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Mössbauer Studies of Single Crystal Pr1/3Sr2/3FeO3
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Single crystal Pr1/3Sr2/3FeO3 was synthesized by using the floating zone method and the relation
of magnetic properties and charge ordering transition with lattice dynamics was systematically
investigated. Mössbauer spectra of Pr1/3Sr2/3FeO3 were taken at various temperatures ranging
from 20 K to room temperature. The charge disproportionation, in which iron with valence states
Fe3+ and Fe5+ was found in a ratio of 2:1, was detected in Pr1/3Sr2/3FeO3 below 190±3 K. Iron with
valence state Fe4+ coexisted in Pr1/3Sr2/3FeO3 at and above 150 K, and its ratio increased from
13 to 66 % with increasing temperature. This result means that charge-ordered and -disordered
phases co-exist in Pr1/3Sr2/3FeO3.

I. INTRODUCTION

In recent few years, transition-metal oxides (TMO)
with strong electron correlation have been paid special
attention in order to understand their electronic states
and unusual physical properties. The order-disorder phe-
nomena of charge, spin, and orbitals in TMOs are very
important issues in light of the metal-insulator transi-
tion [1]. Especially, the perovskite La1−xSrxFeO3 shows
a charge-ordering (CO) sequence in which the CO tran-
sition occurs at a hole doping level of about x=2/3 [2].
In this case, Fe ions with valence states Fe3+ and Fe5+

were found in a ratio of 2:1 below 200 K. Such a phe-
nomenon was previously observed by measuring mag-
netic neutron scattering [3], and this CO can be under-
stood in the sequence Fe3+Fe3+Fe5+Fe3+Fe3+Fe5+ along
the rhombohedral z-direction or pseudo-cubic perovskite
[111]-direction [4,5]. Pioneering research on the varia-
tion of such a CO transition in R1/3Sr2/3FeO3 (R=La,
Pr, Nd, Sm, and Gd) was carried out by Park et al.
[6]. Modification of the chemical composition on the
perovskite A-site is effective for controlling fundamental
electronic parameters, such as the electron-hopping in-
teraction and the doping level, in perovskite-type TMOs
[6,7]. When the R-site ion on the A-site is changed from
La to Gd, the distortion of the FeO6 octahedral structure
is increased to decrease the bond angle ( 6 Fe-O-Fe) from
180 in an ideal cubic perovskite structure. In this re-
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search, we have noticed that Fe4+, Fe3+, and Fe5+ coex-
ist in Pr1/3Sr2/3FeO3 by using Mössbauer spectroscopy,
the best way to identify valence states of iron. This phe-
nomenon is interpreted to mean that charge-ordered and
charge-disordered phases coexist in Pr1/3Sr2/3FeO3 [8].

II. EXPERIMENTAL TECHNIQUE

Single crystal Pr1/3Sr2/3FeO3 was prepared by using
the floating zone (FZ) method [4–6]. Starting materials,
Pr3O7, SrCO3, and α-Fe2O3, were mixed in a prescribed
ratio and calcined two times in air at 1000 ◦C for 12 h.
Then, the obtained powder was pressed into a rod and
sintered in oxygen at 1260 ◦C for 24 h. The apparatus
used for the crystal growth was a floating zone furnace [6]
equipped with two halogen incandescent lamps and dou-
ble hemi-ellipsoidal focusing mirrors. The feed and the
seed of the rods were kept about 2 mm/h under an oxy-
gen pressure from 6 to 8.5 atm. The obtained melt-grown
crystals were then crushed and characterized by using x-
ray diffraction. The sample was in a single phase and
exhibited a slightly rhombohedrally distorted perovskite
structure. The magnetization data were taken using
a commercial SQUID magnetometer (Quantum Design,
Inc.), and a Mössbauer spectroscope of an electrome-
chanical type [9] was used in the constant-acceleration
mode.

III. RESULTS AND DISCUSSION
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