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Crystals of the title compound, samarium barium copper

oxide, were prepared by a modi®ed top-seeded solution-

growth method. The crystals thus prepared showed no

superconductivity down to 4.2 K. A careful examination

showed that the structure closely resembles that of tetragonal

YBCO, and there is no atom mixing at the Ba or other sites,

within experimental accuracy. A bond-valence-sum calcula-

tion at the Ba site also indicated the absence of Sm. Each site

is fully occupied by a single atom, except for the oxygen site in

the basal plane of the CuO6 octahedron. The occupancy of this

oxygen site is signi®cantly reduced [0.13 (2)], as is commonly

observed in the 123 system. The atomic displacement

parameters of the atoms in the CuO2 plane, as well as of the

Sm atom, are very small, indicating that two equivalent CuO2

planes tightly sandwich the Sm atom.

Comment
Since the high-temperature superconductivity of the Ba±La±

Cu±O ceramic system was discovered by Bednorz & MuÈ ller

(1986), several new compounds have been synthesized as high-

Tc superconductors, of which YBa2Cu3O7ÿx, also known as

YBCO or a 123 compound, has been widely studied by many

researchers after Wu et al. (1987). The title compound, (I), was

prepared in the course of our studies into the super-

conductivity of YBCO and its analogues. The possibility of the

existence of a similar but non-stoichiometric compound was

proposed by Yoo et al. (1994), in which excess Sm atoms

occupy some of the Ba sites, so as to give the formula

Sm1+yBa2ÿyCu3O7ÿx. Therefore, the X-ray structure analysis

of (I) was carried out carefully in order to examine whether

such atom mixing occurred or not, and also to determine the

concentration of oxygen in the crystal. As-grown crystals

showed no superconductivity down to 4.2 K. Of these, a crystal

was selected for the structure analysis. As shown below, the

occupational disorder of the Sm atom at the Ba site was safely

rejected, contrary to the disorder reported by Yoo et al.

(1994). The oxygen content at the basal plane of the CuO6

octahedron is very much reduced, so that the chemical

formula can be written with a good degree of accuracy as

SmBa2Cu3O6.26.

Bond valence (Brown, 1992) is a sensitive test of the co-

existence of Sm at the Ba site. The bond-valence sum at Ba

(1.91, based on the observed BaÐO bond length) is close to,

but slightly lower than, the valence of the Ba ion (2.0). If the

Ba site were totally occupied by Sm without any other change

of geometry, the bond-valence sum would be much less (1.12)

than the expected value of 3.0 for the Sm ion. Therefore, if Sm

were partially present on this site, the bond-valence sum

would be even less than 1.91, not greater than the value

expected from the true existence of the Sm ion. These calcu-

lations therefore indicate the absence of Sm at the Ba site.

The bond-valence sums at Cu2 and O3 are a little large (2.07

and 2.11, respectively), suggesting some slight compression of

the CuO2 plane. Conversely, the sums at Ba and O1 are a little

low (1.91 and 1.89, respectively), suggesting that the BaO1

layer is stretched. These characteristics of the layers are in

agreement with their atomic displacement parameters.

Fig. 1 illustrates the structure of (I). The cell dimensions

show slight elongation from those of YBCO along both the a

and c axes, re¯ecting the differences in ionic radii between Sm

and Y ions. The Ba atom possesses almost isotropic vibration.
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Figure 1
An ORTEPII (Johnson, 1976) drawing of (I) with the atom-numbering
scheme. Displacement ellipsoids are plotted at the 99% probability level.
The very small U11 value of Cu2 caused an error in the plot; therefore, the
ellipsoid of this atom has been magni®ed by 15%.
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The U11 and U22 values of the Sm and Cu2 atoms, and U22 of

the O3 atom, are very small, suggesting tight bonding in the

sandwich formation. In the sandwich block, the O3� � �O3

distance between the CuO2 planes is shorter than that of

Cu2� � �Cu2. Thus, Cu2 deviates by 0.206 (2) AÊ from the square

coordination plane of the O atoms towards O1. The deformed

CuO2 plane can also be seen from the OÐCuÐO angles in

Table 1.

Fig. 1 shows the anisotropic displacement ellipsoids for the

Sm, Cu2 and O3 atoms. Although the ellipsoids themselves are

not particularly large, the anisotropy indicates that these

atoms vibrate more freely along the c axis, which is the

direction perpendicular to the two-dimensional Cu2ÐO3

network, and that the bonding in the sandwich block might be

relatively loose along the c axis. In contrast, the ellipsoids of

atoms Cu1 and O1 of the octahedron are restrained along c,

and this is probably correlated with the extremely short Cu1Ð

O1 bond [1.810 (4) AÊ , which is about 0.03 AÊ shorter than the

value reported for YBCO crystals]. Such modes of vibration

are physically reasonable.

The much reduced occupancy of the O2 site suggests that

the atom is loosely bound to the Cu1 and Ba atoms, so that it

can be easily removed. An additional examination of one of

the crystals grown under low oxygen pressure (1 kPa) was

performed in a similar manner, and nearly the same result was

obtained. In this instance, however, the occupancy of the O2

site was so much reduced as to be almost vacant. The low-

oxygen crystals became superconducting (Tc = 93 K) after

annealing in an oxygen atmosphere (Nakamura et al., 1995).

Experimental

Crystals of (I) were prepared by a modi®ed top-seeded solution-

growth method in air. Details of the crystal growth and properties of

the compound were reported by Nakamura et al. (1995).

Crystal data

SmBa2Cu3O6.26

Mr = 715.85
Tetragonal, P4/mmm
a = 3.878 (1) AÊ

c = 11.818 (2) AÊ

V = 177.76 (6) AÊ 3

Z = 1
Dx = 6.69 Mg mÿ3

Mo K� radiation
Cell parameters from 25

re¯ections
� = 26.1±28.5�

� = 27.830 mmÿ1

T = 297.2 K
Plate, black
0.50 � 0.33 � 0.12 mm

Data collection

Rigaku AFC-5R diffractometer
!/2� scans
Absorption correction: analytical

(de Meulenaer & Tompa, 1965)
Tmin = 0.006, Tmax = 0.122

1148 measured re¯ections
641 independent re¯ections
533 re¯ections with F 2 > 2�(F 2)

Rint = 0.030
�max = 50.18�

h = 0! 8
k = 0! 8
l = 0! 25
4 standard re¯ections

every 150 re¯ections
intensity decay: 0.35%

Re®nement

Re®nement on F
R = 0.019
wR = 0.026
S = 1.594
533 re¯ections
21 parameters
w = 1/[�2(Fo) + 0.00006|Fo|2]

(�/�)max < 0.001
��max = 2.83 e AÊ ÿ3

��min = ÿ1.93 e AÊ ÿ3

Extinction correction: type 2 Gaus-
sian isotropic (Zachariasen, 1967)

Extinction coef®cient: 1.59 (7)

The observed re¯ections were averaged to a unique data set after

the absorption correction. This averaging helps to reduce some of the

error arising from shape effects in the correction. The absorption

corrections were made carefully now outlined. The software package

used includes analytical (de Meulenaer & Tompa, 1965) and

numerical (Coppens et al., 1965) correction methods for polyhedral

crystals. In the present work, both methods gave nearly the same

correction factors: Tmin, Tmax and Tav for the analytical method, with

the corresponding values for the numerical method in brackets, were

0.006 (0.002), 0.122 (0.121) and 0.055 (0.054), respectively. A trial

re®nement after the analytical correction, however, converged to a

lower R value (0.047) than for the numerical method (0.052).

Therefore, the analytical correction was adopted. Next, DIFABS

(Walker & Stuart, 1983) was applied to reduce the shape effect,

before averaging. Prior to the application of DIFABS, weak re¯ec-

tions with intensities less than 5�o(I) were excluded from the refer-

ence re®nement so as to eliminate the wrong in¯uence on the

correction. The re®ned parameters before and after the application of

DIFABS did not show large differences, with values within one s.u.

for the positional parameters and within three s.u.'s for the atomic

displacement parameters. The occupancies of the Sm and Ba atoms

were close to unity and coincided within one s.u. The largest differ-

ence was Biso of atom O2; the value without DIFABS was very large

(30), probably due to residual error in the intensity data. The struc-

ture was con®rmed to be isomorphous with tetragonal YBCO by a

check of the Patterson peaks. The initial coordinates of the structure

were similar to those of a YBCO crystal (Sato et al., 1988, 1989). A

re®nement of the occupancies of the Sm and Ba sites at a later stage

resulted in 1.005 (3) for Sm and 1.006 (4) for Ba. The occupancies of

other sites are also close to unity, with discrepancies of less than 1%,

except for the O2 site, which showed large atomic de®ciency, similar

to other common 123 compounds. Thus, the site occupancy of the O2

atom was included in the ®nal re®nement with an isotropic atomic

displacement parameter. Other atoms were ®xed to unit occupancy.

The possibility of Mg contamination in any of the cation sites owing

to the use of an MgO seed crystal was also rejected.

Data collection: MSC/AFC Diffractometer Control Software

(Molecular Structure Corporation, 1994); cell re®nement: MSC/AFC

Diffractometer Control Software; data reduction: TEXSAN (Mole-

cular Structure Corporation and Rigaku Corporation, 1998);

program(s) used to solve structure: SHELXS86 (Sheldrick, 1985);

program(s) used to re®ne structure: TEXSAN; software used to

prepare material for publication: TEXSAN.

This work was supported by the New Energy and Industrial

Technology Development Organization (NEDO) for the

R&D of Industrial Science and Technology Frontier

Programme.

Table 1
Selected geometric parameters (AÊ , �).

SmÐO3 2.448 (1)
BaÐO1 2.7815 (7)
BaÐO2 2.9892 (4)
BaÐO3 2.888 (2)

Cu1ÐO1 1.810 (4)
Cu1ÐO2 1.9391 (5)
Cu2ÐO1 2.398 (4)
Cu2ÐO3 1.9501 (2)

O1ÐCu2ÐO3 96.07 (7)
O3ÐCu2ÐO3i 89.36 (1)

O3ÐCu2ÐO3ii 167.9 (1)

Symmetry codes: (i) ÿy; x; z; (ii) x; yÿ 1; z.



Supplementary data for this paper are available from the IUCr electronic
archives (Reference: BR1311). Services for accessing these data are
described at the back of the journal.
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