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Synthesis and Crystal Structure of Sr2ScBiO6
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A new complex oxide Sr2ScBiO6 was synthesized by a solid
state reaction in air. The compound is stable up to 11503C and
acquires the desired oxygen stoichiometry at 8503C. The crystal
structure was determined using powder X-ray di4raction, elec-
tron di4raction, and high-resolution electron microscopy.
Sr2ScBiO6 has a perovskite-derived pseudocubic face-centered
unit cell (a 5 8.1816(3) As ) and a rock-salt ordering of Sc31 and
Bi51 over the B positions. Electron microscopy investigation
reveals that the real structure is of the La2NiRuO6 type, mon-
oclinic with cell parameters a+b 5 aperJ2+5.785 As ,
c 5 2aper+8.182 As , and P21/n space group. The structure can be
described by an a1b2b2 system of the BO6 octahedral tilting. The
presence of numerous twin domains is a characteristic feature of
this compound. ( 2001 Academic Press

INTRODUCTION

Complex oxides with a perovskite structure and contain-
ing bismuth in an oxidation state higher than #3 attract
considerable attention due to superconductivity observed in
Ba

1~x
K

x
BiO

3
(1, 2) and Sr

1~x
K

x
BiO

3
(3). In such com-

pounds a disproportionation into Bi3` and Bi5` is
suppressed by doping, leading to metallic behavior and
superconductivity. Attainment of bismuth in a high oxida-
tion state requires an oxygen atmosphere or even high
oxygen pressure for Sr-based solid solutions. At the same
time perovskites with only Bi5` are known in which half of
the Bi is substituted by lower charged cations (4}8). In these
compounds bismuth appears to be more stable in its highest
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oxidation state. For instance, Sr6Bi2O11 exists up to 10903C
at P (O

2
)"1 atm (4), Sr

2
¸nBiO

6
(¸n"La}Lu) is prepared

at 9503C in air (5}7), and Ba
2
YBiO

6
is formed at 10753C in

an oxygen atmosphere (8).
In Sr

2
¸nBiO

6
the cations of ¸n and Bi are ordered in the

rock-salt manner (6). The perovskite lattice is strongly dis-
torted giving rise to a monoclinic cell. The distortion can be
connected with a too big average radius of the B-site cations
that gives the Goldshmidt tolerance factor t(1. Sr atoms
are too small to be placed into 12-fold coordinated A posi-
tions and ¸nO

6
and BiO

6
octahedra are cooperatively tilted

along [011]
1%3

and rotated along [100]
1%3

to diminish 8 from
the original 12 equal Sr}O distances. The ionic radius of
Sc3` is close to that of Bi5` and is considerably smaller
than that of the ¸n3` ions (9). Consequently the tolerance
factor for the compound with ¸n"Sc has to get closer to
1 and one can expect less structure distortion for this perov-
skite. Yet to our knowledge this compound has not been
described previously.

Recently, by doping the Bi
2
Sr

2
CaCu

2
O

8`x
superconduc-

tor with scandium oxide we observed the formation of a new
phase with composition Sr

2
ScBiO

6
; this phase coexisted

with the superconductor and its melt (10). In the present
work we consider the synthesis of pure Sr

2
ScBiO

6
and

determine its crystal structure, oxygen nonstoichiometry,
and thermal stability.

EXPERIMENTAL

Chemical grades SrCO
3
, Bi

2
O

3
, and Sc

2
O

3
taken in

appropriate molar ratios were dissolved in an excess of 5 M
nitric acid. The solution was evaporated to dryness and
decomposed at 200}8003C. The resulting residue was



TABLE 1
Selected Parameters from Rietveld Re5nement of X-Ray

Powder Data for Sr2ScBiO6

Space group Fm31 m
a, As 8.1895(1)
Z 4
Cell volume, As 3 549.26
Calculated density, g/cm3 6.351
2h range, step, deg 1042h4110, 0.01
Number of re#ections 33
Re"nable atomic parameters 6
R

I
,R

P
, R

8P
0.029, 0.080, 0.113

Sr 8c (1
4
,1
4
,1
4
)

B, As 2 1.03(3)
Bi 4a (0,0,0)
B, As 2 0.23(2)
g 0.88Bi#0.12Sc
Sc 4b (1

2
,1
2
,1
2
)

B, As 2 0.31(5)
g 0.88Sc#0.12Bi
O 24e (x,0,0)
x/a 0.2442(7)
B, As 2 5.6(2)
d(Sr}O), As 12]2.8958(1)
d(Bi}O), As 6]2.000(6)
d(Sc}O), As 6]2.095(6)
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ground, pressed in pellets, annealed at 10503C for 48 h in
air, and air quenched. The samples obtained were further
annealed at 8503C for 24 h in air for additional oxidation.
This technique allowed the preparation of single-phase
Sr

2
ScBiO

6
samples.

The oxygen content was determined by the iodometric
method. The cation composition was determined by EDX
analysis of the polished sample surface using a Philips
ESEM scanning electron microscope and on separate crys-
tallites using a Philips CM20 transmission electron micro-
scope with a LINK2000 attachment.

X-ray di!raction study was performed on a STADI/P
di!ractometer (CuKa1 radiation, curved Ge mono-
chromator, transmission mode, step 0.013 2h, PSD de-
tector). The crystal structure was re"ned by the Rietveld
method using the RIETAN-97 program (11).

Electron di!raction (ED) and high-resolution electron
microscopy (HREM) were performed on Philips CM20 and
JEOL 4000EX instruments. Image simulation was made
using MacTempas software.

RESULTS AND DISCUSSION

1. Sample Characterization

The Sr
2
ScBiO

6~x
samples are homogeneous on the mi-

cronscale level, and the cation composition corresponds to
the nominal one within 5%. Only small impurities (less than
0.2 vol%) of Bi- and Sc-rich precipitates are found by SEM,
but no peaks of foreign phases are detected in the X-ray
di!raction pattern. The oxygen content for the sample
quenched from 10503C corresponds to x"0.09$0.01;
after annealing at 8503C the compound becomes almost
stoichiometric (x"0.02$0.01). It will therefore be denoted
as Sr

2
ScBiO

6
.

The compound is stable up to ca. 11503C in air. The XRD
pattern of the sample annealed at 11803C for 1 h contains
only weak lines of the initial compound; however, a set of
new lines appears. Some of these lines clearly belong to SrO
as well as to an unknown impurity with large d-values of
10.9 As , 9.38 As , and 8.04 As . The weight loss roughly corres-
ponds to the elimination of one oxygen per formula unit,
thus implying full reduction of Bi5` to Bi3`. EDX analysis
shows that two new phases appear with Sr :Sc :Bi molar
ratios 5 : 3 :3 and 10 :4 :3, as well as a small amount of Bi-rich
phase depleted of Sc.

2. X-Ray Diwraction

All strong re#ections in the Sr
2
ScBiO

6
X-ray di!raction

pattern can be indexed in a face-centered cubic lattice with
lattice parameter a"8.1816(3) As . However, a complete in-
dexing can only be performed on the basis of a tetragonal
primitive unit cell with a"5.7854(2) As and c"8.1818(3) As .
The ratio c/a"J2 and the weakness of the superlattice
re#ections suggest that only minor deviations from cubic
symmetry are induced. An analysis of the FWHM's depend-
ence on the scattering angle reveals that the half-widths of
the hhl re#ections are systematically smaller than those of
other re#ections. It may indicate a small di!erence in the
a and b cell parameters related to a further symmetry
decrease. Determination of the extinction conditions on the
basis of the X-ray powder pattern seems to be doubtful
because of complete overlapping of the re#ections caused by
the pseudocubic unit cell.

For the re"nement of the Sr
2
ScBiO

6
crystal structure we

"rst assumed an ordered distribution of Sc and Bi over the
B positions of the perovskite-type structure. According to
the symmetry analysis performed by Woodward (12), the
rock-salt-type ordering of the B cations in the a"2a

1%3
face-centered unit cell corresponds to the absence of a tilting
distortion of the perovskite framework (a0a0a0 tilt system in
Glazer's notations (13), space group Fm31 m). However, the
thermal parameters for cations obtained after the re"ne-
ment with fully ordered Sc and Bi indicate probable partial
mixing of these cations (!2.9 and 0.8 As 2 for Sc and Bi
positions, respectively). The occupancy values were re"ned
with "xed B"0.5 As 2 and were found to be equal to
0.88Sc#0.12Bi for the Sc position and 0.88Bi#0.12Sc for
the Bi one. The "nal re"nement gave a reasonable reliability
factor R

I
"0.029, whereas the R

P
"0.080 and R

8P
"0.113

show an unsatisfactory matching between the experimental
and the calculated pro"les. A large value of the thermal
parameter of the oxygen atom (B"5.6 As 2) was observed.



FIG. 1. Observed, calculated, and di!erence X-ray di!raction patterns for Sr
2
ScBiO

6
.
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This value can be caused by an oxygen displacement away
from the ideal position due to a small rotation and a tilt of
the BiO

6
and ScO

6
octahedra; this cannot be described in
FIG. 2. [010]*, [001]*, [110]*, and [011]* electron
the frame of the face-centered cubic cell. The crystallo-
graphic parameters, parameters of the Rietveld re"nement,
atomic coordinates, and interatomic distances for Sr

2

di!raction patterns from single domains of Sr
2
ScBiO

6
.



FIG. 3. Composite electron di!raction patterns from regions contain-
ing two or more orientation domains.

FIG. 4. Structure model of Sr
2
ScBiO

6
. Sc and Bi are located at the

center of the octahedra; Sr atoms are shown as spheres.

145SYNTHESIS AND CRYSTAL STRUCTURE OF Sr2ScBiO6
ScBiO
6

are given in Table 1. The observed, calculated, and
di!erence X-ray di!raction patterns are shown in Fig. 1. Sc
and Bi have an octahedral oxygen environment. The Sc}O
(2.095(6) As ) and Bi}O (2.000(6) As ) distances correlate well
with the observed occupancies of these positions and ionic
radii of Sc3` (0.81 As ) and Bi5` (0.74 As ). Sr atoms are situ-
ated in cuboctahedra with d (Sr}O)"2.8958(1) As .

Di!erent tilt systems proposed by Woodward (12) with
a decrease of symmetry to tetragonal, orthorhombic, and
monoclinic were also tested but none resulted in a stable
re"nement and gave reasonable values of the interatomic
distances and the thermal parameters.

3. Electron Microscopy

The ED patterns along the main zone axes are shown in
Fig. 2. The indexing of these patterns is performed using
a unit cell with a+b"a

1%3
J2+5.79 As , c"2a

1%3
+8.18 As
[001]* and [110]* directions correspond with the 4-fold
axes of a perovskite subcell. Obvious di!erences between
these patterns re#ect that the [100]

1%3
, [010]

1%3
, and

[001]
1%3

directions are no longer symmetrically equivalent
as should be expected for a cubic system. In most cases,
however, a square array of spots corresponding to an
8.18 As ]8.18 As unit cell is observed on ED patterns along
these directions (Fig. 3). The fact that the intensity of the
weaker re#ections signi"cantly varies when displacing the
selective diaphragm strongly suggests the presence of over-
lapping orientation domains in the material. This pattern in
Fig. 3 can be interpreted as the overlap of domains in [001]*
and [110]* orientations where two [110]* domains are
rotated by 903 along the zone axis with respect to each
other. The ED pattern of Fig. 3 similarly is a superposition
of two single-crystal patterns of [100]* and [010]* oriented
domains. It was also veri"ed by EDX that the di!erent
variants do not have a di!erent content of Sc and Bi.
A homogeneous cation distribution was found with
Sr :Sc :Bi"2.02(4) : 0.98(4): 1.00(4) atomic ratio which is in
good agreement with the Sr

2
ScBiO

6
composition. The anal-

ysis of a number of di!raction patterns and Fourier
transforms taken from single-domain high-resolution
images reveals the extinction conditions h0l, h#l"2n and



FIG. 5. HREM image of Sr
2
ScBiO

6
showing [11 10] (left side) and [001] (right side) oriented domains. The corresponding Fourier transforms are

shown as insets. The simulated theoretical [11 10] and [001] images were calculated at f"!700 As , t"30 As .
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0k0, k"2n. The presence of h00, 0k0, and 00l, h, k, lO2n,
re#ections on [001]*, [110]*, and [011]* patterns is caused
by double di!raction as was checked by a tilt of the crystal
along the row containing the forbidden re#ections. Accord-
ing to these extinction conditions, the n glide plane passes
normal to the b axis and no such plane is observed normal
to the a axis, which points toward a decrease of symmetry
from tetragonal to orthorhombic or monoclinic despite the
identical values of a and b cell parameters. The symmetry
analysis of the double A

2
BB@O

6
perovskite with rock-salt-

type ordering of B and B@ cations performed by Woodward
(12) reveals that there is no tilt system corresponding to an
orthorhombic symmetry and compatible with a+b"
a
1%3

J2, c"2a
1%3

cell dimensions and experimentally ob-
served extinction conditions. Only one monoclinic space
group (P2

1
/n) matches well with all experimental features

and it probably represents the actual space symmetry of the
Sr

2
ScBiO

6
compound.

The P2
1
/n space symmetry corresponds to the a`b~b~

tilt system (13) and many double perovskites are known
which adopt this structure. The Sr

2
Bi5`M3`O

6
(M"Bi,

Nd) (3, 6) compounds have such a structure organization;
however, they cannot be taken as a structure model for
Sr

2
ScBiO

6
because of the large di!erence in sizes of the Bi5`

and the M3` cations. Since the ionic radii of Sc3` (0.81 As )
and Bi5` (0.74 As ) (9) in an octahedral environment do not
di!er signi"cantly, the atomic coordinates for one such
double perovskite with similar cations at the B and B@
positions can be taken as a structure model of Sr

2
ScBiO

6
.

The La
2
NiRuO

6
compound (14) was chosen and the struc-

ture model was veri"ed by comparison of the theoretical
and experimental high-resolution (HREM) images. The
schematic representation of this structure is shown in Fig. 4.
Figure 5 reproduces the HREM image of two domains in
[11 10] (the left part) and [001] (the right part) orientation
which correspond to the [001] projection of the perovskite
subcell. The Fourier transforms shown as insets in
Fig. 5 allow us to determine the local orientation. The
domains have a common (110) crystallographic plane, but
the interface between them is ill de"ned. At this particular
defocus and thickness the columns of cations are imaged as
bright dots. The adequacy of the proposed model was con-
"rmed by an agreement between experimental and cal-
culated (in set, f"!700 As , t"30 As ) HREM images along
[11 10] and [001] zones.

The tolerance factor for the A
2
BB@O

6
perovskite can be

estimated as t
1%3

"(r
A
#r

0
)/J2(r

B
#rB@ )/2#r

0
). For

Sr
2
NdBiO

6
, Sr

2
LuBiO

6
, and Sr

2
ScBiO

6
one obtains

t
1%3

"0.88, 0.91, and 0.93 correspondingly. The a/b ratio
increases from 0.975 for Nd (6) to 0.987 for Lu (7) and
becomes practically equal to unity for Sc. As has been
shown, however, the same type of crystal lattice distortion
takes place in the latter case. Hence, t

1%3
&0.93 can prob-

ably be considered as a lower boundary limit for the cubic
structure for these types of double perovskites.

ACKNOWLEDGMENTS

The authors are grateful to J. E. Evetts for supplying Sc
2
O

3
. N.R.K is

grateful for "nancial support from DWTC during her stay at the University
of Antwerp. This work was supported by the Russian Science Foundation
(Project 00-03-32597a).



147SYNTHESIS AND CRYSTAL STRUCTURE OF Sr2ScBiO6
REFERENCES

1. L. F. Mattheiss, E. M. Gyorgy, and D. W. Johnson, Phys. Rev. B 37,
3745 (1988).

2. R. J. Cava, B. Batlogg, J. J. Krajewski, R. Farrow, L. W. Rupp, Jr.,
A. E. White, K. Short, W. F. Peck, and T. Kometani, Nature (¸ondon)
332, 814 (1988).

3. S. M. Kazakov, C. Chaillout, P. Bordet, J. J. Capponi, M. Nunez-
Regueiro, A. Rysak, J. L. Tholence, P. G. Radaelli, S. N. Putilin, and
E. V. Antipov, Nature (¸ondon) 390, 148 (1997).

4. F. Abbattista, C. Brisi, D. Mazza, and M. Vallino. Mater. Res. Bull.
26, 107 (1991).

5. E. T. Shuvaeva and E. G. Fesenko, Sov., Phys. Crystallogr. 14, 926
(1970).
6. A. Lenz and Hk. MuK ller-Buschbaum, J. ¸ess-Common Met. 161, 141
(1990).

7. R. Horyn, M. Wolcyrz, A. Wojakowski, and A. J. Zaleski, J. Alloys
Compd. 242, 35 (1996).

8. S. K. Blower and C. Greaves, Solid State Commun. 68, 765 (1988).
9. R. D. Shannon, Acta Crystallogr. A 36, 751 (1976).

10. P. E. Kazin, D. D. Zaytsev, Yu, D. Tretyakov, and M. Jansen, to be
published.

11. F. Izumi, in &&The Rietveld Method'' (R. A. Young, Ed.), Chap. 13.
Oxford Univ. Press, Oxford, 1993.

12. P. M. Woodward, Acta Crystallogr. B 53, 32 (1997).
13. A. M. Glazer, Acta Crystallogr. B 28, 3384 (1972).
14. P. A. Seinen, F. P. F. van Berkel, W. A. Groen, and D. J. W. Ijdo,

Mater. Res. Bull. 22, 535 (1987).


	INTRODUCTION
	EXPERIMENTAL
	RESULTS AND DISCUSSION
	TABLE 1
	FIGURE 1
	FIGURE 2
	FIGURE 3
	FIGURE 4
	FIGURE 5

	ACKNOWLEDGMENTS
	REFERENCES

