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Structure and Superconductivity of High Pressure Synthesized

Sr—Ca-Cu-0O System *!
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A new superconducting cuprate (Srg7Cag 3)3CusOs.5 has been synthesized under high pressure. CaO; has been used to make a homo-
geneous oxidizing atmosphere. X-ray diffraction measurements on the bulk sample revealed that (Srp7Cag3)3Cuz0s (325-type) phase was
found in the top surface of the columnar sample, (Srg7Cag.3)4Cu3O7 (437-type) phase in the bottom surface and 325-type + 437-type mixed
phase in a cross section parallel to the column axis. Segregations of 325-phase and 437-phase were supposed to take place in the upper and
lower parts of the sample, respectively. Nearly single phase samples of 325-type and 437-type crystal were gained by grinding from the upper
part and the lower part of the sample, respectively, using abrasive papers. Magnetic susceptibility measured by SQUID and electrical resistivity
measurements showed that superconductive transition temperatures are 106 K in the 325-phase and 110K in the 437-phase.
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1. Introduction

The superconducting transition temperature, 7, of the lay-
ered cuprate has a relationship to the number of adjacent
CuO; layers. As the number of layers in the superconduct-
ing cuprates is increased, T reaches a maximum at 3 or 4
layers.l) When the number of layers is further increased, T
monotonically decreases. In this case, the structure converges
towards the infinite layered (IL) structure, i.e., the nonapical
oxygen structure. It is interesting to find out whether the IL
structure can be responsible for superconductivity or not. Us-
ing high-pressure synthesis, samples of (Stg7Cag 3)p.9CuO;
with the IL structure have been obtained as one of the series
of Sr;_, M, CuO; for divalent M=Ba, Ca and small fractions
of superconductivity are observed.>™>

The powder sample of St 14Cag gsCu0,® prepared in am-
bient pressure and a single crystal of Sr.74Cag.26Cu0,” have
the IL structure, but could not be made superconducting.

H. Shaked e al. indicated that the superconductivity in
high-pressure synthesized samples of the Sr—Ca—Cu—O sys-
tem can be attributed to the phases Sr3CuyOs45, St4CuszO745,
and Sr5sCuy0o, 5 and not the IL structure.® Single-phase sam-
ples of Sr3Cuy 0545, St4Cusz 0745, and SrsCusOg, 5 have never
been prepared.

There are problems in the preparation of superconduct-
ing cuprate samples by the high-pressure synthesis. These
problems are inhomogeneous distribution of oxygen in
the samples, inhomogeneous distribution of temperature
(/involving temperature gradient), and chemical reaction be-
tween the sample and the Pt capsule. The first prob-
lem appears when starting materials were sandwiched be-
tween two pellets of KC1O4 which acts as a source of oxy-
gen. The inhomogeneous distribution of oxygen in the sam-
ple (Srg.7Cag.3)0.9Cu0, make (Srp7Cag3)3CusOs (325-type)
phase or (Srg7Cag3)4CusO7 (437-type) phase at the position
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close to the oxygen source and the IL structure at the position
apart from it.?)

In the present paper, we report results obtained in our study
of samples of (Sry7Cag 3)3Cuy05 by X-ray diffraction, mag-
netic susceptibility and electrical resistivity.

2. Experiment

Samples  with the nominal composition of
(Srp7Cag 3)3Cuy 059 were prepared and synthesized at a pres-
sure of 5.4 GPa and a temperature of 1050°C. Starting ma-
terials Sr,CuQj3, Cay,Cu03, Cu0O, and Ca0O, were mixed and
pressed into a pellet (¢6.0mm x 4.6 mm). The pellet was
loaded into a Pt capsule, which was surrounded by a BN sep-
arator, moreover, put into a cylinder form carbon heater, and
then set into a pyrophyllite cell for pressure transmitting. This
cell was compressed up to 5.4 GPa using a cubic-anvil-type
apparatus. During compression, the pellet was heated to
about 1050°C for 30min by the carbon heater. Temper-
ature was measured with an alumel-chromel thermocouple
(Fig. 1). The sizes of the synthesized samples were about
¢5.6mm x 4.2 mm.

To avoid the problem of inhomogeneous oxygen distribu-
tion, Ca0, was utilized as one of the starting materials. Ho-
mogeneously oxidized samples were expected to be obtained.
The nominal oxygen composition was adjusted by changing
the ratio of CaO,/Cay;CuOs;. The real oxygen composition
(5.3) was estimated from iodometry and compared with the
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Fig. 1 Cross section of high pressure cell.
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nominal one (5.9). The value of 5.3 was obtained by subtract-
ing the contribution of oxygen in the minor phase, CuO, from
the measured one.

The surface layer of the samples was removed by abrasive
papers because of the reaction of the surface with the Pt cap-
sule. X-ray diffraction patterns from three surfaces, that is,
the top and bottom surfaces after polishing and a cross section
after cutting along the column axis, were measured. These
X-ray patterns were identified with the intensity calculated
using the structure models proposed by H. Shaked et al.¥ and
S. Adachi et al.” and the data of the high pressure synthesized
Sr,Cu03.s refined from neutron powder diffraction.!?

3. Results

The X-ray diffraction pattern from the cross section showed
the existence of two-phases, 325-type + 437-type (Fig. 2),
the pattern from the top surface showed 325-type structure
(Figs. 3(a), 4), that from the bottom surface showed 437-type
structure (Figs. 3, 4). Results of EPMA showed the value of
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Fig. 2 X-oray diffraction pattern from the cross section of the
(Srg.7Cap.3)3Cu205 3 sample. Two phases exist on this surface.
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(Sr, Ca)/Cu = 1.5-1.33 which meant the mixed phase was a
325-type and 437-type.

The inhomogeneous temperature distribution or the tem-
perature gradient between the upper part and the lower
part of the sample were supposed to make segregations
of the two phases. In order to investigate the segre-
gated phase, the same sample was synthesized with the
same condition again. The upper part and the lower part
were separated. X-ray diffraction patterns of the posi-
tion of @, @ in the upper part of the sample (Fig. 2)
showed 325-phase + 437-phase, those of ®, ® in the
lower part showed peaks of 437-phase 4 (Sr, Ca)4CugOig
(4610-phase). The 325-phase sample was gained by grinding
the upper part of the sample with the abrasive paper from the
bottom. This grinding was continued until the X-ray pattern
of the bottom agreed with that of the top surface. The X-ray

o
o ® s
N 5, . Cu
(d
r:Y
4t e« o
?
L ] !
Q g¥ <‘/,/‘~,
N
=
n=00
325-5tr. 437-5tr. Infinite layered Str.
(Sr,Ca),,1Cu,0,, ... s Structure (Sr,Ca)CuO,

Fig. 4 Crystal structure of 327-type, 437-type and infinite layered struc-
ture.
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Fig. 3 X-ray diffraction patterns of the respective top and bottom surfaces of the upper and lower parts of the (Sro.7Cag3)3Cu2053

sample.
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pattern almost showed a single phase of 325-type structure,
but (004) peak of 437-type structure remained in the bottom
of the polished sample. EPMA results for several points of the
sample showed the ratio (Sr, Ca)/Cu ~ 1.5. In the same way
as the upper part, the 437-phase sample was gained by grind-
ing the lower part of the sample from the bottom. The grind-
ing was continued until the X-ray pattern of the bottom agreed
with that of the lower top surface. The X-ray spectrum almost
showed a 437-phase, but involved a little peak of 4610-phase.
EPMA results showed the ratio (Sr, Ca)/Cu = 0.66-1.33.
The DC magnetic susceptibility was measured for these sam-
ples on warming in an applied field of 100e after zero field
cooling (Fig. 4(a)), and the electrical resistivity was measured
by the usual four-terminal method (Fig. 4(b)).

4. Discussion and Conclusion

The synthesized sample of (Srp;Cag3);Cuy053 had the
segregations of the 325-type structure phase in the upper part
and the 437-type structure in the lower part. These segrega-
tions resulted from the temperature distribution in the sam-
ple. For the thermocouple passing through the cell as shown
in Fig. 1, the Pt capsule center in the cell was above (or did
not coincide with) the center of the carbon heater where the
temperature was estimated to be the highest. This configu-
ration was considered to make the temperature of the lower
part higher than that of the upper part. The segregations were
separated by grinding, and then a 325-type single phase sam-
ple and a 437-type single phase sample were gained. For the
case of 325-phase, the magnetic susceptibility data showed
T. = 106K, volume fraction = 32.8%, and the electrical
resistivity measurement showed the superconducting transi-
tion at 106 K (Figs. 5(a), (b)). For the case of 437-phase,
the magnetic susceptibility data showed 7. = 110K, volume
fraction = 29.4%, and the electrical resistivity measurement
showed the superconducting transition at 110K (Figs. 5(a),
(®)).

The 325-type structure and the 437-type structure contain
pyramid type CuO, layers with apical oxygen. These struc-
tures are similar to that of the cuprate superconductor of the
Bi-system and the Tl-system. The superconductivity of the
sample with 325-type and 437-type structure was observed.
The small fraction superconductivity of IL structure sam-
ples, which was previously reported,” might be attributed to
small fractions of (Srg7Cag 3)3Cu, 05 and (Srg 7Cag 3)4CusO7.
We conclude that the materials with the structure containing
many CuO; layers without apical oxygen like the IL structure
(Fig. 4) do not develop superconductivity. This conclusion is
consistent with that of H. Shaked et al.,¥ who did not recog-
nize the superconductivity of the IL structure except electron
doped superconductivity.
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Fig. 5 Zerofield cooled dc magnetic susceptibility and electrical resistivity
as a function of temperature for the 325-phase and the 437-phase of the
(S10.7Ca03)3Cu 05 3 sample.
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