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Introduction

Olivine-type iron compound LiFePO, is one of the
most promising candidates for cathode materials of the
lithium-ion battery, because of its prominent properties
such as low cost, high level of safety and huge power
generation. In order to wunderstand the electronic
conduction properties and charge/discharge mechanism,
many researchers have devoted their efforts to the study
of the electronic structure in LiFePO,4. Although many
theoretical investigations into the electronic structure
have been performed, there are few experimental studies
for investigating directly the electronic structure of
LiFePO,. Therefore, in this work, we focus on revealing
experimentally the change of the electronic structure of
Li,FePO, (x = 0, 0.6, 1.0), especially in the Fe 3d states
through the Li intercalation/deintercalation.

Experimental
The Li;oFePO, powder was synthesized from a

stoichiometric mixture of Li,CO;, Fe,C,042H,0 and
(NHy4),HPO,. After 10 wt% (as a final product)
conductive carbon was added, the mixture was
thoroughly mixed and ground by a conventional planetary
milling apparatus. The Li;(FePO, composite was
obtained by sintering at 600°C under Ar gas flow. In
order to obtain the composites FePO, and LiysFePO,, the
chemical lithiation/delithiation were carried out.

To investigate the electronic structure of Fe 3d states in
Li,FePO4 we have performed Fe 2p - 3d X-ray absorption
spectroscopy (XAS) and the resonant photoemission
spectroscopy (PES) at BL-2C of the Photon Factory.

Results and Discussion

Figure 1 (a) shows Fe 2p - 3d XAS spectra of Li,FePO,.

The energy position of the main peak shifts from 708.1
eV in Lij oFePOy4 to 710.2 eV in FePOy, due to the valence
change from Fe*" to Fe''. Subsequently, Fe 2p - 3d
resonant PES spectra were measured for each sample
with excitation energies denoted by R1 and R2 in Fig. 1
(a) corresponding to the positions of the main peaks of

the XAS spectra derived from Fe*" and Fe’*, respectively.
Figure 1 (b) shows the resonant PES results on Li,FePO,.
The maximum intensity in the resonant PES spectra was
observed at the excitation energy R1 for LigsFePO,4 and
Li, oFePO,, whereas at the excitation energy R2 for
FePO,. Compared between the resonant PES spectra for
Fe’* and Fe’, the spectral line-shape drastically changes
in the wide region of valence bands. These results suggest
that not only occupation of one spin-down Fe 3d band
located at the binding energy of about 2 ¢V, but also the
electronic structure of fully-occupied spin-up Fe 3d bands
changes accompanied with the Li
intercalation/deintercalation process.
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Figure 1. (a) Fe 2p - 3d XAS spectra of LiyFePO, (b) Fe
2p - 3d resonant PES spectra of Li,FePO, measured at the
photon energy of Fe 2p - 3d absorption edge indicated by
R1 and R2 in Fig. 1 (a).
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