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Synthesis and Mössbauer Effects of
TbFe1 xMnxO3 Nanoparticles
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Mn3+ substituted orthoferrites TbFe1 xMnxO3 (x = 0 00 0 25 0 50, and 0 75) nanoparaticles were prepared by the sol-gel
method. The crystallographic and magnetic properties of powders were characterized by using X-ray diffractometer (XRD), Mössbauer
spectroscopy, and scanning electron microscopy (SEM). The crystal structure was found to be a single phase of orthorhombic structure
(Pbnm). For Mössbauer spectra, we have fitted the spectra to a model based on a random distribution of Fe and Mn ions on the octahedral
sites. Mössbauer spectroscopy measurement showed that Néel temperature decrease with increasing Mn concentration x. The isomer
shift indicate that the valance state of Fe ions is ferric (Fe3+). The result of SEM measurements showed that powders present average
particle size of 36.5 nm for TbFe0 25Mn0 75O3.

Index Terms—Mössbauer, nanoparticles, orthoferrite, sol-gel.

I. INTRODUCTION

THE rare earth orthoferrites ( FeO where,
) have attracted interest because of their

potential magnetic and electrical applications [1]–[5]. The
distorted perovskites TbFe Mn O with a variable Mn
concentrations are interesting substance for studying the
influence of the Jahn–Teller ions Mn on the magnetic
properties and spin-reorientation transitions [6]. In this
study, the sol-gel method was used for the preparation of
TbFe Mn O nanoparticles
and their structural and magnetic properties were characterized
by X-ray diffraction (XRD), Mössbauer spectroscopy, and
scanning electron microscopy (SEM).

II. EXPERIMENT

TbFe Mn O nanoparticles were fabricated by the
sol-gel method. One of the advantages of using the sol-gel
method is the lower annealing temperature that enables smaller
grained powders to be grown (e.g., nanocrystalline particles).
Iron nitrate pentahydrate, manganese acetate tetrahydrate,
and terbium nitrate pentahydrate were used as starting ma-
terials. These were dissolved in mixed a solvent system

. A small amount of acetic
acid was added to the solution for acting as catalyst and to re-
duce pH. The solution was refluxed at 60 for 12 h. Afterwards,
it was dried at 120 for several days and finely powdered. Then,
single-phase TbFe Mn O nanoparticles were obtained by
heating at 800 C for 3 h in an air. Mössbauer spectra were
recorded using a 40 mCi Co source in a Rh matrix with the
spectrometer working at constant acceleration. The size and
morphology of the particles were monitored with SEM.
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Fig. 1. Refined X-ray diffraction patterns of TbFe Mn O x = 0:00, and
x = 0:25 at 295 K. Tick marks show the Bragg positions.

III. RESULTS AND DISCUSSION

The XRD was used to check the purity of the phase and to
determine crystallographic parameters. Fig. 1 shows results
of Rietveld refinement of the XRD patterns of the TbFeO
and TbFe Mn O nanoparticles prepared by the sol-gel
method. The crystal structure was found to be orthorhombic
structure (Pbnm). It is difficult to fabricate orthoferrite FeO
without second phases such as garnet Fe O , spinel
ferrite and O phase because FeO and Fe O com-
pounds are the easy formation of the thermodynamically
more stable phase [2], [4]. However, no impurity phases have
been detected with Cu radiation such as garnet Tb Fe O
and spinel Fe O ferrite. The results of XRD measurements
show that the lattice parameters and decrease, with in-
creasing x from and for , to
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