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Report:

We used the technique of nuclear inelastic scattering (NIS) of synchrotron radiation to study the local
lattice dynamics of the Fe sites in SrFeO2.5 and SrFeO3 by employing the 57Fe resonance. The experiments
were performed at the beamline ID18. Only 5 shifts of the beamtime were in 16-bunch mode, then we had to
change for the 9 other shifts to the 4-bunch mode with considerably lower intensity. For this reason the
experiments had to be performed with an energy resolution of 3 meV (and not with 0.5 meV resolution, as
asked for in our proposal). The measuring time per NIS spectrum in the 4-bunch mode took around 6 h. In
addition to the NIS spectra we recorded simultaneously nuclear forward scattering (NFS) spectra to monitor
the magnetic properties of the samples.

The aim of our studies was to look in SrFeO2.5 with the Brownmillerite structure for characteristic
dynamic properties connected with the high oxygen mobility observed in related systems of this structure
with a variety of potential technological applications, for instance in fuel cells [1]. Our interest in SrFeO3 was
twofold, first as a Fe4+ reference system with the simple perovskite structure and secondly to look for
anomalous changes in the phonon modes connected with the magnetic ordering; such a behaviour was
recently reported for a closely related Fe4+ system [2].

For these reasons temperature-dependent NIS studies were performed on SrFeO3 in temperature range
from 15 K to 295 K and on SrFeO2.5 from 15 K to 500 K employing a He flow cryostat and, for SrFeO2.5,
also a special vacuum oven. The samples were prepared with 30%-enriched 57Fe. The structural and
magnetic properties of the samples were carefully characterised by XRD and with conventional 57Fe
Mössbauer spectroscopy [3].

Fig. 1 shows local phonon density-of-states (DOS) at the Fe sites, extracted from the recorded 57Fe-NIS
spectra for SrFeO2.5 and SrFeO3 at various temperatures. The DOS spectra of SrFeO2.5 shows characteristic
spectral features, resulting from the two different (tetrahedral and octahedral) Fe3+ sites. Around 7 meV is a
characteristic low-energy mode, which is characteristic for tetrahedral Fe3+ sites in the Brownmillerite
structure. We attribute, in accordance with similar observations in related systems [4], this soft mode with a
collective motion of the FeO4 tetrahedra, which is responsible for the oxygen diffusion mechanism. We
observe no dramatic changes of this structure as function of temperature, but, increasing with temperature, a
loss of resolution of all spectral features. We attribute this behaviour to the thermal expansion, connected
with anharmonic broadening effects of the phonon modes. The quality of the data is demonstrated by the
temperature dependence of the derived elastic and thermodynamic parameters. Some of them, the Lamb-
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Fig. 1: Local 57Fe density-of-states (DOS) of
SrFeO2.5 and SrFeO3 at various temperatures.

Fig. 2: Extracted elastic and thermodynamic
parameters derived from the respective DOS:
Lamb-Mössbauer factor fLM, high-T Debye
temperature ΘD,HT and specific heat Cv as
function of the temperature.

Mössbauer factor fLM, the high-temperature Debye temperature ΘD,HT and the specific heat Cv, are shown in
Fig.2. Especially the decrease of ΘD,HT with temperature from 432 K to 418 K reflects nicely the thermal
expansion of the lattice. A detailed evaluation of these parameters, especially of the sound velocity, deviating
strongly from the Debye model and reflecting the soft-mode behaviour of the tetrahedral sites, is still in
progress.

For SrFeO3, the local Fe DOS is quite different from that of SrFeO2.5 and exhibited a well resolved
(optical) mode at 22 meV, resulting from the high symmetry of Fe4+ in the perovskite structure. The DOS
spectra exhibit within the temperature range from 15 K to 300 K no spectral changes, as reflected by the
constant value of the derived Debye temperature ΘD,HT = 500 K, expected for Fe4+ in octahedral surrounding,
which is considerably higher than the ones observed for the Fe3+ sites in SrFeO2.5. We looked carefully for
spectral changes in the DOS around 135 K, the magnetic ordering temperature, and found within 0.5 meV no
changes in the spectral features. This is in contrast to the findings on a related system, Sr2FeCoO6-δ, where
from 57Fe-DOS spectra variations as large as 1.5 meV were reported [2].
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