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Solid=State Kinetics and Infrared Spectra 
of Cadmium Soaps 

V. P. MEHTA, M. HASAN, and L. C. HEDA 

Department of Chemistry 
S. D. Government College 
Beawar, India 

A B S T R A C T  

Thermogravimetry has been employed to study the kinetics of 
thermal decomposition of cadmium caprate and laurate, and a 
probable mechanism of decomposition is proposed. The Free- 
man and Carroll method establishes zero-order kinetics. The 
energy of activations obtained by the Coats and Redfern method 
a re  consistent with the results of the Freeman and Carroll 
method. The infrared absorption spectral characteristics of these 
soaps and their respective fatty acids have been reported. The 
structures of the soaps a r e  also proposed. 

INTRODUCTION 

Transition metal soaps have been put to a number of uses in 
industry, technology, and allied fields [ 1-71. References to their 
study in the solid state a re  sparsely known. Of late, different 
scientists have reported IR and diffuse reflectance spectra of a 
few transition metal soaps [ 8- lo].  An earlier communication [ 111 
dealt with the isothermal decomposition of copper@) soaps and 
reported the successful applicability of the Prout Tompkins equation 
to such reactions. 

The object of the present report is to undertake a systematic study 
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5 14 MEHTA, HASAN, ANDHEDA 

of the kinetics of the thermal decomposition of cadmium soaps (cap- 
rate and laurate) to test the validity of well-known kinetic equations 
and to examine the thermal stability of these soaps in relation to 
chain-length compatibility. The IR absorption spectral characteristics 
of these soaps and their structures have been determined. 

E X P E R I M E N T A L  

M a t e r i a l s  

Capric and Lauric acids were purified by the method described 
earlier [ 121. Cadmium soaps were prepared by direct metathesis 
of the corresponding sodium soap in aqueous ethanol with a slight 
excess of the required amount of cadmium sulfate solution at 50-55'C. 
The precipitated soaps were washed several times with hot distilled 
water and then with alcohol to remove the free precipitant and the 
acid. The cadmium soaps thus obtained were dried in vacuum. The 
soaps were recrystallized from a hot benzene-methanol mixture 
(1: 1). The soaps obtained were in the hydrated form. All chemicals 
used were of reagent grade. 

The results of elementary analysis were as follows. Cadmium 
caprate monohydrate (Found: Cd, 23.84; C, 50.41; H, 8.37. Calcu- 
lated for CdCzd4005: Cd, 23.77; C, 50.80; H, 8.4%). Cadmium 
laurate monohydrate (Found: Cd, 21.33; C, 54.30; H, 8.98. Calcu- 
lated for CdCz4H4805: Cd, 21.25; C, 54.49; H, 9.15%). The TGA was 
carried out on a TGA instrument made by FCIL, India. The rate of 
heating was lO"/min. IR absorption spectra of fatty acids and their 
respective cadmium soaps were determined with a Perkin-Elmer 
Model 577 grating spectrophotometer in a Nujol mull in the region 
4000-400 cm-l. 

R E S U L T S  AND DISCUSSION 

T h e r m o g r a v i m e t r y  

A plot of the weight loss of the sample w vs time t (Fig. 1) for 
cadmium caprate and laurate shows that initially the soap decomposes 
slowly and then rapidly, and finally becomes almost constant. The 
slight leap in the beginning of the curve may be due to the breaking 
of the uncoordinated water molecule attached to the soap. The de- 
composition can be expressed as 

(RC00)zCd.HzO - RzCO + CdO + COz + HzO 

where R represents the alkyl group in the soap anion. The results 
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4- Captate 
-t Laurate 

Time, t, in min - 
FIG. 1. Thermogravimetric analysis of cadmium soaps. 

show that the final residue is cadmium oxide because the weights of 
the residues are  almost equal to the theoretically calculated weights 
of cadmium soaps from their molecular formula. 

The Freeman-Carroll method [ 131 has been applied to these 
soaps because the decomposition is continuous and one of the 
product is gaseous. The equation is 
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dw 

dt E 
- + n  

AlOg - 

- - -  
Alog Wr 2.303R Alog Wr 

where E = energy of activation 

n = order  of reaction 
Wr = (W - W), i.e., total loss  in weight - loss  in weight a t  time t 

dw 
- = values of ra te  of weight loss determined from weight loss 
dt 

0 

- time curves by drawing tangents at appropriate times. 

For convenience, Eq. (1) may be represented as 

E 
$$'! 'n 

2.303F 

The plot of + v s  $T yields a straight line passing through origin 

(Fig. 2), confirming zero-order kinetics (n = 0) for the decomposition 
of cadmium soa s and i s  in consonance with the findings of Mehrotra 
and Kachhwaha p141. The energies of activation for caprate and 
laurate are 23.0 and 36.1 kcal/mol, respectively. 

of such decomposition the soap molecules a r e  covered by the mole- 
cules of the gaseous product. The rate of such a reaction, following 
zero-order kinetics, may be represented by 

W 

Mention may also be made of the fact that during the course 

where K1 and KZ are constants and p is the pressure of the gaseous 
product. Rasheed and Bhobe [ 151 also confirmed zero-order kinetics 
for zinc stearate and explained that here  also the surface is completely 
covered by the product, and the rate  of decomposition becomes con- 
stant. 

[ 161 derived equation (for n = 0) for the study of solid-state decom- 
position under dynamic conditions: 

An attempt has been made to make use of the Coats-Redfern 

o! E 

aE 2.303RT 
(4) 
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FIG. 2. Qw vs 14, plots for cadmium soaps. 

where A, a, and cy are the preexponential factor, the rate of heating, 
and the fraction of soap decomposed at time t, respectively. The 
values of log a/TZ and T-l  for cadmium soaps are given in Table 1. 
Note that in the Coats and Redfern method the straight-line plots 
have some points at  the beginning and some points at  the end that 
are a bit removed from the straight lines. The energy of activation 
evaluated from log a / T 2  vs T- plots for caprate and laurate is 
21.2 and 35.4 kcal/mol, respectively. These values a re  in close 
agreement with the values obtained from the Freeman-Carroll 
equation. It is interesting to record that the activation energy in- 
creases with an increase in chain length of the carbon atoms in the 
soap anion. 
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TABLE 1. Coats-Redfern Parameters 

Cadmium Cadmium 
caprate laurate 

a a Temperature 
No. T (OK) 'x T 103 a l o q z  ff log F p  

1 573 1.7452 0.0726 -6.6551 0.0457 -6.8559 
2 593 1.6863 0.1667 -6.3243 0.0980 -6.4547 
3 613 1.6313 0.3632 -6.0947 0.3791 -5.9961 
4 633 1.5797 0.5427 -5.8682 0.7189 -5.7461 
5 653 1.5313 0.6154 -5.8406 0.7451 -5.7576 
6 673 1.4858 0.6624 -5.8349 0.7484 -5.7819 
7 693 1.4435 0.6838 -5.8465 0.7484 -5.8073 

I n f r a r e d  A b s o r D t i o n  S D e c t r a  

In Tables 2 and 3 the frequencies (cm- ') of the IR absorption 
maxima of the fatty acids and their respective cadmium soaps are 
given with their important assignments. 

The absorption spectral characteristics of the aliphatic portion 
of acid molecules are mostly unchanged while proceeding from acid 
to soap. The absorption band at about 2650 cm-' in soaps is assigned 
to the 0-H stretching of hydrated water. Due to complexity of hydro- 
gen bonding, S H  stretching vibrations in the hydrated spaps are 
not completely free. Similar observations have been re,ported by 
Koga and Matuura [ 171. 

Fatty acids a r e  known to exist with a dimeric structure with 
hydrogen bonding. The absorption maxim: in the spectrum of capric 
acid and lauric acid at 1680 and 1700 cm- , respectively, a r e  due to 
the C=O group of these acids which disappears in the s w p  spectra. 
Two new, strong absorption bands appear in the region 5535- 1525 
and 1460-1450 cm-'. These bands a re  assigned to the kymmetric 
and antisymmetric vibrations of the carboxylate ion, pgspectively. 
These observations are in agreement with the frequemies assigned 
by Kagarise [ 181 for phenyl stearic acid. The disappearance of C=O 
band in the soap spectra shows that there is resonance in the two 
C-0 bonds of the carboxyl group. This group will have structure 
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TABLE 2. Absor tion Spectral Characteristics of Capric Acid and 
Cadmium Caprate %. 

Frequency (cm- ) 

Capric acid Cadmium caprate Assignment 

2660 vs 2660 m Stretching 0-H 
1680 vs - Stretching C=O 

1525 vs 
1460 vs 

COO-, C-O antisym. stretching 
COO-, C-O sym. stretching 

1405 vs - 

1375 vs 
1270 1310 1 Ek5: 1 1270 

1235 

1165 

1100 s 1110 m 
930 vs 955 w 
720 vs 725 s 

CH2 deformation (adjacent to 

CHs sym. deformation 
COOH group) 

Progressive bands 
CH2 twisting and wagging 

Stretching C-C 
OH out-of-plane deformation 
Rocking CHz 

660 m 655 w 
605 m 600 w 
530 m 495 w 
470 m 450 w 

"Key to abbreviations: vs = very strong, m = medium, s = strong, 
w = weak. 

Mehrotra and Saroha have reported a similar observation for rubidium 
soaps [ 191. 

fatty acids in the 1350- 1080 cm-' region. These progressive bands 
of cadmium soaps a re  weaker than those of fatty acids. The absorp- 
tion band in the 955-930 cm- region may be assigned to the OH out- 
of-plane deformation. 

The absorption spectra of fatty acids and soaps at  about 720 cm-' 
with a strong intensity a r e  observed either as singlets or doublets. 
These absorptions may be due to the rocking vibration of a chain of 
the methylene group - ( - C H 2 k  . 

A number of progressive bands is observed for both soaps and 
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TABLE 3. Absorption Spectral Characteristics of Lauric Acid and 
Cadmium Laurate 

Frequency (em- ') 

Lauric acid Cadmium laurate Assignment 

2650 w 2660 m Stretching 0-H 
1700 s - Stretching C=O 

1535 vs COO-, C-O antisym. stretching 
1449 m 
1350- 1090 
1120 w 
950 s 
720 w 
685 s 
550 s 
475 m 
445 w 
420 s 

1450 vs 
1345- 1080 Progressive bands 
1115 m Stretching C-C 

COO-, C-O sym. stretching 

930 w OH out-of-plane deformation 
725 m Rocking CHz 
700 m 
620 w 
590 w 
500 w 
470 w 
435 w 
410 s 

The absorption maxima of soaps in the 600-400 cm-' region can't 
be exactly assigned as they a re  very sensitive to metal. These 
absorptions a re  probably due to the modes of lattice water which a re  
also observed in this region. These librational bands a re  assigned 
to rocking and wagging modes of lattice water [ 201. 
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