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ABSTRACT AND SUMMARY 

The critical micelle concent ra t ion  (CMC) of  mag- 
nesium soaps in n-propanol  and butanol  have been 
determined by viscosity measurements .  The equat ions  
of  Vand and Moulik are applicable only above CMC. 
The parameters  of equat ions  may be used to calcu- 
late the viscosity of  soap solutions in the concentra-  
t ion range in which the equat ions hold good. The 
tempera ture  effect  on viscous f low follows Arrhenius '  
equat ion .  The effect  of  soap concent ra t ion  on 
fluidity of  soap solutions has been discussed in the 
light of  Eyring's  equat ion and the act ivat ion param- 
eters of  viscous flow, AH*, AS*, and AG* with 
respect to the solvent have been calculated. 

INTRODUCTION 

In cont inua t ion  of  our earlier work (1,2) this communi -  
cat ion deals with the viscosity studies of  magnesium soaps 
(valerate, caproate,  and caprylate)  in n-propanol  and 
butanol  at different  temperatures .  The object  of  this s tudy 
is (a) to de termine  critical micelle concent ra t ion  (CMC), 
s tudy the effect  of tempera ture  on micellar aggregation, 
and compare  the results obta ined f rom conduct iv i ty  
measurements  (3); (b) to test the applicabil i ty of  viscosity 
equat ions;  and (c) to calculate the act ivat ion parameters  of  
viscous flow. 

EXPERIMENTAL PROCEDURES 

The chemicals were purified and the soaps were prepared 
by the me thod  described in a previous commun ica t i on  (1). 
An Ostwald Viscometer  was used to de termine  the viscosity 
of soap solutions in a thermosta t ica l ly  control led (-+ 0.05 C) 
bath. The densities were measured with a d i la tometer  con- 
structed o f  pyrex glass having a reservoir vo lume of 15 ml. 
The measuring section was const ructed of  precisely bored 
graduated capillaries. The d i la tometer  was calibrated with  
conduct iv i ty  water and the accuracy of  measurements  was 
checked against some test solutions of  known densi ty at 

TABLE I 

Viscosity of Magnesium Valerate Solutions in Alcohols at 35-50 C 

Conc. of soap Viscosity in millipoise at ~ C 
in moles litre -1 35 C 40 C 45 C 50 C 

n-p ropano l  

0 .003  16.22 14.09 11.97 9 .84  
.005 16.28 14.14 12.05 9 .86  
.010 16.39 14.22 12.18 9 .96  
.020 16.45 14.32 12.26 10.03 
.030 16.55 14.39 12.32 10.08 
.040 16.64 14.47 12.38 10.14 
.050 16.70 14.59 12.45 10.20 

n -bu tano l  
.003 20 .78  17.94 14.80 12.05 
.005 20 .84  18.03 14.95 12.09 
.010 20 .93  18.18 15.16 12.15 
.020 21 .07  18.27 15.24 12.23 
.030 21 .14  18.35 15.32 12.29 
.040 21 .22  18.51 15.41 12 .34  
.050 21 .29  18.65 15.52 12.41 

different  temperatures .  The densi ty  data obta ined agreed 
with l i terature values within + 0.001 to 0.003%. 

RESULTS AND DISCUSSION 

The viscosity, r/ of  soap solut ions (Table I), increases 
with increasing soap concent ra t ion  at different  tempera-  
tures. This increase in viscosity is due to the increasing 
tendency  to form aggregates at higher concentrat ions .  A 
plot (Fig. 1) of  viscosity vs. soap concent ra t ion  gives an 
intersect ion of  two straight lines at a concen t ra t ion  0.01, 
0.01, and 0.005 M indicating the fo rmat ion  of  micelle (4-7) 
for valerate,  caproate,  and caprylate  respectively.  It is 
observed that  CMC of  soaps are independent  of  the 
tempera ture  and nature of  the solvent (3). 

The ext rapola ted  values of  viscosity for zero soap con- 
centrat ion in alcohols (Table II) are in agreement  with the 
corresponding exper imenta l  values at various tempera tures  
and are independent  of  chain length of  the soaps. This 
confi rms that  the soap molecules  do not  aggregate to an 
appreciable ex ten t  below CMC whereas there is a marked 
change in aggregation at the CMC. 

It also must be po in ted  out  that  the viscosity of  soap 
solutions increases with increasing chain length of  soap. 
This may be due to an increase in the size of the micelles 
with an increasing number  of  carbon atoms in the soap. The 
values of  viscosity of  soap solutions in n-butanol  are higher 
than the corresponding values obta ined in n-propanol .  

The viscosity of  magnesium soap solutions has been 
satisfactorily represented by the fol lowing (8,9) equat ions :  

1 
Vand - =  (0.921/V) "1 �9 1/log(r//r~ o) + QV (i) 

C 

Where Q and V are the in teract ion coeff ic ient  and molar  
vo lume of  the solute in litre mole  -1, C is the concen t ra t ion  
of  solute in mole  litre -1 and r~ o is the viscosity of  the 
solvent. 

Moulik: (r//r~o)2 = M + K1C 2 (ii) 
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FIG. 1. Plots of viscosity vs. concentration of magnesium 
caproate solutions in n-butanol. 
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TABLE II 

Extrapolated and Experimental Values of  Viscosity of  Magnesium 
Soap Solutions for Zero Soap Concentration at 35-50 C 

Viscosity in millipoise 

T e m p e r a -  Extrapolated 

ture in ~ Caprylate Caproate Valerate Experimental 

n-Propanol 

35 16.10 16.20 16.15 16.180 
40 13.95 14.00 14.00 14.050 
45 11.95 11.95 11.90 11.930 
50 9.80 9.80 9.80 9.811 

n-Butanol' 
35 20.65 20.70 20.70 20.710 
40 17.80 I7.85 17.75 17.810 
45 14.95 14.90 14.90 14.900 
50 12.00 12.05 12.00 11.960 
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FIG. 2. Plot of  (~/,/o) 2 vs. C 2 of  magnesium caprylate in n- 
propanol at 35-50 C. 

FIG. 3. Plot of  1/C vs. 1/log ~//~o of  magnesium caproate in 
n-propanol. 

Where  M a n d  K 1 are c o n s t a n t s .  
T h e  p r o c e d u r e  f o r  t e s t i ng  t h e  V a n d  a n d  Moul ik  equa -  

t i o n s  b y  p l o t t i n g  (Figs .  2 a n d  3)  1 /C vs. 1 / l o g ( ~ / ~  o )  and  
( ~ / ~ o )  2 vs. C 2 has  b e e n  app l ied .  The  e q u a t i o n s  h o l d  g o o d  
fo r  t he  da ta  o n l y  in  t he  l imi t ed  range  o f  c o n c e n t r a t i o n s  
(Tab les  I I I  a n d  I V ) a b o v e  CMC. 

T h e  values  o f  V (Tab les  I I I  a n d  I V )  inc rease  w i t h  an  
inc rease  in t e m p e r a t u r e  in a lcohols .  I t  ha s  b e e n  o b se rv ed  
t h a t  t h e  values  o f  V o f  c a p r y l a t e  are  m u c h  h ighe r  t h a n  t h e  
c o r r e s p o n d i n g  val_ues o f  l o w e r  soaps .  C o m p a r i s o n  o f  t he  
da ta  s h o w s  t h a t  V inc reases  w i t h  inc reas ing  cha in  l e n g t h  o f  

soap .  

I t  has  b e e n  o b s e r v e d  t h a t  t h e  va lues  o f  i n t e r a c t i o n  
coe f f i c i en t ,  Q (Tab le s  I I I  a n d  I V )  s h o w  an  increase  w i t h  
i nc r ea s ing  t e m p e r a t u r e  in n - p r o p a n o l  a n d  b u t a n o l .  T h e s e  
values  also inc rease  in n - b u t a n o l  w i t h  inc reas ing  cha in  

l e n g t h  o f  soap .  
T h e  values  o f  M a n d  K 1 have  b e e n  ca lcu la ted  in o r d e r  to  

c o m p a r e  the  app l i cab i l i t y  o f  b o t h  the  e q u a t i o n s  and  are 

TABLE III 

Viscosity Parameters for Magnesium Soap Solutions in n-Propanol at 35-50 C 

T e s t e d  conc. limit Valid Zones 
Temperature in ~ (moles/litre) (moles/litre) V Q M K 1 

Magnesium valerate 
35 0.003 - .05 0.01 - .05 0.41 -30.16 1.026 20 
40 .003 - .0S .02 - .05 .46 -20.49 1.033 18 
45 .003 - .05 .02 - .05 .47 -4.30 1.045 20 
50 .003 - .05 .02 - .05 .48 -3.18 1.054 20 

Magnesium caproate 
35 .003 - .05 .01 - .05 .46 -46.82 1.027 18 
40 .003 - .05 .01 - .05 .47 -42.45 1.034 17 
45 .003 - .05 .02 - .05 .48 -37.10 1.047 24 
50 .003 - .05 .01 - .05 .49 -22.45 1.056 25 

Magnesium caprylate 
35 .003 - .02 .005 - .01 1.01 -52.31 1.005 340 
40 .003 - .02 .005 - .01 1.11 -25.33 1.004 360 
45 .003 - .02 .005 - .02 1.27 -17.31 1.020 340 
50 .003 - .02 .005 - .02 1.40 -2.86 1.030 320 
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TABLE IV 

Viscosity Parameters for Magnesium Soap Solutions in n-Butanol at 35-50 C 

VOL. 54 

Tested conc.  l imit Valid Zones 
Temperature in ~ (moles/ l i tre)  (moles/ l i tre)  ~" Q M K 1 

Magnesium valerate 
35 0 .003- .05  0 .02- .05 0.14 -253.30 1.030 13 
40 .003- .05 .01- .05  .20 -144.70 1.037 15 
45 .003- .05  .01 -.05 .28 -101.40 1.048 16 
50 .003- .05 .01- .05 .30 -83.52 1.058 14 

Magnesium caproate 
35 . 0 0 3 - . 0 5  .02 - . 0 5  .21 -130.3 1.038 17 
40 .003- .05 .02 -.05 .23 -91.20 1.051 14 
45 .003- .05 .01- .05  .25 -71.08 1.056 14 
50 .003- .05 .01- .05  .26 -58.16 1.059 14 

Magnesium caprylate 
35 . .003-.02 .005- .01 1.38 -44.87 1.008 260 
40 .003- .02 .005- .01 1.57 -36.41 1.010 290 
45 .003- .02 .005- .02 1.84 -27.69 1.023 280 
50 .003- .02 .005- .02 2.49 -17.29 1.032 290 

TABLE V 

Activation Parameters for Fluidity of Magnesium Valerate in Alcohols  

n-propanol n-butanol 

Cone. of soaPl AH* in AS* in AG* in AH* in AS* in AG* in 
in moles litre- k cal mole  -1 cal deg- lmole  k cal mole  "1 k cal mole  "1 cal deg - lmo le  "1 k cal mole  -1 

0.003 6.75 8.79 3.506 7.74 12.85 3.783 
�9 005 6.78 9.54 3.508 8.06 13.89 3.784 
�9 010 6.81 10.78 3.509 8.29 14.63 3.785 
�9 020 6.91 11.02 3.515 8.41 15.00 3.789 
�9 030 7.14 11.78 3.520 8.52 15.35 3.794 
�9 040 7.60 13.24 3.522 8.98 16.84 3.795 
�9 050 8.06 14.72 3.524 9.12 17.28 3.799 

r eco rded  in Tables  III  and  IV. I t  has  been  obse rved  t h a t  the  
values of  M increase  w i th  increas ing  t e m p e r a t u r e  and  cha in  
l eng th  of  t he  so lvent  used.  T he  values o f  K 1 do  n o t  show 
any  def in i t e  t r e n d  in va r ia t ion  wi th  t em pe r a t u r e .  It  is of  
in te res t  to  no t e  t h a t  the  values of  K 1 for  capry la te  are 
excep t iona l l y  h igher  t h a n  o t h e r  systems.  

I t  m a y  be m e n t i o n e d  t h a t  Va_nd's e q u a t i o n  con t a in s  
p e r f e c t l y  def ined  pa ramete r s ,  V and  t he  i n t e r a c t i o n  
coef f ic ien t ,  Q is on ly  a p p r o x i m a t e l y  o b t a i n e d  (10) .  I t  
appears  t h a t  mos t  p r o b a b l y  Q is a specif ic  p r o p e r t y  of  a 
solute  and  n o t  the  general  p r o p e r t y  (11) .  The  p a r a m e t e r s  M 
and  K 1 of  Moul ik ' s  e q u a t i o n  are n o t  ye t  def ined.  

The  plots  of  l oga r i thm of  viscosi ty,  log 77 vs. r ec ip roca l  
of  abso lu te  t e m p e r a t u r e ,  1 /T  are s t ra ight  l ines showing  the  
val id i ty  of  A r r h e n i u s '  e q u a t i o n :  

_ 1 =  A eEl /RT (iii) 

Where  A and  E~b are t he  Ar rhen ius  coef f ic ien t  and  act iva-  
t ion  energy  of  viscous flow. 

The  ac t iva t ion  energy  of  viscous f low, E ~ =  AH* in 
Table  V) has  b e e n  ca lcu la ted  f r o m  the  slopes of  l inear  plots .  
The  i n t e r p r e t a t i o n  of  viscous f low accord ing  to  t he  t h e o r y  
of  abso lu te  r eac t ion  ra tes  has  also b e e n  p resen ted  b y  Eyr ing  
and  coworke r s  (12) .  The  t e m p e r a t u r e  d e p e n d e n c e  o f  l / r /  
has been  eva lua ted  in t e rms  of  Eyr ing ' s  e q u a t i o n ,  

n = exp ( -AH*/RT) exp ~----~] (iv) 

Where  h and  N are p l anck ' s  c o n s t a n t  and  Avogadro  
n u m b e r  respect ively ,  V is the  mo la r  v o l u m e  o f  t he  so lvent ,  
R is gas c o n s t a n t  in  cals. deg - lmo le -1 ,  T is the  abso lu t e  
t e m p e r a t u r e ,  and  7/ is  the  viscosi ty  in  poise. AH*,  AS*, and  
AG* are ac t iva t ion  energy,  e n t r o p y ,  and  free energy of  

viscous f low respect ively.  AG* is ca lcu la ted  f rom G i b b s '  
e q u a t i o n  at  35 C. 

Table  V ind ica tes  t ha t  AH* and  AS* increase  w i t h  
increas ing c o n c e n t r a t i o n  of  soap. It  is observed  t ha t  the  
plots  of  these  pa rame te r s  vs. c o n c e n t r a t i o n  of  soap show a 
change  at CMC and the  ra te  o f  change  becomes  slow bu t  
increases rap id ly  at h igher  concen t r a t i ons .  Since AG* 
cont ro l s  the  f low ra te  which  is governed  b y  the  s lowest  s tep 
in the  f luid process,  t he  da ta  suggest t ha t  be low CMC the re  
is essent ial ly  no  new process  o t h e r  t han  the  f low of  pure  
solvent .  I t  is cons idered  t ha t  n o n l i n e a r i t y  of  AG* wi th  the  
c o n c e n t r a t i o n  wi th  an  added  solute  becomes  ind ica t ive  of  
the  f o r m a t i o n  o f  so lu te -so lvent  aggregate (13)  as the  
pr inc ipa l  k ine t ic  en t i ty .  

The  plots  of  AG* vs. C show a l inear  increase  above  
CMC, which  ind ica te  t h a t  the re  is n o  so lvent -so lu te  aggre- 
ga t ion  bu t  con f i rm  the  micel lar  aggregat ion of  soap in 
a lcohols .  The  slopes o f  l inear  p lo ts  o f  AG* vs. C are 0 .35,  
0 .37,  and  1.2 k cals. m o l e - l l i t r e  -1 in n - p r o p a n o l  and  0.36,  
0.35,  and  0 . 8 0 k  cals. mole-2 l i t re  -1 in  n - b u t a n o l  for  
valerate,  caproa te ,  and  capry la te  respect ively.  
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