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Study of the synthesis of copper delafossites for photoelectrochemical CO2 conversion
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Escalating levels of greenhouse gas emissions call for urgent measures that must be taken to mitigate the negative effects of climate change. An effective approach is to convert harmful CO2 from the atmosphere into valuable chemical building blocks. By combining renewable energy and visible light in a process called photoelectrochemistry, CO2 can be converted in an efficient way. To achieve the required results, stable photocathodes with the right characteristics are needed, made out of earth-abundant, non-toxic and cheap materials. This study focuses on the synthesis and characterization of copper delafossite materials, given copper's proven activity as a reaction site for CO2 conversion.1 Delafossites are ternary oxides with general formula ABO2, consisting of  a monovalent metal cation (A) and a trivalent metal cation (B).2,3 Their unique crystal structure features alternating layers of A cations and B-O6 octahedra, giving rise to two potential polytypes (2H or 3R) based on layer orientation. Due to this intrinsic structure, the Cu(I) ion is more stabilized. However,  high temperature synthesis remains necessary to produce the metastable delafossite phase and to increase the stability of Cu(I) over Cu(II). 
A suitable delafossite for photoelectrochemical CO2 reduction is CuFeO2, owing to its stability, conductivity and a bandgap of 1.5 eV to absorb a large portion of the solar spectrum.4 Therefore, as a first part in this study, the synthesis and materials properties of the CuFeO2 delafossite were investigated. A hydrothermal synthesis route5 was optimized to obtain the delafossite at a lower temperature, utilizing non-stoichiometric ratios of Cu2+ and Fe2+. XRD, Raman mapping and SEM-EDX were employed to study the delafossite phase, potential side phases, surface and composition. UV-vis analysis was conducted to determine the bandgap, representing a preliminary step towards CO2 reduction. Additionally, an aqueous solution-gel method was developed, allowing for the controlled synthesis of CuFeO2 using stoichiometric combinations of aqueous metal citrate precursors (Cu2+, Fe3+), followed by a series of thermal treatments. The produced delafossite phase was also confirmed by XRD. Raman mapping, SEM-EDX and UV-vis analysis were again used to further characterize the CuFeO2. Compared to the hydrothermal approach, this alternative synthesis method offers increased control, flexibility, and the potential to substitute the B cation with another trivalent metal to produce other copper delafossites.
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