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Abstract:
Advances in sustainable energy conversion and storage rely on the discovery of new materials, whose 
properties are quite likely to be dependent upon their surface and lattice structures at the atomic level. From 
the perspective of application, understanding the influence of these structural features and developing new 
manufacturing strategies to achieve delicate control over them will be essential. In this seminar, I will first 
talk about our manufacturing efforts towards heterogeneous catalysts development. Specifically, we 
pioneered a strategy to stabilize nanocatalyst surface atoms in a highly low- coordinated environment, 
which significantly increases the catalytic activity of the surface. Unlike conventional methods, this scalable 
strategy gets rid of catalyst-poisoning ligands during the nanocatalyst manufacturing and can be utilized to 
recycle waste catalysts that are not in industrially useful forms. A new surface-regulation mechanism has 
been proposed, allowing for further extension of the synthetic capabilities of this strategy to include a library 
of multielemental nanocatalysts with low cost and high performance. The second part of my talk will focus 
on introducing a lattice vacancy-based design strategy for Li-excess cation-disordered rocksalt oxide 
materials, which have recently shown great promise for creating cathodes with better performance than 
commercial layered cathodes while using earth-abundant elements (e.g., Mn and Ti). Specifically, by using 
Mn-based disordered cathodes as a demonstration, we show that introducing lattice-vacancies during the 
manufacturing process can help optimize the cation distribution within the disordered cathodes for Li-ion 
transport and thus improve the rate performance of the battery while maintaining optimal cycling stability. 
Computational simulations have been employed to further rationalize the influence of these lattice 
vacancies, providing important insights for the future design of non-stoichiometric cathode materials.
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