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Infrared reflectance spectroscopy, Raman scattering, and X-ray photoelectron spectroscopy have
been used to study the atmospheric degradation of YBa,Cu;0,_;. The degradation reaction:
2YBa,Cu;0; + 3CO; — Y,BaCuO;s + SCuO + 3BaCO; + 0.50, is strongly catalyzed by water vapor,
and carbonate species build up in a matter of hours on an IR depth scale at room temperature in water
vapor saturated air. The reaction is rapid even for reduced samples (x = 1.0) containing no Cu(Ill).
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1. Introduction

Following the discovery of high-tempera-
ture oxide superconductors (I-3), there
has been a growing interest in the surface
and interfacial properties of the new mate-
nals. In polycrystalline oxides transport
properties are undoubtedly determined to a
large extent by intergrain contact. For
YBa,Cu;0; in particular it is now fairly well
established that critical current densities
achievable in polycrystalline materials are
limited by the weak links provided by grain
boundaries (4, 5). There is, however, some
controversy as to the role of impurities in
limiting the intergrain superconductivity
(6). Moreover contact to superconducting
samples must be made through the external
surface. Thus it is necessary to study sur-
face and grain boundary composition and
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electronic structure in relation to transport
properties.

The new ‘‘high-temperature’’ supercon-
ductors in common with other oxides may
react with atmospheric water or CO; to give
hydroxides or carbonates. Many workers
who have dealt with YBa,Cus;O; have some
experience of samples ‘‘going off” as a
result of storage (7), presumably due to re-
action with air. Aside from the fact that at-
mospheric degradation may pose major
problems in the technologicat application of
the new oxide superconductor, it must also
be recognized that many of the experimen-
tal techniques directed toward elucidating
the mechanism of the superconductivity in
the oxides look at sample surfaces with
varying degrees of surface specificity and
thus can be influenced by reaction with at-
mosphere to give contaminant overlayers.
For example, in tunneling experiments di-
rected toward measurement of the super-
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conducting gap, at least three groups (8—-10)
have found that to obtain reproducible tun-
nel currents it is necessary to drive tunnel
tips into the sample surface through an in-
sulating surface layer. In Raman spectros-
copy, a favored technique for looking at
phonon structure, the signal from the me-
tallic phase YBa,Cu;O; is much weaker
(11) than from the nonmetallic phase Y,Ba
CuOs that may be formed by reaction with
air (see below). Thus it is crucial not to con-
fuse Raman signals from the YBa;Cu;0
‘123’ phase with those from degradation
products. Several Raman studies nominally
on YBa,Cu;O; have yielded spectra with
peaks attributable to Y,BaCuOs [e.g., Ref.
(12)]. Studies of superconducting phases by
XPS and photoemission are particularly
surface sensitive with effective sampling
depths of around 5-20 A. Much of funda-
mental interest about band structure, corre-
lation, etc., is to be learned, but before this
can be done it is crucial to appreciate the
role of contamination. It is a recurring ob-
servation in the literature that it is difficult
to prepare YBa,Cu;0; surfaces free of car-
bon in the surface region (/3).

In a series of simple but elegant experi-
ments, Yan et al. (I14) demonstrated that
YBa,Cu;0; decomposes rapidly when im-
mersed in liquid water or exposed to water
vapor at 85°C. X-ray diffraction studies
showed the presence of BaCOjs;, CuO, and
the green phase Y,BaCuOjs in the resulting
solid product and O, was liberated accord-
ing to the equation:

3H,0 + 2YBa,;Cu3;0; — Y,BaCuO;s
+ 5CuO + 3Ba(OH), + 120,. (1)

Ba(OH), reacts rapidly with atmospheric
CO; to give carbonate species:

3CO, + 3Ba(OH), — 3BaCO; + 3H,0.

2)
Thus water simply acts as a catalyst for the
formation of carbonate species. Similar pat-
terns of reactivity were found by Nakada et
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al. (15), while Kitazawa and co-workers
(16) showed that electrochemical corrosion
currents associated with the decomposition
reaction can create resistivity anomalies
around room temperature. In more funda-
mental studies, Johnson and co-workers
showed that water reacts with YBa,Cu;0;
under UHV exposures of the order of sev-
eral Langmuirs to give hydroxyl species
(17). Reaction of YBa,Cu;0; with CO, has
not yet been studied in a UHV system, but
Madey and co-workers found that CO, and
H,0 have unit sticking coefficients for in-
teraction with La,_,Sr,CuOj, to give surface
carbonate and hydroxyl anions (18).

We have been concerned with the study
of atmospheric degradation of the 123 su-
perconductor and carbonate buildup under
conditions approximating more closely to
those encountered in the normal storage
and use of the material than in the water
immersion and in situ UHV experiments re-
ferred to above. To this end we have used
three spectroscopic techniques of differing
surface sensitivities. These are (i) IR reflec-
tance spectroscopy where the probing
depth for dielectric overlayers can be
equated roughly with the wavelength of the
IR radiation, i.e., 10° A or 10 um at 1000
cm™'; (ii) Raman spectroscopy where sur-
face sensitivity depends on penetration of
the visible laser radiation used to excite the
spectra (if this is of the order of the wave-
length of the incident radiation, then we
have ~0.5 um for the Ar 488 nm blue line);
and (iii) X-ray photoelectron spectroscopy
where the effective probing depth depends
on the inelastic pathlength of the photoelec-
trons. This is of the order of 20 A, i.e.,
0.002 pum. The thin contaminant layers
probed by XPS would probably be of little
interest in the study of conventional super-
conductors where coherence lengths are
much larger than those in the new materials
(19, 20). However, with coherence lengths
of only a few tens of Angstroms in the oxide
materials, XPS surface studies assume an
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important role. Our studies are also moti-
vated by our own extensive surface science
program and our consequent need to estab-
lish handling and cleaning procedures com-
patible with surface experiments.

2. Experimental

The 123 material used in the present
work was prepared by the usual solid-state
reaction as described previously (6) using
high-purity BaCO3, Y>0,, and CuO. The ag-
gregate from the initial firing was ground
finely in an agate mortar and pressed into
13-mm-diameter pellets between tungsten
carbide dies. Note that prolonged high-tem-
perature heating of the resulting pellets at
950°C was employed to ensure complete re-
action of the starting materials, followed by
extended anneals at 400°C to allow com-
plete oxygen uptake. Pellets prepared in
this way displayed metallic conductivity at
room temperature and underwent a sharp
resistive transition to a superconducting
state with zero resistance at 91 K. They
gave X-ray powder patterns characteristic
of the orthorhombic 123 phase free of sig-
nals due to starting materials or contami-
nant phases such as Y,BaCuQO;s or BaCuO,.
The pellets displayed typical metallic re-
flectances with up to 65% reflectivity at 400
cm~! (Fig. 1, curve m). Conversion to a
nonmetallic tetragonal phase was effected
through a firing cycle in flowing nitrogen
similar to that usually used for oxygen up-
take. After the nitrogen annealing the pel-
lets were nonmetallic at room temperature
and gave pronounced Restrahl phonon fea-
tures in infrared reflectance typical of the
nonmetallic phase (21) (Fig. 1, curve n).
Pellets of the green phase Y,BaCuOs and of
Cu0Q, Y,0;, and CuO were prepared for
comparative study.

Degradation of pellets was studied only
at the ambient room temperature of a large
teaching laboratory (20°C < T < 25°C). One
set of pellets was exposed to an ambient
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London atmosphere over a period of 100
days starting in January 1988. Others were
stored in one of four large dessicators
loaded to provide controlled partial pres-
sures of water vapor. The loadings were:
distilled H,0O (P(H,0) = 21.2 mm Hg); 8%
(by weight) H,SO,/H,0 (P(H0) = 17.0
mm Hg); CuSO, - 5H,0/CuS0O, - 3H,0O
(P(H,0) = 7.5 mm Hg). In each case
P(CO,) was maintained at its normal atmo-
spheric value by regular opening of dessica-
tors for IR reflectance studies. A final set of
sample pellets were kept for periods of time
up to 1 year in plastic stoppered glass sam-
ple bottles of the sort routinely used for
sample storage in programs of solid-state
synthetic chemistry.

IR specular reflectance spectra were
measured at 16 cm™! resolution using a
simple two-mirror reflectance attachment
mounted in a Mattson Alpha-Centauri in-
terferometer equipped with a KBr beam-
splitter and DTGS pyroelectric detector.
Reflectance was normalized to that of an
aluminium mirror.

Raman spectra were excited with the
488-nm (blue) line of an Ar* laser (Coherent
UK Ltd) and measured with a Spex Rama-
log double-grating monochromator. Multi-
ple scans were accumulated using a Spex
Datamate data handling system.

AlKa X-ray photoelectron spectra were
measured in a VG ESCALAB Mark II
spectrometer with the analyzer resolution
set at 0.4 eV. In addition to the analysis
chamber (base pressure 5 x 10~ Torr),
the spectrometer has a fast entry lock and
preparation chamber. Samples were
mounted on platinum stubs and secured
with platinum clips. Care was taken not to
allow the clips to protrude onto the sample
surface. Samples were examined both in
their native state as inserted into the spec-
trometer after being stored under a variety
of conditions and after cleaning in situ in-
side the spectrometer. Cleaning was ef-
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Fig. 1. Infrared rgﬂgcta_pcg spectra of ceramic pel-
lets of YBa,Cu;0,-, in both metallic (m) and nonmetal-

lic (n) phases.
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fected by filling the preparation chamber
with pure oxygen and heating the platinum
stub by coupling to the radiofrequency field
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coil connected through a Leybold Her-
aeus RF feedthrough to a Radyne 1.5-kW
400-kHz power supply. The cleaning cycle
was designed to mimic the conditions of
sample preparation and typically involved
heating to around 600-700°C for 1 hr, fol-
lowed by cooling to 400°C over a period of
several hours. After switching off the RF
power, samples were allowed to cool to
room temperature in oxygen, before evacu-
ation of the preparation chamber. XPS
were tvnmallv recorded within 1 hr of sam-

ple cleamng.

3. Results and Discussion

Fioure 1 shows
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the range 1200-400 cm~! for metalh ¢ and
nonmetallic phases of YBa,Cu;O;_5. The
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spectrum of the metallic phase is largely
structureless and shows the expected high
metallic reflectance, which rises toward
100% as hw — 0. Features due to the lattice
phonons are largely screened out by the
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the spectrum obtained was typical of a non-
metallic metal oxide and showed low reflec-
tance with strong Restrahl phonon features
beyond 700 cm™!. The strong band at ~600

=1 haog h ttrthaatad +
Ciii has been attributed to the in plane

Cu-0O E, stretch (wro = 593 cm™'), while
the shoulder at ~650 cm~! is assigned to the
A, Cu-0O chain mode parallel to the c-axis
(wro = 648 cm™1) (21).

Figure 2 shows the reflectance spectra of
the metallic phase YBa,Cu;05 in the as-pre-
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Fi1G. 2. IR reflectance spectra of polycrystalline
YBa,Cu;0; (a) as prepared (10-60%); (b) after expo-
sure to water vapor saturated air at 23°C for 21 hr (8-
49%); (c) as (b) but after 92 hr (1-7%); (d) IR reflec-
tance of BaCQOj; (4-23%). Values in parentheses refer
to the reflectance for each trace at 2000 and 400 cm™!,
respectively.
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FiG. 3. IR reflectance of polycrystalline YBa,Cu;0;,
exposed to air containing water vapor at partial pres-
sure of 7.5 mm Hg (a) as prepared (3-29%), (b) after 25
hr (3-29%}), (c) after 97 hr (3-29%), (d) after 168 hr (3—
31%), (e) after 240 hr (3-31%). Values in parentheses
refer to the reflectance for each trace at 4000 and 400
cm™!, respectively.

pared state, and after exposure to water va-
por saturated air for different periods of
time. These are compared with the IR re-
flectance of BaCO; over the same fre-
quency range (Fig. 2d), which shows three
very strong Restrahl bands associated with
the internal vibrations of the CO3™ anion.
These are assigned to the B,,, B,,, and B,,
modes at 693, 855, and 1445 cm™~!, respec-
tively (22). It can be seen that features
which may be associated with the produc-
tion of BaCO; appear in the spectra of
Y,BaCu;O; on exposure to water vapor,
and these features increase in intensity as
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exposure continues. Experiments revealed
that the other starting materials, CuO and
Y,0; and the green phase YBa,CuOs, show
no features in the range above ~600 cm™'.
It is noticeable that the new features intro-
duced by carbonate buildup correspond to
dips in reflectivity at positions correspond-
ing to the band maxima of the internal CO3~
anion modes. We note that the effect of a
dielectric layer on a metallic substrate is to
produce dips in the IR reflectivity at the LO
phonon frequencies of the overlayer (19).
In this case, the separation between the LO
and TO phonon frequencies of the internal
CO%}™ modes is small (23); for example, for
the B;, mode at 855 cm~!, the LO and TO
frequencies are estimated at 875.5 and 852
cm™!, respectively (23). Thus we would an-
ticipate in this case that the production of
an insulating BaCOs; layer on top of the me-
tallic 123 phase would result in a spectrum
showing dips in reflectivity at positions ap-
proximating those of the internal CO3™ an-
ion band maxima, as is observed.

Figure 3 shows a series of reflectance
spectra for YBa,Cus;0; exposed to air con-
taining water vapor at a partial pressure of
7.5 mm Hg. It can be seen that the rate of
carbonate buildup relative to that for satu-
rated water vapor is greatly diminished for
PH,0) = 7.5 mm Hg, as virtually no car-
bonate features are visible even after expo-
sure times of 240 hr. Small features in the
ranges 2400-2300 and 3700-3300 cm™! are
due to atmospheric CO, and H,0, respec-
tively, and arise from imperfect cancel-
lation between background and sampie
scans due to fluctuations in the environ-
ment inside the spectrometer.

The changes in the spectra are quantified
in Fig. 4, which shows in the top panel the
reflectance at 400 cm~! (normalized to the
initial reflectance of the as-prepared pellet
at 400 cm™1) as a function of time, for water
vapor at two different partial pressures. In
the case of saturated water vapor, this de-
creases rapidly, as the sample surface de-
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F1G. 4. Variation of reflectance at 400 cm™! and re-
flectance change across the carbonate Restrahl band at
1400 cm~! for polycrystalline YBa,Cu;0; as a function
of time. Circles, exposed to air containing water vapor
at 21.2 mm Hg; triangles, exposed to air containing
water vapor at 7.5 mm Hg.

grades and becomes rougher. At P(H,0) =
7.5 mm Hg, R/R, remains approximately
constant. In the lower panel of the figure,
the reflectance drop, AR, across the CO3~
Restrahl band at ~1400 cm™! is plotted and
normalized to the mean reflectance, R,
across this band. (This is achieved by sub-
traction of a linear sloping background from
the initial spectra.) Again, we observe a
marked difference between P(H,0) = 21.2
mm Hg and P(H,0) = 7.5 mm Hg. In the
case of the latter, AR/R remains constant,
while under saturated water vapor, there is
a linear increase in AR/R, concomitant
with carbonate buildup.

The results appear to show that the reac-
tion of the surfaces of the YBa;Cu;05 pel-
lets with atmospheric CO; is catalyzed by
the presence of water vapor, but that the
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reaction shows a very nonlinear depen-
dence on P(H,0). One consequence of this
is that the rate of degradation of the 123
phase exposed to air in a temperate climate
of moderate humidity is rather slow. This is
illustrated in Fig. 5, which shows IR reflec-
tance of polycrystalline YBa,Cu;0; pellets
exposed to the ambient atmosphere in Lon-
don during the period January-April 1988.
During this time the atmospheric water va-
por partial pressure was in the range 6.75-
8.25 mm Hg. It can be seen that even after
2400 hr exposure, no appreciable degrada-
tion is apparent on the IR depth scale.
Again, features in the range 2400-2300
cm~! are due to fluctuations in the atmo-
spheric CO, concentration inside the spec-
trometer.

(a)

(b)

(c)

d)

(e)

i 1
3200 2400 1600
Wavenumber /cm’”

A
4000 800
F1G. 5. IR reflectance of polycrystalline YBa,Cu;0,
exposed to ambient atmosphere in London (a) as pre-
pared (8—-63%), (b) after 168 hr (6-51%), (c) after 552
hr (6-51%), (d) after 1447 hr (6-45%), (e) after 2400 hr

(4-42%). Values in parentheses refer to the reflectance
for each trace at 4000 and 400 cm™!, respectively.
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Fic. 6. IR reflectance of reduced polycrystalline
YBa,Cu;0,_;, 8 ~ 1.0, exposed to air saturated with
water vapor (a) as prepared (2-17%), (b) after 1.5 hr
(1-10%), (c) after 5 hr (0.4-2.9%). (d) IR reflectance of
BaCO, (4-23%). Values in parentheses refer to the
reflectance for each trace at 2000 and 400 cm™!, re-
spectively.

Figure 6 shows the results of degradation
experiments carried out on the nonmetallic
phase, nominally YBa,Cu;QOs. In this case,
the spectrum of the as-prepared pellet
shows strong Restrahi phonon features be-
low 600 cm™!, as in Fig. 1. On exposure to
saturated water vapor, features associated
with carbonate bu1ldup are seen to appear
on a time scale comparable with that for
experiments on the metallic phase. Thus we

can assert that the instability of the super-
conducting YRBa,Cu;0; phase to surface
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degradation is in no way connected with the
presence of the formal Cu' valencies

YB3.2CU307 59
5> 0.5.

While IR reflectance spectra in the region
studied provide a useful indication of the
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able from these spectra alone to observe the
production of degradation products other
than BaCO;, or in fact to unambiguously
assign the CO3}~ species formed to BaCOs.

All expefﬂ_ﬂeﬂt lIl Wlllbll a \.,UU pCllCl was
exposed to saturated water vapor for peri-
ods up to 168 hr showed the appearance of
small features associated with carbonate
buildup, and with water adsorption, indi-
cating the formation of a small quantity of
basic copper carbonate, perhaps via the
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CuO + H,0 — Cu(OH), 3)

2Cu(OH); + CO; —

CuCO; - Cu(OH), + H,0. 4

More specific information about the
phases produced during the degradation re-
action may be obtained from Raman spec-
tra, where phases such as BaCuO,, Y,Ba
Cu0;s, etc., may be identified from their dis-
tinct Raman phonon frequencies. Figure 7a
shows the Raman spectrum of the green
phase Y,BaCuOQs, excited with the 488-nm
(blue) line of an argon ion laser. This is
compared with a similar spectrum of the
metallic YBa,Cu;0; phase, previously ex-
posed to water vapor saturated air for 280
hr. It is beyond the scope of this work to
discuss in detail the assignments of the 54
Raman active lattice modes of the Y,Ba
CuOs structure (24). However, the spec-
trum of the green phase shows a strong

phonon feature at 603 cm~! which must be
associated with M-O stretching motion. In
the spectrum of the degraded supercon-
ducting pellet, this feature is superimposed

on a strono fluareccent hackorannd bt i
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nevertheless visible as a strong shoulder at
599 cm~!. In addition, sharp features are
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FiG. 7. (a) Raman spectrum of green Y,BaCuOs ex-
cited with a 488-nm line of argon ion laser. (b) Raman
spectrum of YBa,Cu;0; exposed to water vapor satu-
rated air for 288 hr. Peaks marked with * are due to
BaCO;.

observed at 687 and 1055 cm~!, which may
be assigned, by comparison with similar
spectra recorded from a BaCO; pellet,
to the strong, sharp A;, Raman active
phonons of BaCO; (22). We note at this
point that, as the carbonate series CaCOs,
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SrCO;, BaCO; all show very strong Raman
active phonons, typically separated by ap-
proximately 10 wavenumbers from those of
the other members (23), the technique is
potentially very useful in similar experi-
ments on the Bi-Sr-Ca-Cu-O supercon-
ducting phases, in differentiating between
the production of SrCO; and CaCO:;.
Figure 8 shows XPS in the O:1s and
Ba:3d regions for an as-prepared YBa,
Cu;0; ceramic, which was directly trans-
ferred from the synthetic furnace, to the
UHYV spectrometer, with the minimum pos-
sible contact with the atmosphere. Spectra
are recorded at normal (90°) emission and at
15° emission angle. Both O:1s and Ba:3d
spectra are dominated by components to
the high binding energy side of the peaks
due to the 123 phase, which increase in rel-
ative intensity on going from normal to 15°
emission angle. We thus associate these
peaks with a contaminant overlayer. Un-
cleaned samples of this type were invari-
ably contaminated with both adventitious
hydrocarbon and carbonate species as evi-
denced by two-component C:1s spectra.
Again, the intensity of these features in-
creased in grazing emission experiments.
Because the Ba:3d and O: 1s structures are
clearly interrelated, we attribute at least

15°

90° * Ba:3d

15°

I 1

530
Binding Ener'gy leV

520

540 760

780 800
Binding Energy/eV

Fi1G. 8. Normal (90°) and 15° emission XPS of YBa,Cu;0; transferred to the XPS chamber straight
out of the synthetic furnace. Peaks marked with * are due in part to BaCO; surface contamination.
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FiG. 9. O:1s XPS of YBa,Cu;0, as a function of
storage conditions (a) as in Fig. 9, (b) after 51 days
storage in a plastic-cap-sealed glass bottle, (c) after 126
days storage as above, (d) after 100 days storage in
open container in air.

part of the intensity in the high binding en-
ergy peaks to BaCOs. It is clear that quite
substantial contamination is present on an
XPS depth scale, even in freshly prepared
samples.

The intensity of the high binding energy
features in the O:1s and Ba:3d regions
were seen to increase regularly with the
length of storage time after preparation.
Figure 9 shows the O : 1s XPS of YBa,Cu;04
ceramics as a function of storage condi-
tions. Of particular interest is the dramatic
increase in contaminant buildup when the
sample is stored in an open container in air
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(Fig. 9d). In this case, the carbonate oxy-
gen peak totally obscures the signal from
the underlying 123 phase. This may be con-
trasted with Fig. 9c, showing the spectrum
from a sample stored for a longer period in
a capped glass bottle, where the signal from
the 123 phase may still be seen. The attenu-
ation of the photoelectron flux on emer-
gence from a sample is given by

I(x) = Iyx)exp(—x/7), &)

where I(x) is the emerging flux of photo-
electrons, and Iy(x) is the flux of electrons
of energy E originating at a depth x below
the surface. Assuming a value for A, the
electron mean-free-path length of 15 A (25),
we may estimate the level of carbonate con-
tamination by appropriate integration of
Eq. (5). Assuming a carbonate overlayer of
uniform thickness, we obtain estimates for
the depth, d, of this layer of ~12, 17, 26,
and 58 A for the spectra of Figs. 9a-9d,
respectively. Thus even the as-prepared
pellet (Fig. 9a) shows a level of carbonate
contamination sufficient to invalidate data
from ultraviolet photoemission studies,
where electron escape depths are of the or-
der of 10 A. Analysis of XPS peak intensi-
ties yields surface compositions for the
samples represented in Fig. 9 which are en-
riched in Ba, C, and O, as expected; for the
as-prepared pellet, we obtain a composition
Yo.01Baz 45Cu2.64010.34C(1)0.80C(2)0.45, (Where
C(1) represents carbonate carbon and C(2)
represents hydrocarbon), and for the sam-
ple stored for 100 days in air we obtain
Yo.7sBaz 57Cu3.68010.51C(1)2.62C(2)4 4.

After oxygen annealing inside the UHV
spectrometer, the intensity of the carbonate
C: 1s peak is dramatically reduced, and the
feature due to hydrocarbon contamination
is eliminated. It was in fact difficult to iden-
tify the weak residual peak due to carbon-
ate in the raw spectra, as it lies below the
Ko 4 satellite of the Y : 3p structure. How-
ever, after satellite stripping, the C:1s/
O:1s intensity ratio in AlKa XPS was
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F1G. 10. XPS of YBa,Cu;0; after in situ cleaning in oxygen, revealing intrinsic peak shapes.

typically in the range 0.02 to 0.01, cor-
responding to residual carbonate coverage
as low as 0.25 monolayer. As a guide, this is
well below the level quoted for ceramic sur-
faces prepared by fracturing in UHV (26).
Concomitant with the reduction in carbon
signal, the high binding energy component
of the Ba:3d peaks disappears, as seen in
Fig. 10. Spectral profiles are now invariant
on going from normal to grazing emission
angle. A high binding energy shoulder does
remain in the O :1s region with a small en-
hancement at shallow off-take angles. This
shoulder is too strong to be associated with
the low level of carbonate contamination.
Comparable shoulders have been found in
all previous experimental work where the
O : 1s region was studied after some sample
cleaning (17, 27-30). We thus believe the
shoulder to be intrinsic to the 123 phase.
Prior to in situ oxygen annealing, the sam-
ple which gave the spectra of Fig. 10 had
been stored for a prolonged period in an
open sample bottle in air, which resulted in
the pronounced surface contamination of
Fig. 9d. Thus our surface cleaning proce-
dure may reverse even dramatic carbonate

buildup, to leave samples suitable for sur-
face-sensitive experiments, which show a
surface elemental ratio not significantly dif-
ferent from the bulk nominal composition.

4. Conclusions

Our studies confirm that both metallic
and nonmetallic phases of YBa,Cu3;0;-; are
subject to surface degradation via reaction
with atmospheric CQO,. The reaction is
strongly catalyzed by water vapor and
shows a marked nonlinear dependence on
P(H,0). This leads to the result that even
modest precautions by way of sample stor-
age (e.g., storage in stoppered sample bot-
tles in a dessicator) may effectively stop ap-
preciable degradation for periods of up to a
year. We attribute the atmospheric instabil-
ity of the superconductor to the very high
thermodynamic stability of the BaCO;
phase produced. Despite this, even the
most serious surface contamination may be
removed by in situ oxygen annealing inside
a UHV spectrometer, to produce samples
suitable for study by surface science tech-
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niques (13, 31, 32), provided that the pellet
retains its integrity.

Obviously, many factors, such as pellet
morphology, temperature, CO, partial pres-
sure, etc., will affect the rate of degradation
of superconducting samples. We also do
not suggest that the products of degradation
necessarily build up in a laterally homoge-
neous way; in cases of severe surface reac-
tion, BaCQO; appears as white specks on the
sample surface. We are, however, optimis-
tic that surface reaction may be easily con-
tained, and even under suitable circum-
stances reversed, to give the intrinsic
surface of YBa,Cu;O; in thermodynamic
equilibrium with the bulk.
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