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Abstract

Heterogeneous photocatalysis on TiO2 is an emerging green technology
for water disinfection. The rationale for this technology is based on in-situ
generation of highly reactive transitory species for degradation of organic
and inorganic pollutants as well as microorganisms. Recent research has
concentrated on improving the efficiency of the photocatalytic process,
however, some fundamental information on the mechanistic aspects and rate
limiting properties still remain elusive. 

   The focus of this thesis has been to identify the primary oxidant in
heterogeneous TiO2 photocatalysis and to create prerequisites for further
evaluation of how selected internal (material specific) and external (system
specific) alterations influence the photocatalytic activity. Furthermore, an
attempt to induce visible light activity to a modified TiO2 film was also made.

   Production of H2O2 was used to probe the existence of the hydroxyl radical
as the primary oxidizing species in aqueous TiO2 photocatalysis. The only
possible pathway to produce H2O2 in an oxygen free environment is through
hydroxyl radical recombination. A significant amount of H2O2 could be detected
in deoxygenated solutions confirming the existence of hydroxyl radicals. To
further elucidate the origin of the H2O2, experiments with the hydroxyl radical
scavenger Tris(hydroxymethyl)aminomethane (Tris) were performed. The
results further support the hypothesis that the hydroxyl radical is the primary
oxidant in TiO2 photocatalysis.

   Tris was evaluated as a probe in aqueous photocatalysis. Hydrogen
abstracting species such as hydroxyl radicals are able to abstract hydrogen
atoms from Tris, which leads to formation of formaldehyde. Formaldehyde
was detected and quantified by a modified version of the Hantzsch reaction.
This route to probe the photocatalytic efficiency allows for assessment of the
maximum photocatalytic efficiency with high accuracy and sensitivity and
was further used to study how selected solid phase alterations and dissolved
electron acceptors affect the photocatalytic efficiency. The results showed that
the surface area of immobilized photocatalysts affects the efficiency and a high
surface area is advantageous for photocatalysis. It was also shown that TiO2

enhanced with Ag nanoparticles significantly increases photocatalytic activity.
This is explained partly by an increased O2 adsorption and reduction process on
the Ag enhanced TiO2 compared to pure TiO2 and partly as a Schottky barrier
formation at the metal-semiconductor interface. These processes lead to a
prolonged charge separation in the photocatalyst, which is advantageous for
the efficiency. Moreover, the effect of the external, dissolved electron acceptors
H2O2 and O2 were also evaluated by Tris. The results showed an increased
photocatalytic activity upon addition of the electron acceptors. It was also
shown that the adsorption affinity of a reactant to the photocatalyst is rate
controlling and governs the kinetics.
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   An attempt to induce visible light activity into a TiO2 film was also made
by a post-treatment in liquid NH3. The slightly narrowed bandgap of the
resulting film caused a red-shift in the absorption band and the film showed
visible light activity under illumination by white light with a cut-off filter at 385
nm.
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