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Abstract

The surface tension results of the barium soap
solutions in water-propanol-1 mixtures have been
explained on the basis of Szyszkowski's empirical
equation: y = 5, (1 + X 1InY) — X v, 1n C. The
values of the constants X and Y of the equation
have been calculated for various soap systems.
The constant X is found to be almost indepen-
dent of the composition of the solvent mixture
but it depends to some extent on the chain length
of the soap. The values of Y show a marked in-
crease at 50% propanol-1 concentration which
confirms that the transition in the nature of the
micelles takes place at about 50% propanol-1
concentration. The values of X and Y are sug-
gestive of the size and nature of the micelles,
respectively.

Introduction

In the previous communications (1,2), the con-
ductivity and viscosity of the barium soap-water and
propanol-1 system have been investigated. In the
present work, the surface tension of barium soap
solutions in water-propanol-1 mixtures of varying
composition has been studied. Szyszkowski's (3)
empirical equation has been applied with a view to
find out the size and nature of the micelles formed
in mixed solvents.

% r o 0006 M
% 0025 M
a Q035 M
M [
s L CAPROATE
T 30 |
o
28
2 |
24 |
22

0 10 20 30 40 56 60 70 80
VOLUME PERCENTAGE OF PROPANOL-{ —>

Fie. 1. Surface tension, %, against volume per cent of pro-
panol-1,
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Experimental Procedures

The chemicals have been purified and the soap
solutions prepared by the methods described in the
previous communication (1). The surface tension and
density of the soap solutions have been determined
by means of stalagmometer and pyknometer, respec-
tively at 40 =+ 0.05 C. The surface tension results
are in dynes/cm,

Results and Discussion

The surface tension, vy, of barium soap solutions in
water-propanocl-1 mixtures of varying composition
decreases with the inerease in volume per cent of
propanol-1 in the system. The decrease may be due
to the increasing size of the micelles as the alcohol
is also incorporated in the micelles. The surface
tension at first decreases rapidly, then slowly and
finally linearly with the inerease in propanol-1 con-
centration. The plots of the surface tension, y, against
volume per eent of propanol-1 show a marked change
at 50% propanol-1 concentration (Fig. 1) which may
be due to the change in the nature of the micelles
formed in soap solutions. A change at 50% propanol-
1 concentration is also observed in conductivity and
viscosity results (1,2). It has been suggested that
hydrophilic oleomicelles are formed below 50%
propanol-1 concentration and the change in the na-
ture of the micelles from hydrophilic oleomicelles to
lipophilic hydromicelles [according to the classifica-
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2. Surface tension, v, against concentration of soap.
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TABLE 1 TABLE II
Values of X Values of Y
V{(]}}uﬂée Soap name Volunfle Soap name
[ o O

Propvanol-l Laurate Caprate Caprylate  Caproate Propanol-1 Laurate Caprate Caprylate Cayproate
10 L s 0.019 10 6.4 X 10-¢
260 L L 0.010 0.011 20 1.2 X 104
30 0.008 0.005 0.011 0.010 30 4.9 X 10
40 0.005 0.006 0.011 0.011 40 8.2 X 10-%
50 34.006 0.008 0.010 0.009 50 8.0 X 10-2
60 0.008 0.006 4.010 0.009 60 3.2 X 10-2
70 0.005 0.007 0.010 0.007 70 7.4 X 10-8
80 0.006 0.004 0.010 0.011 80 8.9 X 10-3

tion of the micelles by Schulman and Riley (4)]
takes place at about 50% propanol-1 concentration.

It has also been observed that the surface tension
of barium soap solutions decreases as the concentra-
tion of the soap increases. The decrease in the sur-
face tension may be due to the increase in the size
of the micelles due to the inereasing tendency to form
aggregates with the increase in the soap concentra-
tion. The plots of surface tension, y, against the soap
concentration (g mole/liter) show that at first the
surface tension decreases rapidly and then linearly
with the inerease in the soap concentration (Fig. 2).
The plots show a sharp change in the surface de-
ficiency of the soap at a definite concentration, 0.0125
M, which is independent of the chain length of the
soap and of the composition of water-propanol-1 mix-
ture used as a solvent. However, it may be pointed
out that no sharp change in the behavior is observed
in soap solutions containing 10% propanol-1.

It may also be pointed out that the plots of surface
tension, vy, against logarithm of soap concentration,
log C, are linear for soap solutions containing 30%
to 80% propanol-1 (Fig. 3). The results are in agree-
ment with Szyszkowski's (3) empirical equation for
solutions of fatty acids:

Al
Y cioxm o [1]
Yo Y

where y and y, are the surface tensions of solution
of concentration C and of pure solvent, respectively
and X and Y are constants. The equation {1} ecan
be written in the form:

Hence,
dy
——— ==Xy, [3]
d1nC

and by substitution in Gibbs adsorption equation, the
adsorption excess, (v), ie., the excess conecentration
of solute per unit area of the surface is found te be:
¢ d X
re=— LA it [4]
RT dC RT

Therefore, the surface area covered by the soap
micelles formed by 1 g mole of the soap:

RT
Xye

The values of X have been calculated from the
slopes (—2.303 v,X) of the plots of the surface ten-
sion against logarithm of soap concentration and the
results are given in Table L

Tt has been observed that the values of X are
independent of the volume per cent (between 30%
to 80%) of propanol-1 in the system but depend to

Area =

some extent on the chain length of the soap. There-
fore, the surface area covered by the soap micelles
formed by 1 g mole of the soap depends only on the
surface tension of water-propanocl-1 mixture used as
a solvent. The surface tension of the water-propanol-
1 mixture decreases with the increase in the volume
per cent of propanol-1 and so results in the increase
in the surface area covered by the soap micelles. The
increase in surface area may be due fo the increase
in the size of the micelles as the aleohol is also in-
corporated in the micelles. The approximate values
of the surface area covered by the micelles formed
by 1 g mole of different soaps are as follows: Laurate
(18-21) 101°, Caprate (17-19) 109, Caprylate (9-
11) 10%° and Caproate (9-11) 1010 em?2. Tt is observed
that the area occupied by laurate and caprate micelles
is much greater than that of caprylate and caproate.
This difference may be due to the increase in the
size of the micelles with the increase in the chain
length of the soap, It is interesting to note that the
surface area covered by the micelles of caproate and
caprylate is almost half that of caprate and laurate.

However, it may be pointed out that the plots of y
against log € in presence of 10% and 20% propanol-1
are linear for dilute soap solutions but show devia-
tions at higher soap conecentrations (above 0.090 and
0.045 M for 10% and 20% propanol-1, respectively).
The values of X calculated from the slope of the
linear portion of the graph for 10% and 20%
propanol-1 are higher than that for 30% to 80%
propanol-1 systems and so the soap micelles formed
in 10% and 20% propanol-1 cover less surface area.
This is in agreement with the view that the size of
the micelles increases as the volume per cent of
propanol-1 in the system increases.

The values of Y have been calculated from the
intereepts [=y, (1 +X1InY)] of the plots of vy
against log C and the results are summarized in
Table II. Tt is observed that the values of Y for
soap solutions containing 50% to 80% propanol-1
are much higher than the corresponding values for
solutions eontaining propanol-1 below 50%. This may
be due to the fact that Y depends on the nature of
the micelles formed in soap solutions in mixed sol-
vents. The large difference in the values of Y (below
and above 50% propanol-1) suggests that the change
in the nature of the micelles takes place at about
50% propanol-1 concentration.

TABLE III
Values of —X 1n Y
Volume Soap name
% of
Propanol-1 Laurate Caprate Caprylate Caproate

0 e 0.23
%0 0.09 0,10
30 0.07 0.06 4.08 0.0
40 0.07 0.06 0.08 0.10
50 0.03 0.03 06.04 0.04
60 0.03 0.04 0.04 0.05
70 0.08 0.03 0.04 0.03
80 0.08 0.02 0.04 0.05
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T16. 3. Surface tension, v, against log C.

It is also observed that the values of Y also vary
with the chain length of the soap. This variation
may be partly due to the difference in the values of
X for different soaps, which have been used in the
caleulation of Y from the values of the intercepts
[=v (1+X1InY)] of the plots of v against log C
(Fig. 3) but it is not entirely due to it.

The results show that the values of X and Y de-
pend to some extent on the chain length of the soap.
The constant X is almost independent of the com-
position of the solvent mixture whereas the values
of Y show a marked change at 50% propanol-1 con-
centration, However, it may be pointed out that X
and Y seem to be interdependent on each other in
such a way that the values of ~X In Y become al-
most independent of the chain length of the soap
(Table 11I). It is further interesting to note that
the values of —X 1n Y for systems containing
propanol-1 above 509% are almost half of the values
obtained for the systems containing propanol-1 be-
low 50%. This again confirms that the change in the

nature of the micelles occurs at about 50% propanol-
1 concentration.

Therefore, there is justification in applying the
Szyszkowski's equation to find the size and nature
of the micelles formed In soap solutions in water-
propanol-1 mixtures of varying composition. The
constant X suggests the size of the micelles and is
independent of the composition of the solvent mixture
(between 30% to 809% propanol-l) but depends to
some extent on the chain length of the soap. The
constant Y depends on the nature of the micelles
formed in mixed solvents and has different values
below and above 50% propanol-1 concentration.
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