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Conductivity of Strontium Soaps in Water
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Conductivity data of strontium soaps (valerate, caproate and
caprylate) solutions have been used to evaluate the true dissociation
constant, limiting molar conductivity and thermodynamic para-
meters, viz., enthalpy, free energy and entropy changes of dissocia-
tion. The soaps behave as a weak electrolyte in water and
Debye-Hiickel-Onsager equation is not applicable for these soap
solutions.

INTRODUCTION

The importance of alkaline earth metal soaps has already been realised due to
their proven utility as catalysts"2, corrosion inhibiting agents>*, driers, fun-
gicides and stabilizers’. The soaps are useful for a specific purpose on account
of their fundamental properties and state of molecule in the solution. The micellar
behaviour of strontium soaps in water has been studied conductometrically®.

In the present study the true mode of dissociation, dissociation constant,
limiting molar conductivity and other thermodynamic parameters of strontium
soaps have been determined.

EXPERIMENTAL

AnalaR (BDH) n-caprylic, caproic and valeric acids were used and purified
by distillation under reduced pressure and the purity was confirmed by determina-
tion of boiling points. Conductivity water was prepared in glass apparatus and in
all cases freshly distilled water (alkaline KMnO,) was used.

A conductivity meter (Toshniwal CL Ol 10A, India) and a dipping type
conductivity cell with platinised electrodes of cell constant 0.9110 were used for
measuring the conductivity of the soap solutions. All the measurements were
made at constant temperature (+0.05°C). The specific and molar conductivities
were expressed in ohm™ ¢cm™ and ohm™ cm? (g mol)™!

Method of preparation of soap

The calculated amount of strontium carbonate was weighed and suspended in
water and the suspension was heated at 80°C. The required amount of acid was
added in portions to the suspension under constant stirring. After the evolution
of CO, ceased, the product was crystallised in alcohol and dried in air oven at
100-105°C.



408 Varma Asian J. Chem.

RESULTS AND DISCUSSION

The critical micelle concentration (CMC) obtained from specific conductivity
k vs. soap concentration, C plots are found the same as reported earlier®. The
CMC however cannot be obtained from molar conductivity u vs. square root of
.concentration C"2 plots which arc concave upwards with increase of soap
concentration indicating that strontium soaps behave as weak electrolyte in
solution, and Debye-Hiickel-Onsager’s equation is not applicable to these soap
solutions.

The probable mode of dissociation of these soaps in water can be represented
in two ways’ below CMC:

(RCOO),Str —-> S((RCO0)* + RCOO™ o
c(1-a,) Co, Co,

(RCOO),St —s Sr** + 2RCOO™ ' @)
C(1-0y) Co,  2Co,

where R=—=CH,, CsH;; and C,;H,s; o, and o, are the degrees of dissociation of
soaps. The dissociation constant K; for the equilibrium represented by the
equation (1) can be expressed as:

f.f
K,=K; 7+ n 3)
soap
where f, and f_ are the activity coefficients of the two ions, f,., is activity
coefficient of the undissociated soap molecule, and K,’ represents Co3/(1 — a.,).
Since the ionic strength of the solution is not too high, the fy;, does not differ
much from unity. Now writing equation (3) as:

K, =Kf? @

where f{, is the mean activity coefficient of the ion. Similarly K, can be expressed
as:

ff

K, =Ky f )
soap

K,=K,f; 6)

By employing Debye-Hiickel theory the value of mean activity coefficient f, for
the dissociation equilibrium represented by equations (1) and (2) may be
evaluated.
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where e,€,1 and N, signify the protonic charge (4.803 X 1071 esu), solvent
dielectric constant, ionic strength of the solution and Avogadro’s number respec-
tively. The quantity 1.38 x 1076 ergs K™ has been used for kg. The symbol K in
equation (8) signifies the inverse of Debye radius. ’
When activity coefficients are unity, it may be conveniently written from
equations (3) and (5) as
, Cof 4C%03
" 1-0q 1-o,
On substituting the value of @, as wu! and oy as p/pd and rearranging, the K}
and K} may be expressed as:

and Kj= (10

K’uOZ ,
KC ===~ Kiu]
Kfl 03 K’ 02
and u2c2=—4““u—2— 44“2— (11)

The value of dissociation constants K,” and K, and limiting molar conductivities
4 and P have been obtained from the linear plots of uC vs. 1/u and p’C? vs.
I/u for soap solutions below CMC (Table-1). The values of limiting molar
conductivities increase with temperature due to decrease in viscosity of the
solvent but decrease with chain length of the soap. It is observed that the values
of ud are higher than pJ. From these values o, and o, (Table-2) have been
calculated at 40°C.

TABLE-1

VALUES OF 1, p3, K AND K3 OF STRONTIUM SOAPS IN WATER AT DIFFERENT
TEMPERATURES OBTAINED FROM LINEAR PLOTS

Temperature (°C
Soaps P (o) 50°
35° 40° 45°

Valerate 9= 2490 pd=286.5 u=3316 u =364.6
ud=229.3 ud=261.1 3 =294.1 pd=3314
Ki=233x102% K;=192x102 K;=148x102 Kj=126x1072
K3=170x10° K=109x10° K;=630x10% K;=4.15x107*

Caproate 9 =226.9 n=2477 ud =2703 W =346.0
W=21238 ud=224.4 13 =276.1 ud=309.6
Ki=361x102% Kj=344x102 K;=342x102 K;=340x1072
Ky=166x102 K;=105x10" K;=774x10* K3;=570x107*

Caprylate 9 =2289 n =246.5 1 =260.4 ud=2955
pd=2083 ud=240.4 pd=251.5 nd=2872
Ki=341x102 K;=28x102 K;=248x102 K;=2.04x1072

K3 =2.40x 107

K;=130x% 1072

K;=1.10x 107

K3=720x107*
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TABLE-2

VALUES OF fy, oy, 02, K1, K3, K; AND K, OF STRONTIUM SOAPS
IN WATER AT 313 K

Conc. (M)

cx10? o Kix108 Kix10°  fi 2 Kyx10° Kpx10°
Valerate
2.0 0.950 0.96 43.7 9.5 0.948 1.050 — —
30 0914 0.86 16.3 10.6 0.939 0.950 0.6 05
5.0 0.899 0.81 17.0 10.3 0.925 0.817 0.6 0.5
8.0 0.878 0.75 17.4 11.0 0.909 0.818 0.8 0.6
10.0 0867  0.72 189 929 0.901 0.793 1.0 0.7
Caproate
2.0 0.948 1.08 — — 0.947 1.080 —_ —
3.0 0.939 0.95 54.2 47.8 0.939 0.960 09 0.7
5.0 0.924 0.89 373 31.8 0.924 0915 038 0.6
10.0 0.901 0.79 29.1 23.6 0.900 0.800 1.0 0.7
Caprylate
2.0 0.950 0.94 28.9 26.0 0.950 0.960 04 03
5.0 0.925 0.85 344 29.4 0.926 0.870 0.5 04
8.0 0910 0.78 29.4 244 0.911 0.800 0.7 05
10.0 0.902 0.75 28.7 = 234 0.903 0.770 0.8 0.6
TABLE-3

VALUES OF FREE ENERGY, AGY, (kJ mol™") ENTROPY AS, (kJ mol™') AND HEAT
AHY, (kJ mol™) OF DISSOCIATION OF STRONTIUM SOAPS IN WATER

35°C 40°C 45°C 50°C
Soaps —AH%
AGY  -TASY AGY -TAS) AGY -Tasp AG) -Tasd
Valerate  9.63 693 1029 755 1114 805 1175 873 1727
Caproate 851 750 877 777 892 792 908 808 1.005
Caprylate 865 796 928 860 978 950 1046 1008 1667

Dissociation constants K| and K, decrease with increase in temperature. From
the values of mean activity coefficients (Table-2) K, and K, have been calculated
using equations (4) and (6). It may be mentioned that the values of K] and K5
obtained graphically are almost the same as the values calculated (Table-2) from
degree of dissociation values using equation (10).

According to Debye-Hiickel limiting law the logarithmic form of mean activity
coefficient of ions for two equilibria represented by equations (1) and (2) may be
expressed as:

log f, =—AI"? and log f, = —2AI" 12)
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Now taking the logarithm of equation (4) and (6) and substituting the respective
values of log f,, the results after the rearrangement are:

log K| =log K, +2AI" and log K, =log K, + 6AI'? 13)

where A is constant for the solvent at specified temperature and I is the ionic
strength of the solution. The value of constant A obtained from equation (13) by
putting the values of K;, K] and K,, K} are compared with the standard value of
A for water at 40°C (= 0.50). It is observed that the value of A for solvent at
40°C given by the first expression of ecjuation (13) is the same (i.e. 0.50). Thus
it is concluded that strontium soaps ionise in water according to equation (1).

The enthalpy of dissociation, AHY (Table 3), for soaps is obtained from slopes
of the linear plots of log K, vs. 1/T. The negative AH suggests that the
dissociation of these soaps in water is exothermic.

The standard free energy change (AG)=-RTInK;) and standard entropy
change (TASY =AHY - AGD) are also evaluated for the dissociation process
represented by equation (1) and the values are recorded in Table-3. These values
are found to increase with increase in temperature for the soaps.
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