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Electronic-structure analyses of electrode materials for rechargeable battery by
operando soft X-ray absorption/emission spectroscopy
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In order to improve the performances of Li-ion-battery electrodes for
applications to automobiles, detailed understandings of the charge-discharge reactions are of particular
importance. In this study, an in situ cell for operando soft X-ray spectroscopy, which can directly
clarify the transition-metal (TM) 3d and oxygen 2p orbitals in the electrode materials, was developed.
The TM L3-edge operando soft X-ray emission spectroscopy measurements were performed for several
electrode materials. For LiMn204, detailed information of the Mn3+ and Mn4+ states was obtained.
Furthermore, a contribution of the O 2p orbital to the redox reaction was revealed.
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