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The Mössbauer spectroscopy has been studied for the sulphur spinel FeCr2−xM xS4 共M = Ga, In兲 at
various temperatures, from 4.2 K to room temperature. The spectra consist of two doublets at room
temperature, which show that the Ga and In ions are partially occupied to the tetrahedral 共A兲 site.
It is found that the Ga and In ions stimulate the asymmetric charge distribution of Fe ions in the A
site. The electric quadrupole splittings 共∆EQ兲 of the A and B sites in the Mössbauer spectra of
FeCr2−xGaxS4 共x = 0.3兲 are 0.83 and 2.94 mm/ s, respectively, while those for the FeCr2−xInxS4 共x
= 0.3兲 are 0.54 and 1.54 mm/ s, respectively. The ∆EQ for the Ga doped samples are larger than that
for the In doped samples, in spite of the larger ionic radius for In ions. We suggest that stronger
covalence associated with the smaller bond length includes a large asymmetric charge distribution.
© 2006 American Institute of Physics. 关DOI: 10.1063/1.2177425兴
I. INTRODUCTION

The discovery of the colossal magnetoresistance 共CMR兲
phenomenon in the sulphur spinel has attracted considerable
attention, because of the potential for technological applications and the interesting physical properties of materials.1,2
The existence of local structural distortions was suggested
that the quadrupole splitting and low-temperature anomaly of
the electric field gradient induced on the tetrahedral coordinated Fe2+ ions.3,4 These features were attributed to a strong
coupling between the Jahn-Teller 共JT兲 active ferrous ions
5
which allows a distortion of the Fe2+S2−
4 tetrahedrons and
were explained in the frame work of static and dynamic JT
effects.6 These systems have been revisited more recently,
showing several unique properties such as their metal-toinsulator transition at high pressure, their ability to form both
metallic and insulating spin glasses,7–10 geometrical frustration of the spin, relaxor ferroelectricity, and colossal magnetocapactive effect in sulphur spinel.11–13 Therefore, it is necessary to study the properties of the various compounds in
the sulphur spinel.
In this paper, we report the results of the Mössbauer
experiments and compare them with those of x-ray and magnetization for the nonmagnetic Ga and In doped sulphur spinel compounds.
II. EXPERIMENT

The synthesis of the FeCr2−xM xS4 共M = Ga, In; x
= 0.1, 0.3兲 was accomplished by the direct reaction of the
high-purity elements Fe, Cr, Ga, In, and S in an evacuated
quartz tube. The structure of the samples was examined usa兲
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ing x-ray diffractometer 共XRD兲 with Cu K␣ radiation and
analyzed by the Rietveld refinement. The magnetization for
the samples was obtained using vibrating samples magnetometer 共VSM兲. The Mössbauer spectra were recorded using a
conventional spectrometer of electromechanical type with a
57
Co source in a rhodium matrix.

III. RESULTS AND DISCUSSION

The crystal structure of the FeCr2−xM xS4 共M = Ga, In; x
= 0.1, 0.3兲 is found to be a cubic spinel. Figures 1 and 2 show
the results of x-ray diffraction refinement for the Ga and In
doped samples at room temperature, respectively. The solid
lines represent the fits of a Rietveld analysis. The spectra
shown in Figs. 1 and 2 demonstrate the absence of any impurity phases. The determined crystal symmetry of the
samples is a cubic spinel structure Fd3m 关Fe, Ga, In 共8a兲, Cr,
Ga, In 共16d兲, and S 共32e兲 共u , u , u兲兴. The lattice constants a0,
anion parameter u, and bond lengths d are listed in Table I.
The Néel temperature 共TN兲, which is defined as the temperature of the maximum slope in dM / dT, increases from
180 to 188 K with the increase of nonmagnetic Ga substitution from the x = 0.1– 0.3. It can be attributed to a ferrimagnetic structure in these samples. According to the x-ray diffraction analysis, Ga ions enter into both the B and A sites,
though the majority of the Ga ions are in the B site. Simultaneously the same amounts of Fe ions migrate from the A to
the B site. It leads to enhancement of superexchange interaction and TN.14 for FeCr2−xInxS4, TN decrease from
173 to 160 K with increasing x. The decrease in TN in
FeCr2−xInxS4 can be understood as the consequence of reduction of superexchange interaction. The x-ray diffraction
study does not show any difference in the crystal and mag-
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