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Hydrogen is one of the most promising green energy carriers. H2 can be produced without greenhouse gas emission via renewable energy-fueled electrolysis [1]. Solar energy stands out as the most abundant renewable energy source on Earth, and can be exploited to fuel electrolysis through a photovoltaic panel. However, a direct solar-to-chemical energy
conversion is an attractive possibility, allowing device simplification and limiting intermediate losses [2]. This can be accomplished in photoelectrochemical (PEC) cells, where the e-/h+ pairs formed upon light absorption on the photoelectrode are injected into the electrolyte, promoting water redox reactions. Despite their currently low STH conversion efficiency, PEC cells represent a young technology with substantial room for development. Most of the efforts are currently focusing on the oxygen evolution reaction (OER) catalysis, which, due to its complex four-step electron transfer mechanism, is commonly regarded as the bottleneck of
electrochemical technologies [3]. Maghemite (γ-Fe2O3), is a promising, cost-effective photoanode material in this matter, given its optimal band gap (2 - 2.2 eV). Despite being less known than its polymorph hematite, the cubic spinel phase offers a higher conductivity and a versatile structure that allows dual-site catalytic activity and a more facile and stable adjustment of composition by doping. However, PEC performance tuning via doping passes through the understanding of the photocatalytic mechanism under operando conditions. In this matter, a special importance must be assigned to the catalyst/electrolyte interface, where reactant intermediates form. 
To this end, at the SAMBA beamline we developed an electrochemical cell to perform operando XAS compatible with samples on X-ray opaque supports, since the sample is probed from the electrolyte side [4]. Compared to other cells working with similar geometry, ours allows for the collection of high-quality XAS data in fluorescence mode even at a lower energy range (down to the Ti K-edge). Moreover, to unravel the tiny surface-bound electronic effects resulting from reactant intermediates formation, a setup was developed to perform Fixed Energy X-Ray absorption under chopped light illumination (FEXRAP). Combining operando XAS investigations with conventional electrochemical and electronic analysis, we will describe the photoanodic performances and relative catalytic mechanism of Ni-doped γ-Fe2O3 films (111) epitaxially grown on Pt (001) single crystal. We will show how Ni ions modify the material local structure and electronic configuration, and how such modulations impact the photoanodic performances for solar OER as a function of the Ni concentration. 
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