This article was downloaded by:

On: 28 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

VELUHE L UM ) 0 S DR Physics and Chemistry Of Liquids
Physics and Publication details, including instructions for authors and subscription information:
Chemistry of Liquids http://www.informaworld.com/smpp/title~content=t713646857

AN INTERNATIONAL JOUARNAL

Excess Isentropic Compressibilities of Binary Liquid Mixtures of
Cyclohexanone with Alkanes, Benzene, Toluene and Tetrachloromethane

at 298.15 K

K. Purna Chandra Rao* K. S. Reddy®

2 Department of Chemistry, S. V. University, Tirupati, India
Norman H. March

Emeritas Profesios, Oofond Unbee ity UE
M,

Giuseppe G. M. Angilella
{Co-Erfier] Uriversits o Catania, (starcs, Jlsly

To cite this Article Rao, K. Purna Chandra and Reddy, K. S.(1988) 'Excess Isentropic Compressibilities of Binary Liquid
Mixtures of Cyclohexanone with Alkanes, Benzene, Toluene and Tetrachloromethane at 298.15 K', Physics and
Chemistry of Liquids, 17: 4, 297 — 304

To link to this Article: DOI: 10.1080/00319108808078565
URL: http://dx.doi.org/10.1080/00319108808078565

PLEASE SCROLL DOWN FOR ARTICLE

Full terns and conditions of use: http://wwinformworld.conlterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713646857
http://dx.doi.org/10.1080/00319108808078565
http://www.informaworld.com/terms-and-conditions-of-access.pdf

08: 38 28 January 2011

Downl oaded At:

Phys. Chem. Liq., 1988, Vol. 17, pp. 297-304
Photocopying permitted by license only

4 1988 Gordon and Breach Science Publishers Inc.
Printed in the United Kingdom

Excess Isentropic Compressibilities
of Binary Liquid Mixtures

of Cyclohexanone with Alkanes,
Benzene, Toluene and
Tetrachloromethane at 298.15 K

K. PURNA CHANDRA RAO and K. S. REDDY

Department of Chemistry, S.V. University,
Tirupati 517 502, India

{ Received 28 May 1987)

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.

INTRODUCTION

As part of our study on the measurement of excess thermodynamic
properties of binary liquid mixtures'™® 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.
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EXPERIMENTAL

Ultrasonic velocities were measured using a single-crystal interfer-
ometer at a frequency of 1 MHz and the values were accurate to
+0.1 %. Density data for the pure components were measured using a
bicapillary pyknometer, and for mixtures the data were obtained from
excess volumes* by using the relation

_ M, +x,M,
p_lel + x,V, + VE

(H

Density values obtained from both the methods were accurate to
+0.05 kgm 3.

Cyclohexanone (BDH), benzene (BDH) and toluene (BDH) were
purified by the methods described earlier>®. Tetrachloromethane
(BDH) was dried over fused calcium chloride for 2 days and fractionally
distilled. Analar samples of n-hexane®®™_ n-heptane (BDH) and 2,2.4-
trimethylpentane (SD’s) were dried with sodium wire and fractionaily
distilled. The purity of the chemicals was checked by comparing the
density and boiling point data with the literature values”®. 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

Ks = 1/u?p #)

The excess isentropic compressibilities are computed by using the
equation

K§ — K:'gnix _ Kfsdeal (3)

where Kg(ideal) = (¢, K5, + ¢,K5,) and ¢, ¢, 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 KE on mole fraction has been represented
by an empirical equation of the form

K§ = x,x,[a0 + ay(xy — X;) + ay(x; — x,)*] )
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Table 1 Boiling points and densities of the pure components at 298.15 K.
Component Boiling point K Density kgm ™3
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-tnimethylpentane 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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Figure 1 Excess Isentropic Compressibility versus mole faction graphs for cyclohexan-
one with n-hexane, A, n-heptane, A, 2,2 4-trimethylpentane, #ll, benzene, O, toluene,
[J, and tetrachloromethane, @, at 298.15 K.
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Table3 Least squares parameters and standard deviation for excess isentropic
compressibility

Cyclohexanone + Ay A, A, o(KE)
(TPa™ ")
n-hexane —712.1 3952 —469.1 1.8
n-heptane —2342 -36.1 —85.9 13
2,2,4-trimethylpentane —400.3 —1179 —273 2.3
benzene —-41.12 —-0.10 12.28 1.1
toluene —44.62 —294 53.5 10
tetrachloromethane —2389 1833 —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
a(K%).

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& values are observed
at lower mole fraction of cyclohexanone. The algebraic values of K£ fall
in the order.

Toluene &~ benzene > n-heptane x tetrachloromethane
> 2,24-trimethylpentane > n-hexane.

The small negative values of K% 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 — « in
systems containing benzene and toluene and n — ¢ 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 Kf 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 theory*® and
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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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