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Abstract: High-performance energy storage, conversion and management are critical to a sustainable future. 
Among various energy technologies, electrochemical energy storage and thermal energy management are of 
special importance. Electrochemical energy storage, such as batteries, is a promising solution to vehicle 
electrification and the utilization of renewable energy. On the other side, thermal energy counts for over 80% of 
primary energy generation and usage. In both areas, fundamental characterizations and designs of materials are 
critical to understanding underlying mechanisms and creating new materials with high performance. In this talk 
I will present three examples in characterizing and designing materials. The first one is to use an emerging 
stimulated Raman scattering microscopy to visualize ion transport in electrolyte and electrode-electrolyte 
interactions. Such studies unveil the strong correlations between ion concentration and lithium dendrite growth. 
They also unveil effectiveness of different methods to passivate lithium dendrite growth in lithium batteries. The 
second example is to design solid electrolyte to enhance both safety and energy density of batteries. The third 
example is to design hierarchical porous materials to realize electricity-free cooling for efficient building energy 
management. Such porous material can reflect >96% of sunlight and emit heat effectively to the cold sky, and 
results in sub-ambient cooling. 
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