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Abstract: There has been increasing interest in achieving a sustainable future
with fuels, chemicals and materials obtained from renewable sources.
Sustainable materials and energy production requires efficient catalytic
processes. Rational design and development of robust catalysts for such
processes remains a key challenge. Despite extensive efforts in this research area,
new innovations in effective catalytic design at nanoscale levels are limited. This
talk covers examples of how robust catalytic interface can be precisely tailored
at nanoscale dimensions to achieve an improved performance in green energy
power source-fuel cells and in catalytic valorization of renewable biomass-
derived molecules. The first section illustrates: (1) intermetallic nanostructures
with ordered atomic arrangements can stabilize base metals under the aggressive
condition of fuel cells; (2) hard-magnet intermetallic nanostructure interfaced
with atomically thin Pt overlayers that exhibit extraordinary fuel cell
performance; (3) identification of a structural descriptor to guide high-throughput
screening and discovery of high-performance catalysts for fuel cells. The second
and third sections detailing oxidative valorization of biomass-derived molecules
outlines: (1) the discovery and investigation of a Pt-based ternary nanoscale
interface that steers the favorable reaction pathway for efficient electrocatalytic
utilization of biomass-derived liquid fuels; (2) interfacing Pt with Au at
nanoscale dimensions to suppress the oxidation/dissolution of Pt during
thermocatalytic oxidation of glucose to achieve high yields to value-added
products and long-term stability.
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