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X-ray and neutron diffraction studies on La~Sa2Cu30y-g demonstrate that the structure of this
compound closely resembles that of Y~Ba2Cu30q-~. The importance of oxygen ordering on the
outer Cu planes for high-T, superconductivity is stressed. Broadening in the diffraction peaks as
T, is decreased is indicative of greater disorder in the La or Ba sites and/or the oxygen
connguration. Evidence for the existence of octahedral Cu-0 con6gurations between unit cells,
possibly associated with s BaMoped La3-,Ba3+ Cuq0~4+r (x 1) phase, is minimal.

La-Ba-Cu-0 is a unique high-temperature supercon-
ductor system where the empirical relationship between
structure and superconductivity can be studied. The
La~.ssBao. tsCu04 compound was found to have a zero
resistance T, near 20 K and a room-temperature structure
similar to KzNiF4. ' Recently, superco'nductivity with
zero resistance T,'s as high as 75 K and onsets near 90 K
have been reported in the LatBa2Cu30s s or 1:2:3
phase. 5 In contrast to the orthorhombic superconductor
Y~Ba2CugOv-s, La~Ba2Cu30v-s appears tetragonal to
within experimental error, especially in samples where
T, & 60 K. s It has been suggested that this La-based ma-
terial has a different oxygen configuration (associated
with the La3-„Ba3+„Cus0~4+r or 3:3:6phase) with none
of the Cu-0 chains present as in Y~Ba2Cu309-s. s This
idea has received much attention~ of late since it would
define a new high-T, superconducting phase in addition to
the K2NiF4 and 1:2:3phases.

We have performed x-ray and neutron-diffraction stud-
ies on two samples of composition LatBa2Cu30v-s with
T, 26 and 43 K. Our results demonstrate that the 3:3:6
phase, if present, exists in very small amounts. Both sam-
ples are tetragonal to within experimental error. As T, is
raised the diffraction peaks sharpen implying that the dis-
order might be due to random placement of the La or Ba
ions and/or oxygen vacancies. In light of recent data for
the related Y~Ba2Cu309 —s compound, the results suggest
that as the oxygen vacancies tend toward ordering in lines,
T, increases.

The samples used in this study v"ere prepared by the
solid-state reaction method. Specific details for the
preparation and characterization of these compounds are
provided elsewhere. '0 The main variable in the present
study was the sintering temperature which was 980'C
(T, 26 K) and 1000'C (T; 43 K), respectively, for the
two groups of samples. Both sets of samples were then
slowly cooled to 500'C and annealed in oxygen for 12 h.
The T,'s for these samples were stable for a period of at

least several weeks. Resistance measurements were made
using the four-probe ac method.

The x-ray diffraction measurements were carried out on
a Scintag diffractometer with the characteristic copper Ktt
wavelength of 1.5409 k Neutron-diffraction measure-
ments were conducted on the H-4S spectrometer at the
Brookhaven High-Flux Beam Reactor. A PG(004) an-
alyzer with a gra Flite filter was used with a neutron wave-
length of 2.370 )&. Samples of 10 g were studied at room
temperature in both sintered pellet and powder form.

Previous researchers isolated the 3:3:6 phase, i.e.,
La3-„Ba3+sCusO)4+r, which demonstrated metallic to
insulating behavior in the range O~y~ l."'2 In our
study, x 1. Barium doped versions of this compound,
such that 0 & x ~ 1, have subsequently been reported to
be superconducting. s 7 Since the Cu-0 configuration be-
tween the unit cells in this phase is proposed to be octahe-
dral, "'2 this has led to the suggestion that the Cu-0
chains are not important for 90-K superconductivity. s'

The observance of tetragonal spectra is correlated to the
symmetry of the octahedral oxygen configuration. In con-
trast, the tetragonal phase in the Y~Ba2Cu309-s com-
pound is actually nonsuperconducting. Another study of
the K2NiF4 phase of Lat s5Ba0.~5Cu04 has shown that this
compound undergoes a monoclinic phase transition near
150 K, well above T,. '3 The majority of rare-earth substi-
tuted compounds M~Ba2Cu309-s (M Nd, Sm, Gd, Ho,
Er, Lu, and Eu) have been shown to have slight ortho-
rhombic distortions, ' ' due to the linear placement of
oxygens on the outer Cu planes (Refs. 15-17). La~Ba2-
Cu30s —s has also demonstrated orthorhombic shoulder-
ing in the x-ray data of samples with T, 's )60 K.5 Thus,
a body of empirical evidence suggests that high-T, super-
conductivity is favored in structures with lower than
tetragonal symmetry.

X-ray diffraction data of the samples gave the lattice
constants as a 3.9085+ 0.0072 A, b 3.9109+0.0110
A, and c 11.7306+0.0281 A for the sample with
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and a 3.8995 +'0.0075 A., b 3.8977
+ ().0114 g, and c 11.7040+ 0.0293 A for the sample
with?; 43 K. Though the samples appear tetragonal, a
distortion of up to 0.0207 A. is within the limits of error.
It is noted that disorder in the La 3+ and Ba2+ sites should
have little effect on the x-ray spectra since these iona are
isoelectronic. However, disorder of the oxygen sites re-
sults in a large distribution of lattice distortions within the
sample. This would be observed in the x-ray spectrum as
a broadening of the spectral peaks. We observe this
broadening to occur as T, is reduced from 43 to 26 K.
Another La1 Ba2Cu309 —s sample which demonstrated me-
tallic behavior down to a temperature of 5 K without go-
ing superconducting, and which appeared single-phased in
the x-ray spectrum, demonstrated even more broadening
in the peaks.

For x 1, the metallic ion sublattices of the 1:2:3and
3:3:6 phases are essentially identical, i.e., there is a
stacked ordering of the Ba-La-Ba iona along the e-axis of
the unit cell. The relative oxygen stoichiometry is also
similar in the two phases. Hence, for x 1, the 3:3:6and
1:2:3phases differ solely in the location and placement of
oxygen deficiencies in the unit cell. Early studies on the
3:3:6 compound concluded that there were octahedral
Cu-0 coordinations between the unit cells along the c-
axis (Fig. 1). The oxygen vacancy located on the outer
Cu planes of the 1:2:3structure is instead located on the
Ba layer of this 3:3:6structure. Consequently, in the 3:3:6
structure the unit cell must be defined with the lattice pa-
rameter a33$ %20123 where a123 is the (tetragonal) a
lattice parameter for the 1:2:3 structure. In relating su-
perconductivity to the structure of the 3:3:6compound, it
is noted that both of the mechanisms usually cited as im-
portant for superconductivity, i.e., the inner Cu-0 planes
and/or the outer Cu-0 chains, are disrupted in this struc-
ture. The chains are missing due to the outer octahedral
coordination and the planes are disrupted due to the alter-

nate replacement of square pyramid and square planar
coordinations across the a-b plane. It is also not clear
that the 3:3:6 Cu —0 coordination would remain intact
when enough Ba + was substituted for La + to form the
2:4:6 stoichiometry since this doping would then change
the valence structure.

We have looked for possible differences in the two
configurations by the use of x-ray diffraction. However,
the larger ions overshadow the specific oxygen contribu-
tion, negating any major observable difference in the x-ray
spectra. We note that the intensity of the (100)33s peak, 's

which has been singled out as a possible difference be-
tween the two structures as observed by x rays, is within
the noise level and is thus too weak to conclusively rule
out either configuration.

For neutron diffraction the contribution from the oxy-
gen atoms is comparable to other atoms in the unit cell.
However, the different placements of the oxygen defi-
ciencies between the 3:3:6 structure and the I:2:3 struc-
ture involves only 2 atoms from the 1:2:3 unit cell and,
therefore, the observed differences in the spectrum are
subtle. Using the assumed 3:3:6oxygen configuration, we
calculated a finite intensity for the (100)33s line at 24.8'
and the (101)33$ line at 27.4', which have no intensity un-
der the assumption of the 1:2:3configuration. In contrast,
the (201)33' line at 52.2' disappears in the 3:3:6
configuration, while it has significant intensity in the cal-
culated 1:2:3 configuration, where it is indexed as
(111)»&.

The neutron spectrum for the T, 43 K sample is
presented in Fig. 2. Close inspection of the neutron data
reveals weak peaks near 28 25' in both samples. How-
ever, the relative magnitude of these peaks is much re-
duced in the T, 43 K sample as compared to the T, 26
K sample. By choosing the (111)i23 line as the signature
of the 1:2:3configuration and the (100)33$ line as the sig-
nature of the 3:3:6configuration, a rough estimate of the
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FIG. 1. The comparison of the 1:2:3and 3:3:6oxygen configurations. In all the representations oxygen is indicated at the corners
of the square planar, square pyramid, and octahedral units. (a) In the 1:2:3cell, an oxygen is missing from sites 1 and 2. This latter
site represents four equivalent sites of —, oxygen each in the unit cell. (h) The 3:3:6cell with twice the volume of the 1:2:3ceil is
heavily outlined. The dashed line retains the 1:2:3form. (c) The detined 3:3:6ce11 enclosing the 1:2:3oxygen configuration. (d) The
final 3:3:6con6guration. Oxygens are missing from sites 1, 3, 4, and 5; these latter three sites represent four equivalent sites of —, oxy-
gen each in the unit cell. Note that site 2 is now occupied, increasing the symmetry of the cell and negating the orthorhombic distor-
tion.
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FIG. 2. The neutron spectrum for the T, 43 K sample at
room temperature. All indexing pertains to the l:2:3structure.

FIG. 3. Overlay of the neutron spectrum for the T& 26 K
sample (white dots) and T, 43 K sample (black dots). Several
important features are displayed. The displacement of the left
peak lindexed as (013/103/110) ~q3I and the right peak [indexed
as (111)~231 as T, increases is indicative of the change in the lat-
tice parameters. Broadening in the peaks as T, decreases
demonstrates an increase in oxygen and/or La-Bs disorder. The
(111)~q3 peak is a signature of the 1:2:3connguration, and hence
its intensity indicates the amount of this con6iuration present in

the sample. The spectrum calculation based on Er-Rakho
et al 's 3:3:.6 configuration (with a further assumption of a 2:4:6
stoichiometry), predicts zero intensity for this line.

percent amount of each configuration present was ob-
tained. The standard for both configurations was the
(013/103/110) ~23 line which is indexed as (113/200)33s in
the 3:3:6 structure (Fig. 3). The observed (111))23 to
(013/103/110))23 ratio was 0.112 and 0.127 for the
T, 26 K and T, 43 K samples, respectively. When
compared with the calculated ratio of 0.135 for the
La~BazCu30s. s compound, this resulted in estimates of
83.0% and 94.1%, respectively, for the 1:2:3con6guration
in these samples. The observed (100)33s to (113/200)33s
ratio was 6.8x10 3 and 1.9X10 3 for the T, 26 K and
T, 43 K samples, respectively. Compared to the calcu-
lated ratio of 4.6&10, derived from the unit-cell in-
formation given by Er-Rakho, Michel, Provost, and
Raveau, " this resulted in estimates of 15% and 4.1%, re-
spectively, for the 3:3:6configuration in these samples.

Similar to the x-ray spectra, the major peaks in the neu-
tron spectra were broader in the T, 26 K sample as op-
posed to the T, 43 K sample. However, in the case of
the neutron scattering, the broadening of the peaks could
be attributed to either oxygen disorder and/or La-Ba dis-
order. Recent studies by Jorgensen and co-workerss'7 on
oxygen ordering and the orthorhombic-tetragonal phase
transition in Y~BazCu309 s conclude (i) that T, can be
reduced in versions of this compound simply due to the
disordering of oxygen atoms and/or the elimination of
Cu3+ ions, and (ii) that the existence of one-dimensional
Cu —0 chains is necessary to achieve a transition temper-
ature near 90 K. The observed disorder in the La~Ba2-
Cu30s —s samples is consistent with both of the above con-
clusions.

The lattice constants obtained from the neutron data of
a 3.9148+'0.0038 A and c 11.7389+0.0097 A for
the T, 26 K sample, and a 3.9045+0.0040 A and
c 11.7316+ 0.0095 A for the T, 43 K sample compare
well with the parameters obtained from x-ray diffraction
data given earlier. Though our x-ray and neutron-
diffraction studies are best interpreted in terms of a
tetragonal unit cell, the possibility that a small ortho-
rhombic distortion exists. This point is also made in light
of the work by Jorgenson er al. , which demonstrated that
the tetragonal phase of the related Y~Ba2Cu309 —s com-
pound was not superconducting. The comparison of one
graph showing T, as related to the quenching temperature
with another graph showing the orthorhombic distortion
as related to the quenching temperature, strongly indi-
cates a direct correlation between the size of the ortho-
rhombic distortion and T,.9 The correlation may be less
pronounced in La~Ba2Cu309 —s. Another empirical rela-
tion between the lattice constants and T„namely, the ten-
dency for the a lattice constant to decrease as T, is raised,
as found in the superconducting compounds [La~, (Ba,
Sr,Ca) lzCu04 —s,

' and recently in Y~Ba2Cu309 s, is
con6rmed for this compound.

In summary, x-ray and neutron-diffraction studies on
samples of La~BazCu309 —s show evidence of greater oxy-
gen disorder in the samples with progressively lower T,'s
and possible disorder in the La and Ba atomic sites. Esti-
mates of the 1:2:3and 3:3:6configurations present in the
T, 43 K sample were 94% and 4%, respectively. These
estimates were 83% and 15%, respectively, for the T, 26
K sample. The results correlate with recent data on
Y~BazCu30~s, which demonstrated that T, was reduced
when the outer Cu-0 chains were disrupted and hence
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when the oxygen disorder increased.
1Vored added. After this manuscript was completed, we

learned of a similar study being conducted by D. B. Mitzi
er al at. Stanford University. We are grateful to them for
communicating their results prior to publication.
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