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A novel series of Bi-1212 superconducting
cuprates (Bi, _,Cd,)Sr,(Y,_,Ca,)Cu20.
has been discovered in this work. The
structure was suggested to be that of (Bi, Cu)Sr,YCu,O,
with Cd*+ ions substituting into the Cu*+ Sites in the rock-salt-type
(Bi,
Cu)O layers. The superconductivity
was induced in the as-prepared
samples by treatment under oxygen pressure of 10 atm at
800°C with a composition
of (Bi0.27Cdo.73)SrZ(Y0.7C~.3)Cu20r.
The zero-resistivity
temperature
is 26 K.

1. Introduction
Since the discovery of the Bi-Sr-Cu-0
system [ 11,
a family of Bi-based
superconducting
cuprates
BizSrzCa,_ 1C~,,02n+4( n = 1, 2, 3) has been formed
[2,3]. These cuprates can be described as intergrowths of BizOz double layers with oxygen-deficient
perovskite slabs. However, Bi-cuprates with a BiO
monolayer had not been discovered. One of the most
interesting focuses is whether the cuprates with a BiO
monolayer could be formed. Recently, A. Ehmann et
al. [ 41 reported a new family of superconducting
cuprates ( Bio,SCuo.s)Sr2YCua0,
(Bi-1212). Its structure is similar to that of (Pb, Cu)Sr,(Y,
Ca)Cu*O,
[ 5,6] (fig. I), in which Cu2+ ions need to partially
substitute Bi3+ ions in the BiO monolayer in order
to form the Bi-1212 phase.
The Cd’+ ion is particularly interesting for investigation owing to its position in the periodic table,
ionic size and intrinsic chemical reactivity. Many
works on Cd’+ doping have been reported [ 7-9 1.
With Cd2+ partial substitution,
Parise et al. [ lo]
have investigated (T1,.,sCdo.25)Ba2Cu06+6
and T.P.
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Fig. 1. The schematic

structure

of (Bi, Cd)SrzYCuzO,

Beales
et
al.
have
prepared
[Ill
(Pbo.sCdo.s)Sr2(Y0.7Ca,,3)Cu20,
the superconducting temperature of which is up to 92 K. In these two
systems, Cd2+ ions mainly substitute within the rocksalt-type layers incorporating
T13+ or Pb4+.
In this work, we successfully prepared a new type
of Bi-1212 cuprate, (Bi, Cd)Sr2(Y, Ca)Cu20,, and
superconductivity
has been induced in this system.
2. Experimental
Samples
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(Bi,_,Cd,)Srz(YI_,Ca,)Cu20,
(0.51x10.8,
0 l ~50.4) were prepared by solid state reaction. The
starting materials with the appropriate
ratios of
Biz03, CdO, SrC03, Y203, CaCOJ and CuO were
thoroughly mixed and heated at 900°C in air for 24
h. After grinding and pressing into pellets, the samples were calcined at 990°C in flowing Oz and cooled
to room temperature. The as-prepared samples were
annealed at 500-800°C
in flowing O2 for 18 h and
then quenched to room temperature,
or cooled in
furnace, or cooled at a rate of 1 “C/min, respectively.
Some samples were treated at higher O2 pressure
( E 10 atm) at 800°C in sealed quartz tubes. The Xray powder diffraction (XRPD) patterns were taken
by a Japan Rigaku Dmax yA diffractometer with highintensity Cu Ku radiation. A scan rate of O.OS”/s was
applied to record the patterns in the 28 range of 5”
to 65 ‘. Temperature
dependence of electrical resistance was measured by a standard four-probe technique. The temperature
was determined
by a calibrated Rh/Fe resistance thermometer and the voltage
was recorded with a Keithley 18 1 nanovoltmeter.
The
resolution of the voltage measurement
is 1 x 1O-* V.
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3. Results and discussion

Fig. 2. The X-ray powder diffraction patterns of the samples
(Bio.2,Cdo.,3)Sr2(Y,_yCay)Cu*O=. (a) y=O, (b) y=0.3,annealing at oxygen pressure of 10 atm, *, perovskite phase; #, unknown
phase.

The
samples
with
nominal
compositions
(Bi, _$d,)SrzYCuzO,
were prepared in the range of
0.5 1x10.8.
From the XRPD patterns of the samples, we have found that sintering in oxygen atmosphere is necessary to eliminate the impurity phases
(e.g. 22 12 phase). The single phase sample was obtained
at
the
optimum
composition
of
(Bi0.27Cd0.73)Sr2YCu20Z. For x=0.7, peaks due to
perovskite phase ( SrBi03 type) were observed, and,
for x=0.8, some unknown impurity phases appeared.
Figure 2(a) shows the XRPD pattern of the
x=0.73 sample. In this pattern, all the peaks can be
indexed using a tetragonal unit cell with lattice parameters a=3.804(7),
c=11.92(8)
A, which are
close to those of ( Bi,&u0.s)SrzYCu20,
(a = 3.8 15,
c= 11.73 A) [2]. It shows that the Cd-containing
sample has a slightly shorter u-axis and a longer caxis than the (Bi, Cu)-12 12 sample. The changes in
the parameters
indicated
that the Cd’+ ions are
readily incorporated into the 12 12 phase. The crystal
structure of (Bi, Cd)-1212 phase is suggested to be

the (Bi, Cu)Sr,YCu20,
structure as shown in fig. 1,
where the Cd2+ ions may replace the Cu2+ ions in
the rock salt-type layer.
In order to induce superconductivity,
calcium ions
into
the
samples
of
are
doped
( Bi0,27Cd0,73)Sr2 (Y, _,Ca,,)Cu20,
Perovskite phase
and unknown phases were observed when y> 0.2 and
the impurity
phases became much greater when
y> 0.3. This value is probably the substitution
limit
for Ca2+ ions under the present preparation conditions and attention was concentrated on the samples
with XI 0.3. Samples annealed in flowing O2 did not
show superconductivity
down to 4.2 K. After annealing under O2 pressure (Z 10 atm) at 800°C
y=O.3 samples became superconductive;
this means
that oxygen content plays an important role in the
superconductivity
of (Bi, Cd)Sr, (Y, Ca)Cu20,. The
corresponding
R versus T curve is shown in fig. 3,
the transition temperature
T,..,,,
is 34 K, the zero
resistivity temperature
26 K. Figure 2(b) is the
XRPD pattern of this sample, where we can see that

Y. Qian et al. /Synthesis and superconductivity of (Bi, Cd)Sr,(Y, Ca)CuzO,

518

to that of the (Bi, Cu)-12 12 phase with Cd’+ doping
in the rock-salt-type BiO monolayer. Superconductivity has been observed in this system, the zero resistivity temperature being 26 K in the y=O.3 sample. However, an optimum preparation condition for
the highest superconducting temperature has not been
determined.
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no other Bi-cuprate (e.g. 2212) phase is observed.
The crystal structure of 12 12 phase is not affected by
the high oxygen pressure treatment.
Compared with the (Bi, Cu)-12 12 cuprate ( T, = 68
K), the (Bi, Cd)-1 2 12 system has lower transition
temperature,
which may be due to a carrier concentration that is still not in the proper range. In fact,
the treatment
condition
for the higher superconducting temperature
is not optimized. It is possible
that, with higher oxygen pressure treatment, the superconducting
transition temperature
could be further increased.

4. Conclusion
of
Bi-based
cuprate
(~~~.2,Cdn~.~)Sr,tiiyP~_~Ca )Cu 0 (OIy10.3)
has
been prepared. The crystil str:ct\re
is an analogue

[ I] C. Michel, M. Hervieu,
M.M. Borel, A. Grandin,
F.
Deslandes, J. Provost and B. Raveau, 2. Phys. B 68 ( 1987)
412.
[2] M. Maeda, Y. Tanaka, M. Fukutoni and T. Asano, Jpn. J.
Appl. Phys. Lett. 27 (1988) L209.
[ 3 ] J.M. Tarascon, Y. Le Page, P. Barbrox, B.G. Bagley, L.H.
Greene, W.R. Mckinnon, G.W. Hull, M. Giroud and D.M.
Hwang, Phys. Rev. B 37 (1988) 9382.
[4] A. Ehmann, S. Kemmler-Sack, S. Losch, M. Schlichenmaier,
W. Wischert, P. Zoller, T. Nissel and R.P. Huebener, Physica
C 198 (1992) 1.
[5] J.Y. Lee, L.S. Swinnea and H. Steinfink, J. Mater. Res. 4
(1989) 763.
[ 61 T. Maeda, K, Saluyama, F. Izumi, H. Yamauchi, H. Asano
and S. Tanaka, Physica C 175 ( 1991) 393.
[ 71 M.T. Andreas and A.I. Kingon, Chem. Mater. 3 (1991) 428.
[ 81 C.M. Niu, C.H. Kim, R. Kershaw, K. Dwight and A. Wold,
J. Solid State them. 80 ( 1989) 20 1.
[ 91 K. Konstantinov and S. Karbanov, Physica C 165 ( 1990)
170.
[lo] J.B. Parise, N. Herron, M.K. Crawfordand
P.L. Gai, Physica
C 159 (1989) 255.
[ 111 T.P. Beales, C. Dineen, W.G. Freeman, S.R. Hall, M.R.
Harison, D.M. Jacobson and S.J. Zammattio,
Supercond.
Sci. Technol. 5 ( 1992) 47.

