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Studies on Ultrasonic Velocity and Electrical Conductivity
of Samarium Soaps in Non-Aqueous Medium

K. N. Mehrotra*, Mithlesh Chauhan, and R. K. Shukla

Department of Chemistry, Institute of Basic Sciences (Agra University), Agra-282 002, India

Summary. The ultrasonic velocity of solutions of samarium soaps in non-aqueous medium has been
measured at a constant temperature and the results have been used to evaluate the various acoustic
parameters. The pre-micellar association and the formation of micelles in samarium soap solutions
have been determined by conductometric measurements. The molar conductance at infinite dilution,
degree of ionisation and ionisation constant have been evaluated. The results show that samarium
soaps behave as weak electrolyte in dilute solutions.
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Untersuchungen zur Ultraschallgeschwindigkeit und elektrischen Leitfihigkeit von Samarium-Seifen in
nichtwiifirigem Medium

Zusammenfassumg. Die Ultraschallgeschwindigkeit in Ldsungen von Samarium-Seifen in nichtwiB-
rigem Medium wurde bei konstanter Temperatur gemessen, und die Ergebnisse wurden zur Aus-
wertung verschiedener akustischer Parameter genutzt. Die vormicellare Assoziation und die Ausbil-
dung von Micellen in Samarium-Seifen-Losungen wurden mittels konduktometrischer Messungen
bestimmt. Die molare Leitfihigkeit bei unendlicher Verdiinnung, der Ionisierungsgrad und die Tonisa-
tionskonstante wurden ermittelt. Die Ergebnisse zeigen, daB sich Samarium-Seifen in verdiinnten
Lésungen als schwache Elektrolyte verhalten.

Introduction

The studies [1-14] on carboxylate chemistry of rare earth metals have not been
carried out systematically so far although these metal carboxylates have found
wide applications in various industries. Skellon et al. [1, 2] synthesized cerium
soaps of unsaturated fatty acids by the process of double decomposition and
metathesis. The methods of preparation and properties of lanthanide soaps have
been reviewed by Mehrotra [3] and the uses of cerium soaps have been summarised
by Chatfield [4]. The velocity of ultrasonic waves in aqueous solutions of electro-
lytes has been extensively studied by several workers but less attention has been
paid to the solvation of salts in non-aqueous solvents.

The present work deals with the ultrasonic and conductivity measurements of
the solutions of samarium soaps (valerate and caproate) in DMF. The work has
been initiated with a view to study the micellar behaviour, solute-solvent interaction
and acoustic parameters in pure DMF.
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Experimental

All the chemicals used were of BDH/AR grade. Samarium soaps were synthesized by the process of
direct metathesis as described in our earlier communications [13, 14]. The solutions were prepared
by dissolving known weight of the soap in purified DMF and were kept for 2h in a thermostat at
30 £ 0.05°C and then used for velocity and conductance measurements.

The ultrasonic velocity of the soap solutions was measured with a multi-frequency ultrasonic
interferometer (M-83, Mittal Enterprises, New Delhi) at a frequency of 6 MHz at constant temperature.
A digital conductivity meter (Toshniwal CL 01.10A) and a dipping type conductivity cell with
platinized electrodes were used for measuring the conductance of the solutions. All measurements
were made at 30 = 0.05°C in a thermostat.

Calculations

The adiabatic compressibility, B, specific acoustic impedance, Z, intermolecular
freelength, L, apparent molal compressibility, ¢, apparent molal volume, ¢,, molar
sound velocity, R, and solvation number, Sn, were calculated by using the equations
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where po, p; Bos P; 10» 11; My, M; and ¥, V are the density, adiabatic compressibility,
number of moles, molecular weight and molar volume of the solvent and solution,
respectively, k, C, and v are the temperature dependent Jacobson’s constant, con-
centration (g mol 17!) and ultrasonic velocity, respectively.

Results and Discussion
Ultrasonic Velocity

The ultrasonic velocity, v of the samarium soap solutions increases with the increase
in concentration and chainlength of the soap (Tables 1 and 2). The variation of
velocity, v with concentration C, in solutions depends on the concentration deriv-
atives of p and 8,
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The results (Tables 1 and 2) indicate that the density increases while the adiabatic
compressibility decreases with increasing soap concentration. Thus the quantity,

1 d
d p/d C, is positive while d B/d C is negative. Since the values of (B ‘ %) are larger

1 . .
than (B%) for soap solutions, the concentration derivative of velocity, d v/d C

is positive which is in agreement with the results of other workers [15, 16] reported
for electrolytic solutions. The plots of ultrasonic velocity, v vs. concentration, C,
of samarium soaps are characterized by an intersection of two straight lines at the
concentration which corresponds to the CMC of the soaps (0.040 M for valerate
and 0.035 M for caproate). The values of the intercept of the plots give the ultrasonic
velocity of the solvent (1.381-10°cm/s) which is in close agreement with the cal-
culated value (1.382-10°cm/s).

The decrease in adiabatic compressibility, , with soap concentration may be
due to the fact that these soaps behave as weak electrolytes in solutions and ionize
into simple metal cations, Sm** and fatty acid anions, C,H,COO~ and
CsH,;COO~ for valeric and caproic acid, respectively. The ions in solutions are
surrounded by a layer of solvent molecules firmly bound and oriented towards the
ions. The increase in internal pressure results in the lowering of the compressibility
of the soap solutions.

The adiabatic compressibility, B, of the dilute solutions of samarium soaps is
found to obey Bachem’s [17] relationship,

B=PBy+AC+ BC*,

where A and B are constants and C is the concentration of soap solutions. The
constant 4 and B have been determined from the intercept and slope of plots of
(B — Bo)/C vs. C”. The values of 4 for valerate and caproate are — 6.6-10~'! and
—7.8-10"" and of B are —4.0-107 ! and 2.0- 10~ !, respectively.

The decrease in the intermolecular freelength, L, = k /B, is due to the decrease
in the compressibility with increasing soap concentration (Tables 1 and 2). The
plots of intermolecular freelength, L, vs. concentration, C, (Fig. 1) indicate a break
at a definite soap concentration which corresponds to the CMC of the soap. The
extrapolated values of intermolecular freelength (4.810 - 10~ cm) are in close agree-
ment with the calculated values of the intermolecular freelength of the solvent
(4.807-103cm).

The increase in the values of specific acoustic impedance, Z, with soap con-
centration, C, may be due to the interaction between the soap and solvent molecules
which increase with intermolecular distance making relatively wider gaps between
the molecules and becoming the main cause of impediment in propagation of
ultrasonic waves.

The values of apparent molal compressibility, ¢, are negative for samarium
soap solutions. The plots of apparent molal compressibility, ¢, vs. C”* and apparent
molal volume @, vs. C”* exhibit a break at a concentration which corresponds to
the CMC of samarium soaps in DMF. The values of ¢ and ¢? have been obtained
by extrapolation of these plots below the CMC to zero soap concentration and
are found to be —0.55-10~7 and —0.65-10~7 and 252 and 187 for valerate and
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Fig. 1. Intermolecular freelength L, vs. concentration C of samarium soaps

caproate, respectively. The values of solvation number, Sn, decreases linearly with
increasing concentration and decrease in the chainlength of the soap.

The ultrasonic velocity results show that the adiabatic compressibility, inter-
molecular freelength, apparent molal compressibility and solvation number decrease
while specific acoustic impedance increases with the increase in soap concentration.

Specific Conductance

The specific conductance, k, of the solutions of samarium soaps (valerate and
caproate) in DMF increases with increasing soap concentration and decreasing
chainlength of fatty acid constituent of the soap molecule (Tables 3 and 4). The
increase in the specific conductance may be due to the ionisation of samarium
soaps into simple metal cations, Sm** and fatty acid anions (C;H,COO~ and
CsH,,COO~ for valerate and caproate, respectively) in dilute solutions and due
to the formation of micelles at higher soap concentrations. The decrease in specific
conductance with increasing chainlength of soap may be due to the increasing size
and decreasing mobility of anions with increasing chainlength of soap. The plots
of specific conductance vs. soap concentration (Fig.2) are characterized by an
intersection of two straight lines at a concentration which corresponds to the CMC
of samarium soaps (valerate: 0.041 M and caproate: 0.035 M, respectively). It is
suggested that these soaps are considerably ionized in dilute solutions and the
anions begin to aggregate to form ionic micelles at CMC,

Molar Conductance and Ionisation Constant

The molar conductance, u, of the solutions of samarium soaps in DMF decreases
with increasing soap concentration as well as chainlength of the soap. The decrease
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Fig. 2. Specific conductance vs. concentration of samarium soaps

is attributed to the combined effects of ionic atmosphere, solvation of ions and
decrease of mobility and the formation of micelles. The plots of molar conductance
u vs. the square root of soap concentration, C*, are not linear which indicate that
the soaps behave as weak electrolyte in dilute solutions. The limiting molar con-
ductance, L, of these soap solutions cannot be obtained by usual extrapolation
method and the Debye-Hiickel-Onsager’s equation is not applicable to these soap
solutions.

The molar conductance results show that the dilute solutions of samarium soaps
behave as weak electrolyte. Since the number of ions for a weak electrolyte is
relatively small in dilute solutions and the interionic effects are negligible and so
the activities of ions may be taken as almost equal to the concentrations and
conductance ratio, i/, is a reasonably good measure for the degree of ionisation,
o, where p is the molar conductance at finite concentration and y, is the molar
conductance at infinite dilution. On substituting the value of « in the equation of
ionisation constant for 1:3 electrolyte one gets

Kypg K
30 20 Y
W= 27 ®

The values of the ionisation constant K and p, can be obtained from the slope
and intercept of the linear plots of p* C* vs. 1/u for dilute soap solutions. The values
of limiting molar conductance, iy, are 2.86 and 2.31 whereas the ionisation constants
are 0.372- 10~ % and 0.260 - 10~ 3 for samarium valerate and caproate, respectively.

The values of degree of ionisation, o, at different concentrations have been
calculated by assuming that they are equal to the conductance ratio, p/p, (Tables
3 and 4). The values of degree of ionisation, o, show that the solutions of samarium
soaps behave as weak electrolyte. The plots of the degree of ionisation vs. soap
concentration show that the degree of ionisation of samarium soaps decreases



470 . Samarium Soaps in Non-Aqueous Medium

rapidly with the soap concentration in dilute solutions whereas it decreases slowly
in concentrated solutions.

The values of ionisation constant, K (Tables 3 and 4) again confirm that these
soaps behave as a weak electrolyte in solutions. The ionisation constant exhibits
a drift with increasing soap concentration which may be due to the fact that the
conductance ratio, p/y, is not exactly equal to the degree of ionisation o and the
activity coefficients of ions are not exactly equal to unity and the failure of the
simple Debye-Hiickel activity equation under these conditions.

The results show that the soap behaves as a weak electrolyte in dilute solutions
below the CMC.
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