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Structural Engineering of Tungsten Trioxide

Photoanode for Photoelectric Conversion
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Recently, photoelectrochemical water splitting using solar energy has drawn considerable
attention due to the importance of using hydrogen as a clean and renewable energy. A major
challenge to the use of photoelectrochemical cells is the low photoanode efficiency. It has
been argued that these low efficiencies are largely due to wide semiconductor bandgaps;
limited light absorption and losses associated with recombination of charge carriers. The goal
of this study is to advance the understanding and development of efficient architecture of
visible-light-responsive material (e.g., WO3) for hydrogen production. To fulfill this objective,
two main strategies were investigated for improving the performance of WO; photoanode:
producing WO photoanodes with inverse opal structure based on 3D-photonic crystal design
and incorporating Au-nanoprism-array onto the surface of WO; photoanodes.

For the preparation of large-area inverse opal materials, incomplete filling of the colloidal
crystal templates by precursors is the main obstacle. In order to produce inverse opal structure
with high quality, a forced impregnation approach is proposed to overcome this obstacle.

High-quality WO; photoanodes with inverse opal structure were prepared successfully
using this forced impregnation approach. The stop-bands of WO; inverse opal photonic
crystals were tuned experimentally by the pore sizes. When the red-edge of stop-band in the
WO; inverse opals overlapped with its eiectronic absorption edge at E, = 2.6 €V, a maximum
of 100 % increase in photocurrent intensity was observed under visible light irradiation in

comparison with a disordered porous WO; photoanode, mainly owing to remarkable
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improvement in the light harvesting near the electronic absorption edge of WQ;. When the
red-edge of stop-band was tuned well within the electronic absorption range of WO,
- noticeable but less amplitude of enhancement in the photocurrent intensity was observed. It
was demonstrated that the WO; inverse opals have selective IPCE (incident
photon-to-electron conversion efficiency) enhancement in the spectral region corresponding
to the locations of their respective stop-band edges at both normal as well as off-normal
incidence of light.

Localized surface plasmon resonance effect was also utilized to improve the
photoelectrochemical performance of WO; photoanodes. A photoelectrode with layer
structure in order of WO; nanocrytalline film and Au-nanoprism-array were fabricated. This
photoelectrode exhibited incorporative optical absorption characteristics, containing the
intrinsic absorption of WO; and plasmonic absorption of Au. The photoelectrochemical
measurement indicated that Au-nanoprism-array substantially enhanced the photocurrent
produced in the WO; film. With the aid of electrochemical impedance spectroscopy, it
revealed that Schottky junctions formed between Au and WO; could facilitate the separation
of photo-generated carriers as well as the interfacial carrier transfer.

" In conclusion, this study has demonstrated that introduction of photonic crystal structure
to construct semiconductors and loading of plasmonic metal nanoparticles on semiconductors
can provide potential and promising approaches to effectively utilize solar energy in
visible-light-responsive photoelectrode. This study has also provided much needed insight
towards understanding the relationship between the material érchitecture‘ and improving the

efficiency for photoelectrochemical water splitting,
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Structural Engineering of Tungsten Trioxide Photoanode

for Photoelectric Conversion
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