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 Various methods are proposed for meas-
uring micellar molecular weight (Mm) in 
detergent solutions; namely, X-ray diffrac-
tion1,2), diffusion3,4), osmotic coefficent5) 
and light scatering6,7). Each method has 
its own characteristic and Mm obtained 
from various methods are quite different 
from each others). However, recently, 
several light scattering investigations were 
made and accurate Mm values were ob-
tained. This method seems to be the only 
one that has sure theoretical background. 

 It is shown in this paper that a kind of 
empirical relation is established between 
critical micelle concentration (CMC) and 
and association number (n) measured by 
the light scattering method. Using this

relation, new empirical equations are pro-

posed which hold between micellar mole-
cular weight (Mm) and two kinds of in-
trinsic viscosity ([η1] and [η2]) proposed

in the first paper of this series. Further, 
some discussions are made concerning the 
characteristic behavior of viscosity in the 
range of low concentration of detergent 
solutions.

Relation between Association Number 

(n) and Critical Micelle Concentra-
 tion (CMC) 

 In Table I are summarized the values 
of Mm*, association number (n) measured 
by the light scattering method and CMC 
(Cc). As both n and Cc are expected to be 
dependent mainly upon affinity of deter-
gent molecules for solvent, n is plotted 
against log(1/Cc). The result is shown
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TABLE I 
ASSOClATION NUMBER, MICELLAR MOLECULAR WEIGHT AND CMC

Fig. 1. Relation between log n and 
 log (1/Ce).

in Fig. 1. In this case it is necessary to 
use mol./1. as unit of CMC. The number 
in the figure corresponds to that of Table I. 
 1) A linear relationship between n 

and log (1/Cc) approximately holds, in-
dependent of the presence of added elec-
trolytes. 
 2) The linear relationship between n 

and log (1/Cc) is especially satisfactory 
in the case where the counter ion is uni-
valent, independent of the sign of charge 
of the detergent ion, with the exception 
of No. 16 and 17. That relation does not

seem to hold when the counter ion is 
bivalent. (e. g., No. 10, 11, 12) 

 3) A definite conclusion can not be 
given as to non-ionic detergent because of 
the lack of available data. But, Tri-
ton-100 (No. 14) follows the linear relation-
ship satisfactorily. When Mm instead of 
n is plotted against log (1/Cc), deviation 
is quite large. The fact that the linear 
relation holds only for n vs. Cc plot 
and not for Mm vs. Cc one, seems to 
show that the direct measure of interac-
tion between detergent molecules and sol-
vent is not Mm but n. 
 The micelle formation of non-ionic 
detergent is different from that of ionic 
detergent in many respects. Especially, 
CMC is not clear because of polymolec-
ularity of the monomer. Therefore, the 
linear relationship observed in the case 
of ionic detergent may not always be 
applicable to non-ionic detergent10,11).
Further investigation is necessary in order 
to clarify the applicability of a similar 
relation to non-ionic detergent. 

 4) The linear relationship between n.
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and log (1/Ce) is satisfactorily expressed 
by the following equation.

(1)

where α1=0.29, β1=17.0

 The Eq. (1) is shown graphically in Fig. 
1. Approximate values of n and Mm can 
be obtained from Cc using Eq. (1). 

 5) It is well known that a linear rela-
tionship holds between log Cc and the 
number of carbon atoms (N) in a hydro-
gen chain of a detergent molecule for each 
homologue12,13). Namely,

(2)

where αz, β2 are characteristic constants

for a given homologue. 
 As seen in Eqs. (1) and (2), a linear rela-

tionship may hold between log n and N for 
each homologue. Fig. 2 shows a relation

 Fig. 1. Relation between log n and N. 
 (1) Na-alkylsulfonate in water8) 
(2) Alkyl trimethyl ammonium bro-

 mide in water6) 
(3) Alkyl trimethyl ammonium bro-

 mide in 0.0130 M KBr6) 
 (4) Mg-alkylsulfonate in water8) 
 (5) Na-alkyl carboxylate in water* 

between log n and N. A linear relation-
ship between them is clear from the figure. 
That is,

(3)

where as=0.29α2,β3=17.0-0.29β2. It can

be noted that a, and β1 in Eq.(1)are com-

mon constants for all homologues, on the

contrary that α2,α3, β2 and β3 in Eq.(2)and

(3) are characteristic constants for each 
homologue. 
 6) Several theoretical approaches have

been made concerning CMC6,14), but a 
satisfactory result has not been obtained 
yet. CMC can be given by Eq. (4), accord-
ing to Ooshika's recent treatment(15).

(4)

where we, ws and wm are constants for each 
detergent, and are related with Coulombic 
repulsive energy, van der Waals' attrac-
tive energy and surface energy, respec-
tively. 
 However, as the relation we, ws, wm and 
n is not clear, Eq. (1) can not be derived 
from Eq. (4). Recently, Hutchinson et 
al.16) regarded micelle formation as phase 
change and obtained Eq. (5) using Clausius-
Clapeyron relation.

(5)

where A and ff. are constants and Hm is the 
heat of micelle formation. 
 Therefore, an equation similar to Eq. 
(1) could be obtained, if Hm were linearly 
related with log n. However, log CMC vs. 
1/T is not linear even in a narrow range 
of temperature but generally convex up-
wards", and Eq. (5) can not be applied 
satisfactorily. Theoretical explanation of 
general empirical equation. (1) should be 
made in future. 

Relation between Micellar Molecular 
 Weight (Mm) and Intrinsic Viscosity 

 A simple method for determining Ce 
from solution viscosity was proposed by 
the present author18). This method was 
also confirmed to be applicable to non-ionic 
detergent, recently10,11,19). 
 Moreover, the authors presumed the 
possibility of the existence of some rela-
tionships between Mm and two kinds of
intrinsic viscosity,[η1] and [η2]determined

from solution viscosity18). Now it is pos-
sible to compute the approximate value of 
Mm from C0 using Eq. (1). Therefore, the 
above relationships can be tested. 
 According to the first saver of this
series, [η1] and [η2] are defined by the

following equations,
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TABLE 
INTRINSIC VISCOSITY AND

(1) Literature 18)may be-refered for[η1],[η2]of No.1～No.16.

(2) Literature 19)may be refered for[η1],[η2]of No.17～No.21.

(7) 

(8)

were Cc is CMC and ηr is relative viscosity

at CMC. They are shown in Fig. 3. The 
unit of concentration should neither be 
weight per cent. nor volume per cent. but 
mol./1.
In Table II are shown[η1],[η2]obtained

by the above method, n and Mm being

computed from Eq.(1), n[η1] and n [η2],

Fig.3. Determination of Cp,[η1]and.

When Mm is plotted against[η1]and[η2],

definite relations can not be found but when

Mm is plotted against n[η1] and n[η2],

smooth curves can be obtained, regardless

of their cationic, anionic and non-ionic

nature*. To multiply [η1] and [η2]with

n is equivalent to transform the unit of

concentration from mol. of monomer/1.

to mol. of micelle/1. Neither log.Mm vs.

n[η]nor Mm vs. log n[η]is linear, but the

following eqations apply between log.Mm

and log n[η].

(9) 

(10)

 Mm-value, M. calc/Mm calculated from Eqs. 
(9) and (10) are shown in Table II. Ex-
perimental values and curves expressed 
by Eqs. (9) and (10) are shown in Fig. 4. 
Experimental and calculated values coin-
cide fairly well with each other with a 
few exceptions. Therefore, n and M. can
be calculated from[η1]and[η2],using Eqs.

(9) and (10). It is very remarkable that 
the above relationships are generally ap-
plicable, regardless of their cationic, anionic
*CMC obtained by different methods fluctuates

cosiderably in the case of non-ionic detergent. The

concentration where ηsp/C becomes minimum is adopted

as CMC in this paper.
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 II 

 MICELLAR MOLECULAR WEIGHT

(3) Solvent is water in all cases.

Fig. 4. Relation between log%and

 log n[η1],log n[η2].

and non-ionic nature.n[η] is related

with the degree of solvation, shape and 
size of micelle and electro-viscous effect. 
Theoretical explanationof Eqs. (9) and (10) 
may be quite difficult, because of uncer-
tainty of the relation between above 
factors and Mm*. 

On the Remarks for the Characteristic 
Behavior of Viscosity at CMC

We have shown that ηsy/C becomes miniー

mum at CMC when ηsp/C of the detergent

solution is plotted against concentration 
as is shown in Fig. 5-a and b18,19). The 
complete explanation for this phenomenon 
has never been performed until now, but 
it is natural that this is due to adsorption 
of detergent molecules to the wall of vis-
cometer, if we consider the following terms.

Fig.5. Dependence of ηsp/C on concentration.

* K. J. Mysels20) discussed charge effect for determin-
ing M. from light scattering, but data are too few and 

the corc tslon can not fundamentily influence the above 
results. Therefore, charge effect was neglected in this 
paper. 
20) K. J. Mysels, J. Colloid Sci., 10, 507 (1955).

 1) This phenomenon always appears, 
for both ionic-and non-ionic deter-
gent. Therefore, it is different from the 
abnormality of viscosity in dilute solu-
tions of polyelectrolytes which is due to
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the result of electric repulsion and high 
polymer characteristics. 

 2) The phenomena are recently often
found that ηsp/C becomes minimum at

some concentration in the case of ex-
tremly dilute solutions of non-electrclytic 
high polymers21). It is generally recog-
nized that this phenomenon is due to the 
result of adsorption of polymer molecules 
to the wall of viscometer22). 
 3) In general, detergent molecules have 

high adsorbability to the interface as is 
evident from their nature. Moreover, the 
action of lowering interfacial tension is 
especially remarkable in dilute solutions 
and interfacial tension becomes almost 
constant, passing through CMC23). These 

phenomena seem to indicate that mono-
mers of a detergent have a great adsorba-
bility but micelles of a detergent have 
quite small. 
 Then, it is expected that characteristic
minimum of ηsy/C at CMC can be ex-

plained from the above view-point of ad-
sorption on the wall of viscometer but 
further details of explanation cannot be 
given in the present situation.

 Summary 

 1) The follgwing equation is found be-
tween association number (n) and critical 
micelle concentration (Cc in mol./1.) in 
detergent solutions

 This relation holds, independent of an-
ionic and cationic detergents and added 
electrolytes. 
 2) The following equations are found 

between micellar weight (M.) and two
kinds of intrinsic viscosity([η1]and[η2])

already reported in the previous paper.

 These relations are applicable, not only 
to ionic- but also to non-ionic detergents. 
 3) Discussions are made on the cause 

of characteristic behavior of viscosity at 
CMC. This phenomenon seems to be due 
to adsorption of detergent molcules to the 
wall of viscometer. 
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