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New High Temperature Superconducting Oxides.

(La1_xSrX)2CuO4_6 and (La1_xCaX)2CuO4_(5
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Solid solution systems of (La1_XSrX)2CuO4_6and (Laq_4-
CaX)ZCuO4_6 with x=0.05, 0.075, and 0.10 were found to exhibit
the superconductivity through a.c. magnetic susceptibility and
electrical resistivity measurements. The onset critical tempera-
ture for (Lao.g()Sro.10)2Cu04_(S was 37 K, the highest among all
the superconducting materials ever known, while that for

(Lao.95Ca0.05)2CuO4_6 was 18 K.

Until recently, the superconducting material with the highest critical
temperature T, has been Nb3Ge for which the highest onset T, so far reported is
23.6 K.1) Bednorz and MﬁllerZ) reported that the resistivity drop of the Ba-La-
Cu-0 system set in at temperatures around 35 K, although the finite resistivity
state lasted down to 13°'K. In the succeeding paper, Bednorz, Takashige and
Miller3) observed a small diamagnetism in the same material below about 30 K.
Uchida et al.4) and Takagi et al.5) then reported that the maximum diamagnetic
susceptibility was obtained for the pure phase of (La1_XBaX)2CuO4_(s which was as
large as 30% of that expected for the perfect diamagnetism. Furthermore, they
showed the zero resistivity state in the same phase with x=0.075, lasted up to
22 K with the onset Tq also about 35 K. Therefore, they concluded that this is

the phase which is responsible for the high To superconductivity.



430 Chemistry Letters, 1987

This letter reports that we found new superconducting oxide systems
(La1_XSrX)2CuO4_5 and (La1_xCax)2CuO4_6, of which the former exhibited even
higher T, 37 K for the onset T, and 33 K for the appearance of the substan-
tially zero resistivity state.

The powder specimens of (La1_Xer)2CuO4_6 and (Laq_yCa,),Culy_g with compo-
sitions of x=0.05, 0.075, and 0.10 were prepared by mixing, in ethanol, the
prescribed amounts of commercial powders, 99.95% purity La2(CO3)3, 99.9% SrcCoy,
99.99% CuO (all from Kojundo Kagaku Co.) and Suprapur CaCOj (Merck). The mix-
tures were first calcined at 700 °C for 3 h and heat-treated at 1000 °C for 12
h. For the preparation of the resistivity samples, the calcined powders were
pulverized, cold-pressed into disk shapes, and then sintered at 1000 °C for 5 h.
All the heat treatments were conducted in air. The color of the obtained powders
and sintered bulks were all in deep black. The powder X-ray diffraction analysis
confirmed the presence of a single phase with K,NiF, crystal structure in the
case of x(Sr)=0.05, whereas a trace or a minor secondary phase LaCuO3 was

observed to be present for the .
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The temperature was measured by Au(Fe)-Ag thermocouple. The specimens for the
resistivity measurements were cut out of the sintered pelletts and shaped into
nearly square rods of about 2x3x10 mm3. The electrodes for the d.c. four probe
method were prepared by evaporating the gold films. The measurements were con-
ducted in a different cryostat, in which the Au(Fe)-Ag thermocouple of the same
lot, as was used in the susceptibility measurement, was employed. In one of the
resistivity runs, the emf of the thermocouple was simultaneously calibrated
against the NBS-calibrated germanium thermometer (Lake Shore Co.).

Figure 1 shows the observed a.c. susceptibility signal expressed as the
difference in the inductance of the sensing coil with and without the specimen
charged in it. The dotted horizontal line is a rough guide to show the level to
which the signal reaches for the case of another superconducting oxide powder of
BaPbj 55Big 5503 (To=11.7 K) which is known to be a bulk superconductor.G) From
the figure, it is seen that a specimen with x(Sr)=0.10 shows a sharp increase in
the apparent diamagnetic susceptibility at 37 K. The one with x(Sr)=0.05 which
was concluded to be a single phase from the X-ray analysis, exhibited the

sharpest transition.
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Figure 2 represents the observed resistivity for x(Sr)=0.075, 0.100, and
x(Ca)=0.075 obtained at gradually raising the temperature. As can be seen in
this figure, the specimen with x(Sr)=0.10 exhibits a sharp decrease in resis-
tivity at 37 K which is in agreement with the susceptibility measurement. This
is the highest onset T, among all the superconducting substances ever known.
Furthermore, the zero resistivity state survived up to 33 K for the same speci-
men at the measuring current level of 2.7 mA. This temperature is higher by more
than 10 K than that obtained for the recently discovered another high T, super-
conducting substance,z's) (La1_xBax)2CuO4_6, in which 22 K has so far been
reported as the highest value.s) The resistivity curve of x(Ca)=0.075 in Fig.2
again shows the evidence of the presence of the superconductivity.

For all the oxide specimens investigated in this study, the resistivity
values at the room temperature are in the range of 5 to 7 x 1073 Qcm.  The
resistivity of specimens for x(Sr)=0.075 and x(Sr)=0.10 decreased almost linear-
ly with temperature down to T.. On the other hand, the temperature dependence of
the resistivity for x(Ca)=0.075 was semiconductive below about 80 K.

The deviation of the stoichiometry for the oxygen composition, § , and its
correlation with the parameters for the superconductive behavior of the present
oxide systems, (La1_x[Sr or Ca]x)ZCuO4_5, have not been clearly known at present
time. These points as well as the characterization of the detailed crystal

structures are in progress.
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