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Abstract. — A high-critical-temperature superconducting transition in multiple-phase La-Ba-
Cu-O and Y-Ba-Cu-O systems has been found with the aid of electrical and magnetic
measurements. The possible causes of superconductivity is also considered. Among them the
change of Fermi-surface topology is the most appreciated.

During the last year investigations of Bednorz and Miiller [1] opened a new direction in
the field of superconductivity, when they observed a critical temperature in La-Ba-Cu-O
above 30 K. In their opinion the nature of superconductivity is either percolative or
fluctuative in double perovskite layers.

The later experiments accomplished by Chu [2], Cava [3], Wu et al. [4], Hor et al. [5] and
Uchida et al. [6] show that the evaluation of the superconducting measurements is rather
complicated due to the different and ambiguous possible reasons of superconductivity in
single-phase and multiple-phase samples of La-Ba-Cu-O and Y-Ba-Cu-O.

Analysing earlier and recent experiments[7,8] and moreover some theoretical
investigations [9-11], the following probable superconducting interactions can be proposed:
1) interfacial effects in mixed phases, 2) concentration fluctuations in tetragonal KoNiF,-
type phase or in cubic CaTiOs-type perovskite, 3) bulk superconductivity of the ordinary
electron-phonon interaction, 4) interfaces between metals and insulators or between metals
and semiconductors, 5) ferroelectricity, 6) unidentified phases, 7) mixed and variable
valence, 8) lattice instability, 9) Peierls-instability and a strong phonon coupling to the
conduction electrons and 10) soft phonon contribution to a large electron-phonon interaction.

In order to avoid the uncertainty concerning the working samples a well-considered
preparation technique and a systematic analytical investigation were elaborated. The aim of
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our experiments was to find the possible highest-7. superconductors among La-Ba-Cu-O
and Y-Ba-Cu-O compounds.

Because of this, the optimum value of ionic radii, of the substitution of lanthanides with
alkaline earths and that of the ratio of lanthanides plus alkaline earths to the copper were
taken into account during the preparation process.

Two kinds of La-based and two kinds of Y-based oxide systems have been found to be
successful in this respect, namely (La; ¢Bag 4)CuQ,4_s as La(1) samples, (Lag gBag 2)Cuy_s as
La(2) ones, (Y;2Bagg)Cu04_; as Y(1) samples and (Y Bag2)CuO4_; as Y(2) ones. They
were prepared by solid-state reactions from pure Merck’s chemicals of LayO3, BaCOs, CuO
for La(1) samples, Las03, Ba(NO3)s, Cu(NOs)23H50 for La(2) ones and Y505, BaCO and
CuO for both kinds of Y-samples. The weighing quantities were chosen so that the molar
ratio of metallic components was La:Ba:Cu=1.6:0.4:1, La:Ba:Cu=0.8:0.2:1,
Y:Ba:Cu=1.2:0.8:10r Y:Ba:Cu=0.6:0.2:1, respectively. It is very important that the
ratios concerning Cu are as follows: (La+Ba):Cu=2:1 for La(l), and 1:1 for La(2)
samples, (Y +Ba):Cu=2:1 for Y(1) and 0.8:1 for Y(2) samples.

These mixtures were pulverized and homogenized in agate mortars. Thermogravimetry
analysis of the powders was performed in the temperature range of (500 + 1500) °C with the
aim to obtain the optimal temperature for solid-state reaction. On the basis of
thermogravimetric measurements the heat treatment was accomplished at 900 °C for La-
samples and 925°C for Y-samples during 14 hours at ambient atmosphere in quartz
crucibles. The furnaces were heated gradually over 3 hours.

Powder X-ray diffraction patterns (Siemens D-500) on reacted and pulverized mixtures
.unambiguously demonstrate the existence of microcrystalline structure and the absence of
amorphous phases.

The powders were then pressed into pellets of 13 mm diameter and 1 mm thickness of
20 kbar pressure and sintered once more.

The photographs taken by a scanning electron microscope (Jeol JXA-50A) on the pellets
show that samples consist of a medley of different crystalline shapes. According to a rough
estimation, about 85vol.% of cigar, 15vol.% of pancake and 5vol.% of cube form a La(1)
sample (fig. 1). The pictures of a La(2) sample show a more homogeneous structure (fig. 2)
and the edges being rounded. It hints at the possibility, that the lower ratio of (La + Ba): Cu
is more favourable for the parameters of superconductivity, which is supported by the later
experiments.

Similar results were obtained by analysing photographs taken on Y(1) and Y(2) samples
(fig. 3 and 4). As is shown, different crystalline shapes appear again in the pellets.
Comparing the more sintered picture of the kind (2) sample to the measured
superconducting electrical and magnetic data, it seems to be more hopeful from the point of

. view of high-T,. superconductivity.

The dependence of resistance on temperature was measured by a conventional four-point
technique in La-samples, where the electrical leads were attached to the periphery of the
samples in a right-angle formation by silver paste. On the other hand, in the case of Y-
samples a six-probe arrangement was used based on evaporated gold contacts to which the
leads were soldered by silver paste. The purpose of this complicated measuring structure
was to eliminate the self-resistivity of the contacts and to point out the contingent
inhomogeneity and anisotropy of the samples. Because of this aim, all contact-pairs were
used for measurement of voltage signals. During the electrical experiments 1 mA measuring
current was used. Temperature was indicated by Lake Shore Cryotronics Ge-sensors (GR-
200 A-1000) and controlled by Pt-resistor thermometers (NBS 391 and 207187). The
magnetic field was produced by a superconducting magnet and measured by Hall-probes
(LSC LGHA-321).
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Fig. 2.

Fig. 1. — SEM photograph on a kind (1) La-based sample (M = 1500).
Fig. 2. — SEM photograph on a kind (2) La-based sample (M = 1500).

Fig. 3. Fig. 4.

Fig. 3. — SEM photograph on a kind (1) Y-based sample (M = 1500).
Fig. 4. — SEM photograph on a kind (2) Y-based sample (M = 1500).
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Typical results for the dependence of the resistivity R on temperature 7" are shown in fig.
5 and 6. The drop of resistance starts at 7{" =51.2K and 7§® = 56 K for La-based oxides
and the zero-resistivity state is reached at T%_,=49K and T%_,=53K. Using the
midpoint method, the critical temperature has a value of T =50.2K or T = 54.5 K for
kind (1) or for kind (2), respectively. The Y-based samples have similar slope for the
resistivity-temperature curves and T{P’=90.5K, T®_,=80.8K, T?=94.4K and
T(%;:O=83.2 K. From these the values of critical temperature result as 7" = 85.8 K and
T.” = 886K
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Fig. 5. — Dependence of resistivity on temperature of La-Ba-Cu-O compounds; x kind (1) samples, O
kind (2) samples.

The six-contact arrangement permitted us to prove with the aid of electrical
measurements that the samples are homogeneous and isotropic.

Magnetic measurements were perfomed at temperature of 4.2 K. It can be stated that the
external magnetic field penetrates into La(1) and La(2) samples at the value of 300 Oe and
370 Oe (fig. 7) and into Y(1) and Y(2) samples at 620 Oe and 750 Oe (fig. 8). These
experiments hint at the character of type-II superconductivity in these samples and
demonstrate that about 10 vol.% or 13 vol.% for the La-samples and at least 18 vol.% or
23 vol.% for the Y-ones are in Meissner’s state at this temperature.

As stated in our earlier investigations [12-14], type-I superconductivity goes over into
type-1II on the effect of additive material content. This phase transition is a consequence of
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Fig. 6. — Dependence of resistivity on temperature of Y-Ba-Cu-O compounds; notations as in fig. 5.

the change in Fermi-surface topology due to the Lifshitz-singularity. It was also shown that
type-II superconductivity can be transformed into normal state by an increase of the
concentration of alloying material. This is percolationlike process.
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Fig. 7. — A magnetic moment-magnetic field relation at 4.2 K in La-based samples; notations as in

fig. 5.
Fig. 8. — A magnetic moment-magnetic field relation at 4.2 K in Y-based samples; notations as in fig. 5.
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Depending on these investigations, a supposition seems to be admissible, by which the
contribution of Ba ions modifies the Fermi-surface of the originally semiconducting La-Cu-O
and Y-Cu-O systems so as to become superconducting. Moreover, it must be noted, that a
percolation process can probably play a role in this transition.

An interesing phenomenon was observed during this study, namely the temporal
instability of the phases. Notably some of the sample lost their superconducting character at
room temperature in 6-15 days after preparation. An increase in the onset temperature of
some Y-based samples by the amount of (2+3) K was also experienced on the effect of
cooling-down and heating-up during the experiments.

The following conclusions may be drawn from the accomplished experimental
investigations:

1) The superconducting parameters strongly depend on the exact composition and heat
treatment of the samples.

2) In these multiple-phase structures probably only one of the phases is responsible for
superconductivity.

3) The change in Fermi-surface topology due to the additive material of Ba can be
taken as the main reason for the occurence of high-7'. superconductivity.
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