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The SrFeO, system with 2.5 < x = 3.0 was prepared and examined by differential thermal analysis,
thermogravimetry, powder X-ray diffraction, and the ¥Fe Mossbauer effect. Four single phases with
different structures exist in this system, the typical compositions of which are SrFeO;, SrFeO; s,
SrFe0, 7, and SrFeO,s. SrFeO,g and SrFeO, 7, have newly found tetragonal and orthorhombic
structures, respectively, and their unit cells are related to the cubic perovskite cell for SrFeOs; in the
manner that a, = 2 X 212 a_, ¢, =~ 2a. and a, = 2¢, = 2 X 22 a., b, = 2a,, where the suffixes c, t, and o
stand for the cubic, tetragonal, and orthorhombic structures, respectively. These single-phase compo-
sitions suggest the ideal series of SrFeQ;_y;,, where n = «, 8, 4, and 2 give x = 3, 2.875, 2.75, and 2.50,
correspondingly. The vacancy ordered phase of SrFeO,, SrFeO,», and SrFeO, s show first-order
transitions to their cubic, disordered structures at 250, 320, and 830°C, correspondingly. Formation of
the cubic, disordered structure above a temperature depending on the composition is suggested for the

whole composition range.

Introduction

The perovskite system of SrFeO, (2.5 =
x = 3) is well known for containing Fe ions
in the rare valence state of 4+ and also for
the wide range of nonstoichiometry. Sr-
FeO; containing only Fe** has the cubic
perovskite structure, while SrFe3*O,s or
Sr;Fe,0s crystallizes in an orthorhombic
brownmillerite-like structure in which oxy-
gen ions stringed along a particular direc-
tion of the parent perovskite structure are
missing. However, various investigators
have reported discrepant phase relations
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for the intermediate range of 2.5 < x < 3.
MacChesney et al. (1) were the first to un-
dertake a systematic investigation on the
preparation and characterization of this
system and reported about 20 years ago
that single phases with continuous oxygen
content existed for 2.72 = x = 3. The
perovskite cell was cubic for 2.88 = x = 3
and tetragonal for 2.72 = x =< 2.84. SrFeO, 5
coexisted with a perovskite phase for x =
2.60. On the other hand, Tofield et al. (2)
reported narrow single phase regions cen-
tered around the ideal compositions of x =
3, 2.75, and 2.5. The x = 2.78 phase near
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the ideal intermediate composition had an
orthorhombic unit cell related to the
perovskite cell by a, = 2 X 2"2q, and b, =~
2a. (suffixes o and ¢ stand for the
orthorhombic and cubic structures, respec-
tively) as found by the electron diffraction
(ED) method. However, this phase showed
apparently cubic symmetry in its X-ray dif-
fraction (XRD) pattern probably because of
a microdomain structure.

As a part of our work on perovskite ox-
ides containing highly charged Fe ions (3),
we reported, in brief, the existence of the
following phases found by measurements of
XRD and the Mossbauer effect (ME) (4).
These were the cubic perovskite phase for
2.9 < x = 3, the tetragonal phase for x =
2.85 with a; = ¢, = a. (suffix t indicating the
tetragonal phase), the orthorhombic phase
for x = 2.75 with a, = ¢, = 22g. and b, =
a., and SrFeO,s. Intermediate composi-
tions between these were two phase mix-
tures. In that study, the ME proved to be
very useful for the identification because
each single phase exhibited its characteris-
tic spectrum in both the paramagnetic and
antiferromagnetic states. Then, Ea et al. (5)
reported the cubic, tetragonal, and
orthorhombic phases according to the com-
positions of 2.9 = x =3,2.78 =x < 2.9, and
x = 2.75, and SrFeO, 5. Finally, the compo-
sition-dependent ME spectrafor2.75 < x <
2.85 were measured and interpreted as sin-
gle-phase behavior by Gibb (6).

These discrepancies may be due to differ-
ent methods of sample preparation and
compositional analysis and also to difficul-
ties in detecting slight structural distortions
by XRD, the most widely applied method.
The difficulties might arise not only from
the instrumental limit but also be intrinsic
from a tendency of microdomain formation
as suggested by Tofield et al. (2) for the
case of x = 2.78. Coherently packed micro-
domains of a single phase or mixed phases
could give a monophasic diffraction pattern
of seemingly high symmetry (7) leading to
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an erroneous phase identification. To ob-
tain the conclusive phase relation, we have
renewed our study by preparing more than
30 different samples under various condi-
tions with respect to the oxygen partial
pressure and temperature, analyzing them
chemically and thermally, and by examin-
ing them with a powerful XR diffractome-
ter, an electron microscope, and a ME
spectrometer. As a result, we have con-
firmed our previous study, with modifica-
tions required from detection of very weak
superlattice XRD peaks and corresponding
ED spots indicative of enlarged unit cells
for the tetragonal and orthorhombic
phases, and found evidences of the first-
order structural changes corresponding to
order-disorder transitions of the oxygen
vacancies in SrFeO,g, SrFe0, 43, and Sr
FeQ;.5,. Formation of the disordered cubic
perovskite structure above composition-de-
pendent temperatures is suggested for the
whole composition range.

Sample Preparation

Samples were prepared as follows.
SrCO; and a-Fe,0;, both being purchased
from Nakarai Chemicals Ltd. and having a
purity of 99.99%, were mixed in a molar
ratio of 2:1 and, then, heated in the air at
1000°C for 24 hr. The products were
ground, pressed into disks, and heated
again in the air at 1300°C for 12 hr. Subse-
quent annealing was carried out at various
temperatures between 250 and 1400°C in a
stream of nitrogen (99.99% pure) of 1 atm,
the air, or under oxygen pressures of 1-500
atm. The duration of annealing ranged from
24 to 300 hr depending on the temperature.
To prevent rapid oxidation at lower temper-
atures, the samples annealed in N, the air,
or O, of 1 atm were quenched in liquid N.
Those treated under higher oxygen pres-
sures were cooled rapidly by immersing the
stellite autoclave in water. By this way we
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could prepare samples covering a composi-
tion range of 2.50 < x < 2.97.

The oxygen content was determined by
two independent methods, chemical analy-
sis and thermogravimetry. The chemical
analysis was carried out with the method
applied by Mori (8) to the BaFeO, system.
This method takes advantage of the oxida-
tion of Fe2* ions in a standard solution to
Fe3* by highly charged Fe ions coming
from a sample. The weight loss on heating
sample powders to 1350°C in an N; stream
of 1 atm to reduce to SrFeO, s, was mea-
sured by an automatic differential thermal
analysis—thermogravimetry (DTA-TG) ap-
paratus of Rigaku DTA-6 TG-4. These two
kinds of measurements were in good agree-
ment with each other so that |xchem.ana —
x16| = 0.03. The compositions given below
take values averaged over these two inde-
pendent measurements.

Experimental Results and Discussion

1. Phases Present in the Quenched
Samples

The relation between the equilibrating
condition and the resulting oxygen content
is plotted in Fig. 1. It is evident that anneal-
ing under a higher oxygen partial pressure
at a lower temperature increases x. How-
ever, the oxygen diffusion within a crystal
was slow at 250°C, making it difficult to at-
tain equilibrium even after 300 hr.

XR diffractograms were obtained with
both monochromated CuKea and Cukp ra-
diation by using equipment of Rigaku RU-
200. A slight distortion from the cubic
perovskite structure makes additional very
weak reflections appear and splits most of
the main reflections; such weak reflections
were observed more distinctly with the in-
tenser Ko radiation, while slight splittings
of the main reflections were observed with
the singlet KB radiation. Some typical dif-
fraction peaks are compared in Fig. 2.
Among all the samples except for SrFeO, 5o
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Fi1G. 1. Annealing temperature dependence of com-
position under various oxygen pressures.

with well-known structure, SrFeO;gq7,
SrFe0, g6, and SrFe(; 73 exhibited the most
well-defined diffractograms consisting of
very sharp peaks with reasonable relative
intensities. SrFeO,4; crystallizes in a sim-
ple cubic perovskite cell of a. = 3.855 A,
SrFe0O, g in a tetragonal unit cell with a, =
10.937 A (= 2 x 2"2g.) and ¢, = 7.705 A
(= 2a.), and SrFeO,7; in an orthorhombic
cell with a, = 10.972 A (= 2 x 2"2a,), b, =
7.700 A (= 2a.), and ¢, = 5.471 A (= 2'2q,).
The observed and calculated data are com-
pared in Table I.

In comparison with these phases, the
other compositions like x = 2.94, 2.80, and
2.68 have slightly broadened main peaks
and vague superlattice peaks. The main
peaks shift to slightly lower angles accord-
ing to a tendency that the volume per mole-
cule increases with decreasing x as if these
are single-phase materials with continuous
oxygen content. However, as will be de-
scribed later, the ME study eliminated this
possibility except for the case of SrFeO; gs.
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TABLE I
X-RAY DATA FOR SrFe0, 47, SrFe0; ¢, AND SrFeO; 1

SI'FCOzjg
SrFe0,46 a = 10.972(6) A
SrFe0, a = 10.934(6) A b= 7.7005) A
a =3.85503) A c= 7.705(5) A c= S471(3) A
hkl doss de I hkl dops dea I hkl dons deat I
110 7.75 7.73 <l
101 6.28 6.30 <1 110 6.31 6.30 1
200 5.43 5.47 <1 200 5.49
001} 346 s 4 } <l
111 4.14 4.13 <1
100 3.858  3.855 3 211 3.867  3.866 2 201 3.871  3.871 3
112 3.453  3.448 <1
o 2727 2m6 100 ML g 2L 400 2.743
222 2.729 002 2734 2.736 100
21 2.731
141 2.508 112 2.509
103] 2.505 2.500] <l 130] 2.509 2.502] !
11 2224 222 20 402 2229 2.229 15 420} 2231 2.234} 1"
022 2.230
332 2145  2.142 <1
510 2.104 510 2,110 2.110 1
341} 2.103 2.104} <1
200 1927 1.928 80 440 1.936  1.933 25 402 1.937 1.937 30
004 1.928  1.926 12 040 1.926 1925 15
530 1.874 1875 <1
620 1.729 601 1.734  1.734 1
20 1725 1724 <1 442} 1.728 1.728} <1 203} o 1.731} ]
422 : 1.730
224 1.724  1.724 1 241 1.724 1724 1
512 1.671 1671 <1
622 1.577 621 1.581
211 1574  1.574 30 404} 1.577 1.575} 14 ot U578
1.578 20
440 1.576
042 1.574
710 1.536  1.536 =3
532 1.426  1.431 <1
220 1.363 1363 25 800 1.366  1.367 8 800 1.372  1.372 3
444 1.365  1.364 8 004 1.368
442} 1.366 1.365} 12
152 1333 1.332 <1
21 1285 1285 <l 624 1.287  1.287 1 641} 1,288 1.289} .
243 : 1.287
552 1.261 1.261 <]
310 1219 1.219 15 22(2)} 102 }gg} ; 502 1236
404 1.225  1.224 9
623 1.224
226 1219 1.219 4 261 1.219  1.218 9
732 1202 1.202 <1
31 1162 1.162 5 842 1.165  1.165 2 822 1.168  1.168 1
222 L.113 1113 8 804 1114 1.115 5 840 L1177 1.117 3
042 .15 1.115 3
320 1.069 1.069 <l
321 1.030 1.030 10 1022 1.033  1.033 7 1021 1.036  1.036 4
844} 1031 1.032} . 225 1.034
626 : 1.031 842 1.034  1.034 6
442 1.033
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FiG. 3. Electron diffraction patterns of cubic SrFeO,¢; and orthorhombic SrFeO, 7;. Zone axes are

(a) (010}, (b) (101), and (c) (111)..

Electron diffraction measurements made
with an apparatus of JEM 100CX on
Sl‘FeOzAw, Sl‘FCOz_g(,, and SFFCOQ.B gave
microscopic evidence supporting our XRD
analysis. The representative ED patterns of
SrFeO; g7 and SrFeQ, ;; are shown in Fig. 3.
Those of SrFeO, g7 consist merely of the cu-
bic perovskite-type basic spots, while some
additional superspots appear in the patterns
for StFeQ, 3. The 2 X 2V2 g_ % 2q, = 22,
supercell and the extinction conditions for
SrFeQ,;; are completely consistent with
the XRD measurements. SrFeO,g also
showed such superspots that indicate a su-
percell of 2 x 2'2a, * 2 x 2V2q, * 2a, which
agrees, in principle, with the XRD results.
However, possible changes in the structure
and oxygen content caused by electron
beam irradiation made a detailed analysis
difficult. These problems were much less
serious for SrFeO, 5.

The ME spectra obtained at 295 and 4 K
are shown in Fig. 4. It is very clear that, in
either of the paramagnetic and antiferro-
magnetic states, SrFeO,q;, SrFeO, g,
SrFe0, 73, and SrFeO, ¢z show their charac-
teristic spectra, while the other composi-
tions show mixed ones. For example, the
SrFe0O; 7- and SrFe0, gs-types show mixed
spectra for x = 2.94, and those for x = 2.80
reveal the coexistence of SrFeO, g and Sr-
FeO, 7. SrFe0, ¢ was detected clearly for
x = 2.51. Spectra from many other compo-
sitions also could be explained by mixing
the ones for the relevant couples of single
phases with composition dependent ratios.
Of particular interest is the composition of
x = 2.88. Though the XRD pattern is almost
of the cubic perovskite type as can be seen
in Fig. 2, the ME spectra are close to those
of the tetragonal phase. The following situ-
ation is highly possible. A crystallite of x =
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F1G. 4. M6ssbauer spectra of SrFeO, at 295 and 4 K. The solid lines are the computed fits (see Table

1D).

2.88 consists of two kinds of microdomains
having structures and compositions appro-
priate to the cubic (x = 3) and tetragonal (x
=~ 2.86) phases, the majority being of the
latter type. The domains are coherently
packed, the ¢ axis of the tetragonal phase
changing randomly from one of the sixfold
equivalent directions corresponding to
(100). to another from domain to domain.
So, it is an averaged, seemingly cubic struc-
ture that was observed by XRD. For x =
2.94, the number and total volume of the
cubic microdomains would be increased to
make the averaged unit cell volume smaller
as experimentally observed. A similar situ-
ation would hold also in the intermediate
region between the tetragonal and
orthorhombic phases where almost mono-
phasic XRD properties were observed.

Anyway, the most important conclusion to
be drawn here is that the single phases
present in the quenched samples have
rather narrow composition ranges of 2.97 <
x=3,x=286,268=<x=273 andx=
2.50.

The ME spectra obtained from the single
phases were analyzed by computer fitting
assuming the Lorentzian lineshape. The
results are, as a matter of course, very simi-
lar to those reported in our previous paper
(4). As a new important result, we assign
the quadrupole doublet for SrFeO; g to an
unusual state between Fe** and Fe**, that
is Fe*5*. The parameter values, assign-
ment, and the oxygen contents estimated
by this method are summarized in Table II.
We should stress here that the distribution
of the d electrons on highly charged Fe ions
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TABLE 11
MossBAUER DATA oF SrFeO,

300 K 4K
Sample

x IS, mmsec™! AE, mmsec™! % Valence Xu¢ IS, mm sec™! AE, mmsec”! Hi/T Valence %
0.06 — 94  Fet* 0.2 —_ 33 Fe*! 95
297 0.32 — 6 Fe'* 297 0.4 — 51 Fe'* b
0.04 — 45 Fe** 0.0 — ~29  Fe“d 50
2.86 0.17 0.84 ss  Fest 286 0.4 — ~44  Feu-ir 30
~0.09 0.34 33 Fe* Very broad absorption centered 48

73 0.11 — 9  Fe* 271 around ~0 mm sec ™!
: 0.37 1.29 53 Fe®* ' 0.5 -1.29 46 Fe** 38
0.35 0.58 5 Fe't 0.4 0.3 47 Fe'* 14
~0.11 0.35 33 Fe* Very broad absorption centered 47

2.68 0.09 — 8  Fe*' 271 around ~0 mm sec™!
. 0.36 1.27 51 Fe** : 0.5 -1.29 46 Fe’t 24
0.37 0.56 8 Fe*t 0.4 0.3 47 Fe'* 29

a Xy represents the oxygen contents estimated by the assignments shown in this table.

is very versatile, changing not only with the
ratio and kind of the alkaline earth and rare
earth cations and temperature as observed
in the stoichiometric systems of Ca,_,Sr,
FeO; and Sr,_,La,FeO; etc. (3) but also
with the oxygen content as revealed in the
present nonstoichiometric system; the iso-
mer shift and magnetic hyperfine field, both
being related to the d electron number, take
a wide range of values (see Table II). These
data are useful for putting restrictions on
possible structural models deduced from
the diffraction properties, since the elec-
tronic state of the Fe ion examined by the
ME seems to be sensitive to the surround-
ings and, therefore, reflects the vacancy-
ordering scheme. A further discussion on
the ME data and compatible structural
models will be reported elsewhere.

The ME spectra for 2.75 < x < 2.85 ob-
tained and interpreted as monophasic by
Gibb (6) can be explained more consist-
ently by considering phase mixing as shown
below. Firstly, the composition depen-
dence of the spectrum at room temperature
shows the same tendency as observed and
interpreted as mixed phase behavior in the
present paper. For example, the peak at =1

mm/sec of the component named ‘X’ in
Ref. (6) which becomes more intense with
decreasing oxygen content is a characteris-
tic peak of SrFeO, 73, and the peak at =0.5
mm/sec from component ‘Y’ belongs to
SrFe0, . Second, the change of compo-
nent X from a quadrupole doublet to a mag-
netic hyperfine pattern below 220 K and the
similar change of component Y at a much
lower temperature of ~85 K are certain evi-
dence of the coexistence of the tetragonal
and orthorhombic phases having different
Neel temperatures (Ty); according to Refs.
(1, 5), Tn =235 K forx = 2.75, and Ty = 80
K for x = 2.84. Third, the single-peak spec-
trum due to a thermally excited electron ex-
change for x = 2.844 at 700 K (the oxygen
content decreased during the measurement
under vacuum!) interpreted as being strong
evidence of monophasic behavior should
have been examined more carefully. As de-
scribed later, SrFeQ, g and SrFeO, 73 show
transitions to their cubic, vacancy-disor-
dered structures at different temperatures
below 700 K. Our preliminary ME mea-
surements at elevated temperatures on
samples sealed in silica tubes have revealed
that each phase shows its own characteris-
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tic behavior including appearance of a sin-
gle peak at its characteristic temperature.

The ME spectrum at room temperature
and the ED patterns of SrFeQ, 3 measured
by Tofield er al. (2) are considerably differ-
ent from those obtained in the present
study. Their spectrum has a character inter-
mediate between those for SrFeO,g¢ and
SrFe0, 73 suggesting a composition of x >
2.73, and the unit cell deduced from their
ED patterns is doubled along the c-axis (¢,
=~ 2 % 22 g.) in comparison with the present
one (¢, = 22 a;), as it is for SrFeO, g. Thus,
it seems possible that their sample was a
mixture of the tetragonal and orthorhombic
phases.

2. Thermodynamical Behavior at Elevated
Temperatures

The above-mentioned examinations on
the samples quenched from various temper-
atures and oxygen partial pressures had
only limited significance in the elucidation
of the phase relations. So, the thermody-
namical behavior was investigated by DTA,
TG, and XRD. Samples were kept in a
stream of nitrogen (99.99% pure) of 1 atm in
a temperature range between 20 and
1350°C. The representative DTA-TG
curves measured at a rate of 10°C/min are
shown in Fig. 5. It is evident that each sin-
gle phase of x = 2.50 2.68, 2.73, and 2.86
has an endothermic DTA peak on heating,
exothermic on cooling, which is not accom-
panied by a gravimetric change. The peaks
for x = 2.50, 2.68, and 2.73 correspond defi-
nitely to their crystalline transitions to cu-
bic perovskite symmetry as revealed by
XRD. SrFeO,g also seems to show the
same kind of transition as will be discussed
later. The transition temperature deter-
mined from the crossing point of the base-
line and the steepest slope on the low-tem-
perature side of the peak on heating and on
the high-temperature side on cooling is 830,
320, 325, and 250°C for SrFeQO,sy, Sr
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FeO,6, SrFeO,;, and SrFeO,g, corre-
spondingly. Hysteresis was small, at most
10°C, not much above experimental error.
The temperature dependence of the lat-
tice constants and the volume per molecule
of SrFeQ, 5o are shown in Fig. 6. The con-
stants tend to become longer with increas-
ing temperature and coalesce into the
unique one for the cubic phase at higher
temperatures. The transition seems to be of
first order since it is accompanied by a dis-
continuous change in volume extrapolated
to 830°C and a latent heat. Most probably,
the oxygen vacancies are disordered in the
cubic phase. Incidentally, these results are
considerably different from those reported
by the previous investigators. According to
Shin et al. (9), the transition temperature
was 700°C and the unit cell volume changed
without a jump. Ea et al. (5) found two
DTA peaks at 350 and 850°C! and their
XRD measurements indicated the coexist-
ence of two types of structures in the tem-
perature range of 350 < T < 850°C, one the
normal brownmillerite structure and the
other a tetragonal perovskite structure. Ac-
cording to our DTA measurements on vari-
ous compositions, double peaks appear
and, at the same time, the second peak is
shifted to below 830°C only when SrFeO, ¢
coexists. For example, they were detected
at 310 and 730°C for x = 2.53 and at 310 and
640°C for x = 2.57. The samples studied by
the previous investigators seem to have
been of x > 2.50. These observations sug-
gested, on the other hand, that the compo-
sitions of 2.50 < x < 2.73 become single
cubic perovskite phases having continuous
oxygen content above the temperatures of

! The transition temperatures of 350 and 850°C were
determined from the positions of the DTA peaks. By
applying the more reasonable way of using the cross-
ing point of the baseline and the steepest slope on
either side of the peak taken in the present study, these
should be read as 320 and 770°C.
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F1G. 5. DTA-TG curves of SrFeO, measured at a rate of 10°C/min in a stream of nitrogen (99.99%

pure) of 1 atm.

the second DTA anomaly, which is plotted
against x in Fig. 7. The first DTA anomaly
indicates the transition of the coexistent
perovskite phase, SrFeQ,¢, to its cubic
structure. With increasing temperature, the
amount of the brownmillerite phase de-
creases and a grossly oxygen-deficient
perovskite phase of x < 2.68 is formed. The
second DTA anomaly corresponds to the

uniform formation of the cubic perovskite.
Therefore, the second anomaly must be ab-
sent when temperature is raised slowly
enough to attain the equilibrium state. XRD
peak profiles consistent with the above in-
terpretation were obtained for x = 2.56 at
various temperatures below 700°C both on
heating and cooling.

XRD peak profiles of SrFeO, ;; obtained
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orthorhombic lattice constants are reduced to a/V2,
b/4, and ¢/V2 for comparison with the cubic lattice
constant (a,) of the high-temperature phase.

below and above the transition temperature
are compared in Fig. 8. A cubic pattern was
obtained at 380°C. On the other hand, Sr
FeO, 5 tended to lose its oxygen during
XRD measurements, making exact identifi-
cation of the high-temperature phase diffi-
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F1G. 8. XRD line profiles of SrFeQ,;; at 250 and
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cult. However, it is quite natural to assume
its cubic phase, the transition taking place
at a lower temperature than that for Sr
FeO, 1; because of the lower vacancy con-
centration. An intermediate composition of
x = 2.80 exhibited double DTA peaks re-
flecting the coexistence of the tetragonal
and orthorhombic phases transforming at
different temperatures. Considering that
the cubic structure is stabilized at room
temperature for x = 2.97, we assume that
the cubic, disordered structure is formed
above composition-dependent tempera-
tures for the whole composition range.
Very recently, Mizusaki et al. (10) made
an in situ measurement of the oxygen con-
tent through the change in the sample
weight as a function of oxygen partial pres-
sure and temperature within a range of 10-3
(atm) = pO, = 1 and 500°C = T = 900.
Their results indicated three kinds of pO,-T
regions where the brownmillerite phase and
a perovskite phase exist singly and to-
gether, which is consistent with our study.
Finally, we comment on the stability of
microdomain structure examined by an-
nealing for 30 days at 230°C powders of Sr
FeO, g, sealed in a Pylex glass tube to main-
tain the oxygen content. In this
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composition, almost equal amounts of the
tetragonal and orthorhombic phases are ex-
pected to coexist by forming a microdo-
main structure. It was expected that the
prolonged annealing below the structural
transition temperature of the tetragonal
phase might increase its domain size to
change the original monophasic XRD pat-
tern to such a one manifesting the coexist-
ence of the two phases. The annealing tem-
perature was expected to be not too low to
activate rearrangement of the oxygen va-
cancies as it is near the vacancy-disorder-
ing temperature of the tetragonal phase.
However, as a result, no meaningful change
was detected. The present result and the
thermoanalytical study revealing the re-
versible structural transitions indicate that
the microdomain structure is not a metasta-
ble state created by the rapid quenching
from a higher temperature but the thermo-
dynamically stable state.

Summary

The results of the present study can be
outlined as follows. SrFeO, 2.5 = x = 3)
forms the cubic, vacancy-disordered
perovskite structure above composition-de-
pendent temperatures. On cooling, the sys-
tem is finally disproportionated into Sr
F602_5o, SI‘FCOZ.@;_2.73, SI‘FCOz_g(,, and
SrFe0,97_3. The structures and electronic
states have been studied with the methods
of XRD, ED, and ME. The oxygen vacan-
cies in the three preceding phases create
order—disorder transitions at 830, 320, and
250°C, while the phase of the compositions
of x = 2.97 keeps its disordered structure to
room temperature. The compositions of
these ordered phases lead us to assume a
series of the ideal compositions of Sr
FeOs_yjn, where n = =, 8, 4, and 2 give x =
3, 2.875, 2.75, and 2.5, correspondingly. A
further discussion on the ME data reflecting
the vacancy-ordering scheme and compati-
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ble structural models will be reported else-
where. Referring to the intermediate com-
positions, the facts that the rapid quenching
from the final annealing temperatures could
not prevent the phase separation as re-
vealed by the ME in spite of the almost
monophasic XRD properties, the quick sin-
gle cubic phase formation on heating ob-
served by measurements of DTA and XRD
on various compositions, and the absence
of the annealing effect suggest that couples
of neighboring phases tend to coexist by
forming coherently packed stable microdo-
mains and, therefore, the formation and
separation of the single phases led by oxy-
gen diffusion through the boundaries are fa-
cilitated.

It seems interesting to study the high-
temperature cubic phase from the view-
point of structure and chemical properties.
Disordering of the vacancies would pro-
ceed via a short-range ordered state. In
fact, our preliminary ME measurements on
SrFeO, 5, suggested persistence of a short-
range ordered state in the similarity of the
spectra obtained below and above the tran-
sition temperature. The microdomain
model for the cubic phase of SrFeO, s, pro-
posed by Grenier et al. (5) may correspond
to such a short-range ordered state that
would not induce a serious change in the
ME spectrum. According to Shin et al.
(11), nitrogen monoxide, NO, is catalyti-
cally decomposed into nitrogen and oxygen
by cubic SrFeO;, 5, and unidentified oxygen-
rich perovskite phases absorb NO into their
cystalline lattices at temperatures of 200 ~
400°C. It is, we believe, highly possible that
the transition to the disordered structure
enhances a chemical activity of SrFeO, to
NO. Investigations on these problems are
now in progress.
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