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Abstract 
The behavior of copper valerate and caproate 

in nonaqueous solutions has been investigated 
from solubility and refractometric methods. The 
apparent  heat of solutions demonstrate the ex- 
istence of micellar aggregates above the Kraff t  
point. The refractive indices of soap solutions 
in hydrocarbons decrease whereas in alcohols in- 
crease with the increase in the soap concentra- 
tion. 

Introduction 
In an earlier communication we have investigated 

the diffuse reflectance spectra of copper ( I I )  soaps 
in the solid state (1). We have established that  the 
anomalously low magnetic moments of copper soaps 
corresponding to the binuclear s t ructure persist in 
various organic solvents (2). The colloid chemical 
behavior of copper soaps in nonaqueous solutions has 
also been studied f~om the surface tensiOn and 
parachor measurements (3). 

In  the present work the solubility of copper valerate 
and caproate provide evidence for the existence of 
miceller aggregates above the Kraff t  point in dif- 
ferent  organic solvents. The study of refractive index 
has been used to show that  the micelles formed in 
two groups of solvents (hydrocarbons and alcohols) 
are different. 

Experimental Procedures 
The chemicals were purified, the soaps and the soap 

solutions prepared by the methods previously re- 
ported (2,4). 

The solubility of copper ( I I )  valerate and caproate 
was determined by the usual method of prepar ing a 
saturated solution of the soaps in different solvents at 
different temperatures and analyzing the clear super- 
na tant  liquid by weighing. The solutions attained 
equilibrium af ter  a long time (5-7 hr) .  

An Abbe type refractometer  (Bellingham and 

TABLE I 
Solubi l i ty  of Copper Valerate and Caproate ( g / 1 0 0  g of solvent) in  

l~onaqueous Solvents 

T e m p .  Chloro- 
C ben- Ben-  Xylene  P r o p a -  B u t a -  P e n t a -  

zene nol-1 nol-1 nol-1 zene 

2 0 C V  a 0 . 0 1 7  0 .043  0 . 0 0 4  3 . 1 5 4  3 .329  5 . 0 2 0  
CC b 0 . 0 5 8  1 ,302  0..061 6 . 0 2 6  4 . 7 3 6  5 , 7 3 5  

2 5 O V  0 , 0 2 8  0 .052  0 . 0 0 4  4 . 5 9 2  4 . 0 0 0  5 . 5 2 1  
CC 0 . 0 6 8  1 .640  0 . 0 7 5  6 ,398  5 .008  8 . 5 0 9  

3 0 C V  0 . 0 3 3  0 .063  0 . 0 0 4  7 , 3 8 6  4 . 9 6 0  6 .512  
CO 0 . 1 2 0  1 .910  0 . 0 7 9  6 .846  6 .012  1 0 . 2 3 0  

3 5 O V  0 . 0 4 1  0 . 0 6 9  0 , 0 0 4  8 . 4 8 6  6 .302  7 .603  
CC 0 ,553  3 .810  0 . 0 8 4  1 1 . 3 2 0  8 . 3 3 7  1 3 . 1 9 0  

4 0 C V  0 . 1 2 8  0 . 1 7 8  0 .011  12 .490  9 .572  1 2 . 6 2 0  
CC 1 , 1 9 5  8 .960  0 . 1 3 7  1 3 , 8 1 0  11 .850  1 4 . 5 5 0  

4 5 C V  0 . 2 2 0  0 . 4 8 6  0 . 0 2 1  . . . . . . . . . . . . . . . . . . . . . . . .  
CC 8 , 5 4 8  2 1 . 6 8 0  0 . 2 8 0  . . . . . . . . . . . . . . . . . . . . . . . .  

5 0 C V  0 . 3 8 0  1 .830  0 . 0 3 8  . . . . . . . . . . . . . . . . . . . . . . . .  
CC 1 2 . 0 3 0  2 6 . 3 0 0  1 .160  . . . . . . . . . . . . . . . . . . . . . . . .  

a Copper  va le ra te .  
b Copper eaproate. 

1 P r e s e n t  a d d r e s s :  D e p a r t m e n t  of Chemis t ry ,  U n i v e r s i t y  of Georg:ia, 
Athens, Ga.  
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T A B L E  I I  
Values of Apparent H e a t  of Solut ion  ( K  c a l s / m o l e )  for  Copper  V a l e r a t e  

and Caproate in Nonaqueous Solvents  

Solvent 
Copper  va l e r a t e  Copper  c ap roa t e  

a a b b a b 

Chlorobenzene 4 4 . 1 2  6 .52 4 3 . 1 2  17 .38  
Benzene 3 9 . 8 0  6 .64  3 1 . 9 6  7 .95  
Xylene 60 .00  ...... 3 4 . 4 6  7 .22 
P r o p a n o l - 1  16 .56  13 .20  19 .33  2 .34  
B u t a n o l - 1  16 .12  6 .39  1 8 . 6 4  6 .43 
Pen t ano l -1  2 6 . 7 6  6 .70  1 0 . 7 5  6 .01  

a a, Above the Krafft point. 
b b, Below the Krafft point. 
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Fro. 1. Variation of log S with 1/T for caproate. 
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TABLE I I I  
Values of Refractive Index for Copper  Soap Solut ions  in  Hydrocarbons 

VOL. 4 7  

Concn. 0 f  

soap solution 
g mole/ 

liter 

Chloroform Ch]orobenzene Benzene Xylene 

OV a CC b CV CC CV CO CV CC 

0.O0 1.4337 1.4337 1.5131 1.5131 1.4890 1.4890 1.4872 1.4872 
0.01 1.4337 1.4337 1.5131 1.5131 1.4890 1,4890 1.4870 1.4870 
0.02 1.4335 1.4336 1.5131 1.5131 1.4890 1.4890 1.4870 1.4870 
0.03 1.4335 1.4335 1.5131 1.5131 1.4890 1.4890 . . . . . . . .  1.4870 
0.04 1.4330 1.4333 1,5125 1.5124 1 .4888 1.4883 . . . . . . . . . .  1.4868 
0.05 1.4328 1.4330 1.5120 1.5120 1.4885 1.4880 .......... 1.4862 
0,06 1.4326 1.4323 1.5115 1.5115 1.4882 1.4878 .......... 1.4862 
0.08 1.4322 1.4322 .......... 1.5106 1.4880 1.4873 .......... 1.4855 
0.10 1.4318 1.4320 .......... 1.5098 1.4875 1.4868 .......... 1.4852 

* Copper valerate. 
b Copper caproate. 

Stanley Ltd., London) was used for measuring the 
refractive indices of soap solutions. All the measure- 
ments were made at a constant temperature (40 • 
0.05 C) by circulating the water from a thermostat- 
ically controlled bath. Sodium (D) line was used as 
a source of light and the refractometer was stan- 
dardized from time to time with the help of a glass 
slab of known refractive index provided with the 
instrument. The density of the soap solutions was 
determined by means of pyknometer at the above 
mentioned temperature. 

Results and Discussion 
S o l u b i l i t y  

The solubility-temperature curves of copper soaps 
in organic solvents (viz., ehlorobenzene, benzene, 
xylene, propanol-1, butanol-1 and pentanol-1) are 
not exponential in nature but show a marked increase 
in the solubility in a small range of temperature in- 
dicating the existence of micellar aggregates above 
this temperature (Krafft point). The solubility 
method, therefore, gives one of the direct measure of 
micelle formation. The solubility data for copper 
valerate and caproate in different organic solvents 
at different temperatures are given in Table I. It  is 
observed that the soaps have low solubility in hydro- 
carbons as compared to that in alcohols. 

The plots of logS against 1/T are characterized by 
an intersection of two straight lines at a point which 
corresponds to the Krafft point (Fig. 1), pointing 
towards the existence of micellar aggregates above 
these temperatures for copper soaps. Micelles begin 
to form at 30 C in alcohols and 32-40 C in hydro- 
carbons. 

The apparent heat of solution can be calculated from 
the Van't Hoff reaction isochore expression 
d logeS/dT = Q / R T  2 where S is the solubility in 
moles per liter and Q is the heat of solution. Assuming 
that Q is independent of temperature this expression 
yields, on integration, 

Q(T,-- TO 
logloS~ - -  log~oS~ - 

2 . 3 0 3  X 1 .99  X T , T 1  

The average values of apparent heat of solution 
for valerate and eaproate are summarized in Table II. 
The large difference in the values of heat of solution 
(above and below the Krafft point) confirms the 
formation of micelles in copper soap solutions in 
organic solvents. I t  is also observed that difference 
in the heat of solution is more marked in hydrocarbons 
than in alcohols. This supports the view that the 
tendency of micelle formation is more pronounced in 
hydrocarbons than in alcohols. I t  may also be con- 
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T A B L E  I~" 
Values of Refractive Index for Copper Soap Solutions in Alcohols 

Cohen. of 
soap solution 
g mole/l i ter  

Propanol-1  Butanol-1 Pentanol-1 

CY a CC b CY CC CV CC 

0.00 1.8754 1.8754 1.8890 1.8890 1.4022 1.4022 
0.01 1.8757 1.8757 1.8898 1.8902 1.4026 1.4025 
0.08 1.3758 1.3758 1.8900 1.8907 1.4080 1.4027 
0.05 1.3769 1.8760 1.8908 1.3910 1.4088 1.402S 
0.06 1.3760 1.8762 1.3905 1.8911 1.4084 1.4029 
0.08 1.3768 1.3766 1.3906 1.3912 1.4038 1.4033 
0.10 1.8767 1.3768 1.3907 1 .3914 1.4038 1.4036 
0.12 1.3769 1.3771 1.3911 1.3915 1.4039 1.4038 
0.15 1.8776 1,8776 1.8913 1.3919 1.4040 1.4048 

Copper valerate. 
b Copper capreate, 

eluded that the nature of the solvent plays significant 
role in the micelle formation. 

R e f r a c t i v e  I n d e x  

The refractive index, n, of soap solutions in chloro- 
form, chlorobenzene, benzene and xylene at first re- 
mains almost constant and then decreases with the 
increase in the soap concentration (Table I I I ) .  How- 
ever, in propanol-1, butanol-1 and pentanol-1 it in- 
creases with the increase in the soap concentration 
(Table IV). The difference in the behavior of soap 
solutions in alcohols and hydrocarbons may be due to 
the fact that these solvents take quite different 
positions in the soap micelles. 

The plots of the refractive index, n, of soap solution 
as a function of concentration, c, are characterized 
by an intersection of two straight lines at a point 
corresponding to the critical micelle concentration 
(emc) of the soap (Fig. 2), in agreement with the 
values obtained earlier (Mehrotra et at., personal 
communication). 

I t  may be pointed out that the values of the cmc 
(Table V) of the soaps in alcohols are higher than 
those in hydrocarbons. This difference demonstrates 
clearly that the agglomeration of soap molecules takes 
place at a lower soap concentration in hydrocarbons 
as compared to that in alcohols. 

The refractive indices of soap solutions in the 
various solvents are in the order: chlorobenzene 
benzene > xylene > chloroform, and pentanol-1 
butanol-1 ~ propanol-1. 

The difference in the refractive indices of soap 
solutions in various solvents is mainly due to the 
difference in the refractive indices of pure solvents. 

I t  is observed that the extrapolated values of the 
refractive index, for zero soap concentration, no, for 
soap solutions in hydrocarbons is in complete agree- 
ment with the refractive indices of pure solvents. The 
values in alcohols are slightly higher than the re- 
fractive indices of pure alcohols used as solvents. 
This difference confirms that the micelles formed in 
the two groups of solvents arc different. 

TABLE V 
Values of the cmc (g moles/ l i ter)  for  Copper ~a l e r a t e  and  Caproate  in 

Nonaqueous Solvents F rom Refract ive  Index  measurements  

Solvent Copper Copper 
valerate  caproate 

Chloroform 0.028 0.030 
Chlorobenzene 0.027 0.038 
Benzene 0.027 0.029 
Xylene ........ 0.031 
Propanol-1 0.050 0.055 
Butanol-1 0.065 0.064 
Pentanol-1 0 .064 0 .050 
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