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Understanding chemical changes occurring at the electrode/electrolyte interface during photoelectrochemical operation remains challenging. To address this issue, an original in-situ Raman photoelectrochemical approach was developed and applied to a TiO2/Prussian Blue (PB) photoanode.
A dedicated photoelectrochemical cell equipped with an optical window enabled simultaneous electrode polarization, UV illumination, and Raman spectrum acquisition. The TiO2/PB assembly was selected as a model system because oxidation of electrochemically reduced Prussian Blue (Everitt’s salt) is possible only under photoexcitation of the semiconductor. Changes in the cyanide stretching region of Raman spectra were used to identify individual iron hexacyanoferrate forms and to follow their transformations in real time.
The measurements demonstrated that Everitt’s salt remains stable during anodic polarization in the dark, whereas UV illumination induces its photoelectrochemical oxidation to Prussian Blue. Time-resolved Raman experiments allowed direct observation of reaction kinetics and revealed the influence of electrode composition and catalyst loading on the transformation rate. The study also identified limitations associated with photoexcitation induced by the Raman laser itself when highly photoactive nanostructured TiO2 electrodes are investigated.
The presented methodology provides a new tool for studies of photoelectrodes under operating conditions and can be extended to more complex photoelectrochemical systems used in solar energy conversion and storage.
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