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SUMMARY

A high-performance liquid chromatographic method has been developed to
study micelle formation. A maximum is observed at the critical micelle concentration
(CMC) when the chromatographic selectivity factor for solute pairs of different po-
larity is plotted as a function of surfactant concentration. The values obtained for
the CMC are about 10-15% higher than those reported for ambient pressures but
are much closer to elevated pressure data.

INTRODUCTION

Surfactants are used widely in chemistry to alter the properties and activities
of various systems. At high concentrations aggregate units (micelles) are formed
which are roughly spherical to elliptical in shape typically consisting of 40—-100 maono-
mers. The narrow range of concentration at which these aggregates become detect-
able is the critical micelle concentration (CMC) and is probably the simplest means
of characterizing the colloid and surface behavior of a surfactant!. The concentration
at which micelles become detectable depends on the experimental approach?!. To date
a variety of techniques have been used to determine the CMC and include measure-
ments of surface tension, colligative and transport phenomena, electrical conductiv-
ity, light scattering and calorimetric properties. Likewise, spin-lattice relaxation times
and chemical shifts determined by NMR have also been used2*.

Several applications of micellar systems in high-performance liquid chromato-
graphy (HPLC) have been reported®%. Armstrong and Henry” were the first to utilize
the approach for the separation of selected phenols and polynuclear aromatic hy-
drocarbons with an aqueous micellar mobile phase of sodium dodecyl sulfate. Sub-
sequently, others have used micelle systems to enhance both selectivity and detec-
tion® 12, Recently, Dorsey and co-workers!®1# have studied the influence of temper-
ature and small amounts of organic modifier on chromatographic performance. Like-
wise these same investigators have described a method for determining the CMC
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from biphasic changes in plots of the capacity factor versus surfactant concentra-
tion'*. However, ambiguities using this approach have been observed!5:16. An al-
ternative HPLC method has been developed based on changes in relative retention
between solute pairs.

EXPERIMENTAL

Equipment

All chromatographic experiments were carried out with a Laboratory Data
Control (Riviera Beach, FL, U.8.A.) Model Constametric ITT pump and Model spec-
tromonitor 11T UV detector. An IBM (Danbury, CT, U.S.A.) Model 9000 computer
system was used to record and process the data. Columns (25 cm x 4.6 mm LD.
octyl- and octadecyl-silica) also were obtained from IBM and were maintained at
25.0 + 0.1°C in a thermostated waterbath, The flow-rate was monitored with a Phase
Separations (Queensferry, U.K) Model FLOSOA electronic flowmeter.

Reagents

Sodium octyl sulfonate, sodium octyl sulfate and sodium decyl sulfate were
reagent-grade obtained from Eastman-Kodak (Rochester, NY, U.8.A.). Sodium do-
decyl sulfate was electrophoresis-grade from Fisher Scientific (Pittsburgh, PA,
U.S.A)). All were used as received. The methanol was HPLC-grade from MCB (Nor-
wood, OH, U.S.A)).

Procedure

Each mobile phase was prepared by dissolving the appropriate amount of
surfactant in distilled water. A test mixture of uracil, sulfanilamide, resorcinol and
phenol was also prepared in water, Prior to use each column was conditioned with
at least 100 ml of methanol and washed thoroughly with copious quantities of water.
All runs were carried out starting with 100% walter and successively increasing the
concentration of surfactant in the mobile phase. At each new mobile phase concen-
tration the surface was equilibrated with a sufficient volume until constant solute
retention was obtained. A minimum of four injections were made for each mobile
phase. The void volume was determined at each surfactant concentration by several
repetitive injections of [2H]water.

RESULTS AND DISCUSSION

The retention behavior of four neutral solutes of differing polarities was stud-
ied on two reversed-phase surfaces as a function of increasing surfactant concentra-
tion. The capacity factor ratio, selectivity, for solute pairs was calculated and plotted
against the concentration of surfactant in the mobile phase. Representative data are
shown in Fig. 1A, These results were obtained for sodium dodecyl sulfate on the
octyl and octadecyl columns using uracil-phenol as the solute pair and on the octyl
column for phenol-sulfanilamide. At low surfactant concentrations, the selectivity
remained relatively constant, started to increase in the intermediate pre-micellar re-
gion, and reached a maximum at the CMC. Shown ir Fig. 1B is the incremental
change in selcctivity with respect to change in concentration (45/4C) versus mean
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Fig. 1. Changes in selectivity versus surfactant concentration for sodium dodecyl sulfate. (a) Column,
octadecyl; solute pair, phenol-uracil. (b) Column, octyl; solute pair, phenol-uracil. (¢) Column, octyl;
solute pair, phenol-sulfanilamide. (d) Derivative plot of curve b. For A and B, see text.

concentration. This derivative plot was determined graphically from Fig. 1A and
intersects the concentration axis at the CMC. Immaterial of solute and surface, the
selectivity reached a maximum at the CMC. However, there are large differences in
magnitude for the curves. Among the four neutral solutes studied, phenol and uracil
were, respectively, the least and most polar and the selectivity maximum for this
solute pair was the greatest. Likewise, the maximum change in selectivity (Fig. 1) was
greater on the octadecyl column than on an octyl column for a given solute pair.
These results imply that the more hydrophobic the stationary phase the greater the
change in selectivity. This dependency on the bonded hydrocarbon chain length has
been attributed to structuring—solvation effects which reach a maximum at the critical
micelle concentration®®. Similarly for a given hydrophobic surface changes in selec-
tivity (i.e., applied to the determination of the CMC) can be maximized via selection
of a suitable neutral solute pair which differ in polarity.

The CMC for sodium dodecyl sulfate determined by the current method using
different solute pairs and column types are listed in Table I. The CMC obtained
chromatographically is about 10-15% higher than reported! ambient pressure values
but is much closer to elevated pressure data. With this correction the values in Table
I are only about 5% higher.

Fig. 2 shows selectivity versus concentration plots for the solute pair,
phenol-resorcinol on the octyl surface for various surfactants. Similar agreement
between reported and chromatographically measured results was obtained for so-
dium decyl sulfate. Unfortunately, because of problems of poor column stability and



296 R. K. GILPIN, A. KASTURI, G. WERNER

TABLE I
CMC FOR SODIUM DODECYL SULFATE DETERMINED BY HPLC SELECTIVITY METHOD

Solute pair Column CMC (M)*
Phenol-uracil Cq 96.1073
Phenol-sulfanilamide Cs 98.10°3
Resorcinol-uracil Cg 9.7.1073
Phenol-resorcinol Cg 9.5.1073
Phenol-uracil Cig 94.10°°
Phenol-sulfanilamide Cis 9.4.1073
Resorcinol-uracil Cia 9.6.10°3

Phenol-resorcinol Cis 9.1.1073

* Measured at 25°C. Literature CMC: 8.1-8.4 - 1073 M at atmospheric pressure; 9.1-9.4 . 1073 M
at ¢levated pressure. (From ref. 1.)
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Fig. 2. Changes in selectivity versus surfactant concentration for different surfaciants. C_o]umn, octyl;
solute pair, phenol-resorcinal; (2) sodium dodecyl sulfate; (b) sodium decyl sulfate; (c) sodium octy! sul-
fate.
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increased detector noise resulting from foaming, the upper surfactant concentrations
were limited to approximately 0.1 M. Since the CMC values for both octyl surfactants
are near these experimental limits, they could not be determined.

Based on the statistics of the current data it is not possible to assert whether
chromatographically determined CMC values are within experimental error of re-
ported elevated pressure data or are slightly high due to secondary solute—surface
effects. Since each of these can be distinguished experimentally, a number of studies
are now in progress and will be reported in the future.
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