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ABSTRACT

Colloidal silica was prepared by the Stober method to give particles having

a narrow size distribution and spherical geometry. The electrokinetic and

coagulation behavior of the particles were investigated in water, acetone, and

acetone-water mixtures and the experimental data were compared to simple

theoretical models. The relative permittivity, er. of the dispersion medium was

varied between 21 and 79 by controlling the acetone:water ratio. For £r >33, the

particles could not be coagulated using Nal concentrations up to 0.5 M. The

critical coagulation concentration (ee) values could not be predicted by

calculations based on using standard DLVO. theory. In the absence of salt, the

zeta-potentials (~·potentials) remained constant at approximately ·50 mV when

24.3 < £r < 78.5 but increased to -80 mV for £r < 24.3. A single-site dissociation

model predicted that the ~·potentials should decrease with increasing acetone

content. The inability of the theoretical models to predict the colloidal stability

behavior of silica in acetone and acetone-'- water mixtures, especially when £r > ~

33. was believed to be due to the presence of a silica ger surface layer which

acted as a stene barrier at short-range interparticle distances.
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The colloidal stability and surface properties of Stober silica modified with

triethoxysilane (TES) (HSi(OEth) was studied (polyTES). The polyTES particles

were reacted with vinylnaphthalene. styrene. and vinyl-terminated

poly(dimethylsiloxanes) using the platinum-catalyzed hydrosilation reaction.

These reactions demonstrated that Stober silica modified with TES can lead to a

variety of colloidally stable dispersions in solvents ranging in polarity from water

to hexane. It was also shown that bis(1.3-divinyl.1.1.3,3

tetramethyldisiloxane)Pt° could be hydrosilated on the polyTES surface to give

catalytically active, surface-bound platinum nanoparticles. with an average

diameter of 2 nm. The polyTES layer grafted to the silica surface was believed

to be critical in controlling the ultimate size of the supported platinum

nanoparticles. The surface properties of the polyTES particles were studied and

it was shown that the polyTES chains had a high surface density of 2.22 nm·2

and they expanded when solvated ~y aqueous alkaline solutions.
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PREFACE

This thesis contains research work carried out by the author during the

period beginning september 1992 to August 1996. The field of colloid and

surface science is broad and encourages the studies to be multi·disciplinary. In

the following chapters of this thesis, a multi-disciplinary approach was taken to

investigate the surface chemistry, chemical modification, and colloidal stability of

silica particles. Chapters 2, 3. 4, 5, and 7 have been published in the literature.

Although their content has been kept intact. certain modifications have been

done to the main text in order to make this thesis reflect one continuous body of

work. Appendices, which contain information not included in the published

papers, have been added after some of the Chapters. This thesis also contains '

several transmission electron micrograph images and many of them are

displayed on full pages to give them the attention they deserve. The captions for

. the micrograph images are displayed on the opposite page to the photographs.
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