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Abstract

Conductance measurements were employed to determine the critical micellar
concentration, CMC, limiting molar conductance at infinite dilution, degree of
dissociation and dissociation constant of terbium caprylate and caprate in 60/40
benzene-methanol (v/v). The results have shown that these soaps behave as a weak
electrolyte in dilute solutions and Debye-Hiickel-Onsager’s equation is not applicable to
these soap solutions. The thermodynamic parameters indicate that the micellization
process is favoured over the dissociation process.

Keywords: heat of dissociation, critical micellar concentration, micellization, free
energy.

Introduction

A wide variety of metal soaps find important applications in a number of
industries. Their appreciable solubility in organic solvents and availability at a
reasonable cost make them potentially useful as water proofing, catalysts,
greases, lubricants, driers and in cosmetics. Metal soap with elements of
lanthanide series were synthesised for the first time by Mishra et al. [1]. Mehrotra
et al. [2-5] investigated acoustical and thermodynamic properties of lanthanide
soaps and concluded that these soaps behave as weak electrolyte in dilute
solutions. Upadhyaya et al. studied thermodynamic [6,7] and ultrasonic [8]
behaviour of metallic soaps. They inferred that there is a significant interaction
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between soap-solvent molecules in dilute solution and soap molecules do not
aggregate appreciably below the CMC. Topallar et al. [9] investigated the
conductance behaviour of chromium soaps in different solvents. The comparative
study on micellization and electrolytic behaviour of dysprosium soaps in
methanol were carried out by Shukla et al. [10]. However studies on terbium
soaps in benzene-methanol mixture have not yet been undertaken systematically.
The present manuscript deals with the study of conductance of solutions of
terbium caprylate and caprate in a mixture of 60/40 benzene-methanol (v/v) at
different temperatures. The results have been used to find out the nature of these
soaps in non-aqueous medium and to determine various thermodynamic
parameters.

Experimental

Anala R grade caprylic acid, capric acid, benzene, methanol, acetone and terbium
acetate (purity 99.9% received from Indian Rare Earth Limited, Kerala) were
used for the present investigation. The terbium caprylate and caprate were
prepared by direct metathesis of corresponding potassium soaps (caprylate and
caprate) by pouring a slight stoichiometric excess of aqueous terbium acetate
solution into clear potassium caprylate and caprate dispersion at raised
temperature with vigorous stirring. The precipitates were filtered off and washed
with hot distilled water and acetone. After initial drying in an air oven 50-60 °C,
final drying was carried out under reduced pressure. The purity of soap was
checked by the elemental analysis and results were found in agreement with
theoretically calculated values. In general chemical reactions for the synthesis of
these soaps are as follows:

(CH3COOH);Tb + 3RCOOK — (RCOO);Tb + 3CH3COOK
Terbium soap

where R is C;H;s, CoH ;¢ for caprylate and caprate, respectively.

Solutions of terbium soaps were prepared by dissolving a known amount of soap
in a mixture of 60/40 benzene-methanol (v/v) and kept for 2 hrs in a thermostat at
desired temperature. The conductance of solutions was measured with a
“Systronics conductivity Bridge 305”°(S R No. 993) and a dipped type
conductivity cell with platinised electrode at 25° 30°, 35° 40 °C. The cell
constant (1.0) was measured by using standard solution of potassium chloride.
The specific conductance and molar conductance are expressed in mhos cm™ and
mhos cm™ (g mole) 1, respectively.

Results and discussion

Specific conductance, k, of the solutions of terbium caprylate and caprate in a
mixture of 60/40 benzene-methanol mixture (v/v) increases with an increase in
soap concentration, C, temperature and decrease in chain-length of the soaps
(Fig. 1). The increase in the specific conductance with soap concentration may
have been due to dissociation of these soaps in mixed organic solvent, in dilute
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solutions. However, an increase in specific conductance at higher soap
concentration is probably due to the formation of ionic micelles.

The decrease in specific conductance with increasing the number of carbon
atoms in the fatty acid chain of the soap molecules may have been due to the
higher molecular weight and decreasing mobility of anions. The plots of specific
conductance, k, vs. soap concentration, C, (Fig. 1) are characterised by a break,
corresponding to CMC (Table 1), which indicates that the micelle formation
takes place at a definite soap concentration.
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Figure 1. Specific conductance vs. soap concentration of terbium caprylate in a mixture
of 60/40 benzene-methanol (v/v) at various temperatures.

Molar conductance, p, of terbium soaps (caprylate and caprate) solutions in
60/40 benzene-methanol mixture (v/v) decreases with increasing concentration
and chain-length of the soaps. The critical micellar concentration, CMC, cannot
be, however obtained from the plots of molar conductance vs. square root of soap
concentration, which are concave upwards with increasing slopes indicating that
soaps behave as weak electrolyte in dilute solutions. The decrease in molar
conductance is attributed to the combined effects of ionic atmosphere, solvation
of ions and decrease in mobility and ionisation with the formation of micelles.

Table 1. Critical micellar concentration, CMC (g mole 1) of terbium caprylate and
caprate in a mixture of 60/40 benzene-methanol (v/v) at various temperatures.

CMC x 10’
25°C | 30°C | 35°C | 40°C
Terbium caprylate 3.64 3.78 3.90 4.02

Name of the soap

Terbium caprate 3.45 3.58 3.67 3.80

The Debye-Hiickel-Onsager’s equation [11] is not applicable to these soaps
solutions. Molar conductance results indicate that terbium caprylate and caprate
behave as weak electrolytes in dilute solutions; the following expression [12] for
their dissociation can be derived:
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Kou, Kyu?
2C2 = D0 - D0 1
u m 4 (1

The dissociation constant, Kp and limiting molar conductance, , (Table 2) have
Kok Kok

been obtained from the slope, 4 and the intercept, 4  of the linear plots of

u’C? vs. 1/p for dilute soap solutions.

Table 2. Molar conductance at infinite dilution, iy and dissociation constant, Kp of
terbium caprylate and caprate in a mixture of 60/40 benzene-methanol (v/v) at various
temperatures.

Name of 25°C 30°C 35°C 40°C

the soap p | Kpx10° | py | Kpx10° | py | Kpx10° | py | Kpx10°
Terbum 15501 200 |560| 195 |572| 184 |[589| 1.72

caprylate

Terblum 15061 206 |521| 192 |530| 181 |542| 1.68
caprate

It is observed that an increase in temperature brings about an increase in the
limiting conductance at infinite dilution, p, and decrease in their dissociation
constant, Kp (Table 2). The decrease in the value of dissociation constant with
increasing temperature indicates the exothermic nature of the dissociation of
these terbium soaps in a mixture of 60/40 benzene-methanol. The degree of
dissociation, a, at various soap concentrations can be measured by using it to be
equal to the conductance ratio, p/p.

The heat of dissociation, AHp, for terbium caprylate and caprate is determined by
using following equation:

AH,

e )
2.303RT

logK, =

The values of heat of dissociation, AHp, were obtained from the slope of the
linear plots of log Kp vs. 1/T (Fig. 2) and mentioned in Table 3. Since the values
of heat of dissociation, AHp, are negative, indicates that the dissociation process
for terbium soaps (caprylate and caprate) is exothermic in nature.
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Figure 2. log Kp vs. 1/T for terbium caprylate and caprate.

Table 3. Heat of dissociation, AHp and heat of micellization, AHy; of terbium caprylate
and caprate in a mixture of 60/40 benzene-methanol (v/v) at various temperatures.

Name of the soap | - AHj (kJ mol™) AHy (kJ mol ™)
Terbium caprylate 9.82 9.69

Terbium caprate 10.22 9.98
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Figure 3. In Xcpmc vs. 1/T for terbium caprylate and caprate.

The values of change in free energy, AGp, and standard entropy change, TASp
for the dissociation process are calculated by using the relations:

AG, = -RTInK, (3)
TAS, = AH, — AG, 4)

The calculated values of AGp and TASp are recorded in Table 4.
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Table 4. Thermodynamic parameters of the dissociation of terbium caprylate and
caprate in a mixture of 60/40 benzene-methanol (v/v) at various temperatures.

Temperature Terbium caprylate Terbium caprate
°C AGp (k] mol™) | -TASp(kJ mol”) | AGp(k]J mol™) | -TASp(kJ mol™)
25 26.70 36.52 26.72 36.94
30 27.81 37.63 27.35 37.57
35 28.41 38.23 27.96 38.18
40 28.54 38.36 28.60 38.82

In case of micellization, i.e., aggregation process, when counter-ions are bound
to a micelle, the standard free energy change of micellization, AGy, for phase
separation model [13-15] is given by

AG,, = 2RTInX (5)

where Xy 1s the CMC expressed as a mole fraction and is defined as,
Xeme = Dg/ng+n, = ng/n, (6)

Since the numbers of moles of free soap, n,, are small as compared to the number
of moles of solvent, ng
The standard enthalpy change of micellization, AHy,, for phase separation model
is evaluated as follows:

AH
lnXCMC = ﬁ + C (7)

The values of AHy; have been determined from the slope of linear plots of In
Xceme vs. /T (Fig. 3) and mentioned in Table 3. The positive enthalpy for
micellization, AH)y;, indicates that the association of terbium caprylate and
caprate in 60/40 benzene-methanol (v/v) is endothermic.

The standard entropy change for micellization is calculated as,

TAS,, = AH, - AG,, (8)

The micellization of the soaps (Table 3 and 5) in a mixture of 60/40 benzene-
methanol (v/v) is consistent with AHy; > 0, AGy < 0, TASy > 0. However,
dissociation of these soaps is consistent with AHp < 0, AGp > 0, TASp < 0.

The negative value of free energy of micellization, AGy, positive value of ASy
for micellization and positive value of AGp and negative value of ASp for the
dissociation indicate that micellization process is favoured over the dissociation
process. It may, therefore, be inferred that in a mixture of 60/40 benzene-
methanol (v/v) terbium caprylate and caprate behave as weak electrolytes.
Thermodynamic parameters for association and dissociation are found to be in
good agreement with other literature data [16]. The values of the critical micellar

218



K. Kishore and S.K. Upadhyaya / Port. Electrochim. Acta 28 (2010) 213-219

concentration increase with increasing temperature and the micellization process
is predominating over dissociation process.

Table 5. Thermodynamic parameters of the association of terbium caprylate and caprate
in a mixture of 60/40 benzene-methanol (v/v) at various temperatures.

Temperature Terbium caprylate Terbium caprate
C -AGym (kJ mol™) | TASy (kJ mol™) | - AGy (kJ mol™) | TASy (kJ mol™)
25 41.77 51.46 42.02 52.00
30 42.17 51.86 42.54 52.52
35 42.81 52.50 43.11 53.09
40 43.35 53.04 43.63 53.61
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