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Electronic structure of Cu-Au alloys from the Cu perspective: A Cu L ; edge study
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We have obtained Cl; ~edge x-ray-absorption near-edge struct)6SNES) for a series of Cu-Au alloys.
It is found that all samples exhibit a three-peak pattern at thé-Cadge within the first 10 eV above the
threshold. Close examination reveals chemical systematics in the position of the threshold and of the resonance
maxima and in the intensity of the resonances. These results are used to infer charge redistribution at the Cu
site. They are compared with previous studies of the same alloys from the Au perspective and with theoretical
calculations. Comparisons between the ordered and disordered phasg@ofddd CuAu, and the Cl; - and
K-edge XANES are also made. Our study strongly indicatestiwdtarge redistribution at the Cu and Au sites
is in the opposite direction upon alloy formation; that is, relative to the pure element, Aula$esge and Cu
gains d charge and charge transfer is sensitive to the number of nearest neighbors of unlike atoms.
[S0163-18297)03812-5

. INTRODUCTION eral for binary Au alloy® and has been confirmed for
Au-Cu alloys by a AuL ; edge study that shows that at the
Although there has been extensive literature of Cu-AuAu site, the ratio of the change ia vs d charge count
alloys, their electronic structures continue to be an interestAny/An,=—0.7 remains essentially constdntThe charge
ing subject for both experimental and theoretical investigaredistribution picture at the Cu site is less clear, although
tion. This is partly because of the availability of better toolscharge conservation demands that the less electronegative Cu
in both experimentar® and computation&r® techniques would lose net charge overall and the photoemission gu 2
and partly because of the need for detailed understanding abre-level shift indicates that Cu probably gaihsharge®®
this prototypical system, which, in addition to being a clas-Thus Cu would have to lose nah{s andp) charge to be in
sical case for order-disorder phase transition, provides a baccord with electronegativity considerations. It is clear that
sis for the studies of bimetallic interactions in systems ofexperiments focusing on the Cu site are needed for the clari-

unusual dimensions such as two-dimensional alfdy®bi- fication of the redistribution of the valence electrons of Cu in
metallic interface’™>2 supported mixed metal clustetsand  Cu-Au alloy formation.
nanostructure®? In this paper, we report a Cu; -edge XANES study for

Experimental studies of the electronic structure of Au-Cua series of Cu-Au alloys with emphasis on probing the elec-
alloys concerning charge redistribution have been traditiontronic structure at the Cu site. Since the Cy), edge probes
ally concentrated on the WNsbauer effed?™” and primarily the unoccupied densities of states of Gharacter
photoemissiori®~*® These techniques take advantage of a(dipole selection rule withp—d transition being the domi-
Mossbauer nucleus A¥, a narrow Au 4 level, and a nant ong, it will provide information concerning the role of
chemically sensitive & band. More recently, a AlL.-edge the Cu 3l electrons in Cu-Au alloy formation. It should be
X-ray-absorption near-edge structUdANES) was used to noted that synchrotron light is required for these studies and
probe the unoccupied densities afstates above the Fermi for a long time, high-resolution beam lines covering the soft-
level in bulk Cu-Au alloys'*#° Thus most of the information x-ray photon energy region in the vicinity of 1 ke\Cu L,
obtained from these studies inevitably focused on the Awedge is at~930 e\) were relatively few comparing to its
site. Information on the Cu site in Au-Cu alloys is often hard-x-ray counterparts. Most of the XANES data for the
obtained from the Cu 2 shifts and the valence-band photo- edge of Cu and the first-row transition metals were obtained
emission spectrum as well as indirectly from the Au resultswith electron-energy-loss spectroscdpy® It was not until
taking into account electronegativity and electroneutralityrecently that high-resolution photons in this energy range
consideration§**® It has been shown that Au loseselec- became more readily availabfe This is partly because of
tron charge upon alloying and this loss is overcompensatethe intrinsic difficulties in the choice of monochromators
by nond conduction electron gaif?. The net charge flow is (neither crystals nor gratings were considered ideal in this
small (~0.1e) and is onto Au(the site is defined by the region and partly because of the fact that this energy region
Wigner-Seitz volumg in good accord with electronegativity falls between the emphasis of high-energy storage rings
(Au is the most electronegative metallic elemeannd elec- (x rays and low-energy storage ringsacuum ultraviolet
troneutrality(atomic sites in a metallic alloy tend to maintain We show below that with high resolution, which reveals the
electroneutrality locally arguments. This charge compensa-fine structures of the XANES, chemical systematics of the
tion mechanismirehybridization®® appears to be quite gen- change in the electronic structure associated with alloying
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are observed and, together with previous results focused on
the Au site and theoretical calculations, the XANES system- _
atics can be correlated with charge redistribution at the Cu _

X i | CuL,,-edge
site; that is, Cu gains d and loses ams electron upon com- 4 m
pound formation. The sensitivity of the technique is also
noted.

Il. EXPERIMENT

Alloy samples Cy75AUg 25 Cly sAUg 5 and Cig 25AUg 75
henceforth denoted GAu, CuAu, and CuAy, respectively,

were used in this study. These samples were prepared by
repeatedly quenching from the melt stoichiometric amount of s CuAu,

the pure constituents as described previo@3lfthe as- 14 LIRS it
prepared samples are polycrystalline random alloys and are o !
referred to as disordered. The ordered compounds were pre-
pared by annealing the disordered sample in inert atmo- |
sphere just below the phase transition temperature for several 0 Y
weeks. The structural aspects of ordered and disordered CooT et

Relative Intensity
{0
=
>
=

Cu0O

phases of these alloys have been studied by Aedge ex- 930 940 950
tended x-ray-absorption fine-structure studie¥. Photon Energy (eV)
CulL;,edge XANES measurements were carried out us-
ing the BL1A double-crystal monochromatdXM) beam FIG. 1. Cul;redge XANES Cu metal and a series of disor-

line®* at UVSOR, Institute for Molecular Science, Okazaki, dered Cu-Au alloys; XANES for CuO is also shown for compari-
Japan. The operating current of the 750-MeV storage ring°"

was 200 mA at injection. Beryl crystal2d=15.965 A ) . ]
were used to provide monochromatic photons with a flux of€ak due to the incomplete removal of surface oxide, which
10°~10 photon/sec and an overall resolution less than 0.9s not seen in the FLY spectrum. The oxide contribution can
eV at the CuL ; edge(~930 e\). All Cu L, redge XANES be removed_by subtra(_:tmg from the spectrum a scaled CuO
spectra were recorded simultaneously in both total electrogPectrum. Since CuO is featureless above the threshold, this
yield (TEY) and fluorescence yiel@FLY) modes with the procedure has no noticeable effect on the position and rela-
chamber as described previousfyThe TEY was recorded ~ Several features from Fig. 1 are apparent. First, all the
with the specimen current as well as a channel plate electropPectra exhibit three similar resonances above theLgu
multiplier. The FLY was recorded with a proportional €dge. Second, close inspection reveals that the threghpld
counter filled with a Ar-CH gas mixture. The surface of the Of the alloys shifts to lower photon energy as Cu becomes
specimens was cleaned by scrapingsitu with a diamond ~More dilute in Au. Third, there are systematic variations in
file. This procedure removes the inadvertent surface conthe resonance position and intensity; that is, the resonance
taminants and native oxides and is crucial for total electrorintensity decreases and the maximum of the three resonances
yield measurements since the TEY technique has a shallof?0Ve progressively towards the threshold as the Cu concen-
sampling deptfi® The fluorescence yield, on the other hand,tration decreases. .
has a much deeper sampling depth and is dominated by the The CulL;redge XANES between the ordered and dis-
bulk signal® Despite its bulk sensitivity, the FLY suffers ordered phases of Gu and CuAu have also been recorded.
from self-absorption for concentrated samples, low count he difference irE, between the ordered and the disordered
rates, and low signal to noise ratio. Thus simultaneou®hase is negligible within experimental uncertainty, although
XANES measurements using both TEY and FLY techniquedhe resonance intensity for the disordered samples is slightly
ensure that the spectra obtained are of good quality and repigher. The implication of this observation is noted in the
resentative of bulk properti@s. All the results reported here NeXxt section.

were obtained from TEY measurements for better statistics.

The corresponding FLY spectra were used to ensure surface IV. DATA ANALYSIS AND DISCUSSION

cleanliness.
A. General considerations

Il RESULTS In the absence of significant multielectron excitations that
' are not expected to be important in this system, the Cu
Figure 1 shows the Cii; ~edge XANES of the disor- Lj;edge XANES can be dealt with within the framework of
dered alloys CuAg, CuAu, and CuAy together with Cu the one-electron approximation. The difference in the final-
metal and CuO. The monochromator was calibrated usingtate effect, which tends to induce screening charge of a
the CuL ;-edge resonance maximum in C{@81.06 eV.>*  more localized charactésuch asd charge, can be assumed
The point of inflection at the Cl.; edge of the pure Cu to be small for this system. Thus the transition probability for
metal (Ey) thus obtained appears at 932.40 eV. In the alloythe excitation of an electron from the Cuz, level (L
TEY XANES, there sometimes exists a small surface oxideedge to the previously unoccupied states is governed by the
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that p—d is the dominant contribution to the three-peak
resonance of the Cus-edge XANES; it is about an order of
magnitude larger than that of the—s contribution. Thus
one expects that any change in thelectron count at the Cu
site upon alloying would have a noticeable effect on the Cu
L; redge XANES intensity. It has been shown that thelGu
edge in Cu-Zr alloys exhibits an intense white line as the
result ofd charge depletiof?

B. Cu L3 edge systematics for the disordered alloys

Let us first consider the polycrystalline, disordered fcc
alloys with compositions of Gi&Au, CuAu, and CuAy. We
will examine the energy shifts of the threshdig, the rela-
tive position, and the intensity of the resonances relative to
L LI those of the pure metal.
0 10 20 30 It has been noted that the all@, shifts progressively to
Energy relative to threshold (eV) smaller photon energy relative to the pure metal as Cu be-
comes more dilute in the alloy. This observation is in good
FIG. 2. CuLjyedge XANES: comparison of experime@,  agreement with the trend found in the x-ray photoemission
this work) with the theory of Muller(b, Ref. 17 and Aebiet al.(c,  spectroscopyXPS) study of the same series, which shows
Ref. 15. that the Cu D, peak shifts to lower binding enerdy The
relevant shifts are tabulated in Table I.
dipole transition matrix element and the densities of the un- Figure 3 compares the Auz-edge XANES of the disor-
occupied states. Granted that the radial part of the transitiodered alloys with that of Cu metal. All spectra have been
matrix element varies very little from compound to com- normalized to an edge jump of unity and the alloy spectra
pound and thep—d transition dominates, the unoccupied have been shifted so that thg, of the alloy spectrum is
densities ofd states can be probed with the; -edge aligned with that of the pure metal. The normalization pro-
XANES 15:17:34:47:48,55-61 cedure was carried out by matching the absorption coeffi-
The presence of unoccupied densitiesdo$tates above cients just below thé 5 threshold, below thé , threshold,
the Fermi level in Cu, Ag, and Au is supported by bandand several eV above thse, threshold. The difference curve
theory and related calculatiohdl 121415171 has also been and the area under the difference curve, which is related to
well established, both experimentally and theoretically, thathe unoccupied densities dfstates, are also showshaded
metals with the same crystal structure exhibit similar patternarea.
in their x-ray absorption fine structut&-*®2%Although there A couple of interesting features from Fig. 3 are noted.
is less data length in the; edge for Cu and Ni both fcc First, despite the similarity in the three-resonance pattern,
metals, it has been shown that they both exhibit a three-peakere are noticeable differences in both the position and the
pattern. intensity of the resonances. Second, in the energy region of
Figure 2 compares the calculated and the experimentallthe first resonance-first 5 eV) there is little or only a small
observed Cu_; yedge XANES for Cu metal. Spectruanis  change in intensity as Cu becomes more dilute, while the
the experimental data, while specbraandc are calculations difference in the area under the second and the third reso-
of Mdiller, Jepsen, and Wilkié and Aebiet al,™® respec- nance exhibits a significance decrease in alliy inte-
tively, based on a band model. It is apparent from thesgrated absorption intensity decregséhe sum of the areas
results that all calculations correctly predict the three-peaKincluding the sigh under the difference curve in the region
pattern above the Clu; edge, albeit with a small discrepancy of ~10 eV above the threshold decreases and is dominated
in the energy position of the resonances. A recent calculatioby changes under the second and the third resonance. This
by Soldatovet al®? using multiple-scattering proceduf&§*  observation indicates a loss of intensity in the alloy com-
also correctly reproduces the three-peak pattern and shovpared to that of the pure Cu as Cu becomes more dilute. The

Cu L, ,-edge
Experiment and theory

Absorption (normalized to edge jump)

TABLE I. Chemical shift in the CWz-edge threshold Ey and XPS Cu P, binding energyAEg for a
series of disordered alloys relative to Cu metal

Eo (Cu L edge? AE, (alloy Cu) Eg (2P XPSP AEg (alloy Cu
Alloy (eV) (eV) (ev) (ev)
Cu 932.403) 0.0 932.583) 0.0
CuAu 932.303) -0.1013) 932.333) —-0.203)
CuAu 932.213) —-0.193) 932.263) —-0.273)
CuAw, 931.995) —0.415) 932.183) —-0.393)

aRelative to the CU z-edge resonance maximum of CuO at 931.06 eV.
bFrom Ref. 45.



7588 T. K. SHAM, A. HIRAYA, AND M. WATANABE 55

1.5 ' T
g -14 CuAu3 -1.4
- =
& 7 = C
- ] . u L.-edge 1.
g 10 g 12 y-edg 12
8 <
8 T -10f 1-1.0
& h = -L .
é‘ 0.5 CllsAll-Cll L.) CuAu g
g ] g 08 1-08 £
E 00 z 7
} " -
.‘? -0.6 -0.6 &
] T T T I g g
,“E’ -0.4 04 =
's Cu
g ,% -0.2 102
] )
$ & 00f @ {00
E: 0.00 0.25 0.50 0.75 1.00
g
8 Atomic Composition of Au in Cu-Au Alloys
=}

— e ——— FIG. 4. Plots of XANES intensity AA), Eo, and XPRAEg vs
alloy composition.

As=CoNoE3(Ryp.34)%(6hspt hap) /15, 2

whereCy, Ny, andE, ; are constants. We consider only the
L, edge here because the edge is complicated by the
L;-edge XAFS. From Eq(2) we get

A(L3)=a{5[Rop.3q]°hs it =a{75[Rop.3al*ha}, (3

where a=CyNyE; is a constant(Cy=47°a/3, a being
the fine-structure constanl,, the density of Cu atoms,
Photon Energy(eV) and E; the Cu L; absorption edge energyR;, 34
_ _ ~Rap.3d(2P3/2-3ds5/2,3) ~ Rop-34(2P1/7-3d3y) is the radial
FIG. 3. Culs-edge difference curve between disordered alloytransition matrix element, anuy is the number of 8 holes.
and Cu; the area under the difference curve in the region of interesthus the area under the difference curve between the alloy
is shaded. and Cu metal at the Cu; edge becomes

Intensity (arb. units)

930 935 940 945

resonance maxima shift toward the threshold as Cu becomes AA(L3)=bAhg=—bAng, (4)
more dilute. We tentatively attribute this shift to the local-

A (A 2 . .
ization of thed wave functions of Cu. Other relevant param- Whereb=a (1[Ry;.34] %) is @ constantAhy is the difference
eters are summarized in Table II. in 5d hole count between the alloy and the metal, Amg is

Following Matthiess and Dietz for their studies of fcc Au the difference ird electron count between the alloy and the
and Pt(Ref. 14 and assuming there is no countervailing Métal- Equations3) and (4) will form the basis for later
symmetry arguments when applied to fcc Cu, the integratediscussiongSec. IV Q.
absorption intensity at the; edge,A, is proportional to the The chemical shift€, and AEg (from XPS as well as
number of & holes. Assuming statistical distribution of the changes in area under the cutv&\(L 3) (henceforth denoted

d holes(hgy/ha,=1.5:1; total hole courfiy=hg,+ hs), we AA) of Fig. 3 are plot_ted asa fl_Jnc_tion of compositi_on in Fig.
can write 4. Both chemical shift trends indicate that Cu gains charge

upon alloying, while theA A trend indicates that Cu gairts
A= CoNoE(Rypp.3¢)%(h3)/3, (1)  charge.
] We now recall previous observations for this series of
TABLE Il. Area under the ClLz-edge XANES difference curve alloys from the Au perspectiv‘&lt has been shown that Au
between an alloy and Cu metal. gainss charge and losed charge upon dilution in Cu and
thed loss at the Au sitéwithin the Wigner-Seitz volumes

Alloy unitAyAea d(gé'(}zrf&)ew A'(Ae\(/ag%f): U overcompensated by the gainsreharge so that Au acquires

a small net charge overall in forming the random alloy, in
Cu 0 0 accord with electronegativity considerations. What follows,
CusAu —0.29 —7714 as required by charge conservation, is that Cu on the average
CuAu —055 —14610 must lose charge overall at the Cu site in these Cu-Au alloys.
CuAu, 11 —29260 Since both XPS Cu 25, binding energy and Clz-edgeE,

for the alloys exhibit a shift to lower binding energy upon
aUnit in unity edge jumpx (eV); for the CuL 3 edge, the unity edge dilution, this indicates that Cu gairg charge and loses
jump corresponds to 2.6610° cm™! (uncertainty<10%). charge. This is because the Coulomb interaction between the
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Ang=cAA, ®)
g 0.00 i wherec=—1/b is a proportional constant. We now impose
r Cu charge conservation, which demands that
g ]
= Cu L,-edge
< i 5(Cu)= 8(Au), (6)
2 1 wherei is the atomic ratio of Cu to Au in the alloy anglis
& 005 the net charge transfer on or off the s{i#igner-Seitz vol-
2 ume of interest. Usings(Au) values from a previous study
5 for these exact alloy samplé3ye can estimaté(Cu) from
B
E S(Cu)=Ang+Any. @
% 0107 slope = 0.098 Assuming thatAn/Any=r is a constant as in the case of
= 45 ;
2 CuAu, Au,™ we arrive at
z S(Cu)=(r+1)Ang, ®
T T T T T T T T T T T T
1.0 05 0.0 which, when combined with Ed5), yields
Area under the difference curve (arb. units)
S(Cuy=c(r+1)AA. 9

FIG. 5. Correlation of§(Cu) with AA for the disordered alloys. . .
If all the above assumptions are valid, we then expect to

core electron and electrons in thd 3hell F(2p,3d) is con-  observe a liner relationship betweé{Cu) andAA. The rel-
siderably larger thaifr (2p,4s) (Ref. 69 [typical F(2p,3d) evant data are given in Table Il and the results are shown in
values are~10-20 eV across the 3 period and the Fig. 5. It can be seen from Fig. 5 that the correlation is linear,
F(2p,3s) is typically 20% les§ Since theF's are the domi-  yielding a slope ofc(r +1)=0.098. If we taker =—1.43,
nant terms that determine the binding energy shift, Cu in thgyhich is the same as in the case of MRef. 45 (this is an
a||0y can still exhibit a negative-binding—enel’gy shift despiteupper boundr is expected to be closer tel in Cu), we
a net charge loss if the depletsds partially compensated by gptain c=-0.228(if we taker =—1.2, ¢ becomes—0.49).
the gain of the more compadtcharge. Returning to Eq(5), we can now estimatAng values from

We attribute the overall difference in the area under thea A, The values thus obtained are listed in Table IIl. We can
curve in Fig. 3 to a gain ofl charge at the Cu site in the see from Table Il that these values are of the order of 0.1
alloys (decrease ird hole count. This assignment is partly glectron and increases as Cu becomes more dilute.
based on the fact that thee—d transition is expected to be A theoretical calculation addressing charge transfer in
more sensitive than the— s transition and partly based on cy-Au alloys in general is lacking, except in the case of
the multiple-scattering calculatidfi,which shows that the Cy,Au. In the linear muffin-tin orbital coherent potential ap-
three-peak pattern arises primarily from—d transition.  proximation calculation of Abrikosov, Vekilov, and Rub&n,
Thus the CU ; yedge XANES results support the notion that they show that Au losed and gainss for both ordered and
Cu gainsd charge and loses charge in forming Cu-Au  disordered alloys, while the count at the Cu site changes
alloys. It should be noted that the effect pfcharge has so yery little. Lu et al,'® using a special quasirandom structure
far been neglected. We assume that fheontribution is  method, have calculated the charge transfer in both ordered
small and this assumption has been shown to be generalpng disordered Gu. They found that the integrated total
valid gnd its effect can be implicitly included in the  charge transfer inside the muffin-tin sphere of Cu and Au in
count. Cu;Au exhibits the following trend<a) Au loses charge and
Cu gains charge(b) the charge depletion at the Au site
amounts to 0.4—0.®/atom, depending on the number of
nearest like atomgthe larger the number, the smaller the

We now attempt to quantify these observations. Let usharge transf@r and (c) the charge gain at the Cu site is
consider for the moment the area under thelGtedge dif-  relatively small(0.01 and 0.0&/atom for 11 and 7 nearest
ference curveAA. We can rewrite Eq(4) as like neighbors, respectivelylt should be noted that charge-

C. Comparison with previous Au results
and theoretical calculations

TABLE lll. Charge transfer at the Au and Cu sites for a series of random alloys.

Alloy 5 (Au)? Ang (Au)? 5 (CuP Ang (Cu)° AA (Culy)
CusAu 0.1%, -0.13, -0.03, 0.06; —0.29+0.03
CuAu 0.06 —0.06, -0.6, 0.12 —0.55+0.06
CuAug 0.03 -0.02 -0.11, 0.25 —-1.10+0.11
3From Ref. 45.

bCalculation based on charge conservation; see text.
‘From Eqg. (5); uncertainty primarily originates frorAA (slightly different background subtraction and
normalization).
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FIG. 6. Comparison of the Cus-edge XANES between the FIG. 7. Comparison oK- andL 3 ;-edge XANES for Cu metal.
ordered and the disordered £w and CuAu.

ties of the three-peak resonance region exhibit the following

transfer consideration based on a muffin-tin sphere is differtrend: Cu>CusAu (disorderegt>Cu;Au (ordered. This
ent from our consideratiofWigner-Seitz volumg Concep- trend, which follows the number of nearest neighbors of like
tually, it is easier to visualize charge transfer if all the atoms, is, however, exactly opposite that exhibited by the Au
volumes are accounted for. Consequently, charge conservas -edge white line of the same allo§3A similar pattern is
tion is imposed automatically. However, the Wigner-Seitzalso found for the CuAu alloys. These results confirm quali-
volume is more difficult to deal with than the muffin tin in tatively what the photoemission and threshold chemical shift
theoretical calculations. We tend to interpret the chargealready indicated, that Cu gains madecharge when it is
transfer within the muffin-tin sphere as charges of a moremore dilute locally in Au. It should be noted that, on aver-
compact(localized character. Then our results are in good age, both Au and Cu are less dilute localgrger number of
agreement with theot{ and indicate that Cu gairsscharge, nearest neighbor of like atomm the random alloy than in
while Au losesd and gainss charge upon alloying. The role the ordered structure of GAu (L1,) and CuAu(L1,). Au
of Cu s charge is less clear, although charge conservatiohas no nearest Au neighbors in the orderedAtu(L1,)
requires that Cu should lose conduction charge. structure, but has three nearest Au neighbors in the disor-

Returning to Eq(4), we can also estimate the radial ma- dered fcc structure on average, while Cu has eight nearest Cu
trix elementR;,. 34 for Cu. Using Any=0.125 for CuAu  neighbors in the ordered structure and nine Cu neighbors on
from Table Il and C,=9.605<10 2, E;=932.4 eV, and average in the disordered structure. In the case of CuAu, both
No=8.474<10** atomcm?, we obtain a=7.589<10**  Au and Cu have four nearest like neighbors in the ordered
eVcm 2and anRy.34 Value of 1.44 10 cm. This value  structure(L1,), while the coordination number is six on av-
has the same order of magnitude as that reported bgrage in the disordered structure. The trend observed here is
Pearsoff (6.4x1071° cm) using atomic calculations, but is entirely consistent with the notion that the more dilute
about four times smaller. The discrepancy may be due to aGu(Au) is in Au(Cu) locally, the mored electrons it gains
overestimate of the value used in the analysis. Anvalue  (loses.*®
of —1.2 would yield anR,, 34 value of 3.x10° % cm,
which shows a much better agreement between experiment , .
and calculation. E. Comparison of Cu L ;-edge with CuK-edge XANES

It is also interesting to compare the Cuedge XANES
result with that of the CKK edge. Figure 7 plots thk- and
L3 -edge XANES of Cu metal with botk, set at zero. The
absorption coefficients have been normalized to unity edge

Of all the Cu-Au alloys, the ordered-disordered phasgump. The effects of the core-hole lifetime and angular mo-
transitions of CyAu and CuAu are undoubtedly the ones thatmentum characteristioselection rulesAl==*1, Aj=0,%=1)
have drawn the most attention. We present below some Can the XANES features are immediately apparent. A couple
Ls;-edge observations and their qualitative implications.of interesting features are also noted. First, the spectra look
More detailed study is presently under way and will be givenentirely different, as expected, since thkeedge XANES
elsewhere. probes thd =1 (p) state and thé& ; edge probes thie=0 (s)

Figure 6 shows an expanded region of the [Cgyedge and 2 @) states, with the latter being the dominant process.
XANES for the ordered and disordered samples ofAlu  Second, the shoulder in thé-edge XANES, which has been
and CuAu. It is apparent from Figs. 6 and 3 that the intensiinterpreted as as—d transition facilitated by band forma-

D. Cu Lz-edge XANES for ordered and disordered CyAu
and CuAu
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tion and rehybridization!® is relatively weak and falls in that the number of nearest neighbors of like atoms is more
the same energy regidn-10 eV) as that probed by the;  important to the electronic structure than the interatomic dis-
edge. tance between thefi.In addition, we have also estimated
the Ry, 34 Value for Cu and compared the Cy- andK-edge
V. SUMMARY AND CONCLUSIONS XANES, showing that the atomiclike dipole selection rule is
) ) generally valid and that the first10 eV above the threshold
We have reported the study of high-resolutioniGgedge s important for unoccupied densities of states considerations
XANES spectra for a series of disordered Cu-Au alloys asy these systems. Finally, it should be noted that we have
well as a preliminary study of the ordered fBu and CUAU.  aqdressed here only the phenomenological correlation be-
The XANES spectra clearly show chemical systematics tha§yeen the area under the difference curve and charge trans-
have been interpreted in terms a@fcharge redistribution at for. The origin of the chemical sensitivity of the three-peak
the Cu site. These results, together with previously reporte?attem in the context of densities of statband modeland
Au results and theoretical calculations, strongly indicate thategonance stategmultiple-scattering considerationsand
relative to the pure metal, Cu gaidscharge and Au loses  tneir relationship to charge transfer need further study. Fu-
charge in Cu-Au alloys. The trends dfcharge redistribution  re study with new generation of monochromators that pro-
at the Cu and Au sites are in opposite directions and are ifjge still better resolution and with calculations involving the

contrast to what is expected on the basis of electronegativitéore hole will undoubtedly shed more light on these issues.
arguments. We proposed that this discrepancy could be re-

solved by the introduction of the charge compensation
mechanism, which allows fos charge compensation. The
result then is that Cu gaind and losess charge, while Au
losess and gaingd and that the net charge flow is small and  T.K.S. wishes to thank the Japan Society for the Promo-
is onto Au and off Cu in accord with electronegativity and tion of Science for financial support and the hospitality of
electroneutrality arguments. Results from both disorderedVSOR, where most of the measurements reported here
and ordered alloys show thdt charge redistribution at the were carried out. Research at the University of Western On-
site is intimately related to the number of nearest neighborgario was supported by the Natural Science and Engineering
of like (unlike) atoms. This result supports an earlier notionResearch Council of Canada.
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