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Energy storage devices, such as Li-ion batteries, are complex multi-component systems that 
incorporate widely dissimilar materials/phases in physical and electrical contact.  The function of 
energy devices involves a range of atomic level phenomenon: electron and charge transport, 
reduction/oxidation of one or more component within the system, generation of defects (point, linear, 
and planar), interaction of transporting ions with the lattice and defects, local chemical composition 
fluctuations, lattice dynamics and stability, nucleation and growth of new phase.  The overall 
performance of an energy storage device is essentially related to the dynamic behavior and response 
of the constituent materials to these atomic level phenomena.   

Energy storage technology towards high capacity, longer cycle life, safer and cheaper operation is 
hardly achievable through little by little improvement of the current available technology; rather, it 
depends critically on innovative new storage concept and discovery of new materials. For a lot of 
cases, contemplation of new concept and discovery of new materials are inspired and verified by 
direct observation of the energy storage device under dynamic operating conditions, typically such as 
in-situ S/TEM imaging or spectroscopic analyzing of structural and chemical evolution of the 
materials during the operation of the battery.   

In this presentation, we will review, in retrospective and perspective, the overall progress of in-situ 
S/TEM study of energy storage materials, especially focusing on the challenges that related to anode, 
cathode, and solid electrolyte interface (SEI) layer for lithium ions battery and beyond, typically such 
as sodium and magnesium ion batteries. In particular, we will describe the development of the liquid 
electrochemical cell that enables operando S/TEM studies of electrode materials under dynamic 
battery operating conditions, intending to correlate the processes of ionic and charge transport, 
structural evolution, phase transformation, and mechanical constraint in energy storage system at 
multiple scales. 
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