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Hematite has been investigated for many decades as a visible light active photoanode for hydrogen generation by solar photo-electrochemical water splitting. In particular, the
role of electron holes and charge transfer remains controversial. We have investigated the oxygen evolution of hematite in alkaline aqueous electrolyte under a bias potential
during visible light illumination in a photo-electrochemical cell operando with soft X-ray (O 1s) spectroscopy. Only under these conditions, two new spectral signatures evolve in
the valence band, which we identify as an O 2p hole transition into the charge transfer band and an Fe 3d type hole into the upper Hubbard band. Quantitative analysis of their
spectral weight and comparison with the photocurrent reveals that both types of holes, contrary to earlier speculations and common perception, contribute to the photocurrent.

Spectro-photoelectrochemical cell for soft x-ray studies O1s NEXAFS states match the Fe,O, energy bands
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t 4+ e hybridized states in the valence band.
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The width w(V) of the depletion layer extends from the semiconductor-electrolyte junction into the bulk of the

SyStem at| C evo | U t| on Of h 0 I e States d u rl 1 g P EC semiconductor, and scales with the square root of the potential V or the Schottky barrier height V-V; and is pinned

by the flat band potential V5z: w(V)~wq,/V — Vgp. The hole state into the CTB shows a square root behavior.
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