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The oxygen-deficient perovskite system Sr,Fe; .CrOs., (x = 0.5, 0.67, 1.0) has been studied by
Mossbauer spectroscopy and X-ray powder diffraction techniques. The material obtained is strongly
dependent upon the conditions of preparation, although the iron is usually present as Fe*. The systemn
as a whole is more strongly oxidized than the calcium analogue, from which it differs considerably, and
significant amounts of Sr;Cr,0g and SrCrO, may be formed in air. Several single-phase perovskite-
related compounds have been observed. Most significant of these is a rhombohedral 15R-phase with a
large unit cell, the nature of which is uncertain. Evidence was also found for an orthorhombic
perovskite which is probably the » = $ member of the A,B,0;,.; series. A number of cubic phases have
been prepared. Mossbauer spectroscopy has been used to characterize the iron site environments and

magnetic behavior of these materials.

Introduction

In an earlier paper (I) we have reported a
detailed investigation of the perovskite sys-
tem Ca,Fe,_,Cr,Os., (x = 0.5, 0.67, 1.0) by
Mossbauer spectroscopy and X-ray powder
diffraction. The nature of the material ob-
tained depends strongly upon the condi-
tions of preparation. Complete reduction
(¥ = 0) was achieved irn vacuo for x < 0.56
to produce a single-phase brownmillerite,
analagous to Ca,Fe;Os, containing Cr3*
fully ordered onto the octahedral sites. For
x > 0.56 in vacuo, a three-phase mixture of
Ca,(Fe,Cr),0s, Ca(Fe,Cr),04, and CaO was
obtained. Preparations in air were found to
be strongly oxidized with the exsolution of
Cr** in Ca;Cr,0s (or Cré* in CaCrO,) below
1200°C. Above this temperature the chro-
mium was incorporated into the perovskite-
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related lattice as Cr*. Structural inter-
growth of the ABQO; perovskite, A,B,0s
brownmillerite, and A;B;0g lattices was ob-
served. There was also evidence for micro-
domain formation with concentration of
Cr** in the domain walls.

The corresponding strontium system, Sr,
Fe,.,CrOs.,, has been examined some
considerable time ago (2), but in insufficient
detail to allow a realistic comparison with
the calcium system. This paper reports the
results of our work on Sr;Fe,_,Cr,Os., and
demonstrates the very considerable differ-
ences between the Ca and Sr systems under
equivalent experimental conditions.

Experimental

Accurately weighed amounts of spectro-
scopic grade Fe,03, Cr,04, and SrCO,, with
stoichiometric ratios appropriate for Sr,
Fe,_,Cr,0s (x = 0.5, 0.67, and 1.0) were
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ground together in a ball mill, pressed into a
pellet, and initially fired in a platinum cruci-
ble at 1200°C for 11-18 days with interme-
diate grindings before quenching onto a
metal plate in air. Aliquots of this material
were then annealed for several days under a
variety of conditions as detailed in the text.
Initial characterization in each case was
by X-ray powder diffraction recorded with
a Philips diffractometer using nickel-filtered
CuKa radiation. Chemical analyses for
nominal Cr**/Fe** content were carried out
by digestion in a standardized solution of
ammonium iron(II) sulfate in the presence
of HCI and titration with cerium(IV) sulfate
using ferroin as indicator. The results ob-
tained were reproducible and self-consis-
tent and correlated well with weight-loss
measurements where these were also avail-
able. Mossbauer data were collected in the
temperature range 4.2 < 7 < 600 K using a
5’Co/Rh source matrix held at room tem-
perature; isomer shifts were determined
relative to the spectrum of metallic iron.

Results and Discussion

The compositions of Sr,Fe,; ,Cr,Os.,
with x = 0.5, 0.67, and 1.0 were chosen to
enable direct comparison with the equiva-
lent calcium results (/) and to facilitate the
production of any ordered structures which
might exist with the integer cation ratios of
3:1, 2:1, and 1:1. The initial ceramic
preparation was usually carried out at
1200°C in air with several intermediate
grindings before a final anneal for several
days in air (or argon or vacuo) at a con-
trolled temperature before quenching into
liquid nitrogen (from air) or cooling
quickly. The chemical analyses and phase
analysis by X-ray powder diffraction and
Mossbauer spectroscopy are summarized
in Table I. The product can be either a
perovskite-related single phase or a mixture
of phases depending upon conditions.

The strontium system differs most mark-
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edly from the calcium system in that the
degree of oxidation under given conditions
of preparation as shown by the value of y is
always substantially greater in the former.
Samples with x = 0.67 and 1.0 which were
annealed in air below 1200°C showed sub-
stantial oxidation to Cr®* in the form of
SrCrO,, which is easily identified from the
X-ray pattern (3). This agrees with the ear-
lier report (2). At 1200°C and above, the
phase Sr:Cr,O;g containing Cr** was identi-
fied (4). These observations are comparable
with the observed exsolution of CaCrQO,
and Ca;Cr,0g in our earlier work. How-
ever, the low melting point of Ca;Cr;Oq
(1228°C) leads to the formation of
perovskite-related  intergrowths above
~1200°C with the exsolution of Ca;Cr,Og
upon annealing below this temperature. In
the present instance Sr;Cr,Og was observed
for a sample with x = 0.67 annealed at
1400°C. The corresponding perovskite-re-
lated intergrowth was not found. All the
samples with x = 0.67 and 1.0 annealed in
air were multiphase. It is worth noting that
oxidation to Cr’* takes place even more
readily in the barium analogues: attempted
preparations of Ba,Fe,_,Cr,Os., formed a
simple equimolar mixture of Ba;Cr,Og and
v-BaFe,O, under a wide variety of final an-
nealing conditions including 1200°C under
flowing argon. Nevertheless, in the stron-
tium case, by reducing the partial pressure
of oxygen it became possible to produce a
number of interesting apparently single-
phase materials. In discussing these it is
convenient to refer initially to the prepara-
tions for x = 1.0 and then to draw compari-
sons with the remaining compositions.

Rhombohedral Perouskite Phase (I15R)

Samples of Sr,FeCrOs,, annealed under
argon at 500, 800, and 1200°C were found to
give a sharp X-ray pattern which was
clearly derived from a large supercell of the
cubic perovskite lattice. The d-spacings are
given in Table II and can be indexed on the
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TABLE I

CHEMICAL ANALYSES AND X-RAaY PHASE ANALYSIS FOR SAMPLES OF Sr;Fe; ,Cr,Os,, UNDER A RANGE OF
EXPERIMENTAL CONDITIONS

x =0.50 x = 0.67 x = 1.00

Conditions y Phases y Phases y Phases
1200°C, slow cool — — — —_ 1.101 15R + SS
1400°C, quench 0392 P 0495 P + (SR) —_ —
1300°C, quench 0.450 P 0.507 P + (SR) 0959 P+ SR
1200°C, quench 0496 P+ 1SR 0.656 15R + (SR) 0.938 15R + (SR)
1100°C, quench 0.571 15R + (P) 0.753 15R + (SS) 1.359 15R + SS + (SR)
1000°C, quench 0.637 15R + (P) 0.750 15R + (SS) 1.398 15R + 8S + (SR)
900°C, quench 0.657 15R + (P) 0.750 15R + (8S) — —
800°C, quench 0.640 15R + (P) 0.751 15R — —
1200°C, air/argon 0.285 OP + BM 0.326 OP 0.492 15R
800°C, air/argon — — — — 0.544 15R
S00°C, air/argon — — — — 0.560 15R
1200°C, argon only 0.283 OP + BM 0.312 OP 0.260 OP
1200/800°C, argon only 0.530 P 0.649 P+ (I5R) 0.446 3R
1350/800°C, argon only — — — — 0.510 P
1200°C, vacuo 0.107 P 0.161 P+ (7 0.318 P + (SR)

Note. The final annealing was carried out in air with a quench into liquid nitrogen, under flowing argon or in
vacuo. The initial reaction was in air except where indicated. Phases shown in parentheses were minor compo-
nents. P, cubic perovskite; BM, brownmillerite V2a, X 6a, X V2ay; OP, orthorhombic perovskite V2a, x
10a, X V2a,; 15R, rhombohedral perovskite (15R); 3R, rhombohedral perovskite (3R); SR, SriCr,0s; SS,

SrCrO,.

basis of a rhombohedral cell, space group
probably R3m, with a = 11.97 A a=
26.86°. The equivalent hexagonal cell has
a = 5.560, ¢ = 34.60 A, which implies a
trigonal distortion along the [111] axis of
the ABO; cubic perovskite, the stacking se-
quence of the AO; layers repeating every 15
layers. For this reason we shall refer to the
phase as the 15R-phase.

The identification of the unit cell was
confirmed by examining high-resolution X-
ray powder diffraction data collected on the
powder diffractometer 8.3 at the Synchro-
tron Radiation Source at Daresbury and
neutron powder diffraction data collected
on powder diffractometer D1a at ILL Gre-
noble. However, a full structural refine-
ment has not yet been achieved, due to the
large size of the unit cell and the lack of a
reliable structural model. We intend to per-

form EXAFS measurements in the near fu-
ture in an attempt to obtain new informa-
tion on the local environments of the iron
and chromium cations. Meanwhile a num-
ber of remarks can be made concerning the
structural possibilities, and these will be
discussed in the light of the spectroscopic
data which is presently available.

The large cell of the 15R-phase suggests a
well-ordered arrangement of the atoms, al-
though this is not easy to identify. Several
possibilities must be considered. First, the
AQO;s layers may be stacked so as to generate
a mixture of corner and face-sharing BOg
octahedra. There are two possible 15R se-
quences: hhhhe, or (2)1(1)1 in the Zhdanov
notation, generates columns of five face-
sharing octahedra which are joined at the
ends by corner sharing; in hcche, or (3)(2),
there are six pairs of face-sharing octahedra
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TABLE II

X-Ray DIFFRACTION PATTERN FOR Sr,FeCrOs suy
ANNEALED IN ARGON AT 800°C

dobs dca.lc h k ! Iobs
11.523 11.529 111 mw
3.949 3.951 2 21 w
3.834 3.843 3 3 3 VVW
3.449 3.448 2 23 mw
3.215 3.216 3 3 2 vw
2.809 2.809 3 3 4 vs
2.781 2.779 1-1 0 Vs
2.633 2.632 4 4 3 VW
2.396 2.400 1 1-1 VVW
2.380 2.383 0 0 2 VVW
2.328 2.328 4 4 5 m
2.305 2.306 5 5 5 mw
2.271 2.273 1 1 3 m
2.198 2.198 5 5 4 vw
2.104 2.103 2 2 4 vw
2.000 2.000 5 4 3 w
1.975 1.975 4 4 2 s
1.874 1.874 6 6 5 w
1.784 1.785 5 53 w
1.627 1.627 7 7 6 mw
1.609 1.608 6 6 4 ms
1.604 1.604 1 1-2 ms

Note. 15R, thombohedral; ¢ = 11.97 A, a = 26.86°;
hexagonal cell: a = 5.560, ¢ = 34.60 A.

and three octahedra with corner-sharing
only. Second, there could be an ordered ar-
rangement of the Fe and Cr cations to gen-
erate the supercell. Third, the substantial
number of oxygen vacancies could lead to a
large supercell as in the orthorhombic
perovskite-related structures. Fourth, the
ligand-field effects from the transition-
metal ions could be relevant. More than
one of these considerations could be in-
volved simultaneously. We have used
Mossbauer spectroscopy to obtain charac-
terization of the Fe sites in this structure as
part of a wider structural characterization
which is still in progress.

The Mdssbauer spectrum of the 15R-
phase annealed at 800°C under argon (Sr;Fe
CrOs s44) is shown in Fig. 1 as a function of
temperature. The spectra are typically
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those of an Fe** compound, there being no
evidence for any higher oxidation state.
The phase thus approximates a composi-
tion of Sr;Fe3*Cr**0s s, the dominant oxi-
dation state for chromium being nominally
+4. The magnetic hyperfine sextet seen at
4.2 K has a flux density of B = 50.7 T, an
isomer shift of 8 = +0.51 mm sec™!, and a
quadrupole perturbation parameter of & =
0.07 mm sec”'. However, the linewidths
are extremely broad (—~1 mm sec™1). This is
often found in disordered solid-solutions
where the combination of small differences
in flux density and quadrupole interaction

transmission

-8 -4 0 4 8
velocity (mm s™')

FiG. 1. Temperature dependence of the Mdssbauer
spectrum of Sr,FeCrOs s, prepared in air and finally
annealed under argon at 800°C (the 15R-phase).
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at each individual site result in overall
broad lines, which can disguise the fact that
there are several site symmetries. The
broadening and collapse of the spectrum as
the temperature approaches the magnetic
ordering temperature of ~230 K are also
consistent with this view. Above 230 K the
spectrum becomes a simple paramagnetic
pattern with quadrupole splitting. The spec-
trum at 290 K recorded with a smaller ve-
locity scan is shown in Fig. 2a. The marked
asymmetry in the spectrum suggests that
the Fe sites do not all have the same isomer
shift, although all are present in the +3 oxi-
dation state. While an apparently accept-
able data analysis can be obtained with
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F16. 2. Mossbauer spectra of (a) SryFeCrOs 54 (the
15R-phase) at 290 K, (b) Sr,FeCrOs 46 (the 3R-phase)
at 323 K, (¢) Sr;FeCrOs 50 (*‘cubic’” phase) at 290 K,
(d) Sr3FeCrOs 5 (orthorhombic n = § phase) at 323 K,
(e) SrzFeL5Cro,5054|0-; (cubic) at 500 K.
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three superimposed but symmetrical quad-
rupole doublets, it is far from clear that a
small number of unique sites actually exist.
However, the isomer shift must decrease
from circa 0.38 to 0.27 mm sec™! as the
quadrupole splitting increases from circa
0.57 to 1.29 mm sec~! in order to generate
the observed asymmetry. An isomer shift
of +0.38 mm sec™! is reasonable for Fe3*
ions in 6-coordination to oxygen. In Sr,
Fe,Os5 and Sr;LaFe;05 the Fe’t ions in 4-
coordination have an isomer shift of only
+0.17 mm sec™! at 290 K (¢) and flux densi-
ties of only 46.4 and 44.3 T at 4.2 K, respec-
tively. There is thus evidence to suggest
that the 15R-phase does nof contain Fe?*
ions in 4-coordination to oxygen, although
the observed range of isomer shifts sug-
gests that some sites may be 5-coordinate
with a larger quadrupole splitting from the
lower symmetry environment.

The possibility that the oxidation state of
Cr is +4 may be significant. The electron
configuration in octahedral symmetry is d2
(3Tyg), which is threefold degenerate and is
unstable according to the Jahn-Teller theo-
rem. A trigonal distortion to D;; symmetry
would split the triplet level, the maximum
ligand field stabilization being obtained for
a 3E, ground state; i.e., for an elongation
along the trigonal axis as indeed occurs in
the present instance. The trigonal symme-
try may therefore derive from the presence
of the Cr**, although the 15R-structure
would indicate additional cation or oxygen-
vacancy ordering. Some support for this
was obtained by the observation of a simple
3R-perovskite. Further information con-
cerning the 15R-phase was obtained from
the x = 0.5 preparations in air, and these
results are described below in connection
with the high-temperature cubic perovskite
phase.

Rhombohedral Perouskite (3R)

In an attempt to reduce the oxidation of
the system, samples were also prepared by
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carrying out the entire reaction under flow-
ing argon. This was only partially success-
ful because the samples with x = 1.0 in par-
ticular proved to be exceptionally good at
scavenging traces of oxygen from the gas
stream. A preparation of Sr;FeCrOs 446 car-
ried out at 1200°C with the final anneal at
800°C, the whole reaction sequence being
carried out under argon, gave a much sim-
pler X-ray pattern which could be indexed
on the basis of a simple rhombohedrally dis-
torted perovskite (3R-phase) with a = 3.933
A, o = 89.4° (hexagonal cell a = 5.533, ¢ =
6.883 A). The d-spacings are given in Table
II1. The elongation along the trigonal axis is
very close to that observed in the 15R-
phase, although the cell volume is smaller
by 1.5%. The high-angle reflections are
broadened, and we believe that this sample
represents a disordered version of essen-
tially the same structure. The Mossbauer
characterization is also very similar (Figs.
2a and 3), although a weak magnetic effect
persists up to about 295 K.

A further sample similarly prepared at
1350°C with the final anneal at 800°C, Sr,Fe
CrOs 510, gave an X-ray pattern which was a
broadened cubic perovskite pattern with

TABLE II1

X-RAYy DIFFRACTION PATTERN FOR Sr;FeCrQOs 46
PREPARED UNDER ARGON AND FINALLY ANNEALED

AT 800°C
dohs dcalc h k ) Iohs
3.938 3.932 0 0 1 w
2.792 2.794 1 1 0 vs
2.767 2.767 1-1 0 vs
2.294 2.293 1 1 1 w
2.261 2.263 1 1-1 mw
1.967 1.966 0 0 2 m
1.619 1.619 1 1 2 w
1.602 1.603 2 1-1 m
1.397 1.397 2 20 w
1.384 1.383 2-2 0 w

Note. 3R, rhombohedral: a = 3.933 A, a = 89.4%
hexagonal cell: a = 5.533, ¢ = 6.833 A.
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F1G. 3. Temperature dependence of the Méssbauer
spectrum of Sr,FeCrOs 4 prepared under argon at
1200°C and finally annealed at 800°C (the 3R-phase).

= 3.931 A. Once again the Mossbauer
characterization (Fig. 4) was similar, but
with magnetic interactions disappearing at
circa 275 K. The Mdossbauer spectrum at
290 K (Fig. 2¢) can be interpreted as a num-
ber of quadrupole doublets with the isomer
shift decreasing from circa 0.37 to 0.29 mm
sec”! as the quadrupole splitting increases
from circa 0.68 to 1.42 mm sec™'. The iso-
mer shifts are thus comparable with those
for the 15R phase, implying no changes in
coordination number, whereas the quadru-
pole splittings are notably larger.

We believe that both these samples may
be either poorly crystalline or disordered
forms of the 15R structure.
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F16. 4. Temperature dependence of the Mdssbauer
spectrum of Sr;FeCrOssyo prepared under argon at
1350°C and finally annealed at 800°C (the ‘‘cubic’
phase).

Orthorhombic Perouvskite (n = §)

A preparation carried out completely un-
der argon at 1200°C and cooled quickly to
reduce further oxygen scavenging pro-
duced a sample of composition Sr,Fe
CrOs 3¢5, which showed yet another large
perovskite supercell. This has been tenta-
tively identified as the r = § member of the
A, B, 03, series of orthorhombic perovski-
tes, the 040 reflection at a d-spacing of 10.0
being characteristic. This structure was
first reported in CasFe TiO;; (5) and subse-
quently in Ca,YFesO;; (6). Ordered layers
of octahedral (O) and tetrahedral (T) B-sites
are arranged normal to the b-axis to gener-
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ate the layer sequence OOTOT . . .,
compared to OTOT’ . . . in A,B8,0s, and
OOT . . . in A3B30;. In the present in-
stance the high-angle reflections were
broad, indicating poor crystallinity and per-
haps some degree of intergrowth with other
stacking sequences, presumably due to the
excess of oxygen over the ideal of y = 0.2.
Consequently, a complete indexing of the
pattern for such a large cell was not viable,
although the estimated lattice parameters of
a=5.53,b=23948, c = 5.62 A are consis-
tent with a strontium analogue of the cal-
cium compounds.

The Mossbauer spectra (Fig. 5) show an
ordering temperature of circa 295 K. The

transmisson

velocity (mm s™')

Fi1G. 5. Temperature dependence of the Méssbauer
spectrum of Sr,FeCrOs.4 prepared under argon at
1200°C and quickly cooled (orthorhombic perovskite
n=3%.



MOSSBAUER STUDY OF SryFe;_,CrOs.,

spectrum above this temperature (Fig. 2d)
is still an asymmetric quadrupole pattern
from Fe3*, but the center of gravity is sig-
nificantly more negative. This is consistent
with an overall decrease in the average co-
ordination number, although the possibility
of a difference in second-order Doppler
shift has not been excluded. The magnetic
hyperfine pattern at 78 K clearly contains
more than one hyperfine field. The n = }
structure embodies two different octahe-
dral sites in addition to the tetrahedral site
but the broad resonance lines and expected
cation disorder prevent a detailed analysis.
Trial fits of a two-field model produced flux
densities of 46.9 and 42.2 T and corre-
sponding isomer shifts and quadrupole per-
turbations that were not unreasonable for
octahedral and tetrahedral sites, respec-
tively. Thus the Mossbauer data provide
some support for the OOTOT . . . stacking
sequence of the n = § orthorhombic struc-
ture as the basis for this phase. The areas
for the octahedral and tetrahedral sites are
approximately equal, implying consider-
able Fe and Cr disorder.

There are also indications of the OOTOT

. . stacking sequence in samples with x =
0.5 and 0.67 prepared under argon. The ox-
ygen content is similar in all cases (y =
0.26-0.33), but at x = 0.5 the X-ray powder
diffraction data also shows lines character-
istic of the OTOT’ . . . brownmillerite
stacking sequence. Thus there is a strong
possibility that disordered intergrowths
may be occurring. The magnetic exchange
interactions increase as the Fe* content in-
creases so that all these samples order mag-
netically well above room temperature.

High-Temperature Cubic Perouvskite

The samples with x = 0.5 annealed in air
at 1300 and 1400°C and quenched into liquid
nitrogen gave very sharp X-ray lines easily
indexed as a cubic perovskite with a =
3.935 A. The Mossbauer spectra at 78 and
290 K (Figs. 6 and 7) show magnetic hyper-
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FiG. 6. Mossbauer spectra at 78 K of Sr,Fe; sCrgs
Os,, annealed in air at various temperatures and
quenched into liquid nitrogen.

fine patterns with a pronounced inward
broadening which is slightly asymmetric at
78 K, implying the presence of more than
one distinct site despite the cubic lattice.
The magnetic splitting of the 1300°C quench
(y = 0.540) decreases with rise in tempera-
ture until disappearing at 578 K to give a
broad quadrupole pattern. A simple two-
field fit of the 78 K data gives flux densities
of about 53 and 48 T, and these decrease to
about 47 and 41 T at 290 K. We believe that
this phase contains largely disordered va-
cancies and cations, although there may be
some degree of local order which is not de-
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F1G. 7. Mossbauer spectra at 290 K of Sr,Fe, sCrg s
Os., annealed in air at various temperatures and
quenched into liquid nitrogen.

tected by X-rays. The same phase appears
to be produced under equivalent conditions
for larger values of x, but the coexistence of
Sr;Cr,0g makes the characterization less
certain.

The oxygen content and lattice size are
similar to those for the ‘‘cubic phase” (x =
1.0, y = 0.510) made under argon. How-
ever, the Cr content of x = 0.5 would stipu-
late an oxygen parameter of y = 0.25 for an
ideal Cr**/Fe?** composition. We have
found no evidence to suggest that the chem-
ical analysis is incorrect. Thus it would
seem that either the chromium is oxidized
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further to produce localized Cr’* ions, or
perhaps more likely the electrons are con-
tributed to an itinerant band system. The Sr
FeO;_, system is well known to show itin-
erant electron behavior (7-10). Recent
work in our laboratory (11, 12) on charge
disproportionation in Fe** oxides has
shown that high nominal charges originat-
ing from a charge density wave can become
attached to individual sites in a perovskite
lattice without any associated shortening of
the metal-oxygen bonds. The failure to de-
tect high charge states in the Mdossbauer
resonance would imply that most of the
charge can be associated with the Cr sites.
We hope to investigate the role of small
concentrations of chromium in SrFeO;_, in
the near future.

Samples with x = 0.5 annealed in air in
the range 800-1200°C and quenched into
liquid nitrogen contain both the cubic
perovskite and the 15R phases, with the
proportion of the latter increasing and the
value of y increasing toward the lower tem-
peratures. The presence of the cubic
perovskite is not very obvious in the X-ray
pattern because the small number of lines
tend to overlap with strong lines in the 15R
pattern. The temperature dependence of
the Mossbauer spectrum of the 1000°C
quench is clearly consistent with the coex-
istence of two magnetic phases with order-
ing temperatures of circa 505 (15R) and 580
K (P). Although we have been unable to
produce a pure sample of the ISR phase
with x = 0.5, the ordering temperature of
505 K, when compared to that of 295 K for
x = 1.0, confirms that there is a consider-
able increase in the amount of Fe?* in this
phase, and that both the high-temperature
perovskite and 15R phases contain the
same cation ratio. The X-ray pattern was
indexed on a cell with a = 12.05 A, o =
26.81°; the interfacial angle has not changed
significantly, but the cell edge is notably
larger (cf. 11.97 Aatx= 1.0). The same
unusual supercell has been formed despite
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a reduction in the chromium content of
some 50%, but the oxygen vacancy concen-
tration is approximately the same. This im-
plies that ordering of the Fe/Cr cations is
much less important than oxygen-vacancy
ordering or layer-stacking. Further work on
this 15R phase now in progress may clarify
the situation.

The 15R phase with x = 0.5 in the
quenches from 1000 and 900°C clearly
shows considerable structure in the Moss-
bauer magnetic hyperfine patterns, particu-
larly at 290 K where at least three fields
with flux densities of circa 45, 41, and 36 T
are present in addition to the residual cubic
components. We believe that there is no
significant proportion of oxidation states
higher than +3. However, there are subtle
differences within the spectra as a whole
which are difficult to explain in the absence
of a model structure, and a more detailed
analysis is not considered to be feasible at
the present time.

Preparations in Vacuo

In an attempt to reduce the oxygen con-
tent further and to obtain compounds con-
taining only Cr3* and Fe3*, samples of ma-
terial prepared initially in air were finally
annealed for several days at 1200°C in va-
cuo (<107% Torr). As can be seen in Table
1, the values of y were considerably re-
duced, but remained significantly above
Z€ro.

The sample with x = 0.5 gave the sharp
X-ray pattern of a cubic perovskite with
a = 3.917 A. The cell volume is signifi-
cantly smaller than that for the high-tem-
perature preparation in air (a = 3.935 A).
The Mdossbauer spectra (Fig. 8) show the
phase to contain Fe’ and to be magneti-
cally ordered below 463 * 2 K. Above this
temperature the spectrum (Fig. 2e) com-
prises a quadrupole doublet with a large
splitting of circa 1.40 mm sec™!, although
once again the lines are broadened because
all sites are not identical. The site symme-
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tries about the Fe?* cations are apparently
more irregular in this phase than in the
others. The magnetic spectra in Fig. 8 show
substantial broadening due to variations in
the relative orientations of the spin axis and
the electric field gradient tensor, but the
comparative sharpness of the inner lines
proves that there is also some variation in
the magnitude of the flux density. These
results show no evidence for the formation
of a brownmillerite lattice as found in the
comparable calcium preparation.

The sample with x = 0.67 proved to be
very similar but with a lower ordering tem-
perature. The X-ray pattern showed some
evidence for the presence of an unidentified
second phase.

The sample with x = 1.0 retained extra

transmission

e
",

-8 -4 o]} 4 8
velocity (mm s™")

F1G. 8. Temperature dependence of the Mossbauer
spectrum of Sr;Fe; sCrqys0s107 annealed in vacuo at
1200°C.
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oxygen (y = 0.318) partly due to the pres-
ence of Sr;Cr,Og. In an attempt to prepare
samples fully reduced to Cr3*, a reaction
mixture with x = 1.0 was heated under vac-
uum from the beginning to 1200°C and then
cooled quickly. The product was a three-
phase mixture comprising a cubic
perovskite, an unidentified minor compo-
nent, and a fugitive phase which appeared
to have a hexagonal cell and was rapidly
transformed upon exposure to air to a
phase with a very broad perovskite pattern.
These materials have not been character-
ized in detail.

Conclusions

We have now shown that the Sr,Fe,_,
Cr,Os,, system (x = 0.5, 0.67, 1.0) is dis-
tinctly different from the calcium analogue.
Oxidation is always greater under equiva-
lent conditions of preparation. No evidence
has been found for the formation of a
brownmillerite lattice, although this may be
due to the presence of a significant oxygen
excess in all samples prepared. There is no
evidence to suggest that the strontium sys-
tem can produce the structural inter-
growths which were such an important fea-
ture of the calcium system above 1200°C.

Nevertheless, a number of interesting
perovskite-related compounds have been
observed by careful control of the experi-
mental conditions. Most significant of these
is the 15R-phase; work to determine the na-
ture of the large unit cell is continuing. Evi-
dence was also found for an orthorhombic
perovskite which is probably the n = 3
member of the A,B,O;,_; series. A number
of cubic phases have also been character-
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ized, and Mdssbauer spectroscopy has re-
vealed major differences in the iron site en-

vironments which are not otherwise
apparent.
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