Effect of adsorbed molecules of phenidone and hydroquinone on the
critical superconducting parameters of ceramics Y-Ba-Cu-O
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Abstract

Hydroquinone and phenidone react with Y-Ba-Cu-O ceramics and change its critical parameters: 7: increases from
89.5 to 93 K; fraction of the intergranular contacts and fraction of the superconducting phase increases. These effects
are associated with the surface chemical reactions which modify the superconducting granules of the ceramics.
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1. Introduction

A mild modification of HT'SC materials with the use
of organic compounds makes it possible to change su-
perconducting properties in a controlled fashion. The
effect of adsorption of organic compounds on super-
conducting properties was first studied using supercon-
ducting metallic films. It was shown [1] that the ad-
sorption of 3,4,7,8-tetramethyl-1,10-phenanthroline on
a thin vanadium film increases the 7¢ by 0.09 K. It was
suggested that this effect is associated with electron-
donor properties of the adsorbed molecule. The effect
of organic donor-acceptor electron transport systems
on the YBayCuzO7_, powder [2] results in its partial
etching whereas its phase composition does not practi-
cally change. Because of the etching, labile subsurface
oxygen appears to be removed and more structured
crystalline layers are displayed. The possible influence
of organic compounds on the properties of HT'SC ma-
terials is overviewed in ref. [3].

The present work is aimed at studying the effect
of adsorbed organic molecules with a high reduc-
ing ability - hydroquinone (p-dihydroxybenzene) and
phenidone - (1-phenyl-3-pyrazoline) on the supercon-
ducting properties of ceramics YBaxCuzO7_.
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2. Experimental

Ceramics YBasCuszO7_, was synthesized by the
standard ceramics method. The bulk samples were
ground and sieved to obtain a fraction with the par-
ticles size smaller 60 pm. According to the XRD
analysis, the samples contain one orthorhombic phase
(1-2-3). We used hydroquinone (99 %) and phenidone
(99.9 %). The YBazCuzOr—_, powder (120 mg) was
treated in sealed glass ampoules with a 107*M so-
lution of hydroquinone or phenidone in benzene at
room temperature in benzene (99.99 %) preliminary
dried with a zeolite. After the treatment during a def-
inite period, the powder was dried. The tests showed
that the superconducting properties of the ceramics
maintained after its soaking in pure benzene.

Superconducting properties of the ceramics were
measured with a specially designed ac magnetometer.
The magnetometer allows to measure temperature
dependencies of the real part of the ac magnetic sus-
ceptibility at various values of external magnetic field.
The parameters of superconductivity (at 77.4 K, ex-
cept T.) were calculated using the Kim’s model of
critical state [4].
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Fig. 1. Superconducting parameters for YBasCuzO7_, ceram-
ics before and after the treatment with phenidone (Ph) and
hydroquinone (Hq) (10~3M solution in benzene, 25°C, 144 h).

3. Results and discussion

Fig.1 show a change of the superconducting param-
eters resulting from the treatment of YBaxCusO7_g
with hydroquinone and phenidone. There are an in-
crease of both critical temperature 7; and the fraction
of intergranular contacts fm, participating in the super-
conducting transport current conductivity. The frac-
tion of superconducting phase f. also raised. The trans-
port critical current density Jm decreased by a factor
of 2.5 and 5.0 for the samples treated with phenidone
and hydroquinone, respectively.

The treatment of ceramics with hydroquinone and
phenidone is most likely accompanied by a chemical re-
action on the surface of the ceramics granules. A num-
ber of additional defects form in the granules, provid-
ing a formation of new intergranular contacts increas-
ing of fm. XRD of the initial and the treated ceramics
indicate that the region of coherent scattering was de-
creased after the treatment that proves the increased
defectiveness of the treated ceramics .

Fig. 2 shows the curve of T¢ for the treated ceram-
ics YBaaCuzO7_, vs. the concentration of phenidone
in benzene. As the Cpn increases, Tt increases too.
Such behavior may be associated with the fact that
hydroquinone and phenidone adsorption on the
YBayCuszO7_, surface results in a change in the va-
lence state of the lattice oxygen and copper ions.

It is well known that molecular oxygen easily oxidizes
hydroquinone into quinone and phenidone to oxypyra-
zole to yield hydrogen peroxide [5]. On the ceramics
surface labile oxygen can oxidize the adsorbed hydro-
quinone or phenidone, the formed hydrogen peroxide
can oxidize Cu?" to Cu®™:

2Cu*t + H202 = 2Cu®t + 20H™. (1)

A thermochemical modeling of systems Y-Ba-Cu-O
[6] showed that 7. depends on the concentration of
Cu®t (in at.%) in the ceramics lattice: T, = 45.32
+ 1.433[Cu®*]. That conforms to the increase of T
observed after the ceramics treatment with hydro-
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Fig. 2. T, of YBazCu3zOy_, ceramics vs. phenidone concen-
tration in benzene after the treatment (25°C, 2.5 h).

quinone or phenidone (Fig. 2). It should be noted that
reaction (1) involves formation of hydroxyl ions which
strongly degrade the superconducting properties of
YBapCuszO7_, [3]. A significant reduction of Jm of
the samples treated with hydroquinone and phenidone
seems to be also associated with this effect.

4. Conclusion

Adsorption of hydroquinone and phenidone mod-
ifies the superconducting properties of ceramics
YBasCusO7_,. This modification is associated with
the reduction of the labile lattice oxygen by the or-
ganic molecules and formation of the Cu®* cations in
the ceramics lattice.
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