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Viscosities of Binary Mixtures
Containing Non-polar Components
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Viscosities at 303.15 K have been measured for binary liquid mixtures of 1,1,2,2-tetra-
chloroethane (C,H,Cl,) with n-hexane, n-heptane, n-octane and n-nonane. The viscosity
data have been analysed in the light of absolute reaction rate and free volume theories of
liquid viscosity. The values of #® are negative over the entire composition range. Further,
the study has been extended to evaluate interaction parameter, d. The values of both »*
and d indicate the existence of dispersion forces between unlike molecules.

Key Words: Viscosities, binary mixtures, non-polar components, absolute reaction
rate, free volume.

1 INTRODUCTION

In continuation of our studies on the binary liquid mixtures of
haloethanes,’~* we report here new viscosity data for mixtures of
1,1,2,2-tetrachloroethane with n-hexane, n-heptane, n-octane and n-
nonane at 303.15 K. Further, the data have also been analysed in terms
of Bloomfield and Dewan’s theory* of liquid viscosity. Bloomfield and
Dewan have obtained an equation for liquid viscosity by combining
absolute reaction rate theory of Eyring® and free volume theory.®~® The
analysis has been undertaken to know to what extent the theory can
reproduce the viscosity data for binary liquid mixtures of components
of varying complexity.

2 EXPERIMENTAL SECTION

Materials

All the materials were purificd by the methods described by Reddick
and Bunger.® 1,1,2,2-Tetrachloroethane (Riedel) was shaken with con-
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Figure 1  Plot of 7, vs. VE_, for mixtures: 1. C,H,Cl,-nC¢H,,, 2. C,H,Cl,-nC,H 4,
3. C,H,Cl,-nCgH 4, 4. C,H,Cl,-nCyH,,.
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Figure2 Plot of 4, vs. bp(K) for mixtures: 1. C,H,Cl,-nC¢H,,, 2. C,H,Cl,-nC H ,,
3. C,H,Cl;-nC3H 4, 4. C,H,Cl,-nC,H,,.
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Figure 3 Plot of #* vs. mole fraction of x of C,H,Cl,;: O C,H,Cl,-nC,H,,, W
C,H,Cl,-nC;H,,, @ C,H,Cl,-nC¢H, 4, (1 C,H,Cl,-nCyH,,.

Table 1 Densities and boiling points of the pure components.

Component Density (p)/(g/cm?) Boiling point (°K)

Present Present

work Literature work Literature
Tetrachloroethane 1.57800 1.57860 419.85 419.35
Hexane 0.65064 0.65070 341.60 341.89
Heptane 0.67530 0.67538 371.80 371.58
Octane 0.69457 0.69450 398.65 398.82
Nonane 0.70998 0.70999 423.85 42395
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centrated sulphuric acid for 10 min. The operation was repeated until
the acid developed no more colour. The chloroalkane was then washed
with water, steam distilled, dried with potassium carbonate, and
fractionalily distilled. n-Hexane and n-heptane (BDH) were purified by
shaking successively with concentrated sulphuric acid, water, potas-
sium hydroxide and water and finally fractionating. n-Octane and n-
nonane (Veb) were used without further purification. The purity of the
samples was checked by comparing the measured densities and boiling
points of the components with those reported in the literature.'® The
densities were determined with a bicapillary pycknometer described by
Rao and Naidu.!! The values are reproducible to +5 x 107° gcm 3.

The data are given in Table 1.

Viscosities

Viscosity of liquids and liquid mixtures were determined by using
Ostwald viscometers. 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 known compositions were prepared by weight. A
constant volume of the mixture transferred in to the viscometer and
then inserted in a water thermostat controlled at 303.15 + 0.01 K. The
time of flow of the liquid through capillary was determined. Viscosity
was then obtained from density, flow time and constant of the visco-
meter using the relation.

n=K,pt (1)

where K, is viscometer constant and p and ¢ are the density and flow
time respectively. Densities for pure components were determined
experimentally. In case of mixtures densities were obtained from
experimental excess volumes using the relation

_xM, + (1 — M,
N V + VE

2
where x stands for mole fraction of chloroethane, M, and M, are
molecular weights of chloroethane and alkanes, respectively. V and VE
stand for the molar volume and excess molar volume respectively.

3 THEORETICAL ASPECTS

One of the simple additive relations* to predict the mixture viscosity
from the properties of pure components, when the interactions between
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the components are neglected, is given by
Inp=xlny, +(1 —x)Ingn, 3

where #, and 5, are the viscosities of the pure components. Two major
semiempirical theories which can be used to predict liquid viscosity are
the absolute reaction rate theory of Eyring and co-workers 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®
Inp=xlnn, +({ —x)Iny, RT+ R
+ 1 x 1—x
V-1 v, -1 V,—1
=lnny+Inng +Inpg+1Ingyy, ©)]

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 component 1,
component 2 and the mixture respectively. In order to estimate the
contributions to the 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.

AH, xC, /1 1 1—x 1 1
T = = _ T T~ + R C2 =TT A~
RT T, \P, 7 T, vV, ©

C,0,X
. x~1~2 12 (5)
VT.Pp*
ASR pus _ Vi3
= = —¥C, 1n‘—71,3_ {~ 30 =x)n Vf/s_l (6)

Table 2 Parameters of the pure components at 303.15 K

Component ax 10 K, 1% |4 V* p* ™
deg™!? TPa~! cm? cm? Jem™3  deg
mol™'  mol™!
Tetrachloroethane  0.998 792 1.251 10637 85.03 597.8 5749.8
Hexane 1.404 1792 1.329 13245 99.65 4195 4445.0
Heptane 1.260 1526 1.303 148.39 113.88 4250 4678.2
Octane 1.195 1374 1.290 164.46 12747 4388 4805.8

Nonane 1.062 1217 1.264 180.65 14294 4227 5101.0
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The parameter C, for a component i is related to the characteristic
pressure P¥, the characteristic temperature TF, 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
T, and the reduced volume ¥V, of the pure component i used in the
calculations were obtained from the values of the molar volume V,
thermal expansion coefficient &, and the isothermal compressibilities 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. (5) at all concentrations for each system,
was estimated from the reduced excess volumes V% by using the
experimental values of the excess volumes and by employing the
relations described by Abe and Flory. The values of ¥, the reduced
volumes of mixtures, needed in Eqgs (4-6) were also obtained from the
relations of Abe and Flory by using the experimental data for excess
volumes.

4 RESULTS AND DISCUSSION

Contributions of various terms involved in the Eq. (4) have been shown
in columns 3-6 of Table 3, where as the values of the free energy
contribution, defined by 55 = nyngare given in column 7. It is not clear
that the contributions of all terms to 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 #,
combining them multiplicatively in accordance with the additive loga-
rithmic relation, are tabulated in columns 8-11 of Table 3. The absolute
reaction rate theory, which takes into account free energy corrections to
ideal mixture viscosity #,4, corresponds to the multiplicate term #,4n,,
where as the free volume theory, which takes into account free volume
corrections to the ideal mixture viscosity, corresponds to #,4#, . Further
Macedo-Litovitz’s theory'* which accounts for enthalpic and free
volume correlations to ideal mixture viscosity corresponds to 7,4y,
which is given in column 12 of the Table 3, whereas the values of the
complete product 0,41 151, are given in column 13. Table 3 shows that
the experimental viscosities are best reproduced by the contribution of
n:.aMy and the viscosities reproduced by other contributions are lesss
satisfactory. The values of the quantity n¥, which refers to the deviations
from the rectilinear dependence of viscosity of mixture on mole
fraction, can be discussed from the viewpoint of intermolecular
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interactions.'>~*% The values of #E are negative and fall in the order,
n-hexane > n-heptane > n-octane > n-nonane

The negative values of nf may be attributed to the existence of
dispersion and dipolar forces between unlike molecules.

According to Grungberg and Nissan'” the viscosity 5 of a binary
mixture can be expressed by Eq. (7)

Inp=xinn, + (1 —x)Inn, + x(1 — x)d @)

In Eq. (7), the parameter d has been regarded as a measure of the
strength of the interaction between the components.'3>~!7 The values of
d calculated for the various mixtures from Eq. (7) by using the viscosity
data are given in the last column of Table 3. The values of d are negative
over the entire composition range in all the mixtures. This suggests that
the dispersion forces are predominant between the components.
Further there exists a linear relationship between 5%, and VE, and
also between n£,, and difference in boiling points of the components.
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