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1. Introduction

Understanding of role of transition metals that are involved in the cathode materials of
Li-ion batteries is a key to design better Li-ion batteries, because 3d electrons of transition
metals primary contribute to the redox reaction of the battery, and thus structural changes
around each transition metal strongly affects stability of the cathode.

X-ray absorption fine structure (XAFS) spectroscopy at transition metal K-edge of
cathodes is often used to analyze the redox-reaction (valence state of the transition metal
components) of the cathode. In some cases, however, the interpretation of the XANES
spectra (the chemical shift) is not straightforward, and we cannot discuss the valence states.
[1] On the other hand, L-edge absorption spectra are more suitable to monitor the
redox-reaction, because that arose transitions from 1s core levels to 3d bands that directly
correlate with the charge compensation and oxidation during battery reactions.

Here, we report the results of L-edge absorption spectroscopy for LiNiy3C01/3Mny30;
(NCM), especially focusing of the role of cobalt. Although NMC was developed as a better
cathode than LiCoO,, the role of Co is unclear: the valence change is not unclear from
K-edge XANES spectra and local structure of Co seems to be unchanged during the

charge-discharge processes. (Figs. 1(a) and T T T
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Fig. 2 The experimental Co L-edge XANES spectra.
We further confirmed such behavior
by first-principles electronic structure calculations of Li-de intercalated NMCs. Then
valence changes were calculated using WIEN2K Atom in Molecules (AIM) program. The

calculations were carried out after geometry optimization using VASP code.

As shown in Table 1, the valence of Mn Table 1 Integrating valence electron density
was not change. The valence of Ni T.M. x=1.00 x = 0.67 x =0.33
changed about 0.2, while the valence of Co  Ni 1.54 1.65(+0.11)  1.75(+0.21)
changes slightly at low Li concentration. Co 1.68 1.73(+0.05)  1.17(+0.08)
This implies the oxidation of Co was Mn 2.25 2.25 2.25

occurred only at high potential regions [2].

References
[1] H. Imai, K. Kubobuchi, M. Mogi, M. Matsumoto, M. Nishijima, T. Yamamoto, T.
Matsumoto, and Y. Nitta, “Combined in situ x-ray absorption spectroscopy and
first-principle calculation studies on local structural and electronic structural alternations of
LiNiy3Coy3Mny30,”.  222th Electrochemical Society Meeting, Honolulu, Hawaii October
7-12, 2012.
[2] Won-Sub Yoon and Kwang-Bum Kim, J. Phys. Chem. B 2002, 106, 2526-2532



