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Fig. 1 Principles of X-ray absorption spectroscopy (XAS) and
X-ray emission spectroscopy (XES).
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Fig. 2 (Color online) (a) Mn Ls-edge total-electron-yield (TEY) and total-fluorescence-yield (TFY) XAS spectra for
K;72Mn[Mn(CN)¢loos - 0.65H,0%. The TEY XAS spectrum for MnO with Mn2* high-spin (HS) state is shown
in (a) as areference!®. (b) and (c) show the Mn L;-edge ex situ XES spectra with excitation energies of 640.0 and
643.0 eV (indicated by vertical allows in (a)), respectively. The calculated results for the Mn2* HS and Mn2+

low-spin (LS) states are also shown in (b) and (c).
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Fig. 3 (Color online) (a) Constant-current charge-discharge curves for LiMn,O, (LMO) measured with a current den-
sity of 10 mA /g. (b) Ex situ total-electron-yield XAS spectra at the Mn L;-edge for points A, B and C in panel
(a) and reference spectra for Mn2* (MnO), Mn3* (LaMnO;) and Mn** (EuCoysMn,s0;)1%. (c) Mn L;-edge ex
situ XES measured with an excitation energy of 642.0 eV (indicated by a vertical allow in (b))!?,
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Fig. 4 (Color online) (a) The experimental XES spectrum and
Mn#*-state multiplet calculation for the charged state (point
B in Fig. 3(a)). (b) A difference XES spectrum between the
initial and charged states made with A-0.7B and the Mn3*-
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Fig. 7 (Color online) (a) and (b) show the results of cyclic vol-
tammetry for the Fe,Oj; thin film during the second dischar-
ge-charge cycle. (c) the XES spectrum for the initial state
(Fig. 6(b)) and operando XES spectra for the second
cycle?.
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Electronic-structure analyses for electrode
materials of rechargeable batteries using soft X—
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Abstract Soft X-ray spectroscopy which provides detailed information of the transition-metal (TM) 3d and
oxygen 2p orbitals plays an important role to understand the redox reaction in the active materials
of electrodes for rechargeable batteries including Li—ion battery. For TM-oxide-based cathode
materials like LiMn,0, and polyanion-type cathode materials like LiFePO,4, not only observation of
the TM’s 3d orbitals near the Fermi level, but also clarifying the charge-transfer effect for the
hybridized O 2p—TM 3d orbital is highly important. We will introduce the electronic-structure ana-
lyses for the active materials of electrode by soft X-ray emission spectroscopy and operando soft
X-ray spectroscopic techniques for rechargeable batteries.
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