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The valence-band photoemission spectra of disordergBtNi, and CuyPt;_, alloys have been measured
with synchrotron radiation. Using the Cooper minimum phenomenon of thedRtlé&ctron photoionization
cross section and taking the matrix-element effect into account, we obtain experimental partial spectral weights
(PSW'g of each constituent. For the Ni-rich Ni-Pt alloys, we find substantial weights of the Pt states near the
Fermi level, which are believed to be responsible for the Pt local magnetic moment. The comparison with the
theoretical calculations in this case shows the importance of both relativistic effect and the self-consistent-field
treatment. For the Cu-rich Cu-Pt alloys, we find that due to the strong hybridizatiordGn@® Pt & states
form a common band. This calls into question the conclusion of the early photoemission study that Pt impurity
forms a virtual bound state in the Cu hos$0163-18206)07135-4

[. INTRODUCTION alloys, but this system is different from such alloy systems as
Ni-Cu in that the Pt atomic site also has the magnetic mo-
It has long been an interesting subject to predict and unment which is about half that of the Ni atomic sftd The
derstand the electronic structures of disordered alloys. The@oncentration dependence of the Curie temperature is differ-
retical approaches have achieved great success in the lagit between disordered and ordered phases, and the lower
decade through the development of the coherent-potentiaurie temperature of the ordered phase makes NiPt paramag-
approximation(CPA). Korringa-Kohn-RostokefKKR) CPA - netic, while NiggPts, is ferromagnetic below about 150 K.
has predicted the electronic structure of disordered alloys, There also has been a great deal of theoretical and experi-
which has been confirmed in many cases by experimentgnental works on the determination of the surface composi-
especially the photoelectron spectroscdB¥S. In this pa- (o of Ni-Pt alloys in order to elucidate its chemisorption
per, we present the results of a photoemission study on twg,g catalytic behaviors. Recent experimental works using
alloy systems, disordered Ni-Pt alloys and Cu-rich Cu-Pt alyarioys techniques such as x-ray photoemission spectroscopy
loys, and discuss their electronic structures in relation thps),zt Auger electron spectroscopylow-energy electron
physical properties and theoretical band calculations. Belowdiffraction,&g and ion scattering spectroscdpy’ led to the
we will first briefly review some issues pertinent to these Ptyaneral consensus that Ni-Pt alloy system forms sandwiched
alloy systems and discuss our motivations for the preserEtructures in which monolayers of the Pt and the Ni enrich-
study. ment alternate. More interesting was the observation of face-
related segregation reversal, which led to the conclusion that
the segregation of a polycrystalline surface would depend on
_ the distribution of crystal faces exposed by grains.
A. Ni-Pt alloys The electronic structure of Ni-Pt alloy system is not yet
The disordered Ni-Pt alloy system has received much atfully understood because of the theoretical difficulty in the
tention because of its magnétic and catalytic behaviors®  simultaneous treatment of relativistic effects and self-
Neutron scattering studies and magnetization measurérhentconsistency in site potentials in the CPA method. Early cal-
of this alloy system showed that the average magnetic mosulation which employed model density of state¢DOS) to
ment decreases as the Pt concentration is increased, and dixplain the magnetic moment measurement was far from the
nally the alloy becomes paramagnetic with more than 58eal situation> The most comprehensive work showing the
at. % Pt, which is called the critical concentration. This be-density of states as a function of composition is probably the
havior is similar to those of many Ni nonmagnetic metalfully relativistic KKR-CPA calculation by Stauntoet al.*®
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but unfortunately it does not take account of self-consistencyersy has been resolved recently by considering the matrix-
in site potentials and predicts lower DOS at the Fermi leveklement effectbinding energy dependence of photoioniza-
than the XPS valence spectra shWwSelf-consistent field tion cross section of Pd in the interpretation of PES
(SCH KKR-CPA and its atomic-sphere approximation haveexperimental results, and we have suggested that the Pd
been uset?*°to calculate the ordering and the alloy forma- impurity states in the Cu host do form a common band al-
tion energy of NiPt, but they are only nonrelativistic or scalarthough it may be difficult to observe by photoemission ex-
relativistic results and are available only for equiatomicperiment because of the low Pd cross section at the bottom of
NisoPtso. For the ordered alloys SCF linear muffin-tin orbit- {he pand.

als (LMTO) calculation was reported for NPt and NiPt The existence of the Pt virtual bound state in Pt diluted

3, but it was also scalar relativistic. In addition to these,_pt alloys is also very doubtful considering the hybridiza-

problems in the comparison of photoemission spectra Witqion between the two elements, although it has been sug-

band calculations, Ni @ states experience strong electron gested in a previous PES stuthFirst, the hopping integral

correlation effect which results in the narrowed valence, . .
bandwidth and the so-called 6 eV satelfife. between the Ptd and the Cu @ states is 1.16 times larger

The earlier photoelectron spectroscopy stuidigmainly than thgt bejtween the Pdl4nd the Cu 8 states according
focused on the core level spectroscopy using XPS. Shevchil® Harrison s'sghen?é becau.se the Ptcﬁstgtes are more
and Bloch# concluded from their measurement of core |eve|extepd¢d. This is .true even if the'local lattice r.elaxatlon ef-
shifts that there is charge transfer from Pt to Ni, but Choif€Ct is included, since the expansion of the lattice around Pt
et al. showed that the intraatomic charge redistribution is'MPUrty 1S comparable to that of Pd impurity in the Cu
more important than the interatomic charge redistribution benost”* Second, the binding energiegd) of the Pd and Pt
tween Pt and Ni atom¥. The valence-band PES spectra of impurity levels are expected to be nearly the same. As a first
both studies, however, gave little information on the partialapproximation, the impurity levels in the Cu host can be
DOS of each component because of the lack of the promiestimated by the core level binding energies assuming rigid
nent structures which can be used to identify its parentage. lhehavior between the core level and the valence binding en-
fact, Choiet al. compared the weighted sum of pure metalergies. From the measured Pt Binding energy of Cu-Pt
valence-band PES spectra with those of alloys, and foundlloys?® and the Pd 8 binding energy shift of the Pd-diluted
reasonable agreement for the whole composition. This hadu-Pd alloys’! we can infer that the centroid of the Pd 5
also been predicted by the KKR-CPA result for Pt-richand the Pd @ levels in the Cu & host will both be around
alloys ! where the partial DOS's of both constituents changer, ~ 4 ev, which is well inside the Cudband. Therefore,
little for the compositions of 30, 40, and 50 at. % of Ni. But_We can conclude that the hybridization mixing between the
the band calculation of Ref. 17 on ordered alloys makes thig jmpyrity states and the Cu host band is stronger than that
conclusion somewhat doubtful, because the Pt partial DOBetween the Pd impurity states and the Cu host band. This

::ﬁanget_s {nuch tm I'ts s_h?ﬁltajes\t;\(;t\/\]/cee@ﬁktl and Nng.tHenieb means that if the Pdddimpurity states form a common band,
€ partial spectral weig of €ach component MUSLbe o py impurity states must also form the common band, not
correctly extracted from the PES spectra to compare with

theoretical predictions, which is one of the main subjects of V|rtual_ bound state. Hence it is interesting to study the
this paper. electronic structure of Cu-Pt alloys more carefully.

There have been only a few photoemission works on

Cu-Pt alloys compared with the extensively studied Cu-Pd

alloy case. The early XPS work gave little information about

B. Cu-Pt alloys the valence band due to the inadequate energy resofition.
More recent ultraviolet PESUPS work?? on Pt- and Pd-
diluted alloys with He lines (hv = 21.2 e\) concluded that

the Pt and Pd impurity levels form virtual bound states in the

unfilled 3d shell, while Cu belongs to noble metals with the Cu host, but the underlying assumption in the analysis that

(nominally) filled 3d band, hence it would be interesting to (€ matrix element of Pt be similar to that of Cu may be
see the difference of the electronic structures when they forrnjustified. Furthermore, it is not clear whether the spectra
alloys with Pt. In fact, transition metal alloys with noble W!'[h He | lines represent the total density of states, because
metals have been most extensively studied among disorderdjth photon energies less than about 40 eV, one generally
alloy systems, one reason being that the magnetic behaviéannot obtain full information about the angle-integrated
of the transition metal impurity is expected to be easily in-DOS?

terpreted by the localized virtual bound state picture. How- The DOS calculation on Cu-Pt alloys with KKR-CPA has
ever, recent theoretical calculations predicted rather stronfgeen done only for 85, 50, and 29 at. % Pt all3}%! There-
hybridization between impurity states and the host band fofore, the direct comparison between the UPS result of dilute
some system& which called into question the adequacy of alimit?? and the band calculation is not possible. But we can
simple model treating the transition metal impurity state agget some trend and hint on the electronic structure of the Pt
localized. One famous and most extensively studied examplienpurity in the Cu host. As the Cu content increases, the
is the Pd impurity in the Cu host. Early photoemission stud-DOS at the Fermi level is decreased and the deeper binding
ies argued for the existence of the virtual bound st&t&  energy structure moves away from the bottom of the Cu
while most calculations both with and without the lattice band while gaining weight. In CyPt,g, the centroid bind-
relaxation predicted a common-band beha#fsFhis contro-  ing energy of the Pt partial DOS is about 4 eV. So it is

The study of Cu-Pt alloy systems is a natural extension o
the Ni-Pt alloy study, since Cu is the next element to Ni in
the periodic table. Ni is a transition metal element with the
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guestionable that the partial DOS of the Pt impurity in the Cu r r T T T T
host forms a narrow virtual bound state aroufgl= 2 eV,
as claimed in Ref. 22. hy = 60 eV

In this paper, we report the valence-band PES spectra of
Ni,Pt;_, alloys of various composition x&0.10,0.30,
0.50/0.75,0.898x=0.898 will be designated as 0.90 hence-
forth) and Cu-rich CyPt;_, (x=0.5,0.75,0.9) alloys with
variable incident photon energy using synchrotron radiation.
By making use of the Cooper minimum phenomenon of the
Pt & states, we deduce the PSW's of Ni, Cu, and Pt sepa-
rately. We then compare them with theoretical calculations
to assess the validity of the KKR-CPA calculation, and also
gain some insight on the question whether @sfates in the
Pt-diluted alloy form a virtual bound state or not.

The organization of this paper is as follows. Following
this Introduction, the experimental details are described in
Sec. Il. In Sec. lll, the results of a PES study on,Rt; _, N
alloys will be discussed. The results on @&, _, alloys will
then be presented in Sec. IV. The paper concludes with a
brief summary in Sec. V. Nig Pt

Intensity (arb. units)
Zz
)
X

Il. EXPERIMENT L L L L 1 L

The polycrystalline samples of Met;_, (x=0.10, 0,30, 1210 ,8 . 6 4 2 0
0.50, 0.75, and 0.9Calloys and CyPt, _, (x=0.5, 0.75, Binding Energy (eV)
and 0.9 alloys were prepared by arc melting of two constitu- o .
ents in an atmosphere of argon on a water-cooled copper F!G. 1. Valence-band photoemission spectra of PtoRlbo,
hearth. For the Ni-Pt alloys, the homogenizing anneal af¥soPt7o. NisoPlso, NizePlos, and NigPto with photon energy
1200+ 25 °C was performed afterwards for 27 h. The x-ray"” = 60 €V, normalized to have the same maximum heights. The
diffraction measurements confirmed homogeneous face‘loela.St'c.baCkground 'S removed and the analyzer transmission
centered-cubic solid solutions for both samples. The Ni-P unction is corrected assuming 1/& behavior.
alloy system has well-defined ordered phasegPand NiPt  pure Pt metal with photon ener = 60 eV, where the
which have L1 and L1, structures below 580 and 645 °C, calculated atomic cross section rdfibetween Ni 8 and Pt
respectively’. but no ordered phase was observed in oursd states is 0.8. The electron analyzer transmission function
samples. has been corrected assuming Behavior, and the inelastic

The valence-band photoemission spectra were taken atattering background has been removed. We can see that as
National Synchrotron Light Sourc@NSLS) Beamline U4A  the Ni content increases, so does the spectral intensity at the
of Brookhaven National Laboratory equipped hwia 6 m/ Fermi level due to the Ni® emission. Also, the total band-
160° toroidal grating monochromator. The total resolution atvidth becomes smaller and the depth of a dip related to the
the Fermi level was less than 0.3 eV in full width at half Spin-orbit splitting of the Pt PSW diminishes. But it is diffi-
maximum (FWHM) for photon energies below 160 eV. At cult to separate out Ni and Pt partial DOS’s because they
higher photon energies, the resolution was broadened tBverlap each other. _
~0.45 eV due to the low photon flux. The incident photon  F19uré 2 shows the raw spectra of Ni-Pt alloys and pure
energy ranged from 40 eV to 200 eV. The measurement seitt?cl)i a:tar}i%;b (:t:\fv%eer\wl,N\ﬁv%e;éhgtcgl?gI?geg :;Odmll\lci %ross
photocurrents was performed by Vacuum Scientific Work- :

shop(VSW) HA100 concentric hemispherical analyzer with states are expected to dominate the spectra. However, this

single channel electron multiplier under the base pressure 8|p'eoret|cal Cross secthn ratlo is much overestimated as we
low 10-19 torr. will show below. In this figure we can see that as the Ni

To remove the contaminations at the surface, the samplils(;soment is decreased from pure Ni down tosifitso, the

: . andwidth of the Ni-related spectral weight is reduced. This
were sputtered with 1.0 keV neon or argon ions for about 2 E;Obably comes from the weaker hybridization between Ni

min. Since sputtering generally gives damaged surface! ) . ) .

which are somewhat amorphous, subsequent annealing at t tiiteatcesnlsr;aﬁltloi)sls?,d;; ,éoat:g g'gizteg glr atS:QIClViS(;?]Z Pt

temperature of about 240 °C for 20 min was done to ensur : ' L y P .
etals, respectively But it is not clear whether the Ni

Lhnetilcx es tggltg?nzgngggnsggggi'eghls procedure was repeat W'’s of Pt-rich alloys have further reduced bandwidth or
' not, since the hybridization between Nil &ind Pt &l states
may broaden the Ni partial DOS somewhat.
Ill. RESULTS AND DISCUSSION ON Ni-Pt ALLOYS

B. Photoionization cross section

A. Raw spectra In order to separate out the PSW'’s of each element quan-

Figure 1 shows the raw PES spectra of Ni-Pt alloys anditatively, we make use of the Cooper minimum phenomenon
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(Ref. 32. The experimental ratio between Nil 2ind Pt §l states is

12 10 8 6 4 2 0 less than half that of the calculated atomic value at around
Binding Energy (eV) hy=110 eV.

FIG. 2. Photoemission spectra of Pt, {jRtgy, NizgPtyg,
NigoPtso, NizsPts, NiggPtig, and Ni with photon energy
hy=130 eV. Other details are the same as in Fig. 1.

and we note again the importance of the experimental deter-
mination of the cross section ratio.

of the Pt 5l level photoionization cross sectiéhThe pro-

cedure determining experimental values of the photoioniza- . . .
tion cross section ratio as a function of the incident photon | Th de pro%e%u.relgs?dztso Ict)btam the PSWhOf blnaryﬂ?lloyﬁ, ItS
energy is described in detail in our previous wofkdt js 20 JesCrbed in Ret. 25. [tassumes no change in the pnoto-

based on the fact that the intensity ratios of the valence-ban'((i)nlzatlon matrix element of a constituent betw_een pure
) . metal and alloys. But the dependence of the matrix element
PES spectra taken at different photon energies are propor-

. ! . . : . on the photon energy and on the binding energy is correctly
tional to their cross section ratios. The proportionality con-, . . Pty
I ; . . ; included. Since the experimental value @&}}/oL} is 2.5 at
stant is fixed by setting the intensity ratio of core levels,
. . ~hv=130 eV, we can regard the PES spectra at that photon
measured with XPS equal to the atomic cross sectio

lculati . th i f level |%nergy as the Ni PSW’s as a first step. Using the measured
carcuration, - since the cross sections ot core ‘evels are no.TcrOSS section ratio and the divided spectra of pure Ni at dif-

expected to (?hange much from their atom.ic yalues Ven ifsrent photon energie€l30 and 60 eV representing the
solids. For Ni-Pt alloys, we used the Pt éinding energy  change in the matrix element, we can obtain the Pt PSW's at
Eg=71 eV forfs,) and the Ni P (Eg=67 eV forps) core  h,=60 ev. With these Pt PSW's, more correct Ni PSW's at
levels, which have similar kinetic energies so that the escapg,, =130 eV can be determined with similar method. Itera-
depth would also be similar. The experimental cross sectiofions of 3 or 4 times are enough to obtain the converged
ratio between Ni 8 and Pt @ states thus determined as a results.
function of the photon energy is shown in Fig. 3 along with  In this procedure, we should take into account the surface
the calculated atomic values of Ref. 32. segregation phenomena. As discussed in the Introduction, it
The overall trend is slightly different between experimentis well known that the surface composition of the polycrys-
and theory. The atomic calculation predicts a rapid increastlline Ni-Pt alloys is different from the bulk, and it may
of the cross section ratio up tov= 150 eV, but the experi- depend on the surface treatment. Since the inelastic electron
mental data show a smaller value of the ratio which increasesiean free path of photoelectrons at soft x-ray regime is very
rather slowly. As a result, the cross section ratio between thehort, we should use the surface compositions of the alloys to
Ni 3d and the Pt 8 states ahv = 130 eV is greatly reduced obtain correct PSW’s. However, we expect the surface com-
from the calculated atomic value 13.7 to the experimentaposition of our samples to be somewhat different from that
value of 2.5. Similar, although a little smaller in magnitude, of the equilibrated surfaces annealed at temperatures higher
discrepancy between theory and experiment is observed fdhan 870 K, because our annealing temperature was only
the cross section ratio between Cdi 8nd Au 5l states° as 240 °C. Recent scanning-tunneling microscope measurement
well as that between Cud3and Pt 5l states(see Sec. VA on Ni;sPt,(111) single crystal* showed that the disloca-
and we can ascribe these changes to the solid state effetions due to the preferential sputtering and the recoil mixing
This will affect partial DOS’s deduced from these spectrado not disappear even after annealing if the temperature is

C. Partial spectral weights
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FIG. 4. Experimental Pt partial spectral weights of Ni-Pt alloys  FIG. 5. Experimental Ni partial spectral weights of Ni-Pt alloys
athv = 60 eV using the experimentally determined cross sectiorathv = 130 eV using the experimentally determined cross section
ratio and including the Pt enrichment effect at the surface. ratio. The calculated Ni partial DOS of ordered NjRind NisPt

from Ref. 17(thin lines are shown for comparison.
lower than about 870 K. Therefore, we will use here the
surface composition of the sputtered Ni-Pt alloys, whichmagnetic moments of Pt in the Ni-rich Ni-Pt alloys also
shows Pt-enriched surfaces throughout the wholeome from the covalent bonding which splits the Pt states
compositions® The reason is that we observed the valencdnto the higher binding bonding states and the lower binding
band spectra after annealing at 240 °C for 20 min were virantibonding states hybridized with the Nid and near the
tually the same as those of the sputtered surfaces, showirkgermi level. The higher binding states&g ~4 eV partici-
only minute reduction in the intensity of the Pt-related struc-pate little in the local magnetic moment of Pt because of
tures. small degree of mixing with the ferromagnetic Nil ®and.

The solid lines of Fig. 4 show the PSW’s of Pttet = 60  Hence the Pt states at the Fermi level which mixes strongly
eV, obtained by assuming the surface composition of 17, 35yith the Ni 3d states give rise to the local moment of the Pt
62, 78, and 92 % of Pt for alloys with the bulk composition site in Ni-Pt alloys. For Ni-Cu alloys, this kind of magnetic
of 10, 25, 50, 70, and 90 % of Pt, respectivélyThese sur- moment does not occur due to the relatively weak hybridiza-
face compositions were determined with the Auger lines otion which is insufficient to form mixed states composed of
Ni (848 eV} and Pt(239 e\) for sputtered surfaceS,and it  the Cu 2l and the Ni 3 states.
may be that the surface enrichment is slightly underestimated In Fig. 5, we present the Ni PSW'’s Atv=130 eV, and
because these Auger electrons have larger electron inelastidso show the calculated Ni partial DGRef. 17 of Ni3Pt
mean free paths than the photoelectrons in our spectra ahd NiPt for comparison. Since the Nid3band is strongly
hv=60 eV. But this underestimation is expected to be cominfluenced by many-body effects, the width of the Ni PSW is
pensated by the slight reduction of the Pt-related spectramaller than that of band calculations. As the Ni content is
weights after annealing, and in any event such a small erraecreased, the Nid3bandwidth gets smaller down to 50
in the surface composition does not affect the experimentadt. % of Ni, but in NPt the Ni PSW has more weight at
PSW’s seriously. around 2.5 eV than that of NjPtsy. This probably comes

The Pt PSW’s of the ferromagnetic alloys AfPt,s and  from the increased mixing between Nd &nd Pt & states as
NigoPt;o have appreciable amount of the Pt states at thgeen in the calculation of ordered NifiRef. 17.

Fermi level, probably due to strong mixing with the Nd 3
states. This is in accord with the band calculation for ordered
Ni 3Pt which shows a large amount of the Pt related states at
the Fermi level’ These states are of great importance in
understanding the magnetic property of Ni-Pt alloys. As In this section we will discuss the comparison of our ex-
pointed out by Williamset al,** some metallic magnetism perimental PSW’s with the results of various band structure
can be understood when one considers the covalent bondirglculations. Although the equilibrated Ni-Pt alloy surface
in band formation instead of the Stoner magnetism. The locahnnealed at temperature higher than 870 K show sandwich

D. Comparison with band calculation
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Cu;sPtys, CuggPtq, and Cu with the photon enerdyy=60 eV

(thick lines and 160 eMthin lineg from sputter-annealed samples. dered alloys NiPt and NiP§ in Ref. 17 shows reasonable

agreements overall, except for some discrepancies in the de-
structure, our sample surfaces annealed at lower temperatugsiled structures.

would remain random and disordered as explained above, so
the comparison with CPA calculations would be meaningful.

The main disagreement between the experiment and the
non-SCF relativistic CPA calculatioh®’ is the position of IV. RESULTS AND DISCUSSION ON Cu-Pt ALLOYS
the Ni ™ states in the Ni-diluted alloys. The theory predicts
deeper binding Ni 8 band resulting in very low Ni@ DOS
at the Fermi level, which clearly is not the case as seen in o
Fig. 5. This is probably due to the non-self-consistent-field The raw photoemission spectra of Cu-Pt alloys at

treatment of site potentials in the calculation, which someN»=60 €V and 160 eV %g;shown in Fig. 6. The calculated
times assigns wrong resonance energies to the electrorfiOMIC Cross section rativsoetween the Cudand the Pt 5
states, especially when the charge transfer effect is signifd States are 1 and 27 at these photon energies, respectively,
nd we can regard the spectratat=160 eV as the Cu

cant. The fact that non-SCF calculation poorly predicts th SW's at that phot T ) fth ¢
experimental PSW implies the importance of the interatomi s at that photon energy. The comparison of the spectra
t these two photon energies for &Bt,5 clearly shows that

charge redistribution effect between Ni and Pt atoms in Ni-P he Pt PSW ahv»=60 eV extends t&g ~7 V. For the Pt

alloys, as recently suggest&tiThe electron correlation ef- .
fect in the Ni 31 band may also contribute to this discrep- PSW of CloPlyo, We can see that the structure near 2 eV is
. " obviously Pt %l related, but we must also note the structure
ancy between theory and experiment, but we do not be“eVEroundE ~ 5 eV of the spectra av=60 eV. Since the
itis a major factor. The reason is that in the case of Ni meta pectral weight of the Cu partial DOS at that binding energy
the main effect of the self-energy due to the electron Correfegion is rather small, it may indicate that higher binding

lation was found to be the reduction of the bandwidth and th%nergy structures of GiPty, include substantial amount of
appearance of a valence-band sateffit@n the other hand the Pt 5l states.

in the present case the major discrepancies are the position of Figyre 7 shows the experimental cross section ratio be-
the maind band resonance and the density of states at thgyeen Cu & and Pt &l states as a function of the incident
Fermi level where the self-energy effect should be small. Irphoton energy obtained by the procedure described in Sec.
this respect, it is interesting to note that the recent SCHi| B. Here, we used the Ptf4(71.3 eV forf,,) and the Cu
scalar-relativistic calculatidA shows the total DOS of 3p (77 eV forpg),) levels to fix the proportionality constant.
NisoPtsg Which is rather similar to our spectra at 110 eV The result of the atomic photoionization cross section
where experimentaryy/oty is 0.8, except for the narrowed calculatiori? is also shown in the figure for comparison. The
Ni 3d bandwidth and the absence of the spin-orbit splitting.atomic calculation predicts rapid increase of the cross section
However Ref. 16 unfortunately gives no partial DOS that carratio between the Cud and the Pt 8 electrons up to

be compared with our experimental PSW. We might alschv=150 eV, but the experimental results show smaller val-
mention that the comparison with the calculations for or-ues which increase rather slowly. It can be seen that the

A. Photoemission spectra and photoionization cross section
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which indicate the absence of the virtual bound state behavior of Pt 10 8 6 4 2 0
5d states. Binding Energy (eV)

experimental cross section ratio varies by the factor of 10 FIG. 9. Comparison of the experimental Cu and(b) Pt partial

betweenhr=60 eV and 160 eV. spectral weights of CyPtsq and CusPt,s with the KKR-CPA cal-
culations(Ref. 30 for CuggPtsy and CuyPt,q. Solid lines are ex-

perimentally determined partial spectral weights, and dashed lines
_ . show the partial DOS predicted by CPA calculations. The Fermi
B. Partial spectral weights levels of the theoretical curves are shifted by 0.6 eV to align the Cu

Due to the large value of cross section ratio at 160 eV, théPectral features.
spectra can be regarded in the first approximation as the Cu
PSW's at that photon energy. Following the procedure detemperature annealing as mentioned eaffiestill, during
scribed in Ref. 25, the Pt PSW at 60 eV can be determineghis low temperature annealing we observed some change in
with the measured cross section ratio and the divided spectie surface composition. After annealing, structures due to
representing the change in the matrix elements of pure Cihe pt states were found to be reduced, which implies the Cu
between 160 and 60 eV. This approximate Pt PSW at 60 e¥nrichment relative to the sputtered surfaces. Judging from
is then transferred to 160 eV, and then a better Cu PSW g intensity change, the amount of the Cu enrichment after
.160 ev can be obtam_ed by a snmlar method. This process the low-temperature anneal seems to restore roughly the
|terated_ until we obtain seIf—conS|s_tent results. . original bulk composition from the Pt enriched sputtered sur-
In this process we have to take into account the dlfferencxleace Hence in our analysis we assumed the bulk composi-

of alloy compositions at the surface compared with the bU|ktion of alloys. This assumption was justifiedposteriori by

since the inelastic electron mean free path at soft x-ray re- _ . ,
gime is very short. It was reported using Auger eIectronCheCk'ng whether the sum of the resulting Cu and Pt PSW’s

spectroscopy (AES) that polycrystalline Cu-Pt alloys have with the reported Pt enriched compositidmeproduces the
sandwiched structures when thermally equilibrated. The up€XPerimental PES spectra of sputtered surfaces.

permost layer is Cu rich, which was also confirmed by ion Figure 8 shows the Cud3PSW's of Cu-Pt alloys at
scattering spectroscopy wotkOn the other hand, sputtered h»=160 eV obtained in this wajthin lines. Since the av-
alloys were all reported to have Pt enriched surfites  erage atomic distance of these alloys becomes larger as the
contrast to the thermally equilibrated surfaces. The sampl@t content increases, the Cd 8and becomes narrow with
surfaces we used in our present study were prepared by spulbe increasing Pt content, but on the other hand the spectral
tering and annealing. However, the annealing temperatureeight near the Fermi level increases due to the hybridiza-
was rather low just to cure the amorphous state of the spution with the Pt 8l band. The sharp structure of the Cd 3
tered surface, and so it is not expected to produce the theband observed in pure Cu metal disappears in the Pt-rich
modynamically equilibrated surfaces since dislocations madalloys probably due to disorder. These behaviors are similar
by ion bombardment are not generally removed by the lowto those in Cu-Pd alloy®
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Thick lines in Fig. 8 show the PtbPSW's athy=60 eV.  orbitals(LCAO) method with empirically determined matrix
As the Cu content is increased, the spectral weight of thelements can give a fairly accurate description of band
lower binding energy structurémainly 5ds;, characteris  structures® This is true even for many metallic systems, and
transferred to the higher binding energy structure. This bethe parametrized scheme devised by HarA8dms been
havior is as predicted by the KKR-CPA calculatihand  very successful in predicting the width and position of the
can be understood as a result of the mixing with the Gu 3 pands, especially fad-band metals and alloys. According to
band which is located below 2 eV. If the Pt impurity in the this scheme, the bandwidth is mainly determined by the hop-
Cu host has its &, levels inside the Cud@band and its  ping integral between Pidband Cu @ states, which in turn
5ds; at the top of the Cu@ band, then thels, structure is  gepends on the nearest-neighbor distance between Pt and Cu
greatly broadened due to the large hybridization caused by, ms since the lattice constant hardly changes between 10

the compression of the Pt atomic site in the Cu host, whileat % Pt allov and 2 at. % Pt allov. we do not expect the Pt 5
part of theds, states can be pushed out of the Cu host band,, y y e Y P

) bandwidth to change much from 10 at. % Pt alloy to 2
The dsg, structures will then be composed of the broadenea:i 0 . , -
part inside the Cud band and of a peak outside, similar to at % alloy. If anything, the Ptdband width will increase

the Pd partial DOS in the Cu ho&. rather than decrease, _sinqe the nea_lre_st-neighbor distance be-
comes smaller as Pt is diluted. This is true even when the
local lattice relaxation effect is includédHence it is highly
unlikely that the Pt & density of states suddenly shrinks to
C. Comparison with band calculation the narrow region of the binding energy around 1.7-2 eV
The comparison of these experimental PSW's fOrfrom the total bandwidth of 6 eV when the Pt concgntration
CusPtsy and CuPty alloys with the KKR-CPA is lowered from 10 at. % to 2 at. %. We therefore bglleve that
calculation is shown in Fig. 9, where the Fermi level of OU' present work suggests the absence of the Pt virtual bound

theoretical curves was shifted by 0.6 eV to align the cuStates in the Pt diluted disordered Cu-Pt alloys.

spectral features. We find that the overall bandwidth and the

trend with composition are in good agreement between

theory and experiment, although the KKR-CPA calculation

of Ref. 30 uses the non-SCF site potentials. This is in con- V. CONCLUSION

trast to the Ni-Pt alloy case discussed earligec. Il D),

where the non-SCF KKR-CPA calculation gives wrong en-  |n this work, we have determined the PSW's of Ni-Pt and

ergy positions. We can infer from this fact that the inter- Cu-Pt alloys by photoelectron spectroscopy using synchro-

atomic Charge redis-tribution effect is indeed small in CU-Pttron radiation. For this purpose, we determined the cross

alloys as assumed in Ref. 30. section ratios of Ni @ and Cu &8 states relative to Pt
The most noticeable discrepancy between theory and exsates experimentally and used the Cooper minimum phe-

periment is found in the high binding energy side of Bt 5 omenon of the Ptdstates. We also took into consideration

states, where the experimental PSW shows small intensitigf s g rface segregation and the matrix element effect.

compared with the theoretical DOS. This situation is similar We found appreciable Pt spectral densities near the Fermi
; -25

to the case of Pddistates in Cu-Pd alloys, althoug_h NOt " |evel of Ni-rich Ni-Pt alloys, which are believed to be the

so severe. In the case of Cu-Pd alloys, a local lattice relax(-)ri in of the Pt local maanetic moment. The comparison

ation effect in alloys and the inability of the CPA calculation 9 9 : P

to include its effect were proposed as the origin of thiSwith the existing band calculations of Ni-Pt alloys shows the

discrepancy’>*3 However, we have argued that the matrix importance of the simultaneous treatment of self-consistent

element effect, i.e., the binding energy dependence of thfield and relativistic effects. _ ,
photoionization cross section within the Pd Band, is the For the Cu-Pt alloys, the experimentally determined Pt
main cause of this discrepancy rather than the local lattic@"d Cu partial spectral weights are found to be in good
relaxation effect® We believe the same argument can peagreement with the KKR—CP_A calculation overall, although
made for the Pt & states in Cu-Pt alloys as well, since the the Pt 3 PSW shows some discrepancy probably because of
theoretical calculation predicts a substantial change of thie short lifetime and the matrix element effect. These
photoionization cross section with binding energy within thePSW's show strong hybridization between Cd and Pt
Pt 5d band® 5d states, and suggest the absence of thedRtiBual bound
From the Pt PSW of CysPtyo, it is clear that all of the Pt states in the Pt-diluted Cu-Pt alloy. This is consistent with
d states do not form a virtual bound state at 1.7—2 eV. Inthe conclusion of our previous work on the Cu-Pd alfdys
stead, most of the Ptdg,, states are located at 3—6 eV, and that the Pd PSW in Cu-Pd alloys can be interpreted as an
the total bandwidth amounts to about 6 eV. This fact calldndication of the common-band behavior.
into question the virtual bound state picture for the Pt impu-
rity in the Cu host? Although 10 at. % Pt is still too much to
be considered as the impurity case, no drastic change of the
Pt PSW is expected as the Pt concentration is lowered to 2 ACKNOWLEDGMENTS
at. % studied in Ref. 22 for the following reasons.
It is now generally accepted that the interaction between We thank Dr. M. Choi for providing Ni-Pt samples, and
nearest neighbors determines the electronic structures of sdbr. G.K. Wertheim of AT&T Bell Laboratories for his help
ids for the most part, and the linear combinations of atomiauring the experiments. This work was supported in part by



54 PHOTOEMISSION STUDY OF ELECTRONIC ... 7815

the Basic Science Research Institute Program, Ministry ofynchrotron photoemission data were obtained at the Na-
Education, 1995, Project No. BSRI-95-2416, and in part by aional Synchrotron Light Source, Brookhaven National

grant from the Atomic Scale Surface Science Research Celh-aboratory, which is supported by the Department of En-

ter which is sponsored by KOSEF. The travel grant to NSLSergy, Division of Materials Sciences and Division of Chemi-

was provided by the Pohang Light Source in Korea. Thecal Sciences.

*Present address: James Franck Institute, University of Chicag@,lN. Martenson, R. Nyholm, H. Calee J. Hedman, and B. Johans-

5640 South Ellis Ave, Chicago, IL 60637. son, Phys. Rev. R4, 1725(198)).
TPresent address: AT&T Bell Laboratories, Murray Hill, NJ 07974.%°D. van der Marel, J.A. Julianus, and G.A. Sawatzky, Phys. Rev. B
1J. Beille, D. Bloch, and R. Kuentzler, Solid State Commu, 32, 6331(1985.
963(1974. 234, Wright, P. Weightman, P.T. Andrews, W. Folkerts, C.F.J.
2Y. Nakai, I. Tomeno, J. Akimitsu, and Y. Ito, J. Phys. Soc. Jpn.  Flipse, G.A. Sawatzky, D. Norman, and H. Padmore, Phys. Rev.
47, 1821(1979. B 35, 519(1987).
SR.E. Parra and J.W. Cable, Phys. Rev2B 5494(1980. 24H. Winter, P.J. Durham, W.M. Temmerman, and G.M. Stocks,
4y, Jugnet, J.C. Bertolini, J. Massardier, B. Tardy, T.M. Duc, and Phys. Rev. B33, 2370(1986; N. Stefanou, R. Zeller, and P.H.
J.C. Vedrine, Surf. Scil07, L320 (1981). Dederichs, Solid State Commui2, 735(1987); J. Kudrnovsky
5J. Sedlaek, L. Hilaire, P. Lgare and G. Maire, Surf. Scil15, and V. Drchal,ibid. 70, 577 (1989.
541 (1982. 25T -U. Nahm, H. Han, S.-J. Oh, J.-H. Park, J.W. Allen, and S.-M.
6C.E. Dahami, M.C. Cadeville, J.M. Sanchez, and J.L. Mera Chung, Phys. Rev. Letf0, 3663(1993; Phys. Rev. B51, 8140
Lopez, Phys. Rev. Let65, 1208(1985. (1995.
7J.P. Segaud, E. Blanc, C. Lauroz, and R. Baudoing, Surf. ScP®W.A. Harrison,Electronic Structure and the Properties of Solids
206, 297(1988; D. Dufayard, and R. Baudoingpid. 233 223 (Freeman, San Francisco, 1980
(1990. 27y. Scheuer and B. Lengeler, Phys. Rev4® 9883(1991).

8Y. Gauthier, Y. Joly, R. Baudoing, and J. Rundgren, Phys. Rev. B8G.G. Kleiman, V.S. Sundaram, J.D. Rogers, and M.B. de Moraes,
31, 6216(1985; R. Baudoing, Y. Gauthier, M. Lundberg, and J. Phys. Rev. B23, 3177(1981).
Rundgren, J. Phys. €9, 2825(1986. 29p J. Feibelman and D.E. Eastman, Phys. Re¥0B1932(1974).

%Y. Gauthier, R. Baudoing, M. Lundberg, and J. Rundgren, Phys.3°J. Banhart, P. Weinberger, and J. Voigtier, Phys. Rev. BO,
Rev. B 35, 7867(1987; Y. Gauthier, R. Baudoing, and J. Ju- 12 079(1989.
pille, ibid. 40, 1500(1989; Y. Gauthier, W. Hoffmann, and M.  3XJ.F. Clark, F.J. Pinski, D.D. Johnson, P.A. Sterne, J.B. Staunton,
Wouttig, Surf. Sci.233 239(1990. and B. Ginatempo, Phys. Rev. Letd, 3225(1995.

103.C. Bertolini, J. Massardier, P. Delchere, B. Tardy, B. Imelik, Y. 32J.J. Yeh and I. Lindau, At. Data Nucl. Data Tab&% 1 (1979.
Jugnet, T.M. Duc, L. de Temmerman, C. Creemers, H. vart®T.-U. Nahm, K.-H. Park, S.-J. Oh, S.-M. Chung, and G.K. Wer-

Hove, and A. Neyens, Surf. Sdil19, 95(1982; L. de Temmer- theim, Phys. Rev. B2, 16 466(1995.
man, C. Creemers, H. van Hove, A. Neyens, J.C. Bertolini, and*M. Schmid, A. Biedermann, H. Stadler, and P. Varga, Phys. Rev.
J. Massardierjbid. 178 888 (1986; L. de Temmerman, C. Lett. 69, 925(1992.

Creemers, H. van Hove, and A. Neyeitsid. 183 565(1987.  °°G. Betz, Surf. Sci92, 283(1980.
113, Deckers, F.H.P.M. Habraken, W.F. van der Weg, A.W. Denier’®A.R. Williams, R. Zeller, V.L. Moruzzi, C.D. Gelatt, Jr., and J.
van der Gon, B. Pluis, J.F. van der Veen, and R. Baudoing, Kiibler, J. Appl. Phys52, 2067 (1981).

Phys. Rev. B42, 3253(1990. 37p. Weinberger, J. Phys. B2, 2171(1982.
23, Inoue and M. Shimizu, J. Phys. Soc. JB@. 1547(1977). %8pavid R. Penn, Phys. Rev. Le#2, 921 (1979; G.Traglia, F.
133.B. Staunton, P. Weinberger, and B.L. Gyorffy, J. Phyd.3F Ducastelle, and D. Spanjaard, J. PhiRarig 43, 341(1982.
779(1983. 39A.D. van Langeveld and V. Ponec, Appl. Surf. S&i6, 405
1N.J. Shevchik and D. Bloch, J. Phys.7F543(1977). (1983.
15E 3. Pinski, B. Ginatempo, D.D. Johnson, J.B. Staunton, G.M*M.J. Kelley, D.G. Schwartzfager, and V.S. Sundaram, J. Vac. Sci.
Stocks, and B.L. Gyorffy, Phys. Rev. Le@6, 766 (1991). Technol.16, 664 (1979.
8p p. Singh, A. Gonis, and P.E.A. Turchi, Phys. Rev. Létt.  “M. Schmid, A. Biedermann, H. Stadler, and P. Varga, Phys. Rev.
1605(1993. Lett. 69, 925(1992.
17A. Pisanty, C. Amador, Y. Ruiz, and M. de la Vega, Z. Phys. B *?P. Weightmann, H. Wright, P.T. Andrews, W. Folkerts, C.F.J.
80, 237(1990. Flipse, G.A. Sawatzky, D. Norman, and H. Padmore, Phys. Rev.
18A. Liebsch, Phys. Rev. Let#t3, 1431 (1979; Phys. Rev. B23, B 36, 9098(1987).
5203(1981). 43Z W. Lu, S.-H. Wei, and A. Zunger, Phys. Rev. 8], 3387
19E. Choi, S.-J. Oh, and M. Choi, Phys. Rev4B, 6360(1991). (1991); 45, 10 314(1992.

20p J. Braspenning, R. Zeller, A. Lodder, and P.H. Dederichs, Phys*W. Speier, J.C. Fuggle, P. Durham, R. Zeller, R.J. Blake, and P.
Rev. B29, 703(1984. Sterne, J. Phys. @1, 2621(1988.



