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Viscosities of Binary Liquid Mixtures of Acetylene Tetrachloride
with Benzene, Toluene, p-xylene, Acetone & Cyclohexane at
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Abstract: Viscosities which are accurate to + 0.01mP, have been measured for binary liquid mixtures of acetylene
tetrachloride (CHCI,CHCI,, hereafter abbreviated simply as ATC) with benzene, toluene, p-xylene, acetone and
cyclohexane at 303.15 £0.01K. The values of the quantity An, which refer to the deviations of the experimental values of
the dynamic viscosities of the mixtures from the mole fraction mixture law values, have been found to be negative for the
systems ATC-benzene, ATC-toluene, ATC-p-xylene and ATC-cyclohexane. For ATC-acetone, An has been found to be
negative at low mole fractions of ATC and positive at high mole fractions. Also the values of the parameter d have been
calculated from the equation In n = x4 In n4+x2 In N2 +x4 X2 d, where n & n, refer to the dynamic viscosities of the two pure
liquids 1 and 2 whose mole fractions in the mixtures are x4 & x, respectively. The values of d indicate the existence of
specific interaction of ATC with benzene, toluene, p-xylene and acetone. The viscosity data have been analysed in the
light of absolute reaction rate and free volume theories of liquid viscosity.
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INTRODUCTION

Binary systems of acetylene tetrachloride
(CHCI,CHCI,) (ATC) with benzene, toluene, p-xylene,
acetone and cyclohexane are of considerable interest
from the viewpoint of the existence of specific
interaction between the components in the liquid state.
The specific interaction of CHCI,CHCI, with aromatics
and acetone can be visualized to be due to the
presence of four Cl atoms and two H atoms in
CHCI,CHCI;, on account of which it can act as a o-
acceptor toward, and be involved in hydrogen-bond
formation with aromatics and acetone. The aromatics in
their interaction with CHCI,CHCI, will act as m-donors,
whereas acetone will act as an n-donor. The system of
cyclohexane with CHCI,CHCI,, in which case only the
dispersion, dipolar and induction forces are believed to
be present, is of interest as it will act as a reference
system. Extensive studies concerning the properties of
these systems have not been made in the literature.
However, measurements of Dielectric Properties of
mixtures of Acetylene Tetrachloride with toluene and
acetone were carried out at 308.15K [1]. The
measurements of excess enthalpy of mixing have been
also made for the binary mixtures of ATC with acetone
[2} and the results obtained have been discussed from
the viewpoint of specific interaction between the
components of various mixtures, it was thought
worthwhile to get further information concerning the
formation of adducts of ATC with aromatics and
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acetone from viscosity data. Hence, in the present
programme measurements of viscosity have been
made for binary mixtures of ATC with benzene,
toluene, p-xylene, acetone and cyclohexane at 303.15
K and the results obtained are interpreted in this paper.

EXPERIMENTAL

Binary mixtures were prepared by a weighing
method, using an analytical balance-ohaus-200. The
uncertainty in mole fraction was 5x10™.

Materials: Benzene and toluene which were of AR
or GR grade quality were purified in a manner similar to
that given elsewhere [1, 3]. p-xylene (Pfizer)of reagent
grade was subjected to treatments with concentrated
sulfuric acid, with distilled water, with dilute sodium
carbonate solution, and again with distilled water. It
was further dried over anhydrous calcium chloride and
then subjected to fractional crystallizations which were
followed by fractional distillations. Acetone and
cyclohexane were purified and their purity was checked
as described earlier [4,5].

The kinematic viscometer described by Tuan and
Fuoss [6], used for the present measurements of
viscosities of the various pure liquids and their binary
mixtures at 303.15 K 0.01K and by following the
procedure described elsewhere [7].

EXPERIMENTAL PROCEDURE

The viscometer was properly mounted vertically on
a wooden stand which was specially constructed for
this purpose. The viscometer was first calibrated by
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noting the flow times for acetone and cyclohexane at
303.15K, and then calculating the constants A’ and B’
of the equation

n/p:A’t—B%

where n/p is kinematic viscosity, n refers to the
dynamic viscosity and p is the density. By using the
dynamic viscosity in centipoises, pining cm™ and time
t in seconds, the values of the constants A’ and B’ may
be evaluated for the kinematic viscometer used in the
present programme. The measurements of kinematic
viscosities were first made for pure liquids and their
binary mixtures studied in the present programme.
Kinematic viscosities will be converted to dynamic
viscosities n by use of densities which, for pure liquids
and their mixtures were measured by using a vibrating
tube densimeter (model DMA, Anton —Paar 60/602) [8]
at 303.15K.

The precision in the measured values of n is in the
order of +0.01mp.

RESULTS & DISCUSSIONS

The experimental values of n for the various pure
liquids and their binary mixtures of ATC at 303.15K are
given in Table 1 and plotted in Figure 1, where x, refers
to the mole fraction of ATC. The values of n for
benzene, toluene, p-xylene, acetone, and ATC have
been found to be 5.62,5.20,5.65,2.95, and 14.62 mP
respectively at 303.15K, which are in good agreement
with the corresponding literature values 5.66,5.23,5.68,
2.954, and 14.56 mP [9] for the various liquids in the
same order.

A simple additive relation [10] to predict the mixture
viscosity from the properties of pure components, when
the interactions of pure components are neglected, is
the equation

In N=x4 In Ny + X2In N (1)

Where nq and n; refer to the dynamic viscosities of
the two pure components 1 and 2 whose mole fractions
are x4 & Xz respectively, and n is the dynamic viscosity
of the mixture. In practice, however, deviations of the
experimental values of the dynamic viscosities of the
mixtures from those predicted by Eq. (1) are found to
occur, thus indicating that explicit account of the
contributions to the mixture viscosity due to interactions
between components has to be taken. We shall now
analyze our viscosity data for the various mixtures in
the light of the various theories of liquid mixture

viscosity. The various theories of liquid mixtures have
been discussed by Reid, Prausnitz & Sherwood [11].
Two major semi empirical theories which can be used
to predict liquid mixture viscosity are the absolute
reaction rate theory of Eyring and coworkers [12] and
the free volume theory [13-15]. The absolute reaction
rate theory relates the viscosity to the free energy
required by a molecule to overcome the attractive force
field of its neighbours, so that it can jump to a new
equilibrium position; and hence the deviation of the
experimental value of the mixture viscosity from the
value obtained from Eq (1) is related to the free energy
of mixing or the excess free energy. On the other hand,
the free volume theory relates the viscosity to the
probability of occurrence of an empty neighbouring site
into which a molecule can jump. This probability is
exponentially related to the free volume of the liquid.
Hence, the deviation of the mixture viscosity from Eq.
(1) can be attributed to the variations in the free volume
of the solution. Combining the absolute reaction rate
and free volume theories of viscosity of liquids,
Bloomfield and Dewan [10] have obtained the relation

AHM . AS* L X, X,
RT  RT

Inn=x Inn +x,Inn, =

=lnm, +Inn, +Inn_+Inn,

In Eq (2), AHY is the enthalpy of mixing per mole of
the solution, AS” the residual entropy per mole, R the
gas constant, T the absolute temperature, and, U4, U,
and 0 the reduced volumes of component 1,
component 2 and the solution respectively. In Eq. (2),
nis refers to the contribution to the mixture viscosity
from the ideal mixture viscosity obtained from Eq. (1),
and ny, ns and n, refer to the contributions to the liquid
mixture viscosity from enthalpic, entropic and free
volume, corrections respectively, to the ideal behavior.
For estimating the contribution to the mixture viscosity
from AH" | (RT) and AST/ R in Eq. (2), AH" and AS®
were obtained from Flory’s equation [16] which can be
written as

AHM xlcl 1 1 x2C2 1 1 xl Clelez
===z |t == |t (3)
RT T |v, Vv T, |v, v| VI *Px
And
R AN 73 _
AS =-3x,C, ln% =3x,C, In—=——+— v,) (4)
RT (" -1 "

In Egs (3) and (4), the parameter Ci for a
component i is related to the characteristics pressure
Pi’* the characteristic temperature T%' and the hard —
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Table 1: Values of Experimental and Calculated Viscosities (in cP), An and Parameter d for the Mixtures of Acetylene
Tetrachloride with Benzene, Toluene, p-xylene, Acetone and Cyclohexane at 303.15K

ATC-Benzene
X4 Nexp d | plg.em® | m N ns nv Ne | NiaNH | NiaNs [NiaNe | NiaNv | NiaNuNv | NiaNuNsNv | An

0.0000 0.561 0.86842
0.0878 0.609 | 0.01 | 0.89012 | 0.611 | 1.011 | 1.002 | 1.003 | 1.013 | 0.618 | 0.612 | 0.619 | 0.613 | 0.620 0.621 -0.031
0.1123 0.634 | 0.02 | 0.90131 | 0.627 | 1.014 | 1.003 | 1.004 | 1.017 | 0.636 | 0.629 | 0.638 | 0.630 | 0.639 0.641 -0.028
0.3998 0.826 | 0.05 | 0.93126 | 0.825| 1.041 | 1.004 | 1.012 | 1.045 | 0.859 | 0.828 | 0.862 | 0.835| 0.869 0.872 -0.095
0.4434 0.879 | 0.09 | 0.97890 | 0.867 | 1.045 | 1.004 | 1.012 | 1.049 | 0.906 | 0.870 | 0.909 | 0.877 | 0.917 0.921 -0.082
0.5512 0.984 | 0.13 | 1.04672 | 0.953 | 1.053 | 1.005 | 1.011 | 1.058 | 1.004 | 0.958 | 1.008 | 0.963 | 1.015 1.020 -0.074
0.5764 1.019 | 0.14 | 1.05491 | 0.985| 1.055 | 1.003 | 1.012 | 1.058 | 1.039 | 0.988 | 1.042 | 0.977 | 1.051 1.054 -0.061
0.5998 1.035| 0.14 | 1.06324 | 1.000 | 1.057 | 1.004 | 1.010 | 1.061 | 1.057 | 1.004 | 1.061 | 1.010 | 1.068 1.072 -0.066
0.7008 1.155| 0.18 | 1.12987 | 1.113 | 1.063 | 1.003 | 1.009 | 1.066 | 1.183 | 1.116 | 1.186 | 1.123 | 1.194 1.198 -0.037
0.7567 1.199 | 0.19 | 1.23942 | 1.164 | 1.066 | 1.003 | 1.009 | 1.069 | 1.241 | 1.167 | 1.244 | 1.174 | 1.252 1.256 -0.044
0.8678 1.324 | 0.24 | 1.39782 | 1.302 | 1.073 | 1.002 | 1.004 | 1.075 | 1.397 | 1.305 | 1.400 | 1.307 | 1.403 1.406 -0.019
1.0000 1.461 1.57852

ATC-Toluene
0.0000 0.519 0.85774
0.1048 0.581 | 0.03 | 0.88981 | 0.579 | 0.985 | 0.994 | 1.010 | 0.979 | 0.570 | 0.576 | 0.567 | 0.585 | 0.576 0.573 -0.101
0.2209 0.657 | 0.06 | 0.91999 | 0.660 | 0.965 | 0.987 | 1.020 | 0.952 | 0.637 | 0.651 | 0.628 | 0.673 | 0.649 0.641 -0.126
0.2998 0.718 | 0.08 | 0.95668 | 0.712 | 0.956 | 0.984 | 1.024 | 0.941 | 0.681 | 0.701 | 0.670 | 0.729 | 0.697 0.686 -0.134
0.3541 0.768 | 0.11 | 0.98099 | 0.752 | 0.950 | 0.983 | 1.025 | 0.934 | 0.714 | 0.739 | 0.702 | 0.771 0.732 0.720 -0.131
0.4229 0.832 | 0.12 | 1.04286 | 0.812 | 0.942 | 0.982 | 1.026 | 0.925 | 0.765 | 0.797 | 0.751 | 0.833 | 0.785 0.771 -0.127
0.5198 0.909 | 0.13 | 1.12387 | 0.890 | 0.936 | 0.984 | 1.024 | 0.921 | 0.833 | 0.876 | 0.820 | 0.911 0.853 0.839 -0.134
0.6889 1.101 | 0.21 | 1.29876 | 1.062 | 0.924 | 0.989 | 1.017 | 0.914 | 0.981 | 1.050 | 0.971 | 1.080 | 0.998 0.987 -0.089
0.7598 1.192 | 0.22 | 1.38074 | 1.152 | 0.921 | 0.993 | 1.012 | 0.915 | 1.061 | 1.144 | 1.054 | 1.166 | 1.074 1.066 -0.060
0.7998 1.212 ] 0.23 | 1.42007 | 1.192 | 0.920 | 0.995 | 1.009 | 0.915 | 1.097 | 1.186 | 1.091 | 1.203 | 1.107 1.101 -0.075
0.8999 1.353 | 0.31 | 1.49876 | 1.330 | 0.913 | 0.999 | 1.003 | 0.912 | 1.214 | 1.329 | 1.213 | 1.334 | 1.218 1.217 -0.021
1.0000 1.461 1.57852

ATC-p-xylene
0.0000 0.564 0.85230
0.1157 0.632 | 0.03 | 0.87987 | 0.631 | 0.974 | 0.987 | 1.015| 0.961 | 0.615 | 0.623 | 0.606 | 0.640 | 0.623 0.615 -0.036
0.1442 0.651 | 0.06 | 0.89067 | 0.648 | 0.969 | 0.985 | 1.018 | 0.954 | 0.628 | 0.638 | 0.618 | 0.660 | 0.640 0.630 -0.042
0.2341 0.712 | 0.06 | 0.91234 | 0.706 | 0.954 | 0.980 | 1.023 | 0.935 | 0.674 | 0.698 | 0.660 | 0.722 | 0.689 0.675 -0.062
0.2999 0.767 | 0.11 | 0.98788 | 0.752 | 0.946 | 0.967 | 1.024 | 0.915 | 0.711 | 0.727 | 0.688 | 0.770 | 0.728 0.704 -0.066
0.3196 0.787 | 0.09 | 0.99756 | 0.773 | 0.942 | 0.964 | 1.025 | 0.908 | 0.728 | 0.745 | 0.702 | 0.792 | 0.746 0.719 -0.064
0.4108 0.853 | 0.11 | 1.19073 | 0.828 | 0.934 | 0.961 | 1.024 | 0.898 | 0.773 | 0.796 | 0.744 | 0.848 | 0.792 0.761 -0.079
0.4487 0.887 | 0.13 | 1.24083 | 0.868 | 0.929 | 0.958 | 1.023 | 0.890 | 0.806 | 0.832 | 0.773 | 0.888 | 0.825 0.790 -0.079
0.4789 0.98 | 0.14 | 1.28879 | 0.895| 0.928 | 0.956 | 1.022 | 0.887 | 0.831 | 0.856 | 0.794 | 0.915| 0.849 0.812 -0.014
0.5445 0.99 | 0.16 | 1.34567 | 0.955| 0.924 | 0.955 | 1.019 | 0.882 | 0.882 | 0.912 | 0.842 | 0.973 | 0.899 0.859 -0.062
0.6301 1.069 | 0.18 | 1.40984 | 1.020 | 0.918 | 0.952 | 1.017 | 0.874 | .936 | 0.971 | 0.891 | 1.037 | 0.952 0.906 -0.060
0.7108 1.151] 0.19 | 1.47899 | 1.101 | 0.913 | 0.950 | 1.012 | 0.867 | 1.005 | 1.046 | 0.955 | 1.114 | 1.017 0.966 -0.051
0.7613 1.242 | 0.21 | 1.49878 | 1.154 | 0.910 | 0.949 | 1.010 | 0.864 | 1.050 | 1.095 | 0.997 | 1.166 | 1.061 1.007 -0.005
1.0000 1.461 1.57852
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(Table 1). Continued.

ATC-cyclohexane

0.0000 0.82 0.76921

0.1645 0.875 |-0.26 | 0.79872 | 0.896 | 1.170 | 0.949 | 1.057 | 1.237 | 1.048 | 0.947 | 1.108 | 0.850 | 0.995 1.052 -0.051
0.1884 0.879 | -0.28 | 0.82010 | 0.907 | 1.142 | 0.988 | 1.018 | 1.163 | 1.036 | 0.923 | 1.055 | 0.896 | 1.023 1.041 -0.062
0.4036 0.971 |-0.27 | 0.98834 | 1.035 | 1.436 | 0.913 | 1.101 | 1.581 | 1.486 | 1.140 | 1.636 | 0.945 | 1.357 1.494 -0.108
0.5125 1.031|-0.26 | 1.12209 | 1.096 | 1.540 | 0.910 | 1.105 | 1.702 | 1.688 | 1.211 | 1.865 | 0.997 | 1.535 1.696 -0.118
0.6198 1.099 | -0.25| 1.23380 | 1.165 | 1.642 | 0.914 | 1.100 | 1.806 | 1.913 | 1.282 | 2.104 | 1.065 | 1.749 1.924 -0.119
0.6613 1.153 | -0.21 | 1.32444 | 1.201 | 1.689 | 0.918 | 1.095 | 1.849 | 2.028 | 1.315 | 2.221 | 1.103 | 1.863 2.040 -0.092
0.7578 1.234 | -0.2 | 1.42672 | 1.260 | 1.763 | 0.929 | 1.081 | 1.906 | 2.221 | 1.362 | 2.402 | 1.171 | 2.064 2.231 -0.073
0.8862 1.298 | -0.19 | 1.48002 | 1.323 | 1.856 | 0.935 | 1.069 | 1.958 | 2.405 | 1.414 | 2.613 | 1.245 | 2.147 2.458 -0.091
1.0000 1.461 1.57852

ATC-acetone

0.0000 0.294 0.77923

0.0191 0.314 | 1.3 | 0.80123 | 0.304 | 0.992 | 0.994 | 1.012 | 0.986 | 0.302 | 0.302 | 0.300 | 0.308 | 0.306 0.304 -0.002
0.1198 0.418 | 1.26 | 0.89993 | 0.357 | 0.950 | 0.968 | 1.069 | 0.920 | 0.339 | 0.346 | 0.328 | 0.382 | 0.363 0.351 -0.016
0.1554 0.445 | 1.25 | 0.94463 | 0.377 | 0.938 | 0.961 | 1.084 | 0.901 | 0.354 | 0.362 | 0.340 | 0.409 | 0.384 0.369 -0.030
0.198 0.489 | 1.23 | 0.98767 | 0.396 | 0.927 | 0.956 | 1.097 | 0.886 | 0.367 | 0.379 | 0.351 | 0.434 | 0.402 0.384 -0.036
0.2343 0.562 | 1.2 | 1.09890 | 0.421 | 0.915 | 0.950 | 1.111 | 0.869 | 0.385 | 0.400 | 0.366 | 0.468 | 0.428 0.407 -0.005
0.3102 0.634 | 1.21 | 1.14532 | 0.480 | 0.889 | 0.940 | 1.135 | 0.836 | 0.427 | 0.451 | 0.401 | 0.545 | 0.485 0.456 -0.022
0.3312 0.651 | 1.21 | 1.16122 | 0.497 | 0.883 | 0.938 | 1.139 | 0.828 | 0.439 | 0.466 | 0.412 | 0.566 | 0.500 0.469 -0.030
0.3545 0.689 | 1.2 | 1.18909 | 0.520 | 0.875 | 0.935 | 1.145 | 0.818 | 0.455 | 0.486 | 0.425 | 0.595 | 0.521 0.487 -0.019
0.4576 0.845 | 1.33 | 1.20786 | 0.604 | 0.849 | 0.929 | 1.157 | 0.789 | 0.513 | 0.561 | 0.477 | 0.699 | 0.593 0.551 0.017
0.5678 0.996 | 1.29 | 1.30300 | 0.720 | 0.822 | 0.926 | 1.158 | 0.761 | 0.592 | 0.667 | 0.548 | 0.834 | 0.686 0.635 0.039
0.5889 1.032 | 1.27 | 1.31885 | 0.751 | 0.816 | 0.926 | 1.157 | 0.756 | 0.613 | 0.695 | 0.568 | 0.869 | 0.709 0.657 0.051
0.6169 1.053 | 1.26 | 1.38122 | 0.778 | 0.810 | 0.925 | 1.156 | 0.749 | 0.630 | 0.720 | 0.583 | 0.899 | 0.728 0.673 0.039
0.7623 1.243 | 1.18 | 1.44083 | 0.996 | 0.782 | 0.934 | 1.125 | 0.730 | 0.779 | 0.930 | 0.727 | 1.121| 0.877 0.819 0.059
0.8312 1.343 | 1.13 | 1.50233 | 1.098 | 0.775 | 0.943 | 1.103 | 0.731 | 0.851 | 1.035 | 0.803 | 1.211 | 0.939 0.885 0.079
0.9452 1452 | 1.13 | 1.55789 | 1.318 | 0.772 | 0.960 | 1.044 | 0.741 | 1.017 | 1.265 | 0.977 | 1.376 | 1.062 1.020 0.055
1.0000 1.461 1.57852

core volume per mole Vi* of component i as described
elsewhere [7,15]. The characteristics parameters Pi’*
Ti* and Vi** and the reduced volume Gi which are given
in Table 2, and the reduced temperature T/ of the pure
component i used in the present calculation were
obtained from the values (see Table 2) of the molal
volume V, the thermal expansion coefficient a, and the
thermal expansion coefficient y, by using the methods
described by Abe and Flory [16]. The parameter 6,X;,
(characteristic of a system), used to calculate AHY
(RT) from Eq. (3), was estimated from the reduced
excess volume oF, by using the experimental values of
the excess volumes for equimolal mixtures and by
employing the relations described by Abe and Flory
[16]. The values of the reduced volumes (0) of the

solutions used in the present calculations were also
obtained from the relations of Abe and Flory [16] by
using the experimental values of excess volumes for
the various systems [5].

The contributions of the various terms in Eq. (2) are
given in columns 3-6 of Table 1, and values of the free
energy contribution, defined by ng = ny ns are given in
column 9. The various combinations of the calculated
contributions from various terms to n, combining them
multiplicatively, in accordance with the logarithmic
relation in Eq. (2), are recorded in columns 10-13 of
Table 1. The free volume theory, which takes into
account free volume corrections to the ideal mixture
viscosity nijg, corresponds to niy Ny, where as absolute
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Figure 1: Plot of dynamic Viscosity Vs mole fraction x1 of Acetylene Tetrachloride + benzene =, + toluene A, +p-xylene @,

+cyclohexane M, + acetone v at 303.15K.

Table 2: Parameters for Pure Liquids at 303.15K

Liquid v ax10° Y G V* T P*
cm?® mol’ deg™ cal cm® deg™ cm® mol” K cal cm®
Benzene 89.95° 1.233° 0.292° 1.2975 69.33 4730 149
Toluene 107.43° 1.089° 0.278° 1.2693 84.64 5036 136
p-xylene 124.57° 1.038° 0.268° 1.2590 98.64 5165 129
Cyclohexane 109.40° 1.232° 0.247° 1.2973 84.33 4732 126
Acetone 74.53° 1.477° 0.258° 1.3422 55.53 4354 141
ATC 106.33° 1.014° 0.340° 1.2540 84.79 5231 162

®Based on densities reported in Table 1.
®Values obtained from the interpolation of the data tabulated in Ref. [16].

“Values computed from densities at three temperatures,the density data being taken from Ref. [9].
%Values estimated from isothermal compressibility kr,by using the relation y=a/kr. Values of kr were obtained from Ref. [20].
*Vales estimated from isothermal compressibility which,in turn, was obtained from adiabatic compressibility reported in Ref. [9].

reaction rate theory, which takes into account the free
energy corrections to the ideal mixture viscosity,
corresponds to nig Ng. Macedo — litovitz ‘s theory [17]
which takes into account enthaplic and free volume
corrections to ideal mixture viscosity corresponds to njq
Nu nv which is given in column 14 of Table 1. The
values of the complete product nig Ny Ns Nv are given in
the column 15.

Table 1 shows that for the system ATC- benzene,
the experimental viscosities are best reproduced by njq
Ns Or Nig Nv, whereas the values predicted by nig Ny Or Nig
nv are somewhat less satisfactory in this case. Further,

the experimental viscosities for the systems ATC-
toluene and ATC -p — xylene are best reproduced by nq
nv. For the system ATC- cyclohexane, the experimental
viscosities are also best reproduced by ni4 Ny, whereas
the values predicted by nig Nu, Nig Ns, Nid N Nia NH Nv
and ng Nu ns nv exhibit larger deviations from the
experimental values n for this system. Though the
values predicted by, nig ny for ATC —ACETONE are
relatively closer to the experimental values, none of niy
NH, Nig Nss Nid NG, Nid Nvs Nig NH Nv @nd Nig N Ns Nv
satisfactorily reproduces the experimental viscosities
for this system .
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The experimental values of n for the various
mixtures have been used to calculate the values of the
quantity An from the relation

AN=n- X4 Ny - X2 N2 (5)

Where n4, N2, N, X1 & Xz have the same significance
as in eq. (1). The values of An for the various system of
ATC have been given in the last column of Table 1,
which shows that the values of A n are negative
throughout the whole range of composition for ATC-
benzene, ATC-toluene, ATC-p- xylene, and ATC-
cyclohexane. It also shows that the values of An are
negative throughout the whole range of composition for
ATC-benzene, ATC-toluene, ATC-p-xylene, and ATC-
cyclohexane.

It also shows that for ATC-acetone, the values of An
are negative at low mole fractions of ATC and positive
at high mole fractions. At x4=0.5, the values of An have
the sequence

(Ar]) acetone = (An)p—xylene >((An)benzene > (An)toluene > >
(An)cyclohexane

The values of An can be discussed from the
viewpoint of the existence of specific interaction leading
to the formation of molecular complexes between the
components of the various systems [7]. For systems
where dispersion, induction and dipolar forces are
operating, the values of (An) are found to be negative,
whereas the existence of specific interaction leading to
the formation of adducts between the two components
of various binary systems tends to make An positive.
The measurements of dielectric constants [1] have
indicated that ATC forms molecular complexes with the
aromatic hydrocarbons and acetone. The large
negative values of An for ATC-benzene, ATC-toluene
and, ATC-p-xylene can be attributed to the
predominance of contributions to An on account of the
dispersion, dipolar and induction forces over those due
to specific interactions between the components. The
slightly negative values of An at low mole fractions and
positive values of An at high mole fractions of ATC-
acetone system show that acetone forms molecular
complexes with ATC. From an NMR study McClellan
and Nicksic [18] have shown that the molecules of ATC
are self associated through hydrogen bonding. The
specific interaction are expected to be hydrogen bond
formation between the hydrogen of ATC and proton
acceptor groups.

According to Grunberg and Nissan, [19], the values
of n for a binary mixture of components 1 and 2 is
given by

In nN= X1 In Nt + Xo In N2 + X41X2 d (6)

Where d is a parameter which is regarded as a
measure of the strength of interaction between the
components. The values of d, as estimated from eq (3)
by taking n4, n2, n in mP are given in the column 3 of
the Table 1 for various mixtures. The values of d which
are slightly positive in the case of the systems ATC-
benzene, ATC-toluene, ATC-p-xylene, suggest that
ATC forms weak complexes with benzene, toluene and
p-xylene; whereas the higher positive values of d for
ATC -—acetone system show that ATC forms strong
complexes with acetone in the liquid state because of
hydrogen bonding between the hydrogen atom of ATC
and lone pair of electrons on the oxygen atom of
acetone. On the other hand, the specific interaction
between ATC and aromatic hydrocarbons can be
explained as due to formation of a weak hydrogen
bond between the hydrogen atom of ATC and -
electrons of the aromatic ring. However, there is also a
possibility of charge transfer complex formation with
aromatic hydrocarbons via chlorine atom-tr-electron
interactions.
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