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Immobilization of active site moicties on heterogeneous catalyst surfaces, although enabling their use in
large-scale industrial applications, almost invariably results in a distribution of active site speciation. Metal-
organic framework materials (MOFSs) - crystalline porous networks formed through the interconnection of
inorganic nodes and organic linkers - enable, in principle, the replication of organometallic catalyst
coordination environment over the entirety of the active site pool of a heterogeneous catalyst surface. In
this talk, I will present methods for understanding whether such replication is achievable (with a high degree
of fidelity) in practice, and how one can meaningfully test the prevalence of active site uniformity in MOF
materials.

Using carbon monoxide oxidation with nitrous oxide as a probe reaction, I will describe how the
spectroscopic, adsorptive, and catalytic characterization of MIL-100(Fe) - a prototypical MOF material
carrying trinuclear oxo nodes - can be reconciled with a picture of a heterogeneous catalyst exhibiting a
high degree of homogeneity in active site speciation. Crucially, these investigations unravel second sphere
coordination effects in which ligands peripheral to the primary coordination sphere of an active center alter
free energies of catalytically relevant intermediates and transition states. The study advances the limits of
definition in redox catalysis over multi-metal oxo clusters, and provides a template for the design of highly
selective catalysts for industrially relevant partial oxidation reactions.
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