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Abstract:

Triplet state reactivity has found extensive applications in chemical
synthesis, unlocking novel modes of reactivity inaccessible to closed-shell
molecules in their ground singlet state. While traditionally UV light has
been the primary means of harnessing triplet-state chemistry,
developments in modern visible light photocatalysts have reinvigorated
interest in this field. Here, we demonstrate how theory can offer deeper
understanding of the fundamental processes governing reactivity through
mechanistic analysis. A dynamics-based theoretical framework is
introduced that moves beyond the prevailing thermodynamic picture of
triplet energy predictions, revealing the role of molecular motion in
governing reactivity. We then show how machine learning strategies may
leverage these ideas to enable rapid prediction and interpretable chemical
insight, opening new avenues for the rational design of triplet-state
synthetic systems amenable to visible light sensitisation.
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