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In order to achieve an unassisted water splitting for a single photoanode

PEC device, Fel.5A10.503 was studied. It is said that Fermi level pinning will happen when
mid-bandgap energy states resulting from both oxygen vacancies and crystalline disorder that can
trap holes at the surface exist. This may be one explanation for our result. But a more likely
explanation is a limitation for Fermi level shift in Fe203-based material. The polaron state level
for Fe3+ reduction to Fe2+ will trap photogenerated electrons in 2 ps , which is much faster than
free electron transport or transfer. So the upper limit of fermi level or quasi-Fermi level
generated by illumination is this polaron state level. To over come this limitation, we need add a
non-polaron electronic transport mechanism into our Al-substituted hematite, so that the quasi-Fermi

level can shift over polaron state and hydrogen redox potential. Finally, the unassisted PEC water
splitting is achieved.
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