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The crystallographic and magnetic properties of Tb3−xBixFe5O12 �x=0.5, 0.75, 1.0, and 1.25�
powders were studied using x-ray diffraction, vibrating sample magnetometer, and Mössbauer
spectroscopy. The crystal structure of the samples is determined to be normal cubic structure Ia3d
by Rietveld refinement. The temperature dependence of magnetization with increasing bismuth
concentration from x=0.5 to x=1.25 showed the decrease of compensation temperature from
177 to 107 K. Moreover, the field-cooled magnetizations of all samples show negative
magnetization below the compensation temperature. We suggest that the negative magnetization is
related to the local anisotropy by the strong covalent interaction between bismuth and iron. The
isomer shifts obtained from Mössbauer spectra at room temperature of the �16a� and �24d� sites are
about 0.26 and 0.04 mm/s, respectively, for all samples, which means that the irons at the �24d� site
have a strong covalent interaction with bismuth. The Néel temperature increased from 616 to 655 K
with increase of bismuth concentration from x=0.5 to x=1.25. Also, the saturation magnetization at
room temperature increases linearly with increase of bismuth concentration. These behaviors can be
explained by strong exchange interaction between a and d sublattices with increase of bismuth
concentration. © 2007 American Institute of Physics. �DOI: 10.1063/1.2711394�

I. INTRODUCTION

Bismuth-substituted iron garnets have been researched
actively for several decades. These materials are very attrac-
tive for various fundamental scientific and technical interests
as well as for device applications. In particular,
�TbBi�3Fe5O12 have received much attention for communi-
cation system devices in the wavelength range of
1.3–1.6 �m.1 It is well known that Bi3+ ions and rare-earth
�RE� ions enhance magneto-optical activity in RE iron
garnets.2 In the RE iron garnet system, both the octahedral
�16a� and tetrahedral �24d� sites are occupied by Fe3+ ions.
The large increase of the Faraday rotation �FR� in RE garnets
is attributed to a-d superexchange coupling and spin-orbit
�SO� interaction.3 Dionne and Allen claimed that the large
splitting of the excited state induced by the large SO cou-
pling of the Bi3+ ions was responsible for the FR
enhancement.4 In the RE iron garnet, the bismuth raises the
Néel temperature, which can be attributed to the influence of
the Bi ions on the superexchange interaction between a and d
sublattices.5

In this study, we report on the structural and magnetic
properties of Tb3−xBixFe5O12 �x=0.5, 0.75, 1.0, and 1.25�
powders. The dependence of the magnetic properties on the
temperature and Bi content is studied in detail by the analy-
sis of the local structure of iron sublattices using vibrating
sample magnetometer �VSM� and Mössbauer spectroscopy.

II. EXPERIMENT

Polycrystalline Tb3−xBixFe5O12 �x=0.5, 0.75, 1.0, and
1.25� were prepared using the sol-gel method. Weighted

amounts of Tb�NO3�3•5H2O, Bi�NO3�3•5H2O, and
Fe�NO3�3•9H2O were first dissolved in 2-methoxyethanol
�2-MOE� and acetic acid. The solution was refluxed at 80 °C
for 24 h to allow gel formation and then dried at 120 °C for
24 h. The dried powders were ground and annealed at a tem-
perature of 900 °C for 3 h in air. The identification of the
crystal structure and determination of lattice constants were
carried out by x-ray diffraction �XRD� with Cu Ka radiation.
The magnetization measurements in the temperature range
from 60 to 670 K were performed using a VSM in field-
cooling �FC� and zero-field-cooling �ZFC� conditions under
various applied fields. The Mössbauer spectra were recorded
using the conventional spectrometer of the electromechanical
type with a 57Co source in a rhodium matrix.6

III. RESULTS AND DISCUSSION

The crystal structure of Tb3−xBixFe5O12 �x=0.5, 0.75,
1.0, and 1.25� was determined by the Rietveld refinement
technique. The refined x-ray diffraction patterns of the
samples are shown in Fig. 1. The crystal structure of the
samples is determined to be normal cubic structure Ia3d
�Tb,Bi�24c� ;Fe�16a� ;Fe�24d� ;O�96h��u ,v ,w��. The deter-
mined lattice constants of x=0.5, 0.75, 1.0, and 1.25 are
12.466, 12.487, 12.499, and 12.518 Å, respectively. The lat-
tice constants increase linearly with increasing bismuth con-
centration, since the ionic radius of Bi3+ �1.17 Å� is larger
than that of Tb3+ �1.06 Å�. These results agreed with Veg-
ard’s law.

Figures 2 and 3�a� show the temperature dependence of
magnetization curves after ZFC and FC with 100 Oe applied
field for Tb3−xBixFe5O12 �x=0.5, 0.75, 1.0, and 1.25�, respec-
tively. The ZFC and FC curves exhibit thoroughly different
features at low temperature. The ZFC curves of
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