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Corresponding State Theory and Excess Enthalpy
for a Polar and a Nonpolar Solution

Sachio Murakami*

and Ryoichi Fujishiro®

Recently, excess enthalpies of polar - nonpolar liquid mixtures were measured and discussed qualitatively

in our laboratory. In order to discuss the thermochemical behaviors of their solutions quantitatively, the free

volume theory was extended to the polar - nonpolar liquid mixture using the so-called Scott’s two fluid model.

The resulting expression for excess enthalpy consists of three contributions of dispersion. dipole-dipole and

dipole-induced dipole interactions. It was compared with the experimental excess enthalpies for CCla - cis-

dichloroethylene. dichloroethylene isomers mixtures, and chlorobenzene, o- and m- dichlorobenzene - cyclo-

hexane and - benzene systems. It was found that the molecular orientation in solution was predicted from an

adjustable parameter m .
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Table }. Parameters for pure liquids at 298 K
v 10 ar 10°k # v ( 2 -
e _ ¢ P
cm® mol™ K-! atmi D cm® mol™ K Jem™
Tetrachloromethane . 97.09 1.212 109.1 2238 75.28 . 4730 5582 1.290
trans-Dichloroethylene 77.79 1.360 1176 2.14 59.06 4476  606.1 1.317
cis-Dichloroethylene 7599 1.270 1018 1.76 9.2 58.43 1623 637.5 1.300
Cyclohexane 108.75 1.22 115.5 2.02 84.23 4715 5320  1.291
Benzene 89.43 1.217 98.12 2.275 69.25 4720 6274 1.291
Chlorobenzene 102.24 0.980 58.2 1.54 5621 82.21 3290 786.7 1.244
o-Dichlorobenzene 113.05 0.850 388 227 993 92.96 5743 6459 1.216
m-Dichlorobenzene 114.60 0870 63.5 1.38 5.04 93.90 3664 5977 1.220
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Table 2 Summary of calculation for the dichloro-
ethylene mixtures using equation (23")
X HE(x, = a)
System x: Lotm {;=05) ¢
Jem™ Jmol™"  Jmol™!
ccy,
+
trans-dichloroethylene  6.09 o 1083 0.09
CCl,
+
cis-dichloroethylene 609 —992 3304 35.5

trans-Dichloroethylene
+

cis-dichloroethylene 034 —581 1550 142

a) Standard deviation for H®

Table 3 Summary of calculation for the chlorobenzene
and dichlorobenzene mixtures using equation
(23%)
E/,. _nc a)
System X12_3 IO‘M'H \xlj?o) - —
Jem Jmol J motl
Cyclohexane solution
Chlorobenzene 283 —114 6991 14.9
o-Dichlorobenzene 253* —136 8260 197
m-Dichlorobenzene 253 —319 7563 142
Benzene solution
Chlorobenzene 37 720 —59 0.4
o-Dichlorobenzene 114 367 1637 5.7
m-Dichlorobenzene 115 382 1736 126

* Used the X, value of the cyclohexane - m-xylene
mixture.
a) Standard deviation for HF
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