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C02 is a greenhouse gas that adversely affects climate change and ocean
acidification; as a C02 recycling technology, methanol synthesis by C02 hydrogenation is attracting
attention, and zirconia-based catalysts in particular show high activity and selectivity. In this
study, we investigated the CO2 hydrogenation reaction using zirconia-based catalysts from both
molecular science and experimental approaches using first-principles DFT calculations, with the aim
of developing high-performance catalysts. Specifically, the adsorption energy and reaction mechanism

were analyzed considering the effects of hydroxy groups, amorphous nature, and metal clusters on
the catalyst surface; in the ZnZrOx solid solution catalyst, Zn species were found to decompose H2
and Zr species to activate C02, while Cu nanoparticle formation and InZrOx catalyzed methane
byproduct reactions were also elucidated.
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