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FeCr2Se4 has been studied with x-ray and neutron di
interference device magnetometer, and Mössbauer s
at 295 K is monoclinic �space group I2/m�, with t
c=11.822 Å, and �=90.69°, and its magnetic str
Mössbauer spectra were obtained at various tempe
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hyperfine and electric quadrupole interactions at 4.2 K
results: Hhf=108.8 kOe, �=72°, �=90°, �=0, �EQ= �1
R=−2.25. Our study strongly suggests that the quadrupol
magnetic dipole interaction. © 2006 American Institute

I. INTRODUCTION

Chalcogenides of formula AB2X4 �A ,B=transition metal,
X=chalcogenide material� show semiconducting behavior,
metal-to-insulator transitions at high pressures, and metallic/
insulator spin-glass properties.1,2 This is essentially related to
the great flexibility of the structure in hosting various metal
ions, with a possibility of reciprocal substitution between
them.3 There have been many studies on the Cr-based chal-
cogenide sulphur spinel. Recently, Hemberger et al. pub-
lished a study on multiferroic properties of CdCr2S4, on
which magnetic and electric orders coexist.4 Among the Cr
based chalcogenide materials, CdCr2Se4, in which Cd ions
are doped at the tetrahedral site, has a cubic spinel and fer-
romagnetic property.5 Similarly Fe-doped FeCr2S4 has cubic
spinel, and its magnetic property is ferrimagnetic. The Curie
temperatures for CdCr2Se4 and FeCr2S4 were reported to be
129 and 172 K, respectively.6 On the other hand, FeCr2Se4

has been reported to have a monoclinic unit cell and an an-
tiferromagnetic transition temperature of 218 K. Morris et al.
reported that the magnetic susceptibility had a maximum
near 260 K.7 On the other hand, Kojima and co-workers
showed that the Néel temperature was 218 K.8,9 Here, we
present crystallographic and magnetic properties of FeCr2Se4

using the x-ray diffractometer �XRD�, neutron diffracto-
meter, and superconducting quantum interference device
�SQUID� magnetometer, with particular emphasis on Möss-
bauer spectroscopy for FeCr2Se4.

II. EXPERIMENT

Mixtures of the elements Fe, Cr, and Se in the proper
proportions were sealed on evacuated quartz ampoules and
heated at 1000 °C for 72 h and then slowly cooled down to
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tion techniques, superconducting quantum
roscopy. The crystal structure of FeCr2Se4

ttice parameters a=6.267 Å, b=3.617 Å,
re is found to be C-type ordering. The
res ranging from 4.2 to 295 K. Magnetic
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have been fitted, yielding the following
/2�e2qQ�1+ �1/3��2�1/2=−1.65 mm/s, and
e interaction of FeCr2Se4 is larger than the
of Physics. �DOI: 10.1063/1.2177412�

room temperature at a rate of 0.2 °C/min. The crystal struc-
ture of the sample was examined by x-ray diffractometer
with Cu K� radiation and �high resolution powder diffracto-
meter �HRPD�, �=1.8345� at the HANARO reactor of the
Korea Atomic Energy Research Institute. The Mössbauer
spectra were recorded using a conventional spectrometer of
the electromechanical type with a 57Co source in a rhodium
matrix.

III. RESULTS AND DISCUSSION

The crystal structure of FeCr2Se4 was determined by the
Rietveld refinement technique. Figure 1 shows the neutron
diffraction patterns of FeCr2Se4 from 4.2 to 295 K. It was
determined that the FeCr2Se4 has a monoclinic unit cell of
the space group I2/m. The lattice parameters were found to
be a=6.267 Å, b=3.617 Å, c=11.822 Å, and �=90.69°, as
shown in Table I. These values are in agreement with the
x-ray refinement. Below the Néel temperature �TN=220 K�,
the magnetic peaks and the crystal peaks were present to-
gether. Also, the magnetic superstructure peak of �1�0�3��
reflection for magnetic unit cell A�B�C �=2a�b�2c� de-
velops rapidly with decreasing temperature, indicating the
C-type ordering of magnetic ions.9 The possibility of ferrous
and ferric states of iron ions had been checked in the x-ray
refinement process; the better reliability factors �RB,RF�
were obtained for the ferrous state than for the ferric state.

The zero field cooled �ZFC� SQUID magnetic suscepti-
bility �	� curves taken at 2 kOe for various temperatures are
shown in Fig. 2. A cusplike maximum was observed at
220 K, which was determined as Néel temperature. In the
paramagnetic region, the temperature dependence of the 1/	
curve was found to follow the Curie-Weiss law. We deter-
mine the Curie temperature to be �=−450 K from the fit of
the data in the region T
220 K �inset of Fig. 2�. It shows an
abnormal antiferromagnetic behavior, which differs from the
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