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Directing behavior at solid-liquid interfaces: Using solvents and
surfaces to control heterogeneous catalytic reactions

Abstract: .

The ability to use of renewable chemical feedstocks at scale will require heterogeneous /
catalysts optimized for processing volatile, fossil-fuel-derived hydrocarbons to be
adapted to handle non-volatile renewable and recycled organic molecules in the liquid
phase. Solvent effects arising from covalent and non-covalent interactions alter
behaviors at surfaces and especially in porous materials, where interactions are
strongly influenced by partitioning of molecules between the bulk liquid phase and the
surface or pore volume. Nanoscale structuring of solvent molecules near these
surfaces can promote or impede adsorption of molecules near active sites [1,2]. By
probing these effects at a molecular level using operando magic-angle-spinning (MAS)
NMR [3], we explore the origins of solvent-induced activity and selectivity effects in
heterogeneous catalysis. Specifically, organic solvents enhance the sorption of water
and solute molecules in zeolite pores [1]. The effect is amplified in hydrophilic pores

and suppressed in hydrophobic pores [4]. The result can be strongly non-monotonic Susannah Scott
solvent-induced changes in catalytic activity due to selective partitioning.
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