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We have studied the A-site substitution effect on the structural, thermal, and magnetic properties of the infinite layer
iron oxide AFeO, (A = alkali-earth elements) with an FeO, square-planar coordination. Together with the previous
study showing a total substitution by Ca, Ba substitution is found to be tolerable up to 30%, presenting almost the same
substitutional range as that found in ACuO, under high pressure. Notably, Ba substitution shows little influence on the
magnetic properties, in contrast to expectations from first principles calculations. The temperature at which oxidation to
an AFeO, 5 phase occurs and its transformation rate show a wide variation tunable solely by the out-of-plane distance.
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1. Introduction

Topochemical reactions such as ion exchange and inter-
calation reactions provide unique access to metastable crystal-
line oxide solids, novel structures, and local coordination that
can not be obtained by conventional high temperature solid
state reactions. Examples include H[Ca,Na,_3;Nb, O3, ]
(3= n=7).," (CuX)LaNb,O; (X = Cl, Br),” H, g[Biy.1Sr0 s0-
Nag osNb;O;o], which were prepared, respectively, from
layered perovskites K[Ca,Na,_3Nb, 03, 1], RbLaNb,O-,
and Bi; gSr( ,O,[Big »Srg sNaNbsO;o]. However, the reaction
processes and driving forces that allow the modification of
structures and composition at low temperature are still far
from being satisfactorily understood. Thisis in contrast to the
well-known reaction mechanisms in synthetic organic chem-
istry. However, this is crucial for further developing topo-
chemical routes and would ultimately help to lower working
temperatures of solid oxide fuel cells and oxygen membranes.

An unprecedented FeO, square planar coordination has
been recently realized in SrFeO, by reducing perovskite
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SrFeO; (Figure 1a) with CaH, at low temperatures.* As seen
in Figure 1c, the structure of SrFeO, is made up of corner-
shared FeO,4 square planes in between strontium atoms and is
isostructural with the infinite layer (IL) structure SrCu0Q,.>°
Surprisingly, first-principles calculations revealed that this
new material is a thermodynamically stable phase.”* From
the isomer shift of Mdssbauer spectra, we found that the Fe*"
in SrFeO, is indeed more strongly bonded to neighboring
O’ than those of any other existing divalent ferrous com-
pounds. This utmost feature allows this material to achieve a
magnetic order well above room temperature (T = 473 K)*
and explains why a spin-state transition is realized for the first
time in a four-coordinated metal center.”'® This feature also
preserves the square planes during structural changes, even if
some distortion occurs. SrFeQ; is susceptible to substantial
positive chemical pressure; the substitution of the strontium
site with calcium, having a smaller ionic radius, is possible up
to as much as 80%. A further and complete substitution to
CaFeO, results in a considerable distortion of the FeOy,
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(a) (c)

Figure 1. Schematic representation of the structures of perovskite
SrFeO; (a), brownmillerite SrFeO 5 (b), infinite layer SrFeO, (c). Black,
white, and gray spheres represent Sr, Fe, and O atoms, respectively.

square plane toward a tetrahedron.'"'> The conversion from
SrFeO; to SrFeO, (or vice versa) proceeds via the brown-
millerite-type intermediate SrFeO, s (Figure 1b) at tempera-
tures as low as 400 K., thereby involving not only extraction
(insertion) of oxide ions but also drastic rearrangement of the
oxide ions in the basal framework.

In this paper, we report on the effect of negative chemical
pressure on the structural and magnetic properties by the
Sr-to-Ba substitution. Unlike the case of positive chemical
pressure, the IL structure (Sr,—,Ba,)FeO, is found to exist
only up to 30%. The substitutional and thermal stabilities
as well as magnetic properties of this Ba-substituted and the
Ca-substituted systems are discussed.

2. Experimental Section

First, we prepared oxygen deficit perovskite oxides (Sr,— ,Ba,)-
FeOs3;_5(0<0<0.5fory=0.1,0.2,0.3, and 0.4. Mixtures of
stoichiometric amount of SrCO5 (99. 99%) BaC03(99.99%),
and Fe,03 (99.99%) were weighed, ground, pelletized, and
heated at 1473 K for 2 days in air with one intermediate
grinding. Subsequently, the precursors of about 0.25 g were
finely ground with two-molar excess of CaH, in an Ar-filled
glovebox, sealed in an evacuated Pyrex tube (volume 15 cm?)
with a residual pressure less than 1.3 x 10~ MPa, and reacted
at 553 K for 3 days. The residual CaH, and the byproduct
CaO were removed by washing out with NH4Cl/methanol
solution (0.15 mol/L). For the study of low-temperature
powder X-ray diffraction (XRD) and thermogravimetry
(TG), (Sr;—,Ca,)FeO, (x = 0.0, 0.2, 0.4, 0.6, 0.8) were synthe-
sized according to the procedure as described previously.'"

The sample purity was checked by XRD profile using a
Mac Science M18XHF diffractometer equipped with a gra-
phite monochromator and a CuK, radiation (1 = 1.54056 A).
Low-temperature XRD data of (Sr, . Ca,)FeO, and (Sr,_,-
Ba,)FeO, for x = 0.0, 0.4, 0.8 and y = 0.3 were collected for
10—290 K on a Mac Science MXP18 diffractometer equipped
with a closed-cycle He refrigerator installed at the Institute
for Solid State Physics, University of Tokyo. A monochro-
matized CuK, source was used and each scan was performed
on a 260 range of 20—70° with an angular step of 0.02° and a
counting time of 2.5°/sec. The peak positions were calibrated
against Si as an internal standard, and the lattice parameters
were obtained with a least-squares method.

High-resolution synchrotron XRD experiments on
(Sri—,Ba,)FeO, (y = 0.1, 0.2, 0.3) were performed at room
temperature using a large Debye—Scherrer camera installed
at the Japan Synchrotron Radiation Research Institute

(I1) Tassel, C.; Watanabe, T.; Tsujimoto, Y.; Kitada, A.; Sumida, Y.;
Yamamoto, T.; Kageyama, H.; Hayashi, N.; Takano, M.; Yoshimura, K.
J. Am. Chem. Soc. 2008, 130, 3764-3765.

(12) Tassel, C.; Pruneda, J. M.; Hayashi, N.; Watanabe, T.; Kitada, A.;
Tsujimoto, Y.; Kageyama, H.; Yoshimura, K.; Takano, M.; Nishi, M,;
Oyama, K.; Mizumaki, M.; Kawamura, N.; Iniguez, J.; Canadell, E. J. Am.
Chem. Soc. 2008, 131, 221-229.

(13) Hayward, M. A.; Rosseibsky, M. J. Nature 2007, 450, 960-961.

Yamamoto et al.

T T T T
y=04 N
Z |
= =
g Bl L A )|
2 |p=02 \ L 1 |
: 3!
E y=0.1 N
E = £ £ == A
y=00 2 ) = L: IND gjc_
L I I L

20 30 40 50 60
26 (degrees)

Figure 2. Powder XRD patterns of (Sr,—,Ba,)FeO,. All the patterns
except y = 0.4 could be indexed on the basis of the tetragonal IL structure.
The y = 0.4 sample is identified as (Sry ¢Bag 4)FeO, s.

SPring-8 BL02B2. We used an imaging plate as a detector.
Incident beams from a bending magnet were monochroma-
tized to 0.42026 A. The finely ground powder samples were
filtered by a strainer with 32-um-square holes and put into a
Pyrex capillary of inner 0.1 mm diameter. The capillary was
rotated during measurements to reduce preferential orienta-
tion. The obtained synchrotron XRD data were analyzed by
the Rietveld method by using RIETAN-2000 program.'* The
agreement 1ndlces used were R-weighted pattern, Ry, =
sz()}to Vie) /ZWI(Yzo) 1/2 R- pattern R, Z‘yzo Viel/
> (¥io), and goodness of ﬁt (GOF) x [pr/Rexp] where
Rexp = [(N — P)/ ZWJ/IO 2, v and y; are the observed and
calculated intensities, w; is the weighting factor, N is the total
number of y,, data when the background is refined, and P is
the number of adjusted parameters.

Powder neutron diffraction (ND) experiment on (Sry gBag »)-
FeO, (y = 0.2) at room temperature was carried out on the
Kinken powder diffractometer with multicounters for High
Efficiency and high Resolution MEasurementS, HERMES,
of the Institute for Materials Research, Tohoku University,
installed at a guide hall of the JRR-3 reactor in the Japan
Atomic Energy Agency (JAEA), Tokai. 15 The incident neutron
with a wavelength of 1.82646 A was monochromatized by
the 331 reflection of a vent Ge crystal. A 12'-blank-sample18’
collimation was employed. A polycrystalline sample of 3 g mass
was placed into a vanadium cylinder. The data were collected
with a step-scan procedure using 150 neutron detectors in a 26
range from 3° to 153° with a step width of 0.1°.

Thermogravimetric data of (Sr;—,Ca,)FeO, (x = 0.0, 0.2,
0.4, 0.6, 0.8) and (Sr,—,Ba,)FeO, (y = 0.2) were collected
using Rigaku Thermo plus (TG 8120). The sample of around
15 mg was put in a Pt pan, and a-Al,O; was used as a
reference material. The measurements were performed while
heating the sample at 10 K min~'. The samples after being
heated were identified by in-house XRD measurements.

Mossbauer spectra on (Sr;—,Ba,)FeO, for y = 0.1,0.2, and
0.3 were taken at room temperature in transmission geometry
by using a >’Co/Rh y-ray source. The source velocity was
calibrated by a-Fe as a reference material.

3. Results and Discussions

3.1. Crystal Structure. Figure 2 shows the XRD pat-
terns of samples obtained by hydride reduction from the
precursor (Sr;— ,Ba,)FeO3;_5 (0 < 6 <0.5) fory = 0—0.4.
The XRD profiles for 0 < y < 0.3 are very similar to each
other and are readily indexed on the basis of the tetra-
gonal unit cell without any peaks associated with impu-
rities or super-reflections. However, the profile for y =
0.4 1s a551gned as (Srg ¢Bag 4)FeO, 5 with the Ba,Fe,Os-
type structure.'® The lattice parameters a = 6.829(1) A
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Figure 3. Lattice parameters of (Sr,_.Ca,)FeO,' 112 and (Sr;-,Ba,)-
FeO, (this study). Open symbols represent the experimental values, while
closed symbols represent the theoretical ones.” The error bars are within
the size of the symbols. Solid lines were obtained by a least-squares fit. The
deviation from the linear relation for CaFeQ» is due to the distorted IL
structure.'?.

b =11.454(1) A, ¢ = 23.11(4) A and 8 = 99.261(8)° are
reasonable considering those of BaFeO, 5 (¢ = 6.969 A
b=11.724 A, ¢ = 23.408 A, 8 = 98.372°).7° We could not
obtain the IL (Sry¢Bag 4)FeO, phase even with modified
reaction temperature and time. The lattice parameters of
the IL phase including the Ca substituted case are de-
picted in Figure 3 as a function of the average radius of the
A-site cation, r 4, derived by assuming rca = 1.12 A rep =
1.26 A, and rga = 1.42 A." For comparison, theoretlcal
lattice parameters of CaFeO,, SrFeO,, and BaFeO,
obtained by first-principles calculations’”® are presented.
The linear increase of the lattice parameters with ry
suggests the successful formation of the IL structure.
The lines obtained by the least-squares fit of the experi-
mental data are located slightly higher than theoretically
predicted values except the ¢ axis of the hypothetical IL
phase BaFeO,.

The synchrotron XRD data for the Ba-substituted
samples (y = 0.1, 0.2, 0.3) also show a simple tetragonal
unit cell. Absence of any broadenmg, spllttmig of peaks,
and super-reflections as found in CaFeO,'? suggests
formation of a well-crystallized and non-distorted IL
structure. Accordingly, we performed Rietveld structural
refinements for the synchrotron XRD data assuming, as
an initial model, the ideal IL structure belonging to the
P4/mmm space group with Sr/Ba on 14 (0.5, 0.5, 0.5), Fe
on la (0, 0, 0), and O on 2f(0.5, 0, 0), where Ba and Sr
atoms were set to be statistically disordered. All the
refinements led to good fits, ?rowding reasonable reli—
ability factors Ryp =2.41%, " =238 for y = 0. 1 Ryp
3.21%, %* = 3.80 fory = 0.2, dndRWp 3.16%, x° —3 18
for y = 0.3 (see Figure 4, Figures 1S and 2S, and Table 1).
Reasonably small atomic displacement parameters (B)
for each refinement indicate that the Ba/Sr, Fe, and
O atoms are positioned at the assumed sites.

To get more precise information on the oxygen position
and its site occupation, we performed Rietveld refinement
for the powder ND data of (SrggBag,)FeO,. The ND
profile at room temperature included magnetic Bragg
reflections, which were taken into account for the refine-
ment, as will be discussed in detail later. The fit once again

(16) Zou, X. D.; Hovmoller, S.; Parras, M.; Gonzalez-Calbet, J. M.;
Vallet-Regi, M.; Grenier, J. C. Acta Crystallogr. 1993, 449, 27-35.
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Figure 4. Structural characterization of Sry-Bag3FeO, (y = 0.3) by
the Rietveld refinement of synchrotron XRD data at room temperature.
The overlying crosses and the solid line represent the observed and the
calculated intensities. The bottom solid line represents the differ-
ence between the observed intensity and the calculated intensity. The
ticks correspond to the position of the calculated Bragg peaks of
(Sro.7Bag 3)FeOs,.

led to a reasonably small displacement parameter (B =
1.12(8)) for oxygen atoms (and other atoms) and R,,, =
7.41%, %> = 2.20, as shown in Figure 5 and Table 1. When
allowed to change, the oxygen occupancy factor was
refined approximately to unity within error (1.005 (11)),
indicating no oxygen deficiency. All these results together
with the previous ones'''? led us to conclude that the
ideal IL structure can tolerate up to 30% of the Ba-
substitution and up to 80% of the Ca-substitution,
namely, with r, ranging from 1.15 to 1.31 A. It is
surprising that the solubility range of the IL structure is
nearly the same as the cupric oxides ACuO, (0 < x < 0.9,
0 < y =< 0.33) obtained by high temperature and high
pressure synthesis.°

The bond valence sum (BVS) calculations'® based on
the synchrotron XRD data gave (4, Fe) = (+1.95, +1.95)
fory =0.1, (+1.99, +1.95) for y = 0.2 and (42.00, +1.93)
for y = 0.3. As shown in Figure 6, the BVS plotted as a
function of r 4 follows a linear relation for both 4 and Fe
and hence validates once again the formation of the solid
solution. Here, we would like to point out that while the
Ca-substituted IL structure tolerates large deviation of
the bond valences from the formal value (i.e., (4, Fe) =
(+1.71, +2.15) for x = 0.8),!' the Ba-substituted IL
structure is only accessible up to y ~ 0.3 with (4, Fe) =
(+2.00, 4+1.93). This should be related to the difficulty of
Fe to take an unstable valence state of +1. Since the BVS
of Fe is determined almost exclusively by the Fe—O
distance within the FeO, layer, the in-plane length is
likely to determine the solubility range of the IL structure.
Note, however, that the IL cuprates ACuO, show a dif-
ferent variation of BVS, (4, Cu) = (+1.94, +2.06) ~
(+2.41,+1.85), suggesting a different stabilization factor.

3.2. Magnetic Properties. The room-temperature °'Fe
Mossbauer spectra of (Sr;—,Ba,)FeO, for y = 0.1, 0.2,
and 0.3, shown in Figure 7, Figures 3S and 4S consist of a
single magnetically split sextet together with a small para-
magnetic doublet peak. The obtained spectra were fitted
by a Lorentzian function, and the results are summarized
in Table 2. The doublet in each spectrum arises from a
trivalent-iron-containing paramagnetic amorphous im-
purity formed by decomposition and over-reduction
of the precursor AFeO, s phase to Fe(0) that was then
oxidized to Fe(IIl) upon exposure to air. Such an impurity

(18) Brown, I. D.; Altermatt, D. Acta Crystallogr. 1985, B41, 244-247.
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Table 1. Rietveld Refinement for (Sr,—,Ba,)FeO, (v = 0.1, 0.2, 0.3)*

Yamamoto et al.

yin (Sr;—,Ba,)FeO,

site 0.1 (SXRD) 0.2 (SXRD) 0.2 (ND) 0.3 (SXRD)
a (1:\) 3.99794(3) 4.00059(3) 4.0014(1) 4.00896(4)
c(A) . 3.51198(3) 3.54538(4) 3.5457(2) 3.58441(5)
Bin Sr/Ba (A?) 1d (0.5, 0.5, 0.5) 0.428(8) 0.49(1) 0.76(7) 0.50(1)
Bin Fe (OAZ) 1a (0,0, 0) 0.42(1) 0.49(2) 0.54(9) 0.51(2)
BinO (Az) 21(0.5, 0, 0) 0.58(4) 0.64(5) 1.12(8) 0.74(5)
A—O(A) 2.6607 2.6728 2.6732 2.6889
Fe—O (A) 1.9990 2.0003 2.0007 2.0045
moment (ug) 33
Ry, (%) 2.42% 3.21% 7.41% 3.16%
Rf (%) 1.55% 2.08% 5.65% 2.15%
b4 2.36 3.80 2.20 3.18

“SXRD and ND represent synchrotron X-ray diffraction and neutron diffraction. All the refinements were performed by using the ideal IL structure,

P4/mmm space group with 4 = (Sr;_,Ba,) on 1d, Fe on 1 and O on 2f.
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Figure 5. Structural characterization of Sry,Bag gFeO, (y = 0.2) by the
Rietveld refinement of ND data at room temperature. The upper and
lower ticks correspond to the position of the calculated chemical and
magnetic Bragg peaks of (Srg gBag»)FeO,.
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Solid lines were obtained by a least-squares fit. Values for (Sr;—,Ca,)FeO,
were taken from the previous study.'!

phase was also observed upon the synthesis of (Sr;_,Ca,)-
FeO,."? The values of isomer shift (IS) and quadrupole
splitting (Q.S) for the sextet are very close to those of SrFeO,
and the full width at half-maximum (fwhm) is resolution
limited, further supporting the structural analysis of the
present compounds based on the ideal IL structure. The Ba-
concentration dependence of the hyperfine field (HF) shows
that the iron ion stays in a divalent high-spin (S = 2) state
and that the Néel temperature Ty decreases only slightly
with Ba-concentration. The same tendency is seen for
(Sr;_Ca,)FeO, (x < 0.8)."* Since the difference between
S| and S, in Figure 7 is close to that of SrFeO, and to the
value of QS above Ty in SrFeO,, the magnetic moments in
the magnetically ordered state are considered to align
perpendicularly to the ¢ axis, as in the case of SrFeO,.

¥ (mm/s)

Figure 7. Mdssbauer spectrum for (Srg7Bag 3)FeO, at room tempera-
ture. Circles denote the experimental data. A black solid line is the
spectrum for (Sry;Bag3)FeO, and a broken line is that from an over-
reduced, decomposed impurity formed during the hydride reaction. A red
line represents a total fit. S| and S, are the relative shifts of the peaks.

As mentioned above, the magnetic order for (Srgg-
Bay,)FeO, at ambient temperature was also probed by
the ND data. Well-developed magnetic reflections char-
acterized as ((2h + 1)/2, 2k + 1)/2, 2/ + 1)/2), where h, k,
and / are integers, indicate the (7, 7, ;) type spin-structure.
The Rietveld analysis demonstrated that the magnetic
moments are 3.3 ug per iron and align in the ab plane in
agreement with the Mossbauer results. A slight decrease of
Tn with y is expected from the HF change. A linear extra-
polation of the HF versus y curve to y — 1 yielded the HF of
36 T for the hypothetical phase BaFeO,. This value is very
close to HF = 35 T obtained for the distorted IL CaFeO, at
room temperature.'? It follows that BaFeO, would have a
similar 7T as CaFeO, (T = 433 K), at most 40 K lower
than that of SrFeO,.

A decrease in Ty in the Ba-substituted IL. compound
has been anticipated from the theoretical studies by Xiang
et al.” They showed that the dominating spin exchange
paths of SrFeO, are J; = 8.68 meV and J, = 2.23 meV,
where J; is the intralayer Fe—O—Fe superexchange and
J» is the interlayer Fe—Fe exchange coupling constants.’
They also considered the hypothetical phase BaFeO, and
obtained J; = 5.81 meV and J, = 1.34 meV. In the
framework of the mean-field theory and the Monte Carlo
simulation, it can be assumed that the Ty scales linearly
with J, so long as the J,/J> ratio remains constant.'® Then,
the Ty of BaFeO, is estimated as 473 x (5.81/8.68) = 303 K,
which is, however, much lower than that estimated from the
experimental data. The reason for the significant deviation

(19) Whangbo, M., private communication.
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Table 2. Fitting Parameters of Mossbauer Spectra for (Sr;—,Ba,)FeO, (y = 0.1,
0.2, 0.3)

v IS (mm/s) HF(T) QS (mm/s) fwhm (mm/s) area (%)

0.0% 0.498 40.1 1.16 0.28 100
0.1 0.493(0.321) 39.6(0.0) 1.15(0.74) 0.31(047)  91(9)
02 0.495(0.321) 39.1(0.0) 1.14(0.72) 0.31(047)  95(5)
0.3 0.497(0.322) 39.0(0.0) 1.15(0.74) 0.31(0.47) 94 (6)

“IS, HF, QS, fwhm, and area represent isomer shift, hyperfine field,
quadrupole splitting, full width at half-maximum, and area percent-
age of total fit, respectively. We used the values of SrFeO; in previous
study.® The values in parentheses are from the paramagnetic amorphous
impurity.
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Figure 8. Lattice parameters and unit-cell volumes of (Sr;_,Ca,)
FeO, and (Sr;-,Ba,)FeO, at low temperature. (a)—(d) Closed and
open circles represent the ¢ and ¢ axes, respectively. (e)—(h) Circles
represent the unit-cell volumes of (Sr; - Ca,)FeO, and (Sr, -, Ba,)FeO,
and solid lines represent the fit to the Debye—Griineisen model with
Op as an adjustable parameter. The present result of SrFeO, is in
agreement with the result from a previous study (6 = 395 K)'! calcu-
lated from the low-temperature XRD measurement without calibra-
tions by Si.

between the theory and the experiment calls for further
theoretical investigations. Here, the /S values for y = 0.1,
0.2, 0.3 that scarcely alter from that for SrFeO, might give
us a hint. Since IS provides information on how strongly
Fe atom is bonded, the observation implies that the reduced
J1 and J, (with y) must be compensated by the increase of
other further-neighbor exchange integrals.

3.3. Thermal Stability. Low-temperature XRD mea-
surements for x = 0, 0.4, 0.8 and y = 0.3 revealed the
absence of any structural instabilities at low temperatures
(Figure S5—S8). For the quantitative estimation of the lattice
stiffness,”®">* we calculated the Debye temperature 6p
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L. F. Phys. Rev. B 1999, 60, 12184-12190.
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64304.
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Figure 9. TG measurements of (Sr,_,Ca,)FeO, and (Sr,_,Ba,)FeO,
performed in air. We normalized the raw TG data such that the plateaus
correspond to the brownmillerite phase. It is to be noted that there is no
intermediate phase for 0 < z < 0.5 and hence the specimen in this z range
is nothing but (1—2z):2z mixture of 4FeO, and AFeO, 5 phases.

using the Debye—Griineisen model for the variation of
unit-cell volume (see Figure 8), which is expressed as,

V(T)=V(0) +/0TV§V dT = 1(0)

9yNkg [ T /"D/T X
T|— d 1
+ B <6D) 0 er—1 * ( )

where V(0) is the unit-cell volume at 0 K, y is the
Griineisen parameter, B is the bulk modulus, kp is the
Boltzmann constant, and N is the number of atoms in the
unit cell.???* It is seen that the obtained values of 6 are
independent of composition within the experimental un-
certainty, and are much smaller than that of CaFeO, with
the distorted IL structure (0p = 733 K).!!

The stability and reactivity of the IL structure at high
temperature was investigated by the TG measurements
in air up to 900 K (Figure 9). Compounds with a smaller
rq(x =0.4,0.6, 0.8) exhibited a single-step absorption of
oxygen, while those with a larger r 4 (x = 0.2,0.0 and y =
0.2) did a double-step absorption with a single plateau.
Since the starting materials contain a tiny yet finite amount
of amorphous impurity phase as revealed by the Mossbauer
study, a direct determination of the oxygen content for the
target compound from the raw data was not possible.
Nevertheless, sample identification was carefully made by
ex-situ XRD after rapid quenching of the furnace at any
point of the TG curve, and we found that the plateau
corresponds to the AFeO, s phase, and this phase for x =
0.2, 0.0 and y = 0.2 is further oxidized to become the
pseudocubic oxygen-deficient perovskite. There is no inter-
mediate phase between AFeO, and AFeO, s, as already
pointed out for SrFe0,.* With this knowledge, we normal-
ized the raw TG data such that the oxygen content in the
plateau region is 2.5 as shown in Figure 9.
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R756-759.
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Figure 10. r, dependence of 7o, Ty and T, the temperatures at which
the TG curves cross z = 0.25, 0.1, and 0.4 in Figure 9, respectively. Solid
lines were obtained by a least-squares fit. We would like to note that there
exists no intermediate phase between z = 0 and 0.5 in 4FeO,, ..

Notably, the oxygen-absorbing temperature on form-
ing AFeO, 5 systematically changes with chemical sub-
stitution. We define here T, T, and T~ as a temper-
ature at which the normalized TG curve crosses z = (.25,
0.1,and 0.4, respectively, and are depicted as a function of
r4in Figure 10. T drops from 594 K for (Srq »,Ca g)FeO,
to 527 K for (Sry gBag »)FeO,. Obviously, T decreases in
proportion with r,. However, this would not mean that
the IL structure becomes destabilized with increasing r4
because 6p of the IL compounds is independent of the
substitution (except the distorted IL structure CaFeO,)
and also because (Srg,Cag g)FeO, (x = 0.8) with the most
deviated valences of A4 and Fe has the highest To. It is
most probable that the dominant factor for controlling
oxygen absorption behavior is the lattice parameters
controlled by A-site cation size. Considering the facts
that the ¢ axis is more susceptible to 4 than the a axis and
the oxygen pathways for the insertion of oxygen atoms
may mainly involve the interlayer space between FeO,
layers, we believe the ¢ parameter contributes more to the
oxygen absorbing temperature. However, one should
recall that the conversion from the IL structure SrFeO,
to the brownmillerite structure SrFeO, sinvolves not only
the insertion of oxygen atoms but also the reconstruction
of the Fe—O framework.* Recent thin film studies have

(25) Inoue, S.; Kawai, M.; Ichikawa, N.; Kageyama, H.; Paulus, W.;
Shimakawa, Y. Nat. Chem. 2010, 2, 213-217.

Yamamoto et al.

shown two distinct reaction pathways with different
kinetic energies.25 Furthermore, the slope for the AFeO,
to AFeO, 5 conversion becomes steeper with r4; the dif-
ference between T o+ and T is about 100 K for (Srg »-
Ca( g)FeO,, while about 50 K for (Sry gBag»)FeO,. Thus
it might be possible that the oxygen migration pathways
are also influenced by r 4.

4. Conclusion

We demonstrated that SrFeO, with the IL structure can
tolerate only up to 30% substitution of Ba unlike the case of
Ca-substitution. The long Fe—O distance caused by the Ba-
substitution destabilizes the IL structure. The negative pres-
sure effect does not drastically change the magnetic proper-
ties in contrast to the theoretical anticipation, meaning that
iron atoms are still very strongly bonded to oxide ion. The
oxidation temperature and rate are controllable to a great
extent by A-site cation size. The importance of interstitial
oxide ions has been recently stressed for the design of oxygen
ion conductors.” ?* In the present compounds, no phase
could be found between AFeO, and AFeO 5 although more
oxidized phase SrFeO;_s (0 < 6 < 0.5) are known to exhibit
high oxide ion conductivity. But, the elongated c-axis with
respect to SrFeO, may allow further manipulation of struc-
tures, for example, by oxidative intercalation by chlorine gas.
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