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X-ray absorption spectroscopy is used to investigate the near- L-edge structures of Pd in pure Pd
and bulk Pd,Si and PdSi silicides. Possible many-body effects are suggested to explain the apparent
discrepancy between the occurrence of L, ; white lines and the 4d hole filling in Pd silicides. The
interpretations of the extended fine structures and of the near-edge features are correlated with each
other in order to find common support for a dynamical relaxation model for the L, ; deep core holes

of Pd silicides.

I. INTRODUCTION

Technological interest! in metal-silicon compounds and
their interfaces has stimulated a great deal of theoretical
and experimental work in an effort to understand their
physical and chemical properties.! >

The present work gives new insight into the electronic
and structural properties of Pd,Si and PdSi. Detailed x-
ray absorption measurements for Pd silicides in the near-
edge (XANES)°~!° and extended fine-structures (EX-
AFS)!! regions above the L, 5 and L, absorption thresh-
old of Pd are discussed in terms of many-body effects.
This interpretation complements and, in some respects,
disagrees with previous ones on the same subject.!>!3

It is generally accepted that x-ray edges of pure metals
and their alloys can be described within the one-electron
picture disregarding® any relaxation effect. The XANES
spectra are thought to reproduce the [ partial density of
states (DOS) above the Fermi level (Er).8~!° Indeed, the
disappearance of the sharp absorption peaks at the L, ;
edges on going from near-noble to noble metals is one of
the most important confirmations of the one-electron pic-
ture.” Within this framework the electronic structure of
Pd silicides would suggest that absorption line shapes
around the Pd L, ; edge would be very similar to those of
noble metals. Both experimental®!* and theoretical® re-
sults report a narrowing as well as an energy lowering of
d bands, with the consequence that a peaked density of
empty d states is absent above Eg.

The present experimental results do not agree with the
above expectations. Our findings, in fact, can be summa-
rized as follows.

(i) We observe an energy shift of the Pd L core edge in
Pd,Si and PdSi with respect to pure Pd. In particular the
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L, ; edges are shifted toward higher energies of about 3
and 3.5 eV for Pd,Si and PdSi, respectively. At the same
time the L, edge is shifted by about 1 eV in the same
direction.

(ii) The .L, ; absorption line shape is asymmetric and
its intensity increases with Si content in the Pd matrix.
At the same time the L, 3 branching ratio tends to the
statistical value of the atomic configuration.

In order to explain the above results and to understand
the mechanism responsible for the increase in absorption
on going from Pd,Si to PdSi we analyzed first the EX-
AFS region and we use then our findings to interpret the
XANES line shapes. The two analyses complement each
other and give electronic as well as structural information.
In particular, important hints on the screening of the Pd
L, ; core holes due to valence electrons in Pd silicides are
obtained. The results of this procedure force us to invoke
“excitonic” effects, which become stronger and stronger
as the Si content in the Pd matrix increases: The higher
the Si concentration, the more the Pd L, ; core holes are
localized. The same mechanism of dynamical screening
proposed by Mahan!® and Nozieres and De Dominicis'®
(MND), is thus invoked to explain the origin of white
lines in Pd silicides, in analogy to what occurs in alkaline
metals.!” "

Similar effects (enhancement, asymmetry and energy
shifts) have been recently observed by Mason'® in the
XANES spectra of Pd clusters where the Pd absorbing
atom is thought to be in an atomiclike and unscreened en-
viornment. This could be considered a limiting case to
which the present speculations can be extended.

Our results and interpretation disagree with those of
Stohr and Jaeger!? and Rossi et al.'> They, for example,
do not observe the energy shift of Pd L core edge in Pd,Si
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and PdSi with respect to pure Pd and, moreover, do not
support their conclusions through the complementary
analysis of both XANES and EXAFS regions which has
been crucial for discovering the occurrence of many body
effects.

The paper is organized as follows: In Sec. II, the exper-
imental details and the results are presented. Section III
is devoted to the analysis and discussion of EXAFS and
XANES data, while the conclusions are drawn in Sec. IV.

II. EXPERIMENTAL RESULTS

The experiments were performed at the x-ray beam line
of the Frascati synchrotron radiation facility PULS (Pro-
getto per la Utilizzazione della Luce di Sincrotrone). The
storage ring ADONE was operated at an energy of 1.2
GeV and the typical electron current was 50 mA.

The incident radiation I,, monochromatized by a
channel-cut Si(220) crystal, was monitored by a gas ioni-
zation chamber. The intensity I transmitted through the
sample was collected by a second chamber. Both
chambers were filled with He and Ne gas at a pressure
and at a concentration chosen to provide a 30% absorp-
tion for I, and a maximum absorption for I. The experi-
mental apparatus and the data collection system used to
perform x-ray absorption measurements have been
described elsewhere.!?°

Pd,Si and PdSi samples were prepared by heating a
calibrated amount of Pd and Si powder in a vacuum of
107 Torr by an electron beam. The samples were
characterized in bulk composition, homogeneity and
long-range order by Rutherford backscattering and x-ray
diffraction: Deviation from nominal stoichiometry was
less than 1% and no trace of phases different than those
studied, were detected. The diffraction patterns assured
the high quality of the polycrystalline samples.

The Pd,Si sample was then transferred in a UHV
chamber for the surface analysis. The surface cleaning
was achieved with a differential ion gun. An Ar* beam
with energy between 0.5 and 5 keV and current density of
about 10 uA cm~? was used over a rastered area of 33
mm?. The changes of the relative Si-to-Pd concentration
induced by the sputtering process were checked by analyz-
ing the low-energy Si and Pd Auger lines with the elemen-
tal standard method. Taking into account backscattering

factors and mean-free paths, it leads to the atomic con- .

centration with an accuracy of +29%. Details on this
method can be found elsewhere.?! No variations in the
Si-to-Pd surface concentration with respect to the bulk
were found for sputtering energy in the keV range.

A detailed analysis of the Si L, 3; V'V Auger line shape
(Fig. 1) confirms the Pd,Si character of the keV-sputtered
surface. Although this line is qualitatively similar in the
Pd,Si (x =2,3,4) compounds,?? the peak-to-peak intensity
ratio of the ¢ and d structures increases with x (inset of
Fig. 1). The value obtained (¢ /d =0.37) implies x =2.

For the x-ray measurements the samples were prepared
following a standard procedure. They were turned in
form of powders which then have been sandwiched be-
tween two stripes of Kapton tape. Great care was taken
to ensure uniformity over the sample areas exposed to the

beam. All spectra were taken at room temperature. Fig- -
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FIG. 1. Auger Si LVV spectrum of the Pd,Si sample used for
the x-ray absorption measurements. It was obtained after 5 keV
Ar™ sputtering. The intensity ratio of the Si ¢ and d features is
used as a calibration of the Pd concentration in the Pd-Si sili-
cides (Refs. 21 and 22).
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FIG. 2. Lj absorption edge of Pd in Pd metal (upper curve)
and in Pd;Si (lower curve). The dotted lines show the first
derivative of the XANES spectra. The atomic absorption g
coefficients utilized for analyzing the EXAFS oscillations and
the white lines intensities, are also shown.
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FIG. 3. L, absorption edge of Pd in Pd metal (upper curve)
and in Pd,Si (lower curve). The dotted lines show the first
derivative of the XANES spectra. The atomic absorption g
coefficients utilized for analyzing the EXAFS oscillations and
the white lines intensities are also shown.

ures 2, 3, and 4 show the x-ray absorption near-edge struc-
tures of Pd and Pd,Si in the region of Pd L3, Pd L,, and
Pd L, shell excitations. The line shapes of x-ray absorp-
tion coefficient show evident and important differences on
going from Pd to Pd,Si. Their intensities increase with
respect to the atomic absorption coefficient pg, the line
shapes become rounded and a well-developed asymmetry
is present in the Pd,Si system. Moreover the energy
threshold is shifted toward higher binding energies of
about 3 eV. The PdSi L edges, which show an overall
similarity with the Pd,Si ones, are characterized by a
higher energy shift (0.4 eV) and a higher increase in inten-
sity.

Figure 5 shows the L, and L, EXAFS X(k) of pure Pd
and their relative radial distribution functions F(R) ob-
tained by a Fourier transform according to the standard
EXAFS analysis.!! Figures 6 and 7, instead, present the
EXAFS oscillations above the L edges of Pd in Pd,Si and
their relative F(R)’s.

III. DISCUSSION

A. EXAFS analysis

The interpretation of EXAFS. spectra around the L,
and L, ; edges has been carried out by using the theoreti-
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FIG. 4. L, absorption edge of Pd in Pd metal (upper curve)
and in Pd,Si (lower curve). The dotted lines show the first
derivative of the XANES spectra.

cal X(k) function written in the single scattering approxi-
mation, and given by?>2*
H—Ho
Ho

J

where p1y and p are the atomic and total absorption coeffi-
cient, respectively. The 4 j(k) term can be written as
N, f(k,m) —20%k? _2R.
Ay (k)= 7/ o) G2 2032 ~2R; /Ao
kRj

» (2)

where N; is the number of backscatters of type j located
at the distance R; from the absorbing atom, f;(k,) is the
backscattering amplitude, exp(—2037k?) is the Debye-
Waller factor taking into account both thermal fluctua-
tions and static disorder. exp[ —2R;/A(k)] is a term ac-
counting for the inelastic scattering and S3 is the attenua-
tion due to many body effects.?’> The photoelectron wave
vector k is defined by k=(2m /#) 2 ho—Ey)'?, where
E, and 7w are the threshold and photon energies, respec-
tively. As is well known,? the total phase shift ¢;(k) of
the photoelectron wave depends on the absorbing (A4) as
well as on the backscattering atom (B). Thus for K and
L, edges, it occurs:

bs(k)=¢L (k) +dg(k)—m , 1=1 3)
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FIG. 5. EXAFS modulation X(k) for Pd in Pd metal around L, (a) and L, (c) edges. (b) and (d) show their Fourier transforms,
respectively. The dotted line in (b) is the F(R) as obtained from the EXAFS formula [Eq. (1)] using the first Pd-Pd shell. The back-
scattering amplitude and phase shifts of Teo and Lee (Ref. 24) (Fig. 8) have been used. The dotted line in (c) is the experimental back-
scattering amplitude obtained by Fourier filtering of the first shell of panel (d). Note the reversed sign between L, and L, EXAFS

oscillations due to the 7 difference in the phase shift (Fig. 8).

while for L, 3 edges,
ds(k) =" (k)+dp(k), 1=2,0. @)

Electric dipole selection rules allow transitions from the
L,; core levels into conduction states having both
s(1 =0) and d(l =2) partial wave character. However it
has been demonstrated?® that the s partial wave contribu-
tion in the L3 (and L,) spectra can be neglected because
the p—es matrix element is much smaller than the p —ed
term.

We present first the analysis of the L; EXAFS of Pd
since it gives a better understanding of the observed struc-
tures,”’ and it is helpful as term of comparison, for inter-
preting the radial distribution function F(R) of P4 sili-
cides. .

“The first structure of F(R) at 1.7 A [Fig. 5(d)] is due to
the Ramsawer-Townsend modulation of the backscatter-
ing amplitude,” while the main peak at 2.58+0.02 A is
due to the presence of the twelve first neighbors atoms of
the fcc lattice around the central atom. It corresponds to
the crystallographic value of R;=2.76 A to which it
moves after the correction?* [Eq. (3)] for the phase shift.
Further insights into the properties of the X(k) of Pd L,
edge come directly from the experimental backscattering
function obtained by back Fourier filtering of the F(R)
between 1 and 3.5 A. The minimum of the backscattering

amplitude function [Fig. 5(c) dotted line] reproduces the
modulation of the X (k) signal as expected.

The F(R) function, obtained from .the L, signal,
presents an overall similarity with the above result but it
is different in some features. The first peak, for example,
is affected by the presence of the superposition between
L; and L, oscillations. The comparison between theoreti-
cal and experimental L, —F(R) is reported in Fig. 5(b) to
give a measure of this effect. Notice that the L, —X(k)
has been reversed in order to make easier a one-to-one
correspondence with the L,—X(k) following the pro-
cedure?®® already used for Au.

As in the case of Pd, the Pd silicides exhibit similar L;,
L,, and L; EXAFS-Fourier transforms (Figs. 6 and 7).
Contrary to Pd metal, however, the EXAFS oscillations
in the silicides are basically built from a single sin(2kR)
function and do not change sign on going from L, ; to L,
edge. This finding is quite uncommon and deserves to be
stressed since it may point to a limitation in the one-
electron description of EXAFS structures. In the case of
L x-ray absorption spectra of rare-earth metals,?® for ex-
ample, the single-particle picture of the L, line shape as
well as of the L, ; white lines is assessed?’ and the peaks
in the L; EXAFS spectrum are associated with valleys in
the L, EXAFS spectrum. This corresponds to a phase
shift of 7 between the s to p (L) and p to d (L, ;) terms.
Indeed, electric dipole selection rules allow transitions
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FIG. 6. EXAFS modulation X(k) for Pd in Pd,Si around L; (a) and L, (c) edges. (b) and (d) show their Fourier transforms,
respectively (full lines). For the L edge the interpretation was performed up to k. =6.5 A~! due to the L, edge jump. The dotted
line in (d) shows the computed Fourier transform obtained using the lattice parameters of Pd-Si pairs first nearest neighbors (Fig. 9).
The Si backscattering amplitude and the Pd-Si phase shift (p —d) of Teo and Lee (Ref. 24) (Fig. 8) have been used. The fit is good in
R space but in k space there is a nearly constant 7 shift between theory and experiment (see text). The inset of (d) shows the same
EXAFS model with the inclusion of the Pd-Pd first coordination shells (Fig. 9).

from the 2p core levels into conduction states having both
s and d partial wave character, but the s partial-wave con-
tribution in the L; spectra is usually ignored because of
the much smaller 2p —€s matrix element compared with
the 2p —ed. Thus, what is the significance to be attached
to the correspondence between peaks in L; and peaks in
L, EXAFS spectra of Pd in Pd silicides? Might 2p—es
transitions be more predominant in Pd silicides than in Pd
itself or, more in general, than in transition and rare-earth
metals?

We will focus on the L, EXAFS F(R) rather than on
the L; EXAFS F(R) because of the wider k integration
range. The first peak [4 in Fig. 6(d)] at 1.96+0.02 A is
due to the first-nearest-neighbor cage of silicon, while the
second peak [B in Fig. 6(d)] at 2.90+0.02 A is due to Pd
atoms. These assignments are made on the basis of a
comparison between the experimental and the computed
F(R) [Fig. 6(d) inset]. The phases and the backscattering
amplitudes have been taken from Ref. 24 (see Fig. 8),
while the structure parameters of Pd,Si have been taken
from Ref. 30 (see Fig. 9). Of course, the complex crystal
structure of Pd,Si with inequivalent Pd atoms has been
taken into account in the computed F(R) model.*!

Although the relative intensity of the 4 and B struc-
tures [Fig. 6(d) inset] is not reproduced, they occur in the

real space where the experimental findings are. A closer
agreement has been found by using only Pd-Si pairs [dot-
ted line in Fig. 6(d)]. Also, reproducing the peak B, we
were forced to decrease the S3 factor of the EXAFS for-
mula [Eq. (1)] from 0.7, found for pure Pd, to 0.2. No at-
tempt was successful by adjusting only the Debye-Waller
parameters o> (Pd-Pd) and o? (Pd-Si) and taking S3=0.7.
In brief, the calculated and the experimental F(R) of
Pd,Si are similar for the number of the main structures
and for their position in the real space but are very dif-
ferent for their relative intensity. Since any simulation of
disorder by using large and different Debye-Waller factors
(up to 07=0.03 A~?; 0%, =0.035 A~2) for the two ine-
quivalent Pd sites, was ineffective to reproduce the experi-
mental F(R), we were forced to adjust the S2 factor.
This fitting parameter is quite small*? with respect to that
for pure Pd, nevertheless, such a large difference can be
taken, at this stage of art, as the indication that relaxation
effects on the Pd central atom in Pd,Si are present, re-
gardless of the absolute value of S3. All that provides
another hint that the one-electron picture is not complete-
ly adequate in describing the Pd,Si system.

It is well known,?’ in fact, that one-electron calculations
overestimate scattering amplitudes unless a correction is
made for the relaxation of passive electron orbitals.
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(a) EXAFS oscillations X(k) for Pd L, edge in Pd,Si.

R (A)

(b) Its Fourier transform. The dotted line in (a) shows the back

Fourier inversion of the 4 peak. (c) EXAFS model [Eq. (1)] computed using the pair Pd-Si nearest neighbors (Fig. 9). The Si back-
scattering amplitude and the Pd-Si L, phase shift (Fig. 8) are taken from Teo and Lee (Ref. 24). (d) Fourier transform of the theoret-

ical EXAFS model.

Namely, single-particle matrix elements have to be scaled
by a reduction factor S3=|{(¥y_i|¥n_,)|% where
| ¢y _1) and |y _,) are the wave functions of the N —1
electrons with and without the core hole, respectively.

In the case of the L; edge of Pd in Pd silicides, the ra-
dial distribution function can be interpreted as for the
L, ; edges. The back Fourier transform of the peak 4
[Fig. 7(b)] shows a backscattering amplitude similar to
that of Si [Fig. 8(a)], supporting the assignment that the
first Si neighbor shell gives the main contribution to the
EXAFS signal and moreover .the above analysis pro-
cedure.

The experimental phase shifts are compared in Fig. 10
with the theoretical ones?* computed for Pd-Si pairs. The
continuous lines are the Teo and Lee phase shifts?* for the
L,(s —p), L,3(p —s), and L, 3(p —d) transitions, while
the dotted and triangular lines are the experimental L,
and L, 3 phase shifts, respectively. While the theoretical
and experimental L; phase shifts are quite similar, for the
L, ; edges, the phase shifts show noticeable differences.
At low k values, the L, ; experimental phase shift looks
like the L, ;(p —s) term while at higher k values tends to-

ward the L, ;(p —d) term. It is worthwhile to note that
this behavior is in concomitance and very likely related to
the absence of the 7 phase shift in the X(k) on going from
the L, to the L, ; edge of Pd in Pd,Si, as instead expect-
ed on the basis of Egs. (3) and (4) when only the p —d
term is used (see the case of pure Pd, Fig. 5). Thus, the
experimental results suggest, once more, that the theoreti-
cal approximations used for calculating the phase shifts?*
are quite good for the Pd L excitation in Pd silicides but
are not applicable to the Pd L, ; excitation.

Noguera and Spanjaard®> have shown that the oc-
currence of relaxation effects due to the creation of a deep
hole in a simple metal can modify the k dependence of
the phase shift as calculated in the “equivalent core ap-
proximation.”** Indeed the hypothesis of a dynamic
screening gives rise to a phase-shift intermediate between
the two curves which correspond to the no-screening and
static screening, respectively, of the central atom. It could
be interesting to apply the same theory to Pd silicides in
order to find out the amount and the kind of the many
body interaction taking place after the creation of Pd L, ;
holes. Certainly, the experimental behavior of the phase
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FIG. 8. (a) Backscattering amplitude for Pd and Si as report-
ed by Teo and Lee (Ref. 24); (b) phase shifts calculation of Pd-
Pd and Pd-Si pairs for L (s—p transitions) and L,; (p—d

transitions) edges.

shift is indicative of mechanisms which cannot be ex-
plained within the equivalent core approximation. These
findings assign an important role to the core-hole interac-
tion which has been completely disregarded in previous in-
terpretations.' 13

B. Near-edge region

The shape of the x-ray absorption coefficient of d met-
als is generally a picture of the density of empty states
above Ep.571%35 The behavior of the absorption coeffi-
cient of Pd L edges is, in fact, well reproduced in the one
electron theory as shown in Fig. 11, where the theoretical
results of Miiller and Wilkins® and Smulowicz and Pease’
and the present experimental results are compared. The
white line intensity is due to the presence of a sharp peak
in the d empty final states at the Fermi level. On going to
the next noble metal, their disappearance is expected and
observed. .

Within the single-particle frame, a noble metal-like
behavior is expected for Si d metal compounds. The elec-
tronic structure of metal silicides is in fact well under-
stood in terms of Si 3p and Pd 4d hybrid bonding states
(at about 5 eV below Efr) and partially occupied antibond-
ing states close to the Fermi level.> As shown by the cal-
culations of Bisi and Calandra® reported in Fig. 12, the
density of empty d states at Ep of Pd,Si is neither high
nor peaked.’® Thus the intensity of L,; white lines of
pure Pd, due mainly to dipole allowed p —d transitions, is
expected to be strongly reduced in Pd silicides. On the
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FIG. 9. Structural lattice parameters of Pd,Si for the z =0 and the z =c /2 planes (Refs. 5 and 28).
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FIG. 10. @ represents L, experimental Pd-Si phase shift ob-
tained from the Pd,Si F(R) (Fig. 7). It is compared with the L,

theoretical phase shift of Teo and Lee (Ref. 24). A represents
L, experimental Pd-Si phase shift obtained from the Pd,Si

F(R) (Fig. 6). It is compared with the L,; theoretical phase
shift (Ref. 24). The p—s and p—d phase-shift terms are re-
ported.

contrary, the x-ray experiments (Figs. 1 and 2 and Ref.
13) show an intensity increase on going from pure Pd to
Pd,Si and PdSi.

This kind of phenomenology is common to a number of
other systems which are all characterized by a bonding
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and an environment similar to that of Pd in Pd silicides.
PdSi metallic glasses,”’ transition metal-metalloid alloys,*®
Pd-oxide,*® and Pd metallic clusters'® all show a steep in-
crease at the Pd L,; edges. At the same time a wide
varlety of experimental techniques such as photoemis-
14 magnetlc susceptibility*>*! and specific heat mea-
surements 2 indicate a low value of the partial d density
of empty states at Er.

Pease et al.’’ proposed a lifetime broadening effect to
settle the conflict between the intensity increase of near L
edges structures and the evident filling of Pd d empty
states. This has been proposed to explain the occurrence
of white lines in Pd-Si metallic glasses. Since the core-
hole broadening is so much greater than the width of the
unoccupied d band, they predict that the shape of L, ;
white lines is sensitive to the integrated number of 4d
holes and not solely to the density of empty d states at
EF-

Although it might be tempting to stay within the
band-structure framework, we will interpret the L,;
white lines in Pd silicides as due mainly to many body ef-
fects!>~17 in analogy with free-electron alkaline metals.

Correlation and localization between the excited elec-
tron and the core hole mediated by the screening of con-
duction electrons have been suggested to explain the high
intensity of L, 3 edges observed in alkaline metals in spite
of the absence of d empty final states. The theoretical
formulation by Mahan'> and Nozieres and De Domin-
icis!® (MND), leads to an expression for the x-ray absorp-
tion coefficient u(w) given by
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origin is at the Fermi level.

20

30

ENERGY (eV)

FIG. 11. Experimental L3 and L; XANES region for Pd metal (upper curves). The lower curves show the computed partial L,
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FIG. 12. (a) Total Pd,Si density of states computed by Bisi
and Calandra (Ref. 5). The shaded areas indicate p —d bonding
and antibonding states. The dotted line is the photoemission
spectrum (Refs. 3 and 14), which reproduces the theoretical

features. (b) Pd d contribution (Ref. 5) to the total density of
states.
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where | A;(w)|? is the usual one electron-dipole transition
probability with [ final-state symmetry, w, is the thresh-
old energy and X is a characteristic energy parameter of
the order of the conduction-band width. The exponents
agy and a, define the contribution of each channel to the
optical absorption. The enchancement of u(w) at wg is
due to the prevalence of the p —s over the p —d channel.
The analogy between the phenomenology of alkaline
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metals and Pd silicides is supported by a number of obser-
vations. We find (i) an energy shift of Pd L core edges in
Pd,Si and PdSi with respect to pure Pd; (ii) white lines, in
spite of a low density of empty d states at Ep; (iii) an
asymmetric absorption line shape; (iv) the occurrence of
dynamical screening mechanisms around the Pd atom in-
volving s final states as suggested by the EXAFS analysis.

In Fig. 13 the x-ray absorption coefficient calculated
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FIG. 13. L; (a) and L, (b) near-edge regions for Pd in Pd,Si

(dotted lines) and PdSi (solid lines). (c) L, ; absorption edge ob-
tained from Eq. (5) according to Mahan-Nozieres and De Dom-
inicis theory (Refs. 15 and 16). Only the p —s transitions have
been considered. The values ap=0.35 (dotted line) and a=0.45
(solid line) are used. The arctan function (open dotted line)

which reproduces the L,; step jump, has been broadened
(I'=0.5eV).
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according to the MND theory'>!® is compared with the
present results. The experimental line shape can be repro-
duced by using only the a exponent which is an indica-
tion of p —s optical transitions.*> Since a, increases on
going from Pd,Si to PdSi the amount of s final states at
Ep is expected to increase as a function of the Si concen-
tration. This suggests again a dynamical screening and a
localization of L, ; Pd core holes induced by the Si first-
neighbor’s shell. The evolution of the L, ; branching ra-
tio also supports the view of an atomic environment built
up around each Pd site as the Si content increases. The
examples of Pd clusters'® and of Pd embedded in liquid
crystals,44 where an enhancement, an asymmetric shape,
an almost atomic branching ratio and an energy shift of
the L, ; absorption coefficient is observed, makes us con-
fident that atomic-like effects take place in Pd silicides.

As a final point, we mention that while the L phase
shift, does not show any anomolous k-dependence and is
in good agreement with Teo and Lee calculations, the
near-edge region of the L, absorption coefficient repro-
duces the p partial density of empty states within the
one-electron picture.

IV. CONCLUSIONS

The joint analysis of EXAFS and XANES of Pd L
edges in Pd silicides reveals the occurrence of many-body
effects. The resulting picture of Pd,Si and PdSi systems
consists of a Pd atom in an atomiclike bonding environ-
ment. The L, ; hole localization is mainly responsible for
the asymmetry and intensity of the absorption coefficient
on going from pure Pd to PdSi. The one-electron model
is in fact unable to reproduce the L, ; white lines of Pd in
Pd silicides, and a mechanism similar to that proposed by

MND for explaining the edge singularities of alkaline
metals is suggested.

This interpretation disagrees with previous models but
our EXAFS and XANES results, especially the energy
shift, the asymmetry of L, ; white lines and the anomo-
lous k dependence of L, ; phase shift, do indicate the oc-
currence of dynamical screening effects.

Although our EXAFS and XANES investigations are
self-consistent and are supported by literature results on
similar systems, only detailed theoretical calculations
could allow the passage from a qualitative to a quantita-
tive model and clarify the role of L, 3 core holes in the
XANES line shapes of Pd silicides.** An analogous study
for NiSi, around the L, ; core edges of Ni could confirm
the present interpretation, since the localization of L,
holes in NiSi, relative to the metal should be even more
evident. Moreover, investigation of different core levels
could point out the dependence of the above mechanism
on the deep core-hole symmetry. In any case the present
procedure claims caution in interpreting surface EXAFS
data!>*® of nonstoichiometric surface compounds when
bulk silicides phase shifts are used.
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