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To develop efficient metal/oxide catalysts for converting CO2 to methanol and other C2+ products, we need to know the catalysis on the catalyst surface well and improve catalyst stability and methanol production at high temperatures (above 300 °C). In the first part of the seminar, I discuss the structural dependence of catalytic performance in supported Cu catalysts during CO2 hydrogenation. Regulating metal-support interactions, often influenced by the redox characteristics of the metal oxide supports, can significantly enhance catalytic efficiency. I demonstrate the presence of enhanced strong metal-support interaction (SMSI) and electronic metal-support interaction (EMSI) in Cu/TiO2, Cu/ZrO2, and Cu/ZnO after introducing oxygen vacancies (Ov) into the supports. which is evidenced by the increased Cu encapsulation by oxide overlayers and electron transfer from defective supports to Cu. 
In the second part, I present a surface structure optimization approach for ZnZrOx solid solution catalysts, achieved through the thermal treatment of a ZnZr hydroxide precursor in a reducing atmosphere (H2/Ar). By generating more Ov sites or surface Zn-Ov-Zr active sites, these catalysts exhibited significantly improved methanol production at high temperatures, contrasting with CO production. Detailed characterizations, including HAADF-STEM-EDS, XPS, EPR, and XANES, were employed to determine the structure-function relationship. In situ FTIR studies revealed that the reverse water-gas shift (RWGS) reaction was suppressed, directing the reaction along the formate pathway over the surface-engineered catalysts. DFT calculations indicate that this optimized structure enhances the synergistic effect between active sites and Ov, improving the activation of CO2 and H2, and accelerating the conversion of formate species to methanol.
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