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MUTUAL SOLUBILITY IN MIXED MICELLES OF FLUOROCARBON AND HYDROCARBON SURFACTANTS
FROM SURFACE TENSION DATA

Noriaki FUNASAKI and Sakae HADA
Kyoto College of Pharmacy, Yamashina-ku, Kyoto 607

The mutual solubility in mixed micelles of fluorocarbon and hydrocarbon
surfactants was determined by surface tension measurements, as convincing evidence

for the partial miscibility postulated by Mukerjee and Yang.

Micelle-forming surfactants were completely miscible in mixed micelles for all systems reported
until 1976, when Mukerjee and Yang found abnormal relations between the critical micellization
concentration (cmc) and the monomeric composition and between the differential electric conductance
and surfactant concentration, and explained the data in terms of the partial misciblity in mixed
micelles of fluorocarbon and hydrocarbon surfactants.l)

The surface tension of aqueous solutions of Neos Ftergent (NF),Z) a fluorocarbon surfactant,
and sodium tetradecyl sulfate (S’I'S),3)

mM sodium chloride4) at 30°C, while the mplar ratio of the two surfactants was kept constant. The

a hydrocarbon surfactant, was measured in the presence of 50

solid circles in Figs. 1 and 2 show plots of cmc and surface tension against the monomeric mole
fraction of STS, respectively. These values were taken from the break in the surface tension vs.
surfactant concentration curve. In the presence of 50 mM sodium chloride, the surface tension of
pure NF and STS remained constant within, at least, ten fold concentration over the cmec, whereas
the values for their mixtures decreased with increasing concentration.

The method used to determine the composition of mixed micelles is similar to that already
reported for oily mixturess) and the details will be published elsewheren6) This method assumes
that the surface tension of pure surfactants remains constant above the cmc and that the mole
fractions of monomers and micelles composed of two surfactants are a function of surface tension
alone above the cmc.

From the material balance of STS in solutions above the cmc, one can derive

%org = (CorXgpg - cme xyone)/(C - cme) @

Here Ct is the total surfactant concentration and X oTs* ¥sTS° and Xporg are the micellar, overall,
and monomeric mole fractions of STS, respectively. We measured the surface tension of a solution
at an overall mole fraction Xarg and at about ten fold concentration over the cmc. Then, one can
read the monomeric mole fraction XpSTS corresponding to this measured surface tension value from
the surface tension vs. Xporg Curve in Fig. 2, and also the cmc value corresponding to this XpSTS
value from the cme vs. X gg Curve in Fig, 1. Thus, a mole fraction of micelles coexisting in the
solution can be calculated by substituting these values of Ct’ Xgmg» CIC, and X.5TS into Eq. 1.

The micellar mole fraction thus obtained is shown by the open circles in Figs. 1 and 2. In
Fig. 2, the surface tension remains constant at 18.61 dynes/cm regardless of the micellar mole
fraction within 0.056 and 0.722. These limits, A and B in Figs. 1 and 2, represent the mutual
solubility in the mixed micelles: the solubility of STS in the NF micelle is 0.056, whereas that of
NF in the STS micelle is 0.722. A similar procedure has been applied to determine the mutual
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solubility in mixed monolayers at the air-water interface.

The dashed lines in Figs. 1 and 2 illustrate some tie lines, the ends of which represent the
mole fractions of coexisting monomers and micelles. In solutions at overall mole fractions within
Xy and Xp, one kind of mixed micelles forms at low concentrations whereas two kinds of mixed
micelles coexist at higher concentrations.

Thus, NF and STS are partially miscible in the mixed micelles and the mutual solubility could
be determined by surface tension measurements.

Thanks are due to Dr. T. Mizuno of Neos Company for the gift of a sample of NF.
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