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Abstract

Understanding of the reaction hierarchies of lithium—ion batteries (LIBs) over wide temporal and spatial ranges is
essential background knowledge to improve their performance. Because the reactions in LIBs are complicated and
proceed in a non—equilibrium state, the kinetic factors and degradation mechanisms that govern them are not yet
fully characterized. At the interface, the electrochemical potential difference between the electrode and lithium
ions in the electrolyte should be compensated. This causes a potential drop around the interface, forming a space-
charge layer at the electrode side and an electrical double layer at the electrolyte side. This results in anomalous
transport properties at the interface, which differ from bulk properties. Phase transitions in active materials are
accompanied by lithium insertion and extraction. Under real battery operating conditions, the crystal phase
dynamically changes during lithium extraction/insertion. The dynamic phase transition is one of the critical
parameters determining rate capability because the charge-discharge process of LIBs proceeds under non-
equilibrium conditions. To this end, operando measurement techniques have been developed that enable analysis

of the electrode/electrolyte interface of the reaction site and phase transitions of active materials.
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