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Micellization and Dissociation Behaviour of Zinc Stearate in
Methanol-p-Xylene Mixtures by Conductance Measurements
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The critical micellar concentration of zinc stearate in a mixturcs
of methanol-p-xylcne of varying compositions was determined at
different temperatures (308.15, 313.15, 318.15, 323.15 K) by con-
ductance measurement. The value of CMC increases with increase
in temperature. The dissociation constant, degree of dissociation
and limiting molar conductance were evaluated from conductivity
measurements. The results show that this soap behaves as weak
electrolyte in dilute solutions and the micellization process was
dominant over the dissociation process.
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INTRODUCTION

The importance of metal soaps has already been realized owing to their proven
utility as corrosion inhibiting agents, drier, catalyst stabilizers, lubricant disper-
sants and fungicides'™®. The soaps are useful for specific purposes on account of
their various fundamental properties. A survey of literature’' on transition metal
soaps revealed that the studies on zinc soaps have not been thoroughly investi-
gated despite their numerous applications in various industries'"* ',

The present work deals with the study of micellization and dissociation beha-
viour of the solutions of zinc stearate in a mixture of methanol-p-xylene (70 : 30,
50:50, 30 : 70 v/v) at different temperatures by conductivity measurements. The
various thermodynamic parameters for dissociation and micellization process
have also been evaluated.

EXPERIMENTAL

All the chemicals were used of AR grade. Stearic ~cid (50 g) was dissolved
in 160 mL of alcohol at 65°C and neutralized with 2N solution of carbonate-free
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potassium hydroxide. The resulting gel was liquefied by heating and the solution
added slowly with vigorous stirring to a warm solution of zinc acetate in 50%
alcohol. The zinc acetate was slightly in excess of that required for complete
reaction. The precipitated soap was washed free of soluble impurities with double
distilled water and to remove unreacted fatty acid or potassium soap by alcohol
and ucetone. After passing out the solvent, the soap was oven-dried at about
60°C and finally powdered and stored in a glass-stoppered bottle. Solutions of
varying concentrations of this soap were prepared by dissolving known amount
of soap in a mixture of methanol-p-xylene (v/v) and were kept for 2 h in a
thermostat at the desired constant temperature.

A digital Equiptronics conductivity meter model EQ-664 was used for
conductance measurements of soap solutions. The measurements were made at
308.15-313.15 (20.05) K. The specific and molar conductances are expressed in
mhos cm™' and mhos cmzlg—mol respectively.

RESULTS AND DISCUSSION

The results achieved during the course of the present investigation are given
in Tables 1-4 and Fig. 1. The increase in specific conductance of the solutions
of zinc stearate in methanol-p-xylene mixture with an increase in soap concen-
tration and with increasing amount of methanol is presented in Fig. 1. This may
be due to the fact that zinc stearate behaves as a weak electrolyte in dilute

TABLE-1
CRITICAL MICELLAR CONCENTRATION (CMC), LIMITING MOLAR
CONDUCTANCE (po) AND DISSOCIATION CONSTANT (Kp) OF
ZINC STEARATE IN METHANOL-p-XYLENE MIXTURES

Te'“(ﬁ’,‘g‘)““’e 35 40 45 50

70 : 30 Methanol-p-xylene Mixtuie

CMCx 107 (gmol L™") 6.90 7.01 7.24 7.46

Ho 4497 51.29 59.53 63.09

Kpx 107 2.129 1.443 1.195 0.934
50 : 50 Methanol-p-xylene Mixture

CMCx 1073 (gmol L") 5.81 592 5.98 6.02

Ho 24.16 24.62 25.87 2635

Kp x 107 2.030 1.801 1.449 1.334
30 : 70 Methanol-p-xylene Mixture

CMCx 1073 (gmol L") 4.07 4.83 5.27 5.69

Ho 19.13 19.87 2045 21.32

Kpx 107 2.453 1.652 1.204 1.019
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solutions and is considerably ionized into a zinc cation (Zn™) and fatty acid
(C,sH35CO0O"). However, the increase in specific conductance at higher soap
concentration is probably due to the formation of ionic micelles. The values of
critical micellar concentration of zinc stearate in mixture of methanol-p-xylene
are tabulated in Table-1. The CMC increases with increasing temperature becaus=
the micellization is assumed to occur when energy is released as a result of
aggregation of hydrocarbon chain. The monomer is sufficient to overcome the
electrical repulsion between the ionic head group and to balance the decrease in
entropy accompanying aggregation. Therefore, increase in temperature would
have been expected to increase the CMC value since the kinetic energy of the
monomer would have been increased.
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Fig. 1. Specific conductance vs. concentration of zinc stearate in 70/30 methanol-p-xylene
mixtures at different temperatures

TABLE-2
HEAT OF DISSOCIATION AND MICELLIZATION (PER MOLE
OF MONOMER) OF ZINC STEARATE IN
METHANOL-p-XYLENE MIXTURES

Methanol Heat of dissociation  Heat of micellization
(AHp kJ mol™") (AHpn kJ mol™")
70% -44.25 11.10
50% -23.11 5.77

30% -14.20 4.45
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TABLE-3
VALUE OF In Xcmc ZINC STEARATE IN

METHANOL-p-XYLENE MIXTURES

Asian J. Chem.

Temperature In Xeme +
70:30 50:50 30:70
Methanol-p-xylene mixtures
35 -5.64 -5.63 -5.76
40 -5.62 -5.60 -5.59
45 -5.59 -5.59 -5.49
50 -5.55 -5.58 -5.41

TABLE-4

THERMODYNAMIC PARAMETERS OF DISSOCIATION AND MICELLIZATION PRO-
CESS OF ZINC STEARATE IN METHANOL-p-XYLENE MIXTURES

Dissociation process Micellization process
Temperature ° ° ) ° ° 2
°C) AG[)_l ASp x l_(l) AGm_l ASm x l_(l)
(kJ mol™) (kJ mol™) (kJ mol™) (kJ mol™)
70 : 30 Methanol-p-xylene
35 21.66 -21.39 -2891 571
40 23.02 -21.48 -29.28 5.80
45 23.88 -21.41 -29.57 581
50 24.93 -21.40 -29.85 5.79
50:50 Meihanol-p-'xylene
35 21.78 -14.56 -28.86 749
40 2245 -14.54 -29.20 7.48
45 23.38 -14.61 -29.59 748
50 23.97 -14.57 -30.02 7.50
30 : 70 Methanol-p-xylene
35 21.84 -11.69 -29.54 8.14
40 23.18 -11.93 -29.10 7.87
45 2345 -11.83 -29.08 7.74
50 24.04 -11.83 -29.10 7.63

The decrease in molar conductance p of zinc stearate solution with increase
in soap concentration is due to the combined effect of ionic atmosphere decrease
in mobility, solvation and formation of ionic micelles. The critical micellar
concentration, i.e., CMC however cannot be determined from the plots of p vs.
V¢ which are concave upwards with increasing slopes, indicating that zinc
stearate behaves as weak electrolyte in dilute solutions, so that Dcbye-Huckel-
Onsager’s equation is not applicable for these soap solutions. Since these metal
soaps behave as weak electrolytes in dilute solutions, the following expression
(1) for their dissociation can be derived:
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The values of the dissociation constant Kp and limiting molar conducatnce
Mo have been determined from the slope, [KDu3]/4 and the intercept [Kpu2)/4 of
the linear plots of u%c® vs. 1/u for dilute soap solutions. The results show that the
value of molar conductance at infinite dilution and dissociation constant Kp
increases with increasing temperature. The values of dissociation, o, for different
concentrations and temperatures have been determined by assuming it as equal -
to conductance ratio W/py. The values of molar conductance were found to
decrease with decrease in amount of methanol.

The value of degree of dissociation of soap decreases rapidly in dilute solutions
with increasing soap concentration whereas it decreases slowly above the CMC.

The values of dissociation constant are almost constant in very dilute solutions
but exhibit a drift with increasing concentration (which indicates that zinc stearate
does not behave as a very weak electrolyte in methanol-p-xylene mixture). The
drift in the values of dissociation constant with increasing concentration may be
due to the fact that the degree of dissociation is not exactly equal to the conduct-
ance ratio u/py but mainly due to the fact that the activity coefficient of ions is
not equal to unity at higher soap concentrations.

The heat of dissociation AHp for zinc stearate has been calculated by using
the following expression:

d(log K) _ AHp ___AHp
o ~rre O K= 5mpTtC @

The values of heat of dissociation AHS which have been evaluated (Table-2)
from the slope of linear plots of log K vs. /T are —44.25, -23.11 and -14.20 kJ
mol™ for zinc stearate in 70%, 50% and 30% methanol respectively.

The values of the change in free energy AGS and change in entropy ASp per
mole of monomer for the dissociation process have been calculated by using the
following relationship:

AGp =-RThhKp 3)

ASp = (AHp - AGp)/T 4

The values of AG® and AS° at different temperatures for dissociation and
micellization process are recorded in Table-4. The standard free energy AG,; per

mole of monomer for the phase separation model'*' is calculated by the
relationship

AG,, =2RT In Xcepme &)
where Xcpe is the CMC expressed in terms of mole fraction (Table-3) and is
represented by the relationship:

M
(ns + ng)
where ng and ng are the number of moles of soap and solvent, respectively, since

the number of moles of free soap, ng, is small as compared to the number of moles
of solvent ng; hence equation (6) can be written as

(6)

Xeme =

XCMC = ns/ 1) (7)
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The standard enthalpy change of micellization per mole of monomer for the
phase separation model'*'® AH,, is given by the relationship

3(In Xemc)' —AHp,

aT ~ 2RT?
AH,
In Xcme = 2RT“ +C (8)

The values of AH,; of zinc stearate have been determined from the slope of
linear plot of In Xcys vs. 1/T which are presented in Table-2. The positive values
of AH,, indicate that micellization is endothermic in nature.

A careful scrutiny of the thermodynamic parameters indicates that negative
values of AG,,, positives values of AS,, for the micellization process (Table-4),
positive values of AGp and negative values of ASp for the association process
are favoured over the dissociation process.

It is, therefore, concluded that zinc stearate behaves as a weak electrolyte in
methanol-p-xylene mixtures. The values of the critical micellar concentration
increase with increasing temperature and the micellization process is predominant
over dissociation process.
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