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Mössbauer Studies of Perovskite Gd0.5Sr0.5FeO3−y
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Perovskite powder Gd0.5Sr0.5FeO3−y was studied by X-ray diffraction, Mössbauer spectroscopy,
vibrating samples magnetometry, and Mohr’s salt analysis. Gd0.5Sr0.5FeO3−y was synthesized by
using the solid-solid reaction method. The crystal structure was found to be orthorhombic with lat-
tice parameters, a0=5.531 Å, b0=5.608 Å and c0=7.724 Å. Mössbauer spectra of Gd0.5Sr0.5FeO3−y
have been taken at various temperatures ranging from 4.2 to 600 K. The spectrum pattern at 4.2
K consisted of four sets of six Lorentzians, and the magnetic hyperfine fields are found to be 275,
486, 514 and 540 kOe. The Néel temperature, TN , was found to be 478 K. Mohr’s salt analysis for
Gd0.5Sr0.5FeO3−y demonstrated the existence of the mixed valence states, Fe3+ (73 %) and Fe4+(27
%), and y=0.11 at room temperature. It is notable that Fe5+ was created at 4.2 K. The magnetic
susceptibility show that the superexchange interaction was antiferromagnetic.

I. INTRODUCTION

The perovskite RFeO3 (R=rare earth) has the abil-
ity to stabilize cation unusually highly oxidized states,
and the anion sublattice can accommodate a high con-
centration of vacancy sites. In the case of R1−xSrxFeO3,
it is possible to control the hybridization (tpd) between
the Fe and the O states by changing the average ionic
radius of the A-site (R, Sr) [1]. The crystal structure
of GdFeO3 is known to be orthorhombic with a space
group Pbnm [2]. It is known to be canted antiferromag-
netically with a Néel temperature of 657 K. Stoichio-
metric SrFeO3 with a cubic structure exhibits metallic
conductivity and a helical magnetic structure containing
tetravalent iron below the Néel temperature of TN=130
K [3–5]. In contrast, in a study of CaFeO3, the iron
shows disproportionation into Fe3+ and Fe5+. Such dis-
proportionation results from a canted bond angle (6 Fe-
O-Fe) [3]. Pioneering studies show a charge-ordered se-
quence, Fe3+Fe4+Fe3+Fe4+, in La0.7Sr0.3FeO3 [6]. In
fact, the charge ordering and its magnetic-field-melting
mechanism are two of the most important issues in cur-
rent studies.

In this study, solid solutions of the Gd0.5Sr0.5FeO3−y
were prepared, and their structures were analyzed by
using X-ray diffraction. The mixed valence states of
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iron were investigated by using Mohr’s salt analysis and
Mössbauer spectroscopy [7], which is the most effective
way to identify valence states of iron. We analyzed the
Mössbauer spectra for Gd0.5Sr0.5FeO3−y and found it to
be composed of Fe3+ and Fe5+ with high-spin state and
Fe4+ with low- and high-spin states. We are interested
in the creation of Fe5+ and in the partial existence of a
charge-ordered state in samples at and below 150 K.

II. EXPERIMRNTAL TECHNIQUE

The Gd0.5Sr0.5FeO3−y system was prepared as fol-
lows: the starting materials were Gd2O3, SrCO3, and
Fe(NO3)3·9H2O with high purity. Appropriate amounts
of the mixtures were dissolved in dilute nitric acid. The
solution was evaporated over a burner flame and then
heated at 800 ◦C for 4 hrs; then, it was ground and
pressed into pellets under pressure of 3 ton/cm2 for 2
min. The samples were heated at 1350 ◦C in air for 48
hrs and then air-quenched.

X-ray diffraction patterns were obtained using a
Phillips with CuKα radiation. Mössbauer spectrome-
ter of an electromechanical type [8] was used in the
constant-acceleration mode. A 57Co single-line source in
a rhodium matrix was used at room temperature. Titra-
tion of residual Fe2+ and K2Cr2O7 using Mohr’s salt
analysis gave the amount of Fe4+ and the oxygen content
of each sample. The magnetization of the samples was
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