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Abstract

The aim of this thesis was to obtain a better understanding of the association
between surfactants and biopolymers in bulk solutions and at solid/aqueous
liquid interface. In order to do this, the interactions between surfactants and
biopolymers were investigated with a variety of experimental techniques.

The main focus has been on the interactions between fluorosurfactants
and proteins, which are important during electrophoresis of proteins in silica
capillaries. Electrophoretic separation of positively charged proteins is often
complicated by non-specific adsorption of protein onto capillary wall, while
it was found to improve when cationic fluorosurfactants were added into
the background buffer. We investigated the interactions between a cationic
fluorosurfactant, FC134, and a positively charged protein, lysozyme. By
employing Nuclear Magnetic Resonance (NMR) and tensiometry we could
conclude that the cationic fluorosurfactant did not associate with positively
charged lysozyme in bulk solutions. At the solid/aqueous liquid interface,
the adsorption of fluorosurfactants and lysozyme onto silica was studied by
the surface force technique (MASIF), ellipsometry, reflectrometry, Quartz
Crystal Microbalance (QCM-D) and Atomic Force Microscopy (AFM). Cationic
fluorosurfactant FC134 was found to adsorb onto the silica surface in a form
of bilayer aggregates, which led to a charge reversal of the originally negatively
charged substrate. The adsorption of lysozyme onto silica was also extensive
and it corresponded to the more than monolayer coverage. When adsorbing
from mixed solutions, the presence of the cationic fluorosurfactant in the
solution led to an elimination of the lysozyme in the resulting adsorbed
layer. For the lysozyme concentration of 0.2 mg/ml, which is typical for
the electrophoretic separation, it was found that adsorption of protein was
suppressed by more than 90% when only 30 μM of FC134 was added into the
buffer. The presence of the low amounts of residual proteins in the adsorbed
layers caused an enhancement of the adsorption of fluorosurfactants, which
was attributed to adsorption of the fluorosurfactants between proteins in a
form of large vesicles.

The interactions between a positively charged biopolymer chitosan and
an anionic surfactant sodium dodecylsulfate (SDS) were studied with respect
to the effect of the ionic strength of the background electrolyte, both in the
bulk solution and at the silica/liquid interface. It was shown that SDS and
chitosan form complexes in the bulk solution, which reverse their charge at
higher SDS concentrations. At SDS concentrations above the critical micellar
concentration, large aggregates were formed, which were trapped in long-lived
nonequilibrium states at both high and low ionic strengths. SDS did not adsorb
at the silica/liquid interface by itself. However, by employing QCM-D and
ellipsometry we detected an extensive adsorption of SDS on the silica substrate,
which has been modified by adsorbed chitosan. The structure of the chitosan
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layer on the lowly charged silica was strongly affected by the ionic strength of
the solution from which the chitosan adsorption took place. The interactions
between SDS and the pre-adsorbed chitosan were found to be similar on lowly
charged silica and on highly charged mica.

A novel method based on the Bruggeman effective medium approximation
was proposed for the evaluation of ellipsometric data characterizing composite
adsorbed layers.

Finally, the effect of the adsorbed layer surface roughness on the QCM-
D response in liquid was studied with focus on trapped water. It was found
that QCM-D effectively senses water, which is mechanically trapped inside
topographical structures with the size in nano-meter scale.
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