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Solvents 

A b s t r a c t  
Colloid chemical behavior of copper soaps in non- 

aqueous solvents has been investigated from the surface 
tension results using Szyszkowski's empirical equa- 
t ion: y = ~o (1 + Xln Y) --  X yo lnC. The 
parachors of the soap solutions in hydrocarbons are 
independent of the soap concentration. However, in 
alcohols these values increase with the increase of 
soap concentration. Hammic and Andrew's mixture 
law equation has been successfully applied to explain 
the behavior in alcoholic soap solutions. 

Introduction 
In a previous communication (Mehrotra et al., personal 

communication) the critical micelle concentration (cmc) 
for  copper soap solutions in organic solvents was deter- 
mined from various physical properties. The dispersion 
state of copper ( I I )  soaps in nonaqueous solvents has 
been investigated from the determination of magnetic 
susceptibility measurements (1). 

In  the present  work the surface tension and parachor 
behavior of solutions of copper soaps (viz. eaproate, 
eaprylate and caprate) in hydrocarbons and alcohols have 
been investigated. Szyszkowski~s (2) empirical equation 
has been used to show that the micelles formed in two 
g r o u p s  of solvents are different. 

Experimental Procedures 
The chemicals were purified and soaps prepared by the 

methods described in the previous communications (1,3). 
The solutions of copper soaps were prepared  by dis- 

solving the required amount of the soaps in organic so]- 
vents. Care was taken to avoid small amounts of water 
which were found to hydrolyze the soap. 

The surface tension and density of the soap solutions 
were determined by means of stalgmmneter and pyknometer 
respectively in a thermostatically controlled bath at 40 • 
0.05 C. The accuracy of the results was checked by mea- 
suring the surface tension of pure and dried benzene of 
analytical grade. The difference in the results was below 
0.5%. The surface tension results are in dynes/era. 

z Present address: Department of Chemistry, University of Georgia, 
Athens, Georgia. 

Results and Discussion 
The surface tension, y, of the soap solutions in chloro- 

form, benzene, chlorobenzene and xylene decreases whereas 
in propanol-1, butanol-1 and pentanol-1 it increases with 
the increase of soap concentration. The variation of the 
surface tension, % of soap solutions against logarithm 
of the soap concentration, log C, is characterized by an 
intersection of two straight lines at a definite soap con- 
centration which corresponds to the cmc of the soap 
(Fig.  1 and 2). 

I t  may be pointed out that the linear variation of  the 
surface tension, y, with the logarithm of soap concentration, 
log C, is in agreement with Szyszkowski's empirical equa- 
tion for solutions of fa t ty  acids: 

7 
- 1 - X In - -  [1] 

7~ u 

where 7 and Yo are the surface tensions of solutions of 
concentration C and of pure solvent, respectively and 
X and Y are constants. Equation i can also be written as:  

7 = 7 ~  [ I + X l n Y ] - - X 7 o ] n C  [2] 

= I -- X 70 InO [3] 

where constant I represents the intercept of the plots of 
7 against log C. 

The plots of y against log C for  soap solutions are 
characterized by an intersection of two straight lines at 
the cmc. Therefore, the behavior of the soap solutions be- 
low and above the cmc may be represented by two linear 
equations. These equations have different values of the 
slopes and intercepts. 

7 ---- I~ -- XI 70 lnC [4] 

= I,  -- X, 7o ]nC [5] 
On differentiating Equations 4 and 5 we get:  

d7 
- -  = - 2.303 X1% ~ B1 [6] 

d log C 
and 

4V 
- -  2.303 XeTo =-- B~ [7] 

d log C 
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FIG. 1. Variation of surface tension, 7, of caproate solutions with log C. 
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The values of  the slopes, B1 and B o and the intercepts 
I t  and Iz, of the plots of 7 against log C for  various soap 
solutions in different solvents have been evaluated and are 
summarized in Tables I and I I .  

I t  is observed that the values of the intercepts for  soap 
solutions in hydrocarbons below the cmc are higher than 
those for  the solutions above the cme. In  alcohols the 
values are lower below the cmc than above the cmc. This 
difference may be due to the fact  that the alcohols and 
hydrocarbons take quite different positions in the mieelles. 

TABLE I 

Values  of the  Slopes B t  a n d  Bz Below a n d  Above the  cmc in  the  
Plots  of 7 vs. L o g  C fo r  Copper  Soap  Solu t ions  
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I t  may also be pointed out that the values of the slopes 
B1 and B~ are higher for  soap solutions in hydrocarbons 
than in alcohols. I t  is interesting to note that the values 
of the slopes for  soap solutions in alcohols are independent 
of  the chain length of the alcohol. Such consistency is 
not observed for  soap solutions in hydrocarbons. This 
again confirms that alcohol and hydrocarbons occupy dif- 
ferent positions in the soap micelles. 

According to the Gibb's adsorption equation the adsorp- 
tion excess, ~, (i.e., the excess concentration of the solute 
per  unit area of the surface) is found to be: 

1 d~ 
= i s ]  

RT d lnC 

Caproa te  Capry la t e  C a p r a t e  
Solvent  

Bz B~ B t  B~ B t  Bs 

Chloroform 0.30 2.70 1.00 2.50 1.50 3.00 
Chlorobenzene 1.00 3.50 2 .00 6,50 1 .20 6.00 
Benzene  0.50 3.60 2.00 3.00 1.00 3.50 
Xylene  0.50 3.60 0.50 1.00 1.00 1.50 
Propanol -1  0.20 0.60 0.20 0.60 0.20 0.65 
Butanol -1  0.20 0.80 0.20 0.55 0.20 0.55 
Pentanol -1  0.13 0.80 0 .20 0.60 0 .20 0 .55 

T A B L E  II 

Values  of the  I n t e r c e p t s  I t  a n d  I~ Below a n d  Above the  cmc in  the 
Plots  of ~/ vs.  L o g  C 

C a p r e a t e  Capry la te  Cap ra t e  
Solvent  

Chloroform 25.93 22,36 24.95 23.20 23.65 22.55 
Chlorobenzene 25.58 21,64 27.20 24.65 28.10 25.40 
Benzen~ 23.82 19.30 23.30 22.60 25 .00  23.60 
Xylene  24.54 19,00 24.20 23.85 24.50 23.80 
Propanol -1  22.21 22.76 22.21 22.73 22.20 22.74 
Butanol -1  22.81 23.58 22.90 23.36 22.81 23.35 
Pentanol -1  24.58 25.40 24.70 25.30 24.68 25.16 

T A B L E  I l I  

R a n g e  of t he  A r e a  Covered  by  the  Soap  Mieelle F o r m e d  F r o m  I g 
Mole of the  Copper  Soap  Be low a n d  Above  the  eme 

in N o n a q u e o u s  Solvents  

Area x 10 -lo cm -z 

Solvent  Below the  cmc Above  the  cmc 
A1 A~ 

Chloroform 4 . 1 0 -  8 .00 3 . 0 1 - 2 . 0 0  
Chlor obenzene 6.01--12.02 4.19--6.01 
Benzene  3.07--10.02 1 . 1 3 - 2 . 1 5  
Xylene  3 . 0 0 -  7.55 0 .92 -1 .72  
Propanol -1  30.06 9.39 
Butanol -1  30.06 8.97 
Pen tano l -1  31.38 8.71 

T A B L E  IV 

Values  of the  P a r a o h o r ,  P,  for  Copper  Soap  Solut ions  in  H y d r o c a r b o n s  

~oneentratio~l 
of soap 

solution, Caproa te  Capry l a t e  Ca p ra t e  
g moles / l i t e r  

Chloroform 
O.0O 181.8 181.8  181.8 
0.01 182.0 186.1 184.6  
0.02 186.6 185.7 184.6  
0.03 186.7 185.8  184.5  
0.04 186.7 186.1 184.6  
0.05 186.1 186.1 184.3 
0.06 186.7 186.1 184.4  
0.08 186.6 186.1 184.8  
O.1O 186.1 . . . . . . . . . . . . . . . .  

Ohlorobenzene 
0,00 242,9 242.9  242 .9  
0.01 236.7 241 .4  240 .5  
0.02 236.4 240,6  240 ,6  
0.03 236.1 240 .4  240 .5  
0.04 234 .4  299 .7  240 .7  
0.05 234.4 239.3  240.9  
0.06 234.6 238.0  240.5  
0.08 234.4 239 .5  240.2  
0.10 234.5 . . . . . . . . . . . . . . . .  

Benzene 
0.00 204.7  204 .7  204 .7  
0.01 202.1 203.8  204 .6  
0.02 202.1 202 .6  204.7  
0.03 202.1 202 .5  206.0  
0.04 201.2 201 .0  205.2 
0.05 201.5 202 .5  205.2 
0.06 201.7 202.5  205 .9  
0.08 201.2 202.3  205 .4  
0.10 200.4  . . . . . . . . . . . . . . . .  

Xylene  
0.00 280.0 280.0 280.0 
0.01 279.1 278 .2  279 .6  
0.02 279.2 277 .7  279 .9  
0.03 279.1 278 .0  279 ,9  
0.04 277.7 278.8  280.5  
0.05 280.2 279.2  280 .0  
0.06 278.4 279 .5  ........ 
0.08 277.5 279.2 ........ 
0 .10 276.8 . . . . . . . . . . . . . . . .  
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FIG. 2. Variation of surface tension, % of eaproate in alcohols with log C. 
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TABLE V 

Values  of the  Pa rachor ,  P,  ~ o l e  Frac t ion ,  x and  Cons tan ts  k l  and  k~ for  
Copper Soap Solut ions  i n  Alcohols 

Concent ra t ion  
of soap k i  k l  1~ 

solut ion,  x �9 10 s F = V'y TM d(VTl/~) (dx)  �9 108 g m o l e /  Calculated Graph ica l ly  Graph ica l ly  

l i te r  

Caproate 
Propane1-1 

0.00 0.00 164.4 . . . . . . . . . . . . . . . . . .  
0.01 0.75 163.9 . . . . . . . . . . . . . . . . . .  
0.03 2.24 154.4 0.5 1.49 835.5 
0.05 3.75 165.1 1.2 2.99 401.3 
0.06 4.48 165.4 1.5 8.73 402.1 
0.08 5.96 166.0 2.1 5.21 403.7  
0.10 7.44 166.5 2.6 6.69 397.6  
0.12 8.92 167.1 8.2 8.17 391.6  
0.15 11.00 168.0 4.1 10.25 400.0 

Butanol -1  
0.00 0.00 201.5 . . . . . . . . . . . . . . . . . .  
0.01 0.92 202.2 . . . . . . . . . . . . . . . . . .  
0.03 2 .74  202.9 0.7 1.82 884.6 
0.05 4.55 203.5  1.3 8.63 858.1 
0.06 5.46 203.9 1.7 4.54 374.4  
0.08 7.27 204.6 2.4 6.35 877.9 
0.10 9.06 205.6 8.4 8.14 417.8 
0.12 10.86 206.3 4.1 9.94 412.5  
0.15 13.53 206.7  4.5 12.61 856.9 

Pentanol-1  
0.00 0.00 242.4  . . . . . . . . . . . . . . . . . .  
0.01 1.08 248.1  . . . . . . . . . . . . . . . . . .  
0.03 8.24 243.8 0.7 2.16 824.1  
0.05 5.89 244.4  1.3 4.31 801.6  
0.06 6.46 244.7  1.7 5.38 315.9 
0.08 8.60 245.7  2.4 7.52 319.2 
0.10 10.75 246.3 3.4 9.67 351.6  
0.12 12.85 247.1  4.1 11.76 348.6 
0.15 16.01 247.5  4.5 15.93 285.5 

Capryla te  
Propanol-1  

0.00 0.00 164.4 . . . . . . . . . . . . . . . . . .  
0.01 0.75 163.9 . . . . . . . . . . . . . . . . . .  
0.02 1.50 164.2 0.8 0.75 400.0  
0.03 2.24 164.6 0.7 1.49 469.8  
0.04 2.99 165.0 1.1 2.24 491.1  
0.05 9.75 165.5 1 .6  2.99 535.1 
0.06 4.48 166.0 2.1 8.73 569.4 
0.08 5.96 166.5 2.6 5.21 499.1  
0.10 7.44 167.5 3.6 6.69 539.5 
0.12 8.92 168.2 4.8 8.17 526.4  

Butanol-1  
0.00 0.00 201.5  . . . . . . . . . . . . . . . . . .  
0.01 0.92 202.1 . . . . . . . . . . . . . .  
0.02 1.88 202.5 E~ 0.91 489.6 
0.03 2.74 203.0 0.9 1.82 494.4  
0 .04  8.63 208.4  1.8 2.71 479.6  
0.05 4.55 208.9 1.8 8.63 496.0  
0.06 5.46 204.4  2.3 4.54 506.5 
0.08 7.27 205.8 3.2 6.35 503.9 
0.10 9.06 206.8 4.2 8.14 514.7 
0.12 10.86 207.2 5.1 9.94 501.4  

Pentanol-1  
0.00 0.00 242.4  . . . . . . . . . . . . . . . . . .  
0.01 1.08 242.9 . . . . . . . . . . . . . .  
0.02 2.16 243.4  0~50 1.08 463.0  
0.03 3.24 244.0 1.10 2.15 521.1 
0.04 4.32 244.4  1.50 8.24 453.0  
0.05 5.39 245.1 2.20 4.81 510.4  
0.06 6.46 245.3 2.40 5.38 446.1  
0.08 8.60 246.5  3.60 7.52 478.7  
0.10 10.75 247.5 4.20 9.67 434.8 
0.12 12.84 248.5 5.10 11.76 488.7  

Capra te  
P ropano lo l  

0.00 0.00 164.4  . . . . . . . . . . . . . . . . . .  
0 .01 0.75 163.5 . . . . . . . . . . . . . . . . . .  
0.02 1.50 164.4 0.9 0.75 1200.0 
0.03 2.24 165.0 1.5 1.49 1007.0 
0.04 2.99 165.5 2.0 2.24 892.0 
0.05 8.74 166.1 2.6 2.99 870.5 
0.06 4.48 166.5 8.0 8.78 804.2 
0.08 5.96 167.4 8.9 5.21 748.7 
0.10 7.44 168.6 5.1 6.69 762.5 

Butanol -1  
0.0O 0.00 201.5  . . . . . . . . . . . . . . . . . .  
0.01 0.92 202.3 . . . . . . . . . . . . . . . . . .  
0.02 1.88 202.8  0.5 0.91 549.5 
0.08 2.74 203.8 1.0 1.82 549.4  
0.04 3.63 204.0  1.7 2.71 627.2 
0.05 4.55 204.6  2.8 8.63 648.5 
0.06 5.46 205.3 8.0 4.54 660.7 
0.08 7.27 206.5  4.2 6.85 661.8 
0.10 9.06 207.6  5.2 8.14 638.9 

Pentanol-1  
0.00 0.00 242 .4  . . . . . . . . . . . . . . . . . .  
0.01 1.08 248.0  . . . . . . . . . . . . . . . . . .  
0.02 2.16 248.8  0.8 1.08 740.8 
0.08 8.24 244.5  1.5 2.16 694.4 
0.04 4.82 245.1  2.1 8.24 648.2 
0.05 5.89 246.0  8.0 4.81 696.0 
0.06 6.46 246.8 8.8 5.88 618.4 
0.08 8.60 247.9 4.9 7.52 651.6 
0.10 10.75 249.2 6.2 9.67 641.2 

430.7 1 168.8 I 

400 .0  I I  163.3 I I  

833.8 I 201.9 I 

444.4  I I  201.0 I I  

363.3 I 243.0 I 

388.8 I I  242.2 I I  

500.0 I 163.2 I 

512.0 I I  163.9 I I  

475.0 I 201.8 I 

545.4 I I  201.2 I I  

583.3 I 242.0 I 

450.0 I I  242.7 I I  

875.0 I 163.0 I 

688.0 I I  163.9 I I  

666.6 I 201.4  I 

615.4  I I  201.9 I I  

714.2 I 242.1  I 

600.0 I I  243.0 I I  
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By comparing Equation 8 with Equations 6 and 7 we get:  

X~q,o X~o 
~ ---- " - and rs -- [9] 

RT RT 

Hence, the surface ~rea covered by the soap micelles 
formed from 1 g mole of the soap below and above the 
cmc, A~ and A~, can be represented as: 

RT RT 
A1 = ' and As -- [I0] 

X17o X~7o 

The approximate va]ues of  the surface area occupied 
by the micelles formed by 1 g mole of  the soap in alcoho]s 
is larger as compared to that  in hydrocarbons (Table I I I ) .  
This may be ascribed to the fact  that alcohols being poIar 
solvents having a resultant dipolemoment, exhibit a 
perturbing effect on the micelles due to the electric field; 
this leads t o  lesser aggregation of soap molecules. In  
hydrocarbons, due to their nonpolar  nature, aggregation 
takes place to a greater extent. I t  is therefore concluded 
that the nature of the solvent plays a significant role in 
the mieelle formation. 

I t  may also be pointed out that  the area occupied by 
i g mole of the soap below the cmc is larger as eompared 
to that occupied by the soap micelles formed by the same 
amount of the soap above the cmc. This confirms that 
agglomeration of  the soap molecules to form micelles 
results in the decrease in the surface area. 

TABLE u 

Values of the emc (g moles/liter) for Copper Soaps in Alcohols 
From Parachor  ~easurements  

Solvent Cap~'oa%o CaDrylato Caprat~ 

Fropanol-1 0.052 0.051 0.051 
Butanol-1 0.056 0.052 0.043 
Fentanol-1 0.054 0.045 0.045 

Pazachor 

The paraehor, P, of the solution is written as:  

P = = V" 7 m [11] 
D 

where M, D, V and ~ are respectively the molecular weight, 
density, molar volume and surface tension of the solution. 

According to t tammic and Andrew's (4) mixture law 
equation, the parachor of the solution can be written as:  

P---xP . . . .  + (I--x) P.o,.o,,t [12] 

where P,  P ..... and P.o,~,t  refer to the paraehors of the 
soap solution, soap and solvent respectively and x is the 
mole fraction of the soap in the solution. 

Since P,o.~ and P.o~..~t are constants Equation 12 can 
be written as:  

P = x [P.o~p - P,o, .... ] + P.o,...t = xkl + ks [13] 

where kl is equal to (P.o.~-P.o~.~) and k2 is equal to 
P.o, ..... Hence from Equations II and 13 we have 

P = V~ ~/~ = xk, + k, [14] 

The equation shows that the plots of V~ ~/' against x 
should be linear. 

On differentiating Equation 14 we get:  

d ( V ~  ' )  

dx 

d ( V ~ " )  
This shows that the quantity dx should be equal 

to k~, i.e., (P  .... -P  . . . . . . .  ). 
The values of k~ have heen calculated using Equation 15 

for  soap solutions in different alcohols' and compared 
graphically by plott ing P against x. The results are sum- 
marized in Table V. 

I t  is observed that  the parachors for soap soIutions in 
hydrocarbons are fair ly constant (Table IV) .  In  alcohols 
however these values increase with the increase in the 
soap concentration (Table u  This further suggests that 
hydrocarbons and alcohols behave differently in the micelle 
formation. 

I t  may be pointed out that the parachors of soap 
soIutlons in various solvents are in the order: 

Xytene ~ Chlorobenv.e~ > Ben,.erie ~ Chloroform 
Pentanol-] > Butanol-1 > Propanol-]. 

The difference in the values of the parachors in different 
solvents is mainly due to the difference in the parachors 
of pure solvents. 

The values of the parachors, P,  of soap solutions in 
alcohols have been p]~tted against mole fraction, x, of the 
soap (Fig. 3) to test the validity of Equation 14. I t  
may be pointed out that the plots of the paraehors against 
the mole fraction of soap are characterized by an inter- 
section of two straight lines at  a point  which corresponds 
to the cmc of the soap (Table V I ) .  This is in agreement 
with the values obtained earlier (Mehrotra et al., personal 
communication). This shows that soap exists in different 
forms below and above the cmc in alcoholic soap solutions. 
Therefore, parachor behavior may be represented by two 
linear equations having different values of the constants 
k~ and k~. 

I t  is noticed that  the calculated values of k~ using 
Equation 15 are in close agreement with the values ob- 
tained graphically. This shows that  there is justification 
in applying the above equations to the soap solutions in 
alcohols. The values of k~ (i.e., parachor of the solvent) 
obtained graphically are in close agreement with the ex- 
perimental values of paraehors of liquids used as solvents. 
Hence t tammic and Andrew's equation can be successfully 
appl ied to the soap solutions in alcohols. 
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