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The effects of magnetic field on the charge disproportionation 共CD兲 transition for La1/3Sr2/3FeO2.96
above its transition temperature are investigated using the external field Mössbauer spectroscopy.
Without an external magnetic field, a completely paramagnetic singlet was obtained in the
temperature range of the averaged valence state above the transition temperature, which was
interpreted as coming from the average valence Fe3.6+. Under the external magnetic field at 225 K,
which is above the CD transition temperature, a doublet of considerable magnitude of splitting is
superimposed to the central singlet. The origin of the doublet can be explained by a magnetic
Zeeman interaction. However, it is found that there is still a considerable fraction of the Fe nuclei
that does not experience the applied field. This is understood as an evidence of the fast electron
transfer among Fe ions. The observed magnetic Zeeman splitting probably results from particular Fe
ions in the neighbor of either an oxygen vacancy or a lattice imperfection such as the domain
wall. © 2005 American Institute of Physics. 关DOI: 10.1063/1.1855274兴
I. INTRODUCTION

Unlike in the case of manganites, the carrier-doped iron
perovskite La1/3Sr2/3FeO3−y is free from any structural instability such as the Jahn–Teller distortion despite of its
Fe4+共d4兲 nature. It is now believed that this is the result of
the existence of charge-disproportionation 共CD兲 transition.
Takano et al.1 found that the Fe ions could take indiscrete
charge states between Fe3+ and Fe5+ depending on the composition. Subsequently he suggested the existence of nonintegral oxidation state of iron in this material following a
disproportionation of the type.
2Fe4+ ↔ Fe4+ + Fe4− .
This CD transition was abrupt and was accompanied by both
a simultaneous metal-to-insulator transition and antiferromagnetic ordering. Battle et al. studied the detailed feature of
CD transition in Sr2LaFe3O3+y by a Mössbauer measurement, and found a first-order-like transition from a hightemperature paramagnetic average-valence state in which all
Fe ions are electronically equivalent to a low-temperature
antiferromagnetic mixed-valence state.2 A neutrondiffraction study showed that two kinds of Fe ions with valence states Fe3+ and Fe5+ were found in a ratio of 2:1 below
200 K.
In
this
CD
state,
a
sequence
of
Fe3+共↑兲Fe3+共↑兲Fe5+共↑兲Fe3+共↓兲 Fe3+共↓兲Fe5+共↓兲 exists along
the 关111兴 direction of the pseudocubic perovskite unit cell.3
More lately, such a CD state was also verified by transmission electron microscopy.4 Park et al. suggested that the distortion of the FeO6 octahedra decreased the strength of p-d
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hybridization interaction, and the CD transition became
blurred.5
Mössbauer
spectrum
for
stoichiometric
La1/3Sr2/3FeO3−y at 4.5 K under the external magnetic field
of 7 T was introduced recently.6 It consisted of two broadened sextets with relative intensities of second and fifth absorption peaks increased in the spectrum, which led to a
suggestion that it was an antiferromagnet with a collinear
spin structure.
Battle et al. already mentioned about the asymmetric
line shape of the paramagnetic singlet at 290 K, which indicated that the obtained spectrum could consist of several
components. Now, it will be of interest to observe the change
in the Mössbauer spectra above the CD transition temperature under an external field. In this paper, we present results
of x-ray diffraction 共XRD兲 and external field Mössbauer
spectroscopy for La1/3Sr2/3FeO3−y in order to see how the
external magnetic field influence the CD state above its transition temperature.
II. EXPRIMENTS

The nonstoichiometric La1/3Sr2/3FeO3−y polycrystalline
sample was prepared by the conventional solid-state reaction
method starting with La2O3, Fe2O3, and SrO powders in appropriate proportions. In order to prevent any inaccuracy in
the composition caused by using carbonate powder containing moisture, pure strontium-oxide powder was precisely
weighed in a glove box filled with N2 gas.
The XRD patterns of the samples were obtained with
Cu K␣ radiation. The patterns at room temperature were
taken at a slow scanning speed 共0.5° advance in 2 / min兲 to
enhance the resolution. To determine the nominal Fe4+ content, chemical analyses were carried out by digestion in a
standardized solution of Mohr salt in the presence of HCl
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