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Crystallographic and Mössbauer studies of the sample FeIn0.1 Cr1.9 S4 were investigated with
Mössbauer spectroscopy, X-ray diffraction, and magnetization. The crystal structure was found
to be a cubic spinel by using a Rietveld refinement of X-ray diffraction (space group F d3m), with
the lattice parameter a0 = 10.0294(3) Å. Mössbauer spectra of FeIn0.1 Cr1.9 S4 were obtained at various temperatures ranging from 18 to 300 K. The magnetic hyperfine and the electric quadrupole
interactions at 18 K were fitted, and yielded the following results: Hhf = 144 kOe, θ = 35.0◦ , ϕ
= 0◦ , η = 0.89, and ∆EQ = (1/2)e2 qQ[1 + (1/3)η 2 ]1/2 = 1.92 mm/s. The ratio of the electric
quadrupole interaction to the magnetic dipole interaction (E2/M1) was found to be R = 1.97. Our
study strongly suggests that R rapidly decreases to 77 K; simultaneously the Mössbauer spectra
change from an 8-line to a 6-line pattern. The Debye temperature of the FeIn0.1 Cr1.9 S4 is found to
be Θ = 252 ± 5 K.
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I. INTRODUCTION
Recent studies on chalcogenide spinels are interesting because of the various magnetic properties. Colossal
magnetocapacitve multiferroic properties have been reported for the Cd-Cr spinel [1]. Orbital freezing and an
orbital glass state in the Fe-Cr spinel were studied by using specific heat measurements [2]. An incommensurate
disordered spin-dimmer state in a charge ordered system
has been shown for the Cu-Ir sulphur spinel [3]. Also, a
strongly correlated spin-orbit coupling was suggested for
ferrimagnetic selenide compounds [4].
Related to the conduction mechanism, the discovery of
a colossal magnetoresistance (CMR) effect in perovskite
manganite has attracted great interest to investigating
these ferromagnetic compounds [5]. There have been
many attempts to understand these phenomena for various structures. Ramirez et al. reported the existence
of CMR effect in Cr-based chalcogenide spinels, such
as FeCr2 S4 [6]. Because the crystallographic and the
magnetic structures of ferrites are different from the Mn
perovskites, the renewed interest has been focused on
the conduction mechanism of sulphur spinel compounds.
Tsurkan et al. [7] reported spin-glass-like anomalies from
a structural lattice transformation. Yang et al. [8]
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ing an electron spin resonance study. In addition to the
studies on pure FeCr2 S4 , substitution effects have been
reported based on various tools. Wang et al. [9] reported
on Zn doped sulphur spinels and Mössbauer studies on
FeCr2 S4 have been reported by many previous workers
[10,11]. According to the octahedral (B) site preference
of Cr3+ , the Mössbauer spectra on FeCr2 S4 is believed
to be composed of the tetrahedral (A) site Fe2+ spectra.
The authors reported semiconductor properties based on
Mössbauer and neutron diffraction studies of Ga-doped
sulphur spinels [12]. Various kinds of physical phenomena were reported for chalcogenide spinels. Therefore, it
is essential to determine the valence state and the 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 and magnetization experiments for the In-doped sulphur spinel
compound FeIn0.1 Cr1.9 S4 .

II. EXPERIMENTAL PROCEDURES
The polycrystalline sample was made by using a direct reaction. Iron powder (99.99 %), chromium powder (99.99 %), sulphur powder (99.9999 %), and Indium
(99.999 %) were mixed in stoichiometric ratios and sealed
in evacuated quartz tubes. The temperature was 120 ◦ C
initially and was slowly raised to 1000 ◦ C over a period
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