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Elucidation of Reaction Mechanism of Silicon Negative-Electrodes for Lithium-lon
Batteries by In-Situ Raman Spectroscopy
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Silicon (Si) is an attractive material for use as a negative electrode in
next-generation LIBs due to its high theoretical capacity compared to that of graphite, which is
used currently. In this study, a reaction mechanism of Si is elucidated using Raman spectroscopy.
Crystalline Si (c-Si) has a triply degenerated Raman active mode at 520 cm-1. c-Si transforms into
amorphous Si (a-Si) after charge-discharge cycles, and a-Si shows Raman peak at 490 cm-1. Utilizing
this phenomena, a distribution of lithiation-delithiation reaction with Si was investigated. In
organic electrolytes, c-Si that has not reacted with Li was unevenly distributed on the electrode;
Li storage into the Si electrode proceeded locally in limited area. In ionic liquid electrolytes, on

the other hand, the domain of a-Si was homogeneously distributed on the surface, which indicates
that Li ion was uniformly stored into the entire Si electrode surface. There results were
quantitatively confirmed at large area.
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