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Role of Dielectric Constant at the Miscibility Point in the Ternary 
System 2-Propanol-Water and Carbon Tetrachloride 
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(Received December 26, 1958)

 Two liquids are known1) to be miscible 
in all proportions when both are suffi-
ciently alike to obey Raoult's law. Only 
when the internal forces are quite unlike, 
separation of two liquid phases is known 
to occur. The fundamental question 
underlying all problems relating to solu-
bility is the nature and the strength of 
intermolecular forces. The thermodynam-
ic condition for equilibrium in any 
system is that the total free energy should 
be a minimum. If separation into two 
layers minimises the free energy of the 
system, it will happen so. Deviations 
from ideal behavior occur either owing to 
lowering the temperature or by choosing 
components more unlike in attractive 
forces. Either of these changes, when 

pursued far enough, can bring about a 
separation into two liquid phases. 

 A new outlook is developed in the fol-
lowing investigations. The work of 
Coomber2) and McC. Lewis3) shows that 
dielectric constant of a liquid system is 
related to its internal pressure. To an

inhomogeneous mixture of two liquids 
progressive addition of a third component 
which happens to mix with both the 
liquids entails in a distribution of the 
added component between the two layers. 
With successive additions of the third 
component there is to be expected, as a 
result of the distribution between the two 
phases a progressive variation of the 
physico-chemical properties in the two 
layers. Just at the miscibility point these 
properties in the respective layers should 
tend to a limit at which the phase boundary 
just disappears forming a homogeneous 
system. Since internal pressure is con-
nected with the dielectric constant (loc. 
cit.), at the transition when the phase 
boundary disappears, we may expect a 
quantitative relationship among the values 
of dielectric constant of the solution and 
those of the three pure components. The 
ternary system 2-propanol-water-carbon 
tetrachloride has been studied from the 
above point of view. We have reported4) 
earlier our results on the ternary system 
1-propanol-water-toluene.

 1) E. Washburn, Trans. Am. Electrochem. Soc.. 22,330 
(1912). 
 2) D. I. Coomber, Trans. Faraday Soc., 35, 304 (1939). 
 3) W. C. McC. Lewis, Phil. Mag.. 28, 104, (1914).

 4) K. M. Somasundaram and C. V. Suryanarayana, 
This Bulletin, 31, 838 (1958).
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TABLE I. 2-PROPANOL-WATER-CARBON TETRACHLORIDE

TABLE II

TABLE III. 2-PROPANOL-WATER

TABLE IV
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TABLE V. 2-PROPANOL-CARBON TETRACHLORIDE

TABLE VI

Experimental 

 Preparation of solutions, measurements of di-
electric constant, density and viscosity were done 
as given in our previous paper (loc. cit., this 
bulletin). 
 Purification of the Components.-E. Merck's 
purest 2-propanol was refluxed5,6) with an excess 
of freshly burnt calcium oxide and distilled. 
The distillate was dried over small pieces of 
magnesium ribbon and fractionally distilled. The
fraction boiling at 82.4℃ was collected and stored

in a pyrex bottle. E. Merck's pro analysi car-

bon tetrachloride was distilled, the distillate

boiling at 76.8℃ was collected and stored in a

Pyrex bottle. Conductivity water was distilled

once more in a Pyrex outfit and this was pre-

served free from carbon dioxide. A dielectric

constant check was made now and then. This

was used throughout the investigation.

 All the experiments were performed at 35℃.

Results obtained are given in Tables I to VI.

 Discussion 

 In our previous publication in this bul-
letin4) on the ternary system 1-propanol-
water-toluene we had derived the equation

(1)

where Lk is the volume polarization of the 
k-th component, L1,2... k, that of the mix-
ture of k components and xk, the mole 
fraction. This derivation was made on 
the usual assumption of isomegethic solu-
tions as done in some theories of solutions 
which means that

(2)

On this assumption,

But the above assumption 2 is not correct 
with real solutions. We rarely meet with 
solutions wherein the molecules of the 
components have the same molar volume.. 
We shall now consider the consequencess 
of this assumption. 
 Turning to the experimental values, , 

Table Il shows that Eq. 1 holds excel-
lently well at the point of disappearance 
of the phase boundary, whereas the well 
known equation.

(3)

fails thoroughly.

 5) A. I. Vogel, "Practical Organic Chemistry", 
Longmans, 2nd Ed., London (1951), p. 165. 
 6) A. A. Maryott, J. Am. Chem. Soc., 63, 3079 (1941).
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Comparison of Tables IV and VI shows

that in the case of 2-propanol-water system

both Eq.1 and 3 hold excellently, whereas

with 2-propanol-carbon tetrachloride sys-

tem both the Eq.1and 3 are inapplicable.

Akerlof7) determined the dielectric con-

stants of mixtures of 2-propanol-water at

25℃. Our data in Table III were col-

lected at 35℃.

 In this laboratory8) the general observa-
tion made was that in about thirteen 
ternary systems investigated so far, Eq. 
3 fails thoroughly while Eq. 1 succeeds 
just at the point of disappearance of the 
phase boundary. Further in polar-polar 
binary mixtures both Eqs. 1 and 3 are 
applicable, whereas in polar-nonpolar 
binary combinations both Eqs. 1 and 3 
fail. From these observations one conclu-
sion can be drawn, that Eq. 1 is in now 
way better than Eq. 3 in general but the 
former seems to be holding excellently at 
the transition of disappearance of the 
phase boundary. 
 We have pointed out above that the 
derivation of Eq. 1 assumes that the 
molar volumes of the participating species 
of molecules must be the same, which is 
not really so, as far as the three components 
2-propanol, water and carbon tetrachloride 
are concerned. Efven then, if Eq. 1 should 
hold good specially at the transition of 
disappearance of the phase boundary, one 
has to conclude that at the transition 
when the two phases should disappear, 
conversely one should obtain the condi-
tion that the molar volumes of the dif-
ferent species of molecules must be the 
same. That means condition 2 is satisfied 
at the transition. This may perhaps 
mean that for two phases to become homo-
geneous condition 2 is to be satisfied. 
 Let us examine the implication of condi-
tion 2 being satisfied at the transition of 
the disappearance of the phase boundary. 
Usually we obtain the molar volume of a 
substance by dividing the molecular weight 
by the macroscopic bulk density. The 
molar volume thus obtained is actually 
due to the molecules as well as the voids. 
Obviously such a computation is no indi-
cation of the actual size of the molecules. 
Molar volume thus obtained may be writ-
tell as(vma+φv), where Vma is the actual

volume due to the molecules and φv that

due to the voids. In this context, if Eq.1

holds good at the transition of the disap-

pearance of the phase boundary, by con-
verse the condition

(4)

is valid. Of course φv is a characteristic

constant for a given liquid at a particular

temperature. In other words satisfaction

of condition 4 seems to be a precondition

for liquid-liquid miscibility. Relation 4

seems to imply that just at the transition

when a phase boundary disappears to form

ahomogeneous system, there seems to be

occurring an equipartition of space by the

different species of molecules, irrespective

of their sizes, constituting the homogene-

ous system resulting from the disap-

pearance of the phase boundary. For a

successful theory of liquid-liquid misci-

bility the future seems to revolve on a

thorough understanding of the φv factor

in Eq. 4 in all its qualitative and quan-
titative aspects. 

 In the binary system 2-propanol-carbon 
tetrachloride the viscosity variation is 
anomalous. A plot of viscosity against 
mole per cent of 2-propanol shown in the 
graph exhibits a minimum at about 45 
mole per cent of 2-propanol. Sugden9) ex-
plained a similar phenomenon of negative 
viscosity in aqueous solutions as due to 
the strong dipole action of one of the con-
stituents in the solution having the effect 
of depolymerizing the associated molecules 
of the other constituent entailing in a 
decrease of viscosity. But in this binary 
system carbon tetrachloride molecule is 
not a dipole. Sometimes a shortening of 
the length of the associated polymers is 
given as an explanation for lowering of 
viscosity. But then this presupposes a 
length of the associated polymer of the 
alcohol more than that due to two mole-
cules. Of course, we can not assume a 
long chain formation of a compound be-
tween 2-propanol and carbon tetrachloride. 
The situation, therefore, leaves us in doubt 
as to what is the causative factor for 
such a decrease in viscosity. 

 Summary 

 To understand why a heterogeneous 
system of two immiscible liquids so exists 
without mixing we have made a new 
approach of studying the physical pro-
perties of the system just at the transi-
tion of the disappearance of the phase

 7) G. Akerlof, ibid., 54, 4125 (1932). 
 8) K. M. Somasundaram, Ph. D. thesis, Annamalai 

University (1958). 9) J. N. Sugden, J. Chem. Soc., 1926, 183.
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boundary after the addition of an optimum 
amount of a third component which is 
freely miscible with the two heterogeneous 
components thus resulting in the forma-
tion of a ternary system. At the transi-
tion of the disappearance of the phase 
boundary we have found that  L3x3=

L1,2,3, wherein L represents volume polari-

zation and x the mole fraction, holds good. 
The implications of the validity of the 
above equation have been discussed. 
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