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Abstract:

Several crucial frontiers of energy conversion chemistry demand a detailed mechanistic understanding of reactions that exceed simple electron transfer in their complexity. Firstly, in biological and artificial constructs, electron transport is frequently controlled by proton motion in proton-coupled electron transfer (PCET) reactions. Moreover, the water-oxidation and oxygen-reduction reactions at the heart of nature's energy conversion apparatus are inherently PCET reactions on account of the O-H bond-breaking and -making steps that accompany the metal-centered redox chemistry. Finally, the oxygen bond forming reaction that predicates water splitting requires the transfer of an oxygen atom and two electrons. We have developed a number of well-defined molecular model systems that capture PCET and oxygen-atom transfer reactivity. We have applied time-resolved laser spectroscopy to trigger photo-induced reactions and probe the ensuing reaction intermediates and kinetics, thus enabling us to derive mechanistic insight into reactions beyond electron transfer.
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