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Abstract: Heterogeneous catalysis underpins a wide variety of industrial applications, including energy production,
pollution control, and chemical manufacturing. However, traditional catalyst discovery, driven by empirical intuition
and trial-and-error experimentation, struggles to efficiently explore the vast parameter space. Meanwhile, escalating
global challenges such as extreme weather events, waste accumulation, and rising energy demands underscore
the urgent need for innovative technologies that transform our society toward a sustainable economy. In this talk,
we present an artificial intelligence (Al) framework that redefines our strategic thinking of catalytic processes at
complex interfaces. Specifically, we integrate deep learning algorithms with domain knowledge for mechanistically
interpretable materials design and optimization. We demonstrate this approach with sustainable carbon, nitrogen,
oxygen, and hydrogen cycles, particularly focusing on ammonia electrooxidation for fuel cells, water oxidation for
clean hydrogen, and nitrate electrolysis for green ammonia synthesis. We will discuss the emerging paradigm of
agentic science, where Al agents (semi-)autonomously explore and learn, unlocking new pathways to address
society’s most pressing challenges.

Bio: Hongliang Xin is Professor of Chemical Engineering at Virginia Tech, where he has been a faculty member
since 2014. His research focuses on developing an explainable artificial intelligence (Al) platform for catalysis
science. Xin received his Ph.D. in Chemical Engineering from the University of Michigan and completed
postdoctoral research at Stanford/SLAC. He is a recipient of the 2019 NSF CAREER Award and has been
recognized as an Emerging Investigator by Journal of Materials Chemistry A and as an Influential Researcher by
ACS Industrial &amp; Engineering Chemistry Research. He serves on the Editorial Board of Chem Catalysis and
has contributed to the field through editorial leadership, including guest-editing special issues for the Journal of
Catalysis and the Journal of Chemical Physics on data science for catalysis. He is Communications Director of
the North American Catalysis Society (NACS). He initiated and co-chaired the 2024 Al for Multidisciplinary
Exploration and Discovery (AIMED) Workshop on Heterogeneous Catalysis. He also served as Scientific Co-
Chair of the 2025 North American Catalysis Society Meeting (NAM29) in Atlanta and is Co-Chair of the inaugural
2026 Gordon Research Conference on Al for Materials, Energy, and Chemical Sciences (AIMECS).
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