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In order to elucidate the role of Cr ions in CoCr2O4 exhibiting multiferroic property, we have
substituted a small amount of Fe ions for Cr sites and investigated the magnetic behavior of Fe ions
on atomic scale, using Mössbauer measurement. Polycrystalline CoCr1.98

57Fe0.02O4 compound was
prepared by wet-chemical process. The crystal structure was found to be a single-phase cubic spinel
with space group of Fd-3m. The lattice constant �a0� and the internal structural parameter �x� of the
oxygen were determined to be 8.340 and 0.264 Å, respectively. Mössbauer absorption spectra at
4.2 K show that the well developed two sextets are superposed with small difference in hyperfine
field. Isomer shift values ��� of the two sextets are found to be 0.34 and 0.35 mm/s relative to the
Fe metal, which are consistent with the high spin Fe3+ charge state. With increasing temperature, the
sextets gradually split into two subspectra, and then around 28 K the absorption line broadening of
outer sextet appears rapidly. Above the Néel temperature �TN=97 K� the paramagnetic doublets are
observed. The sudden change of outer sextet is observed above 28 K, which corresponds to the spin
transition temperature. Mössbauer measurement results suggest that Cr3+ ions have two different
magnetic sites, and the temperature dependent magnetic property is attributable to the different
behaviors of magnetic ions in the two sites. © 2007 American Institute of Physics.
�DOI: 10.1063/1.2712022�

I. INTRODUCTION

Chromites MCr2O4 �M =Co,Zn, etc.� are cubic normal
spinel ferrimagnets, in which M ions occupy the A sites and
Cr ions occupy the B sites. Recently, CoCr2O4 materials
have been investigated for multiferroic property and dielec-
tric anomalies have been explained by spin current model.1–3

ZnCr2O4 and CdCr2O4 materials showed geometrically frus-
trated magnetic bahavior,4,5 and MnCr2O4 materials showed
noncollinear �incommensurate� to collinear �commensurate�
ferrimagentic transition.6,7 Sergienko and Dagotto8 explained
that Dzyaloshinskii-Moriya interaction provides the micro-
scopic mechanism responsible for the coexistence and strong
coupling between ferroelectricity and incommensurate
magnetism.

To elucidate the role of the Cr ion in the multiferroic
effect, we have replaced by replacing the manganese ions in
the CoCr2O4 material with Fe ions. The similar since ionic
radius of Fe3+ �0.64 Å� is close to that of Cr3+ �0.63 Å� that
lattice distortion effects of the substitution may be ignored.
Here, we present crystallographic and magnetic properties of
CoCr1.98

57Fe0.02O4 using the x-ray diffractometer �XRD�, vi-
brating sample magnetometer �VSM�, and superconducting
quantum interference device �SQUID� magnetometer with
particular emphasis on Mössbauer spectroscopy for
CoCr1.98

57Fe0.02O4.

II. EXPERIMENT

The spinel CoCr1.98
57Fe0.02O4 powders were prepared by

wet-chemical solution process. Weighted amounts of cobalt

acetate, chrome nitrate, and 57Fe isotope were dissolved in
acetic acid, ethanol, nitric acid, and distilled water. The so-
lution was refluxed at 80 °C for 12 h to allow the gel for-
mation and then dried at 120 °C in a dry oven for 24 h. The
dried powder was ground and annealed at 1200 °C for 3 h in
air. The crystal structures of the samples were examined by
x-ray diffraction with Cu K� radiation ��=1.5406 Å�. Mag-
netic properties were characterized by the VSM, SQUID, and
Mössbauer spectroscopy. The Mössbauer spectra were re-
corded using a conventional spectrometer with a 57Co source
in a rhodium matrix.9

III. RESULTS AND DISCUSSION

The polycrystalline CoCr1.98
57Fe0.02O4 showed a spinel

structure in Fig. 1. The crystal structure of the sample at
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FIG. 1. XRD patterns of CoCr1.98
57Fe0.02O4 at room temperature. The solid

circle represents the observed pattern; continuous lines represent calculated
and difference obs-cal patterns. The tick markers correspond to the position
of the allowed Bragg reflections.
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