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MICELLAR SYSTEMS IN

' AQUEOUS SOLUTIONS
by JOHN ROBERT CARDINAL

(Under the supervision of Professor Pasupati Mukerjee)

This thesis is concerned with four problems related
to association colloids in aqueous solutions, namely, (i)
the nature of the site of solubilization of some benzene
derivatives in micelles; (ii) the nature of the self-
associatioﬁ of sodium cholate; (iii)tthe effects of ions
on the H-donor aﬁility of water molegules in aqueous media
with respect to the problem of counterion specificity; and
‘(iv) the capabilities of the ultrafiltration method as a
. general method for the determination of critical micelle
concentrations (c.m.c.).

The nature of the site of solubilization of some ben-
zene derivatives in micelles was investigated by utilizing
the solvent sensitivity of the shape of the UV absorption
band of these solutes. An experimental parameter was de-
velopéd, namely, fhe ratio of the absorbances at two fixed
wavelengths, which could be used to relate the shape of
fhe UV band in various solvents to the dielectric constant
or the "hydrophobic-hydrophilic balance" of the solvent.
The theoretical basis of this parameter was discussed. It
was found that the environment of the solutes in the mi-
celle is, on the average, partl; aqueous, and this is re-

lated to the tendency of the aromatic solutes to adsorb at



the micelie;water interface. |

The nature of the self-association of sodium cholate
was investigated by utilizing the equilibrium solubility
of naphthalene as an indicator of the pattern associatioh.
The solubility of naphthalene in sodium cholate solutions
~was determined and then analyzed in terms of various
models of the self-association of sodiﬁm cholate. The
experimental results are inconsistent with models such as
a monomer + dimer model, monomer + dimer + large uniform

. L]
micelle model, or a model which assumes the presence of

monomers and large, uniform micelles. The results indicate

that the dimer must be included in any model for the self-
association of sodium cholate. It is shown that correc-
tions for interionic interactions and the effect of ionic
strength on the charge-charge interactions in the aggre-
gates are likely to be of importance. The conclusion of
this work is that all of the available data seem to be

consistent with an association model which assumes the

presence of monomers, dimers, and a distribution of higher

oligomers.

The investigation of the nature of the interaction
between ions and water molecules which are in close prox-
imity to or are actually a part of the hydration shells of
ions in aqueous solution, utilized the solvent sensitivity
of the peak position of the UV spectra of mesityl oxide as

a probe for the change,in the H-donor strength of the



medium. The results suggested that anions of low charge
den51ty such as C10,, C1°, and Br~ seem to have little
effect on the neighboring water molecules. Anions of
higher charge density such as acetate or F~ seem to de-
crease the H-donor ability of water molecules which are in
'.the hydration shells of these ions. All cations seem to
increase the H-donor ability of water moleculeé associ-
ated with them in aqueous solution; the extent of this
effect increases as the charge density increases.

The final portion of this thesis is concerned with
the u1traf11trat1on method for the determination of the
c.m.c. C.m.c. values of all surfactant types, z. e.; ani-
onic, cationic, zwitterionic, and nonionic, have been ob-
tained using cellophaﬂe'and some newly developed polymeric
membranes. It has been shown that the ultrafiltration
method is fairly rapid; when proper precautions are taken,
it yields c.m.c. values which are in agreement with other
methods; and it is useful for the determination of c.m.c.'s

in the range 10"3 M and lower.
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I. GENERAL INTRODUCTION

Substances which reduce the surface tension of water
at low concentrations exhibit a strong tendency to adsorb
at interfaces and are called surface active agents or sur-
factants. This tendency to adsorb at an interface can
play a vital role in determining the biological activity
of many drugs. For example, certain germicides, the
quaternary ammonium halides, exert their effect by adsorp-
tion to the bacterial cell membrane--thereby causing lysis
of the cell., 1In other.cases drugs such as antibiotics,
lochl anesthetics, and tranquilizers are known to be sur-
face active, but the significance of this surface activity
in determining the biological activity of the drug is less
well understood. Surface active agents, other than drugs
have many vital functions of biological and phar-
maceutical imﬁortance. Fof example, the biol@gical mem-
brane is composed.of lipids (surfactants) and proteins.

It has even been proposed recently that a surfactant, pos-
sibly cholesterol, may play a vital role in one of the most
basic of all biological functions, ‘cell division and
cell release (1). If this is so, then the control of the
amount of this surface active agent present in biological

membranes by certain genes may be of fundamental importance
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