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The thesis entitled "Functionalizing Bismuth Vanadate Photocatalyst by Surface Modification
and Band Position Tuning" consists of six chapters.

In the first chapter, "Introduction", | provide a brief overview of photocatalysts.
Photocatalysts have been widely used for solar fuel generation and environmental purification.
There are two requirements to initiate photocatalytic reactions: first, the incident photon
energy must be higher than the bandgap value, second the conduction band and valence
band positions of semiconductors must be higher than the redox potential of the desired
reactions. Solar light is primarily composed of visible light (43% in solar light), which has a
lower photon energy compared to UV-light (5% in solar light). These facts result in a trade-
off between narrow band gaps and high redox potentials in the development of
photocatalysts. Previous research has primarily focused on sensitizing wide gap
semiconductors to become visible light responsive through doping or dye sensitization. In
contrast, this research aims to functionalize narrow gap photocatalysts. Narrow gap
photocatalysts are visible light sensitive but limited in photocatalytic reactions due to
insufficient redox potentials of photogenerated carriers. Therefore, the objective of this
research is to functionalize narrow gap photocatalysts. | choose bismuth vanadate (BiVO.) as
the target photocatalyst as it was widely studied as a green light active photocatalyst but
limited for water oxidation reaction. The following three chapters discussed three strategies
for functionalizing the BiVO. photocatalyst: surface modification for gaseous organic
decomposition (Chapter 1l), valence band position tuning for higher oxidation power of
photogenerated holes (Chapter Ill), the forth chapter’s contents is not included in this abstract
due to consideration about copyright issues.

In the second chapter, "Surface Modification of BiVO. Photocatalyst for Organic
Decomposition”, | describe the modification of Fe(lll) nanoclusters on the surface of BiVOs to
functionalize it for gaseous organic decomposition reactions. The pristine BiVO. photocatalyst
cannot initiate the electron reduction reaction of oxygen due to the insufficient reduction
energy of photogenerated electrons. By surface modifying Fe(lll) nanoclusters, the
photoexcited electrons accumulate at the Fe(lll) nanoclusters, subsequently activating the
multi-electron reduction reaction of oxygen, which requires much lower energy compared to
the one-electron reduction reaction. The surface modification of Fe(lll) nanoclusters
successfully activates BiVO. for gaseous organic decomposition reactions, making it the first
reported green light active photocatalyst for environmental purification.

In the third chapter, "Bandgap Widening through Doping for Improving the Photocatalytic
Oxidation Ability of BiVO4 Photocatalyst," | focus on tuning the valence band position of BiVOs
to achieve higher oxidation power. | propose an orbital dilution strategy for valence band
position tuning and validate it by first principles calculations and experimental studies. The
valence band of BiVO. is composed of hybrid Bi-s and O-p orbitals, resulting in an upward
shifted valence band position. To enhance the oxidation power of photogenerated holes, |
dilute the Bi component by doping lanthanum (La) ions. Through my first principles
calculations and experimental characterizations, | confirm a downward shift of the valence
band top over the La-doped BiVO. sample. The photocatalytic oxidation performance is then
where the La-doped sample exhibits superior oxidation performance compared to pure BiVO..
This work offers insight into doping-induced bandgap widening for improving photocatalytic
performances.

In the fifth chapter, "Philosophical Contributions"”, | discuss the philosophical contributions
of this work. Instead of focusing on well-studied sensitizing wide gap semiconductors to



become visible light sensitive, this work concentrates on functionalizing narrow gap
semiconductors using BiVO. as an example. In terms of scientific contributions, the proposed
orbital dilution strategy allows fine-tuning of the valence band of BiVOs, and this strategy can
be generalized to other photocatalysts whose valence bands are composed of hybrid orbitals.
In terms of industrial contributions, modifying Fe(lll) nanoclusters activate BiVO. for organic
decomposition, making it the first reported green light active photocatalyst for environmental
purification. Considering the significant portion of green light in solar spectra and indoor
illumination, this work greatly expands the utilization of photocatalysts for environmental
purification.

In the sixth and final chapter, | provide a summary of this thesis, which focuses on
functionalizing narrow gap semiconductors using BiVO. as an example.

In summary, | successfully functionalized BiVO. for organic decomposition reactions through
surface modification with Fe(lll) nanoclusters and achieved band edge position tuning by
employing the orbital dilution strategy.



