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Mössbauer Studies on Superexchange Interactions in Y3Fe5−xAlxO12
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The crystallographic and the magnetic properties of Y3Fe5−xAlxO12 (x = 0.25, 0.50, and
0.75) have been studied with Mössbauer spectroscopy, X-ray diffraction (XRD), and vibrating
sample magnetometry (VSM). The lattice parameter (a0) decreased linearly with increasing
Al concentration (x) and followed Vegard’s law approximately. The Mössbauer spectra of the
Y3Fe5−xAlxO12 were taken at various temperatures ranging from 15 to 600 K. As the temperature
increased toward the Neel temperature (TN ), a systematic line broadening effect in the Mössbauer
spectra was observed and interpreted as originating from the different temperature dependencies
of the magnetic hyperfine fields at various iron sites. The results from the probability distribution
(6Cn) of Fe3+ and Al3+ at the tetrahedral sites. The isomer shifts indicated that the iron ions
were ferric at the octahedral a-sites and the tetrahedral d-sites. The temperature dependence
of the magnetic hyperfine fields at the tetrahedral (d) and the octahedral (a) sites was analyzed
based on the Néel theory of ferrimagnetism. For Y3Fe4.75Al0.25O12, the intersublattice a − d
superexchange interaction was antiferromagnetic with a strength of Ja−d = –20.1 ± 0.2 kB while
the intrasublattice a − a and d − d superexchange interactions were ferromagnetic with strengths
of Ja−a = 1.1 ± 0.2 and Ja−d = 2.9 ± 0.2 kB , respectively.
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I. INTRODUCTION

Substitutions of nonmagnetic ions in iron garnets have
been of interest for scientific studies of the effects caused
by dilutions and for device applications as basic mate-
rials for bubble memories, microwave components, and
magneto-optic displays [1]. In the YIG (Y3Fe5O12) sys-
tem, both octahedral (a) and tetrahedral (d) sites are
occupied by Fe3+ ions. The molecular fields act on each
Fe ion at an a-site and a d-site [2]. The strongest mag-
netic interaction is the intersublattice exchange interac-
tion between the Fe3+ ions in the a and the d sublattices,
although the intersublattice exchange (a−d) is strongest,
intrasublattice interactions (a− a and d− d) should not
be neglected [3].

In an attempt to study superexchange interactions
in an aluminum substituted garnet ferrite by using
Mössbauer spectroscopy, we prepared Y3Fe5−xAlxO12.
Two kinds of data, for example, the magnetic hyper-
fine field and the magnetic moment, could be used to
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determine accurate superexchange strengths. However,
the total spontaneous magnetic moment near the Néel
temperature could not be correctly determined in a high
external magnetic field due to the induced magnetic mo-
ment. Thus, it was desirable to obtain two series of
data unaffected by an external magnetic field [4]. The
magnetic hyperfine fields could be measured without the
help of an external magnetic field by using Mössbauer
spectroscopy. The temperature dependence of the mag-
netic hyperfine fields was analyzed by using the Néel
theory of ferrimagnetism. In this paper, we presents
our Mössbauer spectroscopy results relating to superex-
change interactions in Y3Fe5−xAlxO12.

II. EXPERIMENTS

Y3Fe5−xAlxO12 (x = 0.25, 0.50, and 0.75) was pre-
pared by using a sol-gel method. Weighted amounts of
Y(NO3)3·5H2O, Al(NO3)3·9H2O, and Fe(NO3)3·9H2O
were first dissolved in ethylene glycol. The solution was
refluxed at 80 ◦C for 12 h to allow gel formation and was
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