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KALIDOSS - JACOBSON FREE LENGTH
THEORY APPLIED TO BINARY LIQUID
MIXTURES OF CCl, + TOLUENE/ANILINE/
0-CRESOL/m-CRESOL/p-CRESOL
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Ultrasonic velocities and intermolecular free lengths in binary liquid mixtures of CCly
with toluene, aniline, o-cresol, m-cresol and p-cresol have been calculated theoretically,
at different compositions and at temperature 298 K, based on Free Length Theory as
revised recently by Kalidoss. It is observed that there is a close agreement of calculated
velocities with experimental ones. The shape and thermostatic state picture built up in
this formulation could be considered as a good representation of molecular state.

Keywords: Binary liquid mixtures; Free length theory; Molecular shape; Association

1. INTRODUCTION

Ultrasonic velocity and related data of liquid mixtures are found to be
the most powerful tools in testing the theories of liquid state. In recent
years, successive attempts have been made by large number of workers
to evaluate theoretically the ultrasonic velocity in pure liquids and
binary liquid mixtures using Free Length Theory (FLT), Collision
Factor Theory, Nomoto’s Relation and Van Deal’s ideal mixing rela-
tion. Some workers [1,2] have also compared the relative merits of
these theories. They arrive at the conclusion that compared with other
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theories, FLT results in larger deviation of calculated velocities from
experimental values. Such workers seemed to have ignored the neces-
sity of incorporating two parameters in FLT as originally suggested by
Jacobson himself: one, to account for the association and the other,
for the shape of the component molecules in the mixture. Recently
Kalidoss [3, 4] incorporated both shape factor and thermostatic state
into FLT and found close agreement with experimental results.

The present paper reports the results of the application of the dif-
ferent thermostatic state and shape factors based on the FLT as
revised by Kalidoss to binary liquid mixtures of CCl; with toluene,
aniline, o-cresol, m-cresol and p-cresol at different mole fractions at
298K.

2. THEORY

If the volume and surface area of one liquid molecule be written in
terms of shape parameters g and b as

v=ar and S=br (1)

then, the surface area of all the molecules in one mole of a pure liquid
can be written as [3, 4],

Y = NbP? = F(36nNV2)!/?
b )

where, F=———
(36na?)'/?

Here, N is the Avogadro’s number, F is the shape factor giving the
relation between the surface of the molecules and the imagined
spherical surface which enclosed the same volume as the volume of the
molecules. The different shapes considered [5] in this work are given in
Table I.

Jacobson himself observed that for liquids of low molecular weights,
F=1, and for those with high molecular weights, which are highly
asymmetrical, F is considerably greater than unity.

V, is the volume of pure liquid at 0K and is given by,

V, = Vo[l = (T/T.)* (3)
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where, T, is the critical temperature and V7 is the molar volume at
TK.

According to Kalidoss [3,4], if A; and F, are respectively the
association and shape factor of the ith liquid molecule, then the
expression for the intermolecular free length for the binary mixture
becomes,

_ 2[(C xAMi/p) — 30 xiAiVai)
b = ZixiAiF iY ()

where x; and M; are the mole fraction and the molecular weight
respectively of the ith liquid. 4;,=1 and 2 refer to the monomeric and
dimeric state of the molecules. With 4;,=1 and F;=1, the above
equation reduces to that originally proposed by Jacobson.

From this value of Lg; and density of the mixture, the sound
velocity in the binary liquid mixture can be calculated using the
relation,

k

Ugj = ——— 5
KJ pV2Ly; (5)

where, k is the Jacobson’s temperature dependent constant.

3. COMPUTATIONAL ASPECTS
Using the literature value of T, experimental density, mole fraction
and shape factor by considering various shapes and the two possible

thermostatic state of both the liquid molecules as input data, the

TABLE II Shape and association in mixtures

Mixtures x* value

CCl+ JFLT KJFLT Shape-association

Toluene’ 6.83 6.83 Sph —Monomer + Sph—~ Monomer
o-cresol 15.49 15.49 Sph - Monomer + Sph — Monomer
m-cresol 25.40 25.40 Sph—-Monomer + Sph - Monomer
p-cresol 269.18 78.60 Cub-Dimer + Cub— Monomer
Aniline 134.02 1241 Cyr 1.5-Dimer + Tetra—-Monomer

JFLT: Jacobson Free Length Theory
KIJFLT: Kalidoss—Jacobson Free Length Theory
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intermolecular free length Ly, and the u.s. velocity in the binary liquid
mixture, Ug; can be calculated. For a given mixture 16 x 2 x 16 x 2=
1024 combinations of F; and A, values were considered. The set of F;
and 4, values which generates the minimum x? gives the correspond-
ing shape and themostatic state of the component liquid molecules in
mixture. The results obtained are summarized in Table II.

4. RESULTS AND DISCUSSION

Table III gives the experimental and theoretical values of u.s. velocity
and inter-molecular free length for the binary liquid mixtures of p-
cresol and aniline with CCl,. As mentioned in Section 2, for spherical
and monomeric state of the liguids, there is no difference between
Jacobson’s Free Length Theory (JFLT) and Kalidoss—Jacobson's
FLT (KJFLT). Hence the tables corresponding to the mixtures of
CCly+toluene, o-cresol and p-cresol are not given.

Toluene is neutral, while other liquids studied are basic (aniline is
more basic than cresols). Again, toluene has plus inductive character
whereas other liquids have negative inductive character. Even though
(all) cresols belong to alcohol group, because of high sterric hindrance
and high intra-molecular H-bonding, the reactivity of o-cresol is less
than that of m- or p-cresols. Also because of high electron withdraw-
ing nature of amino group, the reactivity of the liquids studied de-
creases as

aniline > p-cresol > m-cresol > o-cresol > toluene

Therefore, when CCl, is added to these liquids, the intermolecular
forces increase in the reverse order. Thus the less-reacting toluene,
o-cresol and m-cresol have spherical-monomeric state themselves,
maintain the shape and polymeric state of CCl, as spherical-monomer.
The more-reacting p-cresol and aniline assume cubical and tetrahedral
shapes themselves respectively, while modifying that of CCl, to cubic-
Dimer and Cylinder 1.5-Dimer respectively. Thus, when CCly mole-
cule goes into a mixture with other liquid molecules, it may or may not
have same shape and thermostatic state in different mixtures [4, 6].
This only indicates that the relative strength of the AB-interaction is
different in different systems studied.
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Toluene, aniline, o-cresol, m-cresol, p-cresol all are polar liquids
while CCl, is non-polar. Thus the AB interaction in all the four
systems is dipole-induced dipole type.

5. CONCLUSION

The theoretical approach of revised free length theory is found to be
applicable to the systems investigated and there is closer agreement
with experimental results. The shape and thermostatic state picture
built into this formulation could be considered as a good representa-
tion of molecular interaction in mixtures.
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