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Charge Redistribution in Pd-Ag Alloys from a Local Perspective
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Using Pd and Ad-;-edge x-ray-absorption near edge structures (XANES) and x-ray photoemission
spectroscopy, we have investigated the charge distribution in a series of Pd-Ag allepg,(PdAg,
and PdAg) from a local perspective. It is found that, relative to the pure element, both Pd and Ag
gain d and lose nord (s and p) charge upon alloying. The results are discussed in terms of band
filling, rehybridization, electronegativity, and electroneutrality considerations. The possibility of using
the L; -edge XANES white line to circumvent the need of an appropriate volume for charge transfer
discussions and for other applications are noted. [S0031-9007(96)01801-7]

PACS numbers: 78.70.Dm, 71.55.Ak

The electronic properties ofihoble metals, Pd and Ag, together with photoemission in this study. A change in
are determined largely by their band structure, particularlthe white-line intensity at theé.;, edge upon alloying
the energy distribution of thd electrons and the interplay provides information on the change d@hole population
between thel and the nord (sandp) conduction electrons (p-d is the dominant transition) at the site of interest
[1]. Thus d-charge redistribution upon alloy formation while photoemission provides information for the occupied
has a profound effect on the electronic behavior of theortion of thed band.
alloy. Itis generally recognized that the Band extends The most commonly used criterion in charge redistri-
above the Fermi levekr, and exhibits high unoccupied bution studies is the electronegativity difference between
densities of states at the Fermi level while the Aljpand  the constituents while the parameters relevant todhe
is entirely belower [2]. Experimentally, the occupied band behavior are the width, energy position and intensity
portion of thed band can be studied with photoemission,of the overall and/or individual components of the alloy
and, to a lesser extent, x-ray emission techniques, whild band, as well as core level shifts, as observed in photoe-
the unoccupied densities of statesdtharacter can be mission measurements. In addition, an appropriate vol-
investigated with thé ; -edge x-ray-absorption near edge ume must be chosen for the atomic site of the constituents
structure (XANES). This is becausg , XANES probes of interest in a binary system for charge transfer discus-
thed holes via dipole transitions. It has been shown thatsion (muffin-tin or Wigner-Seitz spheres are commonly
owing to the presence of localized densities of states (DOS3)sed as volumes assigned to the constituents).
of the unoccupiedl band at the Fermi level, the Rd; »- Is it often argued that, in a binary system, the more
edge XANES exhibits an intense spike (commonly knownrelectronegative constituent tends to gain charge, whereas
as a white line) at the onset of thg -edge XANES, while the other loses charge. Thus charge flow is expected from
the XANES of Ag, of which thed band is nominally full, Ag to Pd in Pd-Ag alloys since Pd is more electronegative
does not [3]. In the latter, however, close examinatiorthan Ag. While this argument generally works well for
reveals that there exist some unoccupied statesdof Scompounds of nontransition elements, it has been shown
character above the Fermi level in Ag as the resuls-of that, more often than not, complications arise in metallic
p-d rehybridization [4]. alloys of metals with full or nearly fuld bands [1,3,4].

The Pd-Ag alloy system, which has complete misci-When electroneutrality is taken into account, the overall
bility, fcc structure, and negligible volume effects, is of charge transfer on and off the site must be small since each
particular interest in that the center of gravity of the constituenttends to maintain charge neutrality locally. The
d band of the pure elements, which can be determined bgroblem with electronegativity is that it does not deal with
an atomiclike one-electron energdy,), is well separated the nature of the chargs, f, d, etc.) explicitly. Inthe case
and that Pd-Ag alloy is known to have two separdie of Au alloys, charge redistribution can only be explained
band components which closely correspond to that ofvith a charge compensation (rehybridization) mechanism
the pure constituents [5,6]. The energy positionepf in which the transfer of the more localizetd(off the Au
changes only slightly in the alloys, although the individualsite) and the itinerargandp conduction electrons (onto the
d component narrows as the constituent becomes mowku site) is in opposite directions. A Pd and Ag -edge
dilute. In this paper, we examinthe nature and the XANES study will allow us to probe directly the effect of
direction of charge transfer in Pd-Ag alloys in connection alloying on thed-hole population at both the Pd and Ag
with the behavior of the alloy d band from a local sites in the alloy.
perspective.Pd and AgL ; -edge XANES [3,7], which is High purity Pd and Ag metals used in this study were
ideally suited as a local probe for the study of unoccupiedbtained commercially, and Pd-Ag alloys, 2eéAdo.75
d states above the Fermi level in Pd-Ag alloys, was usedd,Agos and P@.sAgo 75 (henceforth denoted RAg,
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PdAg, and PdAg respectively), were prepared by the Figure 3 shows the corresponding valence band of
Materials Preparation Group at McMaster University us-the same samples, where the individuabands of the
ing standard proceduresL ;,edge XANES measure- constituents can be easily identified as reported previously
ments were carried out in a vacuum chamber in a totdl5,6]. These results are accompanied bydac8re level
electron yield mode at the double crystal monochromashift (to lower binding) of—0.2 to —0.4 eV for the Pd

tor beam line of the Canadian Synchrotron Radiation Faand —0.2 to —0.8 eV for the Ag, suggesting that both
cility located at the Synchrotron Radiation Center (SRC)sites gain charge. The individudlband narrowing is the
University of Wisconsin-Madison. InSb(111) was used agesult of reduced coordination numbers of like atoms upon
monochromator crystals. SRC operated at 800 MeV witldilution. The trend for the width of the occupiesgband
200 mA at injection. We have also carried out photo-component is to be correlated with the change-charge
emission measurements of the core levels and valenamunts. It turns out that the PAg d band gets filled and
bands on the very samples using a monochromatized Alecomes more localized upon dilution.

Ka source. The results shown in Figs. 2 and 3 strongly suggest
Figure 1 shows a set of XANES spectra covering thethat, in PdAg, both Pd and Ag gaith charge. This is
Pd L3, and AgL;edge region of PdAg and the indi- evident from the decrease of white-line intensity at the

vidual elements. Figure 2 shows the Pgdedge XANES  L;, edge (henced-hole population) for both elements
for Pd, PdAg, PdAg, and PdAgas well as the Ag.;-edge  upon dilution [8]. It has been well established that within
XANES for PdAg and Ag metal. We have removed thethe one-electron approximation the white-line intensity is
PdL, contribution to the Ad-; edge by subtracting from a function of the square of the dipole transition matrix
it the PdL 3 x-ray-absorption fine structure (XAFS) prop- element and the unoccupied DOScbéharacter ¢ holes)
erly aligned and scaled to represent thelBcedge (right  [12]. Assuming that the transition matrix element remains
panel). From Fig. 2, two interesting features are notedessentially constant between the pure metal and the alloys,
First, the white-line intensity at the Rd; edge decreases the area under the white line at thg , edge is directly
significantly as Pd becomes more dilute. Second, close eproportional to thels 2 3/2-hole count at the Phg atom
amination of the Ad-; edge for PAAg reveals a noticeable i the alloys [12].

decrease in intensity just above the edge as the concentra-The white-line intensity difference and-band width
tion of Ag decreases. Similar behavior was also. observegystemaﬂCS for Pd and Ag are summarized in Fig. 4 as
for other alloys and at the Rd and AgL , edge. Usingthe 5 function of composition. It is apparent from these
Ag Ls-edge XANES of Ag metal (aligned @, = 0 V)  correlations that the Pd band gets filled and becomes
as a reference, we obtained the integrated are) €Y  more localized as Pd is diluted in Ag. Using tle
above the threshold) [4] under the difference curve bengle count of 1.784 and 0.856 for Pd and Ag metal,
tween the alloy and pure Ag and estimatesd-tiole counts

at both the Pd and Ag sites for all samples [8]. This pro-

cedure assumes that thenole count for both Pd and Ag Pd
metal is known theoretically [9], that the dipole transition
matrix element for Pd and Ag are the same [10], and that
the final state effect is the same for all alloys [11].
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FIG. 3. X-ray photoemission spectroscopy valence band spec-

tra for the alloys and elements &.7 eV resolution. The bar FIG. 4. Correlations of the white-line intensity difference
marks the centroid=0.2 eV) of the individuald bands. Band- between alloy and Ad-s-edge XANES (Fig. 2) and thel-
widths are defined with the rising edge of ttidband whenever band width of individual components (Fig. 3) with composition.
possible. Solid symbols denote the extrapolated values for infinite
dilution.
respectively, from a recent calculation of Lu, Wei, and
Zunger [9], and assuming the statistical distribution offor the Pd-Ag alloy is one in which both Pd and Ag gain
the ds;, and d;;, holes, we estimate thd-hole count d and lose nord charge; the charge loss in Ag is only
at the Pd site to be 1.66, 1.56, and 1.54 (within 5%)partially compensated by thiecharge gain, and the overall
for Pd;Ag, PdAg, and PdAg respectively [13]. The charge redistribution is in accord with electronegativity
result of the white-line correlations indicates that, even aarguments. This result is in qualitative agreement with the
infinite dilution (Fig. 4, solid symbols), the Pdiorbitals  calculation [9] which predicts that both Pd and Ag would
would not be completely filled dthole count~1.33). loses andp charge in the PdAg alloy and that Ag loses
Incidentally, thed-band width would not vanish at infinite net charge. The depletion pfcharge in Pd is also evident
dilution as the result ofl electron scattering, in agreement from the increase in absorption intensity above the nigtal
with previous findings [6]. edge §to p dipole transition) as shown in Fig. 5 for PdAg.

It is also interesting to compare our finding with the The Ag L, edge changes little within the experimental
calculation of Lu, Wei, and Zunger [9] on the electron uncertainty. This may suggest that the depleted charge at
distribution for AgPd alloy. They found that, within the the Ag site is of primarilys character.
muffin-tin sphere, Pd in PdAg gains a significant amount of Finally, it would be interesting to compare the PdAg
d charge (0.086) relative to the pure metal, in qualitative results with that of AuAg [4,9]. In the latter, it was
agreement with our observation (0623 The calculated found that Au losesl charge and Ag gaind charge. The
d-charge transfer at the Ag site is very sma#0.007¢)  behavior of Au is in contrast to that of Pd despite its
but in the opposite direction to our observation. We foundarger electronegativity. We attribute this difference to the
that Ag gaingl charge, although the:hole count cannot be fact that Au nominally has a fultl band and that spin-
quantified with confidence since the Ag-edge absorption orbit interaction for the Au 8 is comparable to that of
is complicated by the Pd XAFS. The observation thatband effects and has a significant impact on the charge
both Pd and Ag in the alloys gaid charge indicates redistribution.
immediately that there must be a loss of rdboenduction In summary, we have reported that both Pd and Ag gain
electron counts at one or both sites to conserve chargd.charge and lose notieharge upon dilution in each other,
We argue that the more electropositive Ag would loseand that the conclusion af-charge gain can be arrived
net charge, therefore, it must lose ndrcharge which is  at solely from experimental observation. Thus thg-
partially compensated by tltkcharge gain. In the case of edge XANES white line may be used to studycharge
Pd, although its significant change in white-line intensityredistribution in 41 elements and their compounds directly,
clearly indicates a gain af charge, the fact that itsd3 circumventing the need to define an appropriate volume
core level shifts have a smaller range compared to that dbr the discussion of charge transfer; this is plausible since
Ag, and that itsd band shifts little, suggests some ndn- the 4 radial wave function is well within the Wigner-
charge depletion at the Pd site. Thus the picture we havBeitz radius [10]. The XANES and photoemission results
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FIG. 5. Pd and Ad-;-edge XANES for PdAg compared with

the elements. The alloy exhibits a more intense jump just above

the Pd edge+10 eV) indicating an increase ip-hole count at
the Pd site p-charge depletion) while the A; edge changes
little.
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the Ls-edge XANES of Pd and Ag metal to a difference
hole count of 0.928 (Ref. [9]). This would appear to be
an underestimate judging from the smaller deviation of the
Ag L3 edge from an arctan curve and its theoretithlole
count of 0.856 compared to those of Pd (intense white
line, theoretical hole count of 1.784). This procedure does
provide a base for systematic discussion, so we chose
it over fitting an arctan under an Gaussian. Therefore
the systematics would be more significant than the values
themselves.
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