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VISCOSITIES OF BINARY LIQUID MIXTURES

OF TETRACHLOROETHYLENE WITH SOME

ALIPHATIC, ALICYCLIC AND SUBSTITUTED
AROMATIC HYDROCARBONS

K. RAMANJANEYULU, D. V. B. REDDY and A. KRISHNAIAH*

Department of Chemistry, College of Engineering,
Sri Venkateswara University, Tirupati 517 502, India.

{ Received 19 October 1988)

Viscosities of binary mixtures of tetrachloroethylene with hexane, heptane, cyclohexane, methylcyclohex-
ane, toluene, chlorobenzene, bromobenzene and nitrobenzene were measured at 303.15 K. The values of 5t
are negative in all the systems except in tetrachloroethylene + bromobenzene system. An inversion in sign
from positive to negative is observed in the system, tetrachloroethylene + bromobenzene. The viscosity
data were analysed in terms of absolute reaction rate and free volume theories of liquid viscosity. Further,
Grunberg and Nissan Parameter has also been evaluated.

KEY WORDS: Viscosities, binary mixtures, absolute reaction rate, free volume.

1 INTRODUCTION

The present paper forms a part of our programme on the measurement of transport
properties of non-electrolyte solutions containing chlorosubstituted hydrocarbon as a
common component. We report here new experimental data for excess viscosities of
the systems: tetrachloroethylene + hexane, + heptane, + cyclohexane, + methyl-
cyclohexane, + toluene, + chlorobenzene, + bromobenzene and + nitrobenzene.
We have undertaken this work to investigate the effects of cyclization and aromatiza-
tion and also the influence of different substituents in the aromatic ring on viscosity.

2 EXPERIMENTAL SECTION

Materials

Analytical reagent grade tetrachloroethylene was dried over sodium carbonate and
fractionally distilled. Cyclohexane (BDH, AR) and methylcyclohexane (BDH, LR)
were purified by the method described by Rao and Naidu'. Hexane (BDH, AR), and

* To whom correspondence should be addressed.
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Table 1 Boiling points and densities of pure components at

303.15K.
Compound Boiling point,

K Density, g/fcm?

Expt. Lit. Expt. Lit.
Tetrachloroethylene 394.3 3944 1.60634 1.60640
Hexane 341.6 341.9 0.65064 0.65070
Heptane 371.8 371.6 0.67530 0.67538
Cyclohexane 353.7 353.9 0.76937 0.76928
Methylcyclohexane 3738 3740 0.76024 0.76030
Toluene 383.7 383.8 0.85772 0.85766
Chlorobenzene 404.8 404.8 1.09552 1.09550
Bromobenzene 429.1 429.1 1.48154 1.48150
Nitrobenzene 483.7 483.9 1.19346 1.19341

heptane (Veb, LR) were purified using the methods described earlier?. Toluene (BDH,
AR) was purified by the method described by Rastogi and co-workers®. Chloroben-
zene (BDH, LR) and nitrobenzene (BDH, LR) were purified by the procedure
described elsewhere*. Bromobenzene (BDH, LR) was dried with calcium chloride and
fractionally distilled under reduced pressure. The purity of the chemicals were checked
by comparing the measured densities and boiling points with those reported in the
literature®-®. The data are given in Table 1.

Viscosities

Viscosity of liquids and liquid mixtures were determined at 303.15 K using Ostwald
viscometers with an accuracy of 1 0.5%. The accuracy of the viscometer was checked
by measuring the viscosities of pure benzene and cyclohexane. The results show very
good agreement with those reported in the literature. Mixtures of various composi-
tions were prepared by weight. A constant volume of the mixture transferred into the
viscometer and then inserted into a thermostat controlled at 303.15 + 0.01 K. The
viscosities were computed from flow time (t), density (p) and the constant of the
viscometer (k) using the equation

n=kpt (1
Densities of pure components were determined using a pycnometer. In the case of
mixtures, densities were obtained from excess volumes’ using the relation
xM, + (1 —x)M,
= Vo 4 yE (2)

where x stands for mole fraction of tetrachloroethylene. M; and M, are the molecular
weights of tetrachloroethylene and the non-common component respectively. V° and
VE stand for the molar volume and excess molar volume respectively. Excess viscosity
(nF) was calculated using the relation suggested by Fort and Moore?.

E

N = Nmix — X111 + (1 = x)1,] 3)
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where #,,;,, #; and n, are the viscosities of the mixture, and pure components 1 and 2
respectively.

3 THEORETICAL ASPECTS

Two major semi-empirical theories which can be used to predict liquid viscosity are
the absolute reaction rate theory of Eyring and coworkers and the free volume theory.
Combining the absolute reaction rate and the free volume theories of liquid viscosity,
Bloomfield and Dewan® have obtained Eq. (4)

AH, AS® 1 x (1—x)
1 2

Il

Ingy

Inygy +Inyy +1Inng+ Inyy (5

Where AH,, is the enthalpy of mixing per mole of the solution, AS® is the residual
entropy per mole, R is the gas constant, T is the absolute temperature and ¥, ¥, and ¥,
are the reduced volumes of the mixture, component 1 and component 2 respectively.
In 5,4, In 5y, In 75 and In 5, are the ideal mixture viscosity and enthalpy, entropy and
the free volume contributions respectively. In order to estimate the contributions to
mixture viscosity from AH,,/RT and AS®/R in Eq. (4), we use Flory’s!® equations for
AH,, and AS®, which can be written in the following form.

AHy _xCi(1 1\ (1-%C (1 1 L XCiCa Xy, ©)
RT T, \W, 7 T, v, v VT, Pt

ASR 51/3 -1 "Vl/3 -1

R = ~3xC 1n5;/37_1—3(1 — x)C, 1;1;1/-;3?_1 (7)

The parameter C; for a component i is related to the characteristic pressure P¥, the
characteristic temperature T¥, and the hard-core volume per mole v¥ of component i
as described earlier®!°. The characteristic Parameters P¥, T¥* and V¥, and the
reduced Temperature 7, and the reduced volume 7, of the pure component i, used in

Table 2 Parameters of the pure components at 303.15 K.

Component ax 10® Kk v 14 V* P* T
deg™! TPa~! em*mol™'  emPmol™'  Jem™?

Tetrachloroethylene 1.025 807.0 1.256 103.25 82.21 607.2 0.05825
Hexane 1.404 1792.0 1.329 132.45 99.65 419.5 0.06820
Heptane 1.260 1526.0 1.303 148.39 113.88 425.0 0.06480
Cyclohexane 1.229 1173.3 1.297 109.36 84.32 534.2 0.06402
Methylcyclohexane 0.954 1105.4 1.242 129.16 103.99 403.6 0.05611
Toluene 1.079 948.5 1.267 107.43 84.79 553.6 0.05986
Chlorobenzene 0.986 786.8 1.248 102.75 82.33 591.7 0.05704
Bromobenzene 0.904 701.7 1.231 105.99 86.10 591.8 0.05437

Nitrobenzene 0.828 5260 1.214 103.15 84.97 703.3 0.05156
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the calculations, were obtained from the values of the molar volume (V), thermal
expansion co-efficient (oc), and the isothermal compressibility (Ky) by using the
methods described by Abe and Flory!!. The data are given in Table 2. The parameter
6,X,, (characteristic of a system) used to calculate AH,/RT from Eq. (6) at all
concentrations for each system, was estimated from the reduced excess volumes 7€ by
using the experimental excess volumes and by employing the relations described by
Abe and Flory. The values of the reduced volumes of mixtures, needed in Egs (6, 7)
were also obtained from relations of Abe and Flory by using the experimental data for
excess volumes.

According to Grunberg and Nissan!? the viscosity of a binary mixture can be
expressed by Eq. (8).

Innp=xlnn, +{1 —x)lnn, + x(! — x)d 8

In Eq. (8) the parameter d has been regarded as a measure of the strength of the
interaction between the components®!2,

4 RESULTS AND DISCUSSION

Contributions of various terms involved in Eq. (4) have been shown in columns 3-6 of
Table 3. Whereas the values of the free energy contribution, defined by n; = nyn, are
given in column 7. It is not clear that the contributions of all terms to the mixture
viscosity are equally important in Eq. (4). In the absence of this information, the
various combinations of the calculated contributions from different terms to n,
combining them multiplicatively in accordance with the additive logarithmic relation
are tabulated in columns 8-11 of Table 3. The absolute reaction rate theory which
takes into account free energy contributions to ideal mixture viscosity n,4, corre-
sponds to the multiplicate term #,4n;, whereas the free volume theory which takes
into account free volume corrections to the ideal mixture viscosity corresponds #;47,.
Further, according to Macedo and Litvovit!3 which accounts for enthalpic and free
volume corrections to ideal mixture viscosity corresponds to 7,411, Which is given in
column 12 of the Table 3, whereas the values of the complete product n,4n4n,1, are
given in column 13. Table 3 shows that the experimental viscosities are best
reproduced by the contributions of #,47, in the mixtures of tetrachloroethylene with
hexane, heptane, cyclohexane and methylcyclohexane. n,4n47, and n,4n41,1n, predict
mixture viscosity in tetrachloroethylene + nitrobenzene system. All combinations i.e.
MiaMls MiaMlss MiaMlGs MiaMlos NiaMa My @nd Mignyn,n, contribute to the mixture viscosity in
the systems, tetrachloroethylene + toluene, + chlorobenzene and + bromobenzene
to the same extent.

The dependence ofs® on composition is shown in Figures 1 and 2. Figures 1 and 2
show that the values of 5% are negative in all the systems except tetrachloroethylene +
bromobenzene. An inversion in sign from positive to negative is observed at around
0.85 mole fraction of tetrachloroethylene in the system, tetrachloroethylene +
bromobenzene.
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The »* values may be interpreted in terms of two opposing effects (1) loss of dipolar
association, difference in size and shape of the component molecules and (2) specific
interaction between unlike molecules such as dipole-dipole, dipole-induced dipole
and electron-donor-acceptor interactions. The curves in Figures 1 and 2 suggest that
the former effect is contributing to viscosity in all the systems except in the system,
tetrachloroethylene + bromobenzene. The latter effect determines the viscosity data
up to 0.85 mole fraction in tetrachloroethylene + bromobenzene system. As the
values are smaller above 0.85 mole fraction of tetrachloroethylene, no conclusion can
be drawn from the data.

The values of d calculated for the various mixtures from Eq. (8) by using the
viscosity data are given in the last column of Table 3. The values of d are negative in
the mixtures of tetrachloroethylene with cyclohexane, chlorobenzene and nitroben-
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Figure 1 Tetrachloroethylene + hexane (O), + heptane (@), + cyclohexane ([J), + methylcyclohexane
(.
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Figure 2 Tetrachloroethylene + Toluene (O), + Chlorobenzene (@), + Bromobenzene (3J), + Nitro-
benzene ().

zene over the entire mole fraction range. An inversion in sign of d is observed in the
remaining systems. A comparision between the values of #% and d suggests the
variation of these two parameters with composition is not similar.
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