS solutions. From these data, the values of apparent 

molar volume, compressibility, and expansibility of the investigated solutions were obtained. 

Changes in the apparent molar volumes and isentropic compressibilities upon micellization were 

derived using a pseudophase-transition approach and the infinite dilution apparent molar 

properties of the monomer and micellar form of SDS in pure water and in the aqueous PEG 

solutions were determined. Critical micelle concentrations of SDS in the investigated solutions 

were estimated from the dependence of the determined thermodynamic data on concentration at 

different temperature and from which the variations of the CMC of SDS in water and in aqueous 

PEG solutions with temperature and PEG molar mass were obtained. Thermodynamic 

parameters of micellization of investigated surfactants in water and in aqueous solutions of PEG 

at different temperatures and PEG molar mass were estimated and it was found that at low 

temperature the micelle formation process is endothermic and therefore, this process must be 

entropically-driven. However, upon increasing the temperature, the enthalpic factor becomes 

more significant and, at temperatures higher than 303.15 K the micellization is enthalpy driven. 

The interactions between SDS and PEG were also discussed. 
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Introduction  

It has been generally recognized that studies of thermodynamic and transport properties of 

surfactants are important to understand their behavior in solutions. One of the important 

properties of surfactants is the association of their amphiphilic molecules into micellar 

aggregates in aqueous solutions [1]. The micellization study of surfactants in solution is 

important because the performance of the surfactant in many interfacial processes depends on its 

concentration and orientation at the interface [2]. The surfactant concentration where the 

micelles start to form is known as the critical micelle concentration, abbreviated to CMC[1].The 

critical micelle concentration (CMC) is a key thermodynamic quantity of surfactant-/water 

mixture.A great deal of research has been devoted to determining the CMC experimentally and           

through predictive techniques [3]. The CMC can be influenced by different factors such as 

chemical structure of surfactant (type of surfactant (ionic or non-ionic), alkyl chain length, head 

groups, valency of the counterion and different groups on alkyl chain), temperature, pressure and 

cosolute[1]. Polymer/surfactant mixtures are common in biological systems. Interaction of 

surfactants with water-soluble polymers has been extensively studied for their widespread 

applications in industry.Because of their characteristic physicochemical properties at different 

possible combinations the polymer and ionic surfactant mixed systems are interesting[4]..In this 

study The vapor-liquid equilibria properties of Sodium 1-hexanesulfonate (C5SO3Na) in pure 

water and in aqueous poly(ethylene glycol) (PEG) solutions were determined at 298.15k below 

and above the critical micelle concentration(CMC).  
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Experimental Section 

Materials. Sodium 1-hexanesulfonate (C6SO3Na) purity > 99%), sodium chloride (purity > 

99.5%), and poly(ethylene glycol) were obtained from Merck and were used without further 

purification. PEG had a nominal molecular weight of 6000. The manufacturer has characterized 

this polymer with charge/lot number S35317 203. Double distilled, deionized water was used. 

Methods. In this study, the isopiestic method was used to obtain the osmotic coefficient of 

aqueous surfactant mixtures. The apparatus used for determination of water activity in the binary 

water + C6SO3Na solutions consisted of five-leg manifold attached to round-bottom flasks. Two 

flasks contained the standard pure NaCl solutions, two flasks contained the pure surfactant 

solutions and the central flask was used as a water reservoir. The temperature was controlled to 

within ± 0.05 K. After equilibrium had beenreached, the manifold assembly was removed from 

the bath, and each flask was weighed with an analytical balance with a precision of ±1 × 10-4 g. 

From the weight of each flask after equilibrium and the initial weight of salt and polymer, the the 

mass fraction of each solution was calculated. 

 

Results and Discussion 

The vapor-liquid equilibria properties of Sodium 1-hexanesulfonate  (C6SO3Na) in pure water 

were determined at different Temperatures  below and above the critical micelle concentration 

(CMC). Vapor-liquid equilibrium data such as water activity, vapor pressure, osmotic 

coefficientand activity coefficient were obtained through isopiestic method. The concentration 

dependence of all investigated thermodynamic properties exhibit a change in slope at the 

concentration in which micelles are formed. It was found that temperature has little effect on 

water activity in this system. It was found that the vapor pressure depression for a ternary 

aqueous C6SO3Na + PEG system is more than the sum of those for the corresponding binary 

solutions. the vapor pressure depression for binary aqueous surfactant solutions is very sensitive 

to the variation of temperature. vapor pressure depression of aqueous polymer solutions increase 

with increasing temperature. 
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Introduction:   

Excess properties of mixtures provide information about the molecular interactions between the 

various components and can be used for the development of molecular models describing the 

thermodynamic behavior of mixtures [1– 2]. 

The thermodynamic properties of mixtures are of great industrial interest. The property studied 

has proved to be meaningful from a thermodynamic point of view, as it provides direct 

information about the energetic effects arising   rearranging of the bondings that occurs during 

the mixing process, which is essential when studying new theoretical approaches to the liquid 

state, either pure or mixture.  

 

Material and Methods: 

Acetophenone, methylisobuthylketon and methylcyxane, were purchased from Merck with 

purity higher than 99% , and used without further purifications. The mixtures were prepared by 

weighing known masses of pure liquids in airtight, narrow-mouth ground stoppered bottles 

taking due precautions to minimize evaporation losses. All of the mass measurements were 

performed on an electronic balance (Mettler AE 163, Switzerland) accurate to 0.01 mg. The 

uncertainty in the mole fraction was estimated to be ± 1.10–4
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Apparatus: 

The apparatus was calibrated once a day with dry air and bidistillated water. The temperature in 

the cell was regulated to ± 0.01 K with a solid state thermostat. Viscosities were measured with 

an Ubbleohde viscometer with an uncertainty of ± 1. 10–3 mPa.s. 

                                                                                                                          

Results and Discussion : 

 for the three binary systems were evaluated using the equation 

 1 1 2 2                                (1)                                                                                          

where  is the viscosity of the mixture, is the viscosity of pure component i, xi is the mole 

fraction.  for the binary systems were fitted by the least-squares method to the Redlich–

Kister [3] equation 

                      (2)                                                                                    

Experimental data and fitted equations for the three binary systems are depicted in Fig. 1. 

 
Fig.  1 viscosity deviation at 298.15 K for the binary systems: ( ) methylisobuthylketon + acetophenone, ( ) 

acetophenone +methylcyclohexane  (  ) methylisobthylketon +methylcyclohexane.Full line calculated with 

Redlich–Kister equation 

 

 for the three binary systems were negative. These effects arise due to dominance of chemical 

interaction such as dipole – dipole interaction between constituent molecules, known as strong 

specific interaction. 

The sign of  is in agreement with the conclusions by Fort and Moore [4], who proposed that 

this behavior is representative of systems where dispersion forces are predominant and do not 

take place the formation of heteromolecular complexes.  

0

( )
n

k
i j i jk

k

Ax x x x
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The negative values of  may be attributed to (i) the existence of dispersion and dipolar forces 

between unlike molecules and (ii) the difference in size and shape of unlike molecules 

 

Conclusions : 

 viscosities of binary and ternary mixtures of acetophenone (1) + methylcyclohexane (2) + 

methylisobuthylketon (3) were measured at 298.15 K.. The measured data and calculated values 

of all systems are in good agreement.  
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Introduction 

Liquid–liquid  equilibria  (LLE)  investigations  for  ternary  aqueous Mixtures of carboxylic 

acids with organic solvents are important in the  evaluation  of  industrial  units  for  solvent  

extraction  processes[1].  The accurate interpretation of phase equilibrium for the different 

ternary mixtures is a fundamental and important key to 

Improving solvent extraction techniques. The  carboxylic  acid  used  in  the  current  study  was  

butyric  acid (BA).  It has many scienti c and industrial applications.   

 

Materials and methods 

All chemicals used in this work (mass fraction purity > 0.99)were obtained from Merck. The  

aqueous  and  organic  phases  were  weighed  and  analyzed  to nd the composition of the 

components in order to determine the LLE  tie  lines. For  the  complete  determination  of  the  

LLE  data,  the following  method  was  used.  The  concentrations  of  the  acid  (BA)  in both 

phases were determined by potentiometer NaOH titration in the  presence  of  phenolphthalein  

as  an  indicator.  The  water  content of  the  organic  phase  was  measured  by  the  Karl–Fisher  

method . 

 

Results and discussion 

The LLE measurements were made at T= 298.2 K and under atmospheric pressure. Table 1 

contains systems of (water + butyric acid+n-heptane), (water + butyric acid + toluene) and(water 

+ butyric acid + methylcyclohexane). The experimental values of separation factor for each 
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solvent are listed in table 1. This factor is found to be greater than 1 (S > 1) for the systems 

investigated, which means that extraction of BA by these solvents is possible.The separation 

factor is de ned as the ratio of distribution coef cients of propionic acid (D2) to water (D1), S = 

D2/D1. 

As seen from table 1 for these ternary systems, the separation factor changes in the order of the 

mixtures containing methylcyclohexane > n-heptane >toluene. 
Table 1 

solvent S 

Methylcyclohexane 1360.2 

Toluene 770.9 

n-Heptane 1336.9 

 

Conclusions 

The LLE values for the ternary systems were studied at T= 298.2 K and atmospheric pressure. 

Each ternary system exhibits type-1 behavior for the LLE.The UNIQUAC and NRTL solution 

models were used to correlate the experimental LLE results and to calculate the phase 

compositions of the mixtures studied. The corresponding optimized binary interaction 

parameters were also calculated. In general, the NRTL method gives better results than the 

UNIQUAC model for the three systems investigated.  
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Introduction 

This paper is part of our general work concerning the study of some physical and 

physicochemical properties of binary liquid mixtures in order to gain information about 

molecular interactions between the molecules in these systems [1-3]. It is wellknown that the 

knowledge of the dependence of dynamic viscosity on both temperature and composition 

Of the system is needed for many engineering processes and the study of fluid phenomena [4]. 

In the present study the viscosities of binary mixtures of N,N- dimethylacetamide with 2-prop-                             

anol, 2-butanol, 2-pentanol,2-hexanol and 2-heptanol, over the entire composition range were 

measured at 298.15 K and ambient pressure. From the experimental data, viscosity deviations  

calculated. The results have been fitted to the Redlich-Kister equation to determine the 

coefficients and estimate the standard error. 

 

Materials and methods: 

N, N-dimethylacetamide, 2-propanol, 2-butanol, 2-pentanol, 2-hexanol and 2-heptanol, were 

purchased from Merck with purity higher than 99%, and used without further purifications. 

Dynamic viscometer at 298.15 k The Were measured with anUbbelohde viscometer. Uncertainty 

of the viscosity measurements was estimated to be less 3 -10 ×3±  mPa.s. 

 

Results and Discussion:  

The viscosity deviation in all of studied mixture systems were evaluated using the equation 
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                                            2211 xx      

 Where  is the viscosity of the mixture, 1  and 2 is the viscosity of pure component, x1 and x2 

are the mole fractions,  for the binary systems were fitted by the least-squares method to the 

Redlich–Kister equation [5] .            0
1

(1 2 )
n

k
i j ikij

k
A Ax x x                                                                       

The variation of the Viscosity deviation with the mole fraction of DMA is shown in Figure 1 

 

                       

Fig.1Viscosity deviations for binary mixtures of 

dimethyl acetamide with ( ) 2-propanol, ( ) 2- 

butanol, ( ) 2-pentanol, ( ) 2-hexanol, ( ) 2-heptanol 

at T = 298.15 K 

 

 

 

 

Viscosity deviations of binary mixtures containing N,N- dimethylacetamide with 2-propanol, 2-

butanol, 2-pentanol, 2-hexanol and 2-heptanol are negative over the whole range of mole 

fractions. In this case is stronger Interactions between similar molecules and broken of Hydrogen 

bonds between alkanols. 

 

Conclusions: 

Viscosities and viscosity deviations of binary mixtures of DMA + 2-alkanols were measured at 

298.15 K .The results have been fitted to the Redlich-Kister equation .Viscosity  deviations 

decrease furtheras the length of the alkyl chain of the primary alcohol  increases. 
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Introduction 

Multi component liquid mixtures have attracted the attention of researchers in the past decades 

.Physical properties are very important factors in chemical and engineering processes because of 

their influence upon the effectiveness of the operations. Mass and heat transfer processes and 

flow operations are evident examples of the importance of the knowledge for these properties 

[1,2].  

In the present study the Densities of binary mixtures of N,N-dimethylacetamide with 2-Alkanos, 

over the entire composition range were measured at 298.15 K and ambient pressure. From the 

experimental data, excess molar volume E
mV , calculated. The results have been fitted to the 

Redlich-Kister equation and the resulting coefficients have been calculated and estimate the 

standard error.  

 

Materials and methods: 

N,N-dimethylacetamide, 2-propanol, 2-butanol, 2-pentanol, 2-hexanol and 2-heptanol, were 

purchased from Merck with purity higher than 99% , The density of the pure compounds and 

mixtures was measured by means of an Anton Parr DMA 4500 oscillating U-tube densimeter, 

The uncertainty of the density measurements was estimated to be ±1.10–5 g.cm-3. 
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Results and Discussion  

The excess molar volumes V E
m  for the three binary systems were evaluated using the equation                        

)( 11

1
ii

N

i
i

E
m MxV                                 (1)                        

where  is the density of the mixture, i is the density of pure component i, xi is the mole 

fraction, Mi is the molar mass of component i, and N stands for the number of components in the 

mixture .The E
mV  values have been fitted using least squares to a Redlich-Kister type equation 

[3].                    k
ji

n

k
kji

E
ij xxAxxV )(

0
                        (2)                        

Experimental data and fitted equations for the three binary systems are depicted in Fig. 1. 

  

                                                                                            

Fig.  1 Excess molar volumes V E
m  with    mole 

fraction of dimethylacetamide wi-th ( ) 2-

propanol, ( ) 2- butanol,  ( )2-pentanol, ( ) 2-

hexanol, ( ) 2heptanol at  T = 308.15 K. The solid 

curves were calculated from coefficients of 

equation (2)  
 

 

excess molar volumes of binary mixtures of  dimethylacetamide and 2-butanol ,2-pentanol,2-

hexanol and 2- heptanol are positive over the whole range of mole fractions. The positive V E
m  

values can be ascribed to broken of Hydrogen bonds between alkanols. In this case is stronger 

Interactions between similar molecules. and excess molar volumes of binary mixtures of  

dimethylacetamide and 2-propanol are negative over the whole range of mole fractions. Negative 

deviation of the V E
m  values can be ascribed to formation of hydrogen bonds betweend DMA and 

alcol molecules.In this case is stronger Interactions between dissimilar molecules. 

 

 

Conclusions: 
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 Densities and excess molar volumes V E
m  of binary mixtures of DMA + 2-Alkanols were 

measured at 298.15 K .The results have been fitted to the Redlich-Kister equation.Positive 

quantities show that dominant factors are physical interactions and negative values suggested 

that the main factor in the interactional forces is chemical interactions. 
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Introduction: 

Osmotic and activity coefficient of mixed aqueous solutions, [BmimCl] in lithium bromide and 

their corresponding binary aqueous solutions have been measured by the isopiestic method at a 

298.15 K. The osmotic coefficients for binary aqueous solutions were correlated by Pitzer–

Archer model [1]. The activity coefficients of mixed electrolytes were calculated by 

Scatchard’s neutral-electrolyte method [2]. 

 

Materials: 

All the chemicals contained BmimCl and LiBr were obtained from Merck. 

 

Apparatus: 

For obtaining water activity and osmotic coefficient data of studied binary and ternary systems 

at T = 298.15 K, the isopiestic method was used. The details of this method have been 

introduced in ref [3]. 

 

Results and discussion: 

We also used the following relation between the osmotic coefficient, , and the solvent activity 

aw [4]: 
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The Pitzer – Archer model [1], is applied to correlate the osmotic coefficient results for the 

investigated binary solutions. Scatchard's model [2] is applied to correlate the osmotic 

coefficients of the studied mixed electrolyte solutions. The parameters of these models are 

reported in tables 1,2: 
Table1. Parameters of Pitzer-Archer model at T = 298.15 K. 

systems (0) (1) C(0) C(1) ( ) 

BmimCl + H2O  0.015 0.003036 0.002702 0.020 0.002 

LiBr + H2O 0.594 -0.835 0.001421 -0.358 0.005 

 
Table2. Parameters of Scatchard’s model at T = 298.15 K. 

system b01
 b02 b03 ( ) (a) 

(BmimCl+LiBr+H2O) -0.169 0.029 0.005008 0.015 0.0009 

 

Conclusion: 

The accurate water activity and osmotic coefficient measurements have been carried out at T = 

298.15 K on [BmimCl] in aqueous LiBr solutions. The experimental osmotic coefficient data 

for the aqueous binary IL or salt solutions and ternary system (BmimCl+LiBr+H2O) were fitted 

satisfactorily to the Pitzer-Archer and Scatchard models respectively. The results show that, 

these models can bee satisfactorily used for studied systems in this research. 
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Abstract :  

Densities indices of mixing of methyl ethyl ketone with 2-propanpl ,2-butanol,2-pentanol,2-

hexanol,2-heptanol,  have been measured as a function of composition range at (T ) 298.15 K 

and ambient pressure. Excess molar volumes Vm E was calculated and correlated by the Redlich-

Kister type function to derive the coefficients and estimate the standard error. For binary systems 

methyl ethyl ketone + 2-Alkanols Vm E are  positive . 
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Introduction: 

Excess properties of mixtures provide information about the molecular interactions between the 

various components and can be used for the development of molecular models describing the 

thermodynamic behavior of mixtures [1– 2]. 

The thermodynamic properties of mixtures are of great industrial interest. The property studied 

has proved to be meaningful from a thermodynamic point of view, as it provides direct 

information about the energetic effects arising between the molecules present in the mixture, so 

it can help to explain the rearranging of the bondings that occurs during the mixing process, 

which is essential when studying new theoretical approaches to the liquid state, either pure or 

mixture.  
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Material and Methods: 

Methyl ethyl ketone, 2-propanol, 2-butanol, 2-pentanol, 2-hexanol, 2-heptanol,  were purchased 

from Merck with purity higher than 99% , and used without further purifications. The mixtures 

were prepared by weighing known masses of pure liquids in airtight, narrow-mouth ground 

stoppered bottles taking due precautions to minimize evaporation losses. All of the mass 

measurements were performed on an electronic balance (Mettler AE 163, Switzerland) accurate 

to 0.01 mg. The uncertainty in the mole fraction was estimated to be ± 1.10–4 

 

 Apparatus: 

The density of the pure compounds and mixtures was measured by means of an Anton Parr 

DMA 4500 oscillating U-tube densimeter, provided with automatic viscosity correction. The 

uncertainty of the density measurements was estimated to be ±1.10–5 g.cm-3. The apparatus was 

calibrated once a day with dry air and bidistillated water. The temperature in the cell was 

regulated to ± 0.01 K with a solid state thermostat. Viscosities were measured with an 

Ubbleohde viscometer with an uncertainty of ± 1. 10–3 mPa.s. 

 

Results and Discussion:  

The excess molar volumes V E
m  for the five binary systems were evaluated using the equation 

  )( 11

1
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E
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where  is the density of the mixture, i is the density of pure component i, xi is the mole 

fraction, Mi is the molar mass of component i, and N stands for the number of components in the 

mixture. V E
m  for the binary systems were fitted by the least-squares method to the Redlich–Kister 

[3] equation 
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Experimental data and fitted equations for the three binary systems are depicted in Fig. 1. 
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Fig.  1 Excess molar volumes at 298.15 K for the binary systems: methyl ethyl ketone +2-propanol, methyl 

ethyl ketone+2-butanol, methyl ethyl ketone+2-pentanol, methyl ethyl ketone+2-hexanol, methyl ethyl 

ketone+2-heptanol. Full line calculated with Redlich–Kister equation. 

For the tow binary mixtures containing Methyl ethyl ketone + 2-Alkanols excess molar volumes 

are positive over the whole range of mole fractions. Positive values would indicate that 

molecular interactions between different molecules are weaker than interactions between 

molecules in the same pure liquid ,In the mixtures attractive interactions between unlike species 

decrease and repulsive interactions predominate, leading to positive excess molar volumes. 

 

Conclusions : 

 Densities and excess molar volumes V E
m  of binary mixtures of Methyl ethyl ketone+ 2-Alkanols 

were measured at 298.15 K.. The measured data and calculated values of all systems are in good 

agreement.  
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Introduction: 

In this work we have developed our previous works [1,2], on the prediction of the equation of 

state for pure liquids, to incorporate refrigerant mixtures. The basic equation is a perturbed hard 

sphere chain (PHSC) equation of state proposed by Kim and Bae [3]. We showed that by using 

the boiling constants of fluids as scaling constants, one can obtain the temperature-dependent 

parameters of the equation of state [1,2]. Here we have checked the generalization of the 

equation to mixtures against the experimental PVT data for some binary mixtures of refrigerants. 

 

Theory: 

Generalization of the equation of the PHSC equation of state[1], to mixtures of any number of 

components is expressed as follows: 

(1) 

where P is the pressure,  is the number (molar) density,  and  are the number of segments 

for the i-th and j-th components,  the ij pair radial distribution function of hard spheres 

mixture at contact, and  and  are the number fraction of molecules of species i and j. aijq  and 

bijq  can be calculated as 
3

3
2

21 ijaijaijaaij rqrqrqq , 
3

3
2

21 ijbijbijbbij rqrqrqq . Parameters,  

and , in Eq. (1) are obtainable by choosing suitable combining rules. These parameters can 
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also be expressed as universal functions of the reduced temperature. Our method of extension is 

similar to that proposed by Mehdipour and Ansari [4]. 

The boiling temperature bijT  and the boiling density, bij of the unlike components can be 

obtained by simple following combining rules. 

 

Result and discussion: 

The extended equation of state for mixtures has been employed to calculate the PVT properties 

of a number of refrigerant mixtures. The r values for pure substances are those previously 

obtained and reported in Ref. [2]. The results, summarized in Table 1, show that the agreement 

with experiment [5-8] is quite good.  
Table 1. Comparison of the calculated density of mixtures with experiment 

AAD (%)  NPb  P(bar) T (K)  
ijr   (mol dm-3) Tb (K)  compound  

0.99  15  2.06-23.74 242.76-323.88   1.039  14.299  228.80 

 

R22+R125 

3.48  15  0.99-14.48 242.07-328.53  1.037  13.891  247.65  R22+R142b 

0.10  15  1.01-16.41 242.61-332.42  1.033  13.184  246.28  R22+R124 

0.75  16  1.04-19.63 241.04-335.01  1.05  15.82  240.26  R22+R152a 

1.66  16  0.38-13.8 241.28-350.72  1.034  11.33  262.50  R124+R142b 

0.75  15  0.59-12.58 243.79-335.04  1.048  12.793  254.67  R124+R152a 

1.05  16  21.31-24.64 320-350  1.03  17.550  233.85  R32+R134a 
b Number of points 

 

Conclusion: 

A recently developed hard sphere chain equation of state is extended to predict the volumetric 

properties of liquid mixtures. For this extension, just combining rules are used. Therefore there is 

no adjustable parameters in addition to those optimized for pure components. Applying a strong 

law of corresponding states has aided to develop an equation of state with out referring to the 

intermolecular potential function or molecular sizes. Knowledge of the boiling parameters and 

parameter r for each component is sufficient to predict the whole PVT surface for any mixture. 

The average absolute deviation, compared to the experimental data is about 1% which is quite 

good. 
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Introduction: 

The excess properties of liquid mixture are important to understand and interpret the nature of 

interactions between the molecules of the mixtures. In recent years, there has been considerable 

upsurge in the theoretical and experimental investigation of the excess thermodynamic properties 

of binary liquid mixture.[1] Up to now, the binary mixtures containing alcohols and aromatics 

have been studied with considerable interest because these mixtures exhibit varying molecular 

interactions and are important from a practical point of view. Alcohols and aromatics are widely 

used in variety of industrial and consumer applications, such as perfumes, cosmetics, paint, 

varnish, drugs, fuel, explosives, fats, waxes, resin, plastics, rubber, detergents, DDT, Etc. [2] 

We report densities, , excess molar volumes, E
mV , and partial excess  molar volumes, E

iV , their 

values at infinite dilution, 0,E
iV , thermal expansion coefficient, , and its excess value, E, and 

isothermal coefficient of excess molar enthalpy ( / P)T,x for binary liquid mixtures  of 

benzylamin with methanol, ethanol and 1-propanol at temperatures (293.15, 303.15, 313.15, 

323.15, and 333.15) K and ambient pressure (81.5 kPa). These excess quantities were correlated 

with a temperature dependent Redlich–Kister equation.  

 

Materials and methods: 

Chemicals of high purity obtained from Merck. The stated purities of the solvents by the 

manufacturer were further ascertained by comparing their density with the corresponding 

literature values. They are in good agreement with literature values. 

Apparatus: 
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The densities were measured with an Anton Paar digital vibrating u-tube densimeter (model 

DMA 4500) with a certified precision of 5 10-5 g· cm-3. The experimental procedures followed 

in the density determination, the detailed description of the equipment set up as well as solution 

preparation have been described previously [3]. 

 
Figure 1. Experimental excess molar volumes for  a)benzylamine (1)+ methanol  (2)  b) benzylamine (1)+ ethanol 

(2)  c) benzylamine (1)+1- propanol (2) mixtures at different temperatures. ,293.15 K; , 303.15K; , 313.15 K; , 

323.15 K, , 333.15 K. Solid curves represent the results calculated by the Redlich–Kister equation. 

 

Results and discussion: 

As shown in figure 1 the excess molar volumes for binary mixtures of benzylamine + methanol 

and benzylamine + ethanol  are negative and become more negative with increasing temperatures 

and for benzylamine + 1-propanol is negative and become less negative with increasing 

temperatures. The values of excess molar volumes decrease with increasing chain length of 

alcohol.  

 

Conclusion: 

The hydrogen bond is a relatively strong, highly directional interaction. Orientation order of 

molecules changes with increasing temperature. The average number of hydrogen bonds per 

molecules decreases as the temperature is increased. The decreases of excess molar volume with 

increasing temperature, point out the decrease in average interaction between unlike molecules 
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with increasing temperature. The decreases of E
mV  in benzylamine (1) + methanol (2) is larger 

than benzylamine (1) + ethanol (2) with increasing temperature. These observations indicate that 

hydrogen bonding between benzylamine (1) + methanol (2) is stronger than benzylamine (1) + 

ethanol (2).  
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Introduction: 

Alkali metals are widely used in modern science and technology, due to their unique 

combination of physicochemical properties, such as extremely high electrical and thermal 

conductivities, small densities and viscosities, etc. The measurement of thermophysical 

properties of liquid alkali metals especially at high temperatures is very difficult since most 

liquid metals are reactive at high temperatures. Thus, the prediction of these properties using 

accurate equations of state (EoSs) appears at present to be the only alternative to the 

experimental difficulties associated with their measurements. Ghatee and Bahadori [1] proposed 

a new EoS for cesium over the whole liquid range successfully. In this study, we have applied 

this EoS for all liquid alkali metals over the whole liquid range.  

 

Theory: 

Ghatee and Bahadori [1] proposed the following pair potential function for cesium which is 

called (6-3) potential function:   

                                                                                                              (1) 

Where A is a constant,  is the potential well depth, and  is the separation at which the potential 

is zero. The proposed EoS based on this potential energy is given as: 

                                                                                                             

(2) 

where C and B are temperature-dependent parameters of the isotherms and are derived as 

                                                                                                (3) 
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The molar density at any temperature and pressure can be calculated via the following equation: 

(4)                    

 

Results and discussion: 

Eq. (2) indicates that the isotherms of  versus ( ) are linear for liquid alkali metals. 

Figs. 1 shows the isotherms of Eq. (2) (this work) and also the isotherms of the original LIR EoS 

in the range of 500-1800 K for liquid potassium. This figure shows that a softer potential in the 

form of Eq. (1) is more appropriate than the LJ (12-6) potential for liquid alkali metals over the 

whole range. Eq. (4) can be used to predict the density of alkali metals. The calculated densities 

show a great accordance with experimental data. The average absolute deviations are lower than 

0.10 for all liquid alkali metals. 
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Conclusion: 

LAM T(K) P(MPa) bias AAD NP 

Li 500-2000 10-100 0.0000 0.0005 94 

Na 500-2000 10-100 -0.0001 0.0036 95 

K 500-1800 10-100 -0.0032 0.0182 84 

Rb 400-1600 10-100 -0.0165 0.0548 75 

Cs 400-1950 10-100 -0.0374 0.0975 97 
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Table 1. Average percentual deviation (bias) and the average 
absolute deviation (AAD) between the calculated molar 
density values and experimental data [2-4] for different alkali 
metals at different temperature and pressure ranges.  

Fig. 1. Isotherms of liquid potassium based on (a)
original LIR EoS [1] and (b) this work.
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The (6-3) Lennard-Jonse based equation of state was used to evaluate liquid alkali metal’s 

density. The calculated densities are in agreement with experimental data, and also the isotherms 

have linear behavior over the whole range for all alkali metals.  
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Introduction: 

In this paper experimental densities, viscosities and derived thermodynamic properties of three 

binary mixtures consist of (diethylketone + 2-butanol), (diethylketone + ethylchloroacetat) and 

(2-butanol + ethylchloroacetate) at temperatures (298.15, 308.15, 318.15) K were presented.  

Thermochemical properties are of great interest for the adequate design of industrial processes 

and for the oretical purposes. The interaction between solvents with polar groups and carbonyl 

group of ketone plays a crucial role in the structural effects, molecolar level and for practical 

applications. 

When two or more solvent molecules are associated with one another to from a liquid mixture, it 

brings about a marked effect on the properties of the resulting system and differences in the 

intermolecular interactions of the solvents. This fact is well known as the transport phenomenon 

and thermophysical properties of mixed solvents.  

 

Materials and methods: 

diethylketone (w>.99), 2-butanol (w>.99), ethylchloroacetate (w>.99) where w is mass fractions. 

All matherials were purchased from Merck and were used without further purification. 

Densities and viscosities of component were measured and their values were in good agreement 

with values found in the literature [1,2]. 

 

Apparatus: 
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 The densities of the pure liquids and their mixtures were measured with an Anton Paar digital 

vibrating U-tube densitometer (model DMA 4500) with a resolution of 1 10-5g.cm3.  The 

viscosities were measured with an ubbelohde viscometer with an uncertainty of 2  10- 4mpa.s. 

The mixtures were prepared by weighing known masses of pure liquids in air tight, narrow-

mouthed ground stoppered bottles taking due precautions to minimize evaporation losses. 

All the mass measurements were performed on an electronic balance (Mettler AE 

163,switzerland). 

 

Results and discussion: 

Excess molar volumes of diethylketone + ethylchloroacetat is negative but for the other binary 

systems containing diethylketone + 2-butanol and 2-butanol + ethylchloroacetate are positive 

over the whole range of mole fractions. Positive values would indicate that molecular 

interactions between different molecules are weaker than interactions between molecules in the 

same pure liquid and that repulsive forces dominate the behavior of the solutions. For 

diethylketone + 2-butanol and 2-butanol + ethylchloroacetate, attractive interactions between 

unlike species decrease because of breaking H-bondig and repulsive interactions predominate, 

leading to positive excess molar volumes. 

The negative  values arise due to dominance chemical interaction between constituent 

molecules, such as heteromolecular association through the formation of H-bond, known as 

strong specific interaction. The viscosity deviations of three binary mixtures are negative. 

 

Conclusion: 

Densities and excess molar volumes V E
m  and Viscosity deviation  of binary mixtures were 

measured. The experimental V E
m  and Viscosity deviation  of  binary systems were fitted by 

Redlich–Kister polynomial equation [3] and also The Viscosity measurements were provided a 

test of various empirical equations to correlate viscosity data of binary mixtures in terms of pure 

component properties. The measured data and calculated values of all systems are in good 

accordance, and are theoretically and statistically satisfying. No data are available in the 

literature for the present systems for direct comparison with our results.  
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Introduction: 

Hydrogen-bonded systems are very interesting because they play a vital role in chemical, 

physical, and biological processes. It is well-known that alcohols are highly associated through 

hydrogen bonds, and this association decreases with the increase in molar mass of alkanols. 

The mixtures of amine with alcohol are interesting for a number of scienti c reasons, mostly 

connected to the formulation and testing of models to predict the properties of associating uids, 

since the binary systems are composed of associating liquids. Both the primary amines and 

alcohols serve as are proton donors and proton acceptors, it is expected that there will be a 

significant degree of H-bonding, leading to self association in pure state. The aim of present 

work is to provide new experimental data on densities of the binary mixtures of benzylamine 

with 2-propanol, 1-butanol and 2-butanol at different temperatures. The excess molar 

volumes, , the excess thermal expansion coefficients, , isothermal coefficient of excess 

molar enthalpy , were calculated from the experimental values of densities. These 

data were correlated with the Redlich- Kister equation.[1-3] 

 

Materials and methods: 

 All of the chemical were high purity grade and were used without further purification. The 

purities declared by the manufacturer were ascertained by comparing their densities and 

refractive indices with the litrature values. They are in good agreement with the literature values. 

The pure components were degassed just before use.  
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Apparatus: 

 The densities of the pure components and their binary mixture were measured by means of an 

Anton Paar digital vibrating U-tube densitometer (model DMA 4500), provided with automatic 

viscosity correction. The densitometer was calibrated with bi-distilled, freshly degassed water, 

and dry air. The temperature in the cell was regulated to ±0.01K, with a solid-state 

thermostat(Peltier). Temperature in the cell was measured by means of two integrated platinum 

thermometers. The mixture were prepared just before use by mass using  a digital balance 

(model: Mettler AB 204-N) with an uncertainty of ±1 10-4g. 

 

Results and discussion: 

The experimental values of density were used to calculate the excess molar volume, , of the 

mixtures. Fig.1 shows that excess molar volume for all binary mixtures are negative over the 

entire range of composition and different temperatures. The absolute values of excess molar 

volume for all systems decrease with increasing temperature from (293.15 to 333.15) K. The 

negative values of excess molar volumes indicate strong cross association between benzyamine 

and alkanols. 

 

 
Fig.1. Excess molar volumes of binary mixture of benzylamine + , a) 1-Butanol, b) 2-Butanol, 3) 2-Propanol, lines 

from Redlich- Kister correlation. 

 

Conclusion: 

In this study, an attempt has been made to measure density at (293.15, 303.15, 313.15, 323.15, 

and 333.15) K, over the entire composition range of Bezylamine with 2-propanol, 1-butanol and 

2-butanol. The excess molar volume, excess thermal expansion coefficients and  isothermal 
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coefficient of excess molar enthalpy were calculated and correlated by the Redlich–Kister type 

polynomial equation. Negative values of  , shows the presence of strong interactions. 
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Introduction: 

The recovery of acids from dilute solutions is important and many solvents have been used to 

improve such recovery [1-2]. Liquid–liquid equilibrium (LLE) investigations for ternary 

mixtures are important in the evaluation of industrial units for solvents extraction processes. The 

presence of dissolved salt changes the phase equilibrium behavior of a mixture significantly. 

This phenomenon is often referred to as the salting in or salting-out effect. In present work, the 

effect of 10% NaCl and 10% CaCl2 on LLE data for the ternary systems of (water + phosphoric 

acid (PA) + dichloromethane (DM) or 1, 2-dicholoroethane (DE)) were studied at 298.15 K and 

1 atm. 

 

Materials: 

The chemicals 1, 2-dicholoroethane (0.99), dichloromethane (0.99), and phosphoric acid (0.99) 

were obtained from merck and were used without further purification. Distilled water was 

prepared in our laboratory and used throughout all experiments.  

 

Methods and Apparatus: 

The equilibrium between liquid phases was studied in a transparent water thermostat at T= 

(298.15) K. A 250 cm3 glass cell connected to a thermostat was made to measure the LLE data. 

The equilibrium data were determined by preparing the ternary mixtures of known compositions. 

The prepared mixtures were introduced into the extraction cell and were stirred for 4 h, and then 
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left to settle for 4 h or phase separation. After being allowed to reach equilibrium, samples were 

carefully taken from each phase the necessary rest time, the mixture split into clear and 

transparent liquid phases with a well defined interface. The samples of both phases were 

collected and the tie line values were obtained by titration of the samples with a known 

concentration NaOH aqueous solution.  

 

Result and discussion: 

The experimental tie-line data and binodal data for the ternary systems of [water + phosphoric 

acid + solvent (dichloromethane or 1, 2-Dicholoroethane)] with 10% NaCl and 10% CaCl2 were 

determined at 298.15 K. The NRTL model was satisfactorily used to correlate the experimental 

LLE results. The corresponding optimized binary interaction parameters were also calculated. 

The distribution coefficients for phosphoric acid and the separation factors of the solvents were 

determined (Table 1). 
Table 1. Separation Factors (S) at 298.15 K. 

S Solvent 

1.89 DE + 10% NaCl 

1.98 DE + 10% CaCl2 

1.72 DM + 10% NaCl  

1.24 DM + 10% CaCl2  

 

Conclusion: 

The LLE data for the ternary systems of (water + phosphoric acid + dichloromethane or 1, 2-

dicholoroethane) with 10% NaCl and 10% CaCl2 were studied at 298.15 K. In this work, NaCl 

and CaCl2 significantly affect the solubility of PA in the organic solvents used in the 

experiments. The results also showed that the separation factors of the solvents in extracting PA, 

increase in presence of 10% CaCl2 in 1, 2-dichloromethane solutions. 
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Introduction: 

Extraction of phosphoric acid from aqueous solutions is an important operation in chemical and 

petrochemical processes. Design of apparatus and determining the optimum operating conditions 

for extraction systems require the knowledge of multi-component liquid + liquid equilibrium 

(LLE) data [1-2]. In particular, LLE investigations for quaternary mixtures are important in the 

evaluation of industrial units for solvent extraction processes.  

In this work, (liquid + liquid) equilibrium data (binodal and tie line data) for the quaternary 

mixtures of {water + phosphoric acid + dichloromethane (DM) + 1, 2-dichloroethane (DE) } at 

different ratio were obtained at 298.15 K and ambient pressure. 

 

Materials: 

All chemicals used in this work (mass fraction purity > 99%) were obtained from merck. 

Deionized and redistilled water was used throughout all experiments. 

 

Methods and Apparatus: 

A 250 ml glass cell was made to measure the LLE data. The equilibrium data were determined 

by preparing the quaternary mixtures of known composition compositions. The prepared 

mixtures with known compositions were located inside the cell and were vigorously agitated 

with a magnetic stirrer for 4 h. The mixtures were then settled for 4 h to completely separate in 
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two-liquid phases and to get the equilibrium. The samples of both phases were collected and the 

tie line values were obtained by titration of the samples with a known concentration NaOH 

aqueous solution. 

  

Result and discussion: 

The experimental tie-line and binodal data for the quaternary systems of [water + phosphoric 

acid + dichloromethane +1, 2-dicholoroethane] at different ratio were determined at 298.15 K. 

The NRTL model was used to correlate the experimental data to obtain the binary interaction 

parameters of these components. The separation factor and distribution coefficient of the used 

mixed solvents were compared (Table 1). The results indicated that the extraction of phosphoric 

acid from aqueous mixtures with (25% dichloromethane +75% 1, 2-dicholoroethane) mixtures is 

preferred. 
Table 1. Separation factors (S) at 298.15 K 

S Solvent 

1.68 25% DE + 75% DM 

1.97 50% DE + 50% DM 

2.55 75% DE + 25% DM 

 

Conclusion: 

LLE data of the quaternary mixtures {water + phosphoric acid + dichloromethane + 1, 2-

dicholoroethane} at different ratio were presented at 298.15 K. we conclude that for the 

extraction of phosphoric acid from aqueous mixtures, the mixed-solvents (25% dichloromethane 

+ 75% 1, 2-dichloroethane) has a higher separation factor than the other ratio at the temperature 

studied. 

 

References: 

 [1] A.Merzougui ; A.Hasseine ; A.Kabouche ; M.Korichi ; LLE for the extraction of alcohol 

from aqueous solutions with diethyl ether and dichloromethane at 293.15 K, parameter 

estimation using a hybrid genetic based approach  ;  Fluid Phase Equilibria ; 309,161-167, 2011.  

[2] M.Mohsen-Nia ; H.Modarress ; F.S.Mohammad Doulabi ; Quaternary liquid–liquid 



1609

equilibria for systems of {(water + methanol or ethanol) + m-xylene + n-dodecane}  ; Fluid 

Phase Equilibria ; 239,1-7,2006. 

  



1610

Modification of TM EOS and application to PPO-PS blend using glass 

transition data 
 

                                                         F. Yosefia, M. Gomara 
aDepartment of Chemistry, Yasouj University, Yasouj, Iran 

(Email: maryam_gomar63@yahoo.com) 

 

Keywords: Equation of state, Density, Glass transition, Blend 

 

Introduction: 

Blending of polymers is a technique to obtain properties in thermoplastic materials not readily 

achieved in a single polymer. Virtually all technologically important properties can be improved 

in this way, some of the more important ones being flow properties, mechanical properties 

(especially impact strength), thermal stability, and price. Polymer blends can form single –phase 

or multiphase solids and melts. For polymeric substances, equations of state are also an 

important subject for scientists and polymer engineers because such equations are able to predict 

the behavior of polymers in a wide range of temperature and pressure particularly when 

experimental data are scare. In this study, the volumetric properties of poly (2,6-dimethyl 

phenylene oxide)+polystyrene (PPO/PS) blend are predicted by Tao-Mason equation of state 

(TM EOS) using glass transition data in different temperature, pressure and mole fractions. 

 

Methods: 

In 1994, Tao and Mason [1] calculated a perturbation correction term related to the effect of 

attractive forces and combined it with Ihm-Song-Mason equation of state (ISM EOS). The final 

form of the original TM EOS is expressed as follows: 
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Introduction: 

For polymeric substances, equations of state are also an important subject for scientists and 

polymer engineers because such equations are able to predict the behavior of polymers in a wide 

range of temperature and pressure particularly when experimental data are scare. In this project, 

we applied the Tao-Mason equation of state (TM EOS) to prediction of liquid density of 

poly(propylene glycol) (PPG) + poly(ethylene glycol) (PEG) blends at compressed state with 

temperature range from 298.15 to 338.15 K and pressures up to 400 bar.  

 

Methods: 

The final form of the original TM EOS [1] is expressed as follows: 

                              (1) 

where P is the pressure, kT has its usual meaning, B2 is the second virial coefficient,  is the 

scaling factor, b is the effective Van der Waals co-volume, and  is the number density. 
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Conclusions: 

Our procedure successfully predicts a statistical mechanical  equation of state for density of 

PPG+PEG blends over a wide range of temperatures and pressures.  
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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. 

Because of their interesting physical and chemical properties, such as negligible vapor pressure, 

unique permittivity, high thermal stability, good solvents for both organic and inorganic 

substances, high electrical conductivity, and wide electrochemical window, ILs have been widely 

used as reaction media, separation solvents, and novel electrolytes [1,2]. In recent years, ILs 

based on 1-alkyl-3-methylimidazolium cation [Cnmim]+ have received much attention and have 

been the most studied. An interesting aspect of such ILs is that the [Cnmim]+ cations possess 

inherent amphiphilic character when their alkyl group is a longer hydrocarbon chain. It has been 

shown that, 1-dodecyl-3-methylimidazolium bromide [C12mim]Br behaves like a classical 

surfactant and forms aggregates in water with the critical micelle concentration (cmc) about 9.8 

mM and then self-assembles to form lyotropic mesophases at higher concentrations [3]. 

Literature survey reveals that aggregation behavior of ILs can also be tuned by the addition of 

some inorganic salts, but the related investigation  

is very limited. Therefore, a systematical study on the effect of the salt nature on the aggregation 

behavior of ILs is necessary from the viewpoint of fundamental and applied aspects. 

In this work, the aggregation behavior of 1-dodecyl-3-methy-limidazolium bromide [C12mim]Br 

has been investigated in aqueous salt additive solutions. The aim is to reveal the nature  of  salt 

additives to in uence aggregation behavior of the IL in water. For this purpose, 4 kinds of salts 

with a wide range of physicochemical properties have been selected, including NaNO3, Na2SO4, 
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Na2CO3, Na3Cit. At the same time, conductivity, vapor pressure osmometry (VPO), and 

volumetric techniques at 288.15 to 313.15 K are used to study the e ect of the nature and size of 

salt on the critical micelle concentration (CMC), the degree of cationic binding at the aggregates 

surface ( ), thermodynamic parameters of micellization ( Gm
°, Hm

°, Sm
° ), of the ionic liquid 

in aqueous solutions.  

 

Experimental Section: 

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). Conductometric 

measurements were taken in a digital conductivity meter (Metrohm model 712) with a sensitivity 

of 0.1% and a dipping-type conductivity cell with platinized electrodes 

at a frequency of 1 MHz. The cell constant was calibrated with aqueous KCl solutions. 

The vapor pressure osmometry was performed with the help of an Osmomat K-7000 (Knauer 

Inc.). The measuring chamber of the osmometer contains a reservoir of solvent, paper wicks to 

provide a saturated solvent atmosphere, and two thermistors that are placed in an airtight cell 

which measure resistance changes caused by changes in temperature. 

 

Results and Discussion: 

As a representative example, Figure 1 shows the variation in experimental conductivity of 

[C12mim]Br with IL concentrations in aqueous NaNO3 solution. The concentration 

corresponding to the intersection of the two straight lines is defined as the critical aggregation 

concentration of the IL, which can be calculated by solving the two linear equations used for 

describing the two straight lines. Similar situations have been found for the ionic liquid in the 

presence of other salts at different temperatuers. As it is expected, a pronounced effect of the 

anions was observed on CMC of [C12mim]Br. These values increase in the sequence: NO3
- < 

Cit3- < SO4
2- < CO3

2-. In other words, ability of the anions to promote aggregation of the IL was 

found to increase  in the order: CO3
2- > SO4

2- > Cit3-> NO3
-. It is known that the formation of 

ionic liquid aggregates in aqueous solution results from a balance of two opposing interactions: 

(1) electrostatic repulsion between the cationic groups which disfavors aggregation and (2) 



1618

attractive hydrophobic interaction involving the alkyl chains which favors aggregation. The 

former interaction can be reduced by adsorption of the IL anions onto the surface of the 

aggregates thereby lowering the CMC values and enhancing the aggregation of the IL. The latter 

interaction can also be reduced by increasing the attractive interactions of alky chains with 

solvents. From the plots of conductivity against concentration of the IL, the degree of counterion 

dissociation, , can be obtained from the ratio of the slopes above and below the cmc, while the 

degree of counterion binding to micelle, , is(1 ). It can be seen that the values decrease in the 

following order: Cit3- > NO3
- > SO4

2- > CO3
2-  at 298.15K. 

  

 
Figure1: Concentration dependence of the conductivities for aqueous  solutions of [C12mim]Br in the presence of  

0.035 mol/kg NaNO3at 298.15 K. 
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Introduction 

Ionic liquids (ILs) have received considerable attention as greener replacements for traditional 

volatile organic solvents in a variety of elds such as chemical synthesis, catalytic chemistry, 

electrochemical device, separation, and biomass dissolution because of their unique 

physicochemical properties [1]. Recently, it has been reported that self-aggregation of 

imidazolium ILs occurs in solutions because of their inherent amphiphilic nature. Material 

preparation in ILs, chromatographic application of ILs, and environmental pollution control by 

ILs are often closely dependent on such aggregation behavior. Thus, the study of aggregation 

behavior of ILs in solutions is highly desired for the understanding of how IL participates in 

practical applications as a component [2]. In recent years, a number of research publications 

indicated aggregates formation of ILs in aqueous solutions. It was found that the aggregation 

behavior of ILs can be regulated and controlled by designing the alkyl chain length, cationic 

structure, and anionic type of the ILs. Literature survey reveals that aggregation behavior of ILs 

can also be tuned by the addition of some inorganic salts, but the related investigation is very 

limited [3]. Therefore, a systematical study on the effect of the salt nature on the aggregation 

behavior of ILs is necessary from the viewpoint of fundamental and applied aspects. 

This work aims to study the regulated and controlled effect inorganic cations of the added 

salts on the aggregation behavior of 1-dodecyl-3-methylimidazolium bromide ([C12mim]Br) in 

aqueous solutions. For these purposes, 5 chloride salts (NaCl, KCl, NH4Cl, (CH3)4NCl, MgCl2) 

were selected, and conductivity at 298.15 to 313.15 K, osmotic coefficient at 308.15 K, 

volumetric at 288.15 to 313.15 K are combined to study the salt effect on the aggregation of 

[C12mim]Br. The results have been discussed from the in uence of the nature and size of salt on 

the critical micelle concentration (CMC), the degree of cationic binding at the aggregates surface 
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( ), thermodynamic parameters of micellization ( Gm
°, Hm

°, Sm
° ), of the ionic liquid in 

aqueous solutions. 

 

Experimental Section: 

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). Conductometric 

measurements were taken in a digital conductivity meter (Metrohm model 712) with a sensitivity 

of 0.1% and a dipping-type conductivity cell with platinized electrodes 

at a frequency of 1 MHz. The cell constant was calibrated with aqueous KCl solutions. 

The vapor pressure osmometry was performed with the help of an Osmomat K-7000 (Knauer 

Inc.). The measuring chamber of the osmometer contains a reservoir of solvent, paper wicks to 

provide a saturated solvent atmosphere, and two thermistors that are placed in an airtight cell 

which measure resistance changes caused by changes in temperature. 

 

Results and Discussion: 

Typical experimental conductivities ( ), solvent activity (aw), isentropic compressibility (ks) 

and sound velocity (u) at 308.15 K for aqueous solutions of [C12mim]Br in the presence of 0.035 

mol/kg NaCl are shown in Figure 1 as a function of IL concentrations in the range of interest. 

The concentration corresponding to the in ection observed in the curve is considered to be the 

critical micelle concentration (CMC) of [C12mim]Br in aqueous 0.035 mol/kg NaCl solution, and 

the CMC value can be calculated by solving the two linear equations below and above the 

in ection. Similar situations have been found for the ionic liquid in the presence of other salts at 

different temperatuers. As it is expected, a pronounced effect of the cations was observed on 

CMC of [C12mim]Br. These values increase in the sequence: Mg2+ < (CH3)4N+ < NH4
+ < K+ < 

Na+. In other words, ability of the cations to promote aggregation of the IL was found to increase  

in the order: Mg2+ > (CH3)4N+  > NH4
+ > K+ > Na+. This cation effect correlates well with the 

Hofmeister series, which provides an adequate qualitative description for the salt effect in several 

physical behaviors. It is known that the position of an cation in the Hofmeister series can be 
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correlated with its charge and hydration radius. An increased hydration radius of the cation is 

usually accompanied by an increased polarizability.  

From the plots of conductivity against concentration of the IL, the degree of counterion 

dissociation, , can be obtained from the ratio of the slopes above and below the cmc, while the 

degree of counterion binding to micelle, , is(1 ). It can be seen that the values decrease in the 

following order: K+ > Na+ > (CH3)4N+  >  NH4
+  > Mg2+ at 298.15K.  
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Figure1: Plots of  (a) sound velocity, (b) solvent activity, (c) conductivities, (d) isentropic compressibility for 

aqueous solutions of [C12mim]Br in the presence of  0.035 mol/kg NaCl at 308.15 K. 
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Introduction: 

The knowledge of thermodynamic properties of liquid metals is of considerable interest 

in industry. Liquid metals have a number of interesting characteristic, which make them 

applicable in high- temperature operations as heat transfer agent and reactor coolant. The most 

important characteristics of them are high boiling points, extended liquid range, high thermal 

conductivities, low vapor pressure, and high heat of vaporization. The present work is concerned 

with modifying the original Tao-Mason EOS [1] to calculate the temperature-dependent 

parameters of the equation of state for molten alkaline earth metals (Mg through Ba). It is shown 

that this procedure leads to an analytical equation of state which can predict the saturated liquid 

density of these metals from the melting point up to several hundred Kelvin above the boiling 

point within 0.654%. In the next section, we shall introduce the EOS in question. 

 

Methods: 

The final form of the TM EOS for pure substances is given by 

    We decided to modify the original TM EOS in order that this EOS could be applied to alkaline 

earth metals. In this respect, we employed correlations for B2,  and b proposed by Ghatee and 

Boushehri [2]. The scaling parameters for these correlations are surface tension and density, f 

and f , both at freezing point, which are available for alkaline earth metals.  
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Results and discussion:    

The goal of the present study has been centered in the modification of the Tao-Mason EOS and 

after that in the analysis of the capability of the modified TM EOS in predicting volumetric 

properties of alkaline earth metals. We performed the calculation of density of alkaline earth 

metals using modified TM EOS. The outcome of the computed result for Mg and Ca has been 

collected sequentially in Table1. It is evident from this Table, that the agreement between the 

calculated densities and the literature values [3] is quite acceptable. In general, the obtained 

mean of the deviations for all alkaline earth metals was found to be of the order of 0.048%.                        

Table 1. The calculated results for the saturated liquid density of Magnesium and ca Calcium 

compared with the experimental data [3]. 

 

 

Conclusions: 

T [K] P [bar] cal  Exp  Dev% 

Mg 

23 3.586 10-

3 

65.4413 66.77 1.99 

1000 1.483 10-

2 

64.5398 65.26 1.104 

1100 6.288 10-

2 

63.4720 64.25 1.211 

1200 0.207 62.4171 62.52 0.165 

1300 0.5616 61.3327 61.03 0.496 

1400 1.309 60.2190 59.91 0.516 

1500 2.705 59.0946 59.31 0.363 

1600 5.070 57.9805 59.54 2.619 

1700 8.774 56.8933 57.12 0.397 

1800 14.21 55.8424 55.41 0.78 

1900 21.77 54.8312 54.39 0.811 

2000 31.82 53.8593 54.09 0.427 

T [K] P [bar] cal  Exp  Dev% 

Ca 

1114 2.056 10-

3 

34.4498 34.82 1.063 

1200 6.876 10-

3 

33.9538 33.95 0.011 

1300 2.307 10-

2 

33.3816 33.42 0.115 

1400 6.470 10-

2 

32.8058 32.81 0.013 

1500 0.1572 32.2278 32.88 1.984 

1600 0.3401 31.6509 31.73 0.249 

1700 0.6688 31.0765 31.08 0.011 

1800 1.215 30.5036 30.49 0.045 

1900 2.066 29.9288 29.93 0.004 

2000 3.321 29.3479 29.35 0.007 



1624

We have demonstrated that the present correlation along the modified TM EOS is 

capable of predicting density of the alkaline earth metals from the melting point up to several 

hundred degrees above their boiling points.  
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Introduction: 

The mechanical behavior of compressed liquids is needed for the design and analysis of many 

processes at high pressures. Many equations of state, dating back to the work of PG. Tait over 100 

years ago, have been proposed for the correlation and prediction of the p-v-T properties of 

compressed liquids.The purpose of this work is to improve the Tao-Mason equation of state (TM 

EOS) to prediction of density of compressed liquid with even less input information. 

 

Methods: 

In 1994, Tao and Mason calculated a perturbation correction term for the effect of attractive forces 

and combined with ISM equations of state to present an improved equation of state (TM EOS).The 

general frame of the Tao-Mason EOS is [1]: 

 

Where 
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Results and discussion:  

We have taken the surface tension and the freezing point data for prediction of volumetric properties 

of compressed liquid such as Xe, C8H18, C6H5-CH3 and C6H6. Once these parameters are known, the 

temperature dependent parameters of the equation of state, B2,  and b, can be calculated using 

Eqs.(2)–(4). Also using high density PVT data, the parameter  was correlated by the following 

simple polynomial equation:  We performed the calculation of molar volume of 

compressed liquids using the TM EOS. The result has been gathered consecutively in figures 1-4. It is 

obvious from these figures, that the agreement between the calculated specific volumes and the 

literature values [2] is quite satisfactory. In general, the obtained mean of the deviations for 

compressed liquid was found to be of the order of 0.27%. 

 

 
Fig1. Deviation plot for the predicted densities of PPO+PS at different temperatures, pressures and mole fractions with experiment[2] 

Conclusions: 

We have demonstrated that the present correlation along the modified TM EOS is capable of 

predicting specific volumes of the polymer blends over a broad temperature and pressure ranges. 
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Introduction  

An aqueous solution of a water soluble polymer, such as poly ethylene glycol (PEG), when 

mixed with an aqueous solution of another water soluble polymer such as dextran or an organic 

or inorganic salt, separate into two phases. Liquid-liquid extraction utilizing these aqueous two-

phase systems (ATPSs) has been used to separate and purify biological products from the 

complex mixtures in which they are produced [1,2]. Similar to the simple electrolytes, 

hydrophilic ILs based aqueous two-phase systems are formed when a hydrophilic IL and a 

certain salt or a certain water soluble polymer are combined with each other in aqueous solution. 

Although IL-salt aqueous two-phase systems have been studied extensively in recent years, 

however the information about the IL-polymer aqueous two-phase systems is very scarce in the 

literature [3]. In this work, we present our results on density and sound velocity measurements of 

ionic liquid 1-butyl-3-methylimidazolium hydrogen sulfate ([C4mim][HSO4]) in water and in 

aqueous solutions of poly(propylene glycol) 400 (PPG400), poly(ethylene glycol) 400 (PEG400) 

and 2000 (PEG2000) over a range of temperatures at atmospheric pressure that have not been 

previously published. The effects of polymer and temperature on the apparent molar volume and 

isentropic compressibility of [C4mim][HSO4] are studied. 
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Experimental Section 

Materials. The polymers and IL were obtained from Merck and were used without further 

purification, and double distilled and deionized water was used. 

Procedures. All the solutions were prepared by mass on a Sartorius CP225D balance precise to 

within 0.00001 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).  

 

Results and Discussion 

In the present work, in an attempt to obtain further evidence about the salting-out effect produced 

by the addition of ionic liquids to aqueous solutions of water soluble polymers this work is, thus, 

mainly focused on the study of the volumetric and acoustic properties of solutions of the model 

ionic liquid [C4mim][HSO4] in pure water and in aqueous solutions of PPG400, PEG400 and 

PEG2000 at different temperatures. For this purpose, density and speed of sound measurements 

for [C4mim][HSO4] in pure water and in aqueous solutions of 3.0 %w/w of PPG400, PEG400 

and PEG2000 at T = (288.15, 293.15, 298.15, 303.15 and 308.15) K were carried out in order to 

study the variation in apparent molar volume, isentropic compressibility, and expansibility of the 

investigated solutions with IL concentration, temperature and polymer molar mass. The polymer-

IL interactions were discussed on the bases of the obtained results and the results show that 

PPG400 has a salting-out effect on the aqueous solutions of [C4mim][HSO4], however PEG400 

and PEG2000 have salting-in effects.  
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Introduction:  

Aqueous two-phase systems (ATPS) formed by mixtures of two polymers, or one polymer and 

one inorganic salt, are important for separation and purification of biological materials such as 

enzymes and proteins1, 2. In the present work, we report LLE data for aqueous mixtures of 

PEG4000 or PEG600 +Na2C6H6O7 + H2O at T= 298.15 K. 

 

Methods:  

A glass vessel with volume 50 cm3
, was used to carry out the phase equilibrium determinations. 

A salt solution of known concentration was titrated with the polymer solution or vice versa, until 

the solution turned turbid. For the determination of the tie lines, feed samples were prepared by 

mixing appropriate amounts of polymer, salt and water in the vessel. Then the mixture had been 

stirred was allowed to settle for 48h in designed temperature. After separation of two phases, the 

concentration of salt in the top and bottom phases was determined by flame photometry. 

 

Results and Discussion: 

For the studied system, the experimental binodal data were fitted by the least-squares regression 

method to the following empirical non-linear expression developed by Forotan3, 
0 .5: .( ) .i i iw sca l a b w p c w p                                                                       (1) 
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Where pw  and sw are the weight percent of the polymer PEG and salt Na2C6H6O7 respectively. 

Also a, b and c are the fitting parameters are collected in Table1.  

 
Table1. Parameters and standard deviation for the                                   Table2. Values of parameters of Steschenow type, 

 

 

 correlation of binodal data for suggestion 

systems.  

 (Kp, Ks ) (kg.K.mol -1 ), equation for {PEG4000 +   Na2C6H6O7 + H2O}system at T= 298.15K                        

On the basis of obtained standard deviation, we conclude that the Eq.1 can be satisfactorily used 

to reproduce the binodal curves of the investigated system.  
                         Figure1                                                                              Figure2

                      
Fig1. Experimental and calculated binoda               Fig2. Plot of mass per cent polymer against mass percent salt                                   

 

data from Eq. (1)for{PEG + Na2C6H6O7  salt to illustrate the effect of mass molecular on the 

slope and + H2O}system at T=298.15K.  

length of tie-lines of the{PEG+Na2C6H6O7+H2O}system. 

The Seteschenow type equation4 with two parameters used for correlated the tie-line data in 

investigated system.On the basis of deviation reported in Table 2, it is interesting to note that the 

Seteschenow equation with only two parameters represents the experimental LLE data with good 

accuracy for the investigated system. 
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 For the system {PEG+ Na2C6H6O7 +H2O}the binodal and tie-line data have been determined at 

T= 298.15K. It was found that tie lines data for these systems can be satisfactorily described by 

Setschenow equations. 
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Introduction: 

For large-scale processes, methods for recycling chemicals have been developed1. Greve and 

Kula have described the use of some two-phase systems composed of lower aliphatic alcohols + 

water + inorganic or organic salts for the extraction of salt from the primary bottom phase of 

protein extraction processes in polymer + salt systems. 

 

Methods: 

To carry out the solubility curve determination, a salt solution of known concentration was 

titrated with the alcohol solution or vice versa, until the solution turned turbid. For the 

determination of the tie lines, feed samples were prepared by mixing appropriate amounts of 

alcohol, salt and water in the vessel. Then the mixture had been stirred was allowed to settle for 

48h in designed temperature. After separation of two phases, the concentration of alcohols in the 

top and bottom phases was determined by refractometer. 

 

Results and discussion: 

The obtained binodal data were fitted to the following empirical relationship developed by 

Merchuk2: 

          0.5 3
1 2 2exp( )w a bw cw                                                                                             (1) 
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where w1 and w2 are the concentrations of alcohols and salt, respectively. The coefficients a, b, 

and c of Eq. (1) along with the corresponding standard deviation for the investigated system are 

given in Table 1. 

 
Table 1. Values parameters of Eq. (1)                                Table 2. values of parameters Eqs. (2) 

On the basis of obtained standard deviation, we conclude that the Eq. (1) can be satisfactorily 

used to correlate the binodal data of the investigated system. 

           The correlation equations given by Othmer- Tobias (eq2a) and Bancraft (eq 2b)3 have 

been used to correlate the tie-line compositions. 
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Where k, n, k1, and r represent fit parameters. Superscripts “t” and “b” stand for alcohol rich-

phase and salt-rich phase, respectively. The values of parameters are given in Table 2. The 

solubility of an aliphatic alcohol in water and the mutual miscibility depends on the chain length 

and polarity values. Also higher polarity of 2-propanol as compared with 1-propanol is visible 

from the shift in the binodal as shown in Figure1. 

 Figure 1. Experimental and calculated tie-lines for the 2-propanol +salt +water + system at T = 

298.15 K. 

 
Conclusion: 

0

20

40

60

0 20 40

binodal 2-propanol

Tie-line2-propanol

binodal 1-propanol

Alcohols k n R2 K1 r R2 Dev 

1-

propanol 

2-

propanol 

0.27 

0.56 

1.70 

0.74 

0.99 

0.99 

2.01 

2.08 

0.58 

1.50 

0.98 

0.98 

0.52 

1.10 

Alcohols a b c.105 sd 

1-

propanol 

2-

propanol 

224.10 

73.72 

-0.76 

-0.27 

-5.33 

6.12 

0.03 

0.03 



1634

For the system {Alcohol + Na2C6H6O7 + water} the binodal and tie-line data have been 

determined at T = 298.15K. It was found that tie-line data for these systems can be satisfactorily 

described by Othmar-Tobias equations. 
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Introduction: 

In chemical industries, liquid extraction plays an important role as a separation process. The 

design and evaluation of industrial units for separation processes require reliable phase 

equilibrium data of the different mixtures involved in a given process. Especially, ternary liquid 

+ liquid equilibrium (LLE) data are essential for a proper understanding of the solvent extraction 

[1, 2].  

Ultrasonic refers to any study or application of sound waves that are higher frequency than the 

human audible range. Ultrasonic waves consist of frequencies greater than 20 KHz and exist in 

excess of 25 MHz. Effect of ultra sonic wave on LLE data of several ternary systems have been 

determined before and reported [3]. 

The new approach in this paper is using GMDH type-neural network in prediction of LLE data 

under ultrasonic wave (20 KHz) for the ternary system of (water + acetic acid + cyclohexanol). 

The predicted data by the proposed model was then compared with the experimental data. 

 

Group Method of Data Handling (GMDH): 

By the GMDH algorithm, a model is represented as a set of neurons in which different pairs of 

them in each layer are connected through a quadratic polynomial and, thus produce new neurons 

in the next layer. Such representation can be used in modeling to map inputs to outputs [4]. This 

model was used for prediction of experimental LLE data of (water + acetic acid + cyclohexanol) 

that has been determined before in our laboratory.  
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Result and discussion: 

The experimental LLE data for (water + acetic acid + cyclohexanol) under ultrasonic at 

temperature of (298.2) K were predicted using GMDH model (Fig 1). The average RMSD value 

between the observed and calculated mass percent obtained. 
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Fig 1. Phase diagram of (water + acetic acid + cyclohexanol). 

( ) experimental data, (---) GMDH data  

 

Conclusion: 

LLE data of the ternary system (water + acetic acid + cyclohexanol) under ultrasonic wave were 

predicted using GMDH model at 298.15 K. The predicted data indicate good agreements with 

the experimental data. 
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Introduction: 

Thermodynamic properties of aqueous polymer-salt systems are necessary for a fundamental 

understanding of the phase-forming ability and also for the development of theoretical models 

for the prediction of the partitioning behavior of the two-phase system [1]. In this work, 

densities, speed of sound and water activities of equeous potassium sodium tartrate+ PEG4000 

solutions have been measured and to calculate accurate limiting apparent volumes in 

concentration (0.03 mol. kg-1) of PEG. From the measurements of water activities by isopiestic 

methods, values of the vapor pressure of solutions were determined at T= 298.15 K. The 

experimental water activities have been correlated successfully with the Pitzer equation. The 

experimental density and speed of sound data were used to obtain apparent molar volume and 

apparent molar compressibility values at T= (298.15, 308.15, and 318.15) K, and these data were 

satisfactorily fitted to the Redlich-Mayer equations [2]. 

 

Methods: 

The isopiestic apparatus used in this work was similar to the one used by Ochs et al [3].This 

apparatus consisted of a seven-leg manifold attached to round-bottom flasks. Two flasks 

contained the standard pure NaCl solutions; two flasks contained KNa(Tartrate) solutions; Two 

flasks contained the PEG solutions and the central flask was used as a water reservoir. After 

equilibrium, each flask was weighed by an analytical balance (Shimatzu, 321-34553, Shimatzu 

Co., Japan) with an uncertainty of ±1· 10-7kg. The water activity for the standard aqueous NaCl 
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solutions at different concentrations and temperatures has been calculated from the correlation of 

Colin et al [4]. Densities and speed of sounds were measured with a vibrating-tube densimeter 

(Antoine Parr DSA-500, Austria). The apparatus was also tested with the density of a known 

molality of aqueous NaCl using the data given by Pitzer et al [5]. 

 

 

 

 

 

 

 

 

 

 

 

Results and Discussion: 

Isopiestic Results. From the calculated osmotic coefficient data, , the activity of water in 

KNa(Tartrate)+PEG solution and the vapor pressure of this solution were calculated at isopiestic 

equilibrium molalities, with the help of the following relations:  

 (1)  
1m
m                 (2)  

21

ln
Mm
as                    

  (3)   
RT

ppVB
p
pa s

s

**

*lnln      

Molar volumes of liquid water were calculated using the density of water at different 

temperatures [6]. The vapor pressures of pure  water were calculated using the equation of state 

of Saul and Wagner [7]. According to Figure 1, four points on each line has the same activity or 

chemical potential and these points are in balance with together, and line with the lowest activity 

located close to the bimodal curve. 

Figure 2. Experimental and calculated apparent molal 

volume, plotted against root of molality of salt, for the 

KNa(Tartrate) (1) + PEG4000(2) + H2O(3) System studied 

with the Redlich-Mayer model.  

 Figure 1. Curves of isoactivity for the ternary system 

KNa(Tartrate) (1) + PEG4000 (2) + H2O (3) at 298.15 K. 
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 Volumetric results. The molar volumes V  of solution were calculated from the densities  of the 

solutions d using the following equation: 

                                                                                (4)   
d

MV 1

01

0

ddm
dd

                        

Conclusions:  

The accurate osmotic coefficient data measured at T = 298.15 K for aqueous KNa(Tartrate) + 

PEG solutions were fitted satisfactorily to the Pitzer model. The apparent molar volumes were 

calculated from the measured density and speed of sound data at T = (298.15, 308.15, and 

318.15) K, and these data were also fitted to the corresponding Redlich-Mayer equations with 

good accuracy. 
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Introduction: 

In this work, densities, speed of sound and water activities of equeous potassium sodium tartrate 

solutions at different temperatures and atmospheric pressure have been measured and to calculate 

accurate limiting apparent volumes, enough data were determined in the dilute region (below 0.1 

mol. kg-1). Sodium chloride were used as the isopietic standards for the calculation of activities. 

From the measurements of water activities by isopiestic methods, values of the vapor pressure of 

solutions were determined. The experimental water activities have been correlated successfully 

with the Pitzer equation. The experimental density and speed of sound data for potassium sodium 

tartrate were used to obtain apparent molar volume values at T= (298.15, 308.15, and 318.15) K, 

and these data were satisfactorily fitted to the Pitzer equation. 

 

Methods: 

The isopiestic apparatus used in this work was similar to the one used by Ochs et al [1].This 

apparatus consisted of a five-leg manifold attached to round-bottom flasks. Two flasks contained 

the standard pure NaCl solutions; two flasks contained potassium sodium tartrate solutions; and 

the central flask was used as a water reservoir. After equilibrium, each flask was weighed by an 

analytical balance (Shimatzu, 321-34553, Shimatzu Co., Japan) with an uncertainty of ±1· 10-

7kg. The water activity for the standard aqueous NaCl solutions at different concentrations and 

temperatures has been calculated from the correlation of Colin et al [2]. Densities and speed of 

sounds were measured with a vibrating-tube densimeter (Antoine Parr DSA-500, Austria). The 
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 (4)   
d

MV 1

01

0

ddm
dd

                       

 

Conclusions:  

The accurate osmotic coefficient data calculated at T = (298.15, 308.15, and 318.15) K for 

aqueous potassium sodium tartrate solutions were fitted satisfactorily to the Pitzer model. The 

apparent molar volumes were calculated from the measured density and speed of sound data at T 

= (298.15, 308.15, and 318.15) K, and these data were also fitted to the corresponding Pitzer 

equation with good accuracy. 

 

References: 
[1] Ochs, L. R. Kabiri-Badr, M. Cabezas,H. AIChE J. 36 (1990) 1908. 

[2] Colin, E. Clarke, W. Glew, D. N. J. Phys. Chem. Ref. Data. 14 (1985) 489. 

[3] Pitzer, K. S. Peiper, J. C. Busey, R. H. J. Phys. Chem. Ref. Data. 13 (1984) 1. 

[4] Rard, J. A. Platford, R. F. Pitzer, K. S. ActaVity coefficients in electrolyte solutions.   (1991) 209. 

[5] Kell, G. S. J. Chem. Eng. Data. 20 (1975) 97. 

[6] Saul, A. Wagner, W. J. Phys. Chem. Ref. Data. 16 (1987) 893. 

  



1643

Prediction of Quarternary System (Water + Acetic acid + Cyclohexane + 

Cyclohexanone) using GMDH-type Neural Network 
 

 Kh. Bahrpaima *a, Z. Motamedi a   
a Department of Chemistry, Firoozabad Branch, Islamic Azad University, Firoozabad, Iran 

E-mail: motamedi.p_zahra@yahoo.com  

 

Key words: Liquid extraction; Phase equilibria; Quaternary system; GMDH model  

 

Introduction: 

Phase equilibrium data of quarternary systems are very important for simulation, design and 

optimize of separation operations. A large amount of investigation has been carried out in recent 

years on the liquid-liquid equilibrium (LLE) measurements of quarternary systems in order to 

provide further information about the phase behavior of such systems [1, 3].  

Acetic acid is one of the simplest carboxylic acids. It is an important chemical reagent and 

industrial chemical, mainly used in the production of cellulose acetate mainly for photographic 

film and polyvinyl acetate for wood glue, as well as synthetic fibres and fabrics. 

So the aim of this paper is the application of GMDH type-neural network for prediction of LLE 

data for the quaternary system (water + acetic acid + cyclohexane + cyclohexanone) at different 

ratio at 298.2 K. 

 

Group Method of Data Handling (GMDH)                                                                                                

The group method of data handling (GMDH) is aimed at identifying the functional structure of a 

model hidden within the empirical data. The main idea of the GMDH is the use of feed-forward 

networks based on short-term polynomial transfer functions whose coefficients are obtained 

using regression combined with emulation of the self-organizing activity behind NN structural 

learning [4]. 

 

 

Result and discussion: 
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The experimental LLE data for (water + acetic acid + 25% cyclohexane + 75% cyclohexanone) 

(water + acetic acid + 50% cyclohexane + 50% cyclohexanone) and (water + acetic acid + 75%  

 cyclohexane + 25% cyclohexanone) at temperature of (298.2) K were predicted using GMDH 

model. The average RMSD value between the observed and calculated mass percent obtained. 

 

Conclusion: 

Predicted LLE data of the quarternary systems {water + acetic acid + cyclohexane + 

cyclohexanone} using GMDH model at different ratio were presented at 298.15 K. It can be 

concluded that mixture of (50% cyclohexane + 50% cyclohexanone) with high separation factor 

may be adequate solvent to extract acetic acid from its dilute aqueous solutions. 
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Introduction: 

Macromolecular science has had a major impact on the way we live. It is difficult to find an 

aspect of our lives that is not affected by polymers. Polyethylene glycol (PEG) and 

Polypropylene glycol (PPG) have found wide range of applications in medicine, industry and 

agriculture. PVT (Pressure-Volume-Temperature) properties of polymers are important for both 

engineering and polymer physics. In addition to experimental measurements, equations of state 

provide powerful tools for prediction of thermodynamic properties and phase equilibrium 

calculations, over wide ranges of temperature and pressure. 

The perturbed hard sphere chain (PHSC) equation of state, proposed by Song et al. [1] has 

employed to reproduce the thermophysical properties of a wide variety of normal fluids, 

including polymers. In the PHSC theory, molecules are assumed to be attracting chains of 

spheres (segments) that are connected by covalent bonds. Three terms appear in the total 

pressure equation: Phard-sphere, PChain connectivity and PvdW attraction, respectively due to hard-sphere 

repulsion, covalent bonds between hard spheres and attractive van der Waals forces between 

non-bonded hard spheres. The PHSC equation of state for pure fluids has the following form:  

 

The segment based parameters, , b and r, have clear physical interpretations. Both  and b are 

temperature dependent and the potential parameters,  appear in their equations [2]. 

 

Method: 
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The present work is devoted to the application of PHSC equation of state to calculate volumetric 

properties of PEG and PPG. In order to determine required potential parameters,  

 for the studied  polymers, we  fitted our  calculated densities  based on PHSC equation  

 of state to the reported experimental densities in Ref. [3]. Using initial estimates for these 

parameters, they were varied until the best fit was obtained to the selected set of literature 

densities. Once these parameters were evaluated, the PHSC equation of state successfully 

predicted densities of PEG and PPG in different molecular weights. 

 

Results and discussion: 

PHSC equation of state was employed to calculate volumetric properties of four fractionation 

cuts of polyethylene glycol  (PEG-200, PEG-300, PEG-400, PEG-600) and five fractionation 

cuts of polypropylene glycol (PPG-425, PPG-725, PPG-1000, PPG-2000 and PPG-4000) over 

wide ranges of temperature and pressure. In order to assess the validity of predicted densities, we 

compared them with the available literature data. Figures 1 and 2 respectively show the deviation 

plots of calculated densities for PPG425 and PEG200 from experimental values [3]. The 

acceptable agreement between these two sets of data, confirms the ability of PHSC equation of 

state in density prediction of pure polymers. Similar results were observed for other mentioned 

fractionation cuts of both studied polymers.  
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Figure 2. Deviation plot for calculated densities of 
PEG200 from experimental data [3]  

Figure 1. Deviation plot for calculated densities of 
PPG425 from experimental data [3] 
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Introduction: 

Calixarenes represent a particularly significant class of the host molecules in supramolecular 

chemistry, which are generally made up of phenol units linked via methylene bridges[1]. 

Calixarenes are known to be good candidates in metallic cation recognition. Selectivity can be 

tuned by functionally modifying the preorganized platform defined by the phenolic moieties with 

a wide range of substituents. Of the many selective functionalisations possible, the introduction 

of polyether chains, first described by Ungaro and coworkers[2] in 1983, which are called 

calixcrowns. Calixcrowns has provided a new family of lipophilic basket bowl known for their 

considerable interest as selective ion transport agents, notably in the treatment of nuclear 

waste[3]. This ligands are capable to form complexes with cations of alkali and alkali-earth 

cations of metals. In this work we investigated the potential of calix[4]arenes-crown-6 ether 

derivatives in the ability of complexation with some alkali metal cations in methanol at 25 C 

using UV-Vis spectrophotometric technique. 

   

Experimental  Section : 

25,27-dihydroxycalix[4]arene-26,28-crown-6 was obtained from Acros Organics and used 

without further purification. Spectrophotometric measurements were performed using a UV–Vis 

Cary spectrophotometer with a Pentium 4 computer using 10 mm quartz cells. The system was 

thermostated at 25 °C by circulating water from an isothermal bath. For each experiment, a 2mL 

solution of the ligand, 2.0×10 4 mol dm 3, was titrated with stepwise addition of metal cation 

solution 4.0×10 4 mol dm 3. In the titration procedure after addition of a few drops of  titrant, the 
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absorbance was measured in the range 250–300 nm (in the interval of 1 nm) and the procedure 

extended up when the ratio of the metal ion to the ligand concentrations reaches to 2.  

 

Results and Discussion: 

Assuming that the absorbance of the ligand would change upon complexation with a metal 

cation, we performed spectrophotometric measurements. The complex MpLq formed is 

characterized by its stoichiometry, p and q, where M and L represent a metal ion and the ligand, 

respectively. To determine the formation constant of complexation, KS, Eq. 1 is defined, 

KS = 
[MpLq]

[L]q[M]p

                                 
pM + qL MpLq (1)

 
Determination of the satability constant was calculated using a computer program (Microsoft 

Excel Solver) which employs a nonlinear least-squares method. This method has been described 

before[4]. Absorbance, A, was measured by successive addition of a metal ion solution to the 

ligand solution. The absorption bands of the ligand decrease upon addition of each metal ion 

solution in all cases.  

 

Conclusions: 

The results showed that the ligand is capable to complex with all the alkali cations by 1:1 metal 

to ligand ratios. Considering the formation constant values, the binding selectivity of the ligand 

towards alkali cations of the formed complexes are in the order Cs+ > K+ >  Na+.Ligand appears 

to be more efficient for chelating with Cs+, as they have a crown net which perfectly matches the 

Cs+ cation,s size according to the rules of host –guest inclusion. The selectivity of the ligand 

towards Cs+ can be explained by the preorganisation of the ligand and by the interaction of the 

softer cesium ion with the -electron of two aromatic rings. 
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Introduction: 

Although, the interaction between dyes and surfactants has been studied in many papers, the 

studies in this area are still important and interesting for improving the dyeing process from 

theoretical, technological, ecological and economical points of view. The investigations into the 

behavior of different dyes in surfactant aqueous solutions can give useful information for 

understanding the thermodynamics and kinetics of the dyeing process and the finishing of textile 

material [1]. 

Reactive dyes are extensively used in dyeing processes in textile industry [2]. Dye molecules 

with phenyl groups can adopt a planar structure and readily tend to form intermolecular 

interaction that facilitates permanent aggregation under some experimental conditions. 

In the present paper, we studied conductivity of mixtures of dye and surfactant over the range of 

concentrations at which these compounds are miscible. Mono-s-chloro triazinyl (MCT) was used 

as anionic reactive dye and Cetylpridinium chloride (CPC) was used as cationic surfactant. The 

method is used for calculation of equilibrium constant from which theoretical model was 

derived. The influence of temperature on ion pair formation is observed with this method.  

 

Methods: 

The conductance measurements of solutions were performed with Metrohm 712 digital 

conductometer using a dip type cell of cell constant 0.99 cm-1. The specific conductivity of 

deionized water was measured before the each series of measurement at each temperature. Then 

the specific conductivity of an exact volume and known concentration of MCT solution (10-4M)  
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was measured. Binary mixtures of dye/surfactant were prepared by keeping the dye 

concentration constant but by increasing the surfactant concentration. Then the specific 

conductivity of each solution was measured. Measurements were made at 25.0, 30.0, 35.0, 40.0, 

and 45.0 ºC. The temperature of solutions was kept within the range of ± 0.1 ºC. 

 

Results and discussion: 

The results of experimental data show that, the measured conductances of the MCT – surfactant 

mixtures are lower than the sum of the specific conductivities of the individual MCT and of the 

individual surfactant molecule. The decrease in the measured values can be explained by the 

formation of a non-conducting or a less-conducting specie in the solution. 

The equilibrium constants were calculated by using a theoretical model based on the deviation 

from linear behaviour. This model is based on the comparison between the measured 

conductivity of the dye–surfactant mixture and a theoretical straight line that represents the sum 

of the specific conductivities of the dye and the surfactant [2]. The calculated values of G  are 

given in Table 1 for the binding processes at various temperatures. As seen from Table 1, all 

G  values are negative for all temperatures. The negative G  values indicate that the binding 

process of MCT to the CPC occur spontaneously. Moreover, the G  values decrease with 

increasing of temperature for this process. This means that binding process is lowly spontaneous 

at higher temperatures. The negative H  value indicates that binding process is exothermic. 

Binding of MCT to the premicellar of CPC is accompanied by the positive S value (Table 1). 

This means that the binding of MCT to the surfactant causes a decrease in the order of the 

process. In addition, it can be said from S  values that hydrophobic interactions play a major 

role in the interaction between the MCT and the CPC submicellar region. 

 

 

 

 

 

Table 1: The values of; K ; G ; H  and S for MCT-CPC complex formation. 
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system )C(T  
)M(

K
2

 
)kJmol(

G
1

 
)kJmol(

H
1

 
)KJmol(

S
11

 

 25.0 81078.3  -48.93  141.54 

 30.0 81069.3  -49.70  141.73 

R2-CPC 35.0 81052.3  -50.39 -6.75 141.67 

 40.0 81037.3  -51.10  141.66 

 45.0 81019.3  -51.77  141.57 
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A wide range of applications of ionic liquids, including green solvent for synthesis and 

separation and electrolyte, are expected due to their low melting point, low-flammability, 

negligible vapour pressure, high conductivity and electrochemical stability [1,2]. Structures and 

properties of ionic liquids are controlled by interactions between ions. The size, shape, and 

composition of the ions affect the thermodynamic properties of ionic liquids by influencing the 

crystal packing ability and lattice energy of the ionic liquid [3]. In general, the internal 

interactions of ionic liquids will decrease with an increase in the size and complexity of the 

anionic and cationic components. This is due to a greater charge delocalization and charge 

isolation.  

The properties of polar liquids have been investigated using different theoretical and computing 

simulation techniques [4-6] Recently a procedure has been presented for studying the polar fluid 

properties using the Yukawa potential for representing the dispersion forces, and the dipolar-

dipolar interactions[7]. In modeling the interaction of the molecules in a polar fluid, it is assumed 

that the constituent molecules are rigid spheres of equal size with a fix permanent point dipole 

moment that interacts via the Yukawa pair potential. Consequently, the total pair potential 

between two polar molecules interprets as follows 

 (1) 

 

Where uY(r12) is the Yukawa pair potential interaction and udd(r12) is the dipolar-dipolar 

interaction between two permanent dipole moments of strength . 
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(2) 

 

 

(3)               

 

In this work the Yukawa potential model was used to derive an equation of state and 

investigate the interactions of the imidazolium based ionic liquids. To obtain the potential 

parameters, the potential function has been applied to derive the thermodynamic equation of 

pressure. Then, fitting the experimental pVT data [8] in the obtained isotherm yields the potential 

parameters. The obtaind parameters have a good agreement with the structural data. 
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Introduction: 

Liquid-liquid extraction utilizing aqueous two-phase systems (ATPS's) has found its platform in 

several aspects of separation research both in industry and academia. When ATPS's are used for 

preparative purposes, e.g. for separation, isolation or purification of a product, the knowledge of  

the mechanism of the phase separation in the used system is important to increase the efficiency 

of the process or is of purely academic interest [1]. In this respect, this work is devoted to study 

the effect of the aqueous medium pH on the two-phase equilibrium behavior of the {poly 

(propylene glycol) (PPG P400) + sodium citrate} ATPS in order to obtain further information 

about the salting-out effects and the consequent phase separation in PPG-salt ATPS's. The effect 

of pH on the ATPS-promoting capability of citrate anions in the aqueous PPG solutions was 

explained based on the structural hydration Gibbs free energy ( Ghyd) of the citrate anions at 

different pH values. Furthermore, a local composition NRTL [2] model was examined to 

correlate the tie-line data of the investigated system at different pH values. 

 

Materials and methods: 

Polypropylene glycol P400 (PPG P400), was obtained from Fluka. Tri-sodium citrate (> 99 %) 

and citric acid (> 99.5 %) were supplied respectively by Fluka and Merck. 

A phase diagram is constituted of a binodal curve and tie-lines. The determination of the binodal 

curves was carried out by a turbidimetric titration method [1].  For the determination of the tie-

lines, feed samples of different known total compositions were prepared in the vessels. After 
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separation of the two phases, the sodium (salt) content in the top and bottom phases was 

determined using a flame photometer. The concentration of polymer in each phase was also 

determined by refractive index measurements performed at 298.15 K. 

 

Apparatus: 

The pH of the concentrated salt stock solutions was controlled with a precision pH meter 

(Model: 692 pH / Ion Meter- Metrohm, Switzerland). A flame photometer (Model: PFP 7, 

Jenway, England) was used for the determination of the salt content in the top and bottom 

phases. The concentration of PPG in each phase was determined using a refractometer (Model: 

DR-A1, ATAGO Co., LTD., Japan). 

 

Result and discussion: 

The phase diagrams for the {PPG 400+ sodium citrate} ATPS were determined experimentally 

at T = 298.15 K and different medium pH values (3.00, 4.00, 5.00, 6.00, and 7.00). It was found 

that, the ATPS-promoting capability in the investigated system increases with increasing the 

aqueous medium pH. Using the structural thermodynamics of hydration, it was shown that the 

citrate ions with higher valence or more negative Ghyd that exist in the lesser acidic medium pH 

are more efficient to promote the salting-out effect and the consequent phase separation, 

compared to those with minor valence or lesser negative Ghyd found in the more acidic medium 

pH. Finally, the modified version of the segment-based local composition NRTL model [2] have 

been satisfactorily used to correlate the liquid–liquid equilibrium (LLE) data of the investigated 

system.  

 

Conclusion: 

In this work the influence of the aqueous medium pH on the salting-out effect caused by the 

addition of a kosmotropic (water-structuring) salt to an aqueous solution of PPG was assessed 

with reference to the phase behavior of {PPG 400 + sodium citrate} ATPS at different medium 

pH. The results were successfully interpreted using the corresponding composition phase 

diagrams and the kosmotropic nature of the citrate anions at different medium pH.  

Reference: 
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Introduction: 

The static dielectric constant gives considerable information about the structural properties of 

polar compounds. The valuable information about the nature and strength of interactions in 

liquid solutions, over a range of mole fractions, can be obtained using dielectric studies. The 

molecular dipole moment of the material depends on its molecular interactions with its 

neighbours. By using dielectric permittivity, density and refractive index measurements, it is 

possible to obtain the dipole moment with the aim of giving valuable information about the 

geometrical structure of molecules, molecular association and dipole – dipole interactions [1].  
In this study, we have investigated the tert-butyl alcohol in mixture of two non polar solvents 

at different temperatures.  

 

Experimental: 

All compounds for dielectric investigations were supplied by Merck and distillated before use. 

The electrical capacitance of the dielectric cell was measured using a Wayne Kerr model 6425B 

Digibridge. Measurements of the capacitance required for calculating the static dielectric 

permittivity were performed at a frequency of 10 kHz.    A three-terminal dielectric cell was 

constructed for measurements on small volumes of solutions. The outer, inner and guard 

electrodes of the cell were made from stainless steel. The gap between the inner and the outer 

electrodes was about 1mm. The refractive indices of the solutions were determined at a 

wavelength of 589 nm using an Abbe Refractometer (Model CETI). 

Theoretical consideration: 
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The Kirkwood model:   
The dipole moments of the compounds were measured using the Guggenheim equation [2]:         

0

2 0
2

1 1

27 ( )
( 2)( 2) C

A

kT
N n C

 

Where 0  is the permittivity in vacuum, 1  �is the static permittivity and n1 is the refractive 

index of the pure solvent. The dielectric incresments given by:                                                                               

)()( 2
11

2
1212 nn  

Where the subscript 12 indicates the solution, and (   C) C 0 is the limiting gradient of the plot of 

 versus concentration. The Kirkwood correlation parameter, g, is a measure of the molecular 

association in polar liquids that for ternary systems, g is given by[3]: 

 

 

 

 

Result and discussion: 

 It should be noted that the effect of temperature on measured dipole moment is very important. 

The dielectric permittivity of solution of these materials was observed to decrease as the 

Temperature increased as a consequence of:   (μ2  kT) 

This effect is due to the existence of short rang dipole interaction, in this compounds.  

  
  

correlation factor versus mole fraction for ternary system of Tert-butyl alcohol in mixture of 

toluene+m-cyclohexane at 3 different temperatures 
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Conclusion 

Results correspond to Kirkwood factor g>1, and indicate a high degree of parallel dipole 

association.    
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Introduction:  

Study on the physical property plays a crucial role in understanding of intermolecular interaction 

and also with use of this physical data scientist can made divers molecular models or theories of 

solution to extend our knowledge about the molecular interaction between components. In this 

paper we investigated some thermodynamic and transport properties of 1,2-Ethanediol (Ethylene 

glycol) with 1,3-Propanediol because They are important industrial component. These glycols 

play significant role in industry such as antifreeze, plasticizer, humectant, solvent and extractor 

in automotive, tobacco, cosmetic, and petroleum industry [1]. Therefore, it is of great importance 

to determine some physical properties of glycols binary mixtures, because many industrial 

process requires accurate values of thermodynamic and transport properties of liquids [2,3] . In 

this work, density, viscosity, excess molar volume and viscosity deviation of 1,2-ethanediol + 

1,3-propanediol was determined at temperatures of 298.15, 303.15, and 308.15 K. 

 

Experimental 

Materials. Ethanolamine and 1,3-Propanediol were supplied by Fluka. The purity of all 

materials was higher than 99 %. 

Apparatus and procedure. The mass measurements were made on a single pan Mettler balance 

with an accuracy of ± 0.01 mg. Density ( ) measurements of pure components and binary 

mixtures over the complete composition range were carried out using Anton Paar oscillating U 

tube densitometer (DA 500) with ± 10-4 g·cm-3 accuracy. The kinematic viscosity was 
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measured with Ubbelohde viscometer with a Schott-Geräte automatic measuring unit model 

AVS 400 .  

 

Results and discussion 

Excess molar volume ( ) and viscosity deviation ( ) was calculated from density and 

viscosity measurement according to the following equation: 

                                                                                                         (1) 

                                                                                                                (2)         

Where, , M,  and  are the mole fraction, molar mass, density, and dynamic viscosity, 

respectively. The subscript i shows the pure components. Figures 1 and 2 show that  and  

are negative for all mixtures over the entire composition rang. The negative value of the excess 

molar volume indicates that the interactions between unlike diol are stronger than interactions of 

like components. For these systems interaction between hydroxyl functional group of 

components results in the formation of hydrogen bonding between like molecules and structural 

characteristics of component, might be responsible for negative   .                    

 
 

Conclusion: 

Densities, viscosities, excess molar volume and viscosity deviation of (1,2-Ethanediol + 1,3-

Propanediol) was determined over the whole concentration range. The calculated  and  

values for all solutions were negative over the whole concentration range and temperatures. 
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Introduction:  

In recent years, numerous studies have been done on some physical property of industrial 

solutions. Because, many industrial process requires accurate values of thermodynamic and 

transport properties of liquids [1] and these values are indispensable for many practical problem 

concerning heat transport, mass transport, fluid flow, and pipelines system [2]. Moreover, the 

physical properties not only provide information on the nature of intermolecular interactions 

taking place within the solution but also are essential for designing, testing, and extending of 

theoretical models of fluid mixtures [3]. Ethanolamine is used in aqueous solutions for scrubbing 

certain acidic gases. It is used as feedstock in the production of detergents, emulsifiers, polishes, 

pharmaceuticals, corrosion inhibitors, and chemical intermediates. In this work, we report 

Density, viscosity, Excess molar volume of (Etanolamine+1,3-Propanediol) over the entire 

composition range within the temperature range (298.15 , 303.15, 308.15) K. 

 

Experimental 

Materials. Ethanolamine and 1,3-Propanediol were supplied by Fluka. The purity of all 

materials was higher than 99 %. 

Apparatus and procedure. The mass measurements were made on a single pan Mettler balance 

with an accuracy of ± 0.01 mg. Density ( ) measurements of pure components and binary 

mixtures over the complete composition range were carried out using Anton Paar oscillating U 

tube densitometer (DA 500) with ± 10-4 g·cm-3 accuracy. The kinematic viscosity was 
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measured with Ubbelohde viscometer with a Schott-Geräte automatic measuring unit model 

AVS 400 .  
 

Results and discussion 

The experimental values of densities and viscosities of Ethanolamine and 1,3-propanediol binary 

mixtures at temperatures of 298.15, 303.15, and 308.15 was determined. Figure 1 shows the 

variation of viscosity of Ethanolamine concentration at different temperatures. From the figure 1, 

it can be seen that the viscosity measurement are decrease with temperature and Ethanolamine 

concentration. In order to afford the extent of molecular-level interactions within 

(Etanolamine+1,3-Propanediol) we estimated excess molar volume (VE) from experimental 

density data using the relationship:                                   

Here, x1, x2, and ,  refer to the mole fractions and densities, respectively, of components1 

and 2 in the mixture at a given temperature, and  is the density of the mixture. The variation of 

Ethanolamine and 1,3-propanediol binary mixtures with mole fraction of Ethanolamine are 

plotted in figure1. The negative  values are shows that the interactions between unlike 

molecules which are stronger than the interactions between like molecules as well as molecular 

accommodation of one component into free space of the others (packing effect).  
 

  
 

Conclusion: 

Densities, viscosities, and excess molar volume of (Etanolamine+1,3-Propanediol) was 

determined over the whole concentration range. The calculated  values for all solutions were 

negative over the whole concentration range and temperatures. 
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Introduction: 

      The properties of aqueous Carbohydrate solutions are influenced due to existence the other 

solutes particularly the ions arising from dissolution of electrolytes.The wide usages of ionic 

liquids in carbohydrate chemistry made us to study their thermodynamic properties. These 

studies seem indispensable for better understanding of molecular interactions occurring in this 

type of ternary systems and developments in chemical reaction designing [1]. In the current 

work, the volumetric behaviours of D-glucose in several concentrations of aqueous ionic liquid 

([PnMIm]Br and [HMIm]Br) solutions have been studied using density measurements at 

temperatures T = (288.15 to 318.15) K. The measured density values are used to calculate the 

standard partial molar volume ( 0V ), partial molar expansivity ( 0E ), hydration number ( Hn ) and 

volumetric interaction coefficients ( SILV and SILILV ) at different temperatures. These parameters 

have been discussed in terms of solute-solvent interactions and structure making/breaking 

abilities of D-glucose and ionic liquid. 

  

Experimental: 

2.1. Materials 

D-glucose (>99.6%) were obtained from Merck and ([PnMIm]Br) and [HMIm]Br ionic 

liquids were prepared and purified by using the procedure described in the literature 

[2]. 

2.2. Apparatus and procedure 
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A vibrating-tube digital densimeter (DMA, 4500M, Anton Paar, Austria) was used to 

measure the densities of the solutions.  

 

Results and discussion: 

The apparent molar volumes (V ) of D-glucose in aqueous ionic liquid solutions were 

determined from the solution densities. The positive 0Vt  values obtained for D-glucose suggest 

that the hydrophilic–ionic interactions predominate over the hydrophobic–ionic interactions. 

According to McMillan-Mayer theory of solutions, volumetric interaction coefficients ( SILV and

SILILV ) at different temperatures obtained. Positive VSIL values mean that the D-glucose-IL 

interactions contribute a positive value to volume.In order to study the temperature dependence 

of the standard partial molar volume, the 0V  values were fitted to the following equation: 

                                                                                          (1)   

    Differentiation of Eq. (1) with respect to temperature at constant pressure was done to 

calculate partial molar isobaric expansions. The sign of second derivatives of the standard partial 

molar volume with respect to the temperature 2 0 2( / ) pV T reflect the structure making and 

breaking ability of a solute in the solution. Small negative values of 2 0 2( / )pV T  for D-

glucose in aqueous ionic liquid solutions rather than water, indicate that this saccharide behaves 

as a structure breaker in water however, its structure-breaking tendency decreases in presence of 

ionic liquids. The obtained values of hydration number indicates that dehydration effect of ionic 

liquid on D-glucose increases as temperature increase [3]. 

 

Conclusions: 

These experimental data have been used to obtain some thermodynamic characters including 

standard partial molar volumes ( 0V ), partial molar expansivities ( 0E ), hydration numbers ( Hn ) 

and interaction coefficients (VSIL and VSILIL) at different temperatures. All these parameters 

support the existence of strong solute-solvent interactions in the ternary solutions of present 

study. 
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Introduction: 

Among the various thermodynamic properties, the excess volume, VE, has been of much interest 

for the practical purpose of determining composition from the density measurement [1]. Density 

and excess molar volume are significant for the design of new processes and the study of 

molecular interactions in binary liquid systems [2]. The excess volumes are defined as: 

VE = Volume of the solution – (volume of pure A + volume of pure B). 

In this paper Densities for binary solutions of two alcohol (Ethanol and Methanol) with water 

over the whole composition range have been measured at temperatures from (283.15 to 313.15) 

K in 10 K intervals and atmospheric pressure. From these data, the excess molar volumes (VE) 

and their standard deviation  (VE) were calculated. This study is expected to give some 

information about the volume changes in these binary solutions that indicate the tendency of the 

water molecules with simple alcohols. 
 

Materials and methods: 

The chemical, absolute alcohols, methanol and propanol with high-purity grade reagents 

obtained from Merck (Darmstadt, Germany). Bidistilled water was used to prepare the sample 

mixtures. 
 

Apparatus: 

The densities of the pure components and binary mixtures were measured using a Gay-Lussac 

pycnometer supplied by a thermometer, which its volume was calibrated by using pure water. 
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The temperature of the solution in the pycnometer was kept constant in a bath with a thermostat. 

The temperature was controlled within  0.05 K of the desired temperature through 

thermometer of the pycnometer. Once the solution reached the desired temperature, it was 

weighted to within  0.0001 g with an analytical balance (Sartorius, 2842, GMBH, Germany). 

For each binary mixture, a set of 9 composition from (10 to 90) % w/w, was prepared and their 

densities were measured at the respective composition.  

 

Results and Discussion: 

The results indicated that VE values are highly negative for binary solutions of methanol and 

ethanol with water over the entire mole fraction range and at all temperatures investigated for 

each binary system under study. The VE profiles of two binary systems studied are characterized 

by an initial increase in negative values following maxima at about 60-70 % (w/w) and then a 

decrease. 

 

Conclusion:  

It is obvious that hydrogen bonds between the molecules of water and alcohols (methanol and 

ethanol) are primary responsible for the non-ideal behavior of these binary systems.  

As  results showed, the excess molar volumes for ethanol + water become less negative with 

increasing temperature and conversely the excess molar volumes for methanol+ water become 

more negative with increasing temperature[3]. For the methanol + water system, the temperature 

effect is hardly observable [4]. 
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Introduction: 

The thermodynamic properties of real solutions may be expressed in terms of the excess 

functions, XE, defined as the difference between the observed thermodynamic function of mixing 

and the function for an ideal solution. The excess volumes are defined as:  

 VE = Volume of the solution – (volume of pure A + volume of pure B). 

Among the various thermodynamic properties, the excess volume, VE, has been of much interest 

for the practical purpose of determining composition from the density measurement. Density and 

excess molar volume are significant for the design of new processes and the study of molecular 

interactions in binary liquid systems. Excess volume could provide information on the possible 

interactions between components of a binary mixture, such as molecular associations and dipole-

dipole and dipole-induced-dipole interactions. Furthermore excess volumes could indicate the 

deviation of a binary solution from the ideality. 

In this paper we have reported densities for binary solution of propanol with water over the 

whole composition range at temperatures from (283.15 to 313.15) K in 10 K intervals and 

atmospheric pressure. From these data, the excess molar volumes (VE) and their standard 

deviation  (VE) were calculated.  

 

Materials and methods: 

The chemical, absolute propanol with high-purity grade reagents obtained from Merck 

(Darmstadt, Germany). Bidistilled water was used to prepare the sample mixtures. 
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Apparatus: 

The densities of the pure component and binary mixtures were measured using a Gay-Lussac 

pycnometer supplied by a thermometer, which was calibrated by using pure water. The 

temperature of the solution in the pycnometer was kept constant in a bath with a thermostat. The 

temperature was controlled within  0.05 K of the desired temperature through thermometer of 

the pycnometer. Once the solution reached the desired temperature, it was weighted to within  

0.0001 g with an analytical balance (Sartorius, 2842, GMBH, Germany). For this binary mixture, 

a set of 9 composition from (10 to 90) % w/w, was prepared and their densities were measured at 

the respective composition.  

 

Results and Discussion: 

The results indicate that VE values are negative for binary solution of propanol with water over 

the entire mole fraction range and at all temperatures investigated. The VE profiles of this binary 

system studied are characterized by an initial increase in negative values following maxima at 

about 60-70 % (w/w) and then a decrease. 

 

Conclusion: 

As data in this study show, the excess volumes for propanol with water in each four investigated 

temperature were found to be highly negative across the mole compositions. It is obvious that 

hydrogen bonds between the molecules of water and propnol are primary responsible for the 

non-ideal behavior of this binary systems [1].  
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Introduction: 

The thermodynamic and excess molar properties of liquids and liquid mixtures have been used to 

understand the molecular interactions between the components of the mixture and also for 

engineering applications. The thermodynamic study of esters of carbonic acid holds considerable 

interest owing to their uses in industry for the synthesis of many chemicals, in pharmaceuticals, 

and in agricultural chemistry. Such chemicals are also used as extractive solvents [1-2]. 

Densities of  binary mixtures of  dimethyl carbonate with  2-Propanol, 2-Butanol , 2-Pentanol, 2-

Hexanol and 2- Heptanol  at  temperatures: 298.15 K , 303.15 K , 308.15 and 313.15K were 

measured at the whole range of mole fraction. Excess  molar  volumes( E
mV )  were  correlated  by  

Redlich-Kister  type  equation  as  a  function  of  temperature [3]. 

 

Materials and methods: 

Dimethyl carbonate, 2-propanol, 2-butanol, 2-pentanol, 2-hexanol and 2-heptanol were 

purchased from Merck company with purity higher than 99%, then used without further 

purification. The density of the pure compounds and binary mixtures was measured by an Anton 

Parr densimeter. The uncertainty of  the density measurement was estimated to  gr/cm3. 

 

Apparatus: 

Densities of the pure liquids and binary mixtures at various temperatures were measured by 

means of an Anton Parr DMA 4500 oscillating U-tube densimeter, provided with automatic 
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viscosity correction. and a digital balance made by Mettler Toledo company. temperature was 

regulated with laboratory bath made by Petrotest company. 

Result and discussion: 

The excess molar volumes V E
m  for binary systems were evaluated using this equation:      

)( 11

1
ii

N

i
i

E
m MxV                                                           (1)                        

where is the density of the mixture, i is the density of pure component i, xi is the mole 

fraction, Mi is the molar mass of component i, and N stands for the number of components in the 

mixture. V E
m  for the binary systems were fitted by the least-squares method to the Redlich–Kister 

equation: [3]                    k
ji

n

k
kji

E
ij xxAxxV )(

0
                                                           (2)  

Excess molar volume of all mixtures  are  positive and increase with increasing of chain length 

of 2- Alkanols and temperature rising.  

Experimental data and fitted equations of binary systems are depicted in Fig. (1) 

 

Fig. 1 Excess molar volumes V E
m  vs. mole fraction of Dimethyl carbonate with ( ) 2-propanol, 

( ) 2- butanol, ( ) 2-pentanol,  ( ) 2-hexanol, ( ) 2-heptanol at  T = 298.15 K. The solid curves 

were calculated from coefficients of equation (2)  

 

Conclusion: 

Positive quantities of excess molar volumes of  Dimethyl carbonate and 2-alkanols mixtures 

show that dominant factors are physical interactions that become weaker with temperature rising. 
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Introduction: 

Ionic liquids (ILs) possess high-thermal stabilities, and negligible vapor pressure, and are highly 

tunable making them attractive solvent systems. GC employing IL stationary phases has proven 

to be a powerful tool for the determination of important thermodynamic properties involving 

mixtures of ILs and organic solvents [1]. The Rohrschneider–McReynolds system is the oldest 

accepted stationary phase classification systems [2,3]. 

In this work, two mixtures of ILs,50% C12(mpy)2-(NTf2)2)/50%(C12(mim)2(NTf2)2) , and 50% 

(C12(mpy)2-(NTf2)2)/50% (C12(mim)2-(BF4)2) were chosen to determine multiple solvation 

interactions by Rohrschneider–McReynolds classification and to measure the ionic liquid 

thermodynamic parameters such as activity coefficients at infinite dilution ( i). 

 

Materials and Methods: 

Stationary phase (RTIL) on Chromosorb W-AW (60-80 mesh), was prepared. The value of i 

can be calculated from Equation 1 [4]: 

ln  
i= ln( nRT

VNP
) - P B11-V

RT
 + 2B12-V

RT
 JPº(1) 

Equation 2 describes the Rohrschneider–McReynolds system in terms of the five probes and 

their corresponding phase constants; namely, benzene (X ), butanol (Y ), 2-pentanone (Z ), 

nitropropane (U ), and pyridine (S ) with the overall difference in the Kovats retention index 

( I). 
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I =aX  + bY  + cZ  + dU  + eS             (2) 

 

Results and discussion: 

i values are listed in Table 1. ifor homological series of solutes increased with as the solute 

alkyl chain length increased. The smallest values of i, was observed for acetonitrile that is a 

polar compound. These polar compounds usually interact strongly with a polar IL. 

Table 1.activity Coefficients at Infinite Dilution ( i) for the Solutes at 313.15 K. 

Solutes (C12(mpy)2-(NTf2)2) / (C12(mim)2--

(NTf2)2) 

(C12(mpy)2-(NTf2)2) / (C12(mim)2--(BF4)2) 

Benzene 2.67 3.48 

Toluene 3.45 4.60 

Ethyl benzene 4.71 - 

Ethanol 4.02 3.83 

Propanol 4.90 4.86 

Acetonitrile 1.65 1.96 

1,2-

Dichloroethane 

2.07 2.26 

Cyclohexane 13.37 17.41 

Heptane 17.27 30.40 

Octane 33.91 44.83 

 

Table 2 shows S12 .The selectivity values indicate that these ILs can be used as efficient solvents 

in aromatic/aliphatic separations. 

Table 2.the selectivity values at 313.15 K 
 

ILs Octane/benzene Cyclohexane/benzene Toluene/benzene Heptane/acetonitrile 

(C12(mpy)2-(NTf2)2) / (C12(mim)2--(NTf2)2) 12.72 5.02 1.30 10.47 

(C12(mpy)2-(NTf2)2) / (C12(mim)2--(BF4)2) 12.87 5 1.32 15.51 

 

Table 3 gives the Rohrschneider–McReynolds constants. According to these, it can be deduced 

that these solvents are remarkably high polar. 
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Table 3.Rohrschneider-MacReynolds Constants of the Five First Test Solutes at 100 ° C 
 

column X a Y a Z a U a Sa Av a Ref 

DB-5 27 66 71 93 63 64 3 

OV-22 160 188 191 283 253 215 3 

(C12(mpy)2-(NTf2)2) with (C12(mim)2--(NTf2)2) 331 575 557 758 679 2901 this work 

(C12(mpy)2-(NTf2)2) with (C12(mim)2--(BF4)2) 394 886 607 887 777 3552 This work 
 

Conclusions: 

i for various solutes in the binary mixtures of ionic liquids inclusive of(C12(mpy)2-

(NTf2)2)/(C12(mim)2--(NTf2)2) and (C12(mpy)2-(NTf2)2)/(C12(mim)2--(BF4)2), were measured, and 

a high selectivity at infinite dilution for aliphatic/aromatic separations, were observed in 

comparison to aromatic/aromatic separations for two mixtures of ionic liquids. The 

Rohrschneider–McReynolds constants evidenced the dual nature of IL stationary phases. 
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Introduction: 

Nicotinic acid known as vitamin B3 or niacin is one of the five vitamins associated with a 

pandemic deficiency disease in human diet. The deficiency of this compound in human diet 

causes serious central and peripheral nervous system. The biological function of this drug in 

human is believed to act through nicotinamide, which is contained in NAD and NADP 

coenzymes. Nicotinic acid penetrates into cells by means of active transport and passive 

diffusion, whose intensity is controlled by acid-base equilibria of the compound. Therefore, the 

acid-base equilibria of nicotinic acid should be known not only as a competing process in 

complexing reaction but also to explore its activity in cell-membrane transport. 

In this work, the protonation constants of nicotinic acid is determined in different aqueous 

solutions of methanol to show how solvent and solvent mixtures with different dielectric 

constants affect the formation of the protonated species of this drug, using potentiometric 

method. 

 

Experimental:

All measurements were performed at 25 C and constant ionic strength (0.1 mol dm-3 sodium 

chloride). The electromotive force was measured using a Metrohm model 781 pH ion-meter. The 

combined glass-pH electrode (model 6.0258.000) was modified by replacing its aqueous KCl 

solution with 0.1 mol dm-3 NaCl saturated with AgCl. The electrode was soaked for (15 to 20) 
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minutes in a water-alcohol mixture before the potentiometric measurements. All titrations were 

carried out in a 80 mL thermostated double-walled glass vessel. The protonation constants were 

evaluated from measurements of the emf by titration of a 25 mL nicotinic acid (2.0-5.0 10-3 mol 

dm-3) solution with a 0.1 mol dm-3 sodium hydroxide solution both in the same ionic strength 

and mole fraction of methanol (0 to 50 % by v/v). The measured emf from the potentiometric 

titration was conducted using the computer program (Microsoft Excel Solver and linest). 

 

Apparatus: 

A Jenway pH-meter, model 3520 (precision of 0.001 units of pH), was used for pH 

measurements.The hydrogen ion concentration was determined with a combination electrode 

(Jenway). A thermostat having accuracy of ± 0.1°C maintained the temperature of the 

potentiometric cell. [Model: EX.1200-30-6 STH, this oven is made in Iran]. 

 

Results and Discussion: 

The protonation constants of nicotinic acid in water-methanol mixed solvents have different 

behaviors. log K1 increases but log K2 decreases with increasing the proportion of methanol in 

the mixtures. In general, the standard Gibbs energy of protonation equilibria consists of two 

terms: an electrostatic term, which can be estimated by the Born equation and a non-electrostatic 

term, which includes specific solute-solvent interaction. When the electrostatic effects 

predominate, then in accordance with the Born equation, the plot of log K versus reciprocal of 

dielectric constant of the media, , should be linear [1-2]. log K = (121.6n/r)(1/  – 0.0128) 

where r is the common radius of the ions and n is the square summation of the charges involved 

in the protonation equilibria. Therefore, a change in polarity of the medium has a major role on 

log K1 and log K2 values. In this case the correlation between log K1 with the reciprocal of the 

dielectric constant of the aqueous-alcohol mixtures is linear. However, the linearity of the 

correlation between log K2 of nicotinic acid with the reciprocal of the dielectric constant of 

methanol-water mixtures is poor (with correlation coefficients between 0.93-0.97, respectively). 

This indicates that the protonation constants depend not only on electrostatic forces but also 

strongly depend on the solute-solvent interactions of the different species in the mixtures. 
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Therefore, it is necessary to elucidate the nature of solute-solvent interactions for a better 

understanding of solvent effects.  
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Introduction: 

The protonation constants of benzohydroxamic acid have been determined in 10–80% (v/v) 

etanol-water mixtures  at 25 °C and constant ionic strength (0.1 mol L–1 sodium perchlorate) by 

potentiometric technique and calculated using a suitable computer program which employs a 

nonlinear least- squares method. The effect of solvent composition on the protonation constants 

in the mixed solvents were correlated with the Kamlet-Taft solvatochromic parameters ( ,  and 

*). It was shown that logK1 and logK2 values of benzohydroxamic acid increases with 

increasing etanol content up to 50% and then tend to decrease. Further, more an over-view of the 

effect of preferential solvation and solvent structure of electrolytes in etanol-water mixtures on 

the values of the protonation constants in these media were also discussed. benzohydroxamic 

acid is determined in  different aqueous solutions of 1- etanol. 

 

Materials and methods: 

Potentiometry titration is a well known reference method for pKa determination, and it can be 

easily used in organic or hydro-organic solvents. To evaluate the protonation constants, first the 

calibration of the potentiometer and the electrodes should be performed by Gran’s method. The 

measured emf values in the potentiometric titration of the compound in the different aqueous  

solutions of 1- etanol are conducted with a suitable computer program for data treatments using a  
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fitting method. All measurements were performed at 25 C and constant ionic strength of 0.1 mol 

dm-3 sodium chloride. 

In all cases, the procedure was repeated at least three times and the average values and the 

corresponding deviations from the average are reported in this work. 

 

Apparatus: 

A Jenway pH-meter, model 3520 (precision of 0.001 units of pH), was used for pH 

measurements.The hydrogen ion concentration was determined with a combination electrode 

(Jenway). A thermostat having accuracy of ± 0.1°C maintained the temperature of the 

potentiometric cell. [Model: EX.1200-30-6 STH, this oven is made in Iran]. 

  

Result and discussion: 

The protonation constant values of benzohydroxamic acid have been determined According to 

the obtained results, increasing the amount of the organic solvent reduces the dielectric constant 

in the aqueous-1-etanol  mixtures and so, in accordance with the Born equation the protonated 

species of the benzohydroxamic acid are  expected to be more stable in media with lower 

dielectric constants. When electrostatic effects  predominate, a plot of log K versus the reciprocal 

of the dielectric constant of the media should be linear.Previously, we have reported [1-2] that 

the dielectric constant alone cannot serve as a quantitative  measurement of the solvent polarity. 

This property is often inadequate, since the dielectric constant description considers a solvent to 

be an unstructured continuum, not composed of individual solvent  molecules with their own 

solvent-solvent interactions, and does not take into account specific solute-solvent interactions. 

In this work, we have used the method was introduced by Kamlet, Aboud, and Taft (KAT). The 

KAT equation contains separate terms for non-specific as well as specific solute-solvent 

interactions. Finally, the dependence of acid-base equilibria on solvent composition will be 

discussed from the determined coefficients of KAT parameters.  

 

Conclusion:   

In this work, the protonation constants of some benzohydroxamic acid have been determined in 

etanol -water mixture of varying compositions (10–80% etanol by volume). It is very difficult to 
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interpret the logK variations of the benzohydroxamic acid studied by only macroscopic 

parameters of the etanol-water mixtures. It is known that one of the most important factors 

determining the equilibrium constants is the reaction medium, so, the solvent effect on 

protonation constants could be explained on the basis of dielectric constant of the medium, 

solvent structure, preferential solvation, and microscopic parameters (as Kamlet-Taft 

solvatochromic parameters). A Jenway pH-meter, model 3520 (precision of 0.001units of )was 

used for pH measurements. The hydrogen ion concentration was determined with a combination  

nelectrode (Jenway). A thermostat having accuracy of ± 0.1A Jenway pH-meter, model 3520 

(precision of 0.001) 
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Introduction: 

The acidity or basicity of a compound in a given medium is influenced by both the electronic 

effects of the substituents and the solvent as well as the ionic strength effect of the medium. 

However, in a series of papers [1-2] on the ionic strength dependence of formation constants we 

reported some interesting features of the function log  = f (I), where  and I refer to the 

formation or protonation constants and the ionic strength of the media, respectively. In particular, 

all the formation constants seem to follow the same trend as a function of ionic strength, if 

allowance is made for the different types of reaction stoichiometry and for the different charges 

of the reactants and the products. In determining a formation constant at a fixed ionic strength, in 

all cases, some uncertainties are always present. This fact is mainly due to the uncertainties in 

numerical values of stability constant. 

The present work deals with the study of protonation constant of benzohydroxamic acid in 

different ionic strengths ranging from 0.1 to 0.7 mol dm-3 sodium chloride. The parameters 

which define this dependency were analyzed with the aim of obtaining further information with 

regard to their variation as a function of charges involved in the complex reaction. Moreover, a 

general equation was established for the dependence of formation constant on ionic strength. 

This equation gives the possibility of estimating a formation constant of a fixed ionic strength 

when its value is known at another ionic media in the range of 0.1  I  0.7  mol dm-3 (NaCl) and 

therefore may give a significant contribution of solving many analytical and speciation problems.  

Experimental:
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All measurements were performed at 25 C and different ionic strengths (0.1 - 0.7 mol dm-3 

sodium chloride). The electromotive force was measured using a Metrohm model 781 pH ion-

meter. All titrations were carried out in a 80 mL thermostated double-walled glass vessel. The 

protonation constants were evaluated from measurements of the emf by titration of a 25 mL 

benzohydroxamic acid (2.0-5.0 10-3 mol dm-3) solution with a 0.1 mol dm-3 sodium hydroxide 

solution both in the same ionic strength. The measured emf from the potentiometric titration was 

conducted using the computer program (Microsoft Excel Solver and Linest). 

 

Results and Discussion:

The dependence of the protonation constant on ionic strength can be described by a semi-

empirical equation as: log K(I) = log K(I*) – f(I) + CIwhere f(I) = Z*AI1/2/(1 +BI1/2), K(I) and 

K(I*) are the protonation constant of the actual and the reference ionic media, respectively. A is 

the parameter of Debye-Hückel equation, (A = 0.5115 at 25 C), Z* = (charges)2
reactants - 

(charges)2
products, C is an empirical parameter that its value is considered, and B is set equal 

to1.5 (a small error in fixing B is absorbed in the linear term C. Results of a series of 

investigations done by many researchers have showed that, when all the interactions occurring in 

the solution are considered, in the range 0  ionic strength  0.7, the empirical parameters are 

dependent on the stoichiometry of the formation reaction. If an approximate value of C is known, 

the protonation constant can be determined for the variation of ionic strength from I* to I by the 

equation log K(I) = log K(I*) – f(I, I*) + C(I- I*) (1) where f(I, I*) = Z*A[I1/2/(1 + 1.5I1/2) – I* 
1/2/(1 + 1.5I* 1/2)] I and I* are the ionic strength of the solution by appropriate electrolyte. A 

preliminary analysis of the data showed that if a fixed value is assigned to C, the fit with eq 1 is 

not always good over the whole range of ionic strength from 0.1 to 0.7 mol dm-3. This equation 

may be useful for small changes of ionic strength, but a better fit is obtained by adding a further 

term of the from DI 3/2 (D is another adjustable parameters). Therefore the data were fitted to the 

eq 2.log K(I) = log K(I*) – f(I, I*) + C(I – I*) + D(I3/2 – I* 3/2) (2) The parameters for the 

dependence on ionic strength (C and D) were calculated by the fitting method and will be 

discussed.  
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Introduction: 

The viscosity, particularly that of liquid mixtures, is required in most engineering calculation 

involved in the process, design in the petrochemical, petroleum, chemical and other chemical 

related industries.It is a thermo-physical property that is often embedded in equipment and 

process models.  

There are a lot of equation to predict the viscosity of binary mixtures including McAllister, 

Tamura and Kurata and McLaughlin [1], but viscosity prediction by using these equations 

required more information. In this paper we present very simple models to predict viscosity of 

binary mixtures. 

 

Theory and Method:   

Several semi-empirical relations have been proposed to estimate the dynamic viscosity  of 

liquid- mixtures in terms of pure- component data. We are examining equations of Kendall and 

Monroe [2], Hind et al [3], and the Arrhenius equation [4]. 

The equation of Kendal and Monroe which has no adjustable parameter is expressed as [2]:

                                                                                        (1)  

Hind et al, proposed the following equation [3]:                (2) 

 is attributed to unlike pair interaction it is approximately equal to 0.5(  , Arrhenius, 

proposed the following equation [4]:                             (3)                   
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is the mixture's viscosity,  respectivly are the viscosity and mole fraction of 

component 1 and 2. 

 

Results and Discussion: 

We used equations (1) to (3) for calculating viscosity of 53 binary mixtures. The average 

absolute deviation (%AAD) results of Arrhenius obtained %9.842 ,for  Kendall & Monroe 

obtained %13.673, while the AAD% for Hind equation by using  geometric mean and arithmetic 

mean is % 3.692  ,% 3.3. 

 

Conclusions: 

Hind et al equation gave more satisfactory results, because Hind et al equation has geometric 

mean and arithmetic mean of %3.696 and %3.35. Hence we can apply the Hind equation for 

prediction the viscosity of wide range of mixtures with good accuracy. 

 

Reference:  

[1] Oswal. S. L, Desai, H. S, Studies of viscosity and exess molar volume of mixtures, Fluid 

phase Equilib; 149, 359-376, 1998.  

[2] Kendall .J, Monroe. K. P, Studies of viscosity and excess molar volume of binary mixtures, 

Fluid phase Equilib; 149, 359-376, 1998. 

[3] Hind R. K.  , McLaughlin.  E , A.R. Ubbelohde, Studies of viscosity and excess molar 

volume of binary mixtures, Fluid phase Equilib; 149, 359-376, 1998. 

[4] J. Iraving, Viscosity measurement and modeling of lipid-Supercritical carbon dioxide 

mixtures, J. Super. Fluids ; 11, 151-162, 1998. 

 

 

 

 

 

 



1693

n-octanol/water partition coefficient and solubility measurements of 

propranolol and atenolol at different temperatures 
 

M. Mohsen-Niaa*, A.H. Ebrahimabadib, B. Niknahada 

aThermodynamic Research Laboratory, University of Kashan, Kashan, Iran 
bEssentail Oils Research Center, University of Kashan, Kashan, Iran 

E-mail: m.mohsennia@kashanu.ac.ir 

 

Keywords: Propranolol, Atenolol, Partition coefficient, Solubility, Activity coefficient model 

 

Introduction: 

Propranolol is a non-selective beta blocker mainly used in the treatment of hypertension. 

Atenolol is a drug belonging to the group of drugs used primarily in cardiovascular diseases. The 

information obtained from the partitioning behavior of drugs in simple hydrophobic/hydrophilic 

systems such as n-octanol/water system can be used for prediction of the drug partitioning 

behavior in realistic biological membranes. The partition coefficient between n-octanol and 

water is defined as the ratio of the equilibrium concentrations of the test chemical in n-octanol 

saturated with water and water saturated with n-octanol and expressed as the logarithm of 

partition coefficient. The NRTL and UNIQUAC activity coefficient models were used for 

correlating of the equilibrium drugs concentrations in the n-octanol and water phases. The 

influence of temperature on the solubility is also discussed [1-2]. 

 

Materials and methods: 

Propranolol and atenonol obtained from Tolid Daru Pharmaceutical Co., Iran. n-Octanol was 

supplied by Merck Co. Inc., Germany. n-Octanol and water were mutually saturated before 

performing the experiments. Stock aqueous solutions of propranolol or atenolol were prepared. 

Then n-octanol was added to specific volume of the aqueous solutions of propranolol and 

atenolol in glass flasks. The samples were maintained at a constant temperature with a 

temperature-controlled water bath. To determine the solubility of drugs, the calibration curves of 

drugs were established by using the standard solutions in the appropriate concentration range in 
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n-octanol and Water. For each measurement, an excess mass of drug was added to a known mass 

of solvent, the analysis of the saturated solutions was carried out by UV spectrophotometer. 

 

Apparatus:  

The used UV spectrophotometer was Cintra6, GBC, Australia. The temperatures were controlled 

by Lauda ecoline re 206, thermostat water bath with an accuracy of ± 0.01 K.  

 

Result and discussion:  

The experimental equilibrium concentrations data at 298.15, 310.15 and 314.15K for the studied 

systems were determined by measuring the UV absorbance. The measured n-octanol/water 

partition coefficients at the different temperatures are 3.12±0.14 and 0.16±0.01 for propranolol 

and atenolol, respectively. The equilibrium concentrations data were correlated by the NRTL and 

UNIQUAC activity coefficient models. The variation of solubility with temperature was 

determined, solubility linearly increased with the increase in temperature. 

 

Conclusion:  

Propranolol is a liphophobic molecule and has a high partition coefficient. Atenolol has 

lipophilic and hydrophobic groups, so, there is not a significant difference between its solubility 

in n-octanol and water phases. Therefore the partition coefficient of atenolol is very lower than 

propranolol at the studied temperatures. The NRTL and the UNIQUAC models satisfactorily 

correlate the experimental equilibrium data however the NRTL model was more suitable for the 

studied system. 
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Introduction: 

The studies of thermodynamic and transport properties of binary liquid solutions 

contribute to the understanding of the intermolecular interactions existing among the 

different species in a solution and provide valuable information about changes with respect 

to composition and temperature. In this work, density, viscosity and excess molar volume 

of (ethanol + diethylenetriamine) was determined, because mixtures of alkanols with 

amines are interesting for a number of scientific reasons, mostly connected with the 

formulation of and testing of models to predict the properties of associating fluids, since 

the binary system under study is composed of an associating molecules of the alcohol and 

amines [1]. Ethanol is of interest in their own right and serve as simple examples of 

biologically and industrially important amphiphilic materials [2]. 

 

Materials and methods: 

Diethylenetriamine were supplied by Fluka. The purity was higher than 97%. Ethanol were 

supplied by Merck, purity  99.9 % GC. densities and viscosities for ethanol + 

Diethylenetriamine were measured over the  whole composition rane at 298.15, 303.15 and 

308.15 K and at atmospheric pressure. From the experimental data, the excess molar 

volume,VE
, over the entire range of composition were calculated. 

 

Apparatus: 

 The mass measurements were made on a single pan Mettler balance with an accuracy of ± 

0.01 mg. Density ( ) measurements of pure components and binary mixtures over the 
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complete composition range were carried out using Anton Paar oscillating U tube 

densitometer (DA 500) with ± 10-4 g·cm-3 accuracy. The kinematic  viscosity was 

measured with Ubbelohde viscometer with a Schott-Geräte automatic measuring unit 

model AVS 400. 

 

Result and discussion: 

The values of viscosity was measured and indicated in figure 1. This figure shows that 

viscosity decrease with increasing temperature and increase with increasing DETA mole 

fraction. This behavior is ascribed to a degree of self association among the DETA 

molecules are more than the degree of hetero association between DETA and ethanol 

molecules. Moreover, the excess molar volume, ( ), was calculated from the 

experimental density measurement according to the following equation [3] and indicated in 

figure 2. :          

Where is the density of the mixture and X1, 1, M1, X2, 2, M2, are the mole fraction, 

densities and molecular , weights of component 1 and 2, respectively. It is clear that the 

values of the excess molar volume are negative and are significant at each temperature 

throughout the entire composition range for DETA + ethanol mixture. moreover, the 

maximum absolute excess molar volume for a (DETA + ethanol) is observed in the 

ethanol-rich region of the solution. Strong interaction between solute and solvent 

molecules as well as packing effect, are two main point of VE values. 

 
Fgure 1. plot viscosity of mixture against DETA 

mole fraction  

Figure2. plot of excess volume of mixtures against DETA 

mole fraction  
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Conclusion: 

Densities and viscosities of diethylenetriamine with ethanol were determined over the 

whole concentration rang and temperature of 298.15, 303.15 and 308.15 K. these values 

decrease with increasing temperature. From the density value, excess molar volume was 

calculated that showed the negative results. 
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Introduction: 

The protonation constants of caffeic acid have been determined in 10–80% (v/v) metanol-water 

mixtures  at 25 °C and constant ionic strength (0.1 mol L–1 sodium perchlorate) by 

potentiometric technique and calculated using a suitable computer program which employs a 

nonlinear least- squares method. The effect of solvent composition on the protonation constants 

in the mixed solvents were correlated with the Kamlet-Taft solvatochromic parameters ( ,  and 

*). It was shown that logK1 logK2 values of caffeic acid increases with increasing metanol 

content up to 50% and then tend to decrease. Further, more an over-view of the effect of 

preferential solvation and solvent structure of electrolytes in metanol-water mixtures on the 

values of the protonation constants in these media were also discussed. caffeic acid is determined 

in  different aqueous solutions of 1- metanol. 

 

Materials and methods: 

Potentiometry titration is a well known reference method for pKa determination, and it can be 

easily used in organic or hydroorganic solvents. To evaluate the protonation constants, first the 

calibration of the potentiometer and the electrodes should be performed by Gran’s method. The 

measured emf values in the potentiometric titration of the compound in the different aqueous  

solutions of 1- metanol are conducted with a suitable computer program for data treatments using 
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a fitting method. All measurements were performed at 25 C and constant ionic strength of 0.1 

mol dm-3 sodium chloride. 

in all cases, the procedure was repeated at least three times and the average values and the 

corresponding deviations from the average are reported in this work. 

      

Apparatus: 

A Jenway pH-meter, model 3520 (precision of 0.001 units of pH), was used for pH 

measurements.The hydrogen ion concentration was determined with a combination electrode 

(Jenway). A thermostat having accuracy of ± 0.1°C maintained the temperature of the 

potentiometric cell. [Model: EX.1200-30-6 STH, this oven is made in Iran]. 

  

Result and discussion: 

The protonation constant values of caffeic acid have been determined According to the obtained 

results, increasing the amount of the organic solvent reduces the dielectric constant in the 

aqueous-1-metanol  mixtures and so, in accordance with the Born equation the protonated 

species of the caffeic acid are  expected to be more stable in media with lower dielectric 

constants. When electrostatic effects  predominate, a plot of log K versus the reciprocal of the 

dielectric constant of the media should be linear.Previously, we have reported [1-2] that the 

dielectric constant alone cannot serve as a quantitative  measurement of the solvent polarity. This 

property is often inadequate, since the dielectric constant description considers a solvent to be an 

unstructured continuum, not composed of individual solvent  molecules with their own solvent-

solvent interactions, and does not take into account specific solute-solvent interactions. In this 

work, we have used the method was introduced by Kamlet, aboud, and Taft (KAT). The KAT 

equation contains separate terms for non-specific as well as specific solute-solvent interactions. 

Finally, the dependence of acid-base equilibria on solvent composition will be discussed from 

the determined coefficients of KAT parameters.  

 

Conclusion:   

In this work, the protonation constants of some caffeic acid have been determined in metanol -

water mixture of varying compositions (10–80% etanol by volume). It is very difficult to 
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interpret the logK variations of the caffeic acid studied by only macroscopic parameters of the 

metanol-water mixtures. It is known that one of the most important factors determining the 

equilibrium constants is the reaction medium, so, the solvent effect on protonation constants 

could be explained on the basis of dielectric constant of the medium, solvent structure, 

preferential solvation, and microscopic parameters (as Kamlet-Taft solvatochromic parameters). 

A Jenway pH-meter, model 3520 (precision of 0.001units of )was used for pH measurements. 

The hydrogen ion concentration was determined with a combination  nelectrode (Jenway). A 

thermostat having accuracy of ± 0.1A Jenway pH-meter, model 3520 (precision of 0.001) 

 

 Reference:  

 [1] A, Shamel.; F, Jaberi.; F, Gharib. J. Chem. Eng. Data; 55, 5176-5181,2010. 

 [2] M, Jabbari.; F, Gharib. J. Sol. Chem; 40, 561-574,2011. 
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Introduction: 

Thermodynamic stability term, frequently used when the comparison between systems, chemical 

reactions, and chemical products are studied. But it seems there is no mathematical criterion to 

be specified for concept of stability and the most stable system. 

In this study an attempt made to express thermodynamic stability term clearly and 

accurately based on mathematical view using the previous literatures. Thus to provide a 

quantitative expression redefines and study the convexity. 

 

Methods 

The convexity of the internal energy is an important property directly related to the stability of 

thermodynamic system at equilibrium [1]. A convex set contains all the points of any line 

segment joining two points of the set. 

  In the figure, ADC the straight line is a convex set but ABC the curve is not. It is clearly 

observed that D lies between AC of course for a straight line. The systems located on this line 

would be thermodynamically stable [2]. For such systems it is proven that: 
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where F is free Helmholtz energy and �T is isothermal compressibility [3].  
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Introduction: 

Knowledge of the physicochemical properties of the solvent, to understand the intermolecular 

interactions between solute-solvent and also solvent-solvent molecules, is required for proper 

bench work. These interactions generate new solvent properties that are absent in the pure  

solvent molecules which leading to phenomena such as preferential solvation that makes the 

nature of solute–solvents more complex. The pKa value is a key parameter to predict the 

dissociation state of a molecule with respect to pH. Many compounds are sparingly soluble in 

water and any experimental pKa determination requires the use of an organic or hydro-organic 

solvent. Mixtures of water and organic solvent, mainly methanol, ethanol, or 1-propanol, are 

usually employed. In the present work, the protonation constants of picolinic acid is determined 

in  different aqueous solutions of ethanol. It has been proposed that the tryptophan metabolite 

picolinic acid (pyridine-2-carboxylic acid) has a physiological role in the absorption of zinc. 

Picolinic acid, in common with its organic derivative ethyl picolinate, is a bidentate chelating 

agent of divalent  metals [1-6]. 

 

Materials and methods: 

Potentiometry titration is a well known reference method for pKa determination, and it can be 

easily used in organic or hydro-organic solvents. To evaluate the protonation constants, first the 

calibration of the potentiometer and the electrodes should be performed by Gran’s method. The 

measured emf values in the potentiometric titration of the compound in the different aqueous  

solutions of ethanol are conducted with a suitable computer program for data treatments using a  



1704

fitting method. All measurements were performed at 25 C and constant ionic strength of 0.1 mol 

dm-3 sodium chloride. 

 

Apparatus:

A Jenway pH-meter, model 3520 (precision of 0.001 units of pH), was used for pH 

measurements.The hydrogen ion concentration was determined with a combination electrode 

(Jenway). A thermostat having accuracy of ± 0.1°C maintained the temperature of the 

potentiometric cell. [Model: EX.1200-30-6 STH, this oven is made in Iran]. 

  

Result and discussion: 

The protonation constant values of picolinic acid have been determined according to the obtained 

results, increasing the amount of the organic solvent reduces the dielectric constant in the 

aqueous ethanol  mixtures and so, in accordance with the Born equation the protonated species of 

the picolinic acid are  expected to be more stable in media with lower dielectric constants. In this 

work, we have used the method was introduced by Kamlet, Aboud, and Taft (KAT). The 

coefficients of KAT parameters, ,  and * are different with each other and are almost in the 

order of  > * > . The multiple regression analysis of the data in different ranges of ethanol 

lead to the following preliminary conclusions: I) The protonation constants are strongly 

influenced by the specific solute-solvent interactions as indicated by the percentage contribution 

of  �and  parameters. II) Among the solvatochromic parameters of the solvent mixtures, the 

hydrogen bond accepter basicity parameter of the solvent is the most important, the hydrogen-

bond donor acidity parameter and the polarity parameter play relatively small roles in variation 

of protonation constants of the picolinic acid. 

Finally, the dependence of acid-base equilibria on solvent composition will be discussed from 

the determined coefficients of KAT parameters.  

 

Conclusion:   

In this work, the protonation constants of some picolinic acid have been determined in ethanol -

water mixture of varying compositions (10–50% ethanol  by volume). It is very difficult to 

interpret the logK variations of the picolinic acid studied by only macroscopic parameters of the 
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ethanol-water mixtures. It is known that one of the most important factors determining the 

equilibrium constants is the reaction medium, so, the solvent effect on protonation constants 

could be explained on the basis of dielectric constant of the medium, solvent structure, 

preferential solvation, and microscopic parameters (as Kamlet-Taft solvatochromic parameters).  

 

 Reference:  

 [1] http://www.hbci.com/wenonah/hydro/picolia.htm. 

 [2] M. Jabbari.; F. Gharib. ; Acta Chim. Slov; 57, 325–331,2010. 

 [3] F. Gharib; F. Sadeghi; Appl.Organomet. Chem; 21, 218–225,2007. 
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Introduction: 

Room temperature ionic liquids (ILs) often show very useful properties such as high viscosity 

and density, high thermal stability, chemical stabilities and wide electrochemical windows. [1] 

ILs is in its infancy, it is necessary to characterize the pure ILs by their physicochemical 

properties including their transport properties as such information allows us to determine their 

use in industrial processes [2-3]. We have determined the densities and viscosities and of some 

metallic ILs. In this paper, we have considered the [Bu3N Bn] cation and the metal chloride 

[MClm] anion, which were synthesized for the first time in our laboratory. The density, dynamic 

viscosity, refractive index, surface tension and electrical conductivities determined at the 

temperature range from 298.15 to 363.15 K with high accuracy. 

 

Materials and methods: 

Tributylamine was purchased from Sigma- Aldrich. Ethylenglicol, AlCl3, FeCl3, ZnCl2, SnCl4 and 

CuCl2 were purchaced from Merck (>99%). The purity of the Ethylenglicol was verified by 

measuring the viscosity ( ), densities ( ), refractive index (nD), surface tension ( ) and electrical 

conductivity, which were in good agreement with the literature values. The purity of the sample 

was further confirmed by, FT-IR and Mass spectroscopy. 

 

Apparatus: 

The dynamic viscosities ( ) of these ILs were measured with a model LVDV-I PRIME digital 

Brookfield Co. Product. The surface tension of the ILs was measured with a KRUSS-K9 
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tensiometer by the ring method. Refractive indexes of the ILs were determined by using a 

refractometer supplied by SUR BERLIN. The apparatus was calibrated with ethanol. 

 

Result and discussion: 

The density, refractive index, electrical conductivity, dynamic viscosity, and surface tension data 

for the ILs were measured as a function of the temperature at atmospheric pressure at 298.15 K. 

This result confirms the good purity of the IL synthesized in our laboratory. In this case, 

viscosity decreases with increased temperature but, the density of ILs studied decrease nearly 

linearly with increasing temperature, but at a rate less than viscosity. The structures of all ILs 

synthesized in the present study were characterized using FT-IR, and elemental analysis 

(CHNS), and the results confirmed the desired structures. 

                            
  

Fig: 1. Plot of the density (  )as a function of                   Fig: 2.Ttemperature dependence of dynamic viscosity ( ) 

For four RTILs                    for four RTILs. 

 

Conclusion: 

The data of physical properties on ILs are essential for both theoretical research and industrial 

application. The establishment of the databases in this respect will definitely promote the 

research and development of ILs. Thus, in this work, we have carefully measured several 

important physical properties of ILs [ Bu3N Bn] - MClm (MClm = AlCl4, FeCl4, ZnCl3, SnCl5, 

CuCl3) over a wide range of temperature. Obviously, much more attention should be paid on the 

measurement of physicochemical properties of ILs. 
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Introduction: 

Ionic liquids (ILs) are fascinating materials: salts with a melting point below 100°C, some even 

liquid at room temperature [1-3] due to their physical properties (low vapor pressure, high 

thermal and electro-chemical stability, high ion conductivity, and a good solvation ability)[2]. 

Our research on ILs focuses mostly on thermophysical properties of ILs. In spite of importance 

of properties of ILs in different applications, a small number of thermophysical data is available 

in the literature. The main aim of this project is to reporte these materials. ILs was synthesized 

for the first time in our laboratory. This is important on its own, but also from a technological 

point of view in order to advance a rational development of IL related applications. It is crucial 

to understand how physico-chemical properties depend on molecular level properties like 

structure, interactions, and dynamics. 

 

Materials and methods: 

Tributylamine, was purchased from Sigma- Aldrich. DMSO (>99% of purity), Sulfuric acid 

(98%) and nitric acid (78%) and phosphoric acid (99%) and Choleric acid (37%) were purchased 

from Merck. The purity of the DMSO was verified by measuring the viscosity ( ), refractive 

index (nD), surface tension ( ), Electrical conductivity, densities ( ) and pH which were in good 

agreement with the literature values. The purity of the ILs was further confirmed by FT-IR and 
1H-NMR spectroscopy. 

 

Apparatus: 
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phosphate over a wide range of temperature. Obviously, much more attention should be paid on 

the measurement of physicochemical properties of ILs.  
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Introduction 

Equations of state are used for calculation of thermodynamic properties and phase behavior of 

fluids. One of the applications of equation state is calculation of spinodal density. The spinodal 

density is the locus of vanishing first derivative of isotherms, 0
T

p . In this work by using 

of proposed equation of state [1] which is expressed in terms of reduced variables, we calculated 

spinodal density in subcritical region for liquid argon. This equation is expressed in the 

following nondimensional form 

 –[1+ ][1-                                                                                                 (1) 

where A and B are defined [1,2] : 

               ,                                       (2) 

We will denote the reduced spinodal densities by zsl where cslslz /   is the spinodal density of 

the liquid. It should be noted that 
cTT

slz 1lim  since the spinodal curve shares the same tangent 

with the critical isotherm at the critical point.  

 

Calculation method 

In the subcritical region of density and temperature, the temperature dependence of parameters 

must be known. To find this dependency we assumed the following relation: 
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Conclusion 

The temperature dependence of coefficients ,  (k=sl, sv) determine the 

temperature dependence of the spinodal curve and vice versa. Using equation of state, spinodal 

density can be calculated. The obtained results show calculated spinodal density has more 

acceptable representation near critical point.  
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Introduction: 

    Despite the extensive studies on thermodynamic properties of binary mixtures of alcohols [1-

3], so far relatively less attention has been given to the mixtures containing an aromatic alcohol. 

Accurate information about the real behavior of these systems is very important for synthesis and 

design of chemical processes, so efforts have been made to overcome this lack of data. Benzyl 

alcohol was chosen for the present study because, except for its usage in perfumery, it is widely 

used in microscopy as the embedding material. Benzyl alcohol is also important as a solvent for 

gelatin, cellulose acetate, and shellac and in pharmaceutical applications as an antimicrobial 

agent. 

 

Materials and methods:  

    Densities and speeds of sound for pure liquids and their binary mixtures were measured using 

an Anton Paar DSA 5000 vibrating u-tube densimeter and sound analyzer, with a certified 

precision of 61 10 g·cm-3 and ±0.1 m·s-1, respectively. Before the measurements, all the 

components were partially degassed (20 min) using an ultrasound (MISONIX Ultrasonic Liquid 

Processors). Solutions were prepared by mass using an analytical balance (SartoriusTE124S) 

with a precision of 41 10  g and kept in sealed flasks. The experimental uncertainties in the 

density and speed of sound are estimated to be better than 65 10  g cm-3 and ±0.05 m s-1, 

respectively.   
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Results and Discussion: 

In the present study, the composition and temperature dependence of volume and compressibility 

changes upon mixing for binary mixtures Benzyl alcohol with tert-butanol, 1, 2-butandiol and 2-

methyl-1-butanol were investigated using densimeter DSA 5000 (Anton Paar, Austria). Densities 

and speed of sound were measured over the entire range of composition and at six temperatures 

25°C, 30°C, 35°C, 40°C, 45°C, and 50°C and ambient pressure. The excess properties were 

calculated using the experimental data points and fitted with the Redlick-Kister type equation. 

Further the effect of temperature on excess properties was also investigated. The experimental 

densities and speed of sound of pure liquids of this work agree well with those reported in 

literature. This agreement gives a verification of the results obtained by the densimeter. Further, 

the excess molar volumes, Vm
E, were calculated from the experimental densities for pure and 

mixtures. Typically, the below Figure shows the experimental excess molar volume as a function 

of the benzyl alcohol mole fraction (x1) for [benzyl alcohol + tert-butanol] mixture at three 

temperatures.  

 
Conclusion:                            

    As outlined earlier all systems under study showed non-ideal behavior. This non-ideality can 

be explained by two factors intermolecular forces in the mixture and enhanced rigidity. The main 

source of intermolecular interactions comes from hydrogen bonding between the components 

and also interaction between � electrons of benzene ring and proton of alkanols.  
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Abstract: 

In this work , we determined the stability parameters of -Lactalbumin in presence of 

cetylpyridinium  chloride  (CPC) and hexadecyl  trimethyl  ammonium  bromide (HTAB) as 

cationic surfactants. The experiments took place over the temperature range of 298 K  to 318 K. 

For each transition curve at any specific temperature , the conventional method of analysis , 

which assumes a linear concentration dependence of the pre- and post- transitionbase lines , gave 

the most realistic values for G (H O). 

 

Keywords :  -Lactalbumin , Surfactant , Denaturation , Protein stability 

 

Introduction: 

-Lactalbumin is a small metallo protein that exists in mammalian milk. As a regulatory subunit 

of  lactose synthase system[1] . Recently , the intraction of -LA with all clasess of surfactants 

was studied by Daniel E.Otzen [2]. 

Here , we show that the sigmoidal transition curves were obtained for -LA due to its intraction  

with CPC and HTAB . This enables us to evaluate the thermodynamic stability of -LA at each 

temperature. 

 

Methods: 

The concentration of -LA was determined experimentally by using the value of 29210 

M¯¹.cm¯¹ for the molar absorption coefficient( ) at 280 nm. For optical measurements ,all 
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solution were prepared in 50mM phosphate buffer at pH=8.0. The device used a Lambda35 

spectropolarimeter equipped with a temperature control peltier 6+6 . 

 

Results and discussion: 

The Gibbs free energy of denaturation , G , was calculated as a function of CPC and  HTAB 

concentration by assuming a two-state mechanism[3,4] and using the following equation [5]: 

 G = -RT lnK = -RT ln(F /(1-F )) = -RT ln [(Y  - Y )/( Y  - Y )]                (1) 

The G  was plotted against [denaturant] and a linear least-squares analysis was used to fit the  

G  and [denaturant] data to the following relation [6]: 

G  = G (H O) - m[denaturant]                                                                                (2)           

For example , the CPC estimates shown in table1. 

Table1: 

Parameters characterizing the CPC denaturation for  -Lactalbumin at various temperatures. 

T / K m / (kj.mol¯¹.M¯¹ ) G (H O)/(kj.mol¯¹) 

298 858 . 10¯³ 10.29 

308 928 . 10¯³ 13.88 

318 776 . 10¯³ 10.40 
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Introduction:  

Osmolytes are cosolvents that are used to protect organism from harsh environmental stresses. 

These molecules stabilize proteins, not interacting with them directly but altering the solvent 

properties of surrounding water and hence protein-solvent interactions [1].their effect seems to 

be general for all proteins. Those having enhancing effect on protein functions are called 

counteracting osmolytes and those having no inhibitory or enhancing effect are called compatible 

osmolytes [2]. There are various mechanisms that have been used to explain the observation on 

the effect of osmolytes on the protein denaturation equilibrium, native (N) state  denatured (D) 

satte [3]. The most widely used mechanism is due to Timasheff. Small proteins tend to exhibit 

all-or-none transitions between their native and unfolded forms in equilibrium. This holds 

particularly for equilibrium conditions, while in kinetic measurements there may be folding 

intermediates, or temporary off-pathway misfolding events. Such all-or-none transitions are 

characterized by a shift in population, where fully native proteins are in equilibrium with fully 

denatured proteins. The stability of a protein is defined as the difference in Gibbs free energy 

between the denatured (D) and native (N) state:   °  

 

Materials and methods:  

Beta lactalbumin(Blg) and Betain and sarcosin wase purchased from sigma. each heat-induced 

transition curve was analysed for Tm (midpoint of denaturation) and Hm (enthalpy change at 

Tm) using a non-liner least-squares analysis according to the relation,  
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the analysis of  the transition curve, it was assumed that a parabolic function describes the 

dependence of the optical properties of  the native and denatured protein molecules. a plot of 

Hm versus m gave the value of Cp, the temperature-independent heat capacity change at 

constant pressure. Using values of Tm, Hm and Cp, the value of  at any T, (T) was 

estimated with the help of the Gibbs-Helmholtz equation, 

    

 

Apparatus: 

Thermal denaturation studies were carried out in a Lambda 35 spectropolarimeter equipped with 

a peltier type temperature controller (PTP 6+6) with a heating rate of 1°c/min. 

 

Result and discussion:  

-Lactoglobulin is the major whey protein of ruminant. In the research is done thermal 

denaturation of  -lactoglobulin in the absence and presence of varying concentrations of 

Betain and Sarcosin in the 298 nm and in the temperature range 20-90ºc. Was shown that the 

thermal stability of proteins in the presence of Betain and Sarcosin is increased and against of the 

thermal denaturation and accumulation in an artificial environment, the proteins are protected. 

The results show that increase in concentration of osmolyte, increases °D
 . And whatever  

°D  is more positive, the thermodynamic stability of proteins in the presence of osmolyte ,  

Increasing. 

 

Conclusion: 

We can use of osmolyte to improve the stability of protein in the field of protein manufacturing. 

Stabilizations achieved by additives are simpler and less expensive than stabilization resulting 

from protin engineering. A further advantage is that the stabilizing agent could be added to the 
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protein solution just when desired, for instance during stronger or in the course of a thermal 

treatment. 
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Abtract: 

Liquid–liquid equilibrium data of the solubility (binodal) curves and tie-line end compositions 

are presented for mixtures of [water (1) + formic acid (2) + 1-Heptanol (3)] at 298.15K and 

101.3±0.7 kPa UNIQUAC model. The reliability of the model has been analyzed against the 

LLE data with respect to the distribution ratio and separation factor. The root mean square 

deviation (RMSD) between the observed and calculated mass percents was 0.4885%. 

 

Keywords: Liquid-liquid equilibrium; Tie-line data; Formic acid; 1-Heptanol; UNIQUAC 

model; Separation factor; Distribution coefficient. 

 

Introduction: 

The efficient separation of organic acids from aqueous solutions is an important concept in the 

chemical fermentation industry where many solvents have been tested to improve such recovery 

[1–2]. In this work, 1-Hetanol, a protic and polar aliphatic compound of low vapor pressure is 

used as a solvent in the separation of carboxylic acids from water. Most heavy normal n-alkanol 

solvents used to extract a carboxylic acid show a distribution coefficient less than one [3]. 

Nevertheless, such studies, besides other purposes, are indispensable in calibration and 

verification of analytical models. Liquid–liquid equilibrium (LLE) data for extraction of a 

carboxylic acid from water through heavy n-alkanols is scarce in the literature [4]. In the course 

of the present study, the LLE of the ternary system (water/Formic acid/1-Heptanol) were 

investigated experimentally at T= 298.15 K, and the values for the interaction parameters were 

obtained for the UNIQUAC model. The values of the interaction parameter in the UNIQUAC 
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model with temperature dependent were also investigated for this system. The effect of Formic 

acid addition on solubility of water in 1-Heptanol (organic phase) was also investigated at T= 

298.15 K. 

 

Method: 

The Heptanol and Formic acid were obtained from Merck with mass fraction purities of 0.995 

and 0.998, respectively. The purity of these materials was checked by gas chromatography and 

used without further purification. Distilled water was used throughout all experiments. 

 

Results and discussion: 

Since (formic acid + water) and (1-Heptanol +formic acid) are two liquid pairs that are 

completely miscible and the only liquid pair (water + 1-Heptanol) is partially miscible, the 

ternary system behaves as a type 1 LLE [5]. The area of the two phase region depends on the 

solubility of water in the organic phase. It can be seen that the water solubility in 1-Heptanol is 

extremely low. In order to evaluate the extracting capability of 1-Heptanol for the separation of 

Formic acid from aqueous solutions, the separation factor (S) was calculated.The reliability of 

experimentally measured tie-line data can be determined by applying the Othmer-Tobias and 

Bachman correlation equation. 

 

Conclusions: 

An experimental investigation of equilibrium behavior of the system composed of water/Formic 

acid/1-Heptanol was carried out at T=298.15 K. The UNIQUAC model was used to correlate the 

experimental LLE data. The optimum UNIQUAC interaction parameters between water, Formic 

acid, and 1-Heptanol were determined using the experimental liquid–liquid data. The RMSD 

value between the observed and calculated mass percents with a reasonable error was 2.58% for 

the UNIQUAC model. The solubility of water in 1-Heptanol increases with amounts of Formic 

acid added to water + 1-Heptanol mixture. 
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Abstract: 

Ternary equilibrium data for the mixtures of {water + Formric acid + 1-Hexanol} were 

determined at T = 298.2 K and atmospheric pressure. Solubility data were determined by the 

cloud-point titration method. In order to obtain the tie-line data, the concentration of each phase 

was determined by acidimetric titration, the Karl–Fischer technique. The experimental tie-line 

data were correlated using the UNIQUAC model. The reliability of the experimental data was 

determined through the Othmer–Tobias and bachman plot. Distribution coefficients and 

separation factors were evaluated over the immiscibility regions.  

 

 Introduction: 

Precise (liquid + liquid) equilibrium (LLE) data of ternary mixtures are necessary for design and 

simulation of many chemical processes and separation operations [1–2]. In general, type of 

solvent and temperature are the most important factors which influence separation effectiveness, 

immiscibility region and LLE behavior of ternary systems. The pure FA is widely used in food 

and beverage industries, where high purity raw materials are necessary [3].More recently, the 

solubility and tie-line data for the ternary systems consisting of water, FA and organic solvents at 

various temperatures have been reported in our current publications [4]. In this research, 1-

Hexanol was tested as organic solvent for recovery of FA from water. The focus of this study is 

placed on the phase behavior of LLE for ternary system of (Water + FA + 1-Hexanol).The values 
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for the interaction parameters were obtained and the calculated compositions compared with the 

experimental ones. Distribution coefficients (D) and separation factors (S) were determined from 

the tie-line data to establish the possibility of the use of this solvent for the separation of FA from 

water. 

 

Methods: 

1-Hexanol with stated mass fraction purity higher than 0.99 was obtained from Merck. 

Deionized and redistilled water was used throughout all experiments. All materials were used as 

received without any further purification. The purity of the acid was checked through acidimetric 

titration with 1 N NaOH. The water content of the organic phase was measured by the Karl–

Fisher method using Metrohm-870 KF Titrino plus Karl–Fisher titrator. 

 

Results and discussion: 

Since (Formic acid + Water) and (1-Hexanol +formic acid) are two liquid pairs that are 

completely miscible and the only liquid pair (water + 1-Hexanol) is partially miscible, the ternary 

system behaves as a type 1 LLE . The area of the two phase region depends on the solubility of 

water in the organic phase. It can be seen that the water solubility in 1-Hexanol is extremely low. 

In order to evaluate the extracting capability of 1-Hexanol for the separation of Formic acid from 

aqueous solutions, the separation factor (S) was calculated. 

 

Conclusions: 

Solubility and tie-line data for the (water + FA + 1-Hexanol) ternary system were obtained at T = 

298.2 K. The UNIQUAC model was used to correlate the experimental data and to calculate the 

phase compositions of the mixtures studied. The corresponding optimized binary interaction 

parameters were also calculated. The model give relatively acceptable results for the investigated 

system. It is concluded that the solvent and temperature effects on the equilibrium data of the 

investigated systems are slight. The separation factors and distribution coefficients for the 

organic solvent used in this work were calculated. 
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Abstract: 

Liquid-liquid equilibrium (LLE) data including solubility curves and tie-line compositions were 

measured for mixtures of water (1) + formic acid (2) + 1-Octanol (3) at T=298.2 K and 

atmospheric pressure, p = 101.3± 0.7 kPa. The reliability of the experimental tie-line data was 

confirmed by using the Othmer-Tobias and Bachman correlations. The LLE data of the ternary 

systems were predicted by UNIQUAC method. Distribution coefficients and separation factors 

were evaluated for the immiscibility region. 

 

Introduction: 

It is widely used in the textile industry, tanning industry, rubber processing industry, and 

pharmaceutical industry.In the industrial synthesis of formic acid, for example, by the reaction of 

methanol and carbon monoxide and hydrolysis of the methyl formate formed, aqueous solutions 

containing (20 to 50) % acid are always obtained. When concentrated by distillation, these 

aqueous solutions give an azeotrope, so that the formic acid cannot be obtained directly in an 

anhydrous form. Distillation under pressure, extractive distillation, and azeotropic distillation are 

used to concentrate the solutions. These processes are of high-energy consumption. To reduce 

the cost of concentrating acid solutions, extraction can be applied as an alternative [1]. The 

extractions of formic acid equilibria have been studied by some researchers [2, 3]. This study is 

part of a research program on the recovery of carboxylic acids from dilute aqueous solutions 

using organic solvents. The objective of this work is to recover formic acid from dilute aqueous 
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solutions by using environmentally friendly solvent with a high-boiling point. In this paper, LLE 

results were reported for the ternary system water + formic acid+ 1-Octanol at T= 298.2 K, for 

which no such data have previously been published. 

 

Methods: 

1-Octanol with stated mass fraction purity higher than 0.99 was obtained from Merck. Deionized 

and redistilled water was used throughout all experiments. All materials were used as received 

without any further purification. The purity of the acid was checked through acidimetric titration 

with 1 N NaOH. The water content of the organic phase was measured by the Karl–Fisher 

method using Metrohm-870 KF Titrino plus Karl–Fisher titrator. 

 

Results and discussion: 

Since (Formic acid + Water) and (1-Octanol +formic acid) are two liquid pairs that are 

completely miscible and the only liquid pair (water + 1-Octanol) is partially miscible, the ternary 

system behaves as a type 1 LLE. The area of the two phase region depends on the solubility of 

water in the organic phase. It can be seen that the water solubility in 1-Hexanol is extremely low. 

In order to evaluate the extracting capability of 1-Octanol for the separation of Formic acid from 

aqueous solutions, the separation factor (S) was calculated. 

 

Conclusions: 

Solubility and tie-line data for the (water + FA + 1-Octanol) ternary system were obtained at T = 

298.2 K. The UNIQUAC model was used to correlate the experimental data and to calculate the 

phase compositions of the mixtures studied. The corresponding optimized binary interaction 

parameters were also calculated. It is concluded that the solvent and temperature effects on the 

equilibrium data of the investigated systems are slight. The solubility of water in alkohols 

decreases with an increase of carbon chain length. It is shown that formic acid is more soluble in 

the water phase than in the 1-Octanol phase. Separation factors, which are indications of ability 

of the solvent chosen to separate formic acid from water, were found between 5.53 and 15.24. 

The correlation results gave rmsd values of 1.5812 for the systems with 1-Octanol. These 
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comparative data show that the correlation based on UNIQUAC model grants compatible results 

with experimental tie-line data. 
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