Investigating Fe(III) Photoreduction in Potassium Ferrioxalate Using X-ray Absorption and X-ray Emission Spectroscopy
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ABSTRACT 
Potassium tris(oxalato)ferrate(III), K₃[Fe(C₂O₄)₃]·3H₂O, undergoes Fe(III) → Fe(II) reduction upon light irradiation. Here, we investigate this photoreduction in the solid state using complementary Fe K-edge X-ray absorption spectroscopy (XAS) and Fe Kβ X-ray emission spectroscopy (XES).
Measurements were performed using a laboratory-based high-energy-resolution von Hámos spectrometer with a Si(531) analyzer. The sample was continuously irradiated with a 405 nm CW laser, while XAS and XES spectra were collected at different irradiation times.
The Fe K-edge XAS spectra show a progressive transformation consistent with Fe(III) → Fe(II) reduction. First-order analysis gives characteristic time constants of τ = 16.9 min for the edge-energy shift and τ = 6.8 min for the normalized white-line area, revealing different timescales for the observed electronic and structural responses.
The Fe Kβ XES spectra independently confirm the photoreduction. The spectral centroid shifts by approximately −1.25 eV between 0 and 100 min, with most of the change occurring within the first 10 min. The Integrated Absolute Difference (IAD) increases from 0.277 at 10 min to 0.303 at 100 min, indicating that the Fe electronic structure rapidly approaches a stable photoreduced state. Changes in the valence-to-core region further reveal modifications of the Fe–O electronic environment.
The combined XAS and XES measurements demonstrate a persistent Fe(III) → Fe(II) transformation and reveal a rapid initial electronic reorganization followed by stabilization. These results provide complementary insight into the evolution of the Fe electronic and local structural environment during ferrioxalate photoreduction.
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