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The observation of the very large negative magneto-resistance (MR) and the
metal-insulator (M) transition in FeCr,S, has invoked much interest in spinel
chalcogenides [ 1]. Rather different magnetic properties have been reported for
FeCr,S, and FeCr,Se,: FeCr, S, exhibits a ferromagnetic transition at T~172
K (T: a Curie temperature) [1], while FeCr,Se, exhibits an anti-ferromagnet-
ic transition at T, =218 K (T: a Neel temperature) [2]. In order to understand
the origin of their magnetic properties of FeCr,X, (X=8, Se), it is important to
understand their electronic structures. In this work, we have investigated the

electronic structures of FeCr, X, (X=8, Se) and the valence states of Fe and Cr
ions by using synchrotron-radiation excited spectroscopies, such as soft x-ray

absorption spectroscopy (XAS), photoemission spectroscopy (PES), and soft
x-ray magnetic circular dichroism (XMCD). The measured T 2p XAS spectra
show that Cr ions are nearly trivalent (Cr>*) and that Fe ions are close to diva-
lent (Fe"), respectively. Interestingly, the Fe 2p XAS spectra of FeCr, X, (X=S,
Se) are different from those of divalent oxides, but very similar to that of Fe
metal, implying the metallic-like bonding of Fe 3d electrons. The T 2p XMCD
spectra (T=Fe, Cr), obtained at low temperature (T), provide evidence that the
magnetic moments of Cr and Fe ions are aligned antiparallel to each other, and
the T-dependent 2p XMCD measurements reveal interesting behavior.
Valence-band PES study suggests the importance of the hybridization between

the Fe 3d and X p states (X=S, Se).
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