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The polycrystalline samples of Zn-doped Fe1−xZnxCr2S4 �0.1�x�0.9� have been studied with
x-ray diffraction, magnetization, and Mössbauer spectra measurements. Magnetic structure
transforms from the ferromagnetic �0.1�x�0.5� to the antiferromagnetic phase �0.7�x�0.9�. The
Mössbauer spectra of Fe1−xZnxCr2S4 show asymmetrical eight lines due to electric quadrupole
interactions below 10 K. The magnetic hyperfine field and electric quadrupole interaction for the
sample x=0.5 at 4.2 K have been fitted with Mössbauer hyperfine parameters of Hhf=116 kOe, �
=27°, �=0°, �=0.60, EQ=2.28 mm /s, and R=2.9. We have observed that the magnetic hyperfine
field Hhf decreases with increasing Zn concentration in the ferrimagnetic range �0.1�x�0.5� at
4.2 K, while it increases in the antiferromagnetic region �0.7�x�0.9�. This indicates the changes
in the orbital current field contribution depending on Zn concentration in Fe1−xZnxCr2S4.
© 2008 American Institute of Physics. �DOI: 10.1063/1.2838013�

I. INTRODUCTION

Chalcogenide magnetic semiconductor compound
FeCr2S4, showing an orbital glass state1,2 and colossal
magnetoresistance,3 has been studied. Two different mag-
netic phases with different magnetoelastic couplings on the
chromium spinel ZnCr2S4 are interesting because of the pres-
ence of the strong competition between ferromagnetic and
antiferromagnetic exchange of nearly equal strength, yield-
ing strong bond frustration.4 The structural instability in an-
tiferromagnetic ZnCr2S4 was recently identified.5 If Zn ions
are substituted with Fe ions of FeCr2S4, ferromagnetic Cr–Cr
exchanges start changing to antiferromagnetic Cr–Cr
exchanges.6–9 This is due to enhanced A-A and B-B interac-
tions, which is resulting from the weakened A-B interaction
of the spinels. The Mössbauer study on FeCr2S4 was re-
ported to show the transition from dynamic to static Jahn
Teller stabilization below 10 K.10

In this paper, we have studied the the Zn-doped sulfur
spinel compound Fe1−xZnxCr2S4 �0.1�x�0.9� by x-ray dif-
fraction and Mössbauer spectra analysis at low temperature
to understand the magnetic phase transition between FeCr2S4

and ZnCr2S4 when Zn ions are substituted with Fe ions on
FeCr2S4.

II. EXPERIMENT

The polycrystalline samples of Fe1−xZnxCr2S4 �0.1�x
�0.9� were prepared by sintering appropriate amounts of
high-purity Fe �99.99%�, Zn �99.9999%�, Cr �99.9%�, and S
�99.95%� in evacuated and sealed silica ampoules at
1000 °C for 10 days. The synthesis was repeated several
times in order to obtain good homogeneity. The crystal struc-
tures of powdered samples were investigated by standard
x-ray diffraction �XRD� using Cu K� radiation. The Möss-

bauer spectra were recorded with the fixed absorber and
moving source by using a conventional spectrometer of the
electromechanical type with a 57Co source in a rhodium ma-
trix. The maximum Doppler velocity of the driving unit was
12 mm /s.

III. RESULTS AND DISCUSSION

The structural details of powdered samples were inves-
tigated by conventional x-ray powder diffraction at room
temperature. Diffraction patterns were refined by the Re-
itveld method using the FULLPROF program. The representa-
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FIG. 1. Refined x-ray diffraction patterns of �a� Fe0.5Zn0.5Cr2S4 and �b�
Fe0.3Znx0.7Cr2S4 at 300 K. Solid circles, continuous lines, and dotted line
represent the observed, the calculated, and the difference �obs-cal� profiles,
respectively. Thick marks represent the Bragg positions of the reflections.
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