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REVIEW OF PHOTOERLECTRON AND AUGER DATA FPOR THE
HIGH TEMPERATURE SUPERCCNDUCTORS

D.E. Ramaker
Nava! Research Laboratory, Washington, DC 20375

ABSTRACT

A review of the photoelectron and Auger dsta reported for the
recently discovered high temperature superconductors revesls that
the surfaces of these materials are highly reactive to adsorbed
gases. The Cu-O honds appear to be highly covalent, indeed, the
Cu-0 covalency increases with T. in these materials. The screening
response to creation of a core hole, as reflected in the LV-VVV Auger
satellite, s suggestive of the excitonic mechanism for the
superconductivity.

INTRODUCTION

The recent discoveries'® of superconductivity above 30 K in
L2:-¢828:CuQO¢ 8nd above 90 K in YBa:CusOwx have resulted in a
number of recent papers reporting spectroscopic investigations on
these superconducting (SC) materials (herein called the doped La and
123 materials). This work examines and reviews those papers
reporting core level XPS (X-ray photoelectron spectroscopy) and Cu
AES (Auger electron spectroacopy) data. Those papers reporting
valence band photoemission data and core level absorption spectra
are reviewed by Kurtz? and Onellion* in separate papers to appear
in these proceedings. All papers, published end in the preprint
stage, of which the author is aware, are reviewed. Considering the
rate at which these papers are appearing, it is inevitable that some
may have been overlooked; the author apologizes for those missed.

This work is of necessity preliminary in nature. The
spectroscopic data have been found to be very dependent on the
sampile preparation procedures, surface treatment, and exposure.
Conflicting interpretations of even the same data have also been
reported. Much additional spectroscopic work needs to be done. An
attempt is made to point out where additional data would be
particularly helpful.

A brief summary of the properties and prepsration procedures
for the two types of superconductors will be helpful for later
discussions. The superconducting phase of the doped La materiai
has been identified as having the tetragonal KiNiFy structure. A
small orthorhombic distortion from the KiNiFy structure occurs at 533
K in LayCuOs Doping with Sr or Ba stabilizes the tetragonal
structurs st lower temperatures; however, the structural transition
temperature, T, still apparently falls above the superconducting
transition temperature, T, for almost all Sr doped levelsi. The rate
of cooling from the O anneal is apparently critical to the quality of
the superconducting sample’s, The 123 material also exists in two
different crystal structures. In this case, the tetragonal materisl




wr

. . -y gy -

4

———

——— -~ g

(123-t) has a composition with x around 0.5 and s disordered array
of O vacancies. The resulting structure has two-dimensional arrays
of Cu-O bonde and & T similar to that for doped La’. It can be
prepared by fast cooling after the O anneal. Slow cooling increases
the total O present (i.e. reducing x), allows the remaining O
vacancies to order, snd produces the orthorhombic structure (123-0).
This ordering introduces one dimensional chaine of CuQO, bonds which
is believed to be instrumental in producing the higher T.'.

This paper is divided into sections which review the 0 K, the
Sr, Y, La, and Ba M, and the Cu Ljs XPS data, and the Cu Lj\Vv
AES data. A section interpreting a possible temperature dependence
of the data is aleo included, followed by a summary.

THE O K LEVEL
Fig. 1 shows O is XPS data for the two SC materials, and its
observed dependence on sample preparation, surface exposure time,
electron take-off angle, and sample temperaturs. The data reported
by Schrott et al.® arise from 123 samples prepared by snnealing in
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Fig 1. Comparison of O 18 XPS data for the superconducting 123

and doped La materials.

a-c) Al Ka spectra from La,;gsBse.asCuOq for electron escape
angles © measured with respect to the surface normal.
From Ref. 14.

d-e) Mg Ko spectra from YBa:CusOr.y measured at 300 and 80
K. From Ref. 1S. :

t-g) Al Ka spectra from a La;ssSreasCuO:  clean cleaved and
exposed surface (5x10~11 Torr for 14 hrs). From Ref. 11.

h=j) Mg Ka spectra from YBa;CuiOrx annealed in flowing He
at 500C (Te = 33 K), heated in vacuum at 450°C (T. = 84
K), and as prepared (T. = 91 K). From Ref. 8.
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O, subsequently snnealed in vacuum at 450 *C, or heat treated in

flowing He, respectively. They resolved the spectrs into 3
contributions as shown, and sssigned the contributions to 0 atoms in
the two-dimensi | Cu-0 pl (04), to those in the Cu-0 chains

(01), and those in the Ba~O planes (02). From this analysis, they
assert that removal of 02 only slightly decreases the T¢ from 90 X,
while removal of Ol atoms dramatically reduces Tc to 50 K. They
conclude that the one-dimensional Cu~0 chsins are important to the
high T superconductivity.

The exact nature of the 531.5 eV feature in the O XPS data is
rather controversial, however. Schrott et al.® acknowledge that the
feature at 531.5 eV was sensitive to adsorbed water; however, they
scraped the sample repestedly under vacuum, removing up to seversl
hundred microns of material, until no further change in the
photoemisgion spectra waas observed. They concluded that the 531.5
ev feature is indeed representative of 02 sites in the bulk. Yarmoff
et al.? see features at 531 and 528 eV with an intensity ratio of 4.2:1.
They assign the 531 oV feature to both the 02 and O4 sites, sand the
528 eV feature to the Ol sites. Ihara et al.'* talk of vertical and
horizontal sites in the octahedron of the Sr doped La material, the
vertical sites in the La,Sr-O plane having higher binding energy
than the horizontal sites in the Cu-0 planes.

On the other hand, Hill et al.}} saw only a long tail extending
up to 532 eV in the XPS from a clean cleaved surface of the Sr
doped La material. Only after exposures of up to 14 hrs at 5x10-12
Torr pressures did they see a feature at around 530 eV (see Fig. 1).
Nucker et al.!? on a similar material was able to remove essentially
all of the 531-533 eV feature by scraping a few tenths of a millimeter
of material from the surface. They concluded that this feature
(originally 30% ) was due to adsorbed impurities such as hydroxides.
Iqbal et al.’? on the 123 msteriasl found that scraping decreased the
high energy pesak, while in-gitu exposure to air increased it. Steiner
et al." on 123 also obtained a 30X feature at 531 eV (see Fig. 1), but
obgerved that it increased by a factor of ten when going from
normal emission to a glancing take-off angle of 80* with respect to
the sample normal (gee Fig. 1). They concluded that this feature was
mostly due to adsorbed CO, CO: and OH. Sarma et sl.!s for the 123
material reported two equal peaks (see Fig. 1), and assigned the
531.5 eV peak to adsorbed hydroxyl ion. The only authors to report
a spectrum at 80 K, they find an additionsl peak at 533.3 eV (see
Fig. 1), which they attributed to O; ions resulting from O
dimerization below T..

What are we to conclude from all of this? The absence of the
531 eV feature on clean cleaved surfaces, the ability to nearly
remove the 531 eV feature by heavy scraping, and its observed take-
off angle dependence, indicate strongly that at least a major portion
of it arises from adsorbed impurities. If one accepts this, then the
expected atomic ratios (i.c. there should be 4-04, 1-02 and 1-0l sites
per unit cell in the' 123 material) are not reflected in the XPS
spectra, regardless of whether the 531 eV feature is assigned to the
02 or 02 + O4 sgites. Below T, the sample probably acts as =
"cryogenic pump” so that the additional peak at 533.3 eV observed




by Sarma et al!® probably results from water in the second and
higher layers on the surface (the 0O ls binding energy in bulk water
is around 534 eV). Thus it seems safe to conclude that the entire
532-534 eV feature arises frcm adsorbed species, and that the O aites
ail have similar binding energies. This is an important resuit which
would not be expected in & highly ionic system. It suggests that all
of the O atoms are involved in relatively strong covalent bonds with
the Cu atoms. .

THR Sr, Y, Ba, AND La Mss CORE LEVELS

The Sr, Y, Ba, and La Mi or 3d core levels behave gimilarly.
The results can be briefly described as follows:

The Sr 3d XPS data for SrO reveal two peaks split by about
1.6 eV as a result of spin orbit aplitting!®, In doped La materials, a
second doublet about 1.4 eV higher in energy appears. The relative
intensitieg of these two doublets vary with sample preparation; the
second component being particularly large for a partially
superconducting Sr doped La materialis,

The Y 3d XPS data for Y:0; reveal two peaks split by about
1.9 eV as a result of spin orbit splitting®. In the 123 material s
second doublet about 1.4 eV higher in energy appears. In a series
of samples (i.e. preannealed, O annealed, acraped, exposed to air in-
situ, etc.) the second doublet appears to increase in intensity as the
O 1s higher binding energy feature increases in intensity!s,

The Ba 3ds;2s XPS data for BaO: reveals a single peak at 779
eVis, For s series of 123 samples (as above), peaks appesr st
around 780 and 778 eV, the intensity of the 780 eV feature tracking
with the intensity of the higher binding O 1s peak!’. Data taken at
several take-off angles for a Ba doped La sample revealed peaks at
779 snd 780.5, the 780.5 eV peak growing with larger angle with
respect to the normal; i.e. the 780.5 eV peak reflects species more on
the surfacels,

The La 3ds;s XPS data for jonic Lal* compounds reveal two
peaks separated by about 5.3 eVis, These spectra have been studied
extensively both theoretically and experimentally!’. The two peaks
are sttributed to 4f° and 4f\L final state configurations in the
presence of the 3d core hole. The latter configuration indicates s
charge transfer process from the ligand into the La 4f orbital to
screen the core hole. In the La materials these two peaks change
their relative intensities with take-off angle, the lower peak
decreasing at larger take-off angles; i.e. the screened contribution
decresses in intensity for species near the surfacels.

Steiner et al.i¢i¢ propose that the higher binding energy
features arise because of the presence of O defects near the metsl
jons. It is suggested thst the defects are less polarizable than O
atoma, csusing the core bdbinding energy of the neighboring metal ions
to be larger. But the data would then indicate that the
concentration of defects is larger near the surface, and that it is
larger when O impurities (i.e. OH or CO;) are on the surface. More
likely, the higher binding energy features arise because of the
presence of OH and CO:s species, i.e. the formation of metal
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hydrozides or carbonatesi:it, Thess species are expected to be less
polarizable and more ionic than O atoms twice bonded in the lattice.
It has been previously indicated that the interaction of H:0 with
both the La and the 123 SCs decreases the superconducting volume
fraction and forms hydroxide and carbonate specieait,

THB CU Lss LEVELS

The Cu Li; levels, compared to sll the other core levels, have
been the most discussed in the literature. Fig. 2 compares the Cu
Lia XPS data for Cu metal (Cu®), Cus;O (Cu!*), and CuO (Cu¥) where
the nominal Cu valence states sre indicated in parentheses!®, Some
trends are clear. The Ls binding energy increases as the Cu
valence state increases. Only Cu?* exhibits a large satellite around
942 eV, and s very large width for the principal L; peak.
Comparison of these spectra with those for undoped La (Cu?*} and
123-0 (2/3 Cu?* and 1/3 Cu?) suggests at the outset that the Cu is
primarily in the Cu?* state in these materials.

The very large widths of the Lis peaks for the doped La and
123-0 materials have been interpreted a number of different ways.
lhars et al.!* divided the L; experimental peak into 3 contributions
located at 931.5, 932.6, and 934.2 eV, each with a gaussian width of
1.56 eV. These three peaks were attributed to Cu atoms in the +1,
+2, and +3 valence states, respectively, with an intensity ratio of
1:2:1. Hill et al.it suggested that the Ly peak has contributions from

Cu XPS Cu AES
LvV

Fig. 2 Comparison of Cu
Lis XPS and L:;VV AES data
for Cu, Cu;0, CuO, LaiCuO,,
and for YBa:CujOix in the
"tetragonal” and orthorhombic
crystal structures (i.e., the
La, 123-t and 123-0 materials).
These data are summarized in
Table 1 along with the
reported Te. - The principal
components, L: and Ls, and
satellites for each case are
indicated. The vertical marks
indicate the energy of the L,
Fermi level, E;, and the two-
center feature, Ei. From
Ref. 19.
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both Cut* and Cu?. Alvarado et al.™ fit two Doniach-Sunjic
lineshapes separated by 2 eV to the Ls pesk and determined that
both of the SC materials have around 40X Cu? and 60X Cu¥. These
approaches seem unlikely however, because the Li: peask for CuO is
equally wide, and only Cu’t is present in CuO. Indeed, Steiner et
al.?t attempted to synthesize the 123-0 L» spectrum by a combination
of the Cu0 and NaCu0; (Cu nominally in the Cu¥ state) spectra, and
conciuded that the 123-0 spectrum reflected primarily Cui*,

A theoretical explanstion for the large width of the L, XPS
peak in CuO and the superconductors has been given by van der
Laan et al.23, They observed in tha copper halides that the L,
width decreased as the satellite peak intensity decreased. In the
series CuFi:, CuCli, and CuBr;, the width (roughly at 5.0, 3.6, and 3.0
eV) decreased as the relative satellite intensity, l./la, decreased
(0.8, 0.6, and 0.45)22. Thus the CuO and the SC Liz XPS peaks are
broad apparently because large satellite contributions are present.

The main and satellite peaks, according to the theory of
Larsson?’, correspond mainly to 2ps3d** and 2p!3d* final states,
respectively; i.e. to Cul* and Cu?. These are nominal electronic
configurations which ignore hybridization with the ligand valence
electrons. Van der Laan st sl refer to these states as 2p3dl,
and 2p3d®, where 2p and L indicate holes are present in the Cu 2p
core level and on the neighboring ligand. The main peak
corresponds to a more fully screened final state, and the satellite
can be thought of as arising from a bonding to antibonding, o to o,
shakeup trangition, which in an ionic picture is effectively a charge
transfer from the Cu to the ligand®, The satellite is broad, and
even shows structure, because of multiplet splitting in the 2p3d*
final state’?. Such multiplet splitting is absent in the 2p3d L final
state because the 3d shell is now filled."

The satellite intensity and main peak broadening arise because
the true eigenstates for the ground and XPS final states are linear
combinations of the 3d* and 3dl,_ configurations, without and with a
2p core holei2, The satellite intensity in the sudden approximation
depends on the change in mixing as a result of the 2p hole, and the

width of the Ly XPS peak depends on the amount of 2p3d® mixed into’

the eigenstate for the principal final state.

In summsary, the satellite intensity and msin peak width are
correlated, 8s seen in experimental spectra and éaxplained by the
theory. To reiterate, the Cu XPS spectra for the doped La and 123-0
materials reflect primarily Cu. In fact, Fujimori et al?%, wusing the
model of Larsson and van der Laan to interpret the Cu XPS data,
indicate that in the ground state, the 3d electron occupancy is 9.45,
or the average valence of Cu is 1.55 in both the Sr doped La and
123-0 SCs. Thus in this model the average Cu valency is not even
+2. This is consistent with the covalent character of the Cu-O bonds
as indicated by the XPS data, to be discussed below, and the
presence of 2p features in O K level x-ray absorption spectra’.

Although the Cu XPS for the SCs sre rather similar, Fig. 2 and
Table I ghow:® that the relative satellite intenaity, I./ley decreases,
and the energy separation, AEa,, slightly increases, systematically
down the series CuO, undoped La, 123-t, and 123-o. The 123-t




TABLE I Summary of the XPS and AES data for the five materials
studied by Ramaker et al.!?,

Item Cu,0 Cu0 La 123-t  123-0
Te(K) - - 45-29 80-70 93-91
xpPs

AEast (eV) - 8.7 8.5 9 9.2
Ie/Iavs® - 0.58 0.49 0.43 0.37
AES

I(L3sV-vVvVv)/ 0.75 0.75 1.3 1.3 1.4
I(Lavv)s, Exp.

%X of shakeup 0 0 17 85 100
trangferred to

Liv-vvy

{Ep-Er]* (eV) 15.7 16.0 16.3 16.5 15.0
[Bce~Br]® (ev) 8.9 8.2 7.7 5.6 4.4

*Estimated uncertainties in these data sare indicated in Ref. 19.
SIqbal et al.}? find I,/1a is 0.44 for CuO and 0.34 for the 123
material.

material was air quenched from 900°C instead of slow cooled, so that
it contains some fraction of the tetragonal phase. The undoped La
material exhibited only a resistivity minimum around 29 K, however
recent reports suggests that it may exhibit a filamentary supercon-
ductivity below 40 K under certain conditions?, Table I gives the
temperature for each SC material at which the resistance begins to
drop with cooling, and the temperature at which the resigtance drops
to zero. Table I reveals a reverse correlation of satellite intensity,
Ie/1ay, with T among the various materials.

This reverse correlation has been found by other investiga-
torstd. The data of Steiner et al'®* ghown in Fig. 3 reveals that as x
increases from 0 to 0.2 in La;-(SrsCuOs the Cu?* asatellite decreases
and T¢ increases. Indeed, they find that in a fast cooled sample
with x = 0.2, but which is only partially superconducting, the Cu?*
satellite is again increased. Within the Larsson-van der Laan modei,
a decreasing I./Ia and increasing AE., indicates a decreasing
electronegativity of the ligands?, We conclude that the Cu-0
covalency of the SCs increases as T: increases, or from another
perspective, the number of O holes increases as T. increasea. This
correjation between number of O holes and T has been observed
beforeis,




Cu 20 xPS L2y 57.C00,

Fig. 3 Cu Ly XPS spectra for
various LasSr.CuO, samples
from Ref. 16. The spectra are
normalized to have the same total
area. An identical linear back-
ground has been subtracted from
each spectrum. x, Te, and Il,/la
are given for each case. Sample
d was only partially supercon-
ducting.
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One apparent exception to the asbove correlation occurs when
the doping level is increased substantially above 0.2. Fujimori et
al.? find for x = 0.5 and lhara et al.® for x = 0.6 that the materials
may be non-superconducting or have a lower transition temperature,
but the satellites are still decreased. However, Shafer et sl
indicate that for x greater than 0.2, the number of O vacancies
increases substantially, and therefore the number of O holes
decresses, The decreased satellite in this case does not arise from
decreased covalency within the CuOs planes, but from the presence
of increased amounts of Cuy in the CuO+y planesi®.

Unlike the O 1s and metal 3d XPS spectra discussed above, the
Cu 2p spectra do not exhibit a high sensitivity to surface
prepsration and exposure; indeed, Steiner et al.*® find that the Cu
spectrum does not change with take off angle. However, in a series
of surface treatments as described above, Iqbal et al.1? find that the
Is/1a ratio changes. This ratio is the largest after annealing in O
or exposure to sir, and is smallest after scraping the surface. This
suggests that CuQ, which exhibits the largest l./Ia rastio, is formed
on the surface, along with the metal hydroxides and carbonates, upon
exposure of the surface to air, H;O, or even Os.

THE Cu LuVV AUGER SPECTRA

Fig. 2 compares the Cu Li;3VV Auger lineshapesi® for Cu metal,
Cui0, CuQ, and the usdoped La, 123-t, and 123-0 SCs (the latter 3
materials have been described above). The LiVV lineshapes reveal a
principal peak around S15 eV, and a satellite around 908 eV. The




principal peak is known to arise from the normal L,VV process, the
satellite from the LsV-VVV process. A clear trend in the relative
satellite intensities exists. [(LV-VVV)/I(LVV) is relatively constant
for Cu, Cu;0 and CuO. For the “"SCs", I{LV-VVV)/I(LVV) is much
larger, and it incresses while 1./Ia in the XPS decreases (see Table
I). This trend iz also seen in the data of Iqbal et al? for the
different 123-0 surface treatments aas described above. It is also
appsrent in the data of Fuggle et al.??, although lesa clear.

An explanation for this trend has been given by Ramaker et
al.’*.  They attribute the Auger satellite in Cu, Cu:0, and CuO to a
combination of the Coster-Kronig and shakeoff processes. The L,
and Ls core holes may undergo Coster-Kronig decay (LuL,V). The
resultant L; core hole may subsequently Auger decay, and because
of the extra valence hole, this results in the satellite. The shakeoff
process involves loss of a valence electron as a result of sudden
creation of a core hole, i.e. it is a relaxation effect. The additional
valence hole in the initial state, provides a 3-hole final state after
the Auger process. Theee two processes can cause gateilite
intensities up to 70X of the principal peak intensity in close
agreement with experiment for the non-SCsi®.

The additional Auger satellite intensity for the SCs was
attributed to the o to ot shakeup process which produces the XPS
satellitei?, Normally, shakeup does not cause a satellite Auger
contribution since both the shakeup electron and hole remain
localized, and consequently the shakeup-Auger final state effectively
contsins only two holes (i.e., the 3-hole, 1-electron final state has a
similar net repulsion energy as a 2-hole state). However, if the o*
electron should propagate away before the core hole decay, a local 3-
hole final state results. The a* electron does not propagate away in
CuO because the s$ orbital oty the atom with the core and valence
holes drops out of the conduction band and becomes a localized
excitonic-like atate. In the SCs, no band gap exists, so that the ot
electron propagates away with increasing probability as the
covalency of the Cu-0 bond increases. Since I¢/la decreases as
I{LV=-VVV)/I(LVV) increases, apparently the ot ghakeup electron does
not slways escape before the Auger decay. The probability for
escape in each case can be determined empirically from the
experimental Auger satellite intensity; this is given in Table It

The features seen in Fig 2 between the Ly and L: Auger
contributions (indicated by the vertical hatch marks) have been
attributed to an effective two-center Auger final statei®:2, Such a
final state might arise when the o Cu-~0 bonding band is involved in
the Auger decay, in contrast to the non-bonding or weakly » Cu-0
bonding bands which dominate the principal feature. Fig. 2 and
Table 1 show that the energy of this two-center feature rejative to
the Fermi level (i.e. Ew-Et} decreases with increasing covalency.
The two-center U.,n decreases as the covalency increases, because of
the increased screening of the Cu-O valence holes by the more
delocalized ¢ electrons in the more covalent systems. However, the o
electrons sre apparently ineffective at screening the more localized
holes in the n orbitais, since E,~E: is relatively constant, except in
123-0. Recent band structure calculationa? indicate that a n* band
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in 123-o may not be completely fillad, so that in this case some of
the n electrons can effectively screen the Auger w holes.

THE TEMPERATURE DEPENDENCE OF THE XPS AND ABS DATA

A limited amount of XPS and AES data has been reported for
samples at low temperatures. Sarma et al'* reported the Cu La XPS
and LiaVV AES data for 123-0 at 80 K shown in Fig. 4. They see 2
reduced XPS satellite and an enlarged Auger satellite, ie. a
continuation of the trend discussed above. Iqbal et al.1? report
data for 123-0 samples at 170 K and see a similar trend. In addition
they see a reduction in the valence band Cu sateilite with Es around
10-16 eV. In contrast, Thiry et al.?* gee a larger valence band
satellite for 123-0 samples at 81 K. The valence-band Cu satellite
has an origin not unlike the core level Cu aatellita. In all three
instances, these trendas were perfectly reproducible and reveraible as
the materials were cycled from ambient to lower temperatures. Only
after repeated cycles do these trends tend to diminish, apparently
due to deterioration of the surface layers, which are reflected in the
spectra.

The effects of impurities such as Hi;O on the surface must be
of great concern at these low temperatures. Asg discussed above,
samples at these temperatures act as "cryogenic pumps” for HO
producing bulk-like Bi0 features in the O 1ls XPS data of Sarms et
al.!, However, the data of Iqbal et al.!* show that exposure to air
or O: causes the satellite trends to go in the opposite direction, i.e.
an increased XPS satellite and a decreased Auger satellite. Therefore
the core level trends noted above may reflect a property of the bulk
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Fig. 4 Comparison of Cu Li XPS data and LsVV data fcr

YBayCuiOr-e at 300 K and 80 K from Ref. 15.
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at lower temperatures. The situation in the valence band region is
much less clear. In the valence band region, the presence of H:0 or
other impurities on the surface can increase the XPS signal, and
beam damage can decrease the signal, just where the Cu satellite
falls?.

A s0lid has three ways of responding to creation of a core
hole. These include atomic relaxation, charge transfer, and
polarization. Each of these responses introduce primarily different
dynamic or virtual excitations. Atomic relaxation enters through
shakeoff, charge transfer through shakeup, and polarization through
electron-hole (e-h) pair excitations®. Shakeoff is primarily
responsible for the long featureless tail to lower energies in a core
level XPS spectrum, shakeup is responsible for the satellite featurs
such as that already diacussed, and e-h pair excitations are
responsible for the slight tailing off of the primary peak giving it
the Doniach-Sunjic lineshape often seen in metals., Similar e-h pair
excitations also introduce the well-known edge singularity in XES and
XAS data.

In light of the above, a uignificant reduction in the XPS
satellite below Te¢ ia not unexpected. At lower temperatures,
particularly below T, one might expect polarization effects to
increase, and thus charge transfer effects to decresse. However, if
I«/la is significantly decreased, then the width ¢f the primary peak
should decrease. The fact that the experimental data in Fig. 4 don't
show this may be evidence that the effects of e-h pair excitations
sre indeed increased below Tc. Fig. 3 shows that the tailing off of
the Ls peak is the most pronounced for sample (c), i.e., the one with
the highest T when the satellite {s the smaillest. This strongly
suggests that e-h pair excitations are also occurring at room
temperature; an expected result since these materiais are metallic at
room temperature. Edge singularity effecta may also be present in
recently reported O K XES and transmission EELS data, spectra
which are wmore representative of the bulk. A feature occurring
right at the Fermi level in the O K EELS data is seen to grow with
increasing Sr doping level in the La SC materialts. O K XES data
for the 123 material shows a slight enhancement near the Fermi
leveln,

The effects of e~h pair excitations on the LsVV Auger lineshape
for the SC's are quite different from that for normal metals, where
only small effects are seen. In the 123-o0 material, ali of the shakeup
probability has already -teen utilized to account for the Auger
satellite found at ambient temperatures. If indeed the Auger satellite
increases and the XPS satellite decresses at lower temperatures, the
increasing Auger satellits must regult from the increasing e-h pair
excitations. For this to be true, it means that the e-h excitation
must effectively be a charge transfer from the Cu (o the O or lesst

! from a localized state on the Cu atom to a more itinerant state. This
is necessary so that the Cu ends up with a three-hole final state
after the Auger decay to produce the LV-VVV sgatellite. It is also
exactly what one would expect from the band calculations which
indicate an occupied dy (n) like band just below the Fermi level,
snd a more itinerant deg.ys (0%) like band just above it?*, The Cu

|2
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o O or localized to itinerant electron transfer is similar to that
suggeated by the @several different excitonic models for
supsrconductivity, which is believed to be responsible for the
electron pairing?-, These charge transfer e~h pair excitations
probably aleo contribute some intensity to the LV-VVV satellites for
the SC materiasla st room temperature.

The above should not be taken as direct evidence for the
excitonic models of superconductivity. Much more experimental data
must be taken to sort out the effects of adsorbed surface gpecies
and/or beam damage and true low-temperature bulk effects.
Furthermore, e-h pair excitations are & normal screening response
and their localized to itinerant nature ia8 consistent with the bulk-
bans gtructure calculations. Therefore, even if these excitations do
occur, although suggestive, they do not necessarily establigh the
nature of the superconductivity.

SUMMARY

Review and interpretation of the XPS and AES data indicates
the following:

1. The surface of the SCa is highly reactive to sdsorbed gases,
producing metal hydroxides or carbonates, and perhaps Cu0
near the surface, and significantly affects the XPS data.

3. The o and ¢* Cu-O bonds appear to be highly covalent in the
SCs, indeed the Cu-O covalency increases with Te. This high
covalency indicates that the holes are shared by both the Cu
and O atoms, and the average Cu valency is estimsted to be
less than 2+.

3. The three dynamic effects of the screening response, namely
shakeoff, shakeup, and e-h pair excitations, all contribute to
the LV-VVV Auger satellite. The charge transfer nature of the
e-h pair excitations is suggestive of the excitonic mechanisms
for the superconductivity.

REFERENCES

1. J.G. Bednorz and K.A. Muller, 2. Phys. B64, 189 (1986).

2. M.K. Wu et al.,, Phys. Rev. Lett. 58, 908 (1987).

3. R. Kurtz, these proceedings.

4. M. Onellion, these proceedings.

S. R.M. Fleming, B. Batlogg, R.J. Cava, and E.A. Rietman, Phys.
Rev. B35, 5337 (1987); Phye. Rev. Lett. 58, 408 (1987).

6. C. Politis, J. Geerk, M. Dietrich, and B. Obat, Z. Phys. B66, 141
(1987).

1. R.J. Cava et al., Phys. Rev. Lett. 58, 1676 (1987); J.E. Greedan
et al.,, Phys. Rev. B35, 8770 (1987); A.J. Panson et al., Phys.
Rev. B35, 8774 (1987); F. Beech et al., Phys. Rev. 35, 8778
(1987).

8. A.G. Schrott, S.I. Park, and C.C. Tsuei, preprint.

9.  J.A. Yarmoff et al., Phys. Rev. B35, 3967 (1987).

10. H. lhara et al, Japan J. Appl. Phys. 26, L460 (1987); L463
(1987).

13




Lag

USSR

e

11.
12.
13.
14.
15.

16.
17.

18.

19.
20.
21.
22,

23.
24.

25,
26.

27.
28.

29.
30.
31.
J2.

33.
M.

35.

D.M. Hill et al.,, Phys. Rev. B36, 3971 (1987).

N. Nucker et al,, Z. Phys. B67, 9 (1987).

Z. Iqbal et al., J. Mat. Res., preprint.

P. Steiner et al., Appl. Phys. A44, 75 (1987).

D.D. Sarma, K. Sreedhar, P. Ganguly, and C.N.R. Rao, Phys. Rev.
B36, 2371 (1987).

P. Steiner et al.,, Z. Phys. B66, 275 (1987); €7, 19 (1987).

A. Kotani et al.,, J. Phys. Soc. Japan 56, 798 (1987); Phys.
Scripta, 35, 566 (1987).

K. Kishio et al., Japan J. Appl. Phys. 26, L466 (1987); M.F. Yan
et al., Appl. Phys. Lett. 51, $32 (1987).

D.E. Ramaker et al.,, Phys. Rev. B36, xxx (1987).

F.G. Alvarado et al., Sol. State Commun. 63, 507 (1987).

P. Steiner et al, Z. Phys. B67, 497 (1987).

G. van der Laan, C. Westra, C. Hass, and G.A. Sawatzky, Phys.
Rev. B23, 4369 (1981).

S. Larsson, Chem. Phys. Lett. 40, 362 (1976).

A. Fujimori, E.T. Muromechi, Y. Uchida, and B. Okai, Phys. Rev.
B35, 8814 (1987).

P.M. Grant et al.,, Phys. Rev. Lett. 58, 2482 (1987).

M.W. Shafer, T. Penney, and B.L. Olson, Phys. Rev. B36, 4047
(1987); D.M. Newns, preprint.

J.C. Fuggle et al.,, Phys. Rev., preprint.

J. Yu, S. Massidda, A.J. Freeman, and D.D. Koelling, Phys. Lett.
Al22, 203 (1987); 198 (1987).

P. Thiry et al., preprint.

D.E. Ramaker, Phys. Rev. B25, 7341 (1982).

K.L. Tsang et al.,, preprint.

C.M. Varma, S. Schmitt-Rink, E. Abrahams, Sol. State Commun.
62, 681 (1987); and preprint.

W.A. Little, Phys. Rev. 134, A1416 (1964); and preprint.

J. Thm and D.H. Lee, Sol. State Commun. 62, 825 (1987); and
preprint.

M.J. Rice and Y.R. Wang, preprint.

/4




0L/1113/87/2

TECHNTCAL REPORT DISTRIBUTION LIST, GEN

No.

Copies
Qffice of Naval Research 2
Attn: Code 1113
800 N. Quincy Street
Arlington, Virginia 22217-5000
Dr. 8ernard Dauda 1
Naval Weapons Support Center
Code S0C
Crane, Indiana 47522-5050
Naval Civil Engineering Laboratory 1

Atta: Or. R. W. Driskg, Code L2
Port Hueneme, California 93401

Defense Technical Information Center 12
Building §, Cameron Station high

Alexandria, Yirginia 22314 quality
DTNSRDC 1
- Attn: DOr. H. Singerman
Applied Chemistry Division
Annapolis, Maryland 21401
Dr. William Tolles 1

Superintendent

Chemistry Division, Code 6100
Naval Research Laboratory
Washington, 0.C.  20375-5000

5

Or. David Young

Code 334

NORDA

NSTL, Mississippi 39529

Naval Weapons Center

Attn: Dr. Ron Atkins
Chemistry Division

China Lake, Californfa 93555

Scientific Advisor

Commandant of the Marine Corps
Code RO~1

Mashington, D.C. 20380

U.S. Army Research Office
Attn: CRD-AA-IP
P.0. Box 12211

Research Triangle Park, NC 27709

Mr. John Boyle
Materials Branch
Naval Ship Engineering Center

No.
Copies

Philadelphia, Pennsylvania 19112

Maval Ocean Systems Center
Attn: DOr. S. Yamamoto
Marine Sciences Division

San Diego, California 91232

-—




0/1113/87/2

ABSTRACTS DISTRIBUTION LIST, 056/625/629

Dr. F, Carter

Code 6170

Naval Research Laboratory
Washington, D.C. 20375-5000

Or. Richard Colton

Code 6170

Naval Research Laboratory
Washington, D.C. 20375~-5000

Dr. Oan Pierce

National Bureay of Standards
Optical Physics Division
Washington, 0.C. 20234

Or. R, G. Wallis
Department of Physics
University of California
[rvine, California 92664

dr. D. W
'y Department

Ch
ﬁ% Washington Unjversity
ashington, D.C. 20052

Or. J. C. Hemminger
Chemistry Department
University of California
Irvine, California 92717

Or. T. F. George
Chemistry Department
University of Rochester
Rochester, New York 14627

Or. G. Rubloff

1BM

Thomas J. Watson Research Center
P.0. Box 218

Yorktown Heights, New York 10598

Dr. J. Baldeschwieler
Department of Chemistry and
Chemical Engineering
= California Institute of Technology
Pasadena, Cal ifornia 91125

Dr. Galen D. Stucky

Chemistry Department

University of California

Santa Barbara, CA 93106

Or. A, Steck!

Department of Electrical and
Systems Engineering

- ===~ Rensselaer Polytechnic [nstitute

Troy, New York 12181

Dr. John T, Yates

Department of Chemistry
University of Pittsburgh
Pittsburgh, Pennsylvania 15260

Dr. R. Stanley Will{ams
Department of Chemistry
University of California
Los Angeles, California 90024

Dr. R. P. Messmer

Materials Characterization Lab.
General Electric Campany
Schenectady, New York 22217

Or, J. T, Keiser
Department of Chemistry
Unfversity of Richmond
Richmond, Virginia 23173

Or. R. W. Plummer

Department of Physics

Unfversity of Pennsylvania
Philadelphia, Pennsylvania 19104

Dr. E. Yeager

Department of Chemistry

Case Western Reserve University
Cleveland, Ohio 41105

Dr. M. Winaograd

Department of Chemistry
Pennsylvania State University
University Park, Pennsylvania 16802

Dr. Roald Hoffmann
Department of Chemistry
Cornell University
[thaca, New York 14853

Or. Robert L. Whetten
Department of Chemistry
University of California’
Los Angeles, CA 90024

Or. Danfel M. Neumark
Department of Chemistry
University of Calfifornia
Berkeley, CA 94720

Dr. G. H. Morrison
Department of Chemistry
Cornell University

= [thaca, Mew York 14853




{ad

8 b e P>

- .

it o

o/1113/87/2

ABSTRACTS DISTRIBUTION LIST, 056/625/629

Dr. J. E. Jensen

Hughes Research Laboratory
3011 Malibu Canyon Road -
Maliby, California 90265

Or. J. H. Weaver

Department of Chemical Engineering
and Materials Science

University of Minnesota

Minneapolis, Minnesota 55455

Dr.-A. Reisman

Microelectronics Canter of North Carolina

Research Triangle Park, North Carolina
27709

Dr. M. Grunze

Laboratory for Surface Science
and Technology

University of Maine

Orono, Maine 04469

Dr. J. Butler

Naval Research Laboratory
Code 6115

Washington 0.C. 20375-5000

Or. L. Interante

Chemistry Department

Rensselaer Polytechnic Institute
Troy, New York 12181

Or. Irvin Meard

Chemistry and Physics Department
Lincoln University

Lincoln University, Pennsylvania 19352

Or. K. J. Klaubunde

Department of Chemistry
Kansas State University
Manhattan, Kansas 66506

Or. C. B. Harris
Department of Chemistry
University of California
Berkeley, C3lifornia 94720

Dr. R. Bruce King
Department of Chemistry
University of Georgia
Athens, Georgia 30602 |

7

Dr. R. Reeves

Chemistry Department

Renssaeler Palytechnic Institute
Troy, New York 12181

Dr. Steven M. Gearge
Stanford University
Department of Chemistry
Stanford, CA 94305

Dr. Mark Johnson

Yale University
Department of Chemistry
New Haven, CT" 06511-8118

Dr. W. Knayer

Hughes Research Laboratory
3011 Mal{bu Canyon Read
Malibu, California 90265

Dr. Theodore E. Madey
Surface Chemistry Section
Department of Commerce
National Bureau of Standards
Washington, D.C. 20234

Or. J. E. Demuth

IBM Corporation

Thomas J. Watson Research Center
P.0. Box 218

Yorktown Heights, New York 10598

Or. M. G. Lagally
Department of Metallurgical
and Mining Engineering

University of Wisconsin
Madison, Wisconsin 53706

pr. R. P. Yan Duyne
Chemistry Department
Northwestern University
Evansten, [11inois 60637

Dr. J. M. White
Department of Chemistry
University of Texas
Austin, Texas 78712

Dr. Richard J. Saykally
Department of Chemistry
University of California
Berkeley, California 94720




L/1113/87/2

ABSTRACTS DISTRIBUTION LIST, 056/625/623

Dr. G. A. Somorjai
Department of Chemistry
University of California
Berkeley, Californta 94720

Or. J. Murday -

Naval Research Laboratory
Code 6170

Washington, D.C. 20375-5000

Dr. W. T, Perfa

Electrical Engineering Department
Unfversity of Minnesota
Minneapolis, Minnesota $5455

Dr. Keith H, Johnson
Department of Metallurgy and
Materials Science

Dr. L. Kesmodel

Department of Physics
Indiana University
Bloomington, Indiana 47403

Dr. K. €. Janda
University of Pittsburg
Chemistry Building
Pittsburg, PA 15260

Dr, E. A. lrene

Department of Chemistry
University of North Carolina
Chapel Hill, North Carolina 27514

Dr. Adam Heller
Bell Laboratories
Murray Hill, New Jersey 07974

Massachusetts Institute of Technology

Cambridge, Massachusetts 02139

Dr. S. Sibener
Department of Chemistry
James Franck Institute
5640 Eilis Avenue
Chicago, I11inots 60637

Or. Arold Green

Quantum Surface Dynamics 8ranch
Code 3817

Naval Weapons Center

China Lake, California 93555

Dr. A. Wold

Department of Chemistry

Brown University

Providence, Rhode Island 02912

Or. S. L. Bernasek
Department of Chemistry
Princeton University
Princeton, New Jersey 08544

Dr. W. Kohn

Department of Physics

University of California, San Diego
La Jolla, California 92037

Dr. Stephen D. Kevan
Physics Department

University 0f Oregan
EUQQHE. Oregull 97403

Dr. David M. Walba
Department of Chemistry
University of Colorado
Boulder, CO 80309-0215

Dr. Martin Fleischmann
Department of Chemistry
University of Southampton
Sasthampton S09 SNH
UNITED KINGOOM

Or. H. Tachikawa

Chemistry Department
Jackson State University
Jackson, Mississippi 39217

Dr, John W. Wilkins
Cornell University
Laboratory of Atomic and
Solid State Physics
Ithaca, New York 14853

Dr. Ronald Lee

R301

Naval Surface Weapons Center
White Oak

S{lver Spring, Maryland 20910

Or. Robert Gomer
Department of Chemistry
James Franck Institute
5640 E11is Avenue
Chicago, I11inofs 60637

Dr. Horia Metiu )
Chemistry Department
University of California

- Santa Barbara, California 93106

Or. W. Goddard |
Department of Chemfstry and Chemical’

s Engineering ~
Californfa Institute of Technology
Pasadena, California 91125

(8




