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The energy crisis and environmental pollution are primary problems with the development of human society
and civilization. Photocatalytic technology as a low-cost, efficient, and environment-friendly path is considered
to be one of the best solutions to the severe energy crisis and environmental poliution problems. So far, various
photocatalytic materials with activity in the water-splitting reaction have been developed. Strontium Titanate
{SrTiQ;) as one of the typical photocatalysts has been investigated for more than thirty years. However, the
efficiency of this photocatalyst for the H,O splitting reaction is low, and a significant improvement in the
efficiency is required.

In this thesis, to significantly improve the efficiency of the SrTiO; photocatalyst for overall H,O splitting,
the bulk, surface, and morphology of the SrTiO; photocatalyst were controlled, and their effects on the activity
and photoconversion efficiency (AQY) of the photocatalyst were investigated. From the obtained research
results, the factors for improving the efficiency of the photocatalyst for the H,O decomposition reaction were
discussed.

The major aspects of the investigations in the thesis are presented as follows:

Chapter I: General introduction.

This chapter presents the general research background of this paper, the development and progress of
photocatalysts, especially the historical background of photo energy conversion and research on H,O
decomposition reactions, and methods for improving photocatalytic efficiency.

The outline, the structure of this paper, and the purpose of the research are described.

Chapter 2: Investigation on the highly active SrTiO; photocatalyst toward overall H,O splitting by
doping Na ion

To prepare Na ion-doped SrTiO; (Na*-SrTiO;) with high photocatalytic activity for overall H,O splitting, the
polymerizable complex (PC), and solid-state reaction (SSR) methods were applied to elucidate the factors on the
improvement of the activity by doping Na ions and mechanisms. Here, Rhg ;Cr; 303 was used as the co-catalyst.
The photocatalytic activity of the photocatalyst prepared using the high-purity raw material was significantly
improved, and it was noticed that the purity of the photocatalyst is a factor for improving the photocatalytic
activity of Na'-SrTiOs. Co-loading Rhg-Cr; 305 for Hz evolution reaction (HER) co-catalyst and CoOOH for O,
evolution reaction (OER) co-catalyst further improved the photocatalytic activity and significantly extended
lifetime. From the structural analysis of the photocatalyst and the measurement of the transient absorption
spectrum, the improvement of the photocatalytic activity by Na ion doping was attributed to the oxygen
vacancies in the SrTiO; crystal, which formed trapped sites of electrons generated by light irradiation, and
separated electrons and holes,

Chapter 3: Controllable modification of metai ion-doped SrTiO; photocatalysts for photocatalytic
overall H,O splitting to almost the ultimate quantum yield

For Al ion-doped SrTiO; (Al-SrTiO; (flux)), using the flux method can prepare fine particles with a single
crystal, the HER cocatalyst Rh-Cr;0;, and the OER cocatalyst CoOOH is loaded on the surface by the
photocatalytic deposition method. As a result, we found that the apparent quantum yield (AQY, A = 360 nm) for
the H,O splitting reaction was 96%. The crystal facet where electrons and holes generated by light irradiation
appear is different due to the difference in surface energy of the photocatalyst particles whose specific crystal
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plane is exposed by the flux method with Al-doping. This is since the co-catalyst could be efficiently loaded on
the surface. Furthermore, Mg-SrTiO; was prepared and examined using the PC method, SSR method, and flux
method. When the photocatalytic activity was examined using RhgsCr; 30; as a co-catalyst, Mg-SrTiO; (flux)
showed the highest photocatalytic activity compared to Mg-SrTiO3 prepared by other methods, and its AQY (A=
365 nm) was 55%. Therefore, the effect of the co-catalyst was examined using Mg-S:TiOs (flux). As a result, by
co-loading OER co-catalyst CoOOH, AQY (= 365 nm) reached 68% at 365 nm. The HER co-catalyst Rh-CryO;
and the OER co-catalyst CoOOH are coloaded on the surface by the photocatalytic method as that of Al-SrTiO;
(flux). The AQY of 94% nearly the ultimate quantum yield was achieved at 350 nm and 360 nm.

Chapter 4: Fabrication of SrTiO; doped metal ions utilizing the SrCl, flux as a medium for
photocatalytic water splitting under visible light

Finally, to prepare a visible light-responsive SrTiO; photocatalyst that can be applied to the H,O splitting
reaction, a metal ion-doped SrTiO; was synthesized using the flux method and its photocatalytic properties under
visible light irradiation were examined. The prepared metal ion-doped SrTiO; showed a cubic morphology and
light absorption in visible light. The photocatalytic performances were examined under visible light irradiation (A
> 420 nm) with HER using Pt as a cocatalyst and methanol as a sacrifice, and OER using IrO; as a cocatalyst and
Ag" as sacrificing agents.

Chapter 5: Summary and outlook

In this chapter, the results presented in Chapter 2-4 were summarized, and the application and prospects of
photocatalytic technology for overall H,O splitting to produce H under sunlight irradiation using a photocatalyst
are discussed.
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