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sisting of pure Pb and (Pb, Cd), respectively. We also
New Pb-based copper oxides (Pb0.5M0.5)(Sr0.9Ho0.1)2 determined the structure of the compound with M 5 Cd

(Ho0.7Ce0.3)2Cu2Oy (M 5 Pb and Cd) have been synthesized using the X-ray diffraction data. The XRD results show
successfully. The structure of the compounds has been deter- that Pb-1222 and (Pb, Cd)-1222 phases can be formed, as
mined using the powder X-ray diffraction data. It is found that well as the (Pb, Cu)-1222 phase.
the lattice parameters are a 5 3.8368 Å and c 5 29.1894 Å for
the compound with M 5 Pb and a 5 3.8168 Å and c 5 29.3372

EXPERIMENTALÅ for M 5 Cd. XRD results show that the structure is isostruc-
tural with (Pb, Cu) (Sr, R)2(R9, Ce)2Cu2Oz (R, R9 5 rare earth

Samples with nominal compositions (Pb0.5M0.5) (Sr0.9elements).  1996 Academic Press, Inc.
Ho0.1)2(Ho0.7Ce0.3)2Cu2Oy (M 5 Pb and Cd) were prepared
by the solid state reaction method using PbO, CdO, SrCO3 ,
Ho2O3 , CeO2 , and CuO as starting materials. Stoichiomet-INTRODUCTION
ric amounts of starting materials were well mixed and pre-
heated at 8308C for 24 h in air and then pressed into pellets.The first nonsuperconducting (Pb, Cu)-1222 phase (Pb,
The pellets were sintered at 8508C for 10 h in air, and thenCu) (Sr, Pr)2Pr2Cu2Oz was discovered by Adachi in 1990
slowly cooled to room temperature at a rate of 308C/h.(1). This phase is isomorphous to TlSr2(Nd, Ce)2Cu2Oz

For comparison purposes, we also prepared the sample(Tl-1222) (2) and contains [CuO5] square pyramids, (Pb,
(Pb0.5Cu0.5) (Sr0.9Ho0.1)2(Ho0.7Ce0.3)2Cu2Oy by the same ex-Cu)–O monolayers, and fluorite-type layers in the struc-
perimental procedure.tural unit. Careful research was carried out on the system

X-ray powder diffraction (XRD) analyses were per-(Pb, Cu) (Sr, R)2(R9, Ce)2Cu2Oz (R, R9 5 rare earth ele-
formed on a MXP18HF-type diffractometer with Cuka ra-ments), and a series of single-phase and superconducting
diation (50 kV 3 200 mA). The structural parameters were(Pb, Cu)-1222 compounds were obtained (3). Considering
determined by FINAX, FHKL, and LAZY programs.the similar chemical properties of Cd and Cu ions and that

Cd partially replaces Pb as well as Cu in the Pb-based
‘‘1212’’ compounds (4, 5), the (Pb, Cd)-1222 phase should RESULTS AND DISCUSSION
be formed. However, up to now the (Pb, Cd)-1222 phase

Figure 1 shows X-ray diffraction patterns for (Pb0.5M0.5)has not been reported. Additionally, the cations in the
(Sr0.9Ho0.1)2(Ho0.7Ce0.3)2Cu2Oy (M 5 Cd, Pd, and Cu). Theinsulating layer of many Pb-based copper oxides consist
sample with M 5 Cd is practically single phase; all peaksof mixed ions, such as (Pb, Cu) and (Pb, Cd); the question
can be indexed on the basis of a tetragonal unit cell withthus arises whether compounds with the cations in the
a 5 3.8168 Å and c 5 29.3372 Å. Figure 1a shows that theinsulating layer consisting of pure Pb could be synthesized.
XRD pattern for (Pb, Cd) (Sr, Ho)2(Ho, Ce)2Cu2Oy isIn this paper, we selected R 5 R9 5 Ho as an example in
similar to that for (Pb, Cu)-1222 samples (1, 3, 6–8). Thisthe (Pb, M) (Sr, R)2(R9, Ce)2Cu2Oy (M 5 Pb and Cd)
result suggests that the (Pb, Cd)-1222 phase can be formedsystem, and successfully synthesized the new compounds
and that the (Pb, Cd)-1222 compound has a crystal struc-(Pb0.5M0.5)(Sr0.9Ho0.1)2(Ho0.7Ce0.3)2Cu2Oy (M 5 Pb and
ture similar to that of the (Pb, Cu)-1222 compound. TheCd), with cations in the Pb-containing block layers con-
sample with M 5 Pb contains a Pb-1222 phase as the
main phase and only a small amount of all impurity phase1 Communication address: Department of Applied Chemistry, Univer-

sity of Science and Technology of China, Hefei, Anhui 230026, P.R.China. (marked with asterisk in the pattern). This result also shows
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FIG. 1. The X-ray powder diffraction patterns for (Pb0.5M0.5) (Sr0.9Ho0.1)2(Ho0.7Ce0.3)2Cu2O9 with (a) M 5 Cd, (b) M 5 Pb, and (c) M 5 Cu.

that the Pb-1222 phase can be formed. It is worth pointing Cu)-1222 (29.0813 Å for (Pb0.5Cu0.5) (Sr0.9Ho0.1)2

(Ho0.7Ce0.3)2Cu2Oy , 28.9862 Å for (Pb0.5Cu0.5)out that in the present experiment the temperature of the
(Sr0.875Nd0.125)2(Ho0.69Ce0.31)2Cu2Oz , and 29.0116 Å for(Pb, M)-1222 (M 5 Pb, Cd, and Cu) phase formation
(Pb0.5Cu0.5) (Sr0.875Eu0.125)2(Eu0.75Ce0.25)2Cu2Oz) is smaller(8508C) is much lower than that of (Pb, Cu)-1222 as re-
than that of (Pb, Cd)-1222 (29.3372 Å), owing to the differ-ported in Refs. (3, 6–8) (10808C). That is to say, there is
ence in ionic radii between Cu ions (0.86 Å) and Cd ionsa wide range in the (Pb, M)-1222 phase formation tempera-
(0.97 Å). The c value of Pb-1222 is also smaller than thatture. The lattice parameters of these samples are listed in
of (Pb, Cd)-1222, which can be attributed to the largeTable 1. The lattice parameter a of high-TC layered copper
displacement of the Pb atoms in the PbO layers from theiroxides primarily depends on the Cu–O bond length. The
ideal site (9).lattice parameter c, on the other hand, is controlled by the

The structure of (Pb, Cd)-1222 compounds is determinedsum of the thicknesses of the stacking layers involved in
based on the structure model of (Pb, Cu) (Sr, Eu)2(Eu,the high-TC layered copper oxides. The c value of (Pb,
Ce)2Cu2Oz (3) and (Pb, Cu) (Sr, Nd)2(Ho, Ce)2Cu2Oz (8).
Figure 2 shows a schematic representation of the crystallo-
graphic structure of (Pb, M) (Sr, Ho)2(Ho, Ce)2Cu2Oy withTABLE 1
M 5 Pb, Cd, and Cu. The structure of the 1222 phase isThe Lattice Parameters for (Pb0.5M0.5)
similar to that of the 223 phase (7, 10). The only difference(Sr0.9Ho0.1)2(Ho0.7Ce0.3)2Cu2Oy with M 5 Pb, Cd, and Cu
between the two structures is the position of the oxygen

M a (Å) c (Å) v (Å3) ions located in the middle plane of the unit cell shown in
Fig. 2. In the 1222 structure, the (Pb, M)–O layers have a

Pb 3.8368 29.1894 429.71 rock salt-type configuration, while in the 223 phase, the
Cd 3.8168 29.3372 427.38

oxygen deficient Cu–O layers located between the apicalCu 3.8303 29.0813 426.66
oxygen ions of the Cu–O5 pyramids have a perovskite-



NEW Pb-BASED COPPER OXIDES 315

TABLE 2
The Atomic Parameters for (Pb0.5Cd0.5) (Sr0.9Ho0.1)2(Ho0.7

Ce0.3)2Cu2Oy (Space Group I4/mmm, a 5 3.8168 Å, c 5
29.3372 Å)

Atom Site Occupancy x y z B (A2)

(Pb, Cd) 8i 0.125/0.125 0.054 0.0 0.0 0.4
(Sr, Ho) 4e 0.9/0.1 0.5 0.5 0.0852 0.6
(Ho, Ce) 4e 0.7/0.3 0.5 0.5 0.2063 0.8
Cu 4e 1.00 0.0 0.0 0.146 0.5
O(1) 8g 1.00 0.0 0.5 0.145 1.0
O(2) 4e 1.00 0.0 0.0 0.073 1.0
O(3) 8j 0.25 0.45 0.5 0.0 1.0
O(4) 4d 1.00 0.0 0.5 0.25 1.0

Note. (Pb, Cd) 2a(0, 0, 0) R 8i (x, 0, 0), O(3) 2b(0.5, 0.5, 0) R
8 j(x, 0.5, 0).

comparison with the displacements of (Pb, Cu) and O(3)
atoms in the (PbCu)O monolayer in the (Pb, Cu) (Sr,
Eu)2(Eu, Ce)2Cu2Oz (Cu1) (3) and (Pb, Cu) (Sr, Nd)2(Ho,
Ce)2Cu2Oz (Cu2) (8) compounds, the displacements of
(Pb, Cd) and O(3) atoms in the (Pb, Cd)O monolayer in
(Pb, Cd) (Sr, Ho)2(Ho, Ce)2Cu2Oy (Cd) are smaller. For
example, the (Pb, M) atom is displaced from the ideal 2a

TABLE 3
Powder X-Ray Diffraction Data for (Pb0.5Cd0.5)

(Sr0.9Ho0.1)2(Ho0.7Ce0.3)2Cu2Oy

h k l dobs. dcalc. Iobs. Icalc.

0 0 4 7.393 7.334 1.6 1.3
0 0 6 4.916 4.890 1.8 1.7
1 0 3 3.563 3.556 19.8 22.8
0 0 10 2.938 2.934 6.5 6.2
1 0 7 2.826 2.822 100 100
1 1 0 2.702 2.699 54.9 50.6
1 0 9 2.481 2.479 4.0 2.3
0 0 12 2.450 2.445 2.0 1.0
1 0 11 2.184 2.186 1.0 1.0
1 1 8 2.175 2.174 0.8 1.1FIG. 2. Schematic representation of (Pb, M) (Sr, Ln)2(Ln,
0 0 14 2.097 2.096 8.9 10.0Ce)2Cu2O9 crystal structure (M 5 Pb, Cd, and Cu, Ln 5 rare earth el-
1 1 10 1.987 1.986 18.6 19.8ement).
1 0 13 1.944 1.943 4.0 4.4
2 0 0 1.909 1.908 30.4 27.3
2 1 3 1.682 1.682 2.9 4.4
1 1 14 1.656 1.655 12.6 13.9type configuration. The refined atomic parameters and the
2 0 10 1.600 1.600 3.8 3.8

intensities and the interplanar distance d values for 2 1 7 1.581 1.581 25.6 29.9
(Pb0.5Cd0.5) (Sr0.9Ho0.1)2 (Ho0.7Ce0.3)2Cu2Oy are listed in 1 0 17 1.570 1.572 6.4 8.0

2 1 9 1.512 1.512 1.7 0.9Table 2 and Table 3, respectively. (Pb, Cd) and O atoms
0 0 20 1.467 1.467 1.7 1.5in the (Pb, Cd)O monolayer in the (Pb, Cd)-1222 com-
2 0 14 1.411 1.411 6.4 8.7pound are displaced from their ideal sites and split into
2 1 13 1.361 1.361 1.3 2.0

four parts: 2a R 8i for (Pb, Cd) and 2b R 8j for O(3). 2 2 0 1.349 1.349 6.7 6.8
Such atomic displacements are also observed in the (Pb,

Note. R 5 o uIobs. 2 Icalc.u/o uIobs.u 5 9.65%.Cu)O monolayer of (Pb, Cu) (Sr, R)2(R9, Ce)2Cu2Oz . By
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TABLE 4 pounds are semiconductors under present preparation
Bonds and Interatomic Distances for (Pb0.5Cd0.5) conditions. However, these samples might become super-

(Sr0.9Ho0.1)2(Ho0.7Ce0.3)2Cu2Oy conducting by adjusting of firing temperature or by post-
annealing under high oxygen pressure. A series of single

Bonds Interatomic distance (Å) N
phase and superconducting compounds (Pb0.5M0.5)
(Sr0.9R0.1)2(R90.7Ce0.3)2Cu2Oy (M 5 Pb and Cd, R, R9 5(Pb, Cd)–O(2) 2.152 2

(Pb, Cd)–O(3) 2.699 4 rare earth elements) remains to be explored. Such experi-
(Sr, Ho)–O(1) 2.592 4 ments are in progress.
(Sr, Ho)–O(2) 2.723 4
(Sr, Ho)–O(3) 2.507 1

CONCLUSION(Ho, Ce)–O(1) 2.622 4
(Ho, Ce)–O(4) 2.299 4

The synthesis and structure of the new compoundsCu–O(1) 1.909 4
Cu–O(2) 2.142 1 (Pb0.5M0.5) (Sr0.9Ho0.1)2(Ho0.7Ce0.3)2Cu2Oy (M 5 Pb and

Cd) have been studied by XRD. The results show that the
Note. For the sake of convenience, the displaced atoms were displaced Pb-1222 and (Pb, Cd)-1222 phases can be formed, as well

from their ideal positions while calculating the (Pb, Cd)–O(3) distance.
as the (Pb, Cu)-1222 phase.N is the number of equivalent bonds.
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