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A New Approach for Prediction of Surface Tension of Binary
Liquid Mixture

M.C. SAXENA
Chemical Laboratories
K.K. Saket Post Graduate College
Faizabad-224 001, india

Surface tensions of three binary liquid mixtures of hexane-decane,
hexadecane-decane at 30°C and benzene-carbon tetrachloride at 50°C have
been predicted by a new approach, using surface tension of pure com-
ponents. Results obtained have been compared with that obtained from
Brock and Bird relation and Eberhart relation. Relative merits and limita-
tions of all the relations have been assessed.

INTRODUCTION

Several attempts'~ have been made to predict surface tension of pure liquids
and liquid mixtures. In the present paper, a new approach has been carried out to
predict surface tension of binary liquid mixture. The results obtained have been
compared with the results obtained from Brock and Bird relation® and Eberhart
relation” 1° in the light of percentage deviation. Merits and limitations of every
method have been discussed.

Theoretical
Brock and Bird relations have been extended’ for binary liquid mixture, using
the relation
0‘mi)( | 0.432 _ i1/9
(Pngcm)lB "( 0.951 + Zcm )(l Trm) (1)

where P. , V. and T, are pseudo critical constants of the mixture and may' be
obtained from critical constants of pure components as their mole fraction
average, i.e.

»

Pcm = XlPCI + X2Pc2
Ve =XV, + X5V, 2)
Tcm = Xchl + )(2'1-‘c2

where X; and X, are mole fractions of first and second component and P, V,
T, are critical pressure, critical volume and critical temperature. Suffixes 1, 2
represent first and second component respectively.
T, and Z_ are obtained by the relation
T P, -V
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where R is gas constant, taken as 0.08205 lit. atm. deg™' mole™.
Eberhart’ gave a relation for surface tension of binary liquid mixture as

Sx,o, +X,0,
Omix =

SXI +X, (4)
where X, X, represents mole fractions of first and second component and 6, and
0, are surface tension of first and second component. S is termed as surface
tension enrichment factor, which is temperature dependent. The other notations
have their usual meaning.

A new approach for the evaluation of surface tension of binary liquid mixture
can be given as

Omix = X%O'] + X%Gz + 2X|X20'12 &)

where 6; and 0, are the surface tension of first and second component and G,
is a constant, the value of which is obtained from surface tension of pure
component, at equimolecular composition, as

01, =0.50, +0.50, 6)

The value of G;, is then used to get surface tension of binary liquid mixture
at other composition.
The logarithmic form of the equation can be given as

PrOmix = X%pnol + X%pn0-2 + 2X,X50Pn012 @

Equations (5) and (7) (Saxena-equation) can be applied to predict surface
tension of binary liquid mixture.

The percentage deviations, from surface tension values, can be obtained by
the relation

o . —0 .
A% =[MJX 100 8
Omix

exp

where Omix,,, is the experimental value of surface tension of the mixture, Gpix
is the value of surface tension of the binary liquid mixture calculated from various
equations (e.g. 1, 4, 5, and 7).

RESULTS AND DISCUSSION

Surface tensions of the binary liquid mixtures n-hexane-decane, hexadecane-
decane are evaluated at 30°C and for benzene-carbon tetrachloride at S0°C, using
Brock and Bird relation [Eq. (1)], Eberhart relation [Eq. (4)] and by a new
approach [Eq. (5) and (7)].

The necessary data required for calculation have been taken from our previous
work’ and other literature'>'4,

The results obtained have been given in Table 1. Surface tension obtained from
Brock and Bird relation [Eq. (1)] Eberhart relation [Eq. (4)] and from our new
approach [Eq. (5) and Eq. (7)] have been shown in columns third, fourth, fifth
and sixth respectively of Table 1.

The percentage deviation values, obtained from Brock and Bird relation,
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Eberhart relation and from our two new approach have been shown in column
eight, ninth, tenth and eleventh of the Table 1.

A close look on percentage deviation (A%) obtained from above four relations
reveals that the surface tension values evaluated from our new approach [Eq. (5)]
are very satisfactory and are not much beyond the experimental values. Moreover
the percentage deviation obtained from the other approach [Eq. (7)] shows the
minimum deviation, as compared to Brock and Bird relation and Eberhart relation,
thus it shows superiority over all relations taken for study.

Thus it may be concluded from the present investigation that Equation (5) and
(7) provides a better way to predict surface tension of binary liquid mixture as
compared to Brock and Bird relation and Eberhart relation.

Brock and Bird relation is limited to non polar liquids and liquid mixture.
Moreover the values of pseudo-critical constants P, , V. and T, for mixture,

used in Brock and Bird relation are obtained from the mole fraction averages.
Resuits are only on approximation. Eberhart relation requires evaluation of
number of thermodynamic parameter for evaluation of surface tension of binary
mixture.

Our new approach [Eq. (5) and (7)] thus can be used successfully to predict
surface tension of binary liquid mixture, at wide range of temperature and
composition, provided surface tension of pure components are known. The
relation [Eq. (5) and (7)] also avoids botheration of evaluating other ther-
modynamic parameters, in comparision to Brock and Bird relation and Eberhart
relation.
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