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Anomalous interaction behaviors in Ga-doped for chromium
based sulphur spinel
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Samples of FeGaxCr2–xS4 (x = 0.1, 0.3) have been studied with Mössbauer spectroscopy, X-ray diffraction,
magnetization, and magnetoresistance (MR). The Mössbauer spectra of the samples consist of the two
doublets at room temperature. Fe ions migrate from the tetrahedral (A) site to the octahedral (B) site with
increase of Ga substitutions. The electric quadrupole splitting of the A sites in Mössbauer spectra for the
samples x = 0.1 and x = 0.3, at 295 K, are 0.30 and 0.83 mm/s, respectively. It gives a direct evidence that
Ga ion stimulate asymmetric charge distribution of Fe ions in the A site.
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1 Introduction The discovery of the colossal magnetoresistance (CMR) phenomenon in the perovskite
Mn oxides of R1–xAxMnO3 (RAMO; R = rare earth, A = divalent or tetravalent cation) has generated wide
attention [1] due to a variety of interesting physical properties and their potential for technological applications. Ramirez et al. reported the existence of CMR effect in Cr-based chalcogenide spinel such as
FeCr2S4 [2]. Because the crystal and magnetic structures of the ferrites are different from the Mn
perovskite, a renewed interest has been focused on the conduction mechanism of sulphur spinel compounds. Tsurkan et al. [3] reported spin-glass-like anomalies from a structural lattice transformation.
Yang et al. [4] claimed magnetic polaron model in FeCr2S4 by electron spin resonance study. Therefore it
is essential to determine valence state and magnetic structure of iron ions in various sulphur spinel compounds to understand the underlying backgrounds properly. Here, we present the results of Mössbauer
experiments and compare them with those of X-ray, MR, and magnetization for Ga doped sulphur spinel
compounds.
2 Experimental procedures Synthesis of the sample was accomplished by the direct reaction of the
high-purity elements Fe, Cr, Ga, and S in an evacuated quartz tube. The crystal structure of the sample
was examined by X-ray diffractometer with CuKα radiation and analysed by Rietveld refinement. MR
and magnetization were measured with van der pauw method and vibrating sample magnetometer
(VSM), respectively. The Mössbauer spectra were recorded using a conventional spectrometer of the
electromechanical type with a 57Co source in a rhodium matrix.
3 Results and discussion The X-ray (Cu-Kα radiation) diffraction patterns exhibited the cubic spinel
phase for FeGaxCr2–xS4 (x = 0.1, 0.3). Crystal structure is determined to be cubic spinel with space group
Fd3m by Rietveld refinement. The determined lattice constant a0, oxygen parameter u, cation occupancy
OCC, Bragg factor RB, and structure factor RF are listed in Table 1. It is remarkable that Ga ions enter into
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