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MICELLAR AND ACOUSTIC BEHAVIOUR OF 
CERIUM SOAPS IN MIXED SOLVENTS 

K. N. MEHROTRA, MITHLESH CHAUHAN and R. K. SHUKLA 

Department of Chemistry, Institute of Basic Sciences, 
Khandari Road, Agra 282-004, India. 

(Receiued I December 1989) 

The studies of ultrasonic velocity in solution of cerium soaps (valerate and caprylate) in a mixture of 60% 
benzene and 40% methanol (VjV) have been used to evaluate various acoustic parameters. The 
conductometric measurements have been used to study the premicellar association, formation of micelles, 
molar conductance at infinite dilution, degree of ionisation and ionisation constant of cerium soaps. The 
results show that the critical micellar concentration (CMC) decreases with increasing chainlength of fatty 
acid constituent of the soap molecule and these soaps behave as weak electrolytes in dilute solutions. 

KEY WORDS: Ionization, weak electrolytes 

INTRODUCTION 

The study of metallic soaps is becoming increasingly important in technological and 
academic fields. It has been a subject of intense investigations in the recent past on 
account of its role in diversified fields. The application of these metal soaps depend 
largely on their physical state, stability and chemical reactivity together with their 
volatility and solubility in common solvents. 

The velocity of ultrasonic waves in aqueous solutions of electrolytes has been 
extensively studied by several workers but less attention has been paid to the solvation 
of salts in non-aqueous solvents. Fogg’ Nakamura’ Prakash et a1.3*4 and Allam and 
Lee5 have used the ultrasonic measurements for the determination of the ion solvent 
interaction and the solvation numbers obtained by this technique were found to be 
in close agreement with those computed by other methods. The present work deals 
with the ultrasonic and conductivity measurements of the solutions of cerium soaps 
(valerate and caprylate) in a mixture of benzene and methanol. The work has been 
initiated with a view to study the micellar behaviour, solute-solvent interaction and 
to calculate several allied parameters related to the acoustic properties of soap 
solutions. 

EXPERIMENTAL 

All the chemicals used were of BDH/AR grade. Cerium soaps (valerate and caprylate) 
were prepared by the direct metathesis of corresponding potassium soap with 
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required amounts of aqueous solution of cerous chloride at  50-60°C with vigorous 
stirring. The soaps were purified by recrystallization with benzene-methanol mixture 
and the purity was checked by elemental analysis, infrared absorption spectra, and 
by the determination of melting points. The purified soaps have the melting points 
valerate: 128°C and caprylate: 138°C. The solutions were prepared by dissolving 
known weight of the soap in the mixture of 60% benzene and 40% methanol (V/V) 
and were kept for 2h in a thermostat at 40 f 0.05”C and then used for velocity and 
conductivity measurements. 

The ultrasonic velocity of the solutions of cerium soaps was measured by a multi 
frequency ultrasonic interferometer (M-83, Mittal Enterprises, New Delhi) at a 
frequency of 4 MHz at a constant temperature (40 * 0.05)’C in a thermostat. The 
maximum uncertainty in the velocity measurements was rt 0.20%. 

CALCULATIONS 

The adiabatic compressibility, p is given by the relationship: 

p = 1 / - 2 p - ’  (1) 

The apparent molal compressibility, 4 k  in solution can be calculated from the 
compressibility and density data by the relationship: 

1000 Po M2 4 k  = - ( P O P  - POP) + - 9  

CPO Po 

where Po and po are the compressibility and the density of a solvent and and p 
are the compressibility and density of a solution, respectively. M ,  and C are the 
molecular weight and the concentration (mol 1- I)  of solute, respectively. 

The apparent molal volume, 4 u ,  is given by the relationship: 

1000 M2 4 u  = - (Po - P )  + - 
CPO Po 

(3) 

specific acoustic impedance, Z and intermolecular freelength, Lf, can be calculated 
by using the equations: 

Z = ue (4) 

Lf = KP”2. ( 5 )  

Where K is the temperature dependent Jacobson’s constant. The molar sound 
velocity, R is given by the equation 

where M = (nlm, + n2m2)/(n1 + n,). ( M ,  and M 2  are the molecular weight and n ,  
and n2 are the number of moles of solvent and solute, respectively.) The primary 
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solvation number, Sn, is calculated by the modified expression of Passynskii7, 

where P is the volume of solution containing n,  moles of solute and Vo is the molal 
volume of solvent. 

RESULTS AND DISCUSSION 

The ultrasonic velocity, V for the solutions of cerium soaps increases with increasing 
concentration and chainlength of the soaps (Tables 1 and 2). The variation of velocity, 
V ,  with concentration, C, in solution depends on the concentration derivatives of p 
and j 

d p )  

do - V 1 d p  _ _ _ _  - - . -+ - . -  
dc 2 p dc j dc 

The results (Tables 1 and 2) indicate that the density increases while the adiabatic 
compressibility decreases with increasing soap concentration. Thus the quantity, 
dpldc, is positive while d j j d c  is negative since the values (1/p ' dp/dc)  are larger than 
(l /p . dp/dc) for soap solutions, the concentration derivative of velocity, dv/dc is 
positive which is in agreement with the results of other workers*-" reported for 
electrolytic solutions. The plots of ultrasonic velocity, V vs. concentration, C, of 
cerium soaps (Figure 1) are characterized by two breaks at a definite soap concentra- 
tion which corresponds to the CMC(1) and CMC(I1) of the soap (CMC(1): 0.040 M 

( 

1101 I I 
O M )  001 002 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 

CONCENTRATION c (mot i') - 
Figure 1 Ultrasonic velocity vs. concentration cerium soaps. 
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and 0.033; CMC(I1) 0.070 M and 0.068 M, for valerate and caproate, respectively). 
The increase in ultrasonic velocity with concentration of soap can be represented by 
the Eq. 

V = V o + G C  

where G is the Garnsey's constant. The values of G have been calculated from the 
linear portion of the plots of V vs. C and found to be 2.00 x 20-5 and 3.60 x 
for valerate and caprylate, respectively. 

The adiabatic compressibility of dilute solutions of cerium soaps decreases with 
the increasing concentration and chainlength of the soap. The decrease in adiabatic 
compressibility may be due to the fact that these soaps behave as weak electrolytes 
in solutions and ionse into simple metal cations, Ce3+ and fatty acid anions, RCOO- 
(where R = C,H, and C,H,, for valerate and caprylate, respectively). The ions in 
solutions are surrounded by a layer of solvent molecule firmly bound and oriented 
towards the ions. The orientation of the solvent molecules around the ions may be 
due to the influence of electrostatic field of ions and result in the increase in internal 
pressure and in lowering of the compressibility of the solutions (the solutions become 
harder to compress"). 

The adiabatic compressibility, b, is found to obey Bachem's relationship12. 

p = bo + AC + BC3I2 

where A and B are constants and C is the concentration of soap solutions. The 
constants A and B have been determined from the intercept and slope of the plots 
of (b - po)/C vs. C'" and found to be - 11.6 x 10- ", - 28.6 x lo-", and -44.0 x 
lo-" and -97.5 x lo-" for valerate and caprylate, respectively. 

The apparent molal compressibility, 4 k  for dilute solutions of soap varies linearly 
with the square root of the concentration (Tables 1 and 2). From the Debye-Huckel 
theory, it follows that the apparent molal compressibility, dk is related to the molar 
concentration of soap C by the relationship: 

4 k  = dko  + Sk C''' 

The values of limiting apparent molal compressibility, 4 k o  and constant S k  have 
been evaluated from the intercept and slope of the linear part of the plots of 4 k  vs. 
c''' at lower concentration. 

The positive values of Sk (valerate: 133.33 x lo-, and caprylate: 100.00 x lo-,) 
signifies a considerable soap-solvent interaction in dilute soap solutions. The values 
of 4 k o  are found to be increased with the increase in chainlength of soap molecule 
and are found to be -1.10 x lo-' and -4.00 x lo- ,  cm2/dyn for valerate and 
caprylate, respectively. 

The apparent molal-volume, 4 u  of cerium soap solutions varies linearly (Tables 1 
and 2) with the square root of the soap concentration. The values of 4uo can be 
obtained by extrapolation and found to be 445 and 514ml/mol for valerate and 
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244 K. N. MEHROTRA et al. 

caproate, respectively. The values of 4 k  and 4 u  for the solutions of cerium soaps 
increase for dilute solutions but decrease linearly above 0.03 M soap concentration. 
The decrease in the values at higher soap concentrations may be explained on the 
basic of close packing of ionic head groups in the micelles, resulting in an increase 
in ionic repulsion and, finally internal pressure. 

The decrease in the values of intermolecular freelength, Lf and increase in the 
values of specific acoustic impedance, 2 with increase in soap concentration as well 
as with the chainlength of the soap (Tables 1 and 2) can be explained on the basis 
of hydrophobic interaction between soap and solvent molecules, which increases the 
intermolecular distance, leaving relatively wider gaps between the molecules and thus 
becoming the main cause of impediment to the propagation of ultrasound waves. All 
the plots show breaks, indicate the CMC which are in accordance with the values 
obtained from other parameters. 

The values of molar sound velocity show a regular increase with increase in the 
concentration and chainlength of soap. The solvation number, Sn of dilute solutions 
of cerium soap solutions varies linearly with the concentration of soap. The higher 
values of solvation number are in good agreement with other hydration numbers in 
the literature6-' 3*14. 

SPECIFIC CONDUCTANCE, k 

The specific conductance, k of the solutions of cerium soaps (valerate and caprylate) 
in a mixture of 60% benzene and 40% methanol (V/V) increases with increasing soap 
concentration and decreasing chainlength of the fattyacid constituent of the soap 
(Tables 3 and 4). The increase in the specific conductance with the increase in soap 
concentration may be due to the ionisation of cerium soaps into simple metal cation, 
Ce3+ and fatty acid anions, RCOO- (where R is C,H, and C,H1, for valerate and 
caprylate, respectively) in dilute solutions and due to the formation of micelles at 
higher soap concentrations. The decrease in specific conductance with increasing 
chainlength of the soap may be due to the increasing size and decreasing mobility 
of anions with increasing chainlength of soap. The plots of k-C (Figure 2) are 
characterized by two breaks corresponding to the CMC(1) and CMC(I1) of cerium 
soaps. The appearance of the two breaks corresponding to CMC(1) and CMC(I1) can 
be explained on the basis of formation of ionic and neutral micelles in these soap 
solutions. It is suggested that the soap is considerably ionised in dilute solutions and 
the anions begin to aggregate to form ionic micelles at the CMC(1). The soaps are 
largely present in the form of ionic micelles at moderate concentrations (between 
CMC I and CMC 11) and there is an increasing formation of neutral micelles at the 
CMC(I1). The increase of specific conductance with increasing soap concentration 
above the CMC(I1) may be mainly due to the liberation of ions from neutral micelles. 
The results show that the values of the CMC decrease with the increase in the number 
ofcarbon atoms in the soap molecules (Valerate: CMC I(0.039 M), CMC I1 (0.071 M), 
caprylate: CMC I (0.034 M), CMC I1 (0.064 M)). 
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Figure 2 Specific conductance vs. concentration cerium soaps. 

MOLAR CONDUCTANCE, p AND IONISATION CONSTANT, K 

The molar conductance, p of the solutions of cerium soaps decreases with increasing 
soap concentration and increasing chainlength of the soap molecules (Tables 3 and 
4). The decrease in molar conductance is attributed to the combined effects of ionic 
atmosphere, solvation of ions and decrease of mobility and ionisation with the 
formation of micelles. The molar conductance of the solutions of cerium soap does 
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not vary linearly with the square root of the soap concentration, C”’ (Figure 3) 
indicating that the Debye-Huckel onsager’s equation is not applicable to these soap 
solutions. The plots of p against C’’’ are concave upwards below 0.22 M for cerium 
soap solutions and this concavity decreases with increase in the number of carbon 
atoms in the soap molecules. The molar conductance results show that the dilute 
solutions of cerium soaps behave as weak electrolyte. The number of ions for 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 concentration and 
conductance ratio, p / p o  is a reasonably good measure for the degree of ionisation, 
c1 where, p is the molar conductance at finite dilution and p o  is the molar conductance 
at infinite dilution. 

On substituting the value of c( in the equation of ionisation constant for 1:3 

- 

The values of K and p o  can be obtained from the slope and intercept of the linear 
part of the plots of p3C3 vs. l/p for dilute soap solutions. The values of limiting 
molar conductance, p o  are 2.04 and 1.95 whereas for ionisation constant are 
4.13 x 

The values of the degree of ionisation, 01 at different soap concentrations have been 
calculated by assuming it as equal to conductance ratio, p / p o  and show that the 
degree of ionisation of cerium soaps decreases rapidly with the soap concentration 

and 1.82 x for cerium valerate and caprylate, respectively. 
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Figure 3 Molar conductance vs. square root of concentration cerium soaps. 
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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 dilute solutions. The values of K exhibits a drift with increasing 
soap concentration which may be due to the fact that the conductance ratio, p/po is 
not exactly equal to the degree of ionisation, a, and the activity co-efficients of ions 
are not exactly equal to unity and due to the failure of simple Debye-Huckel’s activity 
equation under these conditions. 

The results show that these soaps behave as weak electrolyte in dilute solutions 
below the CMC and there is a significant interaction between the soap solvent 
molecules in dilute solutions and the soap molecules do not aggregate in dilute 
solutions. 
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