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Structural Aspects of the Charge Disproportionation Transition in
LaxSr1−xFeO3−y (x = 1/10, 1/3, and 1/2)
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The aspects of the charge disproportionation transition for polycrystalline LaxSr1−xFeO3−y(x =
1/2, 1/3, and 1/10) near the transition temperature are investigated using Mössbauerspectroscopy
in relevance with their chemical and crystallographic data.

As the lanthanum content x is increased, both the rhombohrdral lattice constant aR and the
edge angle αR increase, resulting in a slight increase in the tolerance factor t. For x = 1/3, a
first-order-like transition between the low-temperature antiferromagnetic mixed-valence state and
the high-temperature paramagnetic average-valence state takes place in the temperature range
between 175 K and 200 K. With an increase in x from 1/3 to 1/2, this transition becomes blurred
by the weakened p-d hybridization due to the slight decrease in the bond angle (∠Fe-O-Fe) from
180◦ with its transition temperature effectively unchanged. For the case of x = 1/10, the electron
delocalization takes place at considerably low temperature, and LaxSr1−xFeO3−yis paramagnetic
in the temperature region examined. This comes from a reduction of electron transfer energy due
to contractions in the bond lengths.
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I. INTRODUCTION

In some respects, the carrier-doped iron perovskite
LaxSr1−xFeO3−y(LSFO) exhibits several peculiar prop-
erties different from those of hole-doped manganites
La1−xAxMnO3−y(A = Ca or Sr). Hole-doped mangan-
ites show remarkably varied properties that depend on
compositions, temperatures, and the species of substi-
tuted atom [1]. A typical example among them is the
so-called metal-insulator transition, and the transition
temperature happens to coincide with the magnetic tran-
sition temperature. On the other hand, the iron per-
ovskite is free from the Jahn-Teller distortion, despite
its Fe4+(d4) nature, and in some cases, it shows no
metal-insulator transition. This is an intriguing behavior
in view of the facts that iron perovskites are the same
charge-transfer-type insulator as manganites [2] and that
both perovskites contain atoms with similar electronic
structures (Fe4+ and Mn3+). It is now believed that this
difference originates from existence, or non-existence, of
the charge disproportionation(CD) transition. Unlike in
the case of manganites, hole-doped iron perovskites avoid
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any structural instabilities like the Jahn-Teller distortion
by generating CD state.

This unique CD transition was first proposed two
decades ago based upon Mössbauerspectroscopic com-
parison of SrFeO3 and CaFeO3. A Mössbauerstudy of
CaFeO3 [3] revealed a pair of hyperfine sextets of equal
intensity at 4.2 K with the Mössbauerparameters Hhf

= 41.6 T, δis = 0.34 mm/s and Hhf = 27.9 T, δis =
0.00 mm/s. On heating, the two sextets merged into
two singlets of equal intensity at 116 K, meaning that
Néeltemperature had been reached. Further heating con-
verted the spectrum into a singlet at 300 K. The former
transition at 116 K was interpreted as a change from an
antiferromagnetically ordered mixed valence Fe3+/Fe5+

state to a paramagnetic mixed valence state. The lat-
ter one at 300 K is the so-called metal-insulator transi-
tion at which the paramagnetic insulating mixed valence
Fe3+/Fe5+ state is converted to a paramagnetic metal-
lic average valence Fe4+ state as indicated in the charge
disproportionation

2Fe4+ 
 Fe3+ + Fe5+. (1)

This charge disproportionation, however, does not take
place in SrFeO3, which is structurally related to CaFeO3.
It is a metallic conductor with a Néeltemperature of 134
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