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Fig. 1 (Color online) Configuration of a lithium ion secondary bat-
tery.

Table 1 Experimental methods for analyzing transport of Li ions
and electrons.
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Fig. 3 (Color online) Experimental Mn K-edge XANES spectra.
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Fig. 4 (Color online) Calculated Mn K-edge XANES spectra.

Table 2 Number of electrons estimated by spherical integration of
electron density.
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Fig. 5 (Color online) Experimental Mn L, ;-edge XANES spectra.
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Fig. 6 (Color online) Calculated Mn L, ;-edge XANES spectra.
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Fig. 7 (Color online) Experimental O K-edge XANES spectra.
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Fig. 8 (Color online) Calculated O K-edge XANES spectra.
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(Color online) Mn K-edge XANES spectrum simulations of
each orientation.

Fig. 10 Electron density distribution.
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Charge mechanism analysis of lithium ion
secondary battery: X-ray absorption
spectroscopy and first-principles calculations

Kei KUBOBUCHI NISSAN ARC Ltd., 1 Natsushima, Yokosuka 237-0061, Japan
Hideto IMAI NISSAN ARC Ltd., 1 Natsushima, Yokosuka 237-0061, Japan

Abstract Redox reaction behaviors of a lithium ion secondary battery were investigated by K-edge in-situ
XANES and L-edge XANES measurements combined with ab initio XANES simulation. During the
charge process, the shape of K-edge XANES spectra was found to change, suggesting contribu-
tion of Mn 3d electron to charge and discharge. The detailed analysis based on first-principles
electronic structure calculation and ab initio XANES simulation, however, indicated that valence
change of Mn is little and rather O largely contribute to the reaction.
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