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Valence identification by XAFS measurement for epitaxial thin films of

ternary NMC lithium-ion battery cathode materials
with compositionally uniform and graded structures
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To reduce cobalt usage in LiCoO: cathode materials for lithium-ion batteries, research on
LiNi:/sMni/3C01/302 (NMC) has been advancing. This study created compositionally uniform and gradient
NMC thin films using single crystal epitaxial films and analyzed their valence states through X-ray
absorption fine structure measurements. In the compositionally-gradient film, Mn maintained a constant
Mn** state throughout the film interior, while Ni shifted to higher valence and Co to lower valence, creating
an electronic state gradient. The compositionally-gradient film demonstrated superior cycling performance
under high-rate charge-discharge conditions compared to the uniform composition film. This unique
electronic state distribution likely contributes to the excellent chemical stability mechanism.
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Fig.2 XANES spectra of Ni, Mn, Co L-edge
(Upper: PEY mode, Bottom: PFY mode).
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