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Abstract 
The effect of a homologous series of polyoxy- 

ethylene n-dodeeanols on the critical mieelle con- 
centrat ion (eme) of mixtures  with n-dodecyl 
t r imethyl  ammonimn bromide (DTAB)  and of 
polyoxyethylene n-hexadecanols on the emc of 
mixtures with n-hexadecyl t r imethyI  ammonium 
bromide (CTAB)  has been studied in terms of 
the composition of the mixtures.  The cmc of the 
nonionie component  of the mixed mieelles is ap- 
proximate ly  one hundredth  of that  of the cationic 
component. Only a gradual  increase in the cmc 
values of the mixed micelles above the values of 
the nonionic components was observed in the com- 
position range of 0-75 mole % or 0-90 mole %, 
respectively, of cationic detergent.  This is fol- 
lowed by an ab rup t  transit ion to the high eme 
values of the cationic component. This abrup t  
transit ion is considerably reduced by addit ion of 
NaBr; I t  is postulated tha t  in the absence of 
added electrolyte the degree of ionic repulsion 
of the cationic component in mixed mieelles is 
markedly  decreased as the  proport ion of nonionie 
component reaches a threshold range of 25 or 
10 mole %, respectively. Swamping of charges 
reduces ionic repulsion in NaBr  solutions and, 
consequently, the abrup t  transit ion in the eme 
vs. composition curves is reduced. 

In t roduc t ion  

M ICELLE FORMATION in mixtures  of nonionic and 
anionic detergents has been the subject  of a 

previous pape r  (1).  A related investigation on rot- 
cello formation in mixtures  on nonionic and cationic 
detergents is reported here. Mixtures of two homol- 
ogous series of polyoxyethylene alkanols with quarter-  
na ry  detergents containing a comparable hydrophobic 
group to that  of the nonionie detergents, have been 
investigated by means of an experimental  procedure 
which allows accurate assessment of the emc over the 
entire range of mole ratios. 

Experimental 
Molecularly distilled ethylene oxide (EO)  adduets  

of two alkanols were obtained f rom General  Aniline 
and Fi lm Corporation. The average ehain length of 
the ethylene oxide adducts  has been determined f rom 
their hydroxyl  values. The homogeneity of the non- 
ionic detergents has been assessed f rom the observed 
sharp breaks in the surface tension vs. logari thm of 
concentration plots;  only samples exhibit ing sharp 
breaks have been used. CTAB was obtained f rom 
Eas tman Organic Chemicals and D T A B  was p repared  
in the Organic Section of this laboratory.  The pu r i ty  
of these mater ia ls  was established f rom the shape of 
the surface tension vs. logari thm of concentration 
plots near  the eme. The water  was redistilled f rom 
alkaline permanganate .  The NaBr  was of cp grade. 

The procedure  of the surface tension measurements  
using a Wilhehny plate has been described previously 
(2). 

1 Present address: Interchemical Corporation, Central Research Labo- 
ratories,  Clifton, N.J.  
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Results 
The eme data are amenable to iu terpreta t ion in 

terms of the s t ructure  of mixed mieelles. Therefore, 
cme values of single detergents and of mixtures  
thereof were determined over the entire composition 
range. The data were taken f rom the sharp breaks 
in the surface tension vs. logari thm of detergent  con- 
centrat ion plots (2 ) ;  equally sharp breaks were ob- 
served for mixtures  as for  single components. All 
measurements  throughout  this investigation were car- 
ried out at  25.0C. 

The eme data of mixtures  of C E T A B  and n-hexa- 
deeanol + n EO in aqueous solutions are given in 
F igure  1, and those of D T A B  and n-dodeeanol + 
n EO in aqueous solutions in F igure  2. Whereas 
variat ions in the number  of oxyethylene units in the 
homologous series of polyoxyethylene n-dodecanols 
caused marked differences in these plots, no differ- 
ence was observed between the two polyoxyethylene 
n-hexadecanols with 18 and 30 oxyethylene units, 
respectively. In  general the eme of the nonionic com- 
ponent  of the mixed micelles is about one-hundredth 
of that  of the cationic component. With  the poly- 
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FIG. 2. Cmc of  m ix tu r e s  of  D T A B  and  n-dodecanol + n 
EO in aqueous  solut ions.  
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oxyethylene n-hexadeeanols only a slight increase in 
the emc values of the mixed micelles above the values 
of the nonionic components was observed in the com- 
position range of 0-75 mole % cationic detergent.  
This is followed by an ab rup t  transit ion to the high 
cmc value of the cationic component. Similar re- 
sults were obtained with the homologous series of 
n-dodecanols. However,  the abrup t  transit ion was 
shifted to 90 mole % of cationic detergent.  I t  is 
worth noting that  the gradual  increase in the range 
below 90 mole % cationic detergent  with n-dodeeano] 
§ 4 EO exceeds that  of the higher homologs contain- 
ing 7, 23 and 30 oxyethylene units. 

Final ly,  the effect of electrolyte addition has been 
investigated. A comparison of the eme of mixtures 
of D T A B  and n-dodecanol + 23 EO in water  and 
in NaBr  solutions is i l lustrated in F igure  3. As an- 
t icipated the cnlc values of the cationic component 
were markedly  depressed by  addition of electrolyte 
(3), whereas no significant change occurred with 
the pure  nonionic component  (4). In  other words 
the large difference between the emc values of the 
nonionic component  of the mixed micellcs and the 
cationic component observed in aqueous solution de- 
creases progressively with increasing amount  of added 
NaBr. The cmc values of DTAB in NaBr  solutions 
follow the general relation that  the logari thm of the 
emc of a colloidal electrolyte is a linear function of 
the logari thm of the total concentration of the counter- 
ion. These results may  be expressed by the equation 

log (eme of DTAB,  moles / l )  = 
-0 .77  log Br  ( m o l e s / i ) -  3.27 

The data of F igure  3 on nonionic/cationie detergent 
mixtures  show that  a progressive reduction in the 
abrup t  transit ion to the high cmc values of the cat- 
ionic component occurs with increasing amounts of 
added NaBr.  

Discussion 
The results of this investigation on mixtures  of 

nonionic and cationic detergents follow the same pat- 
tern as those of the previous investigation on mix- 
tures of nonionic and anionic detergents (1). Con- 
sequently, the same general hypothesis may  be ap- 
plied to in terpre t  the eurrent  results. The continuous 
decrease f rom the high cmc values of the quater-  
naries to the low values of the polyoxyethylene alka- 
nols is a t t r ibuted to the increased suppression o f ' t he  
repulsive forces between the ionic head groups by 
incorporation of the nonionie head groups into the 

0 0 M NaBr 

�9 0.2 M NoBr 

~. 0.4 M NoBr 

�9 0 ,8  M Na Br q 

F r o .  3. C m e  o f  m i x t u r e s  o f  ] ) T A B  a n d  n - d o d e e a n o l  + 23 
N O  i n  a q u e o u s  a n d  N a B r  s o l u t i o n s .  

micellar/solution interface. Or in other words the 
reduction in ionic repulsion is caused by the shield- 
ing of the polar  head groups by  the oxyethylene 
chain. 

I t  is evident f rom the ab rup t  transit ion in the 
cmc plots of mixtures in aqueous solutions that  the 
degree of ionic repulsion of the cationic component 
in mixed micelles is markedly  decreased as the pro- 
portion of nonionic component  reaches a threshold 
range of 25 mole % for  mixtures  of CETAB and 
n-hexadecanol § n E 0  or 10 mole % for mixtures 
of DTAB and n-dodecanol § n EO. Thus, one oxy- 
ethylene chain seems to shield several polar  head 
groups. The absence of variat ions in the cmc vs. e 
plots as a result  of changes in the number  of oxy- 
ethylene units of the polyoxyethylene n-hexadecanols 
is ascribed to the high contribution of the cohesive 
forces in the balance between cohesive and opposing 
electrostatic or hydrat ion forces (1). I t  is well known 
that  the molar  cohesion expressed in terms of calories 
per mole of interact ing groups amounts to 990 eal /  
mole for the - C H f -  group and that  this quant i ty  
is additive (6).  The marked differences observed with 
the polyoxyethylene n-dodecanols, i.e., larger  increases 
of the cmc values of n-dodecanol § 4 EO in the range 
of added cationic detergent  up to 90 mole % as 
compared to those of the higher homologs containing 
7, 23 and 30 oxyethylene units, are a t t r ibuted to 
differences in the coil size of the oxyethylene chain. 
Smaller coil sizes (4 EO) are less effective in sup- 
pressing ionic repulsion when operat ing at  the pe- 
r iphery  of the mieellar core than larger coils (7, 
23 or 30 EO units) .  Or in other words the shielding 
capaci ty of the oxyethylene chain for the polar  head 
groups, and consequent reduction in ionic repulsion, 
becomes more pronounced with increasing length of 
the oxyethylene chain. 

The proposed model for  mixed mieelles is rein- 
forced by the results in electrolyte solutions. I t  is 
a well-known fact  that  addit ion of electrolyte to ionic 
detergents results in swamping of charges (2,5). 
F rom this it follows that  the electrostatic repulsion 
between polar  head groups of mixed micelles in NaBr  
solutions must  be significantly decreased and, con- 
sequently, the cmc vs. e plots show a progressive 
reduction in the abrup t  t ransi t ion to the high cmc 
values of the cationic component  with increasing 
amounts of added NaBr.  A recent article by Mukerjee 
(7) is wor thy of note in the light of this simultan- 
eous effect of electrolyte on ionic and nonionie de- 
tergents in mixed mieelles. ~ Although the major  ef- 
fects of added electrolytes on the cmc of ionic 
detergents are due to interionic interactions, this 
author suggests that  salt ing out effects, generally 
neglected, can be quite substantial.  Similarly, the 
salting out of the hydrophobic chains is according 
to Mukerjee the most impor tan t  factor  to be con- 
sidered for polyoxyethylene systems also. The data 
of this investigation, however, are not such as to 
give suppor t  to this hypothesis for ionic detergents. 1 

1 For  ~olyoxyethylene comt)ounds log cme = constant  - -  kscs where  
k~ is the salt  effect cons tant  and  Cs the molar  concentrat ion of the salt;  
e.g., ks for dodecano l~ -30  EO is about  0.8. 
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