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LETTERS TO THE EDITOR

First Synthesis of Bi,Sr,CaCu,0, with the Highest T of 96 K

M. KATO, K. YOSHIMURA, anp K. KOSUGE

Department of Chemistry, Faculty of Science, Kyoto University, Kyoto 606-01, Japan

Communicated by J. B. Goodencugh, Jure 14, 1993

By the combination of heat treatment in flowing (99.8% N, + 0.2% Q,)} gas and in flowing H, gas,
we have succeeded in synthesizing Bi,Sr,CaCu,0, having the stoichiometric cation composition with
the highest T, of 96 K among the Bi2212 related compounds prepared so far. The oxygen content y was
measured to be 8.72 by the method of coulometric titration. Altemating current magnetic susceptibility
measurements for powdered samples revealed that the superconducting transition of this Bi2212 phase

is rather sharp and the Meissner volume fraction is comparable with YBa,Cu;O,.

Press, Inc.

Much effort was made unsuccessfully to-
wards preparing the high-T, Bi,Sr,CaCu,0,
(Bi2212) phase with a stoichiometric cation
composition {/-6). It was found that substi-
tutions of Pb for Bi (4, 7), or Y for Ca (4,
6, 7) and/or changing the cation ratio (8, 9)
stabilize the high-T_ phase showing super-
conductivity at 85 ~ 90 K. Their supercon-
ducting transition was, however, broad and
the superconducting fraction was much
smaller than that of the stoichiometric high-
T, compound YBa,Cu;0,. To make clear
the naturc of the superconductivity of the
Bi2212 phase, the preparation of a pure
Bi2212 phase with a stoichiomeltric cation
composition has been desired. This letter
describes the first synthesis of supercon-
ducting Bi,Sr,CaCu,0, (Bi2212) having the
stoichiometric cation composition; it has the
highest T, of 96 K among the Bi2212 related
compounds prepared so far (1-10).

Samples were prepared by solid state re-
actions of Bi,0;, Sr(NO,),, CaCO,, and
CuO with 99.99% purity. The raw materials
with stoichiometric cation composition
were mixed thoroughly, pelletized, and
heated in air at 600°C for | day. Then, the
sample thus prepared was again ground and
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exposed to a heat treatment at 250°C under
flowing H, gas. After these preliminary reac-
tions, the sample was pelletized, heated at
785°C in flowing (99.8% N, + 0.2% 0,) gas
for 2 days and cooled rapidly at a rate of
about 100°C/min under the same condition
of Aowing gas. A key point for succeeding
in the preparation is the heat treatment un-
der H; gas, which produces fine powders
and promotes the chemical reactions. The
oxygen content y in the chemical formuia
Bi,Sr,CaCu,0, was measured to be 8.72 by
coulometric titration according to the
method of Kurusu et al. (/7). This value
seems to be fairly large given the usual
valences of the constituent cations, The
average valence of Bi was also determined
to be +3.16 by the same method. The
excess oxygen should cause ‘‘hole-dop-
ing,”” aithough some part of this may be
cancelled by an increase of the Bi valency
from +3.

In Fig. 1, a typical X-ray diffraction
(XRD) pattern is shown; it can be indexed
by a pseudotetragonal system (@ = 5.410 A
and ¢ = 30.89 A) with a lattice modulation
along the b axis (k* = 0.206b*). No sec-
ondary phase, such as Bi,Sr,CuO, and
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Fi1G. 1. A typical XRD pattern of Bi,Sr;CaCu,0, with stoichiometric cation composition using CuKe
radiation. Indices shown above the pattern are hased on a pseudotetragonal unit cell with @ = 5.410 A
and ¢ = 30,89 A. As indicated below the pattern, main satellite peaks due to the lattice modulation
are indexed with four indices 4, k, /and m by q* = ha* + kb* + Ie* + mk*, where q* is a diffraction

vector and k* = 0.206b*.
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Fie. 2. Temperature dependence of ac x and electric resistivity p of Bi;Sr;CaCu,0, . As a reference,
ac x of YBa;CuyO; is also indicated. An enlarged graph of ac x around the superconducting transition

is shown as the inset.
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Ca,Cu0;, was detected. The lattice modula-
tion may originate from the existence of ex-
cess oxygens in the Bi;O, block as reported
by Yamamoto et al. (12).

Figure 2 shows the temperature depen-
dence of the ac magnetic susceptibility (x)
and electric resistivity (p). The ac x was
measured with a conventional Hartshorn
bridge under a magnetic field of 10 mOe
osciltating at 270 Hz. Powder samples were
used in order to exclude the shielding effect
due to weak coupling that commonly ap-
pears in the case of sintered bulk samples.
The ac y revealed that the superconducting
transition is rather sharp, comparable to that
of the Bi2212 related compounds reported
to date. The onset temperature of the transi-
tion, T2%, is 96 K from the ac x measure-
ment. On the other hand, T?"® where the
resistivity becomes zero is 89 K as shown
in the figure. These values are the highest
reported so far for the Bi2212 related com-
pounds. Moreover, the value of the super-
conducting fraction is high and comparable
with that of YBa,Cu;0,. Thus, we have suc-
ceeded in synthesizing an intrinsic super-
conductive Bi2212 phase with a stoichio-
metric cation composition. Preliminary
experiment indicates that the oxygen con-
tent can be reduced to y = 8.23 by heating
at 777°C under fiowing, high-purity nitrogen
gas; the T, for the reduced Bi2212 does not
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change much. Investigation of the depen-
dence of chemical and physical properties
on oxygen content is now in progress.
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