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Abstract

Developing new materials is essential for the advancement of clean energy technologies. Given the 

vast parameter space involved in materials design, which includes chemical composition, shape, 

size, and structure, approaches are needed to rapidly optimize all parameters in polyelemental 

materials for desired properties. My research addresses this challenge by utilizing a systematic 

method that combines solid-state synthesis, nanolithography, and computational simulations. This 

method has enabled us to generate large and high-quality datasets that can train artificial 

intelligence and machine learning algorithms to predict novel materials, which accelerates our 

exploration of the materials universe - the “Matterverse.” Based on this high-throughput 

methodology, we have not only uncovered the design rules of nanomaterials with unusual shapes 

but also identified promising candidates for a range of clean energy applications, such as the 

electrooxidation of liquid fuels and the electroreduction of CO₂. These innovative approaches are 

setting a new pace in the discovery of novel materials and their structure/function correlations.
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