
118 Bull. Korean Ckem. Soc.f Vol. 11, No. 2, 1990 Myung-Mo Sung and Yunsoo Kim

384 (1987).
6. C. W. Lee and H. So, Bull. Korean. Chem. Soc., 7, 318 

(1986).
7. P. J. Domaille, J. Am. Chem. Soc., 105, 4286 (1983).
8. See, for example, R. Wilson and D. Kivelson, J. Chem. 

Phys.r 44, 154 (1966).
9. F. Robert, A. Teze, G. Herve, and Y. Jeannin, Acta 

Cryst., B36, 11 (1980).

10. B. Bleaney, Phil. Mag、42, 441 (1951).
11. B. Dawson, Acta Cryst., 6, 113 (1953).
12 Low temperature EPR spectra of HSiV3 were mention­

ed in ref. 1, but details have not been published.
13・ The sign of the hyperfine coupling constants for the oxo­

vanadium complexes are known to be minus (ref. 8), but 
it has been neglected in this paper.

An XPS Study of YBaCuO Compounds

Myung-Mo Sung and Yunsoo Kim *

Inorganic Chemistry Division, Korea Research Institute of Chemical Technology, Taejeon, 305-606 

Received October 23, 1989

X-ray photoelectron spectra have been obtained and comparisons have been made for 1-2-3 and 2-1-1 phases of YBaCuO 
compounds. The photo이ectron binding energies of all the constituent elements are consistently larger for the 2-1-1 phase 
than for the 1-2-3 phase. The peak intensities reflect different stoichiometries of the two phases. For the superconducting 
1-2-3 phase, its degradation in air and interaction with water and carbon dioxide were examined by taking core level spectra 
of all 나】e 이ements. It appears that yttrium is the most affected by exposure to air, since it undergoes a rapid change to car­
bonate when water and subsequently carbon dioxide are introduced.

Introduction

Since the discovery of YBaCuO superconductor with Tc 
higher than 90K, efforts have been made to elucidate the 
crystal and the electronic structures of the superconducting 
material. The study of the electronic structures of this high 
temperature superconductor by use of X-ray photoelectron 
spectroscopy has contributed much to the explanations of 
various phenomena such as the superconducting mechanism, 
effect of temperature,1,2 and degradation in air.3 As is well 
known, the YBaCuO superconductor is quite unstable in air, 
which will cause difficulties in its utilization. For the appli­
cation of YBaCuO superconductor to be successful, it is 
necessary to understand its degradation mechanism. To this 
end, a careful examination of the changes of the 은upercon- 
ductor surfaces is required.

The nonsuperconducting 2-1-1 phase has rarely been 
studied by XPS, but since it is often formed during the pre­
paration of the 1-2-3 phase and i앙 also considered to be a 
good candidate substrate for the 1-2-3 phase film, it will be 
quite informative to investigate the spectral differences be­
tween this phase and the superconducting 1-2-3 phase. In 
this study, the core orbital binding energies of the elements 
in 1-2-3 and 2-1-1 phases of YBaCuO compounds were de­
termined and compared. To investigate the degradation me­
chanism of the 1-2-3 phase in air, spectral changes of the 
material were examined with time it was kept in air. The in­
teraction of the material with water and carbon dioxide was 
also studied.

Experimental

To prepare the 1-2-3 phase, YBa^UgOy^, we used 
YBa2Cu3O6.5 powders purchased from Aldrich Chemical 
Company, Inc. without purification. The powders were 
pressed into pellets at 13600 psi. lhe pellets were then 
sintered at 950 °C in flowing oxygen for 2 hours. From X-ray 
diffraction pattern of the sintered body, it was found to con­
sist of the 1-2-3 single phase only (Figure 1). The 2-1-1 
phase was made by pressing the equimolar mixture of YQ, 
Ba(OH)2, and CuO powders into pellets at 13500 psi followed 
by calcination at 900 °C for 18 hours and sintering at 940 °C 
for 24 hours.4 The phase of the fin긴 product was confirmed 
to be 2-1-1, also by XRD as shown in Figure 2.

The samples thus prepared were transferred into the fast 
entry airlock of 나禮 ESCALAB MK II (VG Scientific Ltd.) 
and scraped by a diamond file to expose clean surfaces. The 
pressure of the airlock was maintained at 10'8 torr during
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Table 1. Analysis Conditions and Peaks Analyzed for YBaCuO 
Com pounds

Items Analysis conditions Elements Peaks

Pressure < 10~9 torr
Analyzer type Spherical sector Yttrium
X-ray source Mg Ka( 1253.6 eV) Barium 3d$2
X-ray power 300W(15kV, 20 mA) Copper 2加2
Analysis area 1 cm x 1 cm Oxygen
Step size 0.05 eV Carbon
Dwell time 50 ms Gold 4/7/2
Pass energy 50 eV

scraping. Immediately after scraping the samples were mov­
ed into the analysis chamber for XPS analysis at pressures 
below 10'9 torr.

Degradation of the 1-2-3 phase was examined with 
samples exposed to air for 5 minutes up to 3 week* Interac­
tion of this phase with water was studied for a sample expo옹- 

edto water vapor at IO-5 torr for 5 minutes and subsequently 
at 25 torr for 5 minutes. The water vapor was generated 
from distilled water o世一gas옹ed by repeated freezing and 
thawing with pumping in between •

Table 1 is a summary of the anlysi으 conditions and 
photoelectron peaks examined. Binding energies were c진i- 
brated with reference to Au peak (83.8 eV) taken from 
gold deposited on the sample surface음 to 20 nm thickness us-

Limited). Data acquisition and analysis were carried out by a 
PDP-11 Micro/rsx computer from Digital Equipment Cor­
poration. The spectra were smoothed using the method of 
least squares except for C Is due to low intensity and exces­
sive noise.

Results and Discussion

The electronic structure of the 호phase YBaCuO. 
After scraping the sample with a diamond file, the C Is re­
gion was examined to ascertain the cleanlines앙 of the sur­
face. The C Is peak could be seen but with low intensity, so 
the sample was oo】으idered clean eiN이坦h for XPS experi­
ments. Photoelectron spectra of Y, Ba, Cu, and 0 for this 
surface are shown in Figure 3.

In the Cu 2p region of the 1-2-2 phas으，the main peak

H3ure 3. Photoelectron spectra of YbazCi^O" surface cleaned by scraping with a diamond file.
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Figure 4. Comparison of 1 或-3 phase and 2-1-1 phase, (a) 1-2-3 phase, (b) 2-1-1 phase.

(而3伝3서°L)appears at 933.4 eV with a broad satellite 아rue- 
ture (2/The binding energy (BE) of the main peak 
is about 0.2 eV smaller than that for CuO (933.6 eV). As dis­
cussed by Steiner et 冰Z새 no structures indicating the pre­
sence of Cu3+ seem to exist except that the main peak is 
rather broad. According to many studies reported so far, in 
the case of XPS experiments, it i오 not possible to identify 
Cu3+ or inequivalent Cu sites (Cu in Cu-0 plane and Cu-0 
chain) because of ir나lerent final-state effects,10 or because 
the charge within the Cu site is very nearly the same for 가 1 
Cu atoms.11

Ba 3fi?5/2 level (BE = 778.8 eV) is 0.8 eV smaller than BaO 
(BE = 779.6 eV) and its half-width is somewhat wider. Y 3d 
lev이 (BE 즈 156.1 eV) is 0.3 eV smaller than Y2O3 (BE = 
156.4 eV) and shows a wide doublet. The Y region is sepa­
rated into two doublets by curve synthesis. The one with 난le 
larger binding energy is thought to be due to carbonates.

The interpretation of the 0 Is spectrum has been contro­
versial. Sarma et al. reported presence of peroxide,12 but, in 
our experiments, there appear three peak않 corresponding to 
Cu-0 plane state (528.7 eV), Cu-0 chain state (527.8 eV), 
and shake-up structure (530.1 eV) of Cu-0 plane as found by 
Weaver et «Z-3In addition there are two more peaks to the left 
of 530.1 eV. They are probably due to carbonates and oxides 
on contaminated grain boundaries,3,13 which is in accor­
dances with the fact that h기f-w거산均 of various peaks are 
relatively w거e and the surface is contaminated with carbon 
to some extent.

Comparison of the 1—2—3 and 2—1—1 phases. The 
surface electronic structures of the impurity phase Y2- 

BaCuO5 which is often found in the process of preparing 
the 1-2-3 phase YBaCuO were studied and compared with 
those of the 1-2-3 phase. As 아lown in Figure 4, the peaks 
for Cu, Ba, and Y appear at places where typical oxides 
(CuO, BaO, Y2O3) 아｝ow their peaks. The O Is peak is seen 
near CuO peak position (BE = 529.2 eV). The distinguishing 
feature of the 2-1-1 phase compared to the 1-2-3 phase is 
the relative intensities of various peaks. In the 2-1-1 phase 
spectra, Y 3d peak is larger, and Ba 3d, Cu 2p, and O Is 
peaks are smaller than the corresponding peaks of the 1-2-3 
phase. This results from different stoichiometries of the two 
phases. Th푼 binding energies of all the elements of the 2-1-1 
phase are 0.3-0.5 eV larger than those of the 1-2-3 phase. 
The grain boundaries of 난!。2-1-1 phase also appear con­
taminated by carbonates judging from the O Is and C Is 
peaks.

Degradation of the 1—2—3 phase YBaCuO in air. The 
1-2-3 phase YBaCuO is very unstable in air and its surface 
easily undergoes degradation,10 which will cause difficulties 
in the applications of the YBaCuO films. Figure 5 아lows 
changes in the core level spectra of a clean 1-2-3 YBaCuO 
sample with time. The Cu peak 아lifts towards higher
binding energy, its half width widening with time. Its intensi­
ty decreases with time. In the Ba 电淞 region, peaks corres­
ponding to BaO (BE = 779.6 eV) and BaCO3 (BE= 781.3 eV) 
grow and the peak due to the Ba of the 1-2-3 phase (BE = 
778.8 eV) decreases. In the case of Y 3d level, spectral 
changes also indicate peak shift towards higher binding 
energy, decrease in peak intensity of the 1-2-3 phase (BE = 
156.1 eV), and increase in half-width.
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Figure 5. Degradation of Yba2Cu3O7_x in air. (a) clean, (b) 5 min, (c) 1 day, (d) 1 month.

Table 2. Atomic Ratios of YBa2Cu3O7.x from Angle Resolved XPS

Elements Y Ba Cu O C

Take-off 90° 0.9 2.0 2.1 10.9 3.9
angle 200 0.9 2.0 2.1 18.5 20.1

These changes are thought to be due to the formation of 
oxides and carbonates on the 1-2-3 phase in air, which is 
manifested by the changes in 0 Is and C Is structures. The 0 
Is region shows increases in peak intensities corre옹ponding 
to Y4COJ3 (BE = 531.1 eV) and BaCO3 (BE = 532.8 eV) and 
decrease of the 1-2-3 phase peak (BE = 528.6 eV). C Is level 
shows abrupt increase in peak intensity. To see if the concen­
trations of Cu, Ba, and Y change in the vertic지 direction dur­
ing degradation of the 1-2-3 phase, photoelectron spectra 
were taken with two different take-off angles for a sample 

exposed to air for 24 hours. Table 2 shows that the stoichio­
metry for the metals remains the same, but 0 Is and C Is 
peaks are much larger for 20° than for 90°. This indicates 
that there is no relative concentration change of the metals 
but carbonates are continuously formed in the surface 
region. It is interesting to note that once the surface is expos­
ed to air the stoichiometric ratio of copper is no longer 3. The 
ratio becomes 2.1 as shown in Table 2.

Interaction of the 1-2-3 phase with water and carbon 
dioxide. To understand the degradation mechanism of the 
1-2-3 pha않e YBaCuO in air we examined its interaction with 
water, since water is reportedly the main cause of the degra­
dation. A cleaned surface was first exposed to water vapor at 
10-5 torr for 5 minutes, and then at 25 torr for 5 minutes. 
This was followed by exposure to CO2 at 25 torr for 5 
minutes. Photoelectron spectra were taken for each step 
(Figure 6).
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Fig립g 6. Interaction of YBa2Cu3O7_x with water and C02. (a) clean, (b) H20, 10~5 torr, 5 min, (c) H20, 25 torr, 5 min, (d) C02, 25 torr, 5 min.

The Cu 勁破 region shows a peak shift towards CuO posi­
tion (BE = 933.6 eV) as 난】e partial pressure of water is in­
creased, but there is no detectable change on contact with 
CO?. In Ba &妇2 region, there is 기so a peak shift to the BaO 
position (BE = 779.6 eV). After exposure to C02, the peak 
shift is about -0.2 eV. In Y 3d region, the peaks move to 
丫2。3 position (BE 느 156.4 eV), however, there appears a 
structure, probably due to carbonate, between 3知 and 
peaks. Contact with CO2 accelerates this process. Formation 
of the carbonate of Yis strongly suggested by the increase of 
the peak that correspond오 to Y/CO^g (BE = 288.9 eV) in the 
C Is region. The peak at 285 eV is probably due to carbon 
contamination.

In 0 Is region, it is clear that the peaks suggesting the 
presence of CuO (BE = 529.2 eV) and BaO (BE = 531.1 eV) 
grow with the partial pressure of water. Among the O Is 
peaks, the one that appears at 532.8 eV after contact with 

water disappears on exposure to CO2. The peak at 531.1 eV 
grows instead. This change and the change in peak position 
of Ba 3d$2(-0.2 eV) are both caused by CO2 exposure, and 
are believed to be closely related to the carbonate formation. 
At this stage, we cannot quite understand the mechanism. 
Further experiments are necessary for the explanation of 
these changes.

According to the papers published so far the 1-2-3 phase 
interacts with water to decompose into CuO, Ba(OH)2, and 
Y(0H)3 and, after absorbing CO2, forms BaCO3 and Y/CO^, 
It is also believed that the 2-1-1 phase is formed in this pro­
cess.13,14 On 나le other hand, the compound CuO transforms 
into CuCO3 after prolonged exposure to air. A peak with bin­
ding energy higher than that of the main Cu 2吳 peak ap­
pears in 난lis case. For CuCO? 匕 oe formed, the formation of 
Cu(OH)2 seems necessary. Our result, however, does not 
show a peak at 935.1 eV for hydroxide and the satellite peak
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pounds
Table 3. Binding Energies (eV) for Elements in Various Com­

Compounds Cu 2p^i2 Ba 3^5/2 、【3d틶2 Ols Cis

1-2-3 phase0 933.4 778.8 156.0 528.6 —
2-1-1 phase41 933.7 779.7 156.5 529.1 —
CuO 933.6 — — 529.2 —
Cu(OH)2c 935.1 — — — —
CuCO/ 935.0 —— — — —
Ba必 — 779.6 一 — —
Ba(OH)2fl — 781.3 — 534.3 —

BaCO3fl — 781.1 — 532.8 290.0
Y2W — —— 156.4 528.6 —

— — 157.5 531.1 288.9

a： peak measured relative to Au 编2,次 reference 15, c: reference 16

does not change either. In the case of Ba there is no hydrox­
ide peak. The changes in the 0 Is region show no indication 
of hydroxide peaks of Cu and Ba. Therefore at least in the in­
itial stage of the interaction with water, the 1-2-3 phase does 
not seem to form hydroxide으 of Cu and Ba. This is cor­
roborated by the fact that the sample that has undergone sur­
face changes by water does not show any detectable change 
in Cu 而&2 structure and there appears no peak correspon­
ding to BaCO3 in the Ba 亥迎 region. In the case of Ythe car­
bonate peak increase앙 with water partial pressure and the 
CO2 exposure accelerates this process. It is therefore 
thought that, although not detectable, yttrium hydroxide is 
formed by water and reacts with a small amount of CO2 or 
CO to produce carbonates. With our XPS result옹 it i앙 not 
possible to detect the formation of the 2-1-1 phase. If the 
surface of the 1-2-3 phase YBaCuO changes to 버e 2-1-1 
phase, the change in the relative peak intensities of Y, Ba, 
and Cu 아iould be seen. This was not detected.

From the results of our study we can draw the following 
conclusions. The XPS result does not identify the formation 
of Cu3+ or peroxide purported by some early researches. The 
peaks of Y, Ba, and Cu have r이ativ이y wide half-widths due 
to carbonates on contaminated grain boundaries. The 2-1-1 
phase has binding energies greater than those of the 1-2-3 
phase for all the elements by 0.3-0.5 eV. The degradation of 
바k 1-2-3 phase by air or water is very complicated in­
dicating formation of mixed oxides of Cu 젆nd Ba and hydrox­
ide of Y. Yttrium hydroxide is not detectable but rapid for­
mation of carbonate specie으 strongly suggests it앙 transient 
formation. It is thought that carbonates of Ba 저nd Cu are not 
formed in the initial stage of degradation. Among the met기s, 
yttrium appears to be the most unstable in air -
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^>pendix

To analyze the XPS data it was necessary to find binding 
energies for various compounds. They are shown in Table 3.

References

1. H. Watanabe, K. Ikeda, H. Miki, and K. Ishida, Jpn. J. 
Appl. Phys. 27, L783 (1988).

2. D. H. Kim, D. D. Berldey, A. M. Goldman, R. K. Schul­
ze, and M. L. Mecartney, Phys> Rev. B 37, 9745 (1988).

3. J. H. Weaver, H. M. Meyer III, T. J. Wagener, D. M. 
Hill, Y. Gao, D. Peterson, Z. Fisk, and A. J. Arko, Phys. 
Rev. B 38, 4668 (1988).

4. J.-H. Choy and S-H. Qiun, Bull. Kor. Chem. Soc. 10, 5 
(1989).

5. G. van der Laan, C. Westra, C. Haas, and G. A. Sawat- 
zky, Phys. Rev. B 23, 4369 (1981).

6. Z.-X. aen, J. W. Allen, J. J. Yeh, J-S. Kang, W. Ellis, 
W. Spicer, I. Lindau, M. B. Maple, Y. D. Dalichaouch, 
M. S. Torikachvili, J. Z. Sun, and T. H. Geballe, Phys. 
Rev. B 36, 8414 (1937).

7. A. Fujimori, E. Takayama-Muromachi, Y. Uchida, and 
B. Okai, Phys. Rev. B 35, 8814 (1987).

8. P. Steiner, V. Kinsinger, I. Sander, B. Siegwart, S. Huf- 
ner, and C. Politis, Z. Phys- B 67, 19 (1987).

9. P. Steiner, V. Kinsinger, I. Sander, B. Siegwart, S. Huf- 
ner, C. Politis, R. Hoppe, and H. P. Muller, Z. Phys. B 
67, 497 (1987).

10. H. M. Meyer III, D. M. Hill, T. J. Wagener, Y. Gao, J. 
H. Weaver, D. W. Capone II, and K. C. Goretta, Phys. 
Rev. B 38, 6500 (1988).

11. F. Herman, R. V. Kasowski, and W. Y. Hsu, Phys. Rev. 
B 36, 6904 (1987).

12. D. D. Sarma and C. N. R. Rao, J. Phys. C 20, L659 
(1987).

13. J. M. E. Harper, R. J. Colton, and L. C. Feldman (Eds.), 
“Thin Film Processing and Characterization of High- 
Temperature Superconductors", AIP Conference Pro­
ceedings No. 165, New York, 1988.

14. M. F. Yan, R. L. Bams, H. M. O'Bryan, Jr., P. K. Gal­
lagher, R. C. Derwood, and S. Jin, Appl. Phys. Lett. 51, 
532 (1987).

15. C. D. Wagner, W. M. Riggs, L. E. Davis, and J. F. 
Moulder, "Handbook of X-ray Photoelectron Spectro­
scopy", (Ed. G. E. Muilenberg), Perkin-Elmer Corpora­
tion Physical Electronics Division, Eden Prairie, 1979.

16. D. Briggs and M. P. Seah (Eds.), "Practical Surface 
Analysis by Auger and X-ray Photo이ectnm Spectro­
scopy", John Wiley & Sons, Ltd. 1983.


