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A new member of the intergrowth family (ACuQ;_,),(4'0), has been isolated. PbBaY SrCu;0O; repre-
sents the member {m = 3; n = 1}. Its structure is formed by stacking [A'O]. single rock-salt-type
layers (A’ = Pb, Ba) and triple oxygen-deficient perovskite layers [4;Cu;,0]. (A = Ba, Pb, Sr, Y).
Each perovskite layer for different m = 3 members is formed of two pyramidal [CuQ, 5] layers and one
[CuOl.. layer of corner-sharing CuQO, square planar group interleaved with Y and Sr ions. The as-
synthesized compound is not a superconductor, but evidence of superconductivity at 50 K (less than
19) is observed by introduction of calcium. A preliminary electron microscopy investigation of this

phase shows that it exhibits a modulated structure.

Introduction

The high T. superconductive copper ox-
ides all belong to the same structural family
(ACuOs_,),(A’0), corresponding to the in-
tergrowth of multiple (m) oxygen-deficient
perovskite layers and multiple (n) rock-salt-
type layers (I, 2). Among those oxides, the
members n = 1, characterized by single
rock-salt-type layers, are less numerous.
Aside from the well-known La,CuQq-type
oxides (m = 1, n = 1) synthesized several
years ago (3), and the first of the discovered
high T. superconductors (4), only the oxide
La;_,A;+,Cu,0¢ (A = Ca, Sr) which is not
superconducting despite its bidimensional
character (5) and the superconducting ox-
ide szSI‘zYQ.sCao,5CU30s (6) have been re-
ported. We report here on a new member
of this family, PbBaYSrCu;0g, which also
contains single rock-salt-type layers, but
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which differs from the other oxides by the
presence of triple oxygen-deficient perov-
skite layers.

Results and Discussion

The oxide PbBaYSrCu;Oz was synthe-
sized from a mixture of BaO,, Sr,CuOs,
PbO, Y,0;, CuO heated at 830°C under a
nitrogen flow containing about 1% O,. The
powder X-ray diffraction patterns were in-
dexed in a tetragonal cell with a = b =
3.842(1) A and ¢ = 27.66(1) A (Fig. 1). The
electron diffraction study of this phase con-
firmed this tetragonal subcell with a = b ~
a,and ¢ ~ 27.7 A, with the reflection condi-
tions hkl, h + kK + | = 2n, leading to the
space group I4/mmm (Fig. 2).

However, all the electron diffraction pat-
terns exhibit extra spots whose relative in-
tensity vary from one crystal to the other;
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Fi1G. 1. Powder X-ray diffraction pattern of PbBaY
SrCu;0; (CuKea).

they are particularly visible along a zone
slightly deviating from the exact [001] ori-
entation (Fig. 3). These satellites, which
look like a two-dimensional modulation,
correspond to a complex superposition of
two systems characterized by variants ori-
ented at 90°. Both systems are oriented
along [110] and [110]. The more intense sat-
ellites exhibit a slightly variable wavelength
of the modulation, close to four times the
die 2.8 A); in some crystals, for longer
exposure times, satellites in position  (h40)
are visible (Fig. 3b); moreover, extra spots
arise from double diffraction phenomena.
The idealized section [001] is reproduced in
Fig. 3c; a [110] ED pattern is shown in Fig.
4, where the incommensurate nature of the
modulation is clearly visible.

From the value of the ¢ parameter and
from the space group of the subcell struc-
ture, this phase should correspond to the
intergrowth of triple perovskite layers with

Fi1G. 2. (001) and (100) electron diffraction patterns
of PbBaYSrCu;0s.
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FiG. 3. (a) [001] ED pattern showing extra spots. (b)
Spots are clearly visible when the zone is slightly devi-
ated from the exact orientation. (c) Two sets of satel-
lites are visible; they are characteristic of 90° oriented
domains. Basic spots at level § are represented as open
circles. @ %, Systems 1 and 2 (~4 d,;o); ® ¥¢, systems 3
and 4 (~8 dy;p). Small spots, extra spots arising from
double diffraction of systems 3 and 4 with 1 and 2 as
secondary origins.

a single rock-salt-type layer (Fig. 5); the
compound is labeled 0223. In order to
confirm this hypothesis, calculations were
performed for PbBaYSrCu;Og from X-ray
powder data on the 35 first reflections, i.e.,

FIG. 4. [110] ED pattern with extra spots in incom-
mensurate positions (3 [ and 4.27 d,¢).
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F1G. 5. Idealized drawing of the **0223" structure:
PbBaY SrCu;05.

48 hkl values. Taking into account the prob-
lems of modulations and the presence of
heavy atoms such as barium and lead it was
not attempted to refine the positions of the
oxygen atoms denoted O(2), located at the
same level as these cations, i.e., in the
rock-salt-type layers. Correspondingly, the
B factors of all the oxygen atoms were fixed
at B = 1 A% On the other hand the occu-
pancy factors of the heavier atoms (Ba, Pb,
Sr, Y) were refined as well as those of cop-
per.

The discrepancy factor calculated on in-
tensities was lowered to R = 0.07 for the
atomic coordinates given in Table 1. These
calculations allow the structural model of
this phase to be established without any
ambiguity. The structure (Fig. 4) consists
of single rock-salt-type layers involving
mainly Pb?* and Ba?* cations, and classical
triple copper layers built up from two py-
ramidal [CuO,;l. layers and one [CuO,].
layer of square planar groups interleaved
with Y3+ and Sr?* cations. The occupancy
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factors observed in Ba/Pb sites of the rock
salt layers (r = 0.92) and in the Y/Sr sites (7
= 1.15) is significant: an occupancy factor r
= 1 in those sites leads toc R = 0.12. This
result is quite compatible with the nominal
composition and suggests a partial ex-
change of lead between the rock salt layers
and the perovskite layers according to the
following distributions: ‘‘PbgsBaSryy’ in
the rock-salt-type layers and ‘‘PbpnY,
Srg.78”" in the pseudocubic sites interleaved
between the copper layers. The interatomic
distances cannot be discussed in detail ow-
ing to the lack of accurancy of the results;
nevertheless the Cu-O distances (1.92-2.3
A) as well as the (Y, Sr)-O distances are in
agreement with those previously observed
for the other compounds of this large fam-
ily. The (Ba, Pb)-O distances (2.3-3.2 A)
are not as significant, since they are
strongly affected by the problems of modu-
lation, which may originate in the rock-salt-
type layers. This phenomenon is similar to
that observed in bismuth copper (7-10) or
iron (/1) oxides for which the satellites
have been found to be due to a modulated
displacement of the Bi(IIl) ions and of the
oxygen atoms in the rock salt layers (12,
13). This modulation can be expiained by
the stereoactivity of the 6s? lone pair of
Bi(III) and Pb(II), which involves a distor-
tion of the octahedra of the rock salt layer.

TABLE 1

CRrysSTAL DATA OF PbBaYSrCu;0g: SPACE
GROUP I4/mmm

Atoms Site x y z B (A T
PbBa 4e 0 0 029 () 0.48 0.92
YSr 4e 0 0 0437(1) 0.10 1.15
Cu(2) de 0 0 0.122(Q) 1.5 1.0
Cu(l) 2a 0 0 0 0.1 1.0
o) 4e 0 3 0 1 1e
0(2) 4e 0 0 =~=(),29 14 1e
0(3) 8 0 3 0.118 1 10

7 These values have been fixed arbitrarily.
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Magnetic as well as resistivity measure-
ments so far have not detected any super-
conductivity in this new phase. Never-
theless, it is now known that the su-
perconducting properties of those phases
depend upon the method of synthesis and
especially upon the oxygen pressure, so
that a more systematic study of the experi-
mental conditions of synthesis must be car-
ried out. However, the substitution of cal-
cium for strontium led to a phase in which
approximately 1% diamagnetism was de-
tected at 50 K. This suggests that this sys-
tem is susceptible to superconductivity
determination of its existence range by var-
iation of the cation ratio is in progress.
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