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Excess molar volumes (VE) of two ternary systems: (i) acetone + carbon tetrachloride + cyclohexane and (ii) ace
tone+cyclohexane+ehloroform at 298.15K have been measured as a function of composition. The differences be
tween the experimentally determined VE.values from and the sum of the binary contributions. illustrated as equiva
lue contours are found to be positive for the ternary system (i) and both positive and negative for system (ii).

Table 1- Excess Molar Yolumes (yE), Ternary Effects
(~ yE), and their Corresponding Deviations ({)(~ yE)) of

Two Ternary Systems at 298.15 K

XI Xl VE 1'1 VI: 103(1(1'1 VE)*
(cm'moll) (cm-'mo]-I) (cm3mol-l)

(i) Acetone( 1) + carbon tetrachloride 2) + cyclohexane(3)

The fact, that for the thermodynamic and related
properties of multi component mixtures, the corre
sponding data of composite binaries may be used
with advantage, has led to numerous publicat
ionsl-15 in the last two decades. In view of this and

our interest in the study of excess properties of
ternary rnixturesl6-18 vis-a-vis their binary contrib
utions, in this paper are reported the excess vo
lumes of ternary systems: acetone + carbon te
trachloride + cyclohexane and acetone + cyclohex
ane+ chloroform. The differences between experi
mentally determined excess volumes and sum of
binary contributions, and termed as ternary vo
lume effects have been determined and presented
as equivalue contours on triangular plots.

Materials and Methods
The solvents used were of AR grade (BDH) ex

cept cyclohexane which was of LR grade (S.
Merk), and were purified by literature, methodsl'!.
The purity of the solvents was checked by deter
mining their densities and refractive indices which
shov,ed good agreement with the literature
values19,20. The solvents were thoroughly degassed
before use. The design and working of the three
limbed dilatometer, have been described e1se
wheret7. The estimated uncertainty in VE for un
certainties in various measureable quantities21 was
of the order of ± 0.003 cm3 mol-I.

Results and Discussion
The experimental excess volumes of the two

ternary systems, viz. acetone (1) + CCI4( 2) + cyclo
hexane (3) and acetone (1)+ cyclohexane
(2) + chloroform (3) as a function of mol fractions
of components (1) and (2) are summarized in
Table 1. The V E data of the composite binary
mixtures, needed for the systems .were searched
from literature and satisfactory data were available
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and

where (nJij is the number of mol of the compo
nent (i) in the binary mixture (ij) so that

'" (4)

... (5)

... (1)

... (3)

for three~·222.1,of the five composite binaries" For
the others, excess volumes were determined pres
ently and the values are summarized in Table 2.
The VE values for all the systems were least
square fitted to Eq. (1 ):

and x I distributes itself proportionally between the
components (2) and (3), i.e.

X2
(nl)12 = .-- . XI

X2 + X3

The values of Ai alongwith the standard devi
ations a's are summarized in Table 3.

To find the sum of the binary contributions, we
propose a summation procedure in which it is as
sumed that when to a (1 + 2) binary mixture con
taining components (1) and (2), component (3) is
added, the three composite binaries are formed
and the excess volume of the mixture may thf~n be
given by the summation expressed by Eq. (2).

Vf23 = [(nl )12 + (nz) lz]Vfz + [(nZ)23+ (n3)23]VI3

+ [(n3)31+(nl)31]V~\ . ,.. (2)

Table 1- Excess Molar Volumes (VI). Tt:rnary Effects
(~VE), and their Corresponding Deviations (b(~VE)) ofTwo Ternary Sy~tems at 298.15 K-Comd.x,

x,yF~Y'lO'/)(~yF)
(cm'mol ') (cm3mol-') (cm'mol")

(ii)Acetone(I) + cyclohexane(2)+ chloroform(3)
0.1809

0.74360.700-0.00210
0.1230

0.51390.565-0.0307
0.1101

0.45240.528- 0.0375
0.0487

0.19990.296-0.01016
0.0125

0.05130.0860.01013
0.2051

0.50700.632-0.008-2
0.1803

0.45070.548-0.035-17
0.1610

0.40600.503-0.037-8
0.0312

0.03330.0610.01617
0.4207

0.51360.9830.019-2
0.1884

0.23000.290-0.033-6
0.0960

0.11720.127-0.0234
0.0191

0.02330.0340.00810
0.4305

0.19440.4470.102-6
0.4127

0.18630.4130.0976
0.1593

0.07190.014-0.029-7
0.0886

0.54710.558-0.0336
0.0809

0.49930.546-0.0365
0.0720

0.44480.524-0.0384
0.0675

0.41700.505-0.041-0
0.0506

0.31270.424-0.034-0
0.0399

0.24650.348-0.030-5
0.0281

0.17400.277-0.00318
0.5157

0.23290.6820.1777
0.5197

0.23470.6870.1733
0.4009

0.25310.5640.1171
0.3892

0.28770.6180.113-3
0.4078

0.30620.6830.127-3
0.5718

0.17650.5780.160-5
0.5279

0.17930.5450.1596
0=9·Calculated usingEq. (14)

Table 2-Excess Molar Volumes (VE) and Their Deviations (b(VE)) from Eg. (J) at 298.15K
x yF JO-l/)(yF) X yF lO-l/)(yF)

(cm3mol-') (cm3mo'-') Icm3mol ') (cm3mol-')

I I I i II~1! I I I '! I I
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Table 3- Ai Parameters of Eq. (1) for Composite Binary Mixtures at 298.15K

System

AIAA,A~1O~oRef.
(cm3mol-l)(CH3hCO + CCI~

-0.4380- 0.43300.2660-1022

CCI~+c-ChH1c

0.6581- 0.00660.0279-2723

(CH.1)zCO+c-ChHlc
4.482- 0.05400.7410- 0.4300049

c-ChH,z+CHCl3
2.39220.1637- 0.6848-16This work

CHCI,+(CH,hCO'
-0.4017- 0.92940.51250.192118This work

Table 4-Parameters of Eq. (14) at 298.15K
System A VF

(cm3mol)

(CH')2CO+CCI~+c-ChH'2 1 =:5.9953.3=0.3320,1\= -9.6597, 11=-12.2227
(CH,hCO+c-ChH12+CHCI., 1=2.2170,7= -12.4579,6= -5.5116, 15= -76.7176

o

8
9

and (ii) correct yE values for the equimolar mix
ture, where Eq. (2) can be shown to assume the
form (7)

... (11)

Equation (10) thus predicts 4/3 times higher
value, than that of the statistical sum for an equi
molar mixture.

where Yff (ij = 12,'23, or 31) is the excess volume
of mixing per mol of the binary mixture having
mol fraction x/(xi + Xj)' Equation (12) gives yE
values for equimolar concentrations same as those
given by Eq. (8) but under extremal conditions, i.e.
when one of the components is absent, it predicts
half the required value .

Thus the ternary effects as predicted by these
two equations (Eqs 9 and 12) remain procedural
functions and thus lack requisite quantitatiV'e sig
nificance.

The equations proposed by Nissema and the
one proposed presently (Eq. 2) give similar values
for equimolar and extremal mixtures. At other Qlol
fractions the values agree within ± 1% which is of
the order of experimental error in ~ yE determin
ations. One advantage of Eq. (2) is based upon the
statistical formation of binaries in the ternary mix
ture, whereas in Nisseme's procedure the contrib
ution of the overall binaries are added up, which
no doubt for equimolar mixtures gives the same
sum. Further the equation is easy to use in con
trast to the required partial derivatives in Nisse
ma's procedure.

YT23= M!(AI)12+ (AIb+(A1)3d

= tz[(AI)12 + (AI)23+ (AI)3I]

Rastogi suggested an equation (Eq. 12) to sum
up the binary contributions for a ternary mixture
containing XI' x2 and x3 mols of components (1),
(2) and (3) respectively.

Yb = ![(xI + X2)YT2+ (x2+ X3)Vr3+ (x3+ X1)Yrl]
... (12)

.. , (8)

... (6)

... (7)

... (10)

(yE )IZ is the excess volume of the binary at mol
fraction (nl)12/[(nl)12+ (n2)12] of the first compo
nent.

The advantage and unambiguity of Eq. (2) lies
in its success to predict (i) correct yE values for
any of the three composite binaries, Le. when
component (3) is absent, (nl)12 and (n2)12are just
XI and Xz and Eq. (2) takes the form (6)

The need for such an equation over the other
existing equations1.7·z4 is made relevant when a
comparison is made of the predictions of various
earlier methods.

Nissema 1 suggested an equation (Eq. 8), which

like the one proposed presently gives correct VE
values for any of the three composite binaries in
accordance with Eq. (6) and for the equimolar
mixture in accordance with Eq. (7).

Redlich and Kister24 proposed Eq. (9), to cor
relate the properties of a ternary mixture with
those of its composite binaries.

3

YT23+ XIXz I (AJI2(X)- X2)i + X2x3I(AJ23(X2- X3)i
i~O 3

+X3XI I(AJ31(X3-XI)i ... (9)
i~O

It may be noted that Eq. (9) predicts the true
value for any composite binary, and for the equi
molar recipe, i.e. for XI= X2= X3= 1/3 it becomes,
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Table 5-Values of Maximum Ternary Effects of Excess Molar Volumes at 298.15K

System Mol fraction V' !l. V E
i.cm'mol-I i icm3mol-l)

(CH,)2CO + CCI~ + C-C(oH·2
(CH1hCO + c-C)c1" +~~HCI1

XI
0.30
0.10*
0.57t

0.37
0.37
0.22

0.59
0.46
0.71

0.23
- 0,(14

0.17

*Minimum. tMaximum

1.0

1310-0
0·2 OJ, 0·6

·1

0-8
0.0

~.O (11

Fig. l-EquivaIue contours of ternary system. Acetone( 1) + (arbon tetrachloride (2) + cyclohexane (3)

~ VE/em' mol-1 =X1 X2 x3[00+ IOiXj

+ 2:Pj+3(Xj - xj+ I) + 2:Pi+6(Xj - Xj_.1)2

For the presently studied two ternary systems,
the summed up binary contributions for a ternary
mixture (YT23) were subtracted from the corre
sponding experimental value (Y E),

R2) was applied and the new parameter was re
tained only if it stood the test. The OJ parameters
along with the standard deviations are summarized
in Table 4. Once the parameters were finaliised,
~yF for any composition was then evaluated
from Eg. (14) and the corresponding total proper
ty from Eg. (13). The deviations of recalculated
~yE values, 6(L1yF'S) and standard deviations o's
have also been included in Table 1. It may be seen
that the 6 (1'\ Y F) values are significantly smaller
than the corresponding ~ Y L values thus indicating
that ternary volume effects are positive for the
first system and both positive and negative for the
second system (Table 5). To have an understand
ing of the dependence of yr: and ~ yE on mol
fraction it was deemed appropriate to represent
the data on equivalue contmus, which for both the
systems are illustrated in Figs. 1 and 2. The posi
tion of equivalue contours in triangular plots was
computed by a method in which mol fraction of
one of the components was kept constant while
those of the other two were varied in steps of
0.05. The final refinement was attained by binary
search method. The discussion of the observed ex

cess volumes and their ternary effects for both the
systems is given in the sequel.

... (14)

... (13)

and the ternary volume effects (~Y F) thus ob
tained for various mixtures studied for the two
systems using Eq. (13) are summarized in Table).

The estimated ternary effects for a system were
fitted by the method of least squares to the gener
al expression of the type (14)

where X4 = XI and Xs = x2, and parameters
Do ... 0 IS are the regression coefficients for sixteen
functions at mol fractions XI' X2 and x3'

Stepwise regression analysis was used to deter
mine the OJ parameters of Eq. (14). After each ad
dition of a parameter a statistical test (increase in

1012
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Fig. 2 - Equivalue contours of ternary system, Acetone( I )+ cyclohexane( 2) + chloroform( 3)

Acetone (l) + carbon tetrachloride (2) + cyclohexane
(3)

This system consists of acetone as the polar com
ponent which is involved in n-Jr, interaction with
carbon tetrachloride thereby explaining the sig
moid dependence of yE remaining negative for
most of the concentration range. Small positive re
gion is assignable to the breaking up of dipole-di
pole interaction and H-bonds of enol form of ace
tone molecules. In the equivalue contours of this
ternary system (Fig. la), negative (shaded) region
does appear and affects the symmetrical disposi
tion of contours around dominant binary, contain
ing components (3) and (l). Such a behaviour is
due to breaking up of the enol form of acetone
molecules by cyclohexane. Small exothermic re
gion observed for this system (darkend region) has
been reported earlier. Not quite overlapping zero
enthalpy contour (AC) with zero yE contour (AB)
is indicative of the absence of prevalent ideality;
but of cancellation of contributing factors.

Ternary effects (~yE) of this system are all
positive (Fig. Ib), with the maximum displaced
towards the binary containing components (2) and
(3). The maximum lies around x I = 0.30 and
x2= 0.37 and ~ yl is as much as 40% of the
corresponding yl value. Similar disposition of
~ HE contours have earlier been reported. For il
lustration, one contour corresponding to
~ HI = 80 J mol- I for this system is shown in Fig.
1b. Positive signs of ~ V I and ~ HI indicate that
when a (1 + 2) binary is diluted with component
(3), the reductiun in interaction is much more than
that expected on statistical basis.

Acetone( 1) + cyclohexane(2) + chloroforni,3)
The (1 + 3) composite binary of this system has

small sigmoid Vi dependence because of the for
mation of hetero H - bonded complex. Highly

positive VE values for (l + 2) binary system, as
compared to those for (2 + 3) binary result in the
orientation of the equivalue contours along it (Fig.
2a). Small negative region at low concentrations of
acetone is also visible. This negative region is
much more extended in the corresponding equien
thalpic plotl6• Zero HE contour (given in dashes in
Fig. 2a) has been included.

The ~ yE plot of this system (Fig. 2b) shows
both positive and negative regions separated by
zero value contour, (line AB). The maximum and
minimum lie around xl=0.57, x2=0.22 and
Xl = 0.1, x2 = 0.37 respectively. No doubt the mag
nitude of ~ yE as compared to corresponding yE
values at these positions is not very large (20 and
10% respectively) the behaviour is very much sub
stantiated by the corresponding similar disposition
of equienthalpic plots reported earlierl6• For illus
tration, the zero enthalpy contour has been shown
as dotted line in Fig. 2b. Lack of exact overlapp
ing of ~HE and ~ yE contours is suggestive of
differential behaviour of contributing factors for
these two properties. Contour AB in Fig. 2b rep
resents the composition where additivity in binary
contributions may be observed. It is apparent that
when an equimolar acetone-chloroform mixture is
diluted with cyclohexane an expansion in volume
takes place till XC"H" = 0.45 aft~r which negative
effects predominate. Thus, it appears that excess
of cyclohexane favours the formation of H-bonded
acetone-chloroform complex. However, further
work needs to be done on other similar systems to
arrive at useful generalizations.
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