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Evaluation of Sound Velocities in Mixtures of n-Alkanols + n-Heptane
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Sound velocities in binary mixtures of n-alkanols with n-heptane have been calculated theoretically based on free length
theory (FLT) of Jacobson and collision factor theory (CFT) of Schaaffs. The results have been compared with the experimental
values of Benson e al. [J chem Thermodyn, 9(1977) 1189; 10(1978) 967; 11(1979) 861]. The molecular interactions are discussed
in terms of the concentration dependence of intermolecular freelength and a term signifying relative interaction which has been
evaluated making use of molar sound velocity data in these mixtures.

n-Alkanol +n-alkane mixtures have been studied
extensively from the view point of their ultrasonic and
thermodynamic behaviour by various workers in order
to understand and interpret the modification of
structure in the associated alcohols on the addition
of alkanes' ~7. These studies are highly useful for
understanding the molecular interactions when water
is added to alcohols® ~!°. The intermolecular free
length in liquid mixtures has been found to depend on
the concentration, and molecular association or
dissociation in binary nonelectrolyte liquid mixtures
has been studied on the basis of this parameter!!:!2,
The free length theory of Jacobson'? (FLT) and the
collision factor theory of Schaaffs!* (CFT) have been
extensively employed to theoretically evaluate sound
velocities in liquid mixtures. The results have been
interpreted in terms of relative adaptability of each
theory to the type of mixtures studied!!"'?15 17 and
thereby the nature of molecular interactions in liquid
mixtures has been inferred. Our recent study on n-
hexanol + n-alkane mixtures has indicated that the
intermolecular free length depends on the relative size
of the component molecules, and it is linearly related to
mole fraction of alcohols for n-hexanol+ n-hexane
system wherein the sizes of the two components are
equal. To study the effect of size of the alcohol
molecule on the intermolecular free length of the »-
alcohol + n-alkane systems, we have taken up the study
of n-alkanol +n-heptane series in the present work.
Eventhough FLT is not strictly applicable to the
system wherein the component liquids are associated
in nature, still a study of the extent of applicability of
FLT would be useful and we have evaluated velocities
in these mixtures using FLT apart from CFT.

Theory
The free lengths in liquids have been evaluated using
Jacobson’s equation!? (Eq. 1),

K

where K is a temperature dependent parameter and u
and p are the ultrasonic velocity and density of the
liquid.

Free lengths in the mixture are evaluated using the
relation (2),

i K
M _
Lf - Umix - Pmix (2)
The available volume has been evaluated using
Eq.3,

V.=Vy-V, .03

where V) and ¥V, are the molar volumes at the
temperature T and at absolute zero respectively.

The surface area per mole of the liquid is given by
Eq. 4,

Y=36nNV3)'? )

From the knowledge of pure liquid parameters, the
ideal free length can be evaluated using Eq. (5),

2V,
M_ a
%, Y, +x,Y; 2 (3)
where
Vn=(lem1+x2Vm2)_(xlV01+x2V02) '(6)

where x; and x, are mole fractions of the first and
second components in the mixture.

Ultrasonic velocity can also be evaluated using
Schaaffs’ collision factor theory!*. According to this
theory velocity in a pure liquid is given by Eq. 7,

e 1, S Ve =t S D
4"
where Vy is the molar volume, Y is the space filling

factor, S is the collision factor and B is the actual
volume of the molecule per mole and is given by Eq. 8,

B=4/3nr’N .. (8)
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The molecular radius r may be evaluated by the
formula due to Schaaffs!®. Nutsch-Kuhnkies'®
extended this theory for binary mixtures and showed
that,

o= uw(x1$l+x2§7_).(x131+x232) .9

The relative interaction of the two components in a
binary liquid mixtures has been studied %% in terms of
the experimental and ideal molar sould velocities, and
the magnitude of the relative interaction (Jp) is given by
Eq. 10,

... (10)
Where Rid = lel +X2R2.

Results and Discussion

The theoretically evaluated ultrasonic velocity data
using FL: and CFT are presented graphically
alongwith the experimental data for the systems n-
alcohols +n-heptane in Fig. 1. The necessary
experimental data have been taken from the work of
Benson er al.>2!-22, Intermolecular free length LM
evaluated using experimental ultrasonic velocity and
density data, is plotted against the concentration of n-
alkanol(x,)in Fig. 2. The term / signifying the relative
interaction is plotted against x, in Fig. 3. In view of
high accuracy in the measurement of velocity data, Iy is
accurate to +1 in 10*.
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Fig. | —Variation of ultrasonic velocity (u) versus concentration (x,)
of n-alkanol in n-heptane [—@—, experimental, —O—, FLT;
—A—, CFT]
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Fig. 2—Variation of intermolecular freelength (Lrl) versus
concentration {x,) of n-alkanol in n-heptane
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Fig. 3—Variation of relative interaction (/3) versus concentration

(xy) of n-alkanol in n-heptane [— @ —, Ethanol; —A—, n-propanol;

—{—, n-butanol; —O—, n-pentanol; —¥—, n-hexanol; —l—,
n-octanol; — @©-—, n-decanol]

An examination of the data presented in Fig. 1
indicates that the velocity data evaluated using CFT
are close to the experimental data in comparison with
the data evaluated using FLT. In view of the
limitations of the theory, the agreement may be taken
to be good. The result that CFT has an edge over FLT
is in conformity with the resuits of the earlier studies,
where these two theories have been tested for a larger
number of liquid mixtures.

Fig. 2 indicates that the intermolecular free length
depends on the relative sizes of the component
molecules. As the chain length of the alcohol molecule
increases the convexity decreases and finally for higher
alcohols the plot of intermolecular free length versus
x; becomes concave in nature. This behaviour
indicates that as the chain length of the alcohol
molecules increases the structure breaking nature of
the molecule increases. The rate at which the
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intermolecular free length decreases with increase in
concentration of n-heptane is slower in lower alcohols
than that in the higher alcohols. From this behaviour
one may infer that in lower alcohols the association is
predominant whereas the higher alcohols are
dissociative in nature in the environment of alkanes.
Fig. 3 indicates that the concentration at which /g
becomes minimum decreases with increase in the size
of the alcohol molecule. Also, at any given
concentration of n-heptane, I decreases with increase
in the size of the alcohol molecule. This behaviour
shows that the relative interaction of alcohol-alkane
molecules in the mixture increases with increase in the
size of the molecule. The destabilization of the
hydrogen bonded structure of higher alcohols by n-
heptane is more in comparison with the destabilization
of the structure of lower alcohols by n-heptane. It may
be mentioned here that /I close to | indicates less
interaction; and if J; =1, there exists no interaction
between the two types of molecules in the mixture and
the mixture behaves ideally. The results of the present
study are in conformity with the volumetric and
compressibility studies of Benson ef al.?*?!22,
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