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Magnetic properties of Ga-substituted FeGa0.1Cr1.9S4
with inverse spinel structure
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FeGa0.1Cr1.9S4 has been studied with Mössbauer spectroscopy, X-ray diffraction, magnetization, and magnetoresistance (MR). The crystal structure is found to be a cubic spinel by Rietveld refinement of X-ray
diffraction. The Mössbauer spectrum of FeGa0.1Cr1.9S4 consists of two doublets at room temperature. The
cation distribution is determined by Mössbauer spectroscopy, which reveals that the small amounts of Ga
ions occupy tetrahedral sites and FeGa0.1Cr1.9S4 has an inverse spinel type of structure. MR measurement
of the sample shows that the metal–semiconductor transition occurs in the temperature range 77 – 300 K.
The gap energies for regions I (T < 150 K) and II (T > 200 K) are 24.1 and 103.8 meV, respectively.
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1 Introduction Since the discovery of the colossal magnetoresistance (CMR) effect in perovskite manganite, much interest has been shown in the investigation of these ferromagnetic compounds [1]. There
have been many attempts made to understand these phenomena and extended to various other structures.
Ramirez et al. [2] reported the existence of the CMR effect in Cr-based chalcogenide spinel compounds
such as FeCr2S4. Since the crystallographic and magnetic structures of ferrites are different from those of
Mn perovskites, renewed interest has been shown in 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 a magnetic polaron model in FeCr2S4 from an electron spin resonance study. In
addition to the studies on pure FeCr2S4, substitution effects have been reported using various tools. Wang
et al. [5] reported on Zn-doped sulphur spinel. Mössbauer studies of FeCr2S4 have been reported by
many workers [7, 8]. According to the octahedral (B) site preference of Cr3+, it is believed that the Mössbauer spectra of FeCr2S4 are composed of the tetrahedral (A) site Fe2+ spectra. Therefore it is essential to
determine the valence state and magnetic structure of iron ions in various sulphur spinel compounds to
understand properly the underlying backgrounds.
Here we present the results of Mössbauer experiments and compare them with those of X-ray, magnetoresistance, and magnetization experiments for Ga-doped sulphur spinel compounds.
2 Experimental Polycrystalline samples were made by direct reaction. Iron powder (99.99%), chromium powder (99.99%), sulphur powder (99.9999%), and gallium (99.999%) were mixed in
stoichiometric ratios and sealed into an evacuated quartz tube. The temperature was initially 120 °C and
was slowly increased to 1000 °C over a period of ten days. The resulting powder was then densified by
pressing into pellets, re-sealed in a quartz tube, and heated at 1000 °C for three days.
The crystal structure of the samples was examined using an X-ray diffractometer with CuKαradiation
and analysed by Rietveld refinement. Magnetoresistance and magnetization were measured with the van
der Pauw method and a vibrating sample magnetometer (VSM), respectively. Mössbauer spectra were
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