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It has previously been found that orthorhombic Sr2CuO3

A new oxygen-deficient perovskite, SrCuO2.5 , was prepared (5), with corner-shared CuO4 square planes, transforms to a
at 9508C and 100 kbar pressure in a multianvil apparatus. K2NiF4-type Sr2CuO31­ structure (0.1 , ­ , 0.9), containing
Rietveld profile analysis, using X-ray powder diffraction data, oxygen vacancies in the CuO2 planes under high oxygen
was employed for the structural determination. SrCuO2.5 is pressure (1, 6). In addition, a supercell of 4Ï2a 3 4Ï2a 3
orthorhombic, Pbam (No. 55), Z 5 4, a 5 5.424(2) Å, b 5 c and 5Ï2a 3 5Ï2a 3 c, observed in the low ­ phases (1,
10.837(4) Å, and c 5 3.731(1) Å, which is related to the perov- 4, 7), could arise from oxygen vacancy ordering in the CuO2skite subcell by Ï2ap 3 2Ï2ap 3 ap , where ap is the simple

planes, leading to the formation of CuO2 chains, CuO4cubic perovskite lattice parameter. It consists of corner-shared
square planes, CuO5 square pyramids, and/or CuO6 octahe-CuO5 square pyramids with oxygen vacancy ordering in the
dra. On the other hand, orthorhombic SrCuO2 (8), withCuO2 layers. The ordered oxygen vacancies create parallel
edge-shared CuO4 square planes, transforms under highpseudo-hexagonal tunnels where the Sr atoms reside, forming
pressure to the tetragonal infinite layer structure, containingSrO10 polyhedra. Structural features with respect to oxygen
exclusively corner-shared CuO4 square planes (9). If pO2vacancies, superstructures, and distortions are analogous to the

type of ordering observed in Sr2CuO31d . Superconductivity was is increased, however, we have found that a new oxygen-
not observed in SrCuO2.5 down to 5 K.  1996 Academic Press, Inc. deficient perovskite SrCuO2.5 with a unit cell of Ï2ap 3

2Ï2ap 3 ap forms at high pressure. The structure of this new
phase is the main subject of this communication.

INTRODUCTION

EXPERIMENTALDespite recent extensive studies of the Srn11CunO2n111­

system (1–3), the origin of superconductivity in the high
The precursor SrCuO2 was obtained by firing SrCO3 andpressure phases of this system is still unclear. A number

CuO at 9008C several times with intermediate grinding andof studies have attempted to clarify this issue, but low
repelletizing steps. SrCuO2.5 was prepared from a mixturesuperconducting volume fractions and complications due
of SrCuO2 and KClO3 (as the oxygen source) at a molarto the different oxygen vacancy orderings that are possible
ratio 6 : 1, using an Al2O3 crucible at 9508C and 100 kbarin these structures have left it unresolved. For example,
for 20 h. A full description of the multianvil apparatusefforts to confirm superconductivity in single phase
and the high-pressure experimental procedures has beenSr2CuO31­ materials have not met with success (2–4). In
published previously (10, 11).order to reveal the origin of the superconductivity in this

The sample was characterized with a Siemens D-500 X-system, we have undertaken a careful investigation of the
ray powder diffractometer using CuKa radiation. The X-high pressure phase equilibria and the structure and super-
ray powder data were obtained in the range 48 , 2u , 808conductivity of phases in the Sr–Cu–O system.
with a step width of 0.028 and a counting period of 20 s.
The structural parameters of the SrCuO2.5 phase were re-
fined by the FULLPROF program (12) in space group1 To whom correspondence should be addressed.
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FIG. 1. Comparison of calculated (solid line) and observed (dots) X-ray patterns for SrCuO2.5 . Calculated reflections (vertical tick marks) from
top to bottom refer, respectively, to SrCuO2.5 , CuO, SrO2 , and KCl. The bottom curve is the difference between calculated and observed patterns.
Peaks presumably due to Sr3Cu4Ox impurity are marked with asterisks.

Pbam with a pseudo-Voigt peak-shape function. The re-
fined parameters include lattice parameters, a zero-point
error, atom positions at those for NdCuO2.5 (11) as theTABLE 1
starting model, isotropic parameters, occupancies, overallCrystallographic Data for SrCuO2.5

a

scale factor, peak-shape parameter, and full-width parame-
Positional and isotropic thermal parameters ters. Attempts to refine the atom occupanies yield higher

Atom Site x y z B(Å2) R values. Minor amounts of the impurity phases CuO,
SrO2 , and KCl in the sample were also included for Riet-Sr 4h 0.2964(5) 0.3775(5) 0.5 2.3(2)
veld refinement. However, the 2u regions 34.48–34.88,Cu 4g 0.2731(9) 0.1298(9) 0.0 1.1(2)
39.48–39.78, and 43.308–43.708 with very weak reflectionsO1 4h 0.262(2) 0.136(2) 0.5 3.3(2)

O2 4g 0.565(2) 0.230(2) 0.0 1.7(2) from an unidentified phase were excluded from the re-
O3 2a 0.0 0.0 0.0 0.6(5) finement. The final factors were Rwp 5 12.9%, Re 5 7.98%,

Rb 5 4.91%, and x 2 5 2.62.
Selected bond distances (Å) and angles (deg)

The final product was also analyzed with a CAMEBAXSr–O1 2.63(1) [13] Cu–O1 1.87(1) [23] O1–Cu–O1 174.5(8)
electron microprobe to determine the stoichiometry of theSr–O1 2.82(1) [13] Cu–O2 1.92(1) [13] O1–Cu–O2 90.4(4)
title compounds. Magnetic susceptibility measurementsSr–O1 2.90(1) [13] Cu–O2 1.90(1) [13] O1–Cu–O2 87.3(4)

Sr–O1 2.53(1) [13] Cu–O3 2.04(1) [13] O1–Cu–O3 90.0(4) were carried out on a Quantum Design model MPMS2
Sr–O2 2.86(1) [23] O2–Cu–O2 92.2(4) SQUID magnetometer by zero-field cooling SrCuO2.5 to
Sr–O2 2.53(1) [23] O2–Cu–O3 170.9(8) 5 K, applying a 10 Oe magnetic field, and collecting data
Sr–O3 2.54(1) [23] O2–Cu–O3 96.9(4)

from 5 to 160 K. Although the low room-temperature re-
sistivity of the new phase was suggestive of metallic behav-a Space group Pbam. Cell parameters: a 5 5.424(2) Å, b 5 10.837(4)

Å, c 5 3.731(1) Å. ior, superconductivity was not observed in SrCuO2.5 .
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form of SrCuO2 (a 5 3.926 Å and c 5 3.432 Å) result
from oxygen vacancies in the (001) CuO2 planes and the
presence of the apical oxygens. The average Sr–O and
Cu–O distances are 2.67 and 1.92 Å, respectively. These
bond distances are similar to those observed in the other
Sr–Cu–O compounds (5, 6, 8, 9). The O–Cu–O angle,
which is 908 for the ideal cubic perovskite, varies from
87.30 to 96.98.

The CaMnO2.5-type structure was also found in La
CuO2.5 (14) and NdCuO2.5 (11). Surprisingly, the unit cell
volume of SrCuO2.5 (219.3 Å3) is almost the same as that
of NdCuO2.5 (219.1 Å3), although the ionic radius of Sr
(1.58 Å) is larger than that of Nd (1.41 Å) (15). This fact
could be attributed to the presence of the smaller B-site
cation Cu31 in the former and to the smaller A-site atom
in the latter, leading to the misfit between the NdO and
CuO2 layers.

The structural features of the title compound are analo-
gous to those of Sr2CuO31­ in that the oxygen vacancies
in both are located in the CuO2 layers (4, 6, 16). Both
phases exhibit superstructures (1, 4, 7) related to those of
the Ruddlesden–Popper (R–P) type (17). The supercells
observed in Sr2CuO31­ could be related to oxygen vacancy
ordering, while Sr2CuO3.5 (­ 5 0.5) might be isostructural
to Ca2MnO3.5 (18), with oxygen ordering in (001), as found
in the title compound. In addition, an orthorhombic distor-
tion in Sr2CuO31­ was also observed by high-resolutionFIG. 2. Structure for SrCuO2.5 projected on [001].
synchrotron X-ray diffraction (4). The orthorhombicity,
(b 2 a)/a 5 2.612 3 1023, where a and b are the subcell
lattice parameters of the R–P phases, is greater than thatRESULTS AND DISCUSSION
of SrCuO2.5 (9.128 3 1024). It is very difficult to observe
such slight distortions and the determination of the symme-The result of X-ray profile analysis shown in Fig. 1 indi-

cates that the high-pressure synthesis yielded SrCuO2.5 , try requires the consideration of reflection conditions in-
cluding those of the supercell.CuO, SrO2 , KCl, and a very small amount of an unidenti-

fied phase, presumably corresponding to the stoichiometry
Sr360.03Cu460.04Ox based upon electron microprobe analysis. CONCLUSIONS
The composition of the title compound was determined
by electron microprobe to be Sr160.01Cu160.01O2.560.05 , and A new perovskite SrCuO2.5 was prepared from SrCuO2
the Rietveld refinement is consistent with this stoichiome- and KClO3 at 9508C and 100 kbar. Superconductivity was
try. A summary of the refined crystallographic data for not observed down to 5 K presumably due to the absence
SrCuO2.5 is given in Table 1, and its structure is presented of both two-dimensional CuO2 layers and mixed valance
in Fig. 2. Cu12/Cu31. However, the manner in which oxygen vacan-

SrCuO2.5 crystallizes in an orthorhombic symmetry with cies order in SrCuO2.5 may provide insight into an im-
the CaMnO2.5 structural type (13), having a perovskite portant stabilizing mechanism in the plethora of phases
subcell ap 5 a/Ï2 5 3.835 Å, bp 5 b/2Ï2 5 3.831 Å, and observed in the Sr–Cu–O system at high pressure. Whether
cp 5 c 5 3.731 Å. It consists entirely of corner-sharing CuO2 layers with ordered oxygen vacancies, or some other
CuO5 square pyramids. The ordered oxygen vacancies cre- unusual arrangements, leads to superconductivity in these
ate parallel pseudo-hexagonal tunnels where the Sr atoms systems is an important question to resolve.
reside, forming SrO10 polyhedra. In contrast, the low pres-
sure form of SrCuO2 (8) consists of edge-shared CuO4
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