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Abstract
The crystallographic and magnetic properties of TbFeO3 powder were characterized by X-ray diffraction, Mössbauer spectroscopy,
and magnetic moment measurement techniques. Also, the change of phase transition was observed with differential thermal analysis
(DTA). From the Mössbauer spectroscopy results, isomer shift values at room temperature and 4.2 K are in the range of 0.25–0.36 mm/s,
which means that the valence state of Fe ions is ferric (Fe3+). The Néel and Debye temperatures are determined to be TN ¼ 692 K and
Y ¼ 337 K, respectively. The magnetic moment rapidly decreases with increase in temperature up to 250 K. Above 250 K, it starts
increasing and shows a convex maximum. After its maximum value about 350 K, it eventually reaches to zero. The inﬂection points in the
M–T curve are in accord with the exothermic peaks from heat capacity measurement results and magnetic hyperﬁne ﬁeld anomaly from
the Mössbauer spectroscopy results. Using the Mössbauer technique we suggest that the convex curve arises from minute spin canting, in
the antiferromagnetically ordered state of the slightly distorted perovskite structure.
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Recently, transition-metal oxides with strong correlation
have attracted much attention to understand the coupling
effects between their order parameters and unusual
physical properties [1]. Among those, the iron perovskite
materials are of interest due to their peculiar magnetic
properties [2]. For instance, weak anisotropic antisymmetric exchange causes a slight canting of spin resulting in
a weak transverse ferromagnetic moment [3]. We report
extraordinary magnetic behavior, which appears to be spin
reorientation phenomenon, observed from the temperature
dependence of the magnetic moment curve of TbFeO3
powder.
The orthoferrite TbFeO3 was prepared by a sol–gel
method. To avoid high crystallization temperatures, the
selection of the starting materials and solvent are very
important. Here, iron nitrate nonahydrate (Fe(NO3)3 
9H2O) and terbium nitrate hexahydrate (Tb(NO3)3  6H2O)
were used as starting materials. They were dissolved in a
mixed solvent system (ethanol:distilled water ¼ 6:1). A
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small amount of acetic was added to the solution to act as
catalyst and to reduce pH. The solution dried at 120 1C for
several days and ﬁnally powdered. A part of the solution
was dried to determine the crystallization temperature of
TbFeO3 powder by DTA-TGA. Then, single phase
TbFeO3 was obtained by heating at 800 1C for 3 h in air.
The crystal structure of the sample was examined by XRD
with CuKa radiation. Mössbauer spectra were recorded
using a 60 mCi 57Co source in a Rh matrix with the
spectrometer working at constant acceleration. The magnetic moments were measured by vibrating sample
magnetometer (VSM).
The XRD patterns of the TbFeO3 were reﬁned using
Rietveldt reﬁnement method with reasonable agreement
factors (RB ¼ 4.42%, RF ¼ 3.36%). The crystal structure
was found to be a single phase of orthorhombic
(S.G.:Pbnm) with the lattice constants, a0 ¼ 5.3298(7) Å,
b0 ¼ 5.5938(6) Å, and c0 ¼ 7.6464(9) Å, respectively.
Mössbauer spectra of TbFeO3 were taken at various
temperatures ranging from 4.2 to 700 K, as shown in Fig. 1.
Using a least-squares computer program, Lorentzian lines
were ﬁtted to the Mössbauer spectra under the well-known

