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The substituted orthoferrite Lag 67Sr0.33Fe03_, was studied using scanning electron microscopy, X-ray diffraction
(XRD), and Mossbauer and Raman spectroscopy. A series of vacuum annealing in the temperature range of
200-650 °C was performed, resulting in negligible changes in the crystal structure of samples. The volume of the
pseudocubic unit cell increased continuously with raising temperature up to 450 °C. It follows from the
Mossbauer measurements that at room temperature Fe ions were characterized by an averaged-valence state. The
vacuum annealing induced oxygen vacancies and changed the averaged-valence state of Fe ions. Sufficiently
good correlations among the Mossbauer, XRD, and Raman spectroscopy data were obtained.

1. Introduction

Perovskite-type oxides R;.xAyBOs3., (R = rare-earth element; A = Ba,
Ca, or Sr; and B = Fe, Mn, Co or Ni) are promising materials due to their
unusual electrical, magnetic, and catalytic properties [1,2]. In these
systems, transition metal ions have mixed valence states, which are
responsible for high electronic conductivity near room temperature.
These states can lead to significant oxygen nonstoichiometry, which is
the result of a high level of oxygen ion diffusion. Mixed valence can be
caused either by the substitution of divalent ions (A) for the trivalent
element (R) positions, or by the formation of oxygen vacancies [3].
Magnetic properties of these complexes are assumed to be the result of a
superexchange mechanism involving 3 d electrons of transition metal
ions and the p orbital of oxygen [4]. Thus, oxygen plays a very important
role in the magnetic order of these compounds.

Materials belonging to this family with the composition RBO3 have
perovskite-like crystal structures. Compounds with the Fe metal ion (B)
are called orthoferrites, and have a distorted perovskite structure. Dis-
tortions are associated with the displacement of oxygen and rare-earth
ions from the positions corresponding to the cubic structure [5,6].

Orthoferrite LaFeOs is multiferroic and, thus, is one of the most
important members of the RBO3 family [7]. Various applications are
possible, including as electrode materials for fuel elements, catalysts,

chemical sensors, optoelectronic devices, and magnetic memory devices
[8-12]. It has an orthorhombic structure with the space group Pbnm; the
Fe ions are in a trivalent state and have an octahedral oxygen environ-
ment. Oxygen anions located at the vertices of the octahedron partici-
pate in the superexchange interaction between Fe ions Fe*-0%-Fed".
According to the Goodenough theory [13], the superexchange interac-
tion between 3d° (Fe3+) and 3d° (Fe3+) cations is antiferromagnetic and
stronger than between Fe** and Fe®*, as well as among Fe** ions. Ox-
ygen octahedra are arranged in a zigzag manner along the c axis of a
crystalline lattice; as a result the linkage angle Fe>*-0% -Fe3" deviates
from 180°. The increase of the superexchange interaction between Fe>*
ions with the Fe>*-0?—Fe* linkage angle [6] was reported for LaFeOs
orthoferrite [7,13].

When trivalent La®* is partially replaced by divalent Sr**, a homo-
geneous structural and charge ordering in La;_,SrxFeO3_, oxides is
violated on a local level. There is some uncertainty in determining their
structures for x < 0.4 compositions. The rhombohedral, orthorhombic
crystalline lattices or their mixture have been proposed [14,15]. The
oxidation state of Fe ions increases from Fe3* to Fe** when La®" cations
are substituted by Sr** in LaFeOs_,. This weakens the antiferromagnetic
order caused by the superexchange interaction of Fe>* ions [5,14,
16-18]. As the Sr content increases, the Néel temperature decreases [14,
15]. For samples within the 0 < x < 0.3 composition range, a weak
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Fig. 1. SEM images: (a, al) as-synthesized Lag ¢7Sr¢.33FeO3_, sample and (b, bl) sample annealed in vacuum at 650 °C.

ferromagnetism with spontaneous magnetization was observed, which
decreased with an increase in Sr amount in the ferrite [19]. Weak
ferromagnetism is associated with a slight canting of Fe ions’ magnetic
moments as a result of an oxygen octahedral arrangement in a zigzag
manner.

Annealing of La; _4SryFeO3_, oxide in a vacuum leads to the forma-
tion of oxygen vacancies and, correspondingly, to the unit cell volume
increase. However, the Fe-Fe and Fe-O distances do not practically
change. Only the change of mutual coordination of the oxygen octa-
hedra occurs, increasing the Fe>*—-0*—Fe3" linkage angle and, thus, the
superexchange interaction among Fe3* ions [3]. The latter effect and a
change of Fe ion valence states govern the Néel temperature and mag-
netic properties of these materials. Variation of the heat treatment
conditions leads to phase transformations in the compounds and
changing in the electronic states of Fe ions.

The electronic state of Fe ions in the substituted lanthanum ferrites,
as well as the changes in their nearest oxygen environment might be
effectively explored using Mossbauer spectroscopy. In these oxides, the
Mossbauer spectra of Fe ions with different states are a set of partial
magnetic spectra with different Mossbauer parameters (effective mag-
netic fields, isomer, and quadrupole shifts). Consequently, complete or
partial substitution of an alkaline earth element for La leads to a
decrease in the effective magnetic field. The appearance of oxygen va-
cancies decreases the isomeric shift and increases the quadrupole shift
[20,21]. The La;_SryFeOs3_, polycrystalline samples in the Sr concen-
tration range 0 < x < 0.4 can be used to obtain a wide range of particle
sizes (80-2000 nm) [5].

For most perovskites, breaking of ideal cubic symmetry results in
appearance of the Raman-active optical phonons (LO) [22]. The strong
connection of the electronic system with phonon lattice vibrations in
perovskites leads to the extreme sensitivity of LO phonons to the oxygen
content and the temperature dependence of their energy [22]. Pure
lanthanum ferrite (LaFeO3) has been actively studied for more than 30
years. However, only two papers on ferrites with the substitution of La>*

by Sr?* or Ca®" have been published so far [23,24]. For Lag 335r0.67FeO3
and CaFeOgs, distinct changes of LO phonon energies occurred below
charge ordering temperature of Fe ions, as demonstrated by Raman
spectroscopy [23]. The loss of oxygen upon annealing caused a trans-
formation from a rhombohedral to a Brownmillerite-type structure in a
thin Lag 2Srg gFeOs film [24]. The transformation was accompanied by
an increase in sample electrical resistivity and enhancement of the
Raman peaks in the frequency range of 400-800 cm ™! due to the sym-
metry decrease [24].

In the present work, the nature of the structural changes in the
substituted orthoferrite Lag g7Sro 33FeO3_,, valence states of the Fe
atoms, and transitions to a magnetically ordered state caused by gradual
removal of oxygen and the formation of oxygen vacancies were studied
using scanning electron microscopy (SEM), X-ray diffraction (XRD), and
Mossbauer and Raman spectroscopy.

2. Materials and methods

A polycrystalline sample Lag 67Sro 33FeO3_, was prepared in air by a
sol-gel method using strontium, iron, and lanthanum nitrates in a stoi-
chiometric ratio and glycine as starting reagents. The details of the
preparation procedure were previously described [25]. After synthesis
at 1100 °C for 20 h in air, samples were cooled slowly in a furnace to
room temperature. Then samples were annealed under vacuum (1073
Torr) at 200-650°C for 4 h and cooled slowly.

The diffraction patterns of the as-synthesized and vacuum-annealed
polycrystalline samples were monitored at room temperature on a
Siemens-D500 diffractometer using CoKa radiation. For phase analysis,
calculation of XRD patterns, and refinement of unit cell parameters, the
Powder Cell 2.4 and Match 3 packages were used.

A Carl Zeiss Supra 50VP high-resolution scanning electron micro-
scope equipped with INCA Energy + microanalysis system was used to
monitor SEM images in secondary electrons applying accelerating
voltage of 10 kV and at magnifications of 5000 x and 15000 x .
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Fig. 2. Histograms of samples: (a) as-synthesized and (b) annealed in vacuum
at 650°C.

Mossbauer measurements were performed at room temperature on
polycrystalline samples on a CM 1101 spectrometer operating in a
constant acceleration mode. Radioactive source was >’Co (Rh). The
fitting and analysis of the spectra were carried out using the distribution
of hyperfine spectral parameters in the SpectrRelax program [26].

Raman spectra were measured at room temperature on a micro-
Raman system operating in a backscattering geometry equipped with
HRS-500 spectrometer. A diode KLM-532/SLN-100 laser with a wave-
length of 532 nm was used for excitation; laser power on the sample was
~3 mW and diameter of the laser spot on the sample was ~5 pm. A razor
edge filter and a Notch filter were used to discriminate the laser line. The
spectral width of the setup was 200 cm™ . Spectral resolution in the
investigated frequency range was better than ~1 cm™! with an experi-
mental error of =1 em L.

3. Results and discussion
3.1. SEM results

The SEM images of the Lag ¢7Sro.33FeO3_, sample microstructures
are shown in Fig. 1. The analysis demonstrates that the samples are
agglomerates of sintered particles. Particle size distribution histograms
for as-synthesized samples and samples annealed under vacuum at
650 °C show that particle size depends slightly on vacuum annealing and
average size is 0.41-0.44 pm (Fig. 2).

3.2. XRD analysis

The LaFeO3 has an orthorhombic structure with the space group
Pbnm (JCPDS 82-1958) and lattice parameters a = 5.553 A, b = 5.566 A,
and ¢ = 7.851 A. The diffraction patterns of all Lag e7Sro.33Fe03_y
samples are similar, indicating absence of significant structural changes
upon vacuum annealing. The diffraction patterns have a common
feature of the diffraction lines broadening noticeably, especially at high
diffraction angles. The broadening can be associated with the inhomo-
geneous distribution of Sr atoms at the La positions over the sample, and
with spatial variations of the oxygen content, and, as a consequence, the
inhomogeneity of the structure. The XRD pattern of the as-synthesized
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Fig. 3. Calculated diffraction patterns: (a) Pbnm and (b) R-3c. Diffraction pat-
terns of Lag 67510 33Fe03_, samples: (c) as-synthesized and annealed in vacuum
at (d) 450 °C and (e) 650 °C.
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Fig. 4. Dependence of the pseudocubic cell volume V. Lag ¢7Sro.33FeO3_, on
the vacuum annealing temperature.

sample (Fig. 3) can be described by the known Lag ¢7Srg 33FeO3 ortho-
rhombic cell with space group Pbnm (JCPDS 89-1269) and lattice pa-
rameters a = 5.502 A, b = 5.544 A, and ¢ = 7.811 A. However, its
interpretation in the assumption of a two-phase mixture, which addi-
tionally includes a certain proportion of the rhombohedral phase R-3c
(JCPDS 49-0285), gives the best result. This fact is in accordance with
previous results [17,27]. The structures of samples annealed under
vacuum at temperatures of 200-400 °C are the same, and only the lattice
parameters of the phases and the cell volumes change. The diffraction
patterns of the samples annealed at 450 °C and 650 °C do not practically
differ from each other, suggesting that the main structural changes finish
at 450 °C. In this case, the last sample from the series has an ortho-
rhombic lattice with a = 5.535 10\, b =5.548 fk, and c = 7.838 ;\, prac-
tically without an impurity of the rhombohedral phase.

The structure of both phases (Pbnm and R-3c) present in the sample
is a perovskite lattice with slight distortions; therefore, the diffraction
lines from them overlap to a large extent, which does not allow reliably
establishing their quantitative ratio. In this case, it is convenient to use
the pseudocubic perovskite cell volume to describe the ongoing changes.
Volume of the pseudocubic cell V. is plotted as a function of the
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Fig. 5. Room-temperature Mossbauer spectrum of LaFeO3 and the recovered distribution p(Hyy) of the hyperfine magnetic field Hyy.
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Fig. 6. Results of the recovering of hyperfine magnetic field Hys for the Mossbauer spectra of Lag 67Sr0.33Fe03_, samples: (a) as-synthesized and annealed in vacuum

(b) at 300°C and (c) 650°C.

vacuum annealing temperature (Fig. 4). A continuous increase of Vce|
with annealing temperature is due to the reduction of oxygen content in
the lattice (or increasing the number of oxygen vacancies). The Ve
levels out above 450 °C, indicating that the equilibrium state is attained
at these temperatures (Fig. 4).

3.3.

Fitting

Mossbauer spectroscopy data

of the room-temperature Mossbauer spectra of

Lag.67Sr0.33Fe03_, using application of several partial spectra is not
applicable because of uncertainty both in the number of partial spectra



V. Sedykh et al.

Journal of Physics and Chemistry of Solids 171 (2022) 111001

) a
H,; (kOe) FWHM,, , (kOe) b S,y (kOe)
00— T T T T ] 300 ———— 1 ———— 300
ke ] r O FWHM, (La, ;81 5,Fe0;.)
500 p= - ® S (LaeStaFeO.) 1
: ] 500 o~ FWHM, (LaFeO,) P
L ] -o- S, (LaFeO;) L
400 | a 1
[ O Hmax(Laomsrm}FeO}-,) i 7
300 ® H,.(Lay:Sr,35Fe05.) ] 100 te ] 100
I -o- H,,(LaFeO;) ] ]
F -o- H,.(LaFeO,) E R
200 —r—~A— o~ 1111 o —i— T == =~
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
Ly (°C) t..(°C)
8, (Mm/s) ¢ By (MMV/S) & (mm/s) d
04— 71— 7 7 04 0l ————F—— 11— ; ;
~03 ol— — e |
1 1 E————
F O Smax(LaO67sr0.33F303'y) g : :
02 B @ 5, (Lay;S1053Fe0;.,) ] 02 0.1 O g, (Lag Sty Fe0;,) 8
[ -0 8,,,(LaFe0;) ] [ o &, LaFeO) |
r & 5, (LaFeO,) ] H f
P T R TR R B I 1 02 I T T T S TR B
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
L (°C) L (°C)

Fig. 7. Changes in the hyperfine parameters of the Lag ¢7Sro 33FeO3_, Mossbauer spectrum with vacuum annealing temperature: average values (aver), values at the
distribution maximum (max), half-height widths (FWHM), and standard deviations of the distribution for the (a, b) hyperfine magnetic field Hy, (c) isomer shift & and
(d) quadrupole shift € in comparison with data for unsubstituted lanthanum ferrite LaFeOs.

and in the values of their hyperfine parameters. Therefore the method of
recovering the distribution of spectrum parameters by the SpectrRelax
program is used to fit the spectra [26]. The hyperfine magnetic field
(Hyg) distribution [p(Hpg)] is recovered for each Mossbauer spectrum
taking into account its linear correlation with the isomeric shift (8) at the
desired average value of the quadrupole shift (¢) of its components.

The Mossbauer spectrum of pure LaFeQOjs is a typical Zeeman sextet
associated with the magnetic ordering of lanthanum ferrite at room
temperature (Fig. 5). The hyperfine parameters of the spectrum are in
good agreement with known data [28] and correspond to Fe atoms in a
trivalent high-spin state in an octahedral oxygen environment.

Substitution of La>* by Sr** leads to a significant change of the
Mossbauer spectrum compared to unsubstituted lanthanum ferrite
(Fig. 6). The splitting of the spectrum is reduced noticeably, and the
resonance lines are significantly broadened, corresponding to the
appearance of a wide hyperfine magnetic field distribution. The
Mossbauer spectra of some of the Lag 7Sr¢ 33FeO3_, samples after vac-
uum annealing are shown in Fig. 6. The annealing after synthesis leads
to an increase in the magnetic splitting, and a narrowing and better
resolving of the resonance lines in the spectrum.

The variations of hyperfine parameters of the Mossbauer spectra of
Lag.67Sr0.33Fe03_, samples with the temperature of vacuum annealing
are shown in Fig. 7 — average values (Hayer, Saver, and €aver), values at the
distribution maximum (Hmax and 8yax), width at half maximum FWHM,
(H#hp, and the standard deviation Sy of the distribution — compared to
the data for unsubstituted LaFeOs.

The difference between the hyperfine parameters of the as-
synthesized and annealed Lage7Sro33FeO3_, samples compared to
those of LaFeOs are directly related to the possible appearance of Fe ions
with increased valence and of oxygen vacancies upon the substitution of
Sr** for La®>* and a change in their quantities upon further vacuum
annealing.

It should be noted that there are several factors that significantly
change in the spectra compared to lanthanum ferrite. For the as-

synthesized sample, there is, first, a strong decrease in both Hy,x and
Hayer when 33% La is replaced by Sr (Fig. 7a); second, a very wide p(Hpy)
(Fig. 7b); and, third, a decrease in the isomer shift (Fig. 7c). The isomer
shift value indicates that the Fe ions are in the averaged-valence state, i.
e. with a fractional degree of oxidation. This may be due to the rapid
(with a characteristic time < 1078 s) transfer of electrons between the Fe
ions at room temperature [29,30]. The spectrum resembles that of
Lag 67Sr0.33Fe03_, [20]. According to the literature, Fe** ions do not
manifest themselves in this range of Sr concentrations in Mossbauer
measurements at room temperature. The very wide p(Hy¢) can be due to
two main factors. First, it is the random distribution of Sr?* ions over the
La3* ion positions, in turn accompanied by a random distribution of
Fe** ions over the Fe atom positions and by the appearance of randomly
distributed oxygen vacancies in the structure of substituted ferrite
Lag 67Sr0.33Fe03_,. This distribution of ions and vacancies in the struc-
ture leads to a strong local inhomogeneity in the environment of
Mossbauer Fe atoms. The second factor affecting the width of p(Hyy) is
the fast transfer of electrons between Fe>* and Fe** ions, which leads to
the averaged-valence state of Fe atoms.

Attention is drawn to the fact that the average value of Hyyer is
noticeably less than the Hy,x value at the maximum of p(Hy) (Fig. 7a).
Let us consider the reasons for this. The LaFeOs contains only Fe*>* and
has no oxygen vacancies. When 33% La atoms are replaced by Sr in
LaFeOg, Fe*' ions appear in addition to Fe3*. In the as-synthesized
Lag 67S10.33Fe03_,, the Hp,y is significantly lower than in LaFeO3 due
to the appearance of a significant amount of Fe** cations. As mentioned
above, when Sr randomly substitutes La, a strong local inhomogeneity in
the environment of Mossbauer Fe atoms appears, resulting in a differ-
ence in the Hpa.x and Hayer field values. We assume that the as-
synthesized sample contains a sufficiently large amount of Fe** and a
minimum amount of oxygen vacancies.

The values of Hayer and Sayer, as well as of Hyax and 8y, increase
with an increase of vacuum annealing temperature t,n,, and, thus, with
an increase in amount of oxygen vacancies (Fig. 7b). The width at half
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maximum FWHMpnf and the standard deviation Spimg of the p(Hyy)
decrease with t,np. This indicates a decrease of the amount of Fe** jons
in the annealed sample. At tn, > 450 °C, there are practically no Fe*t
ions and an averaged-valence state of Fe atoms, when the 8ayer and Spyax
values reach the Fe3* characteristic values, and oxygen stops leaving the
ferrite lattice. In the range of annealing temperatures of 450-650 °C, the
Hayer and 8ayer values, as well as of Hyax and 8max, reach their maximum,
and FWHM],gnp) and Sy(amp) of p(Hyg) reach their minimum values, which
practically coincide with similar values for LaFeOs. The average value of
the quadrupole shift € in the spectrum of the as-synthesized sample turns
out to be negative and somewhat lower in absolute value than that for
LaFeOj3 (Fig. 7d).

3.4. Raman spectroscopy

The assignment of phonon modes of lanthanum orthoferrites in the
frequency range below 1000 cm ™' was previously considered [22,31].
Modes below 200 cm ™! in LaFeOs refer to lattice vibrations of heavy La
atoms, modes between 200 and 450 cm ! refer to oxygen vibrations in
the tilted FeOg octahedra, and modes at ~630 cm™! indicate in-phase
stretching of Fe-O bonds [22]. The modes above 1000 em ! in
LaFeQj3 are usually referred to as two-magnon scattering [6]. However,
this interpretation of the Raman active modes for lanthanum ferrites is
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not definitive [22].

The room-temperature Raman spectra of LaFeO3 and
Lag 67Sr0.33Fe03_, samples, as-synthesized and after vacuum annealing
at 300 °C and 650 °C, show the correspondence for Raman peaks for the
Lag 67Sr0.33Fe03_, samples annealed in vacuum with the main Raman
peaks for the LaFeO3 at ~280, ~339, ~434, and ~630 em! (Fig. 8).
Annealing of Lag 67Sr0.33Fe0O3_, leads to smearing and even merging of
adjacent Raman lines characteristic of LaFeOg into one broad fringe. For
example, the ~280 and ~339 cm~! lines for LaFeO3 (Fig. 8a) are
transformed into single rather broad fringe at ~300 cm™! for the
Lag 67Sr0.33Fe03_, sample annealed in vacuum at 650°C (Fig. 8d).
Similarly, the ~434 and ~630 cm ! lines for LaFeOs are transformed to
the extended fringes at ~436 and ~672 cm™!, respectively, for the
Lag.67Sr0.33Fe03_, sample annealed at 300°C (Fig. 8c). These fringes
shift to even higher frequencies, to ~471 and ~677 cm™! positions,
respectively, for the Lage7Sro33FeOs3_, sample annealed at 650°C
(Fig. 8d).

It is worth noting that 436-470 and ~670 cm ! lines appearing after
vacuum annealing are most intensive and clearly expressed only in the
sample annealed at 650 °C when there is already no averaged-valence
state of Fe atoms, and all Fe atoms are in Fe>* state, and oxygen stops
leaving the lattice under annealing. At the same time, in the as-
synthesized sample, in which there is a sufficiently large number of
Fe*" ions and, apparently, the minimum number of oxygen vacancies,
even weak and broad lines of phonon mode vibrations at ~685 cm ™" are
recognized for the few sample particles only, and their fraction is less
than 10% (compare black and red curves in Fig. 8b). Only vacuum
annealing at 200 °C and above gives a very weak but well-reproducible
Raman spectra of each individual particle of polycrystalline samples as,
for example, the spectrum of the sample annealed at 300 °C (Fig. 8c). It
is natural to associate a significant broadening of all Raman lines in
Lag 67Sr0.33Fe03_, with the local disorder arising when La is substituted
by Sr. This effect leads to a strong inhomogeneity of the Fe**/Fe>* ion
charge state and associated oxygen vacancies in their nearest environ-
ment appearing under vacuum annealing.

Only studies in a wide temperature range below and above the Néel
temperature (Ty = 740 K [7,13]) similar to a previous report [6] might
give an unambiguous Raman mode assignment.

4. Conclusion

All the samples were agglomerates of sintered particles, with size
depending slightly on annealing in vacuum, and average size was
0.41-0.44 pm.

Upon vacuum annealing, no significant structural changes were
observed. The volume of the pseudocubic cell Ve increased continu-
ously with vacuum annealing temperature, and the main structural
changes finished at temperatures above 450 °C.

The Fe** ions in Lag ¢7Sro.33Fe03_, did not appear at room temper-
ature as a particular Mossbauer subspectrum. Their presence resulted in
a wide distribution of the hyperfine magnetic field corresponding to the
averaged-valence state of Fe atoms, which was due to the rapid transfer
of electrons between Fe>™ and Fe** ions in a locally inhomogeneous
ionic environment. The appearance of this state was associated with the
substitution of 33% La by Sr in LaFeOs3. Vacuum annealing led to an
increase of the hyperfine magnetic field on >’Fe nuclei and an isomer
shift of the Mossbauer spectrum with an increase of annealing temper-
ature, which was caused by an increase in the number of vacancies and,
respectively, a decrease in the amount of Fe**. The averaged-valence
state of Fe atoms almost disappeared at temperatures of 450°C and
higher, with Fe>* ions only present and the amount of oxygen vacancies
stabilized; the Mossbauer parameters stopped changing in the temper-
ature range of 450-650 °C, and the process of oxygen leaving the crystal
lattice under vacuum annealing ceased.

For as-synthesized Lage7Sro.33FeO3,, the Raman spectra revealed
that substitution of 33% La by Sr atoms led to the presence of the lone
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broad fringe at ~685 cm™! as compared to LaFeOs. With increasing
vacuum annealing temperature, new fringes appeared in Raman spectra.
Thus, the band frequencies for the sample annealed at 650 °C corre-
sponded to the peak positions of the unsubstituted LaFeOs. Evolution of
the Lag 67Sr0.33Fe03., Raman spectra observed with annealing temper-
ature correlated with the changes of the Fe atoms’ valence state revealed
by Mossbauer spectroscopy. The observed significant broadening of
peaks, compared to LaFeOs, was associated with the random distribu-
tion of Sr?* ions over the La®" positions and, hence, with a random
distribution of Fe** atoms over the Fe atom positions in the structure of
the substituted Lag ¢7Srg 33FeOs_y ferrite.

Analysis of the results for Lage7Sro.33FeO3_, demonstrated good
correlations among the XRD, Mossbauer, and Raman spectroscopy data.
A detailed study of as-synthesized and annealed ferrite samples at low
temperatures is required in order to elucidate the changes of Fe ions’
valence state as well as of their environment. The results of these studies
will be published later.
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