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OXYGEN DESORPTION FROM HIGH AND LOW T, SUPERCONDUCTORS
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High temperature oxygen evolution data are used to calculate the thermodynamic parameters related to the oxygen
bonding and oxygen-oxygen repulsion energy in various superconducting compounds. The observed oxygen desorption
from the linear Cu-O chains in the high T, superconductors (YBa;Cu3zO7, LaBayCu307, Pr.Y;_;BasCus07) is not
present in the low T, superconductors (LagCuOy, Lag_;Sr,Cu04). Above 800°C all samples show sharp oxygen

evolution peaks.

1. INTRODUCTION

There is a strong correlation between the oxygen content,
the structural phase and T, in the YBa,Cuz0O7 compound.
Neutron and x-ray diffraction experiments {1,2] as well as
TEM studies (3] clearly showed a structural phase transition
near 750°C, together with a decrease in oxygen stoichiome-
try. The oxygen content, in equilibrium conditions, has been
measured in those samples by various techniques [1,4,5]. Up
to now, these measurements show considerable scattering in
the oxygen content necessary for high T, superconductivity.
The onset of superconductivity has been associated with the
presence of the orthorhombic phase for an oxygen content of
6.5 [1,2,6]. However several groups reported a higher [7] or
a lower [8] oxygen content necessary for the appearance of
the orthorhombic structure, and the onset of superconducti-
vity. This discrepancy is in part due to the different sample
preparation techniques used by the various groups (quench-
ing versus equilibrium conditions). In this paper we report
on oxygen evolution experiments, and determine the activa-
tion energy for desorption for two classes of superconducting
materials.

2. EXPERIMENTAL METHOD
Stoichiometric samples were prepared using standard pow-

der metallurgical techniques [2,6,9,11]. The oxygen evolu-
tion experiments [9] are performed by furnace annealing the
samples, placed on a sapphire holder, in the tip of a vac-
uum pumped closed quartz tube (volume : 10~%m3). Dur-
ing annealing, the pressure and temperarure is continously
recorded by fast computer-aided sampling in order to calcu-
late the time-derivative. A mass spectrometer analyses the
amount and the nature of the evolved gases.

3. EXPERIMENTAL RESULTS AND DISCUSSION

Fig. 1 shows the measured oxygen evolution (with a
heating rate of 10°C/min) from sample a (7,980 mg LaBag-
Cuz07_s:), sample b (11,570 mg YBa;Cu307_s,), and sam-
ple ¢ (15.160 mg Pr Y gBayCu307_s;). The two upper
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Fig. 1 Evolved Oxygen fraction vs temperature for sam-
ples a-e. The curves are shifted upward for clarity.

curves of Fig.1 show the measured oxygen evolution from
respectively sample d (42,305 mg La;CuQ4) and sample e
(75,830 mg Laj 85510.15Cu04). The evolved fraction x was
calculated from the measured oxygen pressure, using the
ideal gas law and the sample mass.

The evolved amount of oxygen is considerably larger in
the high T, samples (a,b,c) and reaches a maximum at
approximately 600°C. In all samples the evolved oxygen
amount reaches a saturation value at approximately 800°C,
while at higher temperatures an important additional oxy-
gen loss is observed.

Fig. 2 shows the time derivative of the O, pressure ver-
sus temperature for all these samples, revealing the presence
of different desorption processes : broad peaks at low tem-
peratures, and sharp peaks at higher temperatures.
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Fig. 2 Time derivative of the evolution curves of Fig. 1

Classically, first order desorption experiments from a single
activation site are interpreted using the relation [10] :
dN/dt = po (No - N) exp(-AG/kgT) where y, is the fre-
quency factor, N, the initial oxygen content in one unit cell,
N the evolved content from one unit cell and AG a free en-
ergy barrier. This relation, extended to several desorption
processes, was used to fit the evolution curves.

In a previous work [9], we calculated the desorption pa-
rameters for YBa;CuzOr_s,, and found for the low temper-
ature peaks (< 800°C), two desorption sites with respec-
tively AG; = 0.95 eV and AG, = 1.26 eV and frequency
factors gty ~ pg ~ 10%. The first peak was associated with
desorption from the orthorhombic Oy site [1] while the sec-
ond peak was associated with desorption from the tetragonal
(and degenerate) O; = Oj site. The difference in activation
energy between these two peaks, was associated with the
oxygen-oxygen repulsion assumed to be responsible for the
formation of the linear chains.

The desorption parameters from sample ¢ (ProY gBas-
Cuz07_s,), are similar to the above mentioned results. In
the LaBayCuzO7_s, sample a we can only identify one low
temperature peak. It was shown that in the orthorhom-
bic structure [11] of this material, both desorption sites are
occupied (the Oy position is fully occupied and the Os po-
sition is partially occupied). The desorption parameters for
this peak are AG = 1.0 eV with a frequency factor of 10°.

The low T, superconductors (samples d and e) havea dif-
ferent desorption spectrum, mainly starting at 800°C. The
activation energy AG = 2.8 ¢V and the frequency factor
4 = 10'? are much higher, although the total evolved oxy-
gen fraction is much smaller. The frequency factor in these
samples is comparable to the value for regular desorption ex-
periments as in hydrogen evolution from a-Si:H layers [10].

The extremely small frequency factors for the high T,
superconductors clearly indicate that the oxygen incorpora-
tion in these materials is a slow process, explaining the dis-
crepancies between quenching and equilibrium experiments
as far as the oxygen content is concerned.
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