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Micelles have been used in many applications. In these applications it is of prime importance to know how the critical micelle
concentration (CMC), above which the micelles are formed, depends on temperature. Up to date polynomial functions of tem-
perature have been used to describe temperature dependence of CMC. In this article it is shown that such polynomials are
inadequate tools to express thermal behavior of CMC. Hence, new equations of CMC(T) have been derived on the basis of
rigorous thermodynamic equations and experimental observations on CMCs. The new equations fit CMC data excellently, and
further they lead to a power law for the CMC. The exponent of the power-law expression is 2 irrespective of surfactant

systems, which points to the generality of newly found equations.
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Figure 1. Changes in CMCs with temperature. (a) nonionic sur-
factant C;Es and (b) cationic surfactant C;TAB.
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Table 1. Values of A, C*CMC, and 7' Found by Polynomial Fits
for the Cationic Surfactant OTAC (Octadecyl Trimethyl Ammonium
Chloride)

Order of Correlation Core 7'(C) A
polynomial coefficient (mM)
4th 0.9918 0.327 23.6 1.48
Sth 0.9964 0.322 23.6 1.56
6th 0.9990 0.323 24.7 1.12
a '_‘.0
4
o
v
20l -
wOs
e OD
1 . '-'
5 .
NL—J' O‘A
) 2:0
— - g
- C®
o3
[
s
é')nv
3
o ‘g?o’:‘. ' |

)
a 12

102 | Tr -1 |

Figure 2. A power-law plot for nine ionic surfactants of sodium
octylsulfate (O), sodium decylsulfate (D), sodium dodecylsulfate
(@), dodecy;-4-methoxypyridiniumbromide (V) and chloride (W),
dedecyltrimethylammonium bromide ((J), C;s74B (M), potsium-
perfluoroctanoate (A ), lithiumperfluomonanate (A). A = 1.732 +
0.003 was found from the plot[23].
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Figure 3. Thermal changes in critical micelle concentration of cati-
onic surfactant OTAC[25] and fits to polynomial functions of Eq. 2.
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Table 2. Equations Used for the Derivations of Xcud(7)
Eq. # Model 1 Model 2

Equations used
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Figure 4. Fits of Eq. (4) to CMCs of nonionic surfactants. C;;E,
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0.9934, 0.9984, 0.9899, 0.9980, and 0.9994, respectively.
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Figure 7. Fits of Eq. (4) to amphiphilic drugs: cloxacillin ([1)[49],
dicloxacillin (<)[49], imipramine (A)[50], clomipramine (O)[50].
The correlation coefficients are 0.9725, 0.9765, 0.9913, and 0.9733,
respectively.
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surfactants. R is the square of the correlation coefficient of the fit.
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Figure 9. AH',. calculated by Eq. (22). AH'. is almost linear at
T > 273 K.
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