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Samples of Fe12xCuxCr2S4 (x50.0, 0.1, 0.3, a
spectroscopy, x-ray diffraction, magnetization,
observed for the samplex50.1 in the both field-coo
near 130 K under an applied fieldH5100 Oe. Th
samplesx50.0 and x50.1, whereas they are fe
Mössbauer spectra for the samplex50.1 show asym
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be dynamic Jahn-Teller relaxation. The unusual red
can be interpreted in terms of cancellation effect be
HL and Fermi contact fieldHC. © 2004 American Ins

I. INTRODUCTION

Very large negative magnetoresistance~MR! has been
reported in sulfur spinel compounds (Fe12xCuxCr2S4 ; x
50, 0.5!.1 Various kinds of experiments, electron spin
resonance,2 photoelectron spectroscopy,3 and band calcula-
tion on the compounds of Fe12xCuxCr2S4 have been re-
ported extensively. Lotgeringet al.4 developed a model con-
sidering the monovalent Cu1 ion, while Goodenough5

postulated a divalent Cu21 for the concentration range 0.5
,x<1.0. Recently Palmer and Greaves6 and Fritschet al.7

reported the triple exchange model and suggested the co
istence of iron ions Fe21 and Fe31 in the tetrahedral sites. A
ferrous character of the iron ion in FeCr2S4 and a ferric
character of the superexchange interaction mechanism
Fe0.5Cu0.5Cr2S4 have earlier been reported.8,9 However, the
study on the intermediate compound of the copper dope
sample Fe12xCuxCr2S4 (0,x,0.5) is still unresolved.
Therefore, it is essential to determine the valence state
iron ions in various sulfur spinel compounds to understan
the underlying mechanism properly. Here, we present th
results of Mössbauer experiments and compare them wit
those of x-ray, MR, and vibrating sample magnetomete
~VSM! magnetization for the sulfur spinel compounds o
Fe12xCuxCr2S4 (x50.0, 0.1, 0.3, and 0.5!. The temperature
dependence of Mo¨ssbauer spectra for the samplex50.1 is
presented with a special emphasis on dynamic Jahn-Tel
relaxation.

a!Author to whom correspondence should be addressed; electronic ma
cskim@phys.kookmin.ac.kr
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r relaxation on the Cu-substituted
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0.5! have been studied with Mo¨ssbauer
d magnetoresistance. A cusp-like anomaly is
d and zero-field-cooled magnetization curves
charge state of iron ions are ferrous for the
ric for the samplesx50.3 and x50.5. The

etric line broadening, and it is considered to
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uction of magnetic hyperfine field below 110 K
tween the mutually opposite orbital current field
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II. EXPERIMENT

Fe12xCuxCr2S4 (x50.0, 0.1, 0.3, and 0.5! were prepared
by the direct reaction of the high-purity elements Fe, Cr, Cu,
and S in an evacuated quartz tube. The crystal structures
were analyzed by Rietveld refinement of x-ray diffraction.
The Mössbauer spectra were recorded using a conventional
spectrometer with a57Co source in a rhodium matrix. MR
and magnetization were measured with Van Der Pauw
method and VSM, respectively.

III. RESULTS AND DISCUSSION

The crystal of Fe12xCuxCr2S4 (x50.0, 0.1, 0.3, and 0.5!
is found to be a cubic spinel structure. Figure 1 presents the
observed, calculated peak profile, Bragg positions of the

il:FIG. 1. Refined x-ray diffraction patterns of Fe0.9Cu0.1Cr2S4 at 295 K. Tick
marks show the Bragg positions.
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