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Electronic states in rare-earth 1:2:3oxides: Photoemission and Raman studies
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X-ray photoemission spectra (XPS) and Raman measurements of Y
&

Eu„Ba2Cu307 and

Eu& Pr Ba&Cu307 are compared to those of Y& Pr Ba&Cu307. It is shown that, with increasing

x, the binding energies of the Ba core levels of Eu, Pr„Ba2Cu307 shift towards higher values as in

Y
& Pr„Ba2Cu307, while those of Y

&
Eu Ba2Cu307 do not, despite similar changes in Ba-0 in-

teratomic distances in the latter two systems. Raman measurements of Y& „Pr Ba2Cu307 show a
frequency increase of the Ba and apical-oxygen modes with increasing x, but a much smaller fre-

quency increase in Y& Eu Ba2Cu307. The XPS and Raman results reflect changes in the Ba-0 hy-
bridization and correlate with both the suppression of superconductivity in both Y& Pr Ba&Cu307
and Eu, Pr Ba&Cu307, and with the retention of superconductivity in Y

&
Eu Ba2Cu307.

In a previous paper of XPS measurements of the
Y, „Pr,Ba2Cu307 (Y-Pr 1:2:3)system, ' we observed that
the binding energies of the Ba core levels shifted towards
higher values with increasing x, suggesting hole localiza-
tion on Ba sites. We speculated that this hole localization
might be associated with the suppression of superconduc-
tivity in the Y-Pr 1:2:3. Our polarized Raman measure-
ments of Y-Pr 1:2:3 support the hole-localization idea
and indicate that the holes (localized at Ba sites) may
come from a bonding band of Ba-O„where 0, is an
apical-oxygen atom. However, since replacement of Y by
Pr increases the interatomic distances, the XPS and Ra-
man measurements may simply reflect such changes,
rather than being related to the suppression of supercon-
ductivity in Y-Pr 1:2:3. In order to further understand
the observed effects, we have examined XPS and Raman
spectra of the Y& „Eu„BazCu307 (Y-Eu 1:2:3) and
Eu& „Pr„BazCu307 (Eu-Pr 1:2:3)systems. The rationale
for these experiments is given by the fact that supercon-
ductivity is not suppressed in Y-Eu 1:2:3 while it is
strongly suppressed in Eu-Pr 1:2:3 even though changes
in interatomic distances in Y-Eu 1:2:3as Y is replaced by
Eu are similar to those in Y-Pr 1:2:3. We show that the
XPS energy shifts of the Ba core levels in Y-Pr 1:2:3and
Eu-Pr 1:2:3and the frequency increases of the Ba and 0,
modes in Raman of Y-Pr 1:2:3 are not just related to
changes of interatomic distances but to changes in Ba-0
hybridization which might be, in turn, related to super-
conductivity.

Details of the preparation method and characterization
for Y-Eu 1:2:3samples were discussed previously, and a
similar method was used for Eu-Pr 1:2:3. Powder x-ray
diffraction patterns showed insignificant amounts of im-
purity phases, not correlated with Pr concentration.
Values of T, and 10—90% transition-width AT, of Eu-Pr
1:2:3 determined by resistance versus temperature mea-
surements are shown in Table I, along with those of Y-Pr
1:2:3and Y-Eu 1:2:3. Samples of x =0.6 or higher show
semiconducting behavior and no superconductivity down

to4K.
Photoemission measurements were done in a VG

ESCALAB MK II system with a monochromatic Al Ea
source, at room temperature. The background pressure
of the spectrometer was 7 X 10 ' torr. All of the mea-
sured samples were scraped in situ at room temperature
using a tungsten knife. The Ba 3d and 4d levels along
with the Cu 3p, Cu 2p, C 1s, 0 1s, and other core and
valence levels were measured. No charging effects were
observed except in PrBa2Cu307. The Raman measure-
ments were performed at room temperature with x (zz)x
and z(xx)z polarizations using a focused beam in back-
scattering geometry on single crystals embedded in
ceramic samples.

The XPS spectra of all the samples were not
significantly different from each other. The scraped sam-
ples exhibited insignificant intensity in the C 1s region,
around 289 eV, and a small shoulder in the 0 1s region
around 531 eV (see Fig. 2 in Ref. 1). This is characteris-
tic of well-prepared polycrystalline samples with little
carbonate contamination. Small variations from sample
to sample in the intensity of the feature at 531 eV did not
correlate with Pr concentration. The valence spectra ex-
hibited significant intensity at the Fermi energy for
x ~0.4. Figure 1(a) shows the valence spectrum for
Euo 8Pro 2Ba2Cu307 This spectrum is very similar to
that of single crystal Y 1:2:3 cleaved in vacuum and
shown in Fig. 1(b) (reproduced from Fig. 2 in Ref. 6), in
particular, in the region near the Fermi energy. As for
the Ba 5p region, our spectrum resembles more the
dashed curve in Fig. 1(b), which is described as arising
from regions of the surface having higher cleavage dam-
age. A second component (aside from that due to car-
bonate ) at = 1 eV higher binding energy, has been often
described in the Ba core levels of 1:2:3 oxides. This
second feature has been related to a local chemical envi-
ronment for Ba at the surface different from that of bulk
Y 1:2:3, and the difference in binding energy has been
explained either by final-state effects, namely, a decrease
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TABLE I. T, determined by the midpoint of the resistivity

drop, and 10—90% transition widths, AT, (in parentheses), as a
function of x.

0.0
0.2
0.4
0.6
0.8
1.0

Y-Pr 1.2 3

91.5 (1.5)
71.4 (3.2)
41.3 (6.2)

Eu-Pr 1:2:3

94.1 (0.9)
61.4 (2.3)
19.8 (8.5)

Y-EU 1:2:3

92.2 (0.9)

92.9 (1.0)

94.1 (1.1)
95.1 (0.6)

in screening resulting from a lower oxygen coordination,
or more recently by electrostatic effects arising from
different lattice parameters associated with the tetragonal
phase. ' This surface phase, which is also likely to be
produced by scraping damage, is less evident in the XPS
regime than in spectra taken with the synchrotron
source, because of the much lower photoelectron kinetic
energy typically involved in the latter. Therefore, al-
though the surface effects have to be considered in
analyzing our spectra, they are not expected to totally in-
terfere with the signal more representative of the bulk.

The Cu 2p spectra of Y-Eu 1:2:3 showed no change
with x, while those of Eu-Pr 1:2:3showed changes in the
intensity ratio of main-to-satellite peaks. These changes
were produced mainly by the overlap with the Pr 3d
peaks, and masked any intrinsic variation of the Cu spec-
tra. In Y-Eu 1:2:3, there was no change in all the ob-
served core levels with x. In Eu-Pr 1:2:3,however, the

binding energies of the Ba 3d and 4d peaks increased with
Pr doping. The binding-energy shifts 6 de6ned in Fig.
2(a), are shown as a function of x in Fig. 2(b) for Y-Pr
1:2:3, Y-Eu 1:2:3, and Eu-Pr 1:2:3. Note that the x
dependence of the binding-energy shifts of the Ba 3d and
4d peaks of Eu-Pr 1:2:3are essentially the same as those
in Y-Pr 1:2:3. On the other hand, no energy shift was ob-
served for Y-Eu 1:2:3. In Fig. 3, the phonon frequencies
of the Ba and 0, modes versus x are shown for Y-Eu
1:2:3and Y-Pr 1:2:3. The frequency increases of the two
modes in Y-Eu 1:2:3are much smaller than those in Y-Pr
1:2:3despite similar increases in interatomic distances in
both systems. "' In fact, due to a bond-length increase,
we normally would expect a decrease in the phonon fre-
quencies.

It is conceivable that the growth of a second spin-split
component in our spectra may produce an effective
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FIG. 1. XPS valence spectra. (a) Eu«Pr»Ba2Cu30„poly-
crystalline sample, scraped in situ. (b) YBa2Cu, 07, single crys-
tal cleaved in situ (from Ref. 6).

FIG. 2. (a) Ba 4d and Cu 3p XPS peaks for YBa2Cu307, solid
curve; EuBa2Cu30&, dotted curve; and Euo 4Pro 6Ba2Cu307,
dashed curve. The binding-energy shift 6 is defined as noted.
(b) Plot of the binding energy shift 6, vs x for
Y, Pr„Ba2Cu, O7 (circles), Eui „Pr„Ba2Cu307 (triangles), and
Y& Eu„Ba2Cu307 (squares).
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changes in interatomic distances but do correlate with
suppression of superconductivity in the Pr-doped sys-
tems. Thus, we believe that these shifts reAect changes in
the Ba-0 overlap in the initial state. This is supported by
the Raman results which will be discussed below.
Wertheim'" has suggested that while the 5d band in me-
tallic Ba is almost empty, Ba 5d states play a significant
role in the bonding of Ba compounds. A partial occupa-
tion of 5d orbitals, with smaller radial extent than the 6s
ones, may have a strong effect in decreasing the observed
binding energies. According to this, the binding-energy
increase of the Ba core levels with increasing x in Y-Pr
1:2:3and Eu-Pr 1:2:3indicates more localized holes with
Ba 5d character as the Pr doping increases in both sys-
tems. Accordingly, no such hole localization in Y-Eu
1:2:3occurs as Eu doping increases. The larger frequen-
cy increases of the Ba and 0, Raman modes in Y-Pr
1:2:3 implies that the Ba-0 overlap integral gets larger
for larger Pr doping. Therefore, we conjecture that
changes in Ba-0 overlap result in charge transfer from a
Ba-0 molecular band which has strong Ba 5d character
to a Ba-0 bonding band such as Ba 6s —0 2p, as Pr dop-
ing increases. This will result in a higher degree of hole
localization at Ba Sd sites in Pr 1:2:3than in Y 1:2:3(and
in Eu 1:2:3). These changes are schematized in Fig. 5.

It has been suggested that the Ba-0 planes may play a
role as electron charge reservoirs, ' ' which control the
charge states of the Cu02 planes. Our XPS and Raman
results seem to underscore the importance of the inter-
play between Ba-0 planes and Cu02 planes in attaining
high-temperature superconductivity in 1:2:3 structures.
Furthermore, they are fingerprints of good superconduc-
tors behavior in 1:2:3. In this context, we expect that the
binding energies of the Ba core levels even in
LaBa2Cu307, which has largest lattice constants among
rare-earth 1:2:3, should be the same as those in
YBa2Cu 307.

In summary, we have observed XPS and Raman spec-
tra of Y, Eu Ba2Cu307 and Eu& Pr Ba2Cu307, and

Y 1:2:3or Eu 1:2:3
Ba 6s —02p

Pr 1:2:3
Ba 5d

+/J/i811/J/I/APJPi

Ba Sd Ba 6s —02p

FIG. 5. A schematic drawing of relative energy levels of the
Ba 6s —0 2p bonding band and a Ba-0 band which has dom-
inant Ba 5d character (denoted as Ba 5d). Since the Ba 5d band
is more localized than Ba 6s —0 2p band, it is drawn narrower
than Ba 6s —0 2p.

The authors wish to thank J. F. Bringley and J. P.
Berosh for some of the samples.

compared the results with those of Y, „Pr Ba2Cu307.
In contrast to Y-Pr 1:2:3,no Ba core-level shift in Y-Eu
1:2:3 was detected throughout the entire range of x,
despite similar changes in lattice parameters in both sys-
tems. On the other hand, in Eu-Pr 1:2:3we found similar
Ba core-level shifts to those found in Y-Pr 1:2:3,despite
smaller lattice-parameter changes in Eu-Pr 1:2:3 than in
Y-Pr 1:2:3. Therefore, we conclude that this Ba core lev-
el shifts in Y-Pr 1:2:3 and Eu-Pr 1:2:3 do not directly
arise from changes in interatomic distances, as it has been
recently proposed for the tetragonal phase of the oxygen
deficient Y 1:2:3,"but from changes in the Ba-0 covalen-
cy. From Raman measurements, we inferred that XPS
shifts reAect changes in the initial state. Both XPS and
Raman results are consistent with changes in Ba-0 hy-
bridization reflecting charge transfer from a Ba-0 band
of Ba 5d character to a Ba-0 band of Ba 6s character in
Pr-doped 1:2:3,which may lead to an effective hole locali-
zation at Ba sites. This hole localization is related to the
suppression of superconductivity in Y-Pr 1:2:3and Eu-Pr
1:2:3.
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