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Mössbauer Study of MgCr0.1Fe1.9O4
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MgCr0.1Fe1.9O4 has been studied with X-ray diffraction and Mössbauer spectroscopy. The crys-
tal structure is found to have a cubic spinel structure with a lattice constant of a0=8.388±0.005 Å.
The iron ions at both A (tetrahedral) and B (octahedral) sites are found to be in ferric high-spin
states. Its Néel temperature TN is found to be 687±3 K. The Debye temperatures for the A and
the B sites are found to be 515±5 K and 265±5 K, respectively. Atomic migration from the A to
the B sites starts near 350 K and increases rapidly with increasing temperature to such a degree
that 50 % of the ferric ions at the A sites have moved over to the B sites by 600 K.

I. INTRODUCTION

A ferrimagnetic spinel can be represented by the for-
mula AB2O4, and the A − B magnetic interactions be-
tween the magnetic atoms on the A site and those on the
B sites are stronger than the A−A interactions and the
B −B interactions [1]. Metallic atoms are in an inverse
distribution: half of the iron atoms are in the A sites
and the other half plus the magnetic atoms are in the
B sites. However, MgFe2O4 is not completely inverse,
and the degree of inversion depends on the heat treat-
ment. The area ratio, Fe(A)/Fe(B), has been found to
vary from 0.60±0.06 to 0.79±0.06 in MgFe2O4 for two
extreme heat treatments, quenched and slowly cooled,
respectively, in an applied field of 45 kOe [2,3].

MgCr2O4 is also known to be antiferromagnetic with
a Néel temperature of 14 K [4]. In this article, we
present our Mössbauer and X-ray results for slowly
cooled MgCr0.1Fe1.9O4 with special emphasis on atomic
migration as a function of temperature and on the Debye
temperatures for the A and the B sites.

II. EXPERIMENTAL

The slowly cooled MgCr0.1Fe1.9O4 sample was syn-
thesized by the usual ceramic method. A mixture of the
proper proportions of Fe2O3, MgO, and Cr2O3 powders
of 99.995, 99.999 % and 99.999 % purities, respectively,
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was ground. The mixture was heated at 1050 ◦C for 2
days and then slowly cooled to room temperature at a
rate of 10 ◦C/h. In order to obtain a homogeneous mate-
rial, we had to grin the sample after the first firing, press
the powders into pellets, and then anneal for a second
time in vacuum.

The X-ray diffraction patterns of the samples were ob-
tained with CuKα radiation. A slow scanning speed
of 0.25◦ advance in 2θ/min was used in order to opti-
mize the resolution of closely spaced reflections. The
Mössbauer spectra of the electromechanical type were
with in the constant-acceleration mode [5]. A 20-mCi
57Co source in a Rh matrix was used at room tempera-
ture.

III. RESULTS AND DISCUSSION

Results of the X-ray and the Mössbauer measure-
ments showed that the sample had an inverse spinel
structure. The lattice parameter a0 was found to be
a0=8.388±0.005 Å by plotting a0(θ) versus the Nelson-
Riley [6] function and extrapolating to θ=90◦. The
Mössbauer spectra of MgCr0.1Fe1.9O4 were measured at
various temperatures from 12 to 700 K. The Mössbauer
spectra were composed of two six-line hyperfine patterns,
A and B. Using a least-squares computer program, we
fitted two sets of six Lorentzian lines to the Mössbauer
spectra under the usual constraints [7], which are valid
when the quadrupole interaction is much weaker than
the magnetic hyperfine interaction. Just above the Néel
temperature, TN=687±2 K, the Mössbauer spectrum be-
came a sharp doublet. Some spectra are shown in Figs.
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