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Abstract

The electrochemical performance of batteries is intrinsically governed by the structural dynamics of their
constituent materials. Establishing a precise correlation between structure and function is therefore paramount
for advancing battery technology. This endeavor, however, is significantly challenged by the difficulty in
characterizing lithium-containing materials, as the light Li element is weak in scattering X-rays. To overcome
this limitation, combined neutron-based and X-ray-based techniques emerge as powerful, complementary
probes. This talk showcases a suite of such advanced characterization methods: Neutron Depth Profiling
(NDP) for mapping the spatial distribution and diffusion of lithium in materials; Neutron Powder Diffraction
(NPD) for precise analysis of bulk crystal structure evolution in cathode materials; and Small-Angle Neutron
Scattering (SANS) combined with Small-/Wide-Angle X-ray Scattering (SAXS/WAXS) to probe solvation
structures of liquid electrolytes. The synergistic application of these techniques provides a comprehensive,
multi-scale perspective, bridging the critical knowledge gap between material degradation and performance
fade in lithium batteries.
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