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Excess Isentropic Compressi bilities 
of Binary Liquid Mixtures 
of Cyclohexanone with Alkanes, 
Benzene, Toluene and 
Tetrachloromethane at 298.1 5 K 

K. PURNA CHANDRA RAO and K. S. REDDY 

Department of Chemistry, S.  V.  University, 
Tirupati 51 7 502, India 

Isentropic compressibilities for binary liquid mixtures of cyclohexanone with n-hexane, n- 
heptane, 2,2,4-trimethylpentane, benzene, toluene and tetrachloromethane have been 
computed using measured density and sound velocity data at 298.15 K. Excess isentropic 
compressibilities exhibit an inversion in sign in the system cyclohexanone with toluene 
and in the remaining systems the excess property is negative over the entire range of 
composition studied. The results have been discussed in terms of the difference in 
molecular size and shape of the components, and specific interactions between unlike 
molecules. 

Key Words: Free volume, density, molecular interaction. 

I NTR 0 D U CTlO N 

As part of our study on the measurement of excess thermodynamic 
properties of binary liquid mixtures'-3 here we report the excess 
isentropic compressibilities for cyclohexanone with n-hexane, n-hep- 
tane, 2,2,4-trimethylpentane , benzene, toluene and tetrachloromethane 
at 298.15 K. The different type of molecular interactions involved in 
these mixtures have been examined as a function of composition. A 
survey of literature also reveals that the excess property for these 
systems have not been studied earlier. 

291 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
8
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



298 K. PURNA CHANDRA RAO AND K. S. REDDY 

EXPERIMENTAL 

Ultrasonic velocities were measured using a single-crystal interfer- 
ometer at a frequency of 1 MHz and the values were accurate to 
i O . l % .  Density data for the pure components were measured using a 
bicapillary pyknometer, and for mixtures the data were obtained from 
excess volumes4 by using the relation 

Density values obtained from both the methods were accurate to 
f 0.05 kgm - '. 

Cyclohexanone (BDH), benzene (BDH) and toluene (BDH) were 
purified by the methods described earlier5s6. Tetrachloromethane 
(BDH) was dried over fused calcium chloride for 2 days and fractionally 
distilled. Analar samples of n-hexane(BDH', n-heptane (BDH) and 2,2,4- 
trimethylpentane (SD's) were dried with sodium wire and fractionally 
distilled. The purity of the chemicals was checked by comparing the 
density and boiling point data with the literature values798. A compar- 
ison of the pure component properties was shown in Table 1. 

RESULTS AND DISCUSSION 

The isentropic compressibilities are calculated by indirect method using 
the ultrasonic velocity, u, and density, p, with the relation 

K, = l/u2p (2) 
The excess isentropic compressibilities are computed by using the 
equation 

(3) Kg = KgiX - e " " '  

where K,(ideal) = (41Ksl + 4 2 K , , )  and 41, 4, are volume fractions 
of components 1 and 2. 

The values of densities and sound velocities, isentropic compressibi- 
lities and excess isentropic compressibilities are given in Table 2. Excess 
isentropic compressibilities versus mole fraction profiles are shown in 
Figure 1. The dependence of Kf on mole fraction has been represented 
by an empirical equation of the form 

K,E = xlxz[ao + al(x1 - ~ 2 )  + a 2 ( ~ 1  - x2)'] (4) 
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COMPRESSIBILITIES OF BINARY MIXTURES 299 

Table 1 Boiling points and densities of the pure components at 298.15 K. 

Component Boiling point K Density kg.m- 

Present Present 
work Literature work Literature 

cyclohexanone 428.70 428.80 942.01 942.07 
n-hexane 341.65 341.74 654.70 654.81 
n-heptane 371.30 371.43 679.20 679.51 
2,2,4-trimethylpentane 372.10 372.24 687.50 687.81 
benzene 353.15 353.25 873.60 873.70 
toluene 383.35 383.77 862.20 862.31 
tetrachloromethane 349.60 349.75 1584.01 1584.39 
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*l 
Excess Isentropic Compressibility versus mole faction graphs for cyclohexan- 

one with n-hexane, A, n-heptane, A, 2,2,4-trimethylpentane, m, benzene, 0, toluene, 
0, and tetrachloromethane, 0,  at 298.15 K. 
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Table 3 Least squares parameters and standard deviation for excess isentropic 
compressibility 

n-hexane -712.1 395.2 -469.1 1.8 
n-heptane - 234.2 -36.1 - 85.9 1.3 
2,2,4-trimethylpentane -400.3 -117.9 - 27.3 2.3 
benzene -41.12 -0.10 12.28 1.1  
toluene - 44.62 - 29.4 53.5 1 .o 
tetrachloromethane -238.9 183.3 - 154.5 1.3 

The parameters a,, a ,  and a, are obtained by the method of least 
squares and are given in Table 3 along with the standard deviation 
m3. 

Excess isentropic compressibilities are negative for all the systems 
over the entire range of composition except in the system cyclohexan- 
one with toluene. In this system a slight positive K t  values are observed 
at lower mole fraction of cyclohexanone. The algebraic values of K :  fall 
in the order. 

Toluene z benzene > n-heptane % tetrachloromethane 

The small negative values of K g  in the systems cyclohexanone wth 
benzene, toluene and tetrachloromethane may be explained mostly in 
terms of the specific interactions. The interactions of the type n - n in 
systems containing benzene and toluene and n - c in the mixtures 
having tetrachloromethane dominate over the other effects such as the 
mutual loss of dipolar association in the pure components. As a result 
the free volume in mixtures decreases and the deviation in isentropic 
compressibility is negative. Unexpectedly large negative K,E values 
observed in the systems containing cyclohexanone with alkanes may be 
explained on the basis of interstitial accommodation of the components 
and as a consequence the reduction of free volume in these mixtures. 
The contribution of the above effect may be greater over the counter 
effect such as the loss of polar-polar association in cyclohexanone, 
which contribute to increase in free volume. The values of excess 
thermodynamic properties, excess viscosities and excess free volumes 
obtained for equimolar mixtures are presented in Table 4 for compar- 
ison. Excess free volumes calculated on the basis of Flory the0ry~9~ and 

> 2,2,4-trimethylpentane > n-hexane. 
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experimental excess volumes are in parallel with the observed K :  values 
and giving reasonable support to the above explanation. 
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