Atomic Precision as a Path Towards Precious Metal-Free Catalysts

The transition toward a secure energy economy is fundamentally limited by our
dependence on critical, scarce metals, driving an urgent need for the development
of catalysts composed of earth-abundant elements. Multinary metal chalcogenides
offer a rich, tunable design landscape for replacing these precious materials, but
their cooperative, multi-center active sites are dififcult to isolate and study directly
on extended surfaces. In this talk, | will describe the use of atomically precise
molecular clusters as a model platform to resolve these active-site mechanics. By
leveraging the structural clarity and rigorous physical and kinetic control possible in
these discrete systems, we demonstrate how complex reaction pathways can be
deconvoluted to establish clear structure-function relationships, moving the needle
from empirical trial-and-error toward rationally guided catalyst discovery. In
addition, | will show how well-defined supramolecular interactions offer a
secondary handle to systematically tune cluster electronic structure and reactivity
of these clusters. Overall, these studies highlight how atomic precision can guide
the rational design of functional materials tailored for multi-electron energy
conversion reactions.
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