From Black Powder to Programmable Interfaces: Carbon Catalysts for Electrified Hydrogenation
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Carbon materials have long been treated as inert conductive supports, yet their chemically tunable surfaces, heteroatom defects, and porous architectures can create active electrified interfaces. In this talk, I will discuss how carbon-based catalysts can be transformed into programmable environments for electrochemical and coupled hydrogenation reactions.
Using tailored N-doped porous carbons, we show that carbon can store electrochemically generated hydrogen and transfer it to adsorbed organic substrates, enabling metal-free hydrogenation of activated olefins under aqueous conditions[1]. The same N-rich framework also catalyzes nitrite reduction to ammonia at low overpotentials, while atomically dispersed Cu can unexpectedly poison the most active N-rich motifs, revealing that metal-carbon coupling may be antagonistic rather than cooperative.[2] Conversely, when isolated M-N4 sites are deliberately introduced, they can reprogram chemical and stereochemical selectivity [3].
I will further show that the catalytic interface extends beyond the active solid. Poly(ionic liquid) binders reshape the local microenvironment and electric double layer, strongly enhancing electrochemical hydrogenation activity and Faradaic efficiency[4]. In electrically coupled Pt/TCNQ900 systems, hydrogen activation and substrate reduction can also be spatially separated, leading to migration of the operative reduction locus from metal to carbon[5]. Together, these examples show that carbon-based catalysts should be viewed not as passive powders, but as dynamic electrified interfaces where activity and selectivity emerge from coupled adsorption, charge transfer, proton transport, and local microenvironment effects.
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