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This thesis is written in the research of lithium-ion batteries with laser spectroscopic techniques such
as micro-Raman spectroscopy as well as near-field optical microscopies.

Local crystalline structures of LiCoO, film cathodes in a lithium ion battery have been
spectroscopically elucidated through confocal Raman imaging analysis at high spatial resolution of several
hundred nanometers. A significant difference in the crystalline structure was found between the thin films
and bulk powders. Thermally induced local decomposition of LiCoO; into an impurity phase on the films
were also revealed along with the mechanism of the temperature-triggered decomposition process.
Moreover, frequency-based Raman imaging enabled us to locally probe spatial separation between
stoichiometric (LiCoO,) and non-stoichiometric (Li;xCo0O,, 0 < x < 1) crystal phases on the thin films. In
ex-situ Raman imaging analysis on cathode surfaces, not only local phase transition from LiCoO, to C040;
but also the inhomogeneous distribution of lithium-ion deficieny were clarified. With increasing the
number of cycling, inhomogeneous lithium-ions de-intercalation was also observed as the frequency
histogram shift to low wavenumber. We conclude that the local changes resulted in the charge-discharge
capacity fade.

Nanoscale analysis of the local lithium-ion concentration and the crystal structure in lithium-ion
battery cathode materials is essential for achieving high-performance batteries. We developed near-field
optical techniques to visualize the lithium-ion distribution as well as the crystal structure in a lithium-ion
battery cathode on a nanometer scale. Using these techniques, the influence of electrical operations to the
cathode material was elucidated.

These studies would contribute to the innovative battery development and the performance

improvement by elucidating the battery reaction at nanoscale.
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