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ABSTRACT

The critical micelle concentration and conductivity behaviour of copper (II) soap solution in
benzene-methanol mixtures have been determined by the following equation at various temperatures (40,
45, 50 and 55°C):

logp=A+Blogc

Where A and B are constants, ¢ is concentration of copper soap in g.moles/litre and p is
molecular conductivity. The values of log u and B generally increase with temperature. Both the
values of log p and B also increase with increase in the volume percent of methanol in the system. The
above system obeys the Krauss and Bray type expression and data show that in general, dissociation
constant increases and limiting molar conductance decreases with the temperature upto 50% methanol in
the solvent mixture. The work has been extended to collect thermodynamic parameters such as the heat
of dissociation, AH’, to enable the behaviour of soap solutions to be better understood. In regard to
chain length of the soap, the cmc values are in the order: Caprate < Caprylate.

CMC increases with the increase in the methanol percent in the solvent mixture. The results
confirm that the change in the nature of micelles from hydrophilic oleomicelles to lipophilic

hydromicelles occurs in solutions at about 50% methanol.
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INTRODUCTION

Tremendous developments have taken place in the study of transition metal soaps
but references to the investigation of copper (II) soaps are scanty' ™.

As anionic surfactants containing copper (II) ions possess valuable characteristics

" Author for correspondence
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such as toxicity towards fungi, bacteria, pests and are used in lubrication, emulsification
etc.” ®, present studies at various temperatures will provide revealing interpretations of
soap-solvent interaction and structural insight of a micelle in soap-benzene-methanol.

In continuation of our previous study of copper (II) surfactants in ternary system’
conductometric studies have been carried out at four temperatures (40, 45, 50 and 55°C) to
determine the cmc of these soap solutions and to qualitatively determine the effect of the
type of solvent on micellar aggregates. The dissociation constant K and the molecular
conductance at infinite dilution p, were evaluated to gain insight into the stability and
nature of the soap micelles. The heat of dissociation AH’ has been calculated to
understand the behaviour of soap solutions at different temperatures.

EXPERIMENTAL

Materials and methods

All reagents used were of LR/AR grade. Fatty acids and chemicals were purified
and soaps prepared by the method described in an earlier communication’. The purity of
the monohydrated soaps was confirmed by their elemental analysis. A Toshniwal
conductivity bridge C L 102 A and a Philips dipping type conductivity cell with platinized
platinum electrodes were used. All measurements were made in a thermostatic bath
(£0.05°C). The reproducibility of the results was examined by repeating the measurements.
The specific and molecular conductance was expressed in mhos cm™' and mhos cm” mole',
respectively.

RESULTS AND DISCUSSION

The specific conductance kg, of soap solutions increases with the increase in the
concentration of soap in the varying composition of benzene—methanol mixture for both;
the caprylate and caprate soaps. This may be ascribed to the formation of ionic micelles of
higher conducting power than the simple ions. The plots of specific conductance kg, vs
soap concentration ¢ are characterized by an intersection of two straight lines at a definite
soap concentration corresponding to cmc of the soap. There is an increase in the values of
specific conductance with the rise in temperature (Table 1, Fig. 1).
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Fig. 1: Plots of specific conductivity v/s concentration of copper caprylate at various
temperatures in 70% methanol

It is apparent from the results that cmc values are higher for caprylate than caprate
and also dependent on the composition of the solvent mixture. The value of cmc (Table 2)
in the solution upto 50% methanol is lower as compared with the cmc values at higher
methanol concentration. This may be attributed to favourable interaction between polar
groups of the soap molecules and the hydrogen-bonded solvent (methanol) causing
micellization to occur at a relatively higher concentration. It is also known that the degree
of ionization of micellar units changes with the solvent composition and in the solvent of
high dielectric constant, micelles of relatively enhanced size and compactness are formed.
More over it is contemplated that in such systems, predominance of micelles markedly
affect the organizational features of the aggregates'®™'2.

The molecular conductance p of the soap solution decreases as the concentration of
the soap in the system: benzene-methanol increases. The molecular conductance (u)
values at four different temperatures (40, 45, 50, 55 °C) are given in (Table 2). The
decrease in molar conductance, p, with increasing soap concentration is due to the
combined effects of ionic atmosphere, solvation of ions and decrease in mobility as well as
ionization with the onset of micellization.
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This decrease seems to be due to the tendency of the soap to form aggregates at
higher soap concentration. Further it has also been suggested that the mobility of the soap

anion decreases with increase in the size of the micelle.'?

Table 3. Values of the cmc (g mole L™) for copper caprylate (caprate) solutions in

benzene-methanol mixtures

R. Sharma et al.: Conductometric Studies....

- Temp. Volume percent of methanol in the solvent mixture
ots o
CO 30%  40%  50%  60%  70%  80%
40 0.063 0.064 0.065 0.066 0.068 0.070
(0.054) (0.055) (0.056) (0.062) (0.062) (0.064)
45 0.062 0.064 0.065 0.065 0.068 0.071
(0.053) (0.056) (0.056) (0.058) (0.058) (0.059)
kopvsc
50 0.062 0.063 0.065 0.066 0.068 0.070
(0.053) (0.054) (0.056) (0.057) (0.057) (0.058)
55 0.062 0.063 0.064 0.066 0.067 0.070
(0.052) (0.053) (0.054) (0.055) (0.056) (0.057)
40 0.064 0.064 0.065 0.067 0.067 0.069
(0.053) (0.054) (0.056) (0.058) (0.062) (0.062)
45 0.063 0.063 0.064 0.066 0.068 0.069
(0.053) (0.055) (0.055) (0.057) (0.061) (0.063)
Lvs Je
50 0.063 0.062 0.063 0.065 0.067 0.068
(0.052) (0.055) (0.055) (0.056) (0.061) (0.063)
55 0.063 0.062 0.063 0.064 0.066 0.068
(0.052) (0.055) (0.054) (0.055) (0.061) (0.063)

The plots of pu vs square root of concentration Je , are characterized by an

intersection of two straight lines corresponding to cmc of the soap (Fig. 2 and Table 3).
The results are in complete agreement with the values of cmc obtained from kg, vs ¢ plots

and other physical properties studied by us."”’
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Fig. 2: Plots of molecular conductivity of copper caprylate v/s square root of soap
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With respect to solvent composition, it has been noticed that the nature of the
curves (1 vs volume percent of methanol) shows a change at 50 % methanol concentration
for these plots (Fig. 3). This may be due to the combined effect of the variation of
dielectric constant, viscosity and degree of aggregation of the soap with the change in the
composition of the solvent mixtures.

It may be pointed out that the plots of log p vs log ¢ (Fig. 4) for the solutions of the
copper caprylate and caprate are linear for all the compositions of the solvent mixtures and
this behaviour may be exhibited by the expression: log u= A + B log c, where A and B are
constants and ¢ refers to the concentration of the soap (g mole L™).

2.0
* 30%
A 70%
A - 1.6
A A
1.2
* =
(@)
g}
3 0.8
| 0.4
‘ 0.0
2.4 2.0 1.6 1.2 -0.8 0.4 0.0

log ¢

Fig. 4: Plots of specific conductivity v/s concentration of copper caprylate at various
temperatures in 70% methanol

The values of log p for zero value of log ¢ (i.e. log p-1) are given in the Table 4.
The values of log u.-; and B generally increase with temperature. The values of log -
and B also increase with increase in the volume percent of methanol in the system. This
may be due to the low degree of association of soap molecules in the soap solution as the
volume percent of methanol in the system increases'*".
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Dissociation constant (K) and limiting molecular conductivity ()

Krauss and Bray'® derived an expression for the dissociation constant of the soap
with the assumption that the soap behaves as a weak electrolyte in dilute solution. It is thus
anticipated that such system obeys the Krauss and Bray type expression. Using the
following expression, values of K and limiting molar conductance were obtained at four
temperatures for copper caprylate and copper caprate in benzene and methanol mixtures:

u? = KH?) _ uéK
4pn 4

Where p is the limiting molar conductance. It is observed that the plots of ¢’
against p' are linear. The values of K and p, for copper soaps in benzene- methanol
mixtures of varying compositions have been obtained form the intercept and slopes of
these plots at different temperatures. The average value of K and p, were found to be
(-0.8259 x 10°) and (-5.8875 x 1072), respectively for copper caprylate soap.

The result suggests that in general, dissociation constant increases and limiting
molar conductance decreases with the rise in temperatures. It may be due to the change in
the viscosity of the solvent mixture. The values of py decreases upto 50% methanol
concentration and thereafter, this pattern disappears at higher concentration of methanol
and values of py and K at 70% and 80% methanol (above cmc) are difficult to study.

This may be due to the change in the nature of micelles from hydrophilic
oleomicelles to lipophilic hydromicelles occurring at 60% methanol.'” It is further
underlined that the dissociation constant K does not show any particular trend with the
increase in volume percent of methanol.

This is presumably due to the collection of counter ion in the vicinity of micelles at
higher soap concentration.'®

The heat of dissociation AH® as calculated from the slopes of linear plots of log K
vs 1/T (Table 5) decreases upto 60% methanol concentration and then the trend vanishes,
showing the change in the nature of the micelles at about this concentration. The negative
enthalpy of dissociation (AH’ < 0) suggests that the dissociation of these metal soaps is
exothermic. Negative enthalpy change of dissociation may be compensating for the
unfavourable change in free energy and entropy of the dissociation process. The
unfavourable entropy change may be attributed due to ion—solvent interactions i.e.
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solvation of the soap molecules'*'"*°.

Table 5. Values of heat of dissociation, AH®in (K cal mole™) of copper soaps in
benzene-methanol mixtures

Percentage Name of soap

of methanol Caprylate Caprate
30% -0.0174 -0.1228
40% -0.0349 -0.1405
50% -0.0524 -0.1584
60% -0.0699 -0.1763
70% -0.0349 -0.1405
80% -0.0174 -0.1228
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