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Mg–Cr ferrite has been studied with Mössbauer spectroscopy, x-ray diffraction, and vibrating
sample magnetometer. The crystal structure for this system is spinel structure, and the lattice
constant is in accord with Vegard’s law. The Mössbauer spectra consist of two six-line patterns
corresponding to Fe3⫹ at the tetrahedral 共A兲 and octahedral 共B兲 sites. The Curie temperature
decreases linearly with Cr concentration, suggesting the superexchange interaction
Fe(A) – O–Fe(B) link is stronger than that for the Fe(A) – O–Cr(B) link. Debye temperatures for
the A and B sites of MgFe1.9Cr0.1O4 are found to be  A ⫽515⫾5 K and  B ⫽265⫾5 K, respectively.
Atomic migration of MgFe1.9Cr0.1O4 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. The temperature dependence of both the magnetic hyperfine field and magnetization of
MgFe1.9Cr0.1O4 is explained by the Néel theory of ferrimagnetism using three superexchange
integrals: J A – B ⫽⫺17.9k B , J A – A ⫽1.9k B , and J B – B ⫽7.1k B . © 2000 American Institute of
Physics. 关S0021-8979共00兲40808-X兴

I. INTRODUCTION

Mössbauer spectra were recorded using a conventional
Mössbauer spectrometer of the electromechanical type5 with
a 20 mCi 57Co source in a Rh matrix.

A ferrimagnetic spinel can be represented by the formula
AB2O4, the A–B magnetic interactions between the magnetic atoms on the A 共tetrahedral兲 site and the B 共octahedral兲
sites are stronger than A – A interactions and B – B
interactions.1 Metallic atoms are in an inverse distributions:
half the atoms of iron are in the A sites and the other half,
plus magnetic atoms, in the B sites. However, MgFe2O4 is
not completely inverse, and the degree of inversion depends
on the heat treatment. The area ratio, Fe(A)/Fe(B), has been
found to vary from 0.60⫾0.06 to 0.79⫾0.06 for two extreme
quenched and slowly cooled MgFe2O4 samples,
respectively.2,3 MgCr2O4 is known to be antiferromagnetic
with a Curie temperature of 14 K.4 In this article, we present
our Mössbauer and x-ray results on slowly cooled
MgFe2⫺x Crx O4 with special emphasis on atomic migration
as a function of temperature and the Debye temperatures for
A and B sites.

III. RESULTS AND DISCUSSION

X-ray diffraction patterns of the MgFe2⫺x Crx O4 were
obtained in the  –2 geometry with Cu K ␣ radiation. The
lattice constant a 0 for each composition was found by plotting a 0 (  ) against the Nelson–Riley6 function and extrapolating to  ⫽90°. The results are shown in Table I. The unit
cell parameter (a 0 ) decreases linearly with increasing chromium concentration x and follows Vegard’s law approximately. This can be expected in view of the fact that the
ionic radius of 0.65 Å for Cr3⫹ ions is smaller than that of
0.67 Å for Fe3⫹ ions. Mössbauer spectra of MgFe2⫺x Crx O4
were measured at various temperature from 12 to 800 K. The
Mössbauer spectra are composed of two six-line hyperfine
patterns A and B. Using a least-squares computer program,
two sets of six Lorentzian lines were fitted to the Mössbauer
spectra under the usual constraints,7 which are valid when
the quadrupole interaction is much weaker than the magnetic
hyperfine interaction. Some of them are shown in Fig. 1. The
results of the computer analysis are presented in Table I. The
isomer-shift values at room temperature for the A and B patterns are found to be (0.21⫺0.16)⫾0.01 and (0.30⫺0.17)
⫾0.01 mm/s relative to the Fe metal, respectively, which are
consistent with high-spin Fe3⫹ charge states.8 The smaller
value of the A site isomer shift is due to a larger covalency at
the A site. It is worth noting that in Fig. 1 and Table I the
quadrupole shifts for both A and B patterns vanishe in accord
with the cubic crystal structure of MgFe2⫺x Crx O4 (x
⫽0.0,0.1,0.3,0.5,0.7,0.9). However, Mössbauer spectra of
MgFe1.9Cr0.1O4 with cubic structure consists of a sharp dou-

II. EXPERIMENT

The slowly cooled MgFe2⫺x Crx O4 samples were prepared by direct reaction of elements in an evacuated
quartz tube. The starting materials were high-purity
Fe2O3共99.995%兲MgO(99.999%), and Cr2O3共99.999%兲.
Mixtures of the elements in the proper proportions were
heated at 1050 °C for 2 d, and then slowly cooled to room
temperature at a rate of 10 °C/h. In order to obtain a homogeneous material, it was necessary to grind the samples after
the first firing and to press the powders into pellets before
annealing then for a second time while being evacuated. The
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