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On the Relation between Viscosity and Critical 

Micelle Concentration of Detergent Solutions* 

By Naoyasu SAT A and Kiyoshi TYUZYB 

(Received August 2, 1952)

Introduction 

The viscosity of detergent solutions has been 
investigated for a long time, but almost all 
investigations before 1935 were carried out in 
the region of concentrated solutions owing to 
the insufficient knowledge about the structure 
of micelles in this period.(1) Thereafter, there 
was also no research which dealt with the 
relation between viscosity and micelle-structure. 
In 1939, Hess, Philippoff and Kiessig found a 
method of determining critical micelle concen-
tration (CMC) of soap solutions from their 
viscosity and measured viscosities of several 
soap solutions for a wide range of concentra-

tion.(2) Although this is a remarkable inves-
tigation, it did not yet try to discuss the size 
and shape of micelle from viscosity data , 
because the systematic investigation of micelle-
structure began gradually at that period. 
However, after 1940, new interesting pheno-
mena (e. g., solubilization,(8) spectral dye(4)) 
were found and several new physical methods 
(e. g., long spacing X-ray diffraction,(5 light 

scattering(6)) were applied to the micelle-investi-
gation, so that knowledges concerning micelle 
increased suddenly. We can remember the

* Part of this paper was presented at the 5th Annual 
Meeting of the Chemical Society of Japan, April, 1952 in 
Tokyo. 
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discovery of 1st and 2nd CMC, theories of 

spherical, cylindrical and lamellar micelle, etc. 

Therefore it seems necessary to review the 

existing many viscosity. data again, tinder the 

light of the new structural theory of micelles. 

We want to remark first the superiority of 

the viscosity-method in comparison with other 

methods of CMC-determination; secondly de-

sscribe our new simple method of determining 

1st and 2nd CMC from viscosity and finally 

discuss the relation between molecular weight 

of micolle and characteristic constants concern-

ing viscosity which we have newly discovered. 

Comparison of Variable Methods 

of Determining CMC 

Variable methods have been proposed hitherto 

for CMC-determination, and it is convenient to 

classify them as follows. (Table 1) In the 2nd 

and 3rd column are expressed the possibilities 

of various methods to determine 1st and 2nd CMC 

respectively in which positive and negative use is 

expressed with •› and •›. In the 4th column are 

tabulated the possibilities of giving the informa-

tion concerning the shape of micelle. The 5th 

column shows the accuracy of the methods in 

which many •› signs express higher accuracy. The 

6th column shows the degree of the experimental 

difficulty of the method and also number of 

 signs cor.esponds to its degree. Moreover,

methods are classified in (I) and (II) groups before 

the 1st column. To (I) belong the methods which 

cause the change of the state of micelle at the 
measurement and also the change of CMC. 

(Generally, CMC falls by adding other substances.) 

(II) contains methods which cause no changes 
relatively. 

Investigating Table 1, it is clear that light 

scattering is the best, and spectral dye method 
is the simplest. 2nd CMC can be determined 
only by diffusion and X-ray method. Moreover, 

there are a few methods which give some infor-
mation about the shape of micelle. From all 

view points, we could conclude that light scat-
tering method is the best among many methods. 

But this method requires an especially precise 
experiment under troublesome conditions and is 
not easy to perform. After all, there is no method 

which gives 1st and 2nd CMC, shape of micelle 
and moreover is easy to perform. The new vis-
cosity method which we propose, gives Ist and 
2nd CMC and has the possibility of giving the 

information concerning size of micelle, if very 

high accuracy is not demanded. That is why tie 
insist upon this new viscosity method as a prac-
tical and useful one. (Viscosity method in Table 

1 is not ours but that of Hess and others.) 

The Method of Determining 1st 

CMC from Viscosity 

Hess, Philippoff and Kiessig were the first who 
found the method of determining CMC from

Table 1 

Methods of Determining CMC
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ηr(relative viscosity)or 1/[η]([η]is the solpe of

ηr vs.C-curve.)We have already discovered that

ηsp/Cm vs. concentration curve of Potassium-cap-

rate becomes minimum at lst CMC(10),(ηsp:specific

viscosity=ηr-1,Cm:soap conc. in mol./l.)Fur-

ther examining the existing data, we found, 

almost without exceptions, the curve with one 
maximum and minimum as Fig. 1. Namely,

ηsp/Cm bacom.es minimum at some value of Cm,

Fig. 1

i. e. Cm1, and Cm1 value is somewhat lower than
r
mi which ie obtained from the knick ofηr, in

many cases.Moreover,ηsp/Cm becomes maxinlunt

in a lover part of Cm1 in many cases. As the 
examplea, we show the data of Dodecylamine-
hydrochloride at 20° and 30℃. in Fig.2 (20)and

Fig. 2.-Dodecylamine-hydrochloride at
20and 30℃.(K. Tyuzyo)

Table 2 

1st CMC determined by the new Viscosity-Method

(20) K. Tyuzyo, Unpublished. 
(21) O. Lamm and H. Hogberg, %o7loid-Z., 91, 10(1940).

(22) E. Gonick, J. Am. Chem. Soc., 68, 177 (1946).
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Fib,3.-Na-dcdecylsu]fate at 20℃.

(Hess, Philippoff, Kiessig)

Sodium-dodecylsulfate at 20℃. in Fig.3.(2) Al1

the numerical data are summarized in Table 2. 
From Tab. 2, we see that the coincidence of C„m1 
and 1st CMC from other methods is satisfactory. 
Moreover, because Cm1 corresponds to the distinct
" minimum" ofηsp/Cm vs.Cm curve, it could be

determine l more accurately than the rather vague
" knick" ofηr..

The Method of Determining 2nd 

CMC from Viscosity 

2nd CMC is defined with the concentration 

where I-band in X-ray diffraction begins to 
appear,(17) but almost no other physico-chemical 

properties are investigated in such a region of 
high concentration. Only a few abnormalities 

were found in diffusion measurement.(9)(10) 
Now, we can presume that above 1st CMC, 

concentration of detergent monomer in solution 
which is in equilibrium with micelle is almost 
constant and unchanged.(16) Accordingly, we make 

the following operations.

(1) 

(2)

where, 
Com: detergent concentration defined with 

equation (1) 
Cm: detergent concentration in mol./l. 
Cm1: 1st CMC derived from above viscosity 

method
ηrmin:  relative viscosity of solution against 

water at 1st CMC

If we plot ηosp/Com against Com,ice obtain the curve

as Fig. 4 almost without exceptions.(2) As the 

examples, we have shown in Fig. 5 and Fig. 6

Fig. 4,

Fig.5.-Na-nonylate at 20℃.

(Hess, Philippoff, Kiessig)

Fig.6.-Na-dodecylsulfate at 20℃.

(Hess, Philippoff, Kiessig)

the results of sodium -nony late and sodium-dode-
cylsulfate.(2)From the figure, we see that ηosp/Com

increases linearly with Com as long as Com is small 
and thereafter passing a knick, converges to the

constant value, i. e。[η2]in Fig.4. Then the

second and more sharp knick appears when Com
reaches to some value, i. e. cm2 froln whereηosp/

Com increases suddenly again. After all,[η1]and

[η2]are defined with the following equations,

(3) 

(4)

The meaning of [η1]and[η2]will be explained

in the next section. Moreover, we have Cm2 from 

the next equation.

(23) There are only few data on the viscosity measure-
ment over the wide range of concentration, and so in 
some cases we connect two independent data.
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Table 3 

2nd CMC determined by the new Viscosity-Method

(*)In many cases,ηosp/Cm vs.Com  curve gives no sharp knick so that C., is expressed in

an extended range and not a fixed value. For this fact, the method itself is not res-

ponsible but the insufficiency of the experimental data is the real reason.

(5)

In the Table. 3 are shown Cm2-values from above 

method and the existing values of 2nd CMC. It 

will be understood from the table that our Cm2 
values fairly coincide with 2nd CMC obtained 
from other methods. This method of determining 
2nd CMC seems to be quite satisfactory at the 

present stage. (The data of X-rays are not quite 
accurate themselves.) 

Table 4

Values of[η1]and[η2]

The Meaning of [ƒÅ1] and [ƒÅ2] 

We tabulate in Table. 4 [ƒÅ1] and [ƒÅ2] values

obtained from above method. M in the second 
column of the table is the molecular weight of
the detergent monomer. [η1]would be the related

quantity to the micelle molecular weight (Mm) 
from the analogy of high polymer solutions. But 

unfortunately, fn has hardly ever b_-en measured 
accurately up to this time. And so it is impos-

aible to compare[η1]with-Nlm directly. Thereforer

for convenience, we plotted[η1]and[㌘21 against

M (monomer molecular weight) in Fig. 7 and 

Fig. 8. 
The following facts are recognizable from these, 

figures. 

(a) Fatty acid anionic soap series lie almost 
on the straight line.

Fig.7.-Relation between[η1]and M
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Fig.8.-Relation between[η2]and M

(b)[η1]of sodium-oleate is exceptionally small,

whereas its[η2]is not very small.

(c) [η1]and[η2] of sodiuln,dodeCylsulfate are

both abnormally small.

(d) [η1]of dodecylamine-hydrochloride is emal-

ler than that of anionic soap, but[η2]is almost

equal.

(e) [η1]and[η2]of aerosol-MA-(sodium-me-

thylamyl-sulfosuccinate) are both much smaller 
than those of ordinary fatty acid soap. 

Discussion

(1) The phenomenon thatηsp/Cm becomes

minimum at Cm1 (Section 3) may probably be 
due to the result of the electrostatic interac-
tion, owing to the strong electrolytic character
of soap molecules. (ηsp/Cm of polyelectrolyte

solutions passes generally a minimum value 
at some concentration.) However, most 
recently, R. Goto, N. Koizumi and T. Sugano
found that ηsp/Cm of polyethleneoxide-monoal-

kylether solutions (nonionic detergent) also 
reaches a minimum in the neighbourhood of 
CMC. (24) Therefore, this phenomenon seems to 
be common to ionic and nonionic detergent 
which cannot be explained simply with the 
electrostatic force. We have no adequate ex-
planation for this phenomenon.
(II) It is very particular thatηosp/Cm converges

to [η2]・ This 18 a completely different behavior

compared with high polymer solutions of which

ηsp/Cm is proportional to the square of con-

centration and so increases very rapidly in the 
region of high concentration. There seem to 
be three cases. 

(i) Micellar size increases with concentra-
tion, but its shape dces not change. 

(ii) Shape changes with increasing concen-
tration, whereas its size stays unchanged.

(iii) Size increases and shape also changes 
with increasing concentration. 

Which of those three possibilities is most 
reasonable cannot still be decided. The recent 
investigation of flowbirefringence of detergent 
solutions(19) seems to be important in order to 
aquire some information of the micelle size 
and shape at moderately high concentration. 
At present, there is no direct means to deter-
mine both micellar size and shape simul-
taniously over wide range of concentration. 
Our discussion therefore is obliged to be limit-
ed to the indirect one. The most effective 
method, i. e. light scattering, can decide M.. 
only at low concentration and is not applicable 
at high concentration. Moreover, in the con-
dition without adding electrolyte, it is impos-
sible to dicide the micelle shape from the 
assymmetry of the scattered light, because 
micelle is too small in this condition. On 
the other hand, X-ray method gives some 
information of micelle size and shape at high 
concentration, but cannot be applied to low 
concentration. With diffusion method, it is 
necessary to add some swamping electrolyte in 
the soap solution, nevertheless micelle size is 
given only under some assumptions concerning 
hydration. At any rate, for detailed analysis 
of th above phenomena, many experimental 
data are still lacking.
(III)It must be remarked that[η1]and

[η2]and M(monomer molecular weight)has

a linear relation for fatty acid homologue. 

The fact that sodium-oleate dislocates the 

linearity could be explained from abnormal 

physical properties of oleic acid based on its 
cis-configuration. For example, it has abnor-

mil low meltingpoint(14℃.)and high density

(0.895). Aerosol-MA dislocates also, but it is 
natural if we remember that its micelle is 
quite different from ordinary soap because its 
monomer has the hydrophilic group nearly at 
the center. The difference between cationic 
and anionic soap micelles may be based upon 
the difference of the hydrophilic character 
of 'their hydrophilic group. The difference 
between sodiumdodecylsulfate and fatty acid 
soap is clue also to the same cause. If M. of 
several detergents are measured accurately by 
the light scattering, we can expect that the
relation such as【 η1」=KMnm may be concluded

from those data. 

Summary 

(1) Several methods of determining CMC 
are compared and criticised. 

(2) A new method of determining 1st CMC 
from viscosity is experimentally established.

(24) R. Goto, N. Koizumi and T. Sugano, presented at 
the 5th Annual Meeting of the Chemical Society of Japan 
in Tokyo, 1962.
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(3) A new method of determining 2nd CMC 

from viscosity is established by transforming 

concentration and viscosity in the new varia-

bles. 

(4) Of each soap, characteristic constants [ƒÅ1] 

and [ƒÅ2] are discovered, and it is shown that 

a definite relation is concluded between these

values and monomer molecular weight. 

(5) The theoretical explanation of these 
newly found phenomena has not yet been 
made. 

Department of Chemistry, Faculty 
of Science, Osaka University, Osaka


