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VISCOSITY STUDIES IN BINARY LIQUID MIXTURES
OF ETHYL ACETATE WITH HYDROCARBONS AND
HALOGEN COMPOUNDS AT 313.15K
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Viscosities for the binary liquid mixtures of ethyl acetate with cyclohexane,
benzene, toluene, ethylbenzene, carbon tetrachloride and chloroform have
been measured at 313.15 K. The viscosity data have been analysed in the
light of Katti & Chaudri equation® of mixture viscosity and it has been found
that for the present mixtures the experimental viscosities are best reproduced.
The excess viscosities (n£) and the excess free energy of activation of flow

(AGE) were calculated from the viscosity data.
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INTRODUCTION

This investigation is a part of author’s research programme consisting of the
experimental determination of excess thermodynamic properties for binary liquid
mixtures of selected common solvents. A considerable amount of data has
already been published.2-4 Now the present paper reports viscosities of binary
liquid mixtures of ethyl acetate with cyclohexane. benzene, toluene, ethylbenzene,
carbon tetrachloride, and chloroform at 313.15 K. The results have been inter-
preted in terms of molecular interactions.

MATERIALS AND METHOD

Cyclohexane, benzene, toluene, ethyl acetate all (BDH, Analar), carbon tetra-
chloride, and chloroform (BDH, Spectroscopic) were purified as per the procedure
given by Riddick and Bunger.5 Ethylbenzene (Fluka, AG) of 99 per cent purity was
used as received. The purities of the samples were checked by comparing the
measured densities and refractive index of the components with those reported in
the literatures and the agreement was found to be excellent. Viscosities were
determined using an Ubbelhode viscometer.” The flow time of liquid through the
capillary was measured with the help of a precalibrated RACER stopwatch correct
to 4-0.1 second. The temperature control was always better than 4-0.01 °C. The
values of viscosities thus estimated are accurate to --0.002 CP.

RESuLTS AND DISCUSSION

The values of viscosities for various liquids and binary mixtures at 313.15K are
given in Table I. The excess viscosity (v£), and the excess free energy of activation
of flow (AGE) were calculated by using the following relations
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Molar volume(V), viscosit/n), excess viscositnE), excess free energy of activation

of flow (AG*E) and the interchange energy (Wsise) for various binary

mixtures of ethyl acetate (component 1) at 313.15 K

X | 4 Tiexp Meat nE AG*E Wiise
(cm?mol 1) (cP) (cP) J mol'Y) (I mol™)
1 2 3 4 5 6 7
Ethyl acetate -+ Cyclohexane
0.0000 110.681 0.700
0.0601 110.338 0.636 0.645 — 0.046 — 1426
0.2052 109.485 0.526 0.542 —0.106 — 378.8
0.4085 107.702 0.445 0.449 — 0.120 — 467.1
0.5097 106.689 0.418 0.418 —0.113 — 460.6 1843.1
0.6056 105.653 0.400 0.396 -—0.100 — 416.7
0.7989 103.367 0376 0.371 — 0.060 — 264.0
0.9545 101.189 0.364 0.368 — 0.020 — 105.5
1.0000 100.521 0.369
Ethyl acetate 4+ Benzene
0.0000 91.107 0.491
0.0964 92.050 0.471 0.470 —0.008 — 344
0.2083 93.143 0.446 0.449 — 0.020 — 89.9
0.4048 95.015 0.418 0.419 —-0.024 — 1123
0.5016 95.934 0.407 0.407 — 0.023 — 109.5 438.0
0.6010 96.857 0.397 0.396 — 0.021 — 100.8
0.8028 98.724 0.381 0.380 —0.012 — 59.8
0.9461 100.035 0.371 0371 —0.005 — 2438
1.0000 100.521 0.369
Ethyl acetate 4+ Toluene
0.0000 108.594 0.469
0.0539 108.016 0.463 0.463 — 0.001 — 3.1
0.2080 106.899 0.444 0.444 — 0.004 — 119
0.4090 105.321 0.423 0.422 — 0.005 — 10.9
0.5069 104.533 0.412 0.412 —0.006 —18.2 72.8
0.6057 103.733 0.403 0.403 — 0.005 — 14.2
0.8004 102.139 0.386 0.385 —0.003 — 59
0.9543 100.795 0.373 0.373 —0.001 — 2.6
1.0000 100.521 0.369
Ethyl acetate -+ Ethylbenzene

0.0000 124.978 0.530
0.0536 123.689 0.520 0.520 — 0.001 42
0.2061 119.989 0.493 0.493 — 0.004 16.6
0.4041 115,193 0.460 0.459 — 0.005 28.9
0.5015 112,815 0.443 0.443 — 0.006 23.6 94.4
0.6034 110.318 0.427 0.427 — 0.006 234
0.7991 105.480 0.397 0.397 — 0.004 12.5
0.9342 102.056 0.379 0.378 — 0.001 9.7
1.0000 100.521 0.369
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1 2 8 4 5 6 7

Ethyl acetate + Carbon tetrachloride

0.0000 98.903 0.744
0.0667 99.039 0.707 0.704 —0.012 —10.2
0.2059 99.308 0.624 0.630 — 0.042 — 80.0
0.4046 99.659 0.541 0.542 —0.051 --388.1
0.5033 99.825 0.505 0.505 —0.050 — 87.0 —348.0
0.6014 99.993 0.475 0.472 —0.043 —67.2
0.8008 100.265 0.419 0415 --0.025 —31.0
0.9624 100.476 0.376 0.377 —0.007 —19.3
1.0000 100.521 0.369
Ethyl acetate + Chloroform
0.0000 82.216 0.464
0.0548 83.225 0.469 0.469 0.010 63.6
0.2073 85.970 0.486 0.478 0.042 251.9
0.4035 89.617 0.478 0.473 0.052 331.2
0.5003 91.403 0.465 0.465 0.049 317.9 1271.7
0.6012 93.249 0.447 0.452 0.040 274.6
0.8034 96.940 0.407 0.416 0.019 146.4
0.9472 99.559 0.384 0.382 0.010 74.8
1.0000 100.521 0.369
nE = np — (X1 + Xom2) Ne))
and
AGE = RT [ln 12 V12 —_ (Xl In 7)lV1 + le[l 'qsz)], .(2)

where i, Vip are the viscosities and molar volumes of the mixture and y; is the
mole fraction of the principal component viz. ethyl acetate. The molar volumes
were calculated from the density data.34 The mixture viscosities have been
ealculated by ussing Katti and Chaudri equation.!

nnaViz = Xiln Wy + Xz 1n g2 + X1 Xs E%}—f% «.(3)

where Wyise is the interchange parameter. W,y calculated at equimolar
concentration for each system is presented in Table 1.

The values of excess viscosities (y£) were fitted to an empirical equation of the
form.

NE = X1 - X)[ao + a12X — 1) + a2(2X — 1), ()]
where gy, a; and a, are adjustable parameters and X is the mole fraction of ethyl

acetate. The values of parameters obtained by least squares analysis are given
in Table I together with the standard deviations o(n%).

The values of yE are negative for the mixtures of ethyl acetate with cyclo-
hexane, benzene, toluene, ethylbenzene and carbon tetrachloride while for ethyl
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TABLE II

Values of parameters for eq(4) and the standard deviation o(nF) at 313.15 K

System Qo a as U("AE)
Ethyl ac etate + Cyclohexane —0.4552 0.2310 — 0.1628 0.002
Ethyl acetate + Benzene —0.0928 0.0379 — 0.0176 0.000
Ethyl acetate + Toluene —0.0221 0.0041 0.0017 0.001
Ethyl acetate —~ Ethylbenzene —0.0232 -—0.0014 —0.0041 0.001
Ethyl acetate + Carbon Tetrachloride —0.1970 0.0844 —0.0288 0.001
Ethyl acetate + Chloroform 0.1938 —0.1143 -—0.0133 0.001

accetate +- chloroform mixture it is positive over the entire mole fraction range,
where as the values of AGE are negative for mixtures of ethyl acetate with cyclo-
hexane, benzene, toluene, carbon tetrachloride and positive for mixtures ethyl
acetate + ethylbenzene and ethyl acetate + chloroform. The negative values of
9£ can be explained to be due to the predominance of dispersion and dipole-induced
dipole intractions over specific interaction. The positive values of v# and AG*£ for
ethyl acetate + chloroform mixture may be due to the formation of a hydrogen
bond on account of interaction of ‘H’ atom of chloroform with =-electrons of ethyl
acetate, There is an appreciable negative deviation from rectilinear dependence of
viscosity on mole fraction for the mixture ethyl acetate 4 cyclohexane. The large
negative values of n£ is sufficiently reduced when cyclohexane is replaced by
benzene, toluene and carbon tetrachloride. This can be explained as cyclohexane
with its known flexible structure is quite likely to make the flow process easier when
present in a mixture with a polar solute as compared to a rigid aromatic hydro-
carbon.
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