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X-ray absorption spectroscogXAS) measurements have been used to probe the electronic structure of
ion-beam-mixed(IBM) Pd-Ag thin films with bulk alloys being studied for comparison. Pdand Ag L
absorption edges for pure Pd, Ag, and;PdAg, alloys are discussed. Structural information from both x-ray
diffraction and the XAS fine structure oscillations are discussed. The observed decrease of the white-line
feature strength, at the Rd; edge, indicates that the local density of unoccupied Bdthtes declines upon
alloying with Ag in a manner similar to that observed in previous bulk studies. However, while the Pd
d-hole count decreases monotonically for bulk alloys, in the IBM alloys it saturates at higher levels in the
Ag-rich materials. This disparity is interpreted on the basis of a modified charge transfer due to structural
differences in the IBM alloys. The Ab; near-edge region is largely unchanged in these alloys, indicating that
the charge transferred away from the Ag site is dominanthnofi-d type. Our experimental results are
discussed in the context of recent electronic structure calculations and of previous work on this alloy system.

I. INTRODUCTION tion fine structurg EXAFS) oscillations and upon occasion
(as we will show herefrom the fine structure oscillations
lon-beam mixing has been of great interest as a method toloser to the edg®®°® XAS studies of the near-edge region
produce new metastable alloys and structures which do ndtvithin 50 eV of the edgecan be used to study the electronic
exist in the equilibrium staté Thin films prepared by ion- states just above the Fermi levéf{) on an atom-specific
beam mixing or implantation have been used to prepare maand orbital angular momentum-specific ba$ist Moreover,
terials with new structurale.g., amorphous and quasicrystal- such XAS studies can usually be extendasl we have done
line) or physical(e.g., metallic versus insulatingroperties>  here to each of the atomic sites in the material. In this paper
In the ion-beam mixing technique, the alloy or compound iswe employ XAS to study ion-beam-mixed alloys and for
formed due to the atomic interaction between different specomparison selected bulk alloys, in the Pd-Ag system. The
cies during the mixing process. However, the interrelatiorelectronic structure information gained from these measure-
between chemical reaction and physical atomic collisions irments will be correlated with structural results. In addition to

such a situation is not completely understood due to the comddressing the charge transfer issues in this alloy system, this
plexity of the mixing phenomenon. work is intended to establish the techniques needed for wider

Insight into the electronic structure is a prerequisite tostudies of charge transfer in IBM materials some of which
fundamental understanding of the physical and chemicakre metastable.
properties of a solid. Recently some application of the popu- Near-edgelL; XAS has been used extensively in recent
lar photoemission based electron spectroscopies have begears to study both thd-hole count and the distribution of
made to probe ion-beam-mixétBM) materials’ However, d states aboveEr in noble metal and transition-metal
the requisite surface preparation methods complicate sustpmpounds:*?=?* These studies focus on the so-called
electron spectroscopies with possible alteration of metastabfavhite line” (WL) features at the transition metaj ; edges.
phases or stoichiometries. As a consequence research into theese WL features are caused by transitions from the core
electronic structure of ion-beam-mixed materials, especiall2p level into emptyd states abov&g in the solid**** From
the nonequilibrium ones, has not been extensive. such WL studies Bzowski and Sham, for example, inferred

X-ray absorption spectroscofXAS) provides an attrac- an increase in the number sfp-like conduction electrons
tive route to probe both the structure and electronic states aind a decrease in the numberdglectrons at the Pd sites
ion-beam modified materiaf® The photon penetration occurred upon alloying with Ti® They also found a similar
depth allows study of the interior of the films without the charge redistribution in the Au-Ti systeth??In our previous
necessity of specialized surface preparafid&tructural in-  study of metastable ion-beam-mixed Au-Si films, we found
formation can be extracted from the extended x-ray absorpthat the Au Sl-hole count increased with the concentration
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of Si due to metastable compound formatfoffor these is used to measure the absorption coefficfértudies have
metastable Au-Si materials, it was proposed that the Au siteshown that the secondary electron escape depth is in the
gaineds p-type electrongin accordance with electronegativ- 1000 A rang€:?® Since the secondary electron escape depth
ity) and lostd-electrons to maintain charge neutrality. exceeds the film thickness and since the ion-beam mixing
Regarding the Pd-Ag system discussed here, Cordtgarameters were designed to produce homogeneous films,
et all* performed a tour de force, presynchrotron, low en-this method provides a good sampling of these IBM alloys.
ergy, XAS study of the Ag and Pd; edges in flash evapo- In general the EY method is almost required fat-eow
rated thin films in the 0—60 % Ag range. Although this studyL , WL studies and has been used extensively as a standard
necessarily had limited resolution and relied on a finite thick-method in low energy XAS studié$?’ There are several
ness correction procedure to extract the spectra, it yieldetkasons for the electron yield method being the method of
several important observations. The observed PWL fea-  choice for 4-row studies: the short x-ray absorption length
ture diminution with increasing Ag concentration was asso+n this 2 — 3.4-keV range; the substantial degradation of the
ciated with Pdd-band filling. The robust remnant Pd; WL feature due to thickne&Sor self-absorptiof? effects for
feature, above 40% Ag substitution, was noted to disagresamples not in the thin absorber limit; the difficulty in pre-
with the filled Pdd-band results in the CPA calculation of paring and characterizing thin film compounds; and finally
Stockset al?® Finally, upon careful comparison of the Pd the fact that thee -escape depth insures the thin sample
L5 WL results to Egget al’s?* isochromat spectroscopy re- limit even for bulk materials. In extensive studies of
sults, the two were concluded to be consistent. 5d-row compounds the authors have confirmed in some de-
In this paper we report high resolution, synchrotron basedail the correlation of the EY mode results with traditional
Ag/Pd L ;-edge XAS measurements on ion-beam-mixed andransmission mode absorption coefficient measurenténts.
selected bulk Pg ,Ag, alloys. Although our equilibrium The spectra in this paper have been background sub-
Pd,_,Ag, alloy spectral results have higher energy resolu-tracted and normalized as follows. A linear fit of the preedge
tion and do not require thickness corrections, our bulk resultgbsorption coefficient energy variation for photons of energy
basically confirm the observation of Cordtsall* regarding less than the absorption threshold was subtracted from each
the PdL; WL feature variation. The central focus of our raw spectrum. The resulting curves were normalized by mul-
study will be the more extensive ion-beam-mixed materialkiplying a factor which made the continuum step equal to
studies. Our structural and Pd/Ag sphere charge transfer ramity at higher energy.
sults will be discussed in the context of recent electronic The structure of these ion-beam-mixed films was studied
structure calculations and of the atomic volume dependenday grazing-angle x-ray diffractiofGXRD) using a SINTAC
of the charge transfer in the macroscopic atom model. diffractometer. The intense 111-film reflection was used to
determine the lattice parameter with the 111-Si substrate re-
flection being used as an internal standard. It should be noted
that a series of diffraction measurements were carried out at

The starting multilayers consisted of three pairs of Pd andliffering fixed-film-orientation-angles, as well as in the stan-
Ag layers, with the thicknesses of each layer being varied télard theta-2-theta mode. The effective cubic cell parameters
set the alloy composition. These multilayers were deposited all of the measurements were essentially the same for a
on a Si substrate by sequential electron-beam evaporation @iven alloy. This indicates that the lattice parameter varia-
a base pressure of less thax 207 torr and a deposition tions_, discussed later, are due to alloy volume effects and are
pressure of &10 7 torr. The total thickness of the SO discussed.
multilayer film, roughly 500 A, was chosen to match with
the projected range of the 80 keV Armixing ions. The lll. RESULTS AND DISCUSSION
ion-beam mixing dose was 1810%® Ar */cm? at room tem-
perature with a current density limited to 1/6A/cm? to
avoid thermal effects. The concentration of ion-beam-mixed The average lattice constard, determined from our
thin film was measured by Auger electron spectroscopycGXRD measurements for the IBM alloys is plotted in Fig. 1
(AES) depth profiling, and the film homogeneity was veri- versus the Ag concentration. The monotonic response of the
fied. The bulk Pd-Ag alloys were prepared by standard argofattice parameter to alloy composition indicates that atomic
arc-furnace techniques. scale mixing was achieved over the entire alloy range. It

The Pd and AgL; edge XAS measurements were per-should be noted that the average lattice constant of IBM
formed at the National Synchrotron Light Sould¢SLS) at  alloys deviates somewhat from those of the bulk alloys,
Brookhaven National Laboratory on beamline X-19A. Thewhere the lattice spacings of the bulk solid solution were
x-ray energy was varied using a(8l1) double-crystal obtained from Ref. 30. In the Ag rich portion of the alloy
monochromator which was detuned by 50% to minimizeseries the compression of the IBM materials correlates well
higher order harmonic beam content. The X-19A beamlinewith previous results in which a compressive stress in ion-
optics are maintained at ultrahigh vacuum up to the 10-milrradiated materials is frequently observid.
thick beryllium exit window. This configuration gives X-19A In Fig. 2 we present selected result of Ag edge mea-

a high beam intensity all the way down to 2.15 keV, whichsurements for IBM alloys in the 51 — 100 % Ag concentra-
makes it well suited for measurirlg, 3 absorption spectra on tion range. All of the spectra are quantitatively similar to that
4d-row transition-metal compounds. of elemental Ag, as will be discussed later in terms of Pd/Ag

The spectra were collected in the total electron yi{&dl) charge-transfer effects. The small oscillations in the absorp-
mode in which the photo-induced secondary electron currertion coefficient, at energies above the steeply rising edge

Il. EXPERIMENT

A. Structure
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In Fig. 3(@) we present the results of a multiple scattering
calculation for fcc-Ag (including 10 atomic shells with
a=4.086 A using the University of Washington FEFF6

41 ——

N

< computer codé?*3 Comparison of the calculated FS peak
£ positions to those of our experimental spectra shows a very
% f good correlation in the energy range above 20[s¥e Fig.

8 [ 3(a)]. Electronic effects are presumably responsible for the
3 ) model and/or experimental disparity close to the edge. No
39 L4 - Debye-Waller damping was included in the calculated spec-
| [ —e— lon-beam-mixed

— — -Bulk ] trum hence the greater FS amplitude in the calculation. The
] FS shifts to be expected upon lattice compression are illus-
st e ] trated in Fig. 8b) wherea=4.068 A anda=3.921 A mul-
0 02 04 06 08 tiple scattering calculations for fcc-Ag are compared. The
X (Ag concentration) distinctive lattice compression induced FS feature energy
shifts are clear.
FIG. 1. Lattice constant versus Ag concentration estimated from Within single scattering EXAFS theogr){he oscillatory
the results of GXRD for ion-beam-mixed Pd-Ag films. The dashedportion of the FS involves the interatomic distance (
line is the bulk lattice spacings results of Cokdsal. (Ref. 30. through the variablér.®8° The k-dependent backscattering
amplitude, Debye Waller factor, and electron-energy-loss
onset, are referred to as the fine struct(F&) feature£®°  factors enter as longér-space modulation factors. Here the
The FS features are caused by the interference of photoelephotoelectron wave numbek) is related to the photon en-
tron backscattering from the near-neighbor atoms. The deergy (E) by k=[2m(E — E,)/%%]¥2 andE, is the continuum
tails of this process can involve both single and multipleonset energy. The lattice parameter is an appropriate distance
scattering and can be quite complicaféd. However, it is  scale variable for the single and multiple scattering path
well established both empirically and theoretically that thelengths in a given structure. Thus we will assume that the FS
feature locations and/or frequencies of the FS oscillations arescillations should scale with the variate. To illustrate
sensitive to the near-neighbor distances around the absorbinige appropriateness of this notion we show in Fi¢g) 3he
atom? It can be seen in Fig. 2 that the individual FS peakscollapse of the calculated curvislotted in Fig. 3b)] when
shift toward higher energy with increasing Pd concentrationplotted versus the variablka, with the lattice parameter
In the standard single scattering EXAFS analysis this woulda) assuming the appropriate values for the respective simu-
indicate that the near-neighbor distances around the Ag alations.
decreasing with increasing Pd concentrafi8f.This is not In Fig. 3(d) we show the results of applying this method
unexpected since the unit cell parameters of Ag and Pd ang the Pd_,Ag, x=1.0, 0.9, and 0.51 ion-beam-mixed al-
4.0862 A and 3.8898 A, respectively, and was commentegby spectra. The scale variabé& for the two alloy system
upon by Cordtet all* has been adjusted to collapse the plots onto the puré.dg
It would be useful to quantitatively correlate the FS fea-x=1.0) spectrum. Th@* values thus determined are local
ture shifts with the lattice parameter changes. Such a verifiestimates of the fcc lattice constant as seen by the absorbing
cation is complicated by the limited energy range above the\g atom. This local view should be dominated by the
Ag L; edge (which will not support traditional EXAFS nearest-neighbor distances. The fact that the atomic back-
analysi$ and by the multiple shell contributions to the fcc scattering factors of PdZ(=46) and Ag Z=47) are so close
structure FS oscillation in this energy range. makes it reasonable to neglect the changing alloy composi-
tion in this approximation. It should be noted that the data

I RAS RERRS Ra s e e ianansa collapse is rather gooddespite somewhat varying back-
Ag Ly \/_/\_Pﬁe\/\g grounds. Within this method the error bars on th& values
\,_/W are roughly =0.02 A which places them in quantitative
P agreement with the x-ray diffraction results.
-‘§ N NPz | '_I'hedl_:IS _chat?ges abo;/g the(:JI igi ec:]ge ?)Iso reflef(_:tec_J theh
: attice dilation between and Ag, thereby reconfirming the
L%, ’\/_/W% atomic scale mixing. It should be noted that, in the Ag rich
8 Ur\Pd}sAga alloys, some evidence for an effective Pd site dilation above
'gl “Pure Ag| the diffraction results was noted. The data quality were not,
2 however, of sufficient quality to definitively verify this trend.
< CarefulK-edge EXAFS and x-ray diffraction measurements
on bulk materials would be useful to examine the local vol-
ume effects in this alloy system.

-10 0 10 20 30 40 50 60 70

Energy (eV) B. Electronic states

FIG. 2. AgL, absorption near-edge spectra in a series of ion- In Fig. 4 we show the Pd; x-ray absorption near-edge
beam-mixed Pd-Ag thin films. All data are normalized to unity stepSpectra of as-deposited and ion-beam-mixedgRd,, mul-
height energy well above the edge. tilayered films. The Pd ; absorption-edge spectra of pure Pd
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FIG. 3. (a) A superposition of the FEFF6 multiple scattering calculation of the fine stru@8eof the elemental Ad ; spectrum with
the experimental results. Note that the principle FS features, above 15 eV, are well aligned despite some background diffefemces.
illustration of the energy shift of the FS features induced by a lattice compression using the FEFF6 multiple scattering calculations for fcc-Ag
L; edge with two lattice parameter&) An illustration of the collapse of the calculated absorption coefficients cufua® the previous
figure) when the absorption coefficient is plotted veralks wherek is the photoelectron wave number aadks the fcc lattice paramete(d)
A plot of the experimental Ad.; FS region for elemental Ag and two IBM alloys, RAgs; and PdAggey. The scale parameta* has
been chosen to collapse the data and represent a local estimate of the lattice contraction with increasing Pd content.

and the bulk PgsAg ;5 alloy are also shown for comparison. d states projected onto the Pd atomic sphere is reduced upon
In addition to the FS type features discussed previously, thalloy formation with Ag. This trend is consistent with the
intense WL feature peak occurring betwee8 and+4 eV picture of charge transfer from the atomic partner with
can be clearly seen. As alluded to above, thisLBAWL  higher total electron density to the one with the lovit is
feature is associated withpg;-core to 45, 37band transi-  clear that the charge transfer to the Pd site contributes to the
tions. Within the single-particle Fermi Golden Rule approxi-filling of the empty Pdd states as has been suggested in bulk
mation the strength of the Rd; WL should be proportional  stydiest?

: 4
to the number of Pd @ orbital holes’ . Before turning to a quantitative discussion of the IPg
_ We note in Fig. 4 that the WL features of the as-depositedy| feature estimates of the Riband filling, we will return
film and pure-Pd are identical as expected from the 'arg%riefly to our AgL 5 edge results shown in Fig. 1. We note a
thickness of the multilayers, that the WL features of the ion—number of points regarding the Ag, near-edge spectra of
beam-mixed alloy film and the bulk alloy are distinctly re- these materials. For elemental Ag the absence of a white line

duced in strength relative to that of pure Pd, and that th ;
IBM WL features are broader than those of the bulk materi?eature reflects the fact that there are essentially vdles

l . .
als. In our analysis below we will see that the quantitativeIn q eler?_iantal A92'" T_he'l spectLa fofr tlhe |on-?eam-mr1|xed
WL area falls off with Ag substitution less quickly for the Fd-Ag films are all similar to that of elemental Ag with re-
IBM alloys, as a result mainly of this last WL broadening spect to the absence of a WL feature. This would seem to

effect. These effects will be discussed in terms of the chargénPly that thed-hole count of Ag is not changed by alloy
transfer between the Pd and Ag atoms in the ion-beam-mixetprmation with Pd. Thus, we suggest that Agn-d charge is
and bulk materials. transferred to the Pd sites upon alloying, thereby inducing
Figure 5 shows the Pdl; absorption edge spectra for the reduction of the white line feature of the Bd spectra.
various ion-beam-mixed Pd-Ag films. As in Fig. 4, the This result is consistent with the result of recent theoretical
strength of the Pd WL feature can be seen to be reducechlculation of Luet al® using the “special-quasirandom-
dramatically with increasing Ag concentration. The reductionstructure” (SQS concept in which Ag loses mainlgp
of the WL strength indicates that the unoccupied density otharge while Pd gaind charge in forming the PdAg alloy.
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FIG. 4. The Pd_; near-edge spectra for bulk-elemental Pd, the
as-deposited multilayered and IBM RAg,, material, and the bulk

P, Ag s alloy. FIG. 6. Thed density of states in thé) Ag and(b) Pd spheres

for PdspAg 50, With the elemental projected DOS included for com-
parison, from the calculations of Let al. (Ref. 35.

In Fig. 6 we show the Pd and Ag site projected
d-symmetry density of states for PdAg, along with those ofiower energy. Thus the weak intensity increases at the Ag
the elements, from the calculations of etial.™ One point | , edge onset is at least consistent with some smalllAg
to note, in the DOS calculation, is the tailing of the Mg  character ned as predicted within the band calculaticiis.
DOS toward the Fermi energy in the alloy, through hybrid-y js worth noting that the Ad-, edge manifests a similar
ization with the Pdd states. Thus some weak Alcharacter  effect indicating that the proximity of the Ad, edge to the
atEr is consistent with these calculations. In Fig. 7 we showAg L, edge is not the origin of this small effect.
an expanded view of the edge onset region of thelAg Returning to our PdL; WL results we wish quantitatively
edges of elemental Ag and the BAgs, IBM alloy. The {5 compare the charge transfer in the ion-beam-mixed Pd-Ag
alloy spectrum shows a small excess Qf intensity at the edggmoy to that in the bulk alloys. The®2-4d related white
onset. The loss of charge at the Ag site, anticipated on thg,e"area, which should reflect directly tidehole count, has
basis of the Pdl-state filling, would be expected to shift the peen estimated by a method illustrated in Fig. 8. The white
Ag L3 absorption edge toward higher energy. On the oth€fine feature rides on top of the continuum step feature, hence
hand, if somealbeit small Ag d character states were raised this background continuum feature must be subtracted from
aboveEg in the alloy, thed-electron—core-hole interaction the | , spectra to estimate the white line strength. Since pure
would shift tl’anSItlonS(at the I_3 edgé to such states to Ag has almost no white line feature, we use the pure Ag
Ls-edge spectrum to approximate the continuum back-
ground® To extract the WL area estimate the pure Ag spec-

T T T T
PdL, trum is first shifted in energy, so that the inflection point of
—r 1T r r 1t T 1 T 7
£ /P g 08f Aol
= E=4 R
. c .
£ S . ]
s g L i
8 Pure Pd f/—\ = 08
3 £ [ PdgAgg A7 1
9 ® 493951
§ PdgAgs: S 04r 7
<L [PdysAdss é F J :
£ o2l -
PdygAg7, 3 S/ Ag
Ke)
<
F,(.h‘.‘A.gs.Sl_T— PR S S S S N ST O .“ 1 " " 1 " " 1 n n 1 L L
-20 -10 0 10 20 3345 3348 3351 3354 3357 3360

Energy (eV) Energy (eV)

FIG. 5. The Pd.; absorption near-edge spectra for a series of FIG. 7. The near-edge region of the Ag spectra of the IBM
ion-beam-mixed Pd-Ag thin films. All data are normalized to unity Pd,sAgs; alloy and elemental Ag. Note the small excess intensity at
step height energy well above the edge. the initial edge onset in the IBM alloy.
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can be realized by a change in the atomic volume of the two
atoms, increasing the volume of the atom with the large elec-
tron density and decreasing the volume of the other one until
the two densities are equal at the cell boundary. In the case of
a transition metal an increase afygs can be realized by
increasing the amount &fp-type charge and decreasing that
of d type. That is, the volume of the atomic cell will depend
on changes in thd-electron count, due to charge transfer,
and on the electron density in the outer region of the atomic
cell, nys.3°*° According to the macroscopic atomic model
of de Boeret al.” the approximate relationship between

=y
o
T

Absorption (arb. units)

0. volume and charge transfer upon alloying in a binary system
- is given b
Energy (eV) 9 y
P* (V2/3) i
FIG. 8. An example of the method for extracting the white line ztransfer 7 Z ﬁ_A aloy 4 1)
features. The solid line is the Rd; spectrum of elemental Pd. The AN AECT a (Vis)pure A

dashed-dotted line is the Abg; spectrum. The dashed line is the

difference spectrum obtained by subtracting the shifted-Ag specWherea is a constant derived from the experimental volume
trum from the elemental Pd spectrum. variation in compounds. From experimental volume mea-

surement$3 was found empirically to be about 0.5 electron
the pure Ag spectrum aligns with the WL peak of Pd spec+er (volt-atom for alloys of two transition metal¥’ In Au-
trum in each alloy. The pure Ag spectrum is then subtractedpased alloygfor example the transferred charge estimated
from each Pd_; spectrum and resulting area of difference thusly, from volume contraction, agrees reasonably well with
spectrum is used to estimate the number ofdFbles. The the number of transferred electrons, estimated from the
area under the difference spectrum was integrated up to g#rresponding term in the Msbauer isomer shift.
energy of 4.5 eV above the Pd WL feature peak. This process From Eq.(1), one can easily recognize that the amount of
is similar to Cordtset al’s,** and has been used by many charge transfer depends on the volume change upon alloying,
other authors in the past to estimate WL aréas'>16As ~ and a larger volume change reflects a larger transfer of
shown in Fig. 9, with increasing Ag concentration, the de-d-type charge. Referring to Fig. 1 it should be noted that the
gree of reduction of the WL area for the ion-beam-mixedaverage lattice constants of the Ag rich ion-beam-mixed al-
alloys is somewhat smaller than that for the bulk alloys. Thaloys are smaller than those of the bulk alloys. Thus our struc-
is, the local density of unoccupied Pdi 4tates in the ion- tural results can be used to estimate the volumes in(Bg.
beam-mixed alloys is somewhat enhanced relative to that in TO extract quantitative estimates of the charge transfer
the bulk alloys. To address the disparity in the d®drbital ~ indicated by our Pd 3 studies we will use the recent work of
filling rate, between the bulk and IBM Pd-Ag alloys, we will Chenet al?in which a linear relation between tte 3 WL
consider the role of the alloy volume within the macroscopicarea and the d-hole count was found for the latted4row
atomic formalism of de Boeet al3” elements. In this spirit we have used the WL-area difference
If one formally assembles a compound by bringing dis-between Ag and Pd, along with the calculated one electron
similar atoms into contact, there will be discontinuities in thechange ind occupancy between these two eleméftsy
electron density at the boundary of the Wigner-Seitz atomi@stimate the proportionality constant between the WL area
cells (ny9. Thus the formation of an alloy or a compound and d-hole count. Using these results, and subtracting the
requires the equalizing of theys of the atoms in contact pure Pd hole count, we obtaifrom the data in Fig. Pthe
with each other. Alonso and Girifal®demphasized that this estimates of the charge transferred to thedRatbitals, as a
function of Ag concentration, plotted in Fig. 10. Recall that
6 et the volume dependence of the alloy charge transfer, within
i pm—— the macroscopic atom model, was given by Eh. Using
this model prediction along with the volume variations from
] our x-ray data and bulk lattice paramet&tsye have calcu-
lated the relative charge-transfer values expected for these
] Pd-Ag alloys and plot the results as open squares and circles
8 in Fig. 10, respectively. It can be seen that the agreement
] between experimental results and the calculated values are
satisfactory. Therefore, we suggest that the difference in the
local density of unoccupied Pd state between ion-beam-
mixed and bulk Pd-Ag alloys is due to the average atomic
volume difference induced by ion-beam mixing.

—@— lon-beam-mixed

White Line Area (eV step height)

1 L

2
0

02 04 06

08 1

X (Ag concentration)

IV. CONCLUSIONS

FIG. 9. The areas of the WL features for ion-beam-mixed and We have presented structural results from x-ray diffrac-

bulk Pd-Ag alloys plotted versus alloy concentration.

tion andL; edge XAS on ion-beam-mixed, Pd-Ag films, and
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S — as is supported by recent theoretical calculatiriBhe hy-

05— T
L T Wisak bridization of some small Agl character into states ap-
~0 41_ o WM . ] proaching the Fermi level, as indicated by band structure
& 7| © VoumeBM B calculations, is tentatively supported by a small enhancement
g Lo mmem] [ ° of intensity at the AgL; edge onset.
_E:“: 03r o 8 e 1 The empty density of Pdd4states, for the bulk alloys, is
3 o reduced monotonically with increasing Ag concentration,
502} he . while that for ion-beam-mixed alloys tends to be somewhat
2 [ o & larger at high Ag content. This indicates that the degree of
,g 01l q "o Pd.,Ag, 1] charge transfer is larger for bulk Pd-Ag alloys than for the
[ ] ion-beam-mixed Pd-Ag alloys. The variation of the amount
oL; N . . , . ] of charge transfer is consistent with the differences of the
0 02 04 06 08 1 unit cell volume within the macroscopic atom model.
X (Ag concentration) It is worth reiterating that previous waotk**and our work

clearly indicate the Pd.; WL reduction across the entire
FIG. 10. The number of electrons transferred to Pd, versus the@d-Ag alloy series, and the persistence of appreciable Pd
Ag concentration, for ion-beam-mixetsolid squaresand bulk |, WL intensity in the dilute Pd end of the alloy series. In
Pd-Ag alloys(filled circles. The charge transfer to Pd, versus Ag oyr case, for example, at=0.5 the PdL; WL area is re-
concentration, calculated us_ing Ed) for ion-beam-mixediopen gy ced by roughly 25%. By roughly integrating the above
squaresand the bulk(open circle$ alloys. Here the volumes used E. portions of the calculated PtiDOS in Fig. 5, we obtain
were determined from the lattice parameter data shown in Fig. 1.an estimate of about 50% reduction between Pd and

compared them to selected bulk Pd-Ag alloys. The AgpdmAgf?O'35 .The origin of this excess experimental hole
L ;-edge fine structure features are shifted toward higher er{:_o_unt d'SP?r_'ty must at presef“ remain open. A_more appro-
ergies with increasing Pd content in a manner quantitativel? 12t definition of the Pd cell in the DOS projection or other
consistent with the Pd-induced lattice compression, as detefProvements in the electronic structure calcglaﬂons C.O.UId
mined from the x-ray diffraction results. These observationée‘ddrfess this issue. From the XAS point of view transition
support the microscopic alloy formation in these ion-beam Matrix ele_ment enhancement of th? Bdsta_tes(ln the_ Ag
mixed Pd-Ag films. rich material or many-body. edge singularity corrections at
The density of unoccupied Pctidstates in the ion-beam- theLs edge should be considered.
mixed Pd-Ag alloys are modified due to the alloy formation.
From the arguments of Watsan al*® based on electronega-
tivity, charge should be transferred to Pd, and this is sup- The present studies were supported in part by the Basic
ported by the WL area decrease atlPdedge. The similarity ~Science Research Institute Program, Ministry of Education,
of the Ag L; x-ray absorption spectra for the ion-beam- 1994, Project No. BSRI-94-2433 and BSRI-94-2426 and the
mixed, bulk Pd-Ag alloys and pure Ag indicate that the un-Korean Science and Engineering FoundatiGOSEP
occupied partiald-state density of Ag is basically un- through the Science Research Cent8RQ of Excellence
changed by alloying with Pd. This suggests that the charg@rogram. The travel fund to NSLS was provided by the user
transferred away from the Ag is fundamentafipn-d type  program of Pohang Light Source.
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