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Abstract

In the current talk we will use two examples to demonstrate the importance of using fundamental studies to
identify and design catalysts and electrocatalysts. Our research approaches involve parallel efforts in density
functional theory (DFT) calculations, surface science experiments on model systems, and synthesis and
evaluation of supported catalysts under thermochemical or electrochemical conditions. We will first use water
electrolysis to demonstrate the feasibility of using one atomic layer (monolayer) Pt on transition metal carbides
(TMCQ) to achieve the same activity as bulk Pt. We will present DFT calculations of similar electronic and
chemical properties between monolayer Pt/TMC and Pt, synthesis and characterization of monolayer Pt/TMC
films, and electrochemical evaluation of the activity and stability of Pt/TMC for water electrolysis. Compared to
the state-of-the-art Pt electrocatalyst, monolayer Pt/TMC catalysts represent a significant reduction in Pt
loading for water electrolysis.

We will then use the conversion of biomass-derived oxygenates as an example to illustrate the advantages of
bimetallic catalysts, which often show unique activity and selectivity over the corresponding parent metals
due to the electronic modification and strain effect. We will present our results on the characterization of Ni/Pt
bimetallic model surfaces and supported catalysts under in-situ reaction conditions, further highlighting the
importance of using the combined approaches of DFT calculations, surface science experiments, and reactor
evaluation for catalyst discovery.
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