
Abstract:  Intercalation chemistry underpins modern rechargeable batteries, but the intricate
interplay among structural stability, ion transport, mechanical integrity, and electrochemical
performance continues to challenge the design of next-generation cathode materials. Thus,
addressing these challenges across relevant time and length scales is essential to the rational
design of materials for both liquid- and solid-state systems. In this talk, I will present our recent
understanding of degradation mechanisms in layered cathode materials utilizing comprehensive
spectroscopic, imaging, and diffraction techniques. I will also discuss ion-exchange pathways and
their consequences for phase evolution and mesoscale heterogeneity across multiple length scales.
Then, I will introduce our ongoing efforts in polyanion-based cathode design for sodium-ion
batteries, which provide new opportunities for cost-effective and sustainable energy storage.
Together, these studies show how mechanism-guided, multiscale design accelerates the
development of durable, high-performance rechargeable batteries.
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