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The NiCr2−xFexO4, 共x = 0.1, 0.3, 0.5兲 samples have a cubic structure at room temperature. For the
sample with x = 0.1, the lattice constant is determined to be a0 = 8.319 Å with a cubic spinel 共Fd-3m兲
structure. The ferrimagnetic Néel temperature 共TN兲 of NiCr2O4 is determined to be 80 K by zero
field cooled magnetization curves under the external field of 100 Oe. With increasing Fe
substitution, TN increases, and for x = 0.1, TN is determined to be 135 K. For the sample with x
= 0.1, the Mössbauer spectrum at 4.2 K was fitted to two magnetic components of the magnetic
hyperfine fields Hhf = 488 and 472 kOe and isomer shifts ␦ = 0.29 and 0.28 mm/ s. The electric
quadrupole splittings 共⌬EQ兲 were found to be nearly zero below the TN = 135 K. For the spectrum
at 295 K, the ⌬EQ are observed with large values of 0.54 and 0.37 mm/ s, respectively. The values
of the isomer shifts show that for all temperature ranges, the states are ferric 共Fe3+兲. The Mössbauer
spectra below the TN show the line broadening with the Jahn-Teller distortion and accompanying
relaxation effects, respectively. © 2007 American Institute of Physics. 关DOI: 10.1063/1.2712325兴
I. INTRODUCTION

Recently, many researchers have been interested in the
properties of chromite 共ACr2O4; A = Co, Ni, etc.兲 for spinel
structure material with multiferroic effects.1,2 The NiCr2O4 is
a ferrimagnet cubic normal spinel above 302 K, in which
Ni2+ ions occupy the tetrahedral sites and Cr3+ ions occupy
the octahedral sites. Also in the NiCr2−xFexO4 system, there
is a cubic to tetragonal 共c / a ⬍ 1兲 transition for the Fe concentration x 艋 0.2 under room temperature.3
In this paper we have studied the Ni chromite NiCr2O4
with Fe doping, and evaluated the impact on magnetic properties by x-ray diffraction, magnetization, and Mössbauer
spectroscopy measurements.

try of Fd-3m as shown in Fig. 1. However, the Fe substituted
samples have a cubic to tetragonal transition under room
temperature.3 For NiCr1.9Fe0.1O4, the lattice constant was
a0 = 8.319 Å, which was obtained by Rietveld refinement,
while the RB and RF were 2.56% and 2.36%, respectively.
For the Fe substituted samples, the lattice constants decrease
with increasing Fe substitution, as listed in Table I and
shown in Fig. 2共a兲.

II. EXPERIMENT

Polycrystalline samples of the NiCr2−xFexO4 共x
= 0.0, 0.1, 0.3, 0.5兲 were prepared with the sol-gel method.
The ultimate single phase samples were obtained by annealing for 12 h in atmosphere at 1000 ° C. The crystal structure
was analyzed using a Philips x-ray diffractometer with
Cu K␣ radiation. Magnetization curves were also obtained
with a vibrating sample magnetometer 共VSM兲. The hyperfine
magnetic property of samples was measured by using Mössbauer spectroscopy.
III. RESULT AND DISCUSSION

The crystalline structure of NiCr2O4 was determined to
be a tetragonal symmetry of I41amd with lattice constants
a0 = 5.838 Å and c0 = 8.437 Å at 295 K by Rietveld refinement, while the Bragg RB and RF factors were 4.44% and
3.93%. The Fe substituted NiCr2−xFexO4 共x = 0.1, 0.3, 0.5兲
samples at room temperature revealed a cubic spinel symmeAuthor to whom correspondence should be addressed; FAX: ⫹82-2-9105170; electronic mail: cskim@phys.kookmin.ac.kr
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FIG. 1. The x-ray diffraction patterns of NiCr2−xFexO4 共x
= 0.0, 0.1, 0.3, 0.5兲 at room temperature. The open circles represent the observed patterns; continuous lines represent calculated and difference 共obscal兲 patterns. The tick marks correspond to the position of the allowed Bragg
reflections.
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