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Samples of Fe1−xCuxCr2S4 (x = 0.0, 0.1, 0.3, and 0.5) have been studied by using Mössbauer
spectroscopy, X-ray diffraction, magnetization, and magnetoresistance (MR). Neutron diffraction
on FeCr2S4 above 10 K shows that there is no crystallographic distortion and reveals a ferrimagnetic
ordering, with the magnetic moment of Fe2+ (−3.52 µB) aligned antiparallel to Cr3+ (2.72 µB).
A cusp-like anomaly is observed in both the field-cooled (FC) and the zero-field-cooled (ZFC)
magnetization curves of the sample x = 0.1, near 130 K, under an applied field H = 100 Oe. The
MR of the sample x = 0.1 shows a semiconducting behavior in the low-temperature region, and
the metal-metal transition occurs near the Néel temperature. The charge state of iron ion for the
sample x = 0.1 is ferrous (Fe2+), whereas it is ferric (Fe3+) for the sample x = 0.3. The Mössbauer
spectra of the sample x = 0.1 show asymmetric line broadening, and this is considered to be due to
dynamic Jahn-Teller relaxation. The unusual reduction of magnetic hyperfine field below 110 K is
interpreted by the cancellation effect between the mutually opposite orbital current field (HL) and
Fermi contact field (HC).
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I. INTRODUCTION

Studies of sulphur spinel compounds (Fe1−xCuxCr2S4;
x = 0.0, 0.5) have suggested that the conduction mecha-
nism in these materials may not be the double exchange
(DE) of carriers [1]. Since the crystallographic and mag-
netic structures are different from the Mn perovskite, re-
newed interest has been focused on the conduction mech-
anism of the sulphur spinel compounds. V. Fritsch et al.
claimed a triple exchange model in copper doped sulphur
spinel by ferromagnetic resonance (FMR) study [2]; Z.
Yang et al. reported magnetic polaron conductivity in
FeCr2S4 [3]. B. I. Min et al. interpreted the conduc-
tion mechanism by half-metallic properties [4]. Authors
have published a paper on Cu0.5Fe0.5Cr2S4 from valence-
band photoemission study, and reported a monovalence
of copper and ferric character of iron ions [5]. Mössbauer
studies on FeCr2S4 have been reported already by many
workers [6,7]. According to the octahedral (B) site pref-
erence of Cr3+, it is believed that the Mössbauer spec-
tra of FeCr2S4 arise from the tetrahedral (A) site of
the Fe2+ spectra. However, the Mössbauer spectra of
FeCr2S4 were found to be dependent on the sample; fur-
thermore some of the papers reported line broadening
which originated from the excess of B-site Fe2+. Samples

∗E-mail: cskim@phys.kookmin.ac.kr;
Tel: +82-2-910-4769; Fax: +82-2-910-4728

of Fe1−xCuxCr2S4 (x ≤ 0.5) have been studied exten-
sively. Lotgering et al. developed a monovalence model
of Cu+ ion [8], while Goodenough postulated divalent
Cu2+ for the concentration range 0.5 < x ≤ 1.0 [9].
Recently, Palmer et al. [10] and V. Fritsch et al. [2]
reported the triple exchange model and suggested the
coexistence of the iron ions Fe2+ and Fe3+ in the tetra-
hedral sites. Therefore, it is essential to determine the
valence state of iron ions in various sulphur spinel com-
pounds to understand the underlying mechanism prop-
erly. Here, we present the results for the temperature
dependence of the Mössbauer experiments and compare
them with the results for the X-ray, magnetoresistance,
and vibrating sample magnetometer (VSM) magnetiza-
tion measurements for the sulphur spinel compounds of
Fe1−xCuxCr2S4 (x = 0.0, 0.1, 0.3, and 0.5).

II. EXPERIMENT

Fe1−xCuxCr2S4 (x = 0.0, 0.1, 0.3, and 0.5) were pre-
pared by usual direct reaction of the high-purity elements
Fe (99.999 %), Cr (99.999 %), Co (99.999 %), and S
(99.9999 %) in an evacuated quartz tube. The crystal-
lographic structure of the Fe1−xCuxCr2S4 (x = 0.0, 0.1,
0.3, and 0.5) was analyzed by the Rietveld refinement of
typical X-ray diffraction. The Mössbauer spectra were
recorded by using a conventional spectrometer with a
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