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This study concerns the mechanism of origination

of physicochemical and electrophysical properties of
superconducting oxide ceramics, their stabilization,
and role of the oxygen sublattice in the process. Since
the superconducting transition temperature strongly
depends on the state of the oxygen sublattice, elucida-
tion of how the energy gap 2A and its thermal behavi-
or correlate with the vibrational activity and oxygen
deficiency of the lattice is an urgent problem. As
investigation objects we chose oxides of three classes
according to the classification of [1]: (1) layered cup-
rates with the hole conductivity, based on La,CuQO,
and YBa,Cu;0;_,; (2) three-dimensional compounds
based on BaBiO;; and (3) compounds with the elec-
tronic conductivity based on Nd,CuQ,, and also five-
component compounds HgCaBaCuO (cation ratio
1223). The samples were prepared by layer-by-layer
(five layers) deposition from solutions containing a
mixture of the nitrates onto the surface of porous
magnesium aluminum oxide ceramics (cordierite,
42 m?g?), followed by drying, thermolysis, and
annealing in oxygen. The average content of the new
phase was 20 wt %. We performed X-ray phase, ele-
mental emission, and photocolorimetric analyses
(mean measurement error ~2%) to determine the poly-
crystallinity and stoichiometry of the samples. The IR
spectra were recorded in the temperature range 298-
1198 K in air or in an inert atmosphere using an IKS-
25M high-resolution spectrometer. Samples with the
required oxygen stoichiometry were prepared by
quenching preceded by annealing in oxygen at 600—
1200 K [2]. The content of labile oxygen and its spe-
cies were quantitatively determined by sorption calo-
rimetry [3]. Methods of quantum-chemical computer
simulation [4] were used to correct the band assign-
ments and analyze transformations of the electronical-
ly and vibrationally excited states of the oxygen and
cationic sublattices.

Analysis of the vibrational spectra of the cuprate

samples YB&,Cu;0,_, shows that the lines corre-
sponding to fully symmetrical vibrations of the oxy-
gen sublattice (v, 495, v, 435, v, 337 cm™), which
are strong and well-resolved in polarized Raman
spectra [5], are also reliably detected in the IR spectra
The v, and v, frequencies originating from stretching
vibrations of the bridging oxygen atoms and syn-
phase shifts of oxygen atoms within a CuO, layer are
the most sensitive to the lattice distortions in the tet-
ragonal-to-orthorhombic phase transition.

The frequencies of the v, and v, lines appreciably
depend on the oxygen content. As x in YB&,Cu;0;_,
is increased from O to 1, v, decreases from 520 to
470 cm™, and v, increases from 430 to 460 cm™. The
highest critical temperature corresponds to complete
filling of the labile oxygen sublattice (x 0.1-0.2).

The compounds with the electronic and hole con-
ductivity from the Ln,CuO, (LnygsSrg15Cu0O,) and
Nd,CuO, (Nd; g5Ce;,5Cu0O,) families, having the
layered perovskite-type structure of the K,NiF, type,
and three-dimensional compounds based on BaBiOg
(Bay gK 4BiO3), having relatively low critical tem-
peratures and classical perovskite (CaTiO,) structure,
show virtuall¥ no vibrational activity in the range
500-520 cm™. Their specific feature is characteristic
absorption at 667 cm™, corresponding to peroxide
fragments of the oxygen sublattice. The possibility of
the presence of these fragments in the structure of
superconducting ceramics was noted previously [6].
The intensity of this band correlates with the desorp-
tion activity with respect to singlet oxygen. Well-
resolved strong absorption bands at 250-280 cm™
correspond to stretching vibrations of the metal-metal
bonds in the system of extended clusters of the cation-
ic sublattice, which in the case of BaygK,BiO;
suggests the presence of bismuth ions in low interme-
diate oxidation states (Bi*+ — Bi?").

The five-component compounds characterized by
the highest critical temperatures show relatively low
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desorption activity with respect to oxygen, with the
electronically excited states prevailing. The spectra
exhibit series of strong absorption and emission bands
assignable to stretching vibrations in molecular and
oligomeric electronically excited oxygen species.
A characteristic feature of these samples is the set of
emission bands which are observed throughout the
spectrum and can be assigned to manifestation of the
superconducting gap with 2A/KT > 10 at temperatures
above T..

The detection of a well-resolved intense spectrum
of the vibrational activity of the ground and electroni-
caly excited states of the O-O bond involving neutral
and charged atoms (1900-1700, 1556-1240, 800-
250 cm™Y) in the structure of the oxide systems under
consideration gives insight into the origin of abnor-
mally high frequencies and intensities in the Raman
spectra [7] of high-T. oxide superconductors.

We found that the optical densities D of strong

bands at 1557, 1456, 1400-1340, and 1240 cm™,
assignable to the fundamental vibrational transitions
in triplet and singlet oxygen molecules, linearly corre-
late with the critical temperature. Our results furnish
structural-chemical support for the Cardona’s concept
[8] of the presence of localized states in crystals, the
hypothesis of “local structural excitations” [9], and the
hypothesis that donor—acceptor interactions play a
basic role in origination of high-temperature supercon-
ductivity [10].
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