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Temperature dependence of the lattice parameters in the
30-K superconductor Bao.qKII 4Bi03
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(Received 30 June 1988)

Using pounder x-ray diffraction, we have measured the temperature dependence of the lattice
parameters of the 30-K superconductor, Bao.6K0.4Bi03, in the range 14-300 K. We find that
within the resolution of our measurement, Bao.qKs.4Bi03 remains cubic over the entire range of
temperature with no peak splitting or additional peaks observed. This means that the compound
maintains an undistorted, three-dimensional Bi-0 array at the superconducting transition temper-
ature.

The term "high-temperature superconductor" is used to
describe materials that have a high superconducting tran-
sition temperature when compared with other materials
with a similar density of states. Until recently, only
copper-oxide-based superconductors have been unambigu-
ously identified as being of this class, although it was also
recognized that the 12-K superconductor, Ba(Pb,Bi)03
(Ref. 1) had an anomalously high T,.2 The recent
discovery of the 30-K superconductor Ban.sKQ48i03 has
emphasized that high-T, superconductivity is not only
confined to copper-oxide-based materials. Ban.s-
Ko 48i03 appears to be remarkable in that the material is
a simple-cubic perovskite at room temperature, s 7 unlike
Ba(Pb,Bi)Q3, which shows an orthorhombic distortion
from cubic symmetry. ' Copper-oxide-based superconduc-
tors, such as a La2 —,$r Cu04 and BaqYCu307, also have
phase transitions from tetragonal to orthorhombic sym-
metry at temperatures above the superconducting transi-
tion. 9 Given the presence of phase transitions to a lower
symmetry in other oxide superconductors and the general
tendency of perovskites to display structural distortions
which relax bond angles or distances, the simple-cubic
structure of BaIIsKp 48iQ3 is surprising. This comparison
leads to the suggestion that BaoqKo48i03 may have a
structural phase transition between room temperature and
the superconducting transition at 30 K. The purpose of
this study was to measure the lattice parameters of
Ban qKo 48i03 as a function of temperature to determine if
the cubic symmetry remains in the superconducting state.
We show that in the range 14-300 K, BaosKp48i03
remains a simple-cubic perovskite with no observed evi-
dence of a superlattice or other structural phase transi-
tion. The temperature dependence of the lattice parame-
ter ao is approximately linear between 14 and 300 K.

A powdered sample of BapsKp48i03 prepared as de-
scribed earlier was mounted with vacuum grease on a
glass slide in a beryllium cell filled with He gas. (The su-
perconducting properties of this sample are described in
Ref. 6.) Temperature control was maintained by a
closed-cycle refrigerator mounted on four-circle
diffractometer. Copper ECa x rays from a 15-k%'
rotating-anode source were focused in the vertical plane
with a singly bent pyrolytic graphite monochromator. A
flat pyrolytic graphite analyzer was used on the diffracted

beam to maintain a symmetric resolution function and to
minimize scattering from the cryostat windows. Two
resolution configurations were used. The first
configuration, called "low resolution, " used only the
monochromator and analyzer to define the resolution and
produced a resolution function with a full width at half
maximum (FWHM) of about 0.025 A ' as measured
with a SrTi03 powder. The second configuration, called
"high resolution, " used symmetric slits of 0.5 mm before
the monochromator and before the analyzer. In the high-
resolution mode the resolution linewidth was about O.OOS

A powder pattern of BaoqKo48i03 taken at 14 K with
low resolution is shown in Fig. 1 where the log of the in-
tensity from 25' to 120' 28 is plotted. All peaks with the
exception of the broad feature at about 27' (marked
"IMP.") can be indexed with a cubic lattice parameter of
4.274 A indicating that the sample is remarkably pure.
(The impurity peak is from Bi2Q3 and is less than 1% of
the intensity of the strongest perovskite peak. ) The calcu-
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FIG. 1. Powder pattern obtained in the low-resolution
configuration at a temperature of 14 K.
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lated and the observed peak positions are summarized in
Table I. Figure 2 shows high-angle peaks in the range
105'-120' 28 taken in the high-resolution mode at 14 K.
The shoulders visible on the high-angle side of the peaks
are due to Ka'-Ka2 splitting. No detectable splitting
from a lowering of the cubic symmetry can be observed.
The measured linewidths have FWHM of 0.014 A
which is slightly broader than the resolution width of
0.008 A; however, the observed linewidth does not change
as a function of temperature.

The temperature dependence of the lattice parameter of
Ba06Kp4Bi03 is shown in Fig. 3. The solid line represents
a linear expansion coefficient of about 10&10 6/K, a
number typical of metals. Within the resolution of this
experiment, no change in the slope of the lattice parame-
ters versus temperature could be detected at the supercon-
ducting transition temperature.

The undistorted perovskite structure is one of the sim-
plest crystal structures formed by metal oxides of
stoichiometry ABO3. It is formed from an infinite array
of corner-shared MOs octahedra; forming in this case, an
infinite, three-dimensionally connected 0-Bi-0 array.
The larger A atoms (Ba,K) are at the center of a twelve-
coordinate cavity (see the inset to Fig. 3). As all atoms
are in the special positions of the space group Pmmm, and
we have observed no distortions from perfect cubic sym-
metry, we can estimate that at 14 K, Bi is at the center of
an oxygen octahedron with six equally distant 0 neigh-
bors with a Bi-0 separation of 2.137 A. The (Ba,K)
atoms have twelve oxygen neighbors at 3.022 k Very
small distortions from perfect coordination, such as those

TABLE I. Observed and calculated powder-diffraction peaks
of Bap.6Kp.4Bi03 at 14 K. The peaks were indexed with a cubic
cell, ao 4.2736 A.
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observed in materials with charge-density waves, typically
result in superlattice peaks with intensities less than 10
of the main reflections; however, such reflections would

only be marginally detectable in the present experiment.
The presence of lower symmetry in most copper oxide

superconductors and the large anisotropy observed in the
electronic properties have sometimes led to the suggestion
that the lower symmetry and the quasi-two-dimensional
character are required for "high-T, " superconductivity.
Theoretically, a requirement of lower symmetry is a func-
tion of the nature of the electron pairing mechanism as
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FIG. 2. Powder pattern obtained in the high-resolution
configuration at a temperature of 14 K. No peak splitting
characteristic of a phase transition to a lower symmetry is

detected. The high-angle shoulders are due to Ka~-Ka2 split-
ting.
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FIG. 3. The temperature dependence of the lattice parame-
ters of Bap.6Kp 4Bi03. The solid line is a guide to the eye.
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well as the nature of the structural distortion. For the
case of the bismuth-oxide-based superconductors, it has
been suggested ' that the superconductivity is related to
the proximity of the compound to a breathing-mode dis-
tortion observed" in the parent compound BaBi03. Ba-
Bi03 is semiconducting with a gap that results from a
commensurate charge-density wave producing an alterna-
tion of the Bi-0 in-plane bond lengths. It is expected 'o
that the maximum electron-phonon coupling and the max-
imum transition temperature occurs when one dopes the
parent compound slightly into a metallic state, as in the
case of BapsKp 4Bi03. A similar proposal has been made
for the parent compound La2Cu04 as related to the super-
conductor La2,Sr Cu04. ' '3 A complicating factor,
however, is the presence of structural phase transitions
that do not alter the in-plane bond distances and do not
strongly couple to the conduction electrons. An example
is the tetragonal-orthorhombic transition in La2
Sr,Cu04. BaPb03 and Ba(Pb, Bi)03 also have similar
distortions that do not involve the alternation of bond dis-
tances. " Within a model of electron-phonon coupling

induced by a breathing-mode distortion, one would not ex-
pect these phase transitions to affect the superconducting
state; however, it was experimentally shown that super-
conductivity in La2 „Sr,Cu04 only occurs in the ortho-
rhombic state.

Based on the above discussion, our observation that
Ban sKp 4BiOs remains cubic above 14 K is not surprising
and the lack of a static breathing-mode distortion gives
some support to the model. However measurements of the
oxygen thermal parameters' in Bao s7Kp. »Bi03, a nonsu-
perconducting composition, show no evidence of an inci-
pient breathing-mode distortion. We emphasize that in
this powder-diffraction experiment we are only sensitive to
static distortions of the lattice and the phonon structure of
the material is not probed. Regardless of the validity of
the breathing-mode hypothesis, Bao.sKo4Bi03 appears to
be unique among "high-T, "oxides in that it maintains the
simple-cubic perovskite symmetry in the superconducting
state.

We thank L. F. Mattheiss for helpful discussions.
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