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In-field M√É¬∂ssbauer spectra for LaxSr1-xFeO3-y (x=1/3, 1/2) above their charge dispropor-
tionation temperature. .
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The charge disproportionation (CD) was first observed by Mössbauer spectroscopy in the sample
La1/3Sr2/3FeO3, in which the Fe ions could take non-integral charge states between Fe3+ and Fe5+

depending on the composition [1]. Subsequently Battle et al. found a first-order like transition from
a high-temperature paramagnetic average-valence state in which all Fe ions are electronically
equivalent to a low-temperature antiferromagnetic mixed-valence state [2].The charge state above
the CD transition temperature can be explained by an itinerant nature of the σ* band derived from
the eg electron in high-spin Fe4+ (t2g

3 eg
1). Battle 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. In this context, we discuss the results of external field Mössbauer spec-
troscopy for LaxSr1-xFeO3-y (x=1/3,1/2) concerning how the external magnetic field affects the CD
state above their transition temperature.
Chemical analysis showed that oxygen non-stoichiometry y were 0.04 and 0.025 for x=1/3 and 1/2,
respectively. A Mössbauer spectrometer of a conventional transmission-type was used in the con-
stant acceleration mode. External magnetic field up to 6 T was applied both parallel and perpendi-
cular to the direction of γ-ray propagation using a split magnet superconductor cryostat. Figure 1
shows Mössbauer spectra up to 6 T for La1/3Sr2/3FeO2.96 at 225 K, which is above the CD transition
temperature. Without an external magnetic field, a completely paramagnetic singlet was obtained
above 190 K. The isomer shift value of the singlet was 0.07 mm/s, indicative of the averaged
valence Fe3.6+[3]. In the longitudinal geometry, a magnetic Zeeman component is superimposed to
the central singlet. The splitting of the outermost lines in each spectrum nearly coincides with the
applied field value. As the external magnetic field is parallel to the γ-ray direction, the lines 2 and
5 are suppressed (the lines 3 and 4 are overwhelmed by the strong central singlet). It is clearly seen
that there is still a considerable fraction of the Fe nuclei that does not experience the applied field.
This is an evidence of the fast electron-transfer among Fe ions[4]. In the transverse spectrum, how-
ever, central singlet disappears and only magnetic component with intensity ratio 3:4:1:1:4:3
emerges. This means that magnetic moments are aligned perpendicular to the γ-ray direction. Aver-
aged singlet fraction in the longitudinal Mössbauer spectra is 0.52, which is slightly lower than 0.58
deduced from the chemical formula La1/3Sr2/3Fe4+

0.58Fe3+
0.42O2.96 above the CD transition tempera-

ture. To check further validity of this discussion, the same Mössbauer experiment was carried out
for La1/2Sr1/2FeO2.975(Fig. 2). Nearly the same spectra were observed. Comparing to the case for
x=1/3, splitting is not clear, which suggests the possibility that there exist several phases other than
CD phase. Even though the line width is quite broader, relative absorption depth for the central sin-
glet is not so sharp compare to the case of x=1/3. This is consistent with the fact that the number
of Fe ions corresponds to the averaged valence state increases as Sr content increases. Taking into
account of the fact that Fe4+ ions show singlet Mössbauer spectra, we can conclude that hopping of
an electron between neighboring Fe ions occurs in such a way that the hyperfine magnetic field at

the 57Fe nucleus average out to zero even under an external magnetic field. We can also expect that
the application of external magnetic field will have little effect on the transport properties of this
sample. 
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In-field Mössbauer spectra under 6 T for
La1/2Sr1/2FeO2.975 at 230 K.

57Fe Mössbauer spectra for La1/3Sr2/3FeO2.96

under various field strengths at 225 K.


