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Introduction

Study of the thermodynamic behaviour of a liquid mixture, requires not only a theoretical model, but also numerous and reliable experimental data on thermodynamic excess properties of this mixture. Literature survey shows that excess volume and Prigogine-Flory-Patterson theory, the so-called PFP model, [START_REF] Flory | Statistical thermodynamics of liquid mixtures[END_REF][START_REF] Abe | The thermodynamic properties of mixtures of small. nonpolar molecules[END_REF][START_REF] Prigogine | The Molecular Theory of Solutions[END_REF][START_REF] Patterson | Corresponding states theories and liquid models[END_REF][START_REF] Costas | Volumes of mixing and the P* effect. Part II. Mixtures of alkanes with liquids of different internal pressures[END_REF] are useful tools for investigating liquid mixtures.

Continuing our investigation on volumetric properties of liquid mixtures, [START_REF] Valtz | Volumetric Properties of Binary Mixtures of 1,2-Dichloroethane with Polyethers from[END_REF][START_REF] Benabida | Densities and Excess Molar Volumes for the Binary and Ternary Systems of (1,4-Dioxane, 1-Propanol or 2-Propanol, and 1,2-Dichloroethane) at[END_REF] we are presently focused on 1,4-dioxane + 2-propanol + 1,1,2,2-tetrachloroethane ternary system with the aim to provide new experimental data on volumetric properties for these mixtures and to test the PFP model. [START_REF] Flory | Statistical thermodynamics of liquid mixtures[END_REF][START_REF] Abe | The thermodynamic properties of mixtures of small. nonpolar molecules[END_REF][START_REF] Prigogine | The Molecular Theory of Solutions[END_REF][START_REF] Patterson | Corresponding states theories and liquid models[END_REF][START_REF] Costas | Volumes of mixing and the P* effect. Part II. Mixtures of alkanes with liquids of different internal pressures[END_REF] A survey of the open literature shows that, for 1,4-dioxane + 2propanol mixture, there is few V E data at temperatures inside [288.15 to 318.15] K [START_REF] Benabida | Densities and Excess Molar Volumes for the Binary and Ternary Systems of (1,4-Dioxane, 1-Propanol or 2-Propanol, and 1,2-Dichloroethane) at[END_REF][START_REF] Sharma | Topological investigations of molecular interactions in mixtures containing 1,4-dioxane and alkanols[END_REF][START_REF] Pal | Density and speed of sound for binary mixtures of 1,4-dioxane with propanol and butanol isomers at different temperatures[END_REF][START_REF] Contreras | Densities and Viscosities of Binary Mixtures of 1,4-Dioxane with 1-Propanol and 2[END_REF][START_REF] Dharmaraju | Excess volumes of dioxan + n-propanol, + i-propanol, + n-butanol, + i-butanol, + n-pentanol and + cyclohexanol[END_REF] whereas, for 1,4-dioxane + 1,1,2,2-tetrachloroethane mixture, there is only two reports, once at 303. 15 K 12 and the other, at 293.15 K. [START_REF] Nath | Excess molar volumes, speeds of sound and isentropic compressibility of (1,4-dioxane + trichloromethane, or tetrachloromethane, or 1.1.2.2tetrachloroethane[END_REF] For 2-propanol + 1,1,2,2-tetrachloroethane binary mixture, and 1,4-dioxane + 2-propanol + 1,1,2,2-tetrachloroethane ternary one, there is no V E data report.

Experimental

Materials

CAS registry number, supplier and purity of 1,4-dioxane, 1,1,2,2-tetrachloroethane and 2-propanol are reported in Table 1. The chemicals were used without further purification.

Density measurements for the pure liquids were carried out at the temperature range T = [283.15 to 318.15] K and at atmospheric pressure, and well compared with open literature data [START_REF] Rafiee | Densities and viscosities of binary and ternary mixtures of cyclohexanone, 1,4-dioxane and isooctane from T =[END_REF][15][START_REF] Gilani | Study of intermolecular interactions through dielectric properties of the mixtures consisting of 1,4-butanediol, primary amyl alcohols and 1,4-dioxane at various temperatures[END_REF][START_REF] Ciocirlan | Densities and Excess Molar Volumes of the Binary Mixtures of Cyclopentanone with Chloroalkanes at[END_REF][18][19][20][21][22][23][24][25][26][START_REF] Gheorghe | Volumetric Study for the Binary Nitromethane with Chloroalkane Mixtures at Temperatures in the Range[END_REF] in Table 1. The observed deviations between our experimental density values and the literature data are small and would probably be due to the difference in the origin and purity of the compounds and also to other conditions such as humidity and pressure

Apparatus and procedure

As in our previous work [START_REF] Benabida | Densities and Excess Molar Volumes for the Binary and Ternary Systems of (1,4-Dioxane, 1-Propanol or 2-Propanol, and 1,2-Dichloroethane) at[END_REF] , densities of binary and ternary mixtures and pure liquids, were measured using an Anton Paar vibrating U-tube densimeter (Model DMA-5000), where the temperature was automatically regulated to ± 0.01 K. All the mixtures were carried out by mass using a Metler balance. The ternary mixtures were prepared by adding the third component (1,1,2,2-tetrachloroethane) to fixed mole ratio of 1,4-dioxane (1) + 2-propanol (2) binary mixture. The mole fraction ratio, x 1 /x 2 , has the values; 3, 1 and 1/3. Uncertainties of masse, and density measurements were estimated to be ± 1.10 -3 g, and ± 10 -5 g cm -3 , respectively. For the molar fractions and the excess molar volumes, the calculated uncertainties are of the order ± 10 -3 and ± 4 10 -3 cm 3 mol -1 , respectively.

Results and discussion

Binary mixtures

The experimental values of density for pure components and for binary mixtures were used to calculate the excess molar volumes, using the following equation:

          i n i i i E M x V   1 1 1 (1)
Where, x i, M i and i  are the mole fraction, the molecular weight and the density of the component i. respectively.  is the mixture density. n stands for the number of components.

The experimental values of density, , and of excess molar volumes, V E , for 1,1,2,2tetrachloroethane containing binary mixtures, at all studied temperatures, over the whole mole fraction range, are reported in Table 2. Those for 1,4-dioxane + 2-propanol mixture were reported in our previous work. [START_REF] Benabida | Densities and Excess Molar Volumes for the Binary and Ternary Systems of (1,4-Dioxane, 1-Propanol or 2-Propanol, and 1,2-Dichloroethane) at[END_REF] The experimental V E values are fitted to the Redlich-Kister equation: 28
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The parameters A i in eq 2 are reported in Table 3 along with standard deviations, , calculated by using eq 3:
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Where N is the number of experiments and p the number of adjusted parameters A i Other volumetric properties such as partial molar volumes and excess partial molar volumes of the components, for all the investigated binary mixtures, were calculated over the entire composition range and at infinite dilution, at T = (288.15 and 318.15) K.

The partial molar volume, V i , of a component i, is given by the following equation:
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was obtained by differentiation of eq 2, which leads to the following equations for the partial molar volumes of the components 1 and 2, respectively:
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The excess partial molar volumes,

0 1 1 E 1 V V V   and 0 2 2 E 2 V V V  
are also calculated.

Setting (x 1 = 0) in eq (5) and (x 2 = 0) in eq (6), leads to eqs ( 7) and ( 8), for the partial molar volumes at infinite dilution,  1 V and 

2

V of the component (1) and ( 2) respectively:
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Rearrangement of eqs 7 and 8 leads to eqs 9 and 10, for the excess partial molar volumes of components at infinite dilution,
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For all the binary mixtures, the i 15 and 318.15) K, are reported in Tables 4 and5.

V ,  i V , E i V and  , 1 E V calculated values, for each component i, at T = (288.

Ternary mixture

For the ternary mixture 1,4-dioxane (1) + 2-propanol (2) + 1,1,2,2-tetrachloroethane (3), the excess molar volumes,

E 1 mol cm mol cm -1 3 bin -1 3 x B B B x x x x x V V     (11) 
Where the binary contribution to excess molar volume, E bin V /cm 3 mol -1 , is given by:
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Where E jk V is given by eq 2. The i B adjusted values along with the standard deviations are reported in Table 7.

Our experimental binary V E results, for 1,1,2,2-tetrachloroethane containing binary mixtures, were also illustrated graphically. The V E values, for 1,4-dioxane + 1,1,2,2tetrachloroethane are reported in Fig. 1 together with the literature V E data [START_REF] Krishnaiah | Excess Volumes and Viscosities of 1,4-Dioxane + Chlorinated Ethanes or + Chlorinated Ethenes at T=303[END_REF][START_REF] Nath | Excess molar volumes, speeds of sound and isentropic compressibility of (1,4-dioxane + trichloromethane, or tetrachloromethane, or 1.1.2.2tetrachloroethane[END_REF] for comparison. Fig. 1 shows that this mixture presents negative V E values, over the mole fraction range and at all working temperatures. It can be seen also, that the V E -curves are asymmetrical, slightly skewed toward the chloroalkane high mole fraction, and the V E magnitude decreases as the temperature rises. Fig. 1, shows a good agreement between our V E values and those reported in literature at 293.15 and 303.15 K. [START_REF] Krishnaiah | Excess Volumes and Viscosities of 1,4-Dioxane + Chlorinated Ethanes or + Chlorinated Ethenes at T=303[END_REF][START_REF] Nath | Excess molar volumes, speeds of sound and isentropic compressibility of (1,4-dioxane + trichloromethane, or tetrachloromethane, or 1.1.2.2tetrachloroethane[END_REF] The V E values, for 2-propanol + 1,1,2,2tetrachloroethane mixture, are reported in Fig. 2. This mixture presents sigmoidal-V E curves.

As the temperature increases, the positive V E values increase whereas negative V E values decrease. As far as we know, there is no V E report, for this mixture, in the open literature. The experimental V E results, for 1,4-dioxane + 2-propanol mixture, have been reported in our previous work [7] and well compared with corresponding literature V E data. [START_REF] Sharma | Topological investigations of molecular interactions in mixtures containing 1,4-dioxane and alkanols[END_REF][START_REF] Pal | Density and speed of sound for binary mixtures of 1,4-dioxane with propanol and butanol isomers at different temperatures[END_REF][START_REF] Contreras | Densities and Viscosities of Binary Mixtures of 1,4-Dioxane with 1-Propanol and 2[END_REF] In another hand, various thermo-physical and thermodynamic property data, reported in the literature, [8- 11] shown that the dispersive forces between unlike molecules predominate in the mixture behavior.

It can be seen from Table 6 and in Figs 3 and4, that ternary mixture of 1,4-dioxane (1) + 2-propanol (2) + 1,1,2,2-tetrachloroethane (3) presents positive E 0.135 and x 2 = 0.45, for a value of -0.196 cm 3 mol -1 and a maximum, for 0.005 cm 3 mol -1 , at x 1 = 0.75 and x 2 = 0.25.

The excess molar volume values are the result of several opposing effects and, also, mainly depends upon the balance between a negative contribution to V E , due to the interactions between unlike molecules or to structural effects such as interstitial accommodation or changes in free volume, and a positive contribution to V E , due to the interactions between like molecules or changes in the molecule self-association. So, the negative V E values, presented by the 1,4-dioxane + 1,1,2,2-tetrachloroethane mixture, over the whole composition and working temperature ranges, is due to the predominance of the negative contribution to V E which results from specific intermolecular interactions between unlike molecules in this mixture. It should be pointed out, that this behaviour was reported, for mixtures of 1,4-dioxane with numerous chloroalkanes, by several other authors. [START_REF] Krishnaiah | Excess Volumes and Viscosities of 1,4-Dioxane + Chlorinated Ethanes or + Chlorinated Ethenes at T=303[END_REF][START_REF] Nath | Excess molar volumes, speeds of sound and isentropic compressibility of (1,4-dioxane + trichloromethane, or tetrachloromethane, or 1.1.2.2tetrachloroethane[END_REF][START_REF] Oswal | Viscosities of Nonelectrolyte Liquid Mixtures. I. Binary Mixtures Containing p-Dioxane[END_REF][START_REF] Oswal | Speed of Sound and Isentropic Compressibilities of Nonelectrolyte Liquid Mixtures. I. Binary Mixtures Containing p-Dioxane[END_REF][START_REF] Kennard | Some Systems of Carbon Halides with Dioxane, Pyridine and Cyclohexane[END_REF][START_REF] Fort | Viscosities of Binary Liquid Mixtures[END_REF][START_REF] Guillen | Excess enthalpies and excess volumes of nhexane + and of tetrachloromethane + furan, + 1,4-dioxane, + tetrahydrofuran, and + tetrahydropyran[END_REF][START_REF] Mcglashan | The thermodynamics of associated mixtures. Part 1. Dioxan + chloroform[END_REF][START_REF] Mckinnon | Heats of Mixing of Tetrachloride with Dioxan[END_REF][START_REF] Ott | Solid Compound Formation in the CCl 4 Mixtures of p-Dioxan with CCl 4 , CFCl 3 and CBrCl 3 . Solid-liquid Phase Equilibria in Binary and CFCl 3 Systems[END_REF] The sigmoidal-V E curves, observed in Fig. 2, for 2-propanol + 1,1,2,2-tetrachloroethane mixture, result from the balance between two main contributions to V E values. Once, positive, probably due to the break-up of associates in the pure state, such as the self-association in the pure alcohol and dipole-dipole in the chloroalkane, which is more significant in the chloroalkane-rich region. The second one, the negative contribution, results from the possible formation of specific interactions (OH…Cl) between unlike molecules, and the geometrical fitting of one molecule in the structure of the other, due to the difference in molecular size of the components; the molar volume of 2-propanol, equal to 76.94 cm 3 •mol -1 , is lower than 1,1,2,2-tetrachloroethane molar volume, equal to 105.75 cm 3 •mol -1 , at T = 298.15 K. The negative contribution predominated the V E values in the alcohol rich region. The V E values for the binary mixture of 2-propanol with 1,1,2,2-tetrachloroethane increase as the temperature increases. This may be explained by a possible breaking up of the associations between like and unlike molecules in the mixture as the temperature increases, which produces an expansion in the mixture volume and makes more positive the V E values. Knowledge of the volumetric properties is of great interest for a better comprehension of intermolecular interactions in liquid mixtures. The volumetric properties at infinite dilution, especially, are more informative concerning the solute-solvent interactions in these mixtures.

As it can be seen in Tables 4 and5, for 1,4-dioxane + 2-propanol mixture, both of the components had the same behavior when mixing. So, the partial molar volume values increase. Also, the  V values are strongly negatives. As the temperature increases, the V i , and

 i V
values change in the same way and increase for all binary mixtures. However, the E i V and

 , E i
V values became more negatives for 1,4-dioxane + 1,1,2,2-tetrachloroethane mixture, and increase, for 1,4-dioxane + 2-propanol and 2-propanol + 1,1,2,2-tetrachloroethane binary mixtures, when the temperature rises.

Analysis in terms of the Prigogine-Flory-Patterson theory (PFP model)

Prediction of excess molar volumes, for the presently investigated binary mixtures, was carried out by the Prigogine-Flory-Patterson theory (PFP model) [START_REF] Flory | Statistical thermodynamics of liquid mixtures[END_REF][START_REF] Abe | The thermodynamic properties of mixtures of small. nonpolar molecules[END_REF][START_REF] Prigogine | The Molecular Theory of Solutions[END_REF][START_REF] Patterson | Corresponding states theories and liquid models[END_REF][START_REF] Costas | Volumes of mixing and the P* effect. Part II. Mixtures of alkanes with liquids of different internal pressures[END_REF] in order to test this model.

From the PFP model, the excess molar volume V E expression is given by:
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is the reduced volume of the solution, and is estimated in eq (13) by:
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Where the molecular contact energy fractions, 
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The hard-core volume fractions, 



, given by:
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The molecular surface fraction 2  is defined by:
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Where the ratios 
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of a constituent i, is given by:
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Where the thermal expansion coefficient, i  , is defined by

P o i i i T V V ) ( ) 1 ( 0     (19)
The characteristic pressure and volume, * i P and * i V are defined by:
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Where the isothermal compressibility i T  of a constituent i is given by:
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The values of the parameters, 

κ T = κ S + (α 2 V m T/C p, m ) (23) 
The Newton-Laplace equation was used to estimate the isentropic compressibility values, κ S , for pure components:

κ S = 1 / ρ (u 2 ) (24) The i T
 values, for pure components, were calculated using our experimental density values, , whereas those of speed of sound, u i , and those of heat capacity, C pi , were calculated from literature data. [START_REF] Pal | Density and speed of sound for binary mixtures of 1,4-dioxane with propanol and butanol isomers at different temperatures[END_REF][START_REF] Krishnaiah | Excess Volumes and Viscosities of 1,4-Dioxane + Chlorinated Ethanes or + Chlorinated Ethenes at T=303[END_REF]18,22,[START_REF] Gascon | Density and Speed of Sound for Binary Mixtures of a Cyclic Ether with a Butanol Isomer[END_REF][START_REF] Singh | Densities, speeds of sound, and refractive indices for binary mixtures of 1-butyl-3-methylimidazolium methyl sulphate ionic liquid with alcohols at T =[END_REF][START_REF] Dubey | Density, Speed of Sound, Viscosity, Excess Properties, and Prigogine-Flory-Patterson (PFP) Theory of Binary Mixtures of Amine and Alcohols[END_REF][START_REF] Kumar | Thermodynamics of binary liquid mixtures of cyclopentane with 2-propanol, 1-butanol and 2-butanol at different temperatures[END_REF][START_REF] González | Osmotic coefficients and apparent molar volumes of 1-hexyl-3-methylimidazolium trifluoro methanesulfonate ionic liquid in alcohols[END_REF][START_REF] Iloukhani | Speeds of sound, isentropic compressibilities, viscosities and excess molar volumes of binary mixtures of methylcyclohexane + 2-alkanols or ethanol at T = 298[END_REF][START_REF] Oswal | Speeds of sound, isentropic compressibilities and excess molar volumes of an alkanol + cycloalkane at 303[END_REF][START_REF] Venkatramana | A Study of the Excess Properties of Aliphatic Chlorinated Compounds with Benzylalcohol at Various Temperatures[END_REF][START_REF] Jangra | Excess molar enthalpies for binary and ternary mixtures containing cyclic ether, 2-methylaniline and aromatic hydrocarbons[END_REF][START_REF] Sharma | Densities, Speeds of Sound, Excess Molar Enthalpies, and Heat Capacities of o-Chlorotoluene and Cyclic Ether Mixtures[END_REF][START_REF] Takigawa | Thermodynamic properties of (1,3-dioxane, or 1,4dioxane C a non-polar liquid) at T D 298:15 K; speed of sound, excess isentropic and isothermal compressibilities and excess isochoric heat capacity[END_REF][START_REF] Ijardar | Experimental and theoretical excess molar properties of imidazolium based ionic liquids with molecular organic solvents -I. 1-Hexyl-3methylimidazlouim tetraflouroborate and 1-octyl-3-methylimidazlouim tetraflouroborate with cyclic ethers[END_REF][START_REF] Oswal | Densities, speeds of sound, isentropic compressibilities, and refractive indices of binary mixtures of methyl methacrylate with hydrocarbons, haloalkanes and alkyl amines[END_REF][START_REF] Sastry | Viscosities, speeds of sound and excess isentropic compressibilities of binary mixtures of alkyl alkanoatehydrocarbons at 308[END_REF][START_REF] Dubey | Molecular interactions in binary mixtures of 1-butoxy-2-propanol with alcohols at different temperatures: A thermophysical and spectroscopic approach[END_REF] All the 9. It appears, from this table, that the interactional contribution value is negative for the two systems and is predominant in the case of 1,4-dioxane containing mixture. Graphical comparison of experiment with PFP calculation is given in Fig. 6, for 1,4dioxane + 1,1,2,2-tetrachloroethane mixture, and in Fig. 7, for 1,1,2,2-tetrachloroethane + 2propanol. One can be seen that the agreement is acceptable for 1,1,2,2-tetrachloroethane + 1,4-dioxane whereas the PFP model was failed for 1,1,2,2-tetrachloroethane + 2-propanol. (to be continued) 

Conclusion

Densities and excess molar
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  values rise by comparison with 0 i V values. Then E i V and  , E i V values are positives. For the binary mixture of 1,4-dioxane + 1,1,2,2-tetrachloroethane, the V i values decrease, and the E i V values are negatives, especially at dilute region, where strong negative  , E i V values are observed for both components of this mixture. For 2-propanol + 1,1,2,2tetrachloroethane binary mixture, the components had several behaviors as the composition mixture changes. The partial molar volume values of 2-propanol decrease when this component is mixed with 1,1,2,2-tetrachloroethane, which leads to negative excess partial molar volume values of 2-propanol in this mixture. However, at dilute region, the  values, for 2-propanol, are positives. The partial molar volume values of 1,1,2,2-tetrachloroethane decrease in the 2-propanol rich region and increase with the molar fraction of 1,1,2,2-tetrachloroethane in the mixture. So, the excess partial molar volume values for 1,1,2,2-tetrachloroethane are positives at the 1,1,2,2tetrachloroethane rich region and became negatives for the 2-propanol high mole fraction region, and the  , E i

)

  

  pure components were estimated from the Flory theory, whereas the thermal compressibility, i T  values were obtained using the equation:

P

  values, which were used in PFP calculation, are summarized in Table8. The interchange parameter, χ 12 , was derived by fitting the V E expression (eq 13) to our experimental V E values, at T= 298.15 K. The adjusted values of χ 12 and the calculated three contributions to the V E values at equimolar fraction, are reported in Table

  volumes for 1,4-dioxane + 2-propanol + 1,1,2,2tetrachloroethane ternary mixture and constituent binaries were determined over the whole composition range, at four temperatures inside T = (288.15 to 318.15) K. 1,1,2,2-tetrachoroethane containing binary mixtures presents negative V E values, over the whole composition and temperature ranges, with the 1,4-dioxane, and present sigmoidal-V E curves with 2-propanol. As the temperature increases, the V E magnitude for 1,4-dioxane containing binary mixtures decreases with 1,1,2,2-tetrachoroethane and increases with 2-propanol, The V E values for 2-propanol + 1,1,2,2-tetrachloroethane mixture increase as the temperature increase. The experimental binary and ternary excess molar volume values, were fitted to the empirical equations of Redlich-Kister and of Cibulka, respectively. The Prigogine-Flory-Patterson theory (PFP model) was tested, and the graphical comparison of experiment with PFP calculations, shows an acceptable agreement for the mixture of 1,1,2,2-tetrachloroethane with 1,4-dioxane but the model failed for the mixture of 1,1,2,2-tetrachloroethane with 2propanol. (18) Habibullah, M.; Rahman, I. M.
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 112133435 Figure 1. Excess molar volume, V E , for 1.4-dioxane (1) + 1,1,2,2-tetrachloroethane (2) mixture. at several temperatures. Symbols: Experimental values [(), T=288.15 K; ( 13 ), T= 293.15 K; (), T = 298.15 K; ( 12 ), T = 303.15 K; (), T = 308.15 K; (), T = 318.15 K];
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 617 Figure 6. Excess molar volumes, V E , for 1.4-dioxane (1) + 1,1,2,2-tetrachloroethane (2)

  

Table 1 . CAS Registry Number, Purity and Density () of the Chemicals

 1 M.; Ashraf Uddin, A.; Anowar, M.; Alam, M.; Iwakabe, K.; Hasegawa, H. Densities, Viscosities, and Speeds of Sound of Binary Mixtures of Heptan-1-ol with 1,4-Dioxane at Temperatures from (298.15 to 323.15) K and Atmospheric Pressure. J. Chem. Eng. Data 2013, 58, 2887-2897 Tetrachloroethane, + Trichloroethylene and Tetrachloroethylene at (293.15, 298.15, and 303.15) K for the Liquid Region and at Ambient Pressure, J. Chem. Eng.

	(19)	Tafat-Igoudjilene, O.; Daoudi, H.; Hassein Bey-Larouci, A.; Aitkaci, A.;
	Volumetric properties of binary liquid mixtures of ketones with chloroalkanes at
	different temperatures and atmospheric pressure, Thermochim. Acta 2013, 561, 63-
	71	
	(20)	Iloukhani, H.; Samiey, B.; Studies of Viscosities and Excess Molar Volumes of
	the Binary Mixtures of 1-Heptanol + 1,2-Dichloroethane, + 1,1,1-Trichloroethane, +
	1,1,2,2-Data 2005, 50, 1911-1916
	(21)	Dragoescu, D.; Volumetric and optical properties for some (2-butanone +
	21	
	(24)	Sastry, N. V.; George, A.; Jain, N. J.; Bahadur, P.; Densities, Relative
	Permittivities, Excess Volumes, and Excess Molar Polarizations for Alkyl Ester
	(Methyl Propanoate, Methyl Butanoate, Ethyl Propanoate, and Ethyl Butanoate) +
	Hydrocarbons (n-Heptane, Benzene, Chlorobenzene, and 1,1,2,2-Tetrachloroethane)
	at 308.15 K and 318.15 K, J. Chem. Eng. Data 1999, 44, 456-464
	(25)	Daoudi. H.; Ait kaci, A.; Tafat-Igoudjilene, O. Volumetric properties of binary
	liquid mixtures of alcohols with 1,2-dichloroethane at different temperatures and
	atmospheric pressure. Thermochim. Acta 2012, 543, 66-73
	(26)	Almasi, M.; Sarkoohaki, B. Densities and Viscosities of Binary Mixtures of

chloroalkane) binary mixtures at T = 298.

15 

K, J. Chem. Thermodyn. 2014, 75, 13-19 (22) Ali, A.; Tariq, M. Temperature dependence of excess molar volumes. (δV E = δT) and deviation in isentropic compressibility of binary liquid mixtures of benzene with chloroalkanes. J. Mol. Liq. 2008, 137, 64-73 (23) Sathyanarayana, B.; Ranjithkumar, B.; Savitha Jyostna, T.; Satyanarayana, N.; Densities and viscosities of binary liquid mixtures of N-methylacetamide with some chloroethanes and chloroethenes at T = 308.15 K, J. Chem. Thermodyn. 2007, 39, 16-Cyclohexanone and 2-Alkanols. J. Chem. Eng. Data 2012, 57, 309-316 a Ref 9. b Ref 14. c Ref 15. d Ref 16. e Ref 17. f Ref 18. g Ref 19. h Ref 20. i Ref 21. j Ref 22. k Ref 23. l Ref 24. m Ref 25. n Ref 26. o Ref 27. p Ref 7. q

The pressure for the density measurement was 101.3 kPa; the standard uncertainties, u, are u(T) = 0.01 K, u(p) = 5 kPa and u r (ρ) = 0.0005.

Table 2 . Densities, , in (gcm -3 ) and Molar Excess Volumes, V E , in (cm 3 mol -1 ), for the binary mixtures 1,4-Dioxane (1) + 1,1,2,2-Tetrachloroethane (2) and 2-Propanol (1) + 1,1,2,2-Tetrachloroethane (2) and, at Pressure P = 101.3 kPa and Temperature T= (288.15 to 318.15) K. a

 2 

	x 1		V E		V E		V E		V E
		T/K = 288.15	T/K = 298.15	T/K = 308.15	T/K = 318.15
			1,4-Dioxane (1) + 1,1,2,2-Tetrachloroethane (2)		
	0.000	1.60277	0.000	1.58720	0.000	1.57163	0.000	1.55607	0.000
	0.025	1.59150	-0.022	1.57615	-0.032	1.56075	-0.039	1.54531	-0.044
	0.050	1.58046	-0.053	1.56524	-0.067	1.54997	-0.078	1.53466	-0.088
	0.150	1.53437	-0.137	1.51970	-0.169	1.50496	-0.198	1.49018	-0.225
	0.250	1.48614	-0.208	1.47199	-0.254	1.45777	-0.297	1.44347	-0.337
	0.350	1.43496	-0.232	1.42131	-0.289	1.40758	-0.342	1.39376	-0.392
	0.452	1.38012	-0.224	1.36695	-0.287	1.35369	-0.347	1.34034	-0.402
	0.500	1.35363	-0.211	1.34067	-0.276	1.32762	-0.337	1.31448	-0.393
	0.550	1.32503	-0.182	1.31228	-0.246	1.29944	-0.307	1.28650	-0.363
	0.650	1.26613	-0.137	1.25377	-0.198	1.24131	-0.254	1.22878	-0.307
	0.750	1.20448	-0.076	1.19245	-0.126	1.18036	-0.173	1.16819	-0.216
	0.850	1.14050	-0.042	1.12879	-0.077	1.11702	-0.108	1.10518	-0.135
	0.950	1.07365	-0.012	1.06228	-0.029	1.05084	-0.041	1.03934	-0.048
	1.000	1.03912 b	0.000	1.02784 b	0.000	1.01657 b	0.000	1.00529 b	0.000
			2-Propanol (1) + 1,1,2,2-Tetrachloroethane (2)		
	0.000	1.60277	0.000	1.58720	0.000	1.57163	0.000	1.55607	0.000
	0.050	1.57223	0.048	1.55686	0.051	1.54144	0.056	1.52599	0.065
	0.150	1.50952	0.048	1.49438	0.067	1.47918	0.092	1.46392	0.121
	0.250	1.44436	-0.013	1.42956	0.018	1.41465	0.057	1.39964	0.105
	0.350	1.37515	-0.085	1.36078	-0.047	1.34627	0.003	1.33162	0.066
	0.450	1.30200	-0.174	1.28816	-0.131	1.27415	-0.074	1.25996	-0.001
	0.500	1.26378	-0.223	1.25024	-0.178	1.23651	-0.118	1.22259	-0.041
	0.550	1.22385	-0.262	1.21065	-0.217	1.19724	-0.155	1.18362	-0.074
	0.650	1.14046	-0.358	1.12799	-0.315	1.11530	-0.252	1.10237	-0.166
	0.750	1.05044	-0.403	1.03887	-0.366	1.02706	-0.307	1.01497	-0.221
	0.850	0.95306	-0.370	0.94259	-0.348	0.93184	-0.300	0.92080	-0.223
	0.950	0.84657	-0.182	0.83749	-0.190	0.82812	-0.171	0.81841	-0.118
	1.000	0.78968 b	0.000	0.78108 b	0.000	0.77248 b	0.000	0.76388 b	0.000

a Standard uncertainties u are u(T) = 0.01K, u(p) = 5 kPa, u(x 1 ) = 0.001, u r (ρ) = 0.0005 and u(v E ) = 0.004 cm 3 mol -1 . b Ref 7.

Table 3 . Parameters A i of Equation 2 and their Standard Deviations A i and Standard Deviations  in (cm 3 mol -1), for 1,1,2,2-Tetrachloroethane containing (2) Binary Systems, at Pressure P = 101.3 kPa and Temperature T = (288.15 to 318.15) K.

 3 

Table 4 . Partial molar volumes, i

 4 

	1,4-Dioxane (1) + 1,1,2,2-Tetrachloroethane (2)	
	288.15 -0.830 0.008 0.776 0.033 0.251 0.037 -0.432 0.082	0.003
	298.15 -1.086 0.009 0.750 0.038 0.226 0.042 -0.412 0.093	0.004
	308.15 -1.328 0.009 0.722 0.041 0.230 0.046 -0.382 0.101	0.004
	318.15 -1.555 0.009 0.695 0.037 0.270 0.042 -0.332 0.093	0.004
	2-Propanol (1) + 1,1,2,2-Tetrachloroethane (2)	
	288.15 -0.879 0.008 -1.863 0.031 -1.043 0.089 -0.987 0.08 0.511 0.154	0.003
	298.15 -0.707 0.013 -1.790 0.050 -0.846 0.143 -1.149 0.128 -0.022 0.248	0.005
	308.15 -0.468 0.014 -1.701 0.054 -0.717 0.153 -1.066 0.136 -0.132 0.263	0.005
	318.15 -0.155 0.009 -1.594 0.035 -0.670 0.099 -0.667 0.088 0.267 0.171	0.003

V , and excess molar partial volumes, E i V , at T = (

288.15 and 318.15) K, for 1,4-Dioxane (1) + 2-Propanol, a + 1,1,2,2-Tetrachloroethane (2), and 2- Propanol (1) + 1,1,2,2-Tetrachloroethane (2), at Temperature T = (288.15 and 318.15) K.

  

Table 4

 4 

Table 5 . Molar volumes, 0 i V , partial molar volumes at infinite dilution,  i V , and excess partial molar volumes at infinite dilution,

 5 

	V	E	,		, for 1,4-Dioxane (1) + 2-Propanol, +
	i				

,2,2-Tetrachloroethane (2), and 2-Propanol (1) + 1,1,2,2-Tetrachloroethane (2) at Temperature T = (288.15 and 318.15) K.

  

Table 6 . Densities,  in (gcm -3 )and Molar Excess Volumes,

 6 

	E

Table 6 . Continued

 6 

	x 1	x 2		E

Table 7 . Parameters B i of Equation 11 and Standard Deviations  in (cm 3 mol -1 ). for the Ternary System 1,4-Dioxane (1) + 2-Propanol (2) + 1,1,2,2-Tetrachloroethane (3), at T = (288.15 to 318.15) K.
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	T/K	B 0	B 1	B 2	
	288.15	-7.162	7.633	1.984	0.017
	298.15	-7.941	-6.136	5.485	0.015
	308.15	-8.274	-6.378	4.649	0.013
	318.15	-8.563	-6.540	3.368	0.012

Table 8 . Values of the Physical Constants of Pure Liquid Components, at the Temperature T = 298.15 K, used for the Prigogine-Flory-Patterson Model Calculations of Excess Molar Volume, V E , Molar Volume, V i 0 , Coefficient of Thermal Expansion,  I , Isothermal Compressibility, κ Ti . and Reduction Parameters of Volume, V i * , and Pressure, P i *

 8 Calculated using experimental  data along with C p and u literature values. 9.12.18.22.[START_REF] Gascon | Density and Speed of Sound for Binary Mixtures of a Cyclic Ether with a Butanol Isomer[END_REF][START_REF] Singh | Densities, speeds of sound, and refractive indices for binary mixtures of 1-butyl-3-methylimidazolium methyl sulphate ionic liquid with alcohols at T =[END_REF][START_REF] Dubey | Density, Speed of Sound, Viscosity, Excess Properties, and Prigogine-Flory-Patterson (PFP) Theory of Binary Mixtures of Amine and Alcohols[END_REF][START_REF] Kumar | Thermodynamics of binary liquid mixtures of cyclopentane with 2-propanol, 1-butanol and 2-butanol at different temperatures[END_REF][START_REF] González | Osmotic coefficients and apparent molar volumes of 1-hexyl-3-methylimidazolium trifluoro methanesulfonate ionic liquid in alcohols[END_REF][START_REF] Iloukhani | Speeds of sound, isentropic compressibilities, viscosities and excess molar volumes of binary mixtures of methylcyclohexane + 2-alkanols or ethanol at T = 298[END_REF][START_REF] Oswal | Speeds of sound, isentropic compressibilities and excess molar volumes of an alkanol + cycloalkane at 303[END_REF][START_REF] Venkatramana | A Study of the Excess Properties of Aliphatic Chlorinated Compounds with Benzylalcohol at Various Temperatures[END_REF][START_REF] Jangra | Excess molar enthalpies for binary and ternary mixtures containing cyclic ether, 2-methylaniline and aromatic hydrocarbons[END_REF][START_REF] Sharma | Densities, Speeds of Sound, Excess Molar Enthalpies, and Heat Capacities of o-Chlorotoluene and Cyclic Ether Mixtures[END_REF][START_REF] Takigawa | Thermodynamic properties of (1,3-dioxane, or 1,4dioxane C a non-polar liquid) at T D 298:15 K; speed of sound, excess isentropic and isothermal compressibilities and excess isochoric heat capacity[END_REF][START_REF] Ijardar | Experimental and theoretical excess molar properties of imidazolium based ionic liquids with molecular organic solvents -I. 1-Hexyl-3methylimidazlouim tetraflouroborate and 1-octyl-3-methylimidazlouim tetraflouroborate with cyclic ethers[END_REF][START_REF] Oswal | Densities, speeds of sound, isentropic compressibilities, and refractive indices of binary mixtures of methyl methacrylate with hydrocarbons, haloalkanes and alkyl amines[END_REF][START_REF] Sastry | Viscosities, speeds of sound and excess isentropic compressibilities of binary mixtures of alkyl alkanoatehydrocarbons at 308[END_REF][START_REF] Dubey | Molecular interactions in binary mixtures of 1-butoxy-2-propanol with alcohols at different temperatures: A thermophysical and spectroscopic approach[END_REF] 

		V 0 i	10 3 . 	10 12 . κ Ti	V i *	P i *
	Compound	(cm 3 mol -1 )	(K -1 )	(Pa -1 )	(cm 3 mol -1 )	(MPa)
	1.4-Dioxane	85.72 a	1.097 a	741.35 b	67.64 b	708.79 b
	2-Propanol	76.94 a	1.101 a	1163.72 b	60.68 b	453.65 b
	1.1.2.2-TCE	105.75 a	0.981 a	659.02 b	85.02 b	686.52 b

a This work. b

Table 9 . Values of  12 Interaction Parameter and Calculated Contributions to the V E (x 1 =0.5), for the Binary Systems 1,4-Dioxane (1) + 2-Propanol or 1,1,2,2- Tetrachloroethane (2) and 2-Propanol (1) + 1,1,2,2-Tetrachloroethane (2), at Temperature T = (288.15 to 318.15) K.
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	V E (x 1 = 0.5)/ cm 3 •mol -1	Calculated contributions to V E (x 1 = 0.5)/ cm 3 •mol -1