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The cation distribution and magnetic and transport properties of FeGaxCr2−xS4 are studied. Rietveld
refinement of x-ray diffraction and Mössbauer spectroscopy lead to the conclusion that the samples
are in inverse spinel type, where Ga ion is present at tetrahedral site 共A兲. The neutron diffraction on
FeGaxCr2−xS4 共x = 0.1兲 above 10 K shows that there is no crystallographic distortion and reveals an
antiferromagnetic ordering, with the magnetic moment of Fe2+共−3.45B兲 aligned antiparallel to
Cr3+共+2.89B兲 at 10 K. The resistance exhibits a strong dependence on Arrhenius model at
temperature below 100 K, while it shows a strong correlation on small polaron model at temperature
above 200 K. The electric quadrupole splittings of the A and B sites in Mössbauer spectra give a
direct evidence that Ga ion stimulate asymmetric charge distribution of Fe ions in the A site. © 2005
American Institute of Physics. 关DOI: 10.1063/1.1854051兴
I. INTRODUCTION

The discovery of the colossal magnetoresistance 共CMR兲
phenomenon in the Mn perovskite oxide of L1−xAxMnO3 has
rekindled wide attention due to a variety of interesting physical properties and their potential for technological
applications.1,2 In a point of CMR effect, it is important to
know from both from a materials engineering as well as a
basic-physics standpoint, to what extent the effect occurs in
other compounds such as Cr-based chalcogenide spinel
FeCr2S4.3 The FeCr2S4 does not possess manganese, oxygen,
or perovskite structure, or even show metal to insulator transition. The sulfur spinels are known as ferrimagnet with
semiconductor-like resistivity characteristics. It has a normal
spinel structure, where Fe2+ and Cr3+ occupy tetrahedral and
octahedral coordinated positions, respectively.4 One of the
important issues in the chalcogenide spinel compounds is the
electric conduction and magnetic interaction mechanisms.
In this paper, we report temperature dependence of resistance, x-ray, neutron diffraction, and Mössbauer studies
for FeGaxCr2−xS4. By varying the temperature, the temperature dependence of Mössbauer hyperfine parameters has
been determined.

and neutron diffractometer. The Mössbauer spectra were recorded using a conventional spectrometer of electromechanical type with a 57Co source in a rhodium matrix.
III. RESULTS AND DISCUSSION

The temperature dependence of resistance under a field
15 kOe and zero field for the samples x = 0.1 and 0.3 were
obtained in the temperature range from 50 to 300 K. Figure 1
shows a zero field resistance of the sample x = 0.1. Various
types of temperature dependence of resistance, ln R versus
共1000/ T兲1/4 , ln共R / T兲 versus 1000/ T , ln R versus 1000/ T,
are shown in Fig. 1. The resistance R decreases with increasing Ga content. This may be because the substitution of Ga3+

II. EXPERIMENT

The polycrystalline FeGaxCr2−xS4 共x = 0.1 and 0.3兲
samples were prepared by the solid-state synthesis method of
high purity elements sealed into an evacuated quartz tube.
The resistivity of the samples was measured using a fourprobe method in the temperature range 50–300 K. The structure of the samples was detected by x-ray diffraction 共XRD兲
a兲
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FIG. 1. Zero field resistance R curves for FeGaxCr2−xS4 共x = 0.1兲 replotted as
ln R vs 1000/ T 共closed circle兲, ln共R / T兲 vs 1000/ T 共square兲, and ln R vs
共1000/ T兲1/4 共up triangle兲, respectively.
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