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1. Introduction 

 
The chromium chalcogenide spinel MCr2X4 (M = Fe, 

Co, Cu, Cd; X = S, Se) shows various magnetic property 
with M ions [1-4]. CuCr2Se4 and CdCr2Se4 are known to 
show metallic conduction and large magneto-optical 
effect [5]. In addition to colossal magnetoresistane 
(CMR) effect, metal-insulator transition and structural 
phase transition appear in FeCr2S4 [6-7], spin-frustration 
effects reveal in FeSc2S4 and MnSc2S4 [8]. These 
systems have been revisited relaxor ferroelectricity and 
colossal magnetocapactive effect [9]. These features 
were attributed to competition of isomorphic ions with 
the topological frustration, Jahn-Teller distortion, and 
geometric frustration of magnetic moment. Therefore, it 
is necessary to examine the interaction mechanism of 
the various compounds in the sulphur spinel. 
We investigated the charge structure and interaction 

mechanism on In-doped sulphur spinel by using x-ray 
diffractometer (XRD), neutron diffractometer and 
Mössbauer spectroscopy. 
 

2. Experiments 

 
Syntheses of the sample was accomplished by the 

solid state reaction of the high-purity elements Fe, Cr, In 
and S in an evacuated quartz tube. The structure of the 
sample was examined using x-ray diffractometer (XRD) 
with Cu-Kα radiation and neutron diffractiometer at 
Korea atomic energy research institute reactor 
HANARO HRPD. The Mössbauer spectra were 
recorded using a conventional spectrometer of 
electromechanical type with a 57Co source in a rhodium 
matrix. 

 

3. Results and Discussions 

 

The x-ray diffraction (XRD) patterns for sample 
reveal spinel structure. The crystal structure at room 
temperature is determined by the Rietveld method. It is 
found that the space group is Fd3m and resulting lattice 
parameter are a0=10.029 Å. Figure 1 shows the results 
of neutron diffraction patterns for FeIn0.1Cr1.9S4 at 
various temperature. Neutron diffraction on 
FeIn0.1Cr1.9S4 above 4 K shows that there is no 
crystallographic distortion and reveals antiferromagnetic 
ordering. Below Néel temperature (TN=173 K), 
magnetic peaks exist on the crystal diffraction peaks in 
figure 1. It proves that spin structure of the same species 
are aligned parallel. Specifically, all magnetic peaks are  

 
overlapped on nuclear peaks. Therefore, it is concluded 
that the intersublattice superexchange interaction of 
Fe(A)-Cr(B) is antiferromagnetic, while intresublattice 
superexchange interaction of Fe(A)-Fe(A) and Cr(B)-
Cr(B) is ferromagnetic, respectively. 
In order to clarify and determine the state of Fe ions 

in the samples, the Mössbauer spectra were measured. 
Figure.2 shows the Mössbauer spectra at various 
temperatures. From the Mössbauer results, it is 
determined that charge state of the iron ions in the 
sample is ferrous. The iron and copper ion for the 
sample show the ferrous (Fe2+) and tri valence (In3+) 
characters, respectively. The large asymmetrical line 
broadening of Mössbauer absorption lines is shown for 
the sample at 4.2 K. 
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Figure 1. Neutron diffraction data for the FeIn0.1Cr1.9S4 at 
various temperatures. 
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4. Conclusion 

 
The crystal structure of FeIn0.1Cr1.9S4 is found to be a 

cubic spinel by Rietveld refinement of x-ray 
diffractometer. The charge state of Fe ions is 
determined by Mössbauer spectra, which reveals that Fe 
ions are the ferrous. The intersublattice of A-B 
interaction is coupled to antiferromagnetic arrangement, 
while intrasublattice of A-A and B-B interaction are 
coupled to ferromagnetic arrangement by neutron 
diffraction results. 
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Figure 2. Mössbauer spectra of FeIn0.1Cr1.9S4 at various 
temperatures. 
 

REFERENCES 

 
[1] L. Fang, P.Y. Zou, X. F. Lu, Z. Xu, H. Chen, L. Shan, and 
H. H. Wen, “Superconductivity in thiospinel 
Cu1.3K0.2Co1.5S4,” Phys. Rev. B, vol. 71, p. 064505, 2005. 
[2] Shingetaka Nomura, Takeo Takizawa, Saburo Endo, 
“Electronic states of lanthanide in the ternary thiogallate 
CaGa2S4,” J. Phys. Chem. Soi., vol. 66, p. 2090, 2005. 
[3] A. Eifler, G. Krauss, V. Riede, V. Krämer, and W. Grill, 
“Opitcal phonon modes abd structure of ZnGa2Se4 and 
ZnGa2S4,” J. Phys. Chem. Soi., vol. 66, p. 2052, 2005. 
[4] Hiroaki Matsushita, Takafumi Ochiai, Katsuhiko Mikajiri 
and Akinori Katsui, “Preparation of CuInGeSe4 thin fulms by 
selenization method using the Cu-In-Ge evaporated layer 
precursors,” J. Phys. Chem. Soi., vol. 66, p. 1937, 2005 
[5] T. Ogasawara, K. Ohgushi, Y. Tomioka, K. S. Takahashi, 
H. Okamoto, M. Kawasaki, and Y. Tokura, “General Features 
of Photoinduced Spin Dynamics in Ferromagnetic and 
Ferrimagnetic Compounds,” Phys. Rev. Lett., vol. 94, p. 
087202, 2005. 

[6] R. Fichtl, V. Tsurkan, P. Lunkenheimer, J. Hemberger, V. 
Fritsch, H. -A. Krug von Nidda, E. -W. Scheidt, and A. Loidl, 
“Orbital Freezing and Orbital Glass State in FeCr2S4,” Phys. 
Rev. Lett., vol. 94, p. 027601, 2005. 
[7] M. Mertinat, V. Tsurkan, D. Samusi, R. Tidecks, and F. 
Haider, “Low-temperature structural transition in FeCr2S4,” 
Phys. Rev. B vol. 71, p. 100408(R), 2005. 
[8] V. Fritsch, J. Hemberger, N. Buttgen, E.-W. Scheidt, H.-A. 
Krug von Nidda, A. Loidl, and V. Tsurkan, “Spin and Orbital 
Frustration in MnSc2S4 and FeSc2S4,” Phys. Rev. Lett., vol. 92, 
p. 116401, 2004. 
[9] J. Hemberger, P. Lunkenheimer, R. Fichtl, H.-A. Krug von 
Nidda. V. Tsurkan, and A. Loidl, “Relaxor ferroelectricity and 
colossal magnetocapacitive coupling in ferromagnetic 
CdCr2S4,” Nature, vol. 434, p. 364, 2005. 




