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At the core of the pursuit of energy and environmental sustainability is the management of carbon and
nitrogen cycles to provide high-value carbon-based fuels and nitrogen-based chemicals through new
catalytic processes with high efficiency and minimized environmental impact. Fortunately, the rapid
growth of renewable electricity (e.g., solar-, wind-, hydro-electricity) and the development of advanced
materials have offered an unprecedented opportunity to advance the clean and sustainable production of
chemicals and fuels. For example, electrochemical reactions, driven by solar/wind electricity, allow the
conversion of CO2, No, nitrite, and nitrate, into chemicals and fuels. However, the costs and efficiencies of
these reaction schemes have to be substantially improved before the large-scale implementation, which is
to a large extent dependent on the understanding and thus optimization of catalysts in these schemes.
Nevertheless, the structural complexity of heterogeneous catalysts makes the design rule elusive, limiting
our capability of developing high-performance catalysts. Well-defined, atomically precise materials allow
us to bridge the knowledge gap between conventional single-crystal bulk materials and powder catalysts to
achieve new understandings of structure-catalytic property relationships. In this talk, I will highlight our
recent progress of developing well-defined catalysts for sustainable chemistry with a specific focus on
electrochemical CO2 conversion and nitrate reduction.
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