Capturing Water Oxidation Intermediates of Hematite Photoanodes using Coupled Infrared Element via Operando ATR-FTIR Spectroscopy
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Attenuated total reflectance Fourier-transform infrared (ATR-FTIR) spectroscopy is a promising technique in probing oxygen evolution reaction (OER) intermediates in photo-electrochemical water splitting, due to its intrinsic surface sensitivity. Oxygen-related vibrational modes of metal oxides (α-Fe2O3) usually lie within the fingerprint regime of the water infrared spectrum, i.e. 800-1500 cm-1 1,2,3. Hence, an infrared element is needed that is transparent at a wide range of wavenumber, such as ZnSe. In addition, OER intermediates form in low concentrations, necessitating the use of multibounce configurations to achieve sufficient signal-to-noise ratio4. While direct deposition of functional films onto ZnSe offers a simple and straightforward approach, adhesion is usually critical3 , films cannot be annealed at high temperature, and removal of these films by mechanical polishing poses safety concerns due to hazardous ZnSe particles being removed4. The approach with FTO glass as described by Zandi and Hamann suffers from reproducibility issues1.

In this study, we present a stable, robust, cost-effective, and easily assembled design by coupling multibounce ZnSe with Si using an intermediate coupling medium. We investigated the influence of the refractive index of the coupling medium and of its thickness on the resulting infrared absorption spectra by experiments and optical modeling. Lastly, we deposited hematite thin films onto the Si surface, and we performed operando spectroscopy to test the design in real system. The peak at 950 cm-1 is related to OER intermediates. Our approach shows a promising routine method for analyzing photocatalyst interfaces in PEC systems.
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