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Investigating Electrode-Electrolyte Interfacial Chemistry and Electrode and Electrolyte Aging Behaviors 
Using In-situ Multi-modal Characterization Techniques 
 
The improvements in electrochemical energy storage with next-generation materials are currently offset 
by their rapid degradation due to the unstable electrode-electrolyte interphases (EEIs) and the 
undesirable (electro)chemical reactions at electrode surface.1,2  Understanding the formation and 
evolution of the EEIs, as well as the complex reactions taking place in each phase is essential to the 
development of mitigation strategies enabling longer battery life with better safety.  In this 
presentation, I will discuss our recently developed in-situ multi-modal characterization techniques for a 
better understanding of the critical mechanisms occurring near the electrode surfaces by monitoring the 
EEIs “in real-time” during cell cycling.3,4  For example, with in-situ ATR-FTIR and in-situ gas 
chromatography with flame ionization detection, we have investigated the voltage dependent 
electrolyte solution structure changes and gas evolution at the interface, electrode changes correlated 
to transition metal redox chemistry, and the interfacial layer formation and evolution for higher Ni-
content cathodes.  In-situ Raman was also utilized to study spatial and time-resolved aging behaviors of 
silicon-based electrodes.  Those newly developed techniques are applicable to other battery systems 
and the EEI contained within. 
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