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Abstract 

The polarographic  micelle point (PMP)  values 
of non-ionic surfactants ,  viz., Nonidet  Pd0, Non- 
idet P42 and Nonex 501 have been determined 
by a polarographic max imum suppression method 
in the presence of electrolytes (used for  polaro- 
graphic reduction) and compared with the criti- 
cal micelle concentration (c.m.c.) values of non- 
ionic surfac tants  obtained by other methods 
(spectrophotometric  and eleetroeapil lary curves 
methods).  The P M P  values are always lower 
than those obtained by other methods. The differ- 
ence in c.m.c, values is due to the presence of 
ions of depolarizer and suppor t ing electrolytes. 
The presence of electrolytes is likely to influence 
the water  structure,  thereby causing a lowering 
in c.m.c, values. 

Introduct ion 

The ionic surfac tants  have been extensively pu t  to 
use for  suppressing the difficult to suppress maxima 
of a large number  of simple and complex metal  ions 
(1,2). The data obtained f rom these studies have 
been put  to indirect use for determining the c.m.c. 
of ionic surfactants  in the presence of electrolytes 
(3,4). Corresponding studies with nonionic surfac-  
tants  as maxima suppressors have not been exten- 
sively taken up as yet  al though such studies can be 
of great  interest  in view of the well-established effect 
of nonionic surfactants  on the water  structure.  In  
this communication, the results of the c.m.c, values 
of Nonidet  Pd0, Nonidet P42 and Nonex 501 in the 
presence of suppor t ing  electrolytes are described. Fo r  
the sake of comparison, the c.m.c, values of the non- 
ionic surfactants  under  investigation determined by  
the electrocapil lary curve and spectrophotometric 
methods are also given in the present  communication. 

Experimental  Procedures 
Reagents 

Nonionic surfactants ,  i.e., Nonidet  P40 (100% poly- 
ethylene oxide condensate),  Nonidet  P42 (condensa- 
tion produc t  of dioctyl phenol and ethylene oxide), 
and Nonex 501 (methoxy polyethylene glycol laurate)  
were all B.D.H. products  and were used without fur-  
ther  purification. Analyt ical  reagents and chemically 
pure  reagents were used in all the investigations. 
Double distilled water  (all glass) was used for  pre- 
par ing  the solutions. 

Polarographic Maximum Suppression Method 
Apparatus and procedure. The polarographic  ap- 

para tus  and procedure used in this investigation are 
described in detail  elsewhere (5). All the measure- 
ments  were carried out at  25 _+ 0.1 C in a thermo- 
static water  bath. A Beckman pH-mete r  model t t  
was used for  p H  measurements.  

The polarographic  micelle point  (PMP)  was ob- 
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tained by plot t ing im~xim,m/iOifeu~io, VS. log concentra- 
tion of the sur fac tan t  and taking the point  of inter-  
section of two lines represent ing the pre  c.m.c, and 
post-c.m.c, curves, respectively, and max imum sup- 
pression point (MSP)  was obtained by  extrapolat-  
ing the post-c.m.c, curve to unity. 

Electrocapillary Curves Method 
Electrocapi l lary  measurements  were carried out 

with a Heyrovsky  polarograph (No. Lp  55A) op- 
erated manual ly  in conjunction with a Pye  Scalamp 
galvanometer.  A dropping mercury  electrode was 
used as the cathode whereas a sa tura ted  calomel elec- 
trode was used as the reference electrode. 

The solutions of 0.1 ~ KC1 were deaerated by  
bubbling ni trogen in the polarographic  cell (H-cell).  
At  least 20 drops were counted and drop t ime was 
measured by  means of a stop watch. Each set of 
measurements  at  a constant potential  was repeated 
three times. The electrocapil lary data were obtained 
f rom 0.0 to -1 .2  volts (S.C.E.) and they were re- 
peated in the presence of different concentrations of 
the surfactant .  
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FIG. 1. Determination of c.m.c, of Nonidet 1)42 by electro- 

capillary curve method. Curves plotted between long cone. 
of Nonidet 1)42 and drop time (seconds) at different potentials, 
e.g., 0.1, 0.2, 0.4, 0.5, 0.7, 0.8, 0.9, 1.0 and 1.2 volts (--e re). 
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FIo. 2. Determination of e.m.e, by the spectral dye method. Curves plotted between surfactant concentration 
and differential absorbance. 

(XlO -: g/liter) 

The  d r o p  t ime  was p l o t t e d  a g a i n s t  log concen t ra -  
t ion  of  the  s u r f a c t a n t  a t  va r ious  po ten t ia l s .  I n  o r d e r  
to locate  the  c.m.c, po in t ,  the  p o r t i o n  of the  curves  
showing  a s h a r p  f a l l  in  d r o p  t ime  w i th  the  increase  
in  s u r f a c t a n t  concen t r a t i on  was e x t r a p o l a t e d  down-  
w a r d s  whi le  the  f lat  p o r t i o n  was e x t r a p o l a t e d  
backwards .  The  concen t r a t i on  of the  s u r f a c t a n t  corre-  
s p o n d i n g  to the  p o i n t  of in t e r sec t ion  of the  e x t r a p o -  
l a t e d  po r t i ons  of the  curve  was t a k e n  as the  c.m.c. 
va lue  ( F i g u r e  1).  

S p e c t r o p h o t o m e t r i c  M e t h o d s  

Iodine Solubilization Method. F o r  d e t e r m i n i n g  the  
c.m.c, b y  the  iodine  so lub i l i za t ion  me thod  of Ross a n d  
Ol iv ie r  (6) ,  the  a p p a r a t u s  a n d  p r o c e d u r e  a re  de- 
sc r ibed  in  de ta i l  e lsewhere  (7) .  

Spectral dye method. The c.m.c, d e t e r m i n a t i o n  was 
made  b y  Becher ' s  s p e c t r a l  dye  me thod  (8) .  A b s o r p -  
t ion  m e a s u r e m e n t s  were c a r r i e d  out  b y  a Bausch  a n d  
Lomb  Spec t ron ic -20 ' .  

The  f ixed a m o u n t  (0.5 ml )  of b e n z o p u r - p u r i n  4B 
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FIO. 3. Polarograms of Co ~+ (0.005 M) in 0.1 M KC1 in varying amounts of Nonidet P40. Curve: 1--0.0, 2=1.54, 3--3.00, 
4--3.64, 5--4.30, 6--4.90, 7 =6.10 and 8 =6.67 (×10 +3 g/liter) of Nonidet P40. 
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(10 -3 M) was mixed with the different amounts of the 
nonionie sur fac tan t  solution whose c.m.c, was to be 
determined and the total  volume (10.0 ml) was made 
up with water. A series of the solutions having a 
fixed concentration of the dye and different concen- 
t rat ions o£ surface active agent  above and below the 
c.m.c, were obtained. 

The absorption measurements were made at a wave- 
length of 510 in~ (maximum of surfactant -dye com- 
plex) af ter  half  an hour 's  mixing of the mixture.  

The differential absorption of sur fac tan t  dye mix- 
tures was plotted against  the sur fac tan t  concentra- 
tion. The point  a t  which a sharp increase in differen- 
tial absorption (Figure  2, Points A and B) was 
observed was taken as the c.m.c, value. 

Results and Discussion 

Typical  polarograms of Co 2÷ having 0.1 N KC1 in 
the presence of va ry ing  amounts of Nonidet P40 
(x l0  -3 g / l i te r )  are shown in F igure  3. The values of 

i m a x i  . . . .  / i d i f f u s i o  n obtained by these polarograms were 
used to determine P M P  and MSP values of surfac- 
t an t  (Figure  4). 

The results of PMP values of nonionic surfactants ,  
i.e., Nonidet  P40, Nonidet P42 and Nonex 501 are 
given in Table I. The PMP and MSP values can 
both be correlated to the c.m.c, of the surfactants  
al though it  is usual to relate it  with the former.  F o r  
this reason only P M P  values arc shown in the Table. 

F rom the data given in Table I,  it may  be seen tha t  
the PMP values differ very  little f rom each other 
irrespective of the cations used. With  tile exception 
of the Ni2+-Co 2÷ mixture  in pyr idine and KC1, where 
a large amount  of the surfactants  is required to sup- 
press the max imum the P M P  values range  within 
nar row limits. The values range between 0.8 to 3.08 
x l0  -3 g/ l i ter ,  1.60 to 3.80 x l0  3 g / l i te r  and 7.84 to 
15.4 x l0  3 g / l i te r  for  Nonex 501, Nonidet P40 and 
Nonidet  P42, respectively. The anions of the support-  
ing electrolytes do not affect the P M P  values of the 
nonionic surfactants .  

Unlike the ionic surfactants ,  the p H  of the medium 
does not markedly  influence the PMP values. I t  is 
thus seen f rom Table I tha t  the PMP values obtained 
in the higher p H  range, 10.0 and 12.0 for  Cu-glycine 
and Cu-biuret complexes respectively, are not f a r  

TABLE I 

P o l a r o g r a p h i e  Micelle P o i n t  ( P . M . P . )  Va lues  of Non ide t  P40 ,  Non lde t  
P42  a n d  Nonex  501 in the  P r e s e n c e  of D i f f e r en t  S u p p o r t i n g  

Elect ro lytes  

Ion or 
complexes p H  

PY[P ( X 1 0 - a  g / l i t e r )  

Nonide t  Nonide t  Nonex  
P 4 0  P 4 2  501 

Pbe+-KNOa 5.15 1.90 7.84 2.32 
Ni2+-KC1 4.92 2,32 15.40 2.32 
Co~+-KCI 2.95 3,64 11.00 2.32 
C d L - K I  complex 6.03 3.00 11.60 2.32 
Ni-%-Coe+ 

m i x t u r e  in  
p y r i d i n e  a n d  KCl  . . . . .  8.60 30.00 3.89 

Cu-biure t  12.04 1.60 11.60 3.08 
Cu-glycine 10.50 3,80 15,40 2.70 
U 6+ KOlOa and  

phosphor ic  ac id  . . . . . . .  3.80 7.84 0.80 

TABLE II 

C.m.c. Values of Nonidet P40, Nonidet P42 and Nonex 501 
by Di f f e r en t  Methods  

Method 

C.m,e,  XI0 -~ g / l i t e r )  

Nonidet Nonex Nonidet 
P 4 0  501 P 4 2  

E lec t rocap i l l a ry  
cu rves  in  0.1 N KC1 7,60 4.70 13.8 

S u r f a c e  t ens ion  a 
(wi thou t  electrolyte)  12.50 6.20 39.80 

( W i t h  0.1 N KC1) 10.0 3.5 35.00 
I o d i n e  soh,  b i l iza t ion 12.00 4 ,80 35.00 
Spec t ra l  dye 12.50 3.00 36.00 
Polaro .graphic  

m a x i m u m  suppres s ion  
(Ni  2+ in 0.1 N KC1) 0.23 0.23 1.54 
(Co :+ in  0.1 N KC1) 0.36 0.23 1.10 

a F r o m  Refe rence  9. 
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TABLE III a 

Comparative c.m.c. Values of Anionic Surfaetants from Different 
Electrochemical ]~Iethods 

~Iethod 
( ×10 -2 g/l i ter)  

SPSA STSA SXSA 

Polarographic method 
(Ni ~+ in 0.1 N KC1) 3.60 21.20 17.00 

pH-metric method 
(Without electrolyte) 6.10 7.10 9.40 

Conductometric method 
(Without electrolyte) 18.90 22.68 25.10 

a C.m.e. values ( X l 0 - ~ )  given in reference 11) were converted 
to (X10 -s g / l i ter ) .  

removed f rom the PMP values obtained with Ni 2+ 
and Co 2+ in 0.1 N KC1 in the lower pH  range (4.92 
and 2.95). These results are in good agreement with 
our earlier work on laurie acid diethanolamine con- 
densate (5). The PMP values of anionic surfaetants 
are, however, greatly influenced by pH  of the medium 
as observed by Malik et al. (2) in the case of alky] 
aryl  sulphonates. 

Since the values determined by the polarographic 
method give the c.m.c, values in the presence of elec- 
trolytes (used for polarographie reduction),  it was 
considered necessary to compare the values with those 
obtained by other methods. In  Table II ,  the e.m.c. 
values obtained in this laboratory by various methods 
are summarized. F rom these results, it is evident that  
the PMP and MSP values obtained by the polaro- 
graphic maximum suppression nlethod are always 
lower than those obtained by spectral dye, iodine 

solubilization, surface tension and electrocapillary 
curve methods which compare favorably with each 
other. This difference is obviously due to the presence 
of the ions of depolarizer and the support ing electro- 
lytes in the surfactant  solution. Since the presence 
of electrolytes is likely to influence the water struc- 
ture (9),  the lowering in e.m.e, values is understand- 
able. 

A comparison of the c.m.e, values of nonionic sur- 
faetants with those of ionic surfaetants  in Table I I I  
(reported earlier) reveal tha t  the former have smaller 
e.m.c, values than the latter. 

This difference may be at t r ibuted to several factors : 
(a) greater hydrat ion of the nonionized polar groups, 
(b) greater tendency of nonionic groups to associate 
because of lack of electrical charge, and (c) absence 
of gegenions in nonionic surfactants. 

ACKNOWLEDGMENT 

CSIR awarded a fellowship to Pu rand  Chand to carry out this work. 

REFERENCES 

1. 3~alik, W. U., and R. t taque, Anal. Chem. 32, 1528 (1960).  
2. 3£alik, W. U., and t~. tIaque, J. Polarographic Soc. 8, 36 (1962).  
3. Colichman, E. L., J. Amer. Chem. Soc. 72, 4036 (1950).  
4. Hubbard,  l-I. 2¢L, and C. A. Reynolds , J.  Amer. Chem. Soc. 76, 

4300 (1954).  
5. Malik, W. U., and P. Chand., Anal. Chem. 87, 1592 (1965) .  
6. Ross, S., and J. P. Olivier, J.  Phys. Chem. 63, 1671 (1959).  
7. 3/ialik, W. U., and P. Chand, J.  Amer. Oil Chemists' Soe. 43, 

446 (1966).  
8. Beeher, P., J .  Phys.. Chem. 66, 374 (1962).  
9. EIsworthy, P. H., J.  Pharm, PharmacoI.  I2 ,  293 (1960) .  

10. MaIik, W. U., and S. N. Saleem, 5AOCS (in press).  
11. l~[alik, W. U., and S. P. Verma, J. Ind.  Chem. Soc. 41, 817 

(1964).  
[ R e c e i v e d  J u n e  11, 1968]  


