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Abstract

Surface modification techniques have played important roles in various aspects
of modern technology. They have been employed to improve substrates by
altering surface physicochemical properties. An ideal surface modifying
technique would be a method that is applicable to any kind of materials
prepared from a wide range of polymers and that can occur under mild reaction
conditions. The work in this thesis has utilized four main concepts: I) the
development of a ‘grafting-from’ technique by covalently growing polymer
grafts from particle surfaces, II) the presence of steric and electrosteric
forces due to long-range repulsive interactions between particles, III) a
combined surface grafting and layer-by-layer approach to create polyelectrolyte
multilayers (PEMs) on particle surfaces to fabricate strong and functional
materials, and IV) the roles of hydrophilic polymer grafts and substrate
geometry on surface degradation.

A non-destructive surface grafting technique was developed and applied to
polylactide (PLA) particle surfaces. Their successful modification was verified
by observed changes to the surface chemistry, morphology and topography of
the particles. To quantify the aggregation behavior of grafted and non-grafted
particles, force interaction measurements were performed using colloidal
probe atomic force microscopy (AFM). Long-range repulsive interactions were
observed when symmetric systems, i.e., hydrophilic polymer grafts on two
interacting surfaces, and asymmetric system were applied. Electrosteric forces
were observed when the symmetric substrates interacted at pH 7.4. When
PEMs were alternately assembled on the surface of poly(L-lactide) (PLLA)
particles, the grafted surfaces played a dominated role in altering the surface
chemistry and morphology of the particles. Three-dimensional scaffolds of
surface grafted particle coated with PEMs demonstrated high mechanical
performance that agreed well with the mechanical performance of cancellous
bone. Nanomaterials were used to functionalize the scaffolds and further
influence their physicochemical properties. For example, when magnetic
nanoparticles were used to functionalize the scaffolds, a high electrical
conductivity was imparted, which is important for bone tissue regeneration.
Furthermore, the stability of the surface grafted particles was evaluated in
phosphate buffered saline (PBS) solution. The nature of the hydrophilic
polymer grafts and the geometry of the PLLA substrates played central roles
in altering the surface properties of films and particles. After 10 days of PBS
immersion, larger alterations in the surface morphology were observed on the
film compared with microparticles grafted with poly(acrylic acid) (PAA). In
contrast to the PAA-grafted substrates, the morphology of poly(acrylamide)
(PAAm)-grafted substrates was not affected by PBS immersion. Additionally,
PAAm-grafted microparticulate substrates encountered surface degradation
more rapidly than PAAm-grafted film substrates.
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