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Anomalous Structural Behavior of the Superconducting Compound La, gsBag ;5CuQy4
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High-resolution neutron powder diffraction experiments on the superconducting compound
Laj gsBao.1sCuQOy4 have revealed the presence of a tetragonal-to-orthorhombic phase transition at 180 K,
together with subtle, anomalous structural instabilities at lower temperatures. These experiments
demonstrate a correlation between the structural anomalies and changes in the electrical resistivity.

PACS numbers: 74.70.Ya, 61.60.+m, 64.70.Kb

The initial success of the studies by Bednorz and Mull-
er,! who observed the onset of superconductivity at 35 K
in a mixed-phase sample of lanthanum barium copper
oxides, has provoked an intense effort in several labora-
tories to produce single-phase and related materials with
superconducting transitions at these and higher tempera-
tures. Despite a frantic search for the most appropriate
composition there have been few experimental studies re-
ported which might relate to the underlying mechanism
for this type of high-temperature superconductivity. Ex-
perimental and theoretical results aimed at an under-
standing of the pairing mechanism, the superconducting
ground state, and thermal excitations in these materials
are of fundamental importance and will do much to
stimulate further progress in this field.

Compounds which exhibit superconductivity are often
prone to structural instabilities.? The structural phase
transitions which occur may or may not be directly asso-
ciated with the superconducting phase transition. Simi-
lar reasoning leads one to consider the anomalous behav-
ior of certain vibrational modes of the lattice potentially
coupled to the onset of superconductivity through an
enhanced electron-phonon interaction. In view of the
possible interdependence of crystallographic and elec-
tronic (superconducting) phase transitions it is clear that
a detailed and accurate knowledge of structural instabili-
ties may clarify the origin of superconductivity in such
materials. Furthermore, any relatistic model of the
high-temperature superconducting phase will have to
satisfy the observed structural constraints.

Recent medium-resolution neutron diffraction experi-
ments reported that La; gsBag 5CuQOy4 adopts the tetrago-
nal I4/mmm structure (similar to K,NiF34) at various
temperatures between 10 and 295K.3 In this Letter we
report the results of high-resolution neutron diffraction
experiments on the same compound, performed by using

the high-resolution powder diffractometer on the ISIS
neutron spallation source at the Rutherford Appleton
Laboratory. Our measurements clearly show that a
tetragonal-to-orthorhombic transition occurs at 180 K,
together with further structural anomalies on approach
of the onset of the superconducting phase transition at
35 K.

The materials used in these experiments were prepared
by reaction of La,03, BaCoj, and CuO in the appropri-
ate cation ratios at 1100 K for 24 h; the reacted mixture
was then ground, pressed into pellets, and sintered at
1100 K for an additional 12 h. The samples exhibited a
sharp superconducting transition with no low-tempera-
ture resistivity tail (Fig. 1); further, no evidence could be
obtained for a deterioration of these properties with
time, as reported by other authors.*

First, we give a brief overview of the observed
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FIG. 1. Temperature dependence of resistivity for
Laj gsBag.1sCuQOs.
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structural instabilities of the parent compound La,CuQy.
At high temperatures the material displays the tetrago-
nal symmetry of the I4/mmm space group before dis-
torting to a lower-symmetry orthorhombic state below
500 K.>® We have taken neutron diffraction data at a
temperature of 295 K on samples of La,CuQy4 prepared
by a route similar to that used for the barium-doped su-
perconductors. Structural analysis in both the (4bma)
and (Fmmm), space groups by the Rietveld profile
refinement technique enables us to assign the (4bma)
structure as being preferred, and also allows us to define
an orthorhombic splitting ratio between the (a,b) basal-
plane lattice vectors equal to (b—a)/(b +a) and of mag-
nitude 3.98x 10 3 at room temperature.

In contrast, our high-resolution neutron diffraction
data indicate the following anomalous behavior in the
barium-doped compound La, gsBag ;sCuQ4. At tempera-
tures greater than 180 K we observe the tetragonal
I4/mmm structure (as in the parent compound above
500 K). Below this temperature a symmetry-breaking
orthorhombic transition occurs with a splitting ratio
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FIG. 2. A portion of the diffraction pattern of
La; gsBo.1sCuQOy4 obtained by neutron time-of-flight techniques.
The splitting between the (040) and (400) Bragg reflections of
the orthorhombic phase is apparent at 120 K. At 10 K the
splitting is not resolved because of sample broadening; howev-
er, a visual comparison with the equivalent reflection in the
tetra- gonal phase, at 290 K, demonstrates that a small ortho-
rhombic distortion is still present.

which increases monotonically with decreasing tempera-
ture, reaching a maximum value at 75 K. Below 75 K a
highly unusual and unexpected decrease in lattice distor-
tion is observed which saturates at 35 K coincident with
the onset of superconductivity in this sample. Direct evi-
dence for this orthorhombic distortion is presented in
Fig. 2 which clearly indicates the development of the
splitting between the (400) and (040) Bragg reflections
on entering the orthorhombic phase and its subsequent
collapse with further lowering of temperature.

All data, taken in 5-K steps between 10 and 185 K,
have been refined in both the (A4bma) and (Fmmm)
space groups. The preferred structure in the orthorhom-
bic phase is found to be (4bma), as in the parent com-
pound, and allows us to calculate the orthorhombic split-
ting ratio as a function of temperature. The temperature
dependence of this ratio, the spontaneous strain, is
presented graphically in Fig. 3.

For the lanthanum site the positional parameters de-
rived in the (Abma) refinement are very similar in both
the barium-doped superconductor and the parent com-
pound but the oxygen parameters are anomalous. The
oxygen atoms have positional parameters with large es-
timated standard deviations (2 or 3 times that of the ox-
ygen in the parent compound) together with large
thermal parameters. This suggests that the effective po-
tential localizing the oxygen atoms is rather flat and that
abnormalities in both the electronic and the vibrational
responses may be correlated with this fact.

In addition to the site positional anomalies the Bragg
(h00)-type reflections are noticably wider than their
(040) counterparts. This broadening, which is well de-
scribed by a Lorentzian line shape, is consistent with the
existence of stacking faults taking the structure locally
from the (4bma) into the (Fmmm) sequence. The pres-
ence of such stacking faults may be anticipated in this
weakly split orthorhombic state since the required energy
to shift between the (4bma) and (Fmmm) space groups
is small. We note that such effects may actually be
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FIG. 3. The temperature dependence of the orthorhombic
splitting, defined as spontaneous strain, for La; gsBao.15CuOg4
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enhanced by the presence of the barium “impurity”
atoms on the lanthanum sites.

It is of interest to speculate on the correlation ap-
parent between the subtle and anomalous structural
features that we observe in the orthorhombic phase and
the electrical resistivity.

The dc electrical resistivity of our barium-doped sam-
ple, measured by a standard four-terminal method, is
similar in form to that published by other groups. The
gross features are an approximately linear decrease in
resistivity from room to liquid-nitrogen temperatures
(metallic behavior), followed by a plateau or gentle rise,
before the rapid decrease to zero below the superconduc-
tivity transition at 35 K (Fig. 1). We note that the
anomalous decrease in orthorhombic splitting correlates
with the plateau in resistivity and further that the onset
of superconductivity at 35 K corresponds to the satura-
tion of this splitting at a very low level.

Full details of the structural refinements discussed in
this text will be published in the near future and corre-
lated with our recent measurements of the phonon densi-
ty of states.
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