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Abstract 
The critical micelle concentrations of eetyl tri- 

methyl ammonium bromide and cetyl pyridinium 
bromide have been calculated by a speetraLdye 
method. Alizarin red S at pH 9.12 was found 
to be suitable for these two cationics. Two shifts 
in the dye maximum, one due to complex for- 
mation (500 mu or 525 mt~) and the other due 
to the dye-surfactant complex solubilized in the 
mieelles of the cationies were realized. The crit- 
ical micelle concentration was represented by the 
point of intersection of two curves at wavelength 
500 mt~ and 550 m~ for cetyl pyridinium bro- 
mide and 525 mt~ and 550 mu for eetyl trimethyl 
ammonium bromide. 

Introduction 

I 
T HAS BEEN KNOW N f o r  more than thirty years that 
indicator dyes have their colors altered when pres- 

ent in solution along with surfaetauts (1,2). Fajans 
(3) investigated the effect of dye adsorption on ionic 
surfaces. Dentseh (4) described striking examples 
of effects on indicators when adsorbed at oil-water 
interfaces. In 1934, Hartley (5) studied the effects 
of anionic, cationic and nonionic detergents on a 
large number of dyes. The work of Sheppard and 
Geddes (6) on the spectrum of pinacyanol and cat- 
ionic detergents was further extended by Corrin et al. 
(7), whose investigations led them to develop a method 
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FIO. 1. A b s o r p t i o n  s p e c t r a  o f  6.7 • 10~M a l i za r in  red S 
fo r  d i f f e ren t  c o n c e n t r a t i o n s  o f  CPB.  

Curve  1 - -6 .7  • 10-5M dye  + 3.3 • 104M C PB 
Curve  2 - -6 .7  • 10-~M dye  + 6.6 X 10-4M CPB  
Curve  3 - -6 .7  • 10-sM dye  + 10.0 • 10-4M CPB  
Curve  4 - -6 .7  • 10-~M dye  + 13.3 • 10-4M C PB 
Curve  5 - -6 .7  • 10-sM dye  + 33.3 • 10-~lV[ CPB  
Curve  6 - -6 .7  • 10-sM dye  -t- 53.3 • 10-4M CPB 
Curve  7 - -6 .7  • 10-6M dye  -t- 80.0 • 10~M CPB  
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(8) for determining the critical micellc concentration 
(eme). Hiskey and Downey (9), Mysels and Muk- 
erjee (10), Herzfeld (11), Ginn and Harris (12), 
etc., also used this technique to determine the emc 
of some cationic and anionic surfactants. 

The apparent simplicity of the above methods of 
providing color changes has been used to determine 
the eme values of eetyl trimethyl ammonium bromide 
and eetyl pyridinium bromide by employing alizarin 
red S. This dye is more sensitive than the other dyes 
so far employed in the study of cationic surfaetants. 

Experimental 
R e a g e n t s  

Cetyl trimethyl ammonium bromide (CTMAB) 
and eetyl pyridinium bromide (CPB) were obtained 
from British Drug House and were recrystallized 
from acetone. The stock solutions were prepared in 
doubly distilled water (all glass). Alizarin red S 
used in this study was also a BDH product and was 
used without further purification. The buffers, Wal- 
pole, McIlavine and borax, were prepared in the 
laboratory. 

A p p a r a t u s  

A Bausch and Lomb Speetronic 20 was used for 
the absorption measurements and the pH of the solu- 
tions were measured by a Cambridge Bench Type 
pH meter. 

S a m p l e s  

Following sets of solutions were prepared from 
10-aM dye stock solutions: (a) 15 ml buffers con- 
taining 0.1 to 1.0 ml of dye solutions; (b) 1 ml dye 
in 15 ml buffer containing 1 to 12 ml of cationic sur- 
factant solutions. Buffers of pH 2.00, 7.00 and 9.12 
were used in both sets. 

Results and Discussion 
The spectrum of alizarin red S solution changes 

very markedly with increasing concentration of eat- 
ionic surfactants. At pH 9.12 the shift in the max- 
imum of the dye in presence of cationic surfactant 
is very large (445 mt~ to 550 m~) in comparison to 
those observed at the other two pH values. At pH 
7.00 in the initial concentrations of the surfactant, 
precipitation occurs which might be attributed to a 
dye-surfaetant complex. However, oll further addi- 
tion of surfactant the precipitate redissolves and the 
dye gives the same maximum as in the alkaline range, 
the shift being from 515 m~ to 550 mt~. At pH 2.00 
no appreciable shift in dye maximum could be ob- 
served (415 m~ to 425 mr0. Figure 1 represents 
some typical data to illustrate the effect observed 
with gradual addition of cetyl pyridinium bromide. 

We have shown in another communication (13) 
that in dilute surfactant solutions the binding ratio 
between the surfactant and the dye molecule is 1:1. 
This ratio, however, changes with the increase in the 
surfaetant concentration due to the appearance of 
micelles in the solution. At pH 9.12 two maximum 
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T A B L E  I 
I n f l u e n c e o f C T M A B o n t h e A b s o r p t i o n M a x i m u m o f A l i z a r i n e R e d S  

Conc. of 
s u r f a c t a n t  
X 10 ~M 

Absorp t ion  m a x i m u m  at  d i f fe ren t  p i t  va lues  

(2 .00)  (7 .00)  (9 .12)  

O.O0 415 m/~ 515 m~ 445 m~  
3.3 415 m g  515 m/z 525 m~ 
6.6 415 m/~ ...... 525.540 m/~ 

( ill-defined ) 
I o.0 415 ,425  ...... 525,540 m/z 

(ill-defined (il l-defined) 
i3.3 425 m~ 550 m ~  
33.3 425 m/~ 550 m/~ 550 m/~ 
53.3 425 m/z 550 m~ 550 m/z 
80.9 425 myz 550 m~  550 m~  

Inf luence  of ( ' P B  on the absorp t ion  m a x i m u m  of a l izar ine  red  S 

Conc. of Absorp t ion  m a x i m u m  at d i f fe ren t  p H  wtlues 
s a r f a e t a n t  

X IO-~M (2 .00 )  (7 .00 )  (9 .12)  

O.0O 415 mt~ 515 mt~ 445 mt~ 
3.3 415 rote 515 rote 445 rote 
6.6 415 m/~ . . . .  445 mtr 

10.0 415 m#  ...... 500 mt~ 
13.3 415 m~ ...... 500 m/~ 
33.3 425 ]n/~ 500 m #  
53.3 425 m~  550 m~ 550 mt~ 
80.0 425 m~ 550 mp~ 550 m ~  

shifts are observed, viz., from 445 m~ to 525 m~ and 
525 m~ to 550 m~ in presence of cetyl trimethyl 
ammonium bromide. The first shift takes place with 
surfactant concentration 6.66 • 10-5M while the sec- 
ond one is observed by increasing a little beyond 
this concentration. In the case of cetyl pyridinium 
bromide the shift in the maximum is from 445 m~ 
to 500 m~ for the concentration 13.3 • 10 ~M and 
the second maximum, i.e., 550 m~ is observed after 
this concentration (Table I).  The maximum at 550 
m~ remains unaffected by further addition of the 
surfaetant. 

We believe that the first change iu maximum i8 
due to the compound formation between the surfac- 
taut and the dye and that the next change in max- 
imum occurs because the dye-surfaetant complex is 
solubilized in the micelles of the surfaetant. This 
complex is soluble at pH 9.12 but insoluble at pH 
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FIG. 2. Concentration (CPB) vs. optical density (dye-sur- 
factant  mixture)  pH 9.12. 

T A B L E  I I  
C o m p a r a t i v e  ~.mc Values  of Cetyl T r ime thy l  A m m o n i u m  B r o m i d e  and  

Cetyl P y r i d i n i u m  B r o m i d e  f r o m  Di f fe ren t  Methods 

Cri t ica l  micelle concen t ra t ion  

Method C T M A B  C P B  
X 10 -~M X 10 - tM 

Spec t rophotomet r ic  26.0 42.0 
Conduc tomet r i e  25.0 53.0 
E m f  m e a s u r e m e n t s  method  23. S 38.0 

7.00, with the result that the maximum 525 m~ (or 
500 m~) at pH 9.12 is not observed here. Further  
addition of the surfactant results in its dissolution 
with the formation of mieelles giving a maximum 
at 550 m~. 

The color of the alizarine red S changes from red 
to violet on addition of surfactant and this change 
is speetrophotometrically characterized. 

The Transit ion Region 

Figure 2 shows typical changes in absorbance in 
the dye-surfactant mixtures. The optical densities of 
the dye-surfactant mixtures are plotted vs. surfactant 
concentration at 445 m~, 500 m~ and 550 m~ for 
cetyl pyridinium bromide and at 445 mu, 525 m~ 
and 550 m~ for cetyl trimethyl ammonium bromide. 
Curve A decreases at an accelerated rate. Curve B 
of the violet solution increases simultaneously and 
flattens out at higher concentrations of the surfaetant. 
Curve C is similar to B but does not flatten until 
far beyond the point corresponding to micelle for- 
mation. The intersection of B and C is taken as the 
cme point. This provides a proof of the fact that 
micelles are formed in the color transition region. 

The values of cmc are given in Table II. 
The value for CPB is comparable to those reported 

in the literature but the eme value of CTMAB is 
considerably lower than that reported by others. Con- 
firmatory evidence on CTMAB has been obtained with 
eonductometrie and emf measurements (14). The 
spectrophotometrie method is not precise and gives 
the range of values rather than the true cme value, 
but its simplicity compensates this limitation. 
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