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Abstract:

To better understand why enzymes are able to perform redox reactions at mild reaction conditions and heterogeneous solid oxide catalysts require elevated reaction temperatures for oxidation reactions, the mechanisms and kinetics of methanol oxidation by bioinorganic enzyme mimics and heterogeneous solid oxide catalysts were compared at the molecular level both experimentally and theoretically. The experimental studies employed time-resolved in situ spectroscopy to monitor the molecular chemical transformations of the enzyme mimic and solid oxide catalysts as well as the methanol reactant and reaction intermediates. Both reactions proceed via the same V-OCH3 intermediate. The origin of the difference in reactivity between bioinorganic enzymes and solid oxide catalysts is related to the highly reactive peroxo VO2 sites only present in bioinorganic enzymes and not present in heterogeneous solid oxide catalysts under high temperature reaction conditions. The DFT calculated normal vibrational modes and reaction steps are in line with the experimental findings. This study bridges the gap between heterogeneous solid oxide catalysts and protein-based vanadate enzymes for methanol oxidation as well as other oxidation reactions.
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