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Fig. 1 (Color online) The relationship between the DAFS method
and the XAFS method. The DAFS method provides the site-
selective absorption spectrum thanks to the contribution
differences from different crystallographic sites to the diffrac-
tion intensity.
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Fig. 2 (Color online) The optics of BL28XU at SPring-8 for the P-DAFS measurements. Upper left shows the beam
profiles on the sample position at the photon energies of Fe, Co and Ni K absorption edges.
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Fig. 3 (a) The DAFS spectrum of the Ni metal foil at Ni K—edge.

(b) The XAFS spectrum (black solid line) acquired from the
DAFS spectrum by the LDR analysis, and those from the
direct absorption measurement (blue broken line).
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Fig. 4 (Color online) Crystalline structure of layered rock-salt
Li; —xNi; 0.
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Fig. 5 (a) Site-selective XANES spectra of (a) Ni at Ni site (Niy;)
and (b) Ni at Li site (Ni;) obtained from the DAFS meas-
urements. (c) The XANES spectrum of NiO acquired by the
direct absorption measurement for the comparison purpose.
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Abstract A powder diffraction anomalous fine structure (P-DAFS) method is developed both in analytical
and experimental techniques and applied to cathode materials for lithium ion batteries. The DAFS
method, which is an absorption spectroscopic technique through a scattering measurement, ena-
bles us to analyze the chemical states and the local structures of a certain element at different
sites, thanks to the nature of x-ray diffraction, where the contributions from each site are different
at each diffraction. Electrode materials for rechargeable batteries frequently exhibit the inter-
change between Li and a transition metal, which is known as the cation mixing phenomena. This
cation mixing significantly affects the whole electrode properties; therefore, the site-distinguished
understanding of the roles of the transition metal is essential for further material design by con-
trolling and positively utilizing this cation mixing phenomenon. However, the developments of the
P-DAFS method are required for the applications to the practical materials such as the electrode
materials. In the present study, a direct analysis technique to extract the absorption spectrum
from the scattering without using the conventional iterative calculations, fast and accurate meas-
urement techniques of the P-DAFS method, and applications to a typical electrode material of
Li; —xNi;+x0,, which exhibits the significant cation mixing, are described.
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