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In the estimation of C. M. C. value by 
the electroconductivity method, the equiva-
lent conductivity (Λ) υs. square root of

concentratioi) (√C) diagram or the spe-

cific conductivity (k) ƒÒs. concentration (c) 

diagram plays an important role. In the 

former diagram the C. M. C. has been 

defined as an intersecting point of two 

curves; one is a straight line below C. M. C. 

and the other is a concave curve above it. 

In many cases, however, the precise ex-

amination of experimental data shows that 

the plots of conductivity in highly diluted 

regions are not a straight line1), but a 

slight maximum appears2). The deviation 

from a straight line is especially conspicu-

ous when surfactant molecules contain a 

double long chain alkyl group3) or highly

hydrated counter ions4). The similar effects 
upon the conductivity result from the ad-
dition of a solvent5), such as dioxane or 
alcohol, to surfactant solutions. 

On the other hand, it is well known 
that the Kohlrausch's equation is not ap-

plicable exactly to the conductivity of a 
simple electrolyte. Therefore, it may be 
unsuitable to treat the plots of electro-
conductivity data below C. M. C. as a 
straight line, as if they obeyed the Kohlr-
ausch's equation. 

In a simple electrolyte solution, the elec-
troconductivity usually obeys a corrected 
formula such as Onsager's6) or Shedlov-
sky's7) approximate equation: 

Onsager's approx. eq.

Λ=Λ0-A√C+BC, (1)

Shedlovsky's approx. eq.* Presented at the 9th Annual Meeting of the Chem-

ical Society of Japan held in Kyoto, April, 1956. 
1) P. F. Grieger and C. A. Kraus, J. Am. Chem. Soc., 

70, 3803 (1948). 
2) M. E. L. McBain, W. B. Dye and S. A. Johnston, 

ibid., 61, 3210 (1939). 
3) A. W. Ralston, D.N. Eggenberger and P.L. DuBrow, 

ibid., 70, 977 (1948).

4) G. L. Brown, P. F. Grieger and C. A. Kraus, ibid., 
71, 95 (1949). 

5) E. C. Evers and C. A. Kraus, ibid., 70, 3049 (1948). 
6) L. Onsager, Physik. Z., 27, 388 (1926). 
7) T. Shedlovsky, J. Am. Chem. Soc., 54, 1405 (1932).



October, 1957] A New Analytical Method of Electroconductivity Data of Surfactant Solutions. I 761

TABLE I 

COMPARISON OF THE CONDUCTIVITY AT THE MINIMUM OR THE MAXIMUM POINT WITH 

THE C. M. C. ESTIMATED BY THE USUAL METHODS

(2)

in which A, B, α and β are constants, and

BC is a corrected term for the higher 
order interaction between ions. 

The fact of micelle formation of surfac-
tant ions suggests that the interaction of 
those ions can not be neglected even in 
an appreciably dilute region below C. M. C. 
Accordingly, it is more reasonable to adopt 
the Onsager's equation (1) etc. than the 
Kohlrausch's equation, because we must 
consider the contribution of the interac-
tion between surfactant ions to the con-
ductivity in solution of the concentration 
below C. M. C. The deviation from the 
Onsager's equation (1) must be considered 
as "real deviation from the simple elec-
trolyte". 

The order of approximation of Shedlov-
sky's equation is higher than that of On-
sager's equation, but we use the Onsager's 
equation (1) in this report to simplify the 
calculation and the analysis.

Now we defined the quantity;

(Λ0-Λ)/√C, (3)

which is denoted by H and can be ex-

pressed as follows ;

H=(Λ0-Λ)/√C=A-B√C. (4)

If the quantity H is plotted against √C,

the H υs. √C diagram becomes a straight

line in the case of the simple electrolyte, 
and the intercept on the axis of H is equal 
to A, while the slope of the plots gives B, 
the coefficient of corrected term. 

In the case of surfactant solution, the 
deviation, from the linearity is observed 
in diluted region, that is, the remarkable 
minimum or kink and maximum are found 
in the diagram. Therefore, we use merely 
the value B as a parameter to appraise 
the slope of curve and not to show the 
corrected term exactly. 

This deviation can be considered as 
"real deviation from the simple electro -

lyte", and will be due to the micelle for-
mation. In Fig. 1 the relation between the
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usual C. M. C. and the concentration at 
the minimum or the maximum point is 
shown by the arrow line.
It is noticed here that the value Λ0

which is necessary to draw the above dia-

gram was obtained by the extrapolation

of the plots to infinite dilution in usual

Λ υs. √C diaram, because the data in

very diluted concentration-more diluted 
than the concentration where the slight 
maximum appears-can be treated as be-
ing in accordance with the Kohlrausch's 
equation. 

The concentration of minimum does not 
always coincide with the usual C. M. C.; 
rather it is situated in the lower concen-
tration than the latter. The numerical 
values of the concentration corresponding 
to the minimum or the maximum in con-
trast with the usual C. M. C. determined 
by various methods are listed in Table I. 
From this table it is found that the usual 
C. M. C. values determined by various 
methods fall into the region between the 
minimum and the maximum. We adopt 
this minimum and this maximum as para-
meters to show the critical phenomenon 
in surfactant solution, instead of the usual 
C. M. C., and will show by the actual 
example that this method is more reason-
able than the usual one.

Fig. 1. Comparison of (Λ0-Λ)/√C-υs.

√C-diagram with the Λ υs. √C dia-

gram for dodecyl trimethyl ammonium

bromide;

○ Λ υs. √C, ● (Λ0-Λ)/√C υs. √C.

Fig. 2. (Λ0-Λ)√C υs. √C curves for

the aqueous solution of ○ octadecyl-,

● hexadecyl-, ○ tetradecyl-,

○ dodecyl-, ○ decyl-, and ○ octyl

ammonium chlorides at 60℃.

Fig. 3. (Λ0-Λ)/√C υs . √C curves for

the aqueous solution of ○ sodium

tetradecyl-, ● sodium dodecyl- and

○ sodium decyl-sulfonate at 40℃.
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Effect of Alkyl Chain Length 

The effect of alkyl chain length on the 
C. M. C. has been investigated by some 
authors and they have concluded that the 
longer the chain length, the lower the 
C.M.C. 

Applying our method to the data of 
alkyl ammonium chlorides8,9) and sodium 
alkyl sulfonates10), we obtained the follow-
ing results as shown in Figs. 2 and 3. 

(a) Each curve shows a remarkable 
minimum and a maximum. 

(b) The position of the minimum or 
the maximum shifts toward lower concen-
tration with increasing alkyl chain length. 

(c) The value of H at the maximum 
position increases with the length of alkyl 
chain. 

(d) The slope between the minimum 
and the maxium becomes steep with the 
increase in the length of alkyl chain. 

Harkins11) found the following relation 
between the C. M. C. and alkyl chain 
length.

log C.M.C.=α+bN, (5)

in which α and b are constants and N is

the number of carbon atoms in an alkyl 

radical. A similar relation can be ob-

tained by plotting the logarithm of the

Fig.4. The relation hetween logarithm

of Cmin or Omax and the number of car-

bon atoms, N, in an alkyl radical: for

alkyl ammonium chlorides, ○ Cmin

and ○ Cmax; for sodium sulfonates,

● Cmin and ○ Cmax.

position of the minimum or the maximum 
against the number of carbon atoms in 
an alkyl radical. Fig. 4 shows the relation 
between log Cmin or log Cmax and N. 

As the concentration at the minimum 
is nearly equal to the C. M. C. determined 
by Harkins. it is natural to obtain such a 
linear relation between the position of 
minimum and the number of carbon atoms. 
However, no attention has been paid to the 
concentration of the maximum position, 
the magnitude of which is several times 
that of the usual C. M. C. We found that 
a similar relation also exists between the 

position of the maximum and the number 
of carbon atoms. This fact is very inter-
esting and could not be found at all by 
any of the earlier methods.

Fig. 5. log H υs. log N diagram for alkyl

ammonium chlorides, ○ Hmin, ● Hmax;

for sodium alkyl sulfonates, ○ Hmin

and ○ Hmax.

Fig. 6. log B υs. log N diagrams, ○ alkyl

ammonium chlorides and ● sodium

alkyl sulfonates.
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On the other hand, when we plot both 
logarithms of H and B against the loga-
rithm of N, we can also find a linear 
relation between them. These results are 
shown in Figs. 5 and 6. 

The values of B are almost the same 
in the case of the samples containing the 
equal number of carbon atoms. For re-
ference the B values obtained for many 
examples are shown in Table II. This 
fact may be used to estimate the alkyl 
chain length of an unknown surfactant.

TABLE II 

B VALUES FOR OBTAINED VARIOUS 

SURFACTANTS

Effect of the Number of 

Alkyl Chains

Ralston12) found an anomalously high Λ

value in a low concentration region of 
the surfactant containing two long alkyl 
chains, such as dialkyl ammonium salts, 
and he reported that it was difficult to

determine the C. M. C. exactly owing to 
this anomalous maximum. 

According to our method, however, it is 
easy to determine the minimum and the 
maximum values even in such a case. 
The result obtained is shown in Fig. 7. 
The anomality does not appear in our 
analysis as in the case of compounds with 
a single long chain, except the fact that 
the minimum merely becomes more pro-
nounced in this case.

Fig. 7. (Λ0-Λ)/√C υs. √C diagram,

for the aqueous solutions of ○ dioctyl-,

○ didecyl and ● didodecyl-dimethyl-

ammonium chlorides.

Effect of Ionic Head Group 

Now we extend our analysis to the com-
pounds with an alkyl chain of the same 
length but a different ionic head group.

TABLE III

VALUE OF Cmin, Cmax, Hmin, Hmax, B AND THE USUAL C. M. C., SHOWING 

THE EFFECT OF IONIC HEAD GROUP

12) A. W. Ralston, D.N. Eggenberger and P.L. DuBrow, J. Am. Chem. Soc., 70, 977 (1948).
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For this purpose the data for sodium dode-

cyl sulfate13,14), sodium dodecyl sulfonate15) 

and sodium dodecanoate16) as anionic sur-

factants, and those for octadecyl ammoni-

um chlorides8), octadecyl pyridonium chlo-

ride5) and octadecyl trimethyl ammonium 

chloride1) as cationic surfactants, were 

analysed, in which sodium dodecanoate 

and octadecyl ammonium chloride were

Fig. 8. (Λ0-Λ)/√C υs. √C diagram

for the aqueous solutions of ○ sodium

dodecyl sulfate, ● sodium dodecy-sul-

fonate and ○ sodium dodecanoate at

40℃.

Fig.9. (Λ0-Λ)/√C υs. √C diagrams

for the aqueous solutions of

● octadecyl ammonium chlorides at

60℃, ○ octadecyl trimethyl ammonium

chloride at 25℃ and ○ octadecyl pyri-

donium chloride at 25℃.

chosen especially as hydrolysable sur-
factants. 

The results are shown in Figs. 8 and 9. 
The obtained value of Cmin, Cmax, Hmin, 
Hmax and B are tabullated in Table III, in 
which the values of C. M. C. estimated 
by the usual method are given in the last 
column for reference. 
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