
Detergent Application of the Measurement of Critical 
Micelle Concentration 
J. C. HARRIS, Monsanto Chemical Company, Dayton, Ohio 

I 
N S U R F A C T A N T  S O L U T I O N S ,  aggregations of molecules 

(mieelles) form over a ra ther  narrow range called 
the critical micelIe concentration (cmc).  The im- 

portance of  this range has been splendidly illustrated 
by Preston (25), as shown in Figure  1. Note that  at 
the cme range the surfactant  is at essentially its opti- 

mum of activity as meas- 
ured by a var ie ty  of tests. 
Consequently it might be 
e x p e c t e d  t h a t  f u r t h e r  
knowledge of this critical 
value for a var ie ty  of sur- 
factants could have much 
potential  value. 

Characterization of Micelle~ 

McBain (19) is gener- 
ally considered the pioneer 
in this field, and he pic- 
tured a mieelle as being a 
regular  a r r a n g e m e n t  of  
molecules in  a p a l i s a d e  
s t r u c t u r e  ( F i g u r e  2 ) .  
Har t ley  (7) from other 
evidence considered micel- 

J.C. Harris les as being spherical in 
contour. M i c e l l e s  s t a r t  

forming before the critical concentration is attained, 
as shown by McBain's  (21) conception (Figure  3). 

The shape of micelles has been studied intensively. 
In  addition to the palisade or sphere, other investi- 
gators have produced evidence convincing them that  
micelles have a sandwich structure, are quasi-cylindri- 
cal in shape, are disks, rods, sausage-shaped, oblate- 
spheroids, and so on. Perhaps the chemical s t ructure 
of the compounds investigated may have some control 
of micellar shape. 

Micelles, in addition to shape, have size; and 
molecular weight determinations by equilibrium di- 
alysis, X-ray diffraction, and light-scattering studies 
have shown that  surfactants  associate in ra ther  
definite numbers of molecules per micelle and that  the 
micelle molecular weights vary  regular ly  within a 
homologous series, generally increasing in size with 
increasing hydrophobe chain length. For  low molecu- 
lar weight compounds as few as ten molecules are as- 
sociated while in other cases they exceed a hundred.  
The micelle molecular weights va ry  from tess than 
4,000 to greater  than 40,000. 

Associated with micelles are gegen ions (ions of 
charge opposite to that  of the long-chain ion within 
the micelle) as in Figure  3. These affect the properties 
of the micelles as evidenced, for example, by measure- 
ment of conduct ivi ty .  

Micellar systems are relatively quite stable, capable 
of being filtered unchanged through very  fine-pored 
filters, and maintain their  stability as a result  of 
existing in a lowered energy condition. 

Abili ty to solubilize both liquid and solid organic 
materials with, or without polar groupings, is a valu- 
able proper ty  of surfactants.  How this mechanism 
can result is shown in Figure  2 (13). Certainly, in 

the course of the detergent operation, solubilization of 
the oily type of soils occurs in addition to emulsifica- 
tion, helping to produce very stable soil-surfactant 
systems. 

Measurement of Critical Micelle Concentration 

A useful definition of eme (28) is that  this is the 
concentration represented by the point of intersection 
of lines extrapolating the measured properties of the 
solution from below and from immediately above the 
region in which rapid change o'f slope is observed. A 
more precise t reatment  (28) defines cmc as the con- 
centration of solute at which the concentration of 
micelles would become zero if their concentration 
were to change at the same rate as it does at a slightly 
higher concentration. 

Methods which have been used fo'r determining cmc 
a~re conductivity, density, refraction, pH,  X-ray 
diffraction, surface tension, interfacial tension, bubble 
pressure, polarographie changes, freezing point, light 
scattering, dye solubilization, spectral dye changes, 
equilibrium dialysis, and others. All of these measure 
change in solution properties, which occurs at a 
definite concentration change. 

A variety of these methods is applicable to either 
anionic or cationic surfactants,  but relatively fewer 
arc adaptable to nonionics. Perhaps the most widely 
used method is the spectral dye procedure, operated 
either visually or spectrophotometrically. Because of 
their nature,  nonionic surfactants  represent a special 
case to which the number of applicable methods is 
considerably reduced:  surface tension; interfacial 
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tension; dye solubilization; freezing point; light 
scattering. The introduction of electrolyte detergent 
builder products into these systems reduces the desira- 
bility of certain methods for measurement. 

Conductivity Method. The rate o'f change in con- 
ductivity with variation in concentration is suffi- 
ciently marked at the critical eoneentration that this 
becomes a valuable method for estimation. The litera- 
ture abounds in references to the technic, and only 
one will be given as an example (26). 

Necessary to this technic is a constant temperature 
bath controllable to •176 preferably closer. A 
conductivity bridge operated at 1,000 cycles and of 
sufficient precision should be chosen. A photoelectric 
eye indicator may be used for null-point detection. 
While dip cells of the proper cell constant character- 
istics have been used, greater precision and/or ease 
o'f handling can perhaps be attained by using a special 
flask cell, such as Shedlovsky's. 

Preferred for this method are well purified ionic 
surfactants, free from extraneous electrolytes. While 
the effect of builder electrolyte upon a surfactant 
system ean be determined with this equipment, more 
rapid procedures less liable to distortion are to be 
preferred. An example of data, using this system, is 
plotted in Figure 4, showing the extrapolated cme 
value. 

Refraction Method. Klevens (11) has used this 
method very satisfactorily. No physical change is 
made in the system during measurement, thus obviat- 
ing many of the possible complaints to other pro- 
cedures. Ordinary refraetometers however are un- 
satisfactory. Klevens uses a Rayleigh-Haber-L5we 
type of interferometer. Solutions again should be 
carefully temperature-eontroiled, preferably within a 
•176 range. 

Spectral Dye Procedure. Corrin, Klevens, and 
Harkins (1) developed what might be termed the 
"poor  mah ' s"  method for measuring emc. Certainly 

it eliminated the need for expensive equipment and 
extremely preeise temperature control, required only 
visual examination of colored solutions using standard 
laboratory equipment and rapidly providing experi- 
mental results. They used a dilute pinaeyanole 
chloride solution (a cationic dye) with anionic sur- 
faetants; a color change occurred at the point where 
micelles just formed. Satisfactory anionic dyes were 
found for testing cationic surfaetant solutions. 

Briefly the procedure comprises preparation of a 
surfactant solution at a concentration above the cmc 
in 10 -4 to 10-~M pinaeyanole chloride (Eastman), 
and addition of aliquots of the same strength of aque- 
ous dye solution to the dye-surfaetant solution, and 
the determining of the point at which color changes. 
This is best done against a white background, using 
containers of the same dimensions and clarity for 
observation. Because of the personal element, com- 
parison standards are desirable. 

Herzfeld (9) carefully investigated the variables of 
this system, both visually and photometrically, show- 
ing the controls necessary to produce reliable com- 
parative results. The personal element can thus be re- 
duced to a minimum, and more precise measurements 
made. 

The main advantages of the spectral dye method 
appear to be its speed of operation and application 
under a wide variety of experimental conditions. Its 
disadvantages are occasional variation from results 
obtained by other methods andd lack of application to 
nonionic surfactants. 

Dye Solubilization. Hartley (8) determined the 
solubilizing effect of surfactant micelles upon trans- 
azobenzene, and this was applied to the determination 
of the critical concentration. McBain and co-workers 
used water-insoluble Yellow AB (20), Orange OT 
(22) while Kolthoff and Stricks (15) also used trans- 
azobenzene and dimethylaminoazobenzene. 

This method consists of shaking fine crystals of the 
dye in dilutions of surfaetant solution spanning the 
eme in a constant temperature bath, removing undis- 
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FIG. 3. Small micelles (21). 
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l~l~l. 4. Determination of eme value-eondnetivity method 
sodium oleate). 

solved dye, and measur ing the optical density of the 
clear solutions. These values are plotted and the 
intercepts drawn. 

Perhaps  the greatest  d i~cu l ty  in this method is 
that  various dyes show preferent ia l  solubility to cer- 
tain surfactant's. A mino'r drawback is the time neces- 
sary to at ta in equilibrium though Lamber t  and 
Busse (16) overcame this by operat ing at 50~ 
ra ther  than 25 ~ , where they show equilibrium in 15 
a l i a .  

The advantages  of the method are several. I t  is 
applicable to all types of surfactants ,  can be rapid, 
can be used with surfac tant  builder systems. 

Surface and Interfacial Tension Measurements. 
Measurement of either surface or interracial  tension 
are t ime-consuming but  relatively effective methods 
for determining cme. Many types of equipment are 
applicable;  the DuNo~y tensiometer represents an 
appara tus  generally available for the purpose and no 
discussion of procedures involved is indicated. 

One of the difficulties with the DuNouy method lies 
in adequate t empera ture  control, but  appara tus  for  
this purpose can be constructed. At  elevated tempera-  
tures, evaporat ion is also' a difficulty, but again this 
can be corrected. 

One of the main advantages of the surface or inter- 
facial tension methods is that  all types of sur fac tants  
can be evaluated. 

Detergent Applications of cmc Measurement 

No a t tempt  will be made to review extensively the 
implication of emc values on detergency. Splendid 
review papers  by Pres ton (25) and Goette (4) should 
be studied for their  coverage and pertinence. 

F igure  1 f rom Preston presents the correlation of 
cmc measurements  by several methods, showing its 
relevance to the opt imum detergency range. Goette 
acknowledges the pert inence of cmc values to deter- 

g'ency and correctly concludes that  eme values, though 
interesting, are indicators of only one phenomenon 
while detergency is the sum of a var ie ty  of phenom- 
ena, including electrostatic forces, interfaeial  poten- 
tials, and ion activities of both surfactants  and 
builder electrolytes. 

One of the outstanding facts concerning emc values 
is that  the most effective surfaetants  generally have 
the lowest cme while having lounger, opt imum hydro- 
phobe structure.  Consequently a comparison of sur- 
factants  can be made on this basis, but  of even greater  
importance perhaps  is the measurement  of the effect 
of builder electrolytes upon sur fac tan t  cmc. These 
generally lower the initial  emc remarkably.  

While the effect upon cmc of builders is not dis- 
cussed, H a r r i s '  data  (6) in Figure  5 shows that  lower 
amounts of sur fac tant  are required to produce a given 
level of cleaning when builders are used. Table I 
shows the effect of added electrolyte upon  the surface 
or interfaeial  tensions of surfae tants  by added electro- 
lyte, demonstra t ing the increased effectiveness o[ the 
surfactant-bui lder  mixtures.  The improvement  in 
wett ing time by added sodium sulfate is shown in 
F igure  6. That  the cation has marked effect upon 
surfae tancy (wett ing times) is shown in Figure  7. 
All of the foregoing examples demonstrate the implied 
effect upon cmc and upon surfactancy by combining 
electrolyte with surfactant .  

Table I I  demonstrates the effectiveness of added 
electrolytes upon reducing the critical concentration 
of sodium laurate. Similar  effects can be attained 
with other surfactants  and other builders. 

That  added solubilized solvents lower cme (increas- 
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7PIG. 5. Effect o f  sodium sulfate upon detergency of dodeey] 
benzene sodium sulfonate (6).  
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T A B L E  I 

Sur face -Ac t ive  A g e n t s - - E l e c t r o l y t e  Composi t ions  

673 

Anion ic  
S u r f a c e  and  I n t e r r a c i a l  T e n s i o n  

Agen t  and  electrolyte Cone. Effect  of added  electrolyte A u t h o r  
re f .  

( 1 )  Sod ium cetyl su l fa te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
NaC1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

N a O } t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
( 2 )  Sodium dodecyl su l fa te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NaC1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
( 3 )  Sod ium dodecyl su l f a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NaCI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
( 4 )  Sod ium dodecyl su l fa te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CaCh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
( 5 )  Sod ium dodecyl su l fa te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CaCh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
( 6 )  I gepon  T 

[ C17HaaCON (CI t z )  C~H~S0aNa ] . . . . . . . . . . . . . . . . . . . . . . . . .  
NaC1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CaCI~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
LaCla . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

( 7 )  Sod ium oleate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Nac1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CaCI:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

( 8 )  Sod ium t r idecane -7 - su l fona te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NaC1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

KCI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mg'CI~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CaCI~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

( 9 )  D i a m y l  sodium su l fo-succ ina te  
(Aerosol  A Y )  
NaC1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~IgCh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CaCl2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . 0 0 0 1 M  
0 . 0 2 M  
0 .021I  
0 .02M 
0 . 0 0 0 8 M  
1 %  
0 .0025Y[  
0.2% 
0 , 0 0 4 M  
O . 0 0 0 4 5 %  
0 . 0 0 3 7 M  
0 . 0 0 0 6 %  
O.OO5% 

0 . 3 2 N  
0 , 0 0 3 N  
0 . 0 0 0 0 5 N  

0 . 1 5 N  
0 . 0 0 1 5 N  
0 . 0 0 2 2 7 M  

( 0 . 0 6 8 7 % )  
0 . 1 3 N  
O.IN 
0 . 0 1 N  
0 . 0 1 N  
0 .1- -1% 

0 . 0 8 % - 0 . 8 %  
0 .033  - 0 . 3 3  
0 .033  - 0 . 3 3  

ST r educed  by 
24 .6  dynes / cm.  
25 .2  dynes /e ra .  
23 .4  dynes / cm.  

1 / 9  ac t ive  to p roduce  same I F T  

] / 2  ac t ive  to p roduce  same ST  

1 / 2  ac t ive  to p roduce  same I F T  

1 / 2  ac t ive  to p roduce  same ST  

I F T  reduced  f rom 6.25 to 1 dyne / cm.  

IFT r educed  7.2 dynes / cm.  
IFT i nc r ea sed  2 .45  dynes / cm.  

1 / 6  ac t ive  to p roduce  same ST 

ST or IFT r educed  to t h a t  of p u r e  m a t e r i a l  

18 

24 

24 

24 

24 

27 

ing potential  surfactancy)  is demonstrated by Table 
I I I  This table also is a good example of the effect of 
chain length upon cmc: the greater  the snr fac tan t  
action, the lower the eme. 

Many other excellent examples of the relationship 
between cmc and sur fac tancy  could be chosen f rom 
the l i terature,  but the foregoing suffice to indicate 

5OO 

o 
o ~oo 

i 

.,-i 
4J 

iO 

~ - o  

2 

NaCl 

0.i 0.2 0.3 0.4 

Normality 

F I G .  6.  C a n v a s  d i s k  w e t t i n g  t i m e s  w i t h  d o d e c y l  b e n z e n e  
s o d i u m  s u l f o n a t e  ( 6 ) .  

the relative importance of cmc to the detergent  
function. 

Measurement  of eme is a fa i r ly  fundamenta l  ap- 
proach to the problem of sur fae tancy  and the prin-  
ciples evolved are valuable in predict ing the course of 
pract ical  detergency. However,  in cmc determination,  
the format ion of micelles is an indication of even more 
fundamenta l  changes which occur in sur fac tan t  solu- 
tions. In  this respect it may  be likened to foaming, 
solubilization, deflocculation, and suspending action, 

all of which are complexes of more fundamenta l  ac- 
tivities not yet ful ly  separated and quant i ta t ively 
measured. I t  is now no more a substi tute for  con- 
trolled bench-scale detergency tests than  the la t ter  
are lo t  pract ical  evaluation under  replicated, con- 
trolled conditions of actual usage. 

T A B L E  II 

Effect  on cmc of Added  E lec t ro ly t e  ( 2 3 )  
( O r a n g e  OT Solubi l iza t ion  Method wi th  Sod ium L a u r a t e )  

Sa l t  cmc % 
Decrease  Sal t  lVfolarity 3 fo l a r i t y  in  cmc 

NaC1 .. . . . . . . . . . . . . . . . . . . . . . . . . . .  

NauCOa ... . . . . . . . . .  , ........... 

NadP207 .. . . . . . . . . . . . . . . . . . . . .  

0 
0 . 0 2 1 8  
6,9 
0 0 0 7 5 7  
0 . 0 5 0 9  
6 .45  
0.00181 
0 . 0 2 0 4  
3~15 

0 . 0 2 3 7  
1 .82 
1 .15 
1 .82 
1 .26  
1 .08  
2 .17  
1 .22  
0 .942  

51 
23 
47  
55 

8 
48 
60 

Principles Governing Micelle Formation 
No a t t empt  has heretofore been made at a concise 

and comprehensive collection of the principles govern- 
ing mieelle format ion though Klevens (14) has de- 
veloped many  of them and has discussed them at 
length. 

On the basis that  lowered eme values indicate sur- 
fac tan t  effectiveness at lo~xered concentrat ion levels, 
the following summary  concisely outlines the working 
principles of micelle format ion for  ease of utilization. 

T A B L E  I I I  
Effect  of Benzene  U p o n  cmc ( 1 2 )  

•ols  pe r  l i t e r  

K soaps 

012 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
(~14 . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Nt~ a lkyl  su l fona te  ! 
Clo . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C14 . . . . . . . . . . . . . . . . . . . . . . . . . . .  

No benzene 

0 . 1 0 0  
0 . 0 2 4  
0 .0063  

0 .038  
0 . 0 0 9 2  (35 .5~  
0 . 0 0 2 5  (42 .5~  

B e n z e n e  

0 . 0 9 3  
0 . 0 2 0  
0 . 0 0 5 1  

0 . 0 3 4  
0 . 0 0 7 5  
0 . 0 0 1 8  

% 
Decrea se  

in  cme 

7 
13 
19 

10 
19 
28 
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20C 

IOC 

5C 

I0 

--------V------ 
A 

I 

% O 1 ~  Activ e 

~Concentration 
0.025 0.05 0.I0 0.20 

Aotlve-No Sulfate - i00~ DDBSS 

Sulfate Added - 60~ DDBSS, 40~ Na2SO 4 

FIG. 7. Canvas disk w e t t i n g  t ime a t  2.27 • 10-amola l  sodium 
t r idecane-7-su l fa te  vs. concen t ra t ion  of sa l t  or ac id  added, a t  
43.1-46.17~ (4) .  

1. Inc rease  in t e m p e r a t u r e  genera l ly  increases  cmc. 
2. cmc is reduced by added  electrolyte .  
3. cmc is reduced more by added polar  t han  by non-polar  

solvents .  
4. A s s u m i n g  t h a t  q u a t e r n a r y  and anionic  s u r f a c t a n t s  act  

s imi la r ly ,  add i t ion  of monohydr ic  alcohols decrease cme as  
the chain  l eng th  of the alcohol is increased.  

5. Mix tures  of soaps have cmc values  i n t e rmed ia t e  be tween 
those of the cons t i tuents .  The g r e a t e s t  change  in cme resul t s  
f rom the  add i t i on  of the  l eas t  soluble soap,  or expressed  differ- 
ent ly ,  soaps wi th  the leas t  t endency  to a g g r e g a t e  exer t  an 
e lec t ro ly te  effect upon the other soap. 

6. The log of the cmc of anionic  soap is l i nea r ly  dependent  
upon the log of the ca t ion  concen t ra t ion  of the added  sal t .  
E l ec t ro ly t e  anions  have no influence on the  a g g r e g a t i o n  of 
an ionic  soaps  (11) .  

7. Mix tu res  of the two s u r f a c t a n t s  of the sanle cmc bu t  of 
d i f fe r ing  s t ruc tu re  produce no observable  change in  the 
cme (10). 

8, Inf luence of ca t ion  valence fol lows the Schulze- I ta rdy  
ru le :  the h igher  the valency,  the less of the cat ion requi red  
to reduce cme (17, 24) .  

9. cmc is essen t ia l ly  i nde pe nde n t  of the na tu re  of the non- 
col loidal  e lect rolyte  ion and  is a func t ion  p r i m a r i l y  of the 
l eng th  of the sur face-ac t ive  ion (14) .  All  s t r a igh t - cha in  
s a t u r a t e d  s u r f a c t a n t s  of equal  ion l eng th  have a p p r o x i m a t e l y  
the  same cme. 

10. Fo r  each decrease in  chain  l eng th  of the sur face  ac t ive  
ion by  one carbon, the cme wil l  be doubled.  When  the hydro- 
phi l ic  g roup  ( S O , )  is in  the middle  of the carbon chain,  an  
increase  of one carbon a tom a t  the end of each chain  does not  
exh ib i t  the four- fo ld  decrease in cmc expected.  

11. Inc rease  in  l eng th  by  n s ingle  a lky l  g roup  increases  cmc 
when the  SO 4 group  is moved f rom the t e r m i n a l  posi t ion.  

12. S u s t i t u t i o n  of a smal l  g roup  in the reg ion  of the hydro- 
phi l ic  po r t ion  of the molecule effects only a smal l  increase in  
chic. 

13. U n s a t u r a t i o n  in  soaps causes a snmll,  bu t  definite in- 
crease in  cmc. I t  should  be no ted  t h a t  the m a r k e d  differences 
in  so lub i l i ty  between s a t u r a t e d  and u n s a t u r a t e d  soaps do not  
car ry  over to the f o r m a t i o n  of micelles. 

14. S u b s t i t u t i o n  of  po la r  g roups  for  hyd rogen  in  the a lkyl  
chain  resu l t s  in  marked  so lub i l i ty  increase  and  much h igher  
cmc values.  

15. Fo r  s u r f a c t a n t s  w i th  po lyoxye thy lene  ( P O E )  chains,  
cmc increases  wi th  increase  in  P O E  chain  lengths .  S u r f a c t a n t s  
a l r eady  con t a in ing  long P O E  chain  leng ths  wi l l  exhib i t  essen- 
t i a l ly  no changes  in cme wi th  increased P O E  content .  Longer  
hydroca rbon  leng ths  for  the same P O E  l eng th  wi l l  show 
decreased cmc. 

Summary 
The measurement of critical micelle concentration is 

discussed from the viewpoint of practical detergent 
application. Micelles are briefly characterized, and 
methods for measurement are discussed. The diffi- 
culties of measuring nonionic surfactant  critical con- 
centrations is indicated, and several applicable 
methods are described. The practical detergent appli- 
cations of critical micetle concentration (emc), as 
affected by electrolyte builder combinations, are illus- 
trated. A concise summary of the principles gov- 
erning micelle formation has been developed. 
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