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Thermodynamical Studies on Binary Systems Consisting of Polar and 
Non-polar Liquids. II. The Measurement of the Heats of 

 Mixing for Binary Systems of Polar and Non-polar Liquids

By Kazuo AMAYA*

(Received March 1, 1961)

 The heats of mixing for 22 binary systems 

of polar and non-polar liquids were measured. 
Each pair of polar and non-polar liquids had 

nearly equal molecular volume. This was done 

in order to see how the magnitude of the 

dipole moment of the constituent polar mole-

cules relates to the thermodynamical properties 

of the binary systems. 

Samples 

Selection of the Pairs of Polar and Non-polar 

Liquids.-In selecting pairs of polar and non-

polar liquids which are suitable for use in

investigating the effect of the dipole moments 
of the constituent molecules on the heats of 
mixing the following points were taken into 
account. 

 1) The molecular volumes of polar and non-
polar components in each pair are nearly equal 
to each other. This eliminates the effect of the 
difference of molecular size and makes the 
effect of the dipoles as clear as possible. 

 2) The polar molecules have various degrees 
of magnitudes of dipole moment. 
 The pairs of polar and non-polar components 
for which the heats of mixing were measured 
are shown in Table I with their molar volumes 
and dipole moments. 

It is considered that the observed heats of
*Present adress: Government Chemical Industrial 

Research Institute, Tokyo, Shibuya-ku, Tokyo.
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TABLE 1. PAIRS OF POLAR AND NON-POLAR LIQUIDS FOR WHICH THE HEAT OF MIXING WERE 

 MEASURED, ILLUSTRATING SIMILARITY OF THEIR MOLAR VOLUMES

-mixing of polar and non-polar liquids contain 

both contributions from the non-electrostatic 
dispersion forces and those from the electro-
static dipolar and higher multipolar forces. 

The former contribution may be small if the 
pair of polar and non-polar molecules have 
molecular structures similar to each other 
except in the case of the dipole moment. For 
such binary mixtures, the observed heats of 
mixing may be considered to be approximately 
equal to the contribution only from the dipoles 
of the polar molecules. 
 Thus at the beginning of the experiment, 

the measurements were made for the pairs of 
polar and non-polar molecules not only of 
similar molecular volume but also of similar 
molecular structure such as toluene-benzene 
derivatives (chlorobenzene, bromobenzene, 
nitrobenzene and benzonitrile), benzene-pyri-
dine, trans-dichloroethylene-cis-dichloroethyl-
ene, methylcyclohexane-halocyclohexanes and 
-cyclohexane-cyclohexanone systems . Although 
toluene is not strictly non-polar, its polar effect 
may be small enough to regard it as non-polar. 

In the course of the experiment, anomalies 
were noticed in a group of the systems which 
contain aromatic compounds. 

To make clear whether these anomalies come 
from the aromatic character of its polar com-

ponent or of the non-polar component of the 

pairs of liquids, the experiment was extended 
to the pairs of aromatic non-polar-aliphatic 

polar as well as aliphatic non-polar-aromatic 

polar molecules. 

 TABLE II. BOILING POINT OF THE SAMPLES
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Cyclohexanone, diethyl ketone, and methyl 
propyl ketone were selected to show the effect 
of molecular shape and that of the position 
of the dipole in the molecule. 

Purification of the Samples.-Most samples 
were purified from the commercially available 
purest products according to the methods 
described in the literature1) and were finally 
distilled under normal pressure, with a con-
centric vaccum jacketed column of about 40 
theoretital plates. 

Bromocyclohexane and chlorocyclohexane 
were kindly donated by Dr. M. L. Huggins of 
the Eastman Kodak Co. Both compounds de-
compose at their boiling point under normal 
pressure, so they were used without further 
purification. 

 In Table II the boiling points of the samples 
are shown with the values given in the litera-
ture. The thermometer used for the distilla-
tion was not corrected by a standard thermo-
meter. Also the boiling points were not cor-
rected for the atmospheric pressure. 

Results and Discussion 

 The results of the heat of mixing for the 22 
binary systems of polar and non-polor liquids

are shown in Tables III and IV, in which the 
following notations are used. 

v2: Volume fraction of the polar liquids. 
x2: Mole fraction of the polar liquid. 
w2: Weight of the polar component taken 

for the measurement in grams. 
w1: Weight of the non-polar component 

taken for the measurement in grams. 
4Hn, obs: The observed heat of mixing in. 

joule. 
dHm/cc.: The observed heat of mixing per 

unit volume of the mixture in joule. 
 HE: The heat of mixing per mole of the 

mixture in joule. 
a: The coefficient of the van Laar formula 

for heats of mixing of liquids. It is related 
to the heat of mixing by the relation 

where V is the total volume of the mixture. 
 The volues of a are plotted against v2 in 

Figs. 1 and 2, dHm/mol. is plotted against x2. 
in Figs. 3 and 4. 
 For the systems in which the non-polar com-

ponent is non-aromatic, the coefficient a can 
be expressed approximately by the following 
quadratic expressions except for nitrobenzene-
cyclohexane systems. For the systems in which 
the non-polar component is aromatic, a cannot 
be expressed by a simple formula.

TABLE III. HEATS OF MIXING OF POLAR AND NON-AROMATIC NON-POLAR LIQUIDS

1) A. Weissberger and E. S. Porskauer, "Organic Solvent", Interscience Publishers Inc., New York (1955).
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 TABLE III. (Continued)
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TABLE IV. HEATS OF MIXING POLAR AND AROMATIC NON-POLAR LIQUIDS

Chlorobenzene-Cyclohexane:

 a=29.53-7…527v2-0.073,v22

Bromobenzene-Cyclohexane:

Benzonitrile-Cyclohexane:

Nitrobenzene-Cyclohexane:

n-Butylchloride-Cyclohexane:

n-Butylcyanide-Cyclohexane:

Cyclohexanone-Cyclohexane:

Diethyl ketone-Cyclohexane:
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Fig. 1. The plots of van Laar coefficient α vs.

 volume fraction for the systems of group I.

1. Chlorobenzene-Cyclohexane 
2. Bromobenzene-Cyclohexane 
3. Benzonitrile-Cyclohexane 

4. Nitrobenzene-Cyclohexane 
5. n-Butylchloride-Cyclohexane 
6. n-Butylcyanide-Cyclohexane 
7. Diethyl ketone-Cyclohexane 

8. Methyl propyl ketone-Cyclohexane 
9. Cyclohexanone-Cyclohexane 

10. Chlorocyclohexane-Methylcyclohexane 
11. Bromocyclohexane-Methylcyclohexane 

12. cis-Dichloroethylene-trans-Dichloroethylene 
13. Pyridine-1,4-Dioxane 
14. Toluene-Cyclohexane 

Methyl propyl ketone-Cyclohexane:

Chlorocyclohexane-Methylcyclohexane: 

Bromocyclohexane-Methylcyclohexane: 

cis-Dichloroeth ylene-

trans-Dichloroethylene: 

Toluene-Cyclohexane: 

 Fig. 2. The plots of van Laar coefficients a vs. 
 volume fraction for the systems of group II. 

 1. Chlorobenzene-Toluene 
 2. Bromobenzene-Toluene 

 3. Benzonitrile-Toluene 
 4. Nitrobenzene-Toluene 
 5. n-Butylchloride-Toluene 
 6. n-Butylcyanide-Toluene 

 7. Cyclohexanone-Toluene 
 8. Pyridine-Benzene 

 Pyridine-1,4-Dioxane: 

 It is obvious from the above figures that for 
the systems where non-aromatic molecules 
such as cyclohexane and methyl cyclohexane 
are selected for the non-polar component 
(denoted as group I hereafter) the values of 
a are positive and increase smoothly as the 
volume fractions of polar component v2 de-
crease. It is in sharp contrast to the cases of 
mixing of two non-polar liquids where the 
values of a are nearly constant over the whole 
range of concentrations2). 
 The larger the dipole moment of the polar 

molecules the larger the variation of the values 
of a with concentration. This suggests that

 2) J. H. Hildbrand, "The Solubility of Nonelectrolytes", 
Reinhold Publishing Corporetion, New York (1950).
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Fig. 3. The plots of HE vs. mole fraction for 
 the systems of group I. 

 1. Chlorobenzene-Cyclohexane 
 2. Bromobenzene-Cyclohexane 
 3. Benzonitrile-Cyclohexane 
4. Nitrobenzene-Cyclohexane 
 5. n-Butylchloride-Cyclohexane 
 6. n-Butylcyanide-Cyclohexane 
7. Diethyl ketone-Cyclohexane 
8. Methyl propyl ketone-Cyclohexane 
9. Cyclohexanone-Cyclohexane 

10. Chlorocyclohexane-Methylcyclohexane 
11. Bromocyclohexane-Methylcyclohexane 
12. cis-Dichloroethylene-trans-Dichloroethylene 
13. Pyridine-1,4-Dioxane 

the change of the values of a with concentra-
tion originated from the effect of the dipoles 
of the polar constituents. 

However, for the systems in which aromatic 
compounds such as toluene or benzene are the 
non-polar components (denoted as group II 
hereafter), most of the values of a decrease 
with the decrease of v2 in most concentration 
ranges, and their variation seems to have no 
aparent relation with the dipole moment of the 
polar components. 

 Furthermore the values of a are much 
smaller than the corresponding systems of 
group I containing the same polar component 
and cyclohexane and are negative for most of 
these systems. This is a marked difference in 
comparison with group I. 

 It is difficult to interpret these differences by 
electrostatic energy only, for the dielectric

Fig. 4. The plots of HE vs. mole fraction for 

 the systems of group II. 

1. Chlorobenzene-Toluene 
2. Bromobenzene-Toluene 

 3. Benzonitrile-Toluene 
 4. Nitrobenzene-Toluene 
 5. n-Butylchloride-Toluene 
 6. n-Butylcyanide-Toluene 

7. Cyclohexanone-Toluene 

 8. Pyridine-Benzene 

constant of toluene does not differ so much 

from that of cyclohexane, and the electrostatic 

energy for both can also not be expected to 

differ greatly. It is concluded from the experi-

mental results that the structural difference be-

tween aliphatic and aromatic non-polar liquids. 

is responsible for these differences, for these. 

anomalies are independent of whether the 

polar components are aromatic or not. This. 
is in accordance with the fact that benzene 

shows an anomalous solvent effect in dielectric 

measurement. 

 As is seen from Fig. 2, for the systems of 

group II non-polar components, most of the 
values of a are negative, and if positive, these 

are small and do not change greatly with con-

centration as those systems in group I. 

 The effect of the dipole of the polar com-

ponent, as is observed in the systems of group 
I, is also shown for such systems of group II 

as contain polar molecules of large dipole 

moment, in which the values of a begin to
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increase with the decrease of v2 at low con-
centrations of polar molecules. This may be 
interpreted as follows: in the systems of group 
II two effects must be taken into a=count; 
the one is that governed by the magnitude of 
the dipole moment of the polar component, and 
is similar to that observed in the systems of 
group I and the other is a kind of stabilizing 
effect, specific, or coherent to the aromatic 
-character of non-polar liquids such as toluene 

or benzene. 
For cis-dichloroethylene-trans-dichloroethyl-

ene and pyridine-dioxane systems the values 
of a are smaller than that of the other group 
of the systems of polar-non-aromatic non-polar 
pairs. This may be due to the quadrupole of 
their components. 

Summary 

The heats of mixing were measured for 22 
binary systems of polar and non-polar liquids 
where the pairs of liquids have similar mole-
cular sizes. 

For the systems in which the non-polar com-

ponents are non-aromatic, the van Laar coef-
ficients a are positive and increase smoothly

as the concentration of polar liquids decrease. 
This variation of a with concentration is at-
tributed to the effect of dipole of the polar 
component. 

However, for the systems where the non-
polar components are aromatic, the values of a 
are smaller than that of the corresponding non-
aromatic system and are even negative for 
most of the cases and decrease with concentra-
tion of polar component in most concentration 
ranges. 

The sharp difference between two groups of 
the binary systems, was attributed to the struc-
tural difference of aromatic and non-aromatic 
non-polar components. 
 The effect presumably due to the quadrupole 

of the non-polar components was noticed. 
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