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Determining the Critical Micelle Concentration of Suffactants 
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Bio-Rad Laboratories, 1414 Harbour Way South, Richmond, CA 94804 

A s i m p l e  m e t h o d  i s  d e s c r i b e d  f o r  m e a s u r i n g  t h e  crit i -  
c a l  m i c e l l e  c o n c e n t r a t i o n  ( C M C )  o f  s u r f a c t a n t s  u s i n g  
a c o m p u t e r - d r i v e n  m i x i n g  s y s t e m  a n d  a v a r i a b l e  w a v e -  
l e n g t h  s p e c t r o p h o t o m e t e r .  A n a l y s e s  u s i n g  t h i s  m e t h -  
od  w e r e  t y p i c a l l y  d o n e  in  15 m i n .  D e t e r g e n t s  t h a t  w e r e  
a n a l y z e d  i n c l u d e d  s o d i u m  d o d e c y l  s u l f a t e  ( S D S ) ,  
s o d i u m  c h o l a t e ,  L u b r o l - P X  a n d  T r i t o n  X-100.  L u b r o l  
PX s h o w e d  t w o  p h a s e  t r a n s i t i o n s ;  o t h e r  d e t e r g e n t s  
a p p e a r e d  to  h a v e  o n l y  o n e  n e a r  t h e i r  CMC. For  s o d i u m  
c h o l a t e ,  t h e  CMC w a s  m o r e  d i f f i c u l t  t o  a n a l y z e  t h a n  
t h e  o t h e r s .  T h i s  m a y  h a v e  b e e n  d u e  to  i t s  l o w  a g g r e g a -  
t i o n  n u m b e r  (_< 4 ) .  S i n c e  t h i s  m e t h o d  s u c c e s s f u l l y  
i d e n t i f i e d  t h e  CMC o f  t h e s e  f o u r  d e t e r g e n t s ,  i t  i s  l i k e l y  
t h a t  m o s t ,  i f  n o t  a l l ,  s u r f a c t a n t s  c a n  b e  a n a l y z e d  in  t h e  
s a m e  m a n n e r .  

Previously ,  m e t h o d s  for  m e a s u r i n g  t h e  CMC of  a su r fac -  
t a n t  have  been  t e d i o u s  a n d  t ime  consuming .  Some  p o p u -  
l a r  m e t h o d s  inc lude  m i x i n g  a ser ies  of  so lu t ions ,  e ach  
wi th  a s l ight ly  d i f f e ren t  c o n c e n t r a t i o n  of  t h e  s u r f a c t a n t ,  
a n d  m e a s u r i n g  l ight  s c a t t e r i n g  (1,2), su r f ace  t ens ion  (3),  
o r  f l ou re scence  of  an a d d e d  p r o b e  (4-7)  on each  solut ion .  
A d d i t i o n a l  t e c h n i q u e s  have  also been  desc r ibed ,  all  of  
wh ich  involve the  ana lys i s  of  mu l t i p l e  s a m p l e s  to  de t e r -  
m ine  each  CMC (8-12).  A m e t h o d  is d e s c r i b e d  in w h i c h  
two  so lu t ions  a r e  c o m b i n e d  us ing  a ca re fu l ly  c o n t r o l l e d  
mix ing  sys tem.  These  so lu t ions  w e r e  m i x e d  c o n t i n u o u s l y  
such  t h a t  g r a d i e n t  t ime  c o r r e l a t e d  wi th  t he  c o n c e n t r a -  
t ion  of  t h e  s u r f a c t a n t .  A va r i ab l e  w a v e l e n g t h  d e t e c t o r  was  
u sed  to  iden t i fy  t h e  CMC, o r  o t h e r  p h a s e  t r ans i t i ons .  

The  d e t e r g e n t s  t h a t  w e r e  chosen  for  th is  s t u d y  a re  typ-  
ical ly  u sed  for  t h e  so lub i l iza t ion  of  m e m b r a n e  p ro te ins .  
Solubi l iza t ion,  a n d  s u b s e q u e n t  c h r o m a t o g r a p h y  o f  m e m -  
b r a n e  p ro t e in s ,  o f ten  d e p e n d s  u p o n  t h e  ab i l i ty  of  t h e  
d e t e r g e n t  to  fo rm  micel les  (13-15).  This  p a p e r  r e p r e s e n t s  
an  a t t e m p t  a t  s impl i fy ing  t h e  d e t e r m i n a t i o n  of  t h e  CMC 
for  s t u d i e s  involving m e m b r a n e  p r o t e i n  so lubi l iza t ion .  
The  m e t h o d  t h a t  is r e p o r t e d  he re  m a y  also be  a p p l i c a b l e  
to  o t h e r  d e t e r g e n t  sys tems.  

MATERIALS AND METHODS 

A g r a d i e n t  m o d u l e  e q u i p p e d  w i t h  a v a r i a b l e  w a v e -  
l e n g t h  UV m o n i t o r  (Mode l  1305A),  a p u l s e  d a m p e r  a n d  
a Mode l  402 c o n t r o l l e r  w e r e  o b t a i n e d  f r o m  Bio-Rad .  
A 10-#l  low v o l u m e  s t a t i c  m i x e r  w a s  u s e d  (Lee,  
W e s t b r o o k ,  CT) as  wel l  a s  a b a c k p r e s s u r e  r e g u l a t o r  
(Ra in in ,  Emeryv i l l e ,  CA). Al l  a n a l y s e s  w e r e  d o n e  a t  
r o o m  t e m p e r a t u r e .  A 15-min  l i n e a r  g r a d i e n t  w a s  u s e d  
in a l l  c a s e s  a n d  t h e  f i r s t  s o l u t i o n  a l w a y s  c o n t a i n e d  no  
s u r f a c t a n t .  The  s e c o n d  s o l u t i o n  c o n t a i n e d  t h e  s a m e  
s o l v e n t  a s  in A, b u t  w i t h  d e t e r g e n t  a t  a c o n c e n t r a t i o n  
h i g h e r  t h a n  i ts  CMC. 
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The  va r i ab l e  w a v e l e n g t h  UV m o n i t o r  w a s  a d j u s t e d  
b e t w e e n  ana lyse s  to  f ind  the  o p t i m a l  w a ve l e ng th  for  
observ ing  each  p h a s e  t r ans i t i on .  SDS a n d  Tr i ton  X-100 
were  f rom Bio-Rad.  Lubro l -PX a n d  S o d i u m  c ho l a t e  w e r e  
f rom Sigma (St. Louis,  MO). All  o t h e r  r e a g e n t s  we re  of  t h e  
h ighes t  p u r i t y  avai lable .  W a t e r  was  de ion ized  a n d  fd t e r ed  
us ing a Milli Q Sys tem (Mil l ipore) .  

RESULTS 

The  f o u r  d e t e r g e n t s  a n a l y z e d  in t h i s  s t u d y  i n c l u d e d  
SDS, Lubro l -PX,  T r i t o n  X-100,  a n d  s o d i u m  c h o l a t e .  The  
CMCs o f  t h e s e  d e t e r g e n t s  r a n g e d  f r o m  0.01 mM for  
L u b r o l - P X  to  a p p r o x i m a t e l y  10 mM for  s o d i u m  c h o l a t e  
(Table  1). S o m e  o f  t h e  v a l u e s  in t h e  l i t e r a t u r e  o f  v a r i o u s  
d e t e r g e n t s  d i f fe r  s l ight ly ,  a l t h o u g h  r e a s o n s  fo r  t h e s e  
d i s c r e p a n c i e s  a r e  n o t  c l ea r .  Table  1 a l so  s u m m a r i z e s  

TABLE 1 

Determination of  the CMC Using Gradient Mixing 

Properties of detergents 
Detergent CMC (mM) Aggregation no. 

Previous work Present study 
Lubrol PX 0.1 a 0.04, 0.10 106 b 
Triton X-100 0.24% 0.3 ~ 0.24 140 c 
SDS 8.2 c 7.1 62 c 
Sodium cholate 8 a, 13-15 c 3.4 2-4 r 

For published data see references a(19); b(22); c(18), and d(4). 
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FIG. 1. A typical CMC analYsis. In this case, SDS was used. The 
starting solution was 0.1 M NaC1, and the final solution con- 
rained 4 mM SDS in 0.1 M NaCI. Absorbance was measured at 280 
nm with 0.02 absorbance units full scale (AUFS). A 15-rain linear 
gradient was used between the two solutions. The region before 
A depicts the delay time associated with the volume of  plumbing 
between the mixer inlets and the detector. The region between A 
and B represents the phase in which only detergent monomers 
are present in the aqueous system. The CMC is indicated at B as 
a sharp transition between monomer and micelle phases. Above 
the CMC (between B and C) monomers and micelles coexist. A 
10-pl mixer was used to obtain this scan. 
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FIG. 2. T h e  e f f e c t  o f  NaC1 o n  t h e  CMC o f  SDS.  Here ,  a 2.5 mL 
m i x e r  w a s  u s e d .  C o n d i t i o n s  w e r e  t h e  s a m e  a s  in  Fig.  I e x c e p t  t h e  
s a l t  c o n c e n t r a t i o n  r e m a i n e d  c o n s t a n t  f o r  e a c h  o f  t h e  s c a n s .  For  
e a c h  e x p e r i m e n t ,  s a l t  l e v e l s  w e r e  a d j u s t e d  a c c o r d i n g  to  t h e  f ig-  
ure ,  b u t  d i d  n o t  v a r y  d u r i n g  t h e  s can .  O n l y  t h e  S D S  c o n c e n t r a t i o n  
w a s  v a r i e d  f r o m  0 to  10 m M  S D S  f o r  e a c h  case .  D e t e c t i o n  w a s  at  
280 n m  w i t h  0.02 AUFS.  

TABLE 2 

C o m p a r i s o n  o f  M i x i n g  V o l u m e s  

[NaC1] [SDS] at CMC [SDS] at CMC {SDS] at CMC 
(raM) (raM) (mM) (raM) 

2.5-ml mixer 10-~l mixer Published 
0 7.50 7.10 8.2 a, 8.130 
1 7.67 6.67 
10 4.84 
100 2.37 0.89 1.330 
200 2.00 1.00 0.920 
500 0.30 0.52 a 

Conditions were as described in Figure 2 except similar samples 
were evaluated using a 10-td mixer. Published values were from 
either "(18) or b(17). 

the  resul ts  of the  p r e sen t  s tudy.  The cond i t ions  t h a t  were 
used  to ob ta in  the  va lues  found  in Table i are  descr ibed  in 
Figures  2-5. 

Figure 1 shows a typical  scan  of the  CMC for SDS using 
280 n m  for de tec t ion  a n d  a 15-rain l inear  g rad ien t  f rom 0 
to twice the CMC in 0.1 M NaC1. F r o m  these  data ,  th ree  
regions can  be identified.  The In'st  is the  m o n o m e r  region 
at  which  micelles are absent .  The n e x t  is the  phase  t r a n -  
s i t ion at  the  CMC. The th i rd  region is t h a t  above the  CMC, 
where  micelles a n d  m o n o m e r s  coexist.  In  this  example ,  
the  observed t r ans i t i on  is clear  a n d  appea r s  as a change  
in slope be tween  the  two phase  regions. The t r a n s i t i o n  

was  followed in differing c o n c e n t r a t i o n s  of sod ium chlo- 
ride. Similar  effects by sod ium chlor ide have been  
r epor t ed  previously  (16). Several  scans  were r u n  to s t udy  
how sal t  affects the  CMC of SDS (Fig. 2). In each scan,  
bo th  the  s t a r t ing  a nd  end ing  so lu t ions  c o n t a i n e d  the  
s ame  sal t  concen t r a t i on .  The final  so lu t ion  also c o n t a i n e d  
SDS at  a c o n c e n t r a t i o n  of 10 mM. In these  examples ,  a 2.5- 
ml mix ing  vo lume  was  used  a n d  thus  the  t r a n s i t i o n  was  
no t  as clear  as w h e n  the  10-#1 mixe r  was  used  (Table 2). 
In  these  cases, the  CMC was  no t  easily d e t e r m i n e d  w h e n  
it occu r red  e i ther  very  ear ly  or very  late in the  scan.  For  
example ,  w h e n  200 mM NaC1 was used, the  c o n c e n t r a -  
t ions  a t  which micelles a p p e a r e d  to form was ca. 2.2 mM 
SDS. This is more  t h a n  twice the  publ i shed  value  of 0.92 
mM (17). The s ame  m e t h o d  was  used with a smal ler  (10 
pl) mix ing  vo lume  a n d  a va lue  of 1.00 mM was  ob t a ined  
(Table 2). 

Add i t iona l  e x p e r i m e n t s  were car r ied  ou t  to observe the  
CMC t r a n s i t i o n  in Tr i ton  X-100. One difference be tween  
Tr i ton  X-100 a n d  SDS is its s t rong  a b s o r b a n c e  a t  280 rim. 
This makes  the  analysis  of Tr i ton  X-100's CMC difficult a t  
shor t  wavelengths .  However, w h e n  longer  wavelengths  
were used,  the  CMC became  clearly visible. The publ i shed  
value  for the  CMC of Tr i ton  X-100 in disti l led w a t e r  is 0.24 
(18) or 0.3 mM (19). F r o m  Figure  3, the  ca lcu la ted  CMC 
was 0.24 mM. 

The CMC of Lubrol  PX was  s tud ied  as well. F r o m  Table 
1 the  CMC of Lubrol  PX was close to 0.1 mM. The p a t t e r n  
shown in Figure  4 suggests t h a t  Lubrol  unde rgoes  more  
t h a n  one  phase  t r a n s i t i o n  n e a r  the  CMC. More t h a n  one  
phase  t r ans i t i on  n e a r  the  CMC has  been  observed before. 
Two phase  t r a n s i t i ons  t h a t  are  re la ted  to forming  a n d  
e longat ing  micelles have been  r epo r t ed  for at  least  one 
o ther  de te rgen t  (20). 
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Fig.  3. CMC a n a l y s i s  o f  Tr i to n  X-100. C o n d i t i o n s  w e r e  t h e  s a m e  
a s  d e s c r i b e d  in  Fig.  1, e x c e p t  b o t h  s o l u t i o n s  c o n t a i n e d  d i s t i l l e d  
w a t e r  a n d  t h e  e n d i n g  s o l u t i o n  a l s o  c o n t a i n e d  0.48 m M  T r i t o n  X- 
100 in  p l a c e  o f  SDS.  D e t e c t i o n  w a s  by a b s o r b a n c e  at  320 n m  a n d  
0.02 AUFS.  
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FIG.  4. CMC a n a l y s i s  o f  L u b r o l  PX. C o n d i t i o n s  w e r e  t h e  s a m e  a s  
d e s c r i b e d  i n  Fig.  3 e x c e p t  t h e  f i n a l  s o l u t i o n  c o n t a i n e d  0.21 m M  
Lubro l  PX in  p l a c e  o f  T r i t o n  X-100 .0 .02  AUF S  a n d  230, 250, 280, 
a n d  300 n m  w e r e  u s e d  for  d e t e c t i o n  a s  i n d i c a t e d .  The  c l e a r e s t  
t r a n s i t i o n s  w e r e  o b s e r v e d  a t  280 a n d  300 n m .  
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FIG.  5. CMC a n a l y s i s  o f  s o d i u m  cho la t e .  C o n d i t i o n s  w e r e  t h e  
s a m e  a s  d e s c r i b e d  i n  Fig.  3, e x c e p t  16.8 m M  s o d i u m  c h o l a t e  w a s  
u s e d  in  t h e  f i n a l  s o l u t i o n  i n  p l a c e  o f  T r i t o n  X-100. T h e  l o w e r  s c a n  
w a s  m e a s u r e d  a t  0.08 AUFS,  w h i l e  t h e  u p p e r  s c a n  w a s  a t  0.16 
AUFS.  B o t h  m e a s u r e m e n t s  w e r e  t a k e n  a t  400 nm.  

The CMC of sodium cholate was difficult to s tudy  
because of its small aggregation number  (Table 1). If  only 
a few molecules form a micelle, the difference in absor- 
bance between micelles and monomers  may  be so small 
tha t  the transi t ion cannot  be observed. From Figure 5 it is 
clear tha t  the  CMC of sodium cholate is only slightly vis- 
ible by this technique. The results shown in Table 1 fur ther  
indicate tha t  the observed transit ion m a y  not  be the CMC. 
The wavelength and sensitivity of the detector  were 

adjusted for the highest sensitivity for observing the 
phase  transit ion of sodium cholate (Fig. 5). 

DISCUSSION 

Methods  for de te rmin ing  the  CMC of s u r f a c t a n t s  have  
been actively s tudied.  However,  the  pur i ty  of de te rgen ts  
has  improved,  and  the n u m b e r  of s u r f a c t a n t s  has  in- 
creased.  Es t imat ing  the  CMC by classical  m e t h o d s  (e.g., 
su r face  tension, light sca t te r ing)  is accura te ,  bu t  these  
m e t h o d s  are  ted ious  and  t ime  consuming.  Studying 
several  var iables  t h a t  m a y  affect  the  CMC (e.g., buffer,  
sal t  and  pH compos i t ion  of the  aqueous  phase )  re- 
p re sen t s  a fo rmidab le  task.  In some ins tances ,  due to 
significant  i m p r o v e m e n t s  or deviat ions  in puri ty,  the  
CMC for a s u r f a c t a n t  should  be re-evaluated .  As a re- 
sult, a n u m b e r  of new me thods  have been developed for  
de te rmin ing  the  CMC. 

F luorescen t  p robes  have  become  p o p u l a r  tools for 
measu r ing  CMCs (4-7). These m e t h o d s  rely upon  p robe  
sensi t ivi ty  to env i ronmen ta l  differences.  For  example ,  
the  f luorescence  in tens i ty  m a y  increase  as the  p robe  
par t i t ions  f rom the aqueous  to the  micelle phase .  
Probes  m a y  also influence the  micelle s t r u c t u r e  a n d / o r  
CMC. Therefore ,  each  analysis  m a y  require  finding an 
op t ima l  p robe  concen t r a t i on  for each  sur fac tan t .  In 
addit ion,  CMC analyses  with f luorescent  p robes  m a y  
require  careful  moni to r ing  of bo th  pH and  buffer  
composi t ion.  

Dye p robe  m e t h o d s  are  sensi t ive and  less t ime 
consuming  t h a n  sur face  tens ion or light sca t t e r ing  
methods .  Yet, regard less  of the  t echnique  t h a t  is used, 
each  CMC de t e rmina t ion  has  in the  pas t  requi red  
n u m e r o u s  m e a s u r e m e n t s .  Gilpin (9) has  descr ibed  an 
a l te rna t ive  to dye p robes  using solute-solvent  par t i -  
t ioning diferences  on reversed  phase  HPLC suppor t s .  
Gilpin used de te rgen t s  in the  solvent  phase  dur ing 
reversed  phase  s epa ra t i ons  of selected pa i rs  of solutes.  
The resolut ion of the  solutes  was  m a x i m u m  near  the  
CMC of the  de tergents .  Unfor tunate ly ,  these  co lumns  
de t e r io ra t ed  rap id ly  and  the  sys tem was p lagued by 
excessive foaming.  These p rob lems  were  cost ly and  
r educed  the  a c c u r a c y  of the i r  CMC de te rmina t ions .  

There  is no c h r o m o p h o r e  in SDS which absorbs  in the  
UV region, a l though Figures 1 and  2 indica te  absorb-  
ance at  280 nm. However,  the  a m o u n t  of a p p a r e n t  
abso rbance  was  low (0.02 AUFS, Fig. 1), and  could have  
been caused  by ref rac t ive  index  effects. Similar effects  
have  been observed  using this abso rbance  de tec to r  in 
c o m p a r a b l e  s i tua t ions  (21). 

Absorp t ion  is roughly  p r o p o r t i o n a l  to concen t r a t ion  
for any  c o m p o u n d  in a single phase.  The absorp t ion  of 
Tr i ton X-100 is m u c h  g rea te r  t han  the  a p p a r e n t  
abso rbance  observed  for SDS. The CMC of Tri ton X-100 
is also lower t h a n  t ha t  of  SDS (Table 1), and  the  
wave length  t h a t  was  used for  Tr i ton X-100 was  320 nm 
r a t h e r  t han  280 nm (SDS). Therefore ,  it is not  
surpr is ing  t h a t  the  combined  effect  of these  
p h e n o m e n a  allows the  a b s o r b a n c e  nea r  the  CMC of 
Tri ton X-100 (Fig. 3) and  t h a t  of SDS (Fig. 1) to be 
similar.  

During these  e x p e r i m e n t s  it b e c a m e  clear  t h a t  the  
scan  p a t t e r n  differed slightly as the  n u m b e r  of  analyses  
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p r o g r e s s e d .  T h e s e  d i f f e r e n c e s  d i d  n o t  a p p e a r  to  
i n f l u e n c e  t h e  t r a n s i t i o n  po in t ,  a n d  m a y  h a v e  been  d u e  
to  t h e  p r o c e s s  o f  c o a t i n g  t h e  m i x i n g  s y s t e m  w i t h  a l a y e r  
o f  s u r f a c t a n t .  

F o r  th i s  r e a s o n ,  al l  t h e  a n a l y s e s  w e r e  c a r r i e d  o u t  
a f t e r  s e v e r a l  r e p e a t  s c a n s  o f  e a c h  s a m p l e .  S ince  th i s  
w a s  a c o m p u t e r  d r i v e n  sy s t em,  r e p e a t  s c a n s  c o u l d  be 
d o n e  a u t o m a t i c a l l y  a n d  r a p i d l y .  

S o m e  d i f f e r e n c e s  w e r e  seen  w h e n  d y n a m i c  m i x i n g  
v o l u m e s  w e r e  a l t e r e d  (Table  2), w h i c h  in s o m e  c a s e s  
i n f l u e n c e d  t h e  a c c u r a c y  o f  t h e  d e t e r m i n a t i o n  o f  t h e  
CMC. F o r  e x a m p l e ,  Table  2 i n d i c a t e s  t h a t  t h e  CMC for 
SDS i n c r e a s e d  s l i gh t ly  w i th  i n c r e a s e d  s a l t  levels  f r o m  0 
to  1 mM NaC1 w h e n  t h e  l a rge  v o l u m e  (2.5 ml )  m i x e r  w a s  
used .  However ,  w i t h  t h e  s m a l l e r  m i x e r ,  t h e  CMC de-  
c r e a s e d  u n d e r  t h e  s a m e  c i r c u m s t a n c e s .  This  d i f f e r e n c e  
is d u e  to  t h e  i n a c c u r a c i e s  a s s o c i a t e d  w i t h  t h e  l a r g e r  
m i x i n g  vo lume .  O t h e r  g r a d i e n t  m i x i n g  s y s t e m s  h a v e  
been  t e s t e d  e i t h e r  w i t h  m u c h  l a r g e r  m i x i n g  v o l u m e s  o r  
w i t h  o t h e r  m i x i n g  c o n f i g u r a t i o n s .  In  t h e s e  cases ,  t h e  
CMC w a s  s o m e t i m e s  d i f f i cu l t  to  d e t e c t .  This  w a s  t r u e  
even  for  SDS, w h i c h  gave  a c l e a r  t r a n s i t i o n  u n d e r  t h e  
c o n d i t i o n s  r e p o r t e d  in th i s  s t u d y .  

Many  CMC a n a l y s e s  h a v e  b e e n  a v o i d e d  d u e  to  t h e  
c o m p l e x ,  t e d i o u s  a n d  t i m e - c o n s u m i n g  m e t h o d s  t h a t  
have  been  ava i l ab le .  In  th i s  r e p o r t ,  we  d e s c r i b e  a 
m e t h o d  t h a t  is f a s t  a n d  e a s y  to  use.  D e t e r g e n t s  w i t h  
e i t h e r  high (_> 140) o r  low (_> 2) a g g r e g a t i o n  n u m b e r s ,  
o r  C M C  r a n g i n g  f r o m  0.1 to  10 raM, h a v e  been  
d e t e r m i n e d .  

The  s u c c e s s  o f  t h i s  t e c h n i q u e  d e p e n d s  s o m e w h a t  
u p o n  t h e  k i n e t i c s  of  t h e  mice l l e  f o r m a t i o n .  The  t i m e  
a l l o w e d  for  m i x i n g  b e f o r e  d e t e c t i o n  b e t w e e n  t h e  
d e t e r g e n t  r i ch  a n d  d e t e r g e n t  p o o r  s o l u t i o n s  d e p e n d s  
on  b o t h  t h e  f low r a t e  a n d  t h e  v o l u m e  o f  s o l u t i o n  
b e t w e e n  t h e  m i x e r  in l e t s  a n d  t h e  d e t e c t o r .  Very s low 
k i n e t i c s  c o u l d  be i n v e s t i g a t e d  s i m p l y  by  a d j u s t i n g  t h e  
f low r a t e  o f  t h e  m i x i n g  sys t em.  F r o m  t h e  c lose  
c o r r e l a t i o n s  b e t w e e n  CMC v a l u e s  s h o w n  in Table  l ,  i t  
a p p e a r s  t h a t  t h e  r a t e  of  mice l l e  f o r m a t i o n  is r a p i d  
e n o u g h  for  t h e s e  f o u r  d e t e r g e n t s  (Table  1) t h a t  u n d e r  
t h e s e  c o n d i t i o n s ,  d e c r e a s i n g  t h e  f low r a t e  m a y  h a v e  
l i t t l e  effect .  

We r e c o m m e n d  t h e  use  of  t h e  m i x i n g  s y s t e m  de-  
s c r i b e d  he re ,  us ing  a low d e a d  v o l u m e  m i x e r  ( ~  10pl )  
for  p r e c i s e  CMC m e a s u r e m e n t s .  This  m e t h o d  c o u l d  a l so  
u t i l ize  o t h e r  t y p e s  o f  d e t e c t o r s  ( i n f r a r e d ,  c o n d u c t i v i t y ,  
f l u o r e s c e n c e ,  e tc . )  w i th  low f low cel l  v o l u m e s .  The  UV 
m o n i t o r  w a s  s e l e c t e d  in th i s  s t u d y  for  c o n v e n i e n c e .  
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