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A Synthetic Tcol for Preparing Metastable Superconducting Biases.
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The oxygen content of VBa2Cu3(>7 „ can be reduced quantitatively, in a controlled
manner, at room temperature (RT), using an electrochemical set-up with
YBa2CU30b_x as the cathode and a non-aqueous liquid electrolyte, such as a
tetra-alkyl ammonium salt solution in propylene carbonate. This method differs
from other reduction processes for YBa2Cu30y_x, including so-called low
temperature ones, because of its truly low temperature, with all the benefits
and problems associated with this. Of special interest to us is the system's
ability to undergo structural rearrangements after oxygen extraction. RT
reduction of ¥Ba2Cuo0y_x is possible because of the remarkable RT mobility of
some of the O in this material. This is confirmed by our determination of the
effective chemical diffusion coefficient of _O (CRT) from current decay
measurements, which yield a value of 4(+2).10~12cnr/sec, for 0<x<0.5. This
value is orders of magnitude higher than what can be estimated from
extrapolation of reported high temperature data. It is, however, quite
reasonable, compared to reported values for other O-deficient perovskites (as
confirmed by us). Also, this result agrees with what we estimate from the time
of reduction and average particle size, observed by SEM.

The reduced materials have been characterized by XRD, electrical resistivity and
magnetic susceptibility measurements. As expected, RT-reduced pellets are
inhamogeneous with respect to x, lacking lcng range order especially along the a
axis. Fran our experimental data we deduce that, in the case of pellets,
regions are formed upon reduction with x increasing towards the core of the
grains and with T c values intermediate between 60 and 90 K. Me ascribe the
occurence of these intermediate T c values to "freezing in" of metastable
structures, resulting from the reduction process, after removing the applied
voltage from the sample. These regions have a and c parameters larger and
smaller, respectively, than what is found for samples prepared by alternate
routes, with similar average 0 contents. The unique character of these
structures becomes clear from our finding of samples with ca. 20 K Tc, after
reduction to x=0.2 and subsequent annealing at 300*C (yielding a final O-content
of x=0.29 after anneal). Such T c behavior appears not to be accessible by other
ways.

The electrochemical nature of the reduction process has been proven by
coulometry and by semi-quantitative analyses of major reaction products in the
electrolyte. As a result of YBa^CugOy.jj reduction the electrolyte undergoes an
unusual chemical reaction at the cathode, producing mainly propanal, rather than
propane. This can be explained by effusion of reactive 0 species from the
cathode. Other perovskites or Ag-covered YBa2Cu3O7_x cathodes do not show this
behavior.

Among the implicaticns of this work we note the problem of 0-loss from cuter
atomic layers in cuprate superconductors, the suggestion of unusual T c effects
with near-RT oxygenated samples and its applicability to thin films.
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