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Experimental and theoretical study of the electronic structure of PtGa
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Synchrotron-radiation-excited angle-resolved photoemission and x-ray-absorption spectrg Idd)lace
of PtGg are presented, along with derived experimental dispersion relations. These bands are compared with
those obtained from a theoretical band-structure calculation. The x-ray-absorption near-edge spectra agree with
the calculated site- and symmetry-decomposed partial density-of-states curves, and electrons transfer from Pt
to Ga in forming the PtGacompound. Extended x-ray-absorption fine-structure spectra of, Ri@analyzed
to yield its structural parameters. The energy variation of thedFtdnds for PtGashows atomiclike behavior
in the photon energy range of 80 to 220 eV.
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[. INTRODUCTION to the XPS or UPS spectra, while the latter included SO
interaction as a perturbation. It is noted that the total DOS
Binary intermetallic compounds that crystallize in the cu-calculated by these two methods showed threedb&nds
bic fluorite (Cak) structure have received a great deal of(I'3, T';, andT'3), and all these bands were resolved in a
attention owing to their many unique properties. It is inter-high-resolution angle-integrated photoemission spectro-
esting to note that these intermetallics exhibit a striking vascopic(PES study® The focus of this paper will be on map-
riety of colors, ranging from purple (Aub)l to copper ping the bands of PtGalongI'-L, using normal-emission
(Ptiny) to gold (PtAL, PtGag). Many of these phases also ARPES data from thé€111) face of a PtGasingle-crystal
become superconducting at low temperatdre#doreover, sample. Furthermore, these bands are compared with those
such compounds are excellent systems for studying thebtained from the full-potential relativistic band-structure
transition-metal 8 bands, since group-IIl elements contrib- calculation. Another intention of this paper is to measure the
ute onlys-pstates to the valence bafidB). One example is x-ray-absorption near-edge spedX®NES) of PtGg and to
the study of the positions of the Au 5d bands for AgAl compare it with the calculated site- and symmetry-resolved
AuGa,* and Auln,.®* Over the past 12 years, the electronic DOS curves. Extended x-ray-absorption fine-struct@-
structure of another interesting compound, B{Gas been AFS) spectra of PtGaare also analyzed to yield its bonding
studied by performing band-structure calculatiofis, parameters. Lastly, we use the tunability of synchrotron ra-
optical-absorptioh and Raman scatterifgstudies, x-ray diation to study the amplitude-modulation effect of the Bt 5
and uv photoemission spectroscopiXPS and UP$  bands in this material. Preliminary results of part of this
experiments, and synchrotron-radiation-excited angle- work have been publishéd.
integrated photoemission measurenfeithe gold color of This paper is organized as follows. In Sec. Il the experi-
PtGag was explained in terms of its Au-like density of statesmental and theoretical methods are described. In Sec. Il the
(DOYS) and the less than 10% difference of the binding ener+esults and discussion are presented. The conclusions of this
gies (Eg) of the threel’ points (U3, T';, andI'Z) between work are contained in Sec. IV.
this material and Au. The electronic structures and many
physical properties of AXi, (X=Al, Ga, or In and PtGa Il. METHODS
(Refs. 2 and 9 have been reported and review8cEven
though an angle-resolved photoemission spectroscopic
(ARPES study of AuGa and Auln, was published long Procedures for preparation of tli#ll) face of a PtGa
ago? no such work on AuAl and PtGa has been reported single crystdf were reported in previous paper$The bulk
so far. sample contains (34:30.1)% Pt atom$? ARPES experi-
There are two published relativistic band-structure calcuments were performed at the undulator beamline 7.0 at the
lations for PtGa one was done by using the mixed-basis Advanced Light Source. Photon energies in the range of 80
band-structure interpolation scheni®IBBSIS),® the other to 220 eV were selected with a spherical-grating monochro-
was performed by using the linear augmented-plane-wavenator, and a Physical Electronics 137 mm hemispherical
(LAPW) method with the muffin-tin  potential analyzer was used in the fixed-analyzer-transmission mode
approximatiorf The former treated the crystal-field and to collect the photoelectron spectra. With 150 lines/mm for
spin-orbit (SO) interactions as adjustable fitting parametersgrating setting and 3 eV for analyzer pass-energy setting, the

A. Experimental methods
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energy resolution was less than 80 meV. The angular reso- /(\

@)
lution was less thart1°, which corresponds to a momentum - /7
® o
l Oj
l

resolution of roughly 0.2 A at 125 eV kinetic energy. The

analysis chamber was also equipped with a low-energy e

electron-diffraction(LEED) system and a dual-anode Mg/Al

x-ray source for XPS and x-ray photoelectron diffraction 4@

(XPD) measurements. The chamber pressure during the ex- — —

periments was 210 °Torr. e T{v ® ®
The sample surface was cleaned by repeated cycles of o /Q

sputtering with Ar ions and annealing to 500 °C until photo- i/@/ ‘ |

emission spectra showed no traces of O or C contamination 7 é/

on the sample surface. The observed XPD and LEED

patterns! further confirmed the cleanliness and ordering of o Pt

the sample surface. The PtGsurface after cyclic cleaning

contained about 8% fewer Ga atoms than those in the bulk as ° Ga

determined from the area ratio of the Rt &nd Ga & XPS

peaks and the theoretical cross sectithhe preferential FIG. 1. Crystal structure of PtGa

sputtering of the Ga atoms from the PtGaurface agrees

with observations made on surfaces of ;Nj14-1® . .
NisGal5-18 NiGal61® and CoGa(Ref. 20 for Al or Ga of the photoelectron, and; (k) the total phase shift experi-

deficiency after alternating cycles of Ar-ion bombardment€nced by the photoelectron. The remaining terms in (Ep.
and subsequent annealing. Study of the AuGA01) mcludeNj , the coordination number of theh_sheII,Rj , the
surfacé! by Auger electron spectroscopy and LEED showedmean distance between the absorber andjtheshell, and
that it is primarily Ga terminated and the Ga deficiency im-o7, the scaling constant in the Debye-Waller factor. These
proves with annealing cycles. terms contain quantitative structural information, and can be
X-ray-absorption(XAS) spectra for PtGawere taken on obtained by curve-fitting analysis. Curve-fitting procedures
wiggler beamline 17 C at the Synchrotron Radiation Re-began with theab initio calculation of the phase-shift and
search CentefSRRQ, Taiwan. A S{111) double-crystal amplitude functions for single scattering of atom pairs using
monochromator was used and the typical energy resolutiothe Ferre program?® The fitting was made im space within
was about 2 eV. The XAS spectra were measured in totakhe range of the specific peak. For a good fit, the goodness-
electron-yield mode at the Rt; edge and the GK edge of  of-fit paramete?r3 was always below 0.02.
PtGa at room temperature. Four scans were collected and
averaged to increase the signal-to-noise ratio. Standard
4-um-thick Pt foil was used as reference for energy calibra- It is well known that the relativistic effects are large in
tion. Data at the G& edge were internally calibrated by AuX, (X=Al, Ga, or In and in PtGa>?* To interpret the
setting the inflection point to 10367.0 eV. The beam pathARPES data, we have calculated the relativistic band struc-
was flooded with He to reduce the intensity attenuation oture of PtGawith the Cak; structure(shown in Fig. 1 and at
the low-energy x rays by air. The photon flux was obtainedthe experimental lattice constant of 5.91 A. We used the
simultaneously by measuring the current of a Au mesh lohighly accurate all-electron full-potential linear augmented-
cated near the exit slit of the monochromator and used foplane-wave(FLAPW) method?® The calculations are based
normalization of the XAS spectra. Analysis of the EXAFS on the first-principles density-functional theory with the stan-
spectra was carried out by using tbhevxars 3.0 software  dard local-density approximatiofLDA) to the exchange-
packag€?’ First, the EXAFS oscillationy(E) in energy  correlation potentiad® The muffin-tin radii used for the Pt
space of Pt foil and PtGavas extracted from the measured and Ga atoms of PtGare 1.27 A. The shallow s and 4
absorption coefficient(E) by subtracting an isolated atomi- core states of Pt and thel3tates of Ga were also treated as
clike background absorption functiqmy(E), using the rela-  band states by using the so-called local orbtalEhe wave
tion x(E)=[u(E)— uo(E)]/o(E). Subsequently,y(E) functions, the charge densities, and the potentials were ex-
was converted into &-space functiony(k). Herek is the  panded in terms of the spherical harmonics inside the
wave number of the ejected photoelectron given by muffin-tin spheres. The cutoff angular momentum.() was
=27 2my(E—Eo)/h?]*2, wherem, is the mass of the elec- 10 for the wave functions and 6 for the charge densities and
tron. A typical form of the EXAFS function for a set of the potentials. The Brillouin zonéBZ) integration was car-

B. Theoretical methods

atoms at a particular distance is given by ried out using the improved tetrahedron metRb@he num-
ber of augmented plane waves included was about 120 per

1 ; _925 ; : .

X(k):; N;k le ZSIZFj(k)exp(—Zajzkz) atom, i.e.,RytKma=9."> The number ok points in the ir

reducible BZ wedg€lBZW) used in the self-consistent cal-
. culations was 72. To calculate the DOS curves and the the-
xexd = 2Ry (K]S 2kRi+ 05(K) ] (D) gretical XANES spectra, 16% points in the IBZW were
whereF;(k) is the backscattering amplitude of tha shell,  used. We have checked the convergence of the calculated
S? the amplitude reduction factox, (k) the mean free path eigenvalues with respect to the number of augmented plane
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TABLE |. The theoretical and experimental lattice constat

and bulk modulugB) of PtGa and Pt metal. Both LDA and GGA PtGaz (111) /‘/‘\

scalar-relativistic calculations with and without spin-o{80) cou- :‘-’; hv(w
pling are listed for comparison. § gzgw¥
. |2 N
. o | 1% ]
Material Method a(h) B (Mban) 5 ;gg;/%t
PtGa LDA 5.87 1.46 S 160/‘/%\/\ .
| 150 N
LDA+SO 5.90 1.39 = 140W ]
GGA 6.03 1.08 'z gg%:
GGA+SO 6.08 1.00 (S s S S
Expt. 5.9% E 1o w:
Pt metal LDA 3.89 3.31 80 —
LDA+SO 3.92 2.55 1w s e 1 2 o
GGA 3.98 271 Binding Energy (eV)
GGA+SO 4.01 2.56
Expt. 3.99 2 [ FIG. 2. Angle-resolved photoemission spectra taken at normal

emission from thg111) face of PtGain the photon energy range
8. Zintl, A. Harder, and W. Haucke, Z. Phys. Chem. Abt38 80 to 220 eV.

354 (1937).

PAmerican Institute of Physics Handbookdited by D. E. Gray ment of the bulk modulus for PtGaalthough the elastic
(McGraw-Hill, New York, 1972. _ _ constants for AuGa were measured by Testafdiand
‘Metals Handbook8th ed., edited by T. LymafAmerican Society  showed temperature dependence. Interestingly, the theoreti-
of Metals, OH, 1963 cal bulk modulus of PtGais quite close to thatl.12 Mbaj

a & oint d deul tound that i estimated earlier by Hdwand that(0.96 Mbaj measured by
waves anc points used. In particuiar, we found that INCréas-roqa, i3 for AuGs. We have also performed spin-

ing RyrKmax t0 10 changed the relative positions of the ei- polarized calculations for PtGéut no stable magnetic states

gegvear:l;ﬁs_]f:}r:?f poll?ftls by uptﬁ)ﬂ? feLvlglgnﬁV %nly. df could be found. This is consistent with the low DOS at the
y lonal theory wi N as been used 1or o energy Eg), as will be shown in the next section.

first-pringiples studies_ of the physical properties of a variety, ote that the DOS &, for PtGa is much smaller than that
of materials and provides an accurate theoretical estimate %5 Pt metal which isFaIso not magnetic

static structural properties, crystal stability, and pressure-
induced phase transformations in many soffti®lonethe-
less, there are problems with the LDA. Notably, it predicted [ll. RESULTS AND DISCUSSION
a wrong ground state for iréhand much too small lattice
constants for @ transition metal$® Therefore, the so-called
generalized gradient approximati6BGA) corrections to the Figure 2 shows a set of normal-emission VB photoemis-
LDA have been developed in recent ye#rsThese GGA  sion spectra from thél11) face of PtGa The normal to the
calculations have been found to considerably improve théample surface was determined from the BiAXPD polar
LDA results for 3 transition metals and other soli@®3%32  and azimuth scan's. The photon energyh) was varied
However, the GGA calculations do not give an improvemengrom 80 to 220 eV so as to probe the fourth to the fifth BZ's.
over the LDA for materials such agiGransition metals for TheEg for PtGg was assigned at half height on the onset of
which the LDA already works rather well. In the present a plateau in Fig. 2. Using a direct-transition model and as-
paper, we have performed total-energy calculations for sevsuming a free-electron conduction-band structure, we plotted
eral lattice constants for Ptgand Pt metal with and without the energy versus momentum dispersion relation for pPtGa
the GGA. We derived the theoretical lattice constants andlong L-I'-L. It is displayed in Fig. 3 as open circles. The
bulk moduli from these calculated total energies. They arenner potential for PtGaneeded for determining the BZ po-
shown in the third and fourth columns, respectively, in Tablesition is estimated to be 12.3 eV. This value was taken to be
l. Clearly, the lattice constant calculated with the LDA plus the difference between the muffin-tin zero of enef@y eV)
SO coupling is in very good agreement with experiments foin the FLAPW calculation and the vacuum level as deter-
both PtGa and Pt metal, and the GGA lattice constants argmined from the work function of PtGaHere we use the
too large by up to 3% compared with experiments. Thus, wevork function of AuGa [4.63 eV (Ref. 4] for PtGa. The
use the LDA rather than the GGA in the rest of this paper. shallow(<2 eV) and dee>7 eV) s-pbands for PtGawere

From Table I, there are some discernible relativig8©  determined not from the energy distribution curves but from
coupling effects on the structural properties for PyGa the enhanced intensity maps. Two of these maps were pub-
These relativistic effects reduce the difference between thlished previously! The same method was applied to the
calculated and measured lattice constant and bulk modulu®t5d bands of PtGato double-check their positions. One
However, the most important relativistic effect is the split- should note here that surface disorder and phonons may
ting of theI',5 states intal'; andI'g states, as will be dis- make the band mapping for Pt&at room temperature and
cussed in the next section. We are not aware of any measurthe photon energies used less accurate. The band structure of

A. Angle-resolved photoemission spectra and band structure
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FIG. 3. Band structure of PtGalongL-I'-L. Open circles are
bands derived from the ARPES data. Closed circles are theoretical
band structure calculated by the FLAPW method.

PtGg calculated by the FLAPW method, along with its Bril-
louin zone, is shown in Fig. 4. The band structure aldnig
also plotted as closed circles in Fig. 3 to compare with the »,
experimentally determined bands. We first note that the flat &
A, band alongl’-X that appeared in the AP\(Ref. 34 and 5
LAPW (Ref. 6 band structures for AuGaand in the
MBBSIS band structures for AuGaRef. 22 and PtGa

(Ref. 5 disperses more strongly acrogg in Fig. 4. The
behavior of thisA, band for PtGaagrees with that obtained
from the LAPW band structufeof PtGa and with that de-

rived from a thermoelectric power measureniem PtGa. 8.0
The A, band for PtGaalso shows similar dispersion to that
for AuAl, and for Auln,.??3*This explains why the physical

(eV)

erg

properties of PtGashow no anomal§;® while quite a few -10.0 7

physical properties of AuGare anomalous in the sense that 4 PtGa, | ]

they are significantly different from those of AuAlnd 120

Auln,.’® One of these anomalies is the temperature- w L A ©I' A XZWK

dependent elastic constants of Ay®aentioned in Sec. Il B. FIG. 4. Band structure of PtGacalculated by the FLAPW
The plateau in Fig. 2, which is caused by photoemissiorinethod. Also shown is the Brillouin zone for PtGa
from the Pts-p band (band 7, extends fromEg to Eg
—2 eV with fairly low intensity except fohv between 160 Work® is justified. The peak arourfiz=7 eV is due to emis-
and 190 eV, at which a higher-intensity but broader peal§ions from the one-dimensional D351t is identified as
starts to move fronEg=1.5eV towardEg. In generals-p  Such because it resonates stronglpat- 160 and 170 eV, at
bands disperse much more rapidly than the almostdiat which energies the BZ boundary is reached; and is rather
bands, thus accounting for the broader feature seen in th#eak betweernv=110 and 130 eV, at which energies the
photoemission spectra. Atv=160 eV, more final states are center of the BZ is covered. The experimental bandgat
accessible for the Pi-p states, which causes the higher in- =4.7¢eV for hy=100-130€eV involves a surface state,
tensity observed in the spectra. The Fermi-edge intensityhich was also observed from tti200) surfaces of AuGa
maps?! for PtGa at hy=105eV (near thel' point) clearly — and Auln,.* This surface state was checked by exposing the
showed three bright rings centered at thpoint in the sec- sample surface to oxygen and observing its gradual disap-
ond BZ. These rings originate from bands converging towardgearance.
the L point and hence can be described as hole pockets. A The Eg values afl'3, T';, andT'3 for Au and PtGa ob-
polar-photon Fermi-edge intensity mayurther showed that tained from photoemission measurements and band-structure
these rings do not close in tHe direction and hence the calculations are listed in Table Il. Three observations found
Fermi surface for PtGas not a closed ellipsoid. in Table Il should be pointed out here. First, the thige

In Fig. 2, a three-peak structure with much higher inten-values at thd" points for PtGa obtained from this study and
sity at higherEg is due to the Pt8 states. Th&g's of these  angle-integrated PES wdtlare essentially the sanfwithin
peaks change by less than 0.3 eV on vanyfing Since dis- the energy resolution of 0.2 eV of the latter experiment
persion of the Pt8 bands in PtGais less than 0.3 eV along This result implies that the Ptbstates in PtGaare highly
A in the BZ, the use of DOS peaks as band emissions fronfocalized. Thus, the crystal-field (D®) and spin-orbit(¢)
the I points in our previous angle-integrated photoemissiorparameters obtained from the present ARPES dat® ¢10
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TABLE II. The experimental and theoretical binding energies 6l
(Eg) of the Au and Pt 8 states afl” for Au and PtGg, respec-
tively. All values in eV.
4 -
Es(ls)  Es(l')  Es(T) Method 3
Au é 2r
3.55 4.45 5.90 angle-resolved PES 2
3.38 4.33 575  LRE Do et A
3.29 4.34 565  APW ¢
3.09 4.34 552 FLAPW B27 feo Pt ]
PtGa >
3.40 4.40 5.47 angle-resolved PES g 1+ 1
3.55 4.20 5.35 angle-integrated PES Q
2.79 3.71 4.86 MBBSIS S e
3.80 4.84 5.52 LAPW 93750 8 6 4 20 2 4 6 8
3.34 4.88 5.45 FLAPW Energy (eV)

FIG. 5. (a) Total and site-decomposed densities of states for
°Reference 38. PtGa, and(b) total density of states for Pt metal calculated by the
PLinear rigorous cellular method, Ref. 36. FLAPW method. In(a), the dotted line denotes the Pt site-
‘Augmented-plane-wave method, Ref. 37. decomposed density of states and the thin solid line that for Ga.

dFuII-potentiaI linear augmented-plane-wave method. This work.
°Reference 8.

fMixed-basis band-structure interpolation scheme method, Ref. 5.
9Linear augmented-plane-wave method, Ref. 6.

PtGa and Au. It should also be pointed out that, in Table I,
the Eg(I") values for Au obtained from previotfs®” and the
present theoretical calculations are close to those obtained

_ from the ARPES study®
=0.9eV, £=0.56 €\ are the same as those obtained from

angle-integrated PES dédte&8econdly, the thre&g(T") val-

ues for PtGa obtained from the MBBSIS calculatidrare B. DOS curves and experimental and theoretical

lower by 0.6—0.7 eV than those obtained from the ARPES XANES spectra

data. This means that, although the MBBSIS calculation gen- The total DOS curves for PtGand for fcc Pt metal are

erally preserves the relative positions of the &tsands in P in Fias(z and 5b). respectively.
PtGg, an offset of about 0.65 eV should be added to theZTSOC\)N gh%?/vtnh(ianslgi“gd. g)ezrg tilg é{t?dottedali;’e) an% the Gya
theoreticalEg values of the Pt8 bands in order for the_m 10 (thin solid line site-decomposed partial DOS's for PtGa
be in agreement with thosle derived from the experimentaiyq energy zeros are the Fermi energies of the respective
data. We note that thEg(I'g) andEg(I';) values obtained 51erials. The lattice constant and the muffin-tin radius used
from the LAPW calculatiohare larger by about 0.4 eV than for pt metal are 3.92 and 1.38 A, respectively. The DOS at
the corresponczilng values obtained from the ARPES datg: n(E.)] for PtGa is 1.15 states/eV cell, which is compa-
while the Eg(I') values obtained from the LAPW calcula- raple to that calculated by using the MBBSIS metkihd9

tion and the ARPES data are essentially the same. Disagregeates/eV ce)l® The n(Eg) value obtained from a specific-
ment for theEg(I'3) andEg(T';) values between the LAPW heat measureméhnt(1.67 states/eVcgll is this “band-
calculatioff and the ARPES datavas also found in AuGa  structure” DOS enhanced by a factor, where\ is the
This means that, although the lower two transition-methl 5 electron-phonon mass enhancement parameter \Tvadue
bands are correctly calculated in the LAPW method, the upthus determined for PtGas 0.45. We note that this value

per three transition-metal & bands are roughly 10-12% s within 8% of the value(0.49 calculated by Hstiusing
larger inEg than the ARPES data. This is probably due toMcMillan’s formula®® with a critical temperature of 2.15 K
the muffin-tin potential approximation used in the LAPW and a Debye temperature of 220 K for P§Ga

calculation. The best agreement amongp¢l’) values for Figures 6a) and &b) show, respectively, the experimental
PtGg was found between the present FLAPW calculation(solid line) and theoreticaldashed ling PtL ;-edge XANES
and the ARPES data, though the theoretlx‘-:gﬂ“é) value is  spectra for PtGaand for Pt foil, while Fig. 6c) shows the
still about 11% larger than the experimental value. Weexperimental(solid line) and theoreticalldashed ling Ga
speculate that this disagreement may be inherent for thk-edge XANES spectra for PtGaAll the experimental
LDA used in the band-structure calculati&hThirdly, our  spectra were divided by the incident photon intensity and
experimentaEg(I") values for PtGaare close to those for then normalized to an edge jump of unity. The theoretical
Au (3.55, 4.45, and 5.90 eV, respectively, in Tablg It XANES spectra have been broadened with a Lorentzian of
seems that the combined crystal-field and SO effects caudall width at half maximum of 4 eV to simulate the core-hole
the PtH bands of PtGato be situated at positions within lifetime. From the relative peak positions in Figgaand

8% of the Au &l bands for Au metal. Therefore, this study 6(b), one can immediately see that charge transfers from Pt
reconfirms the similarity between the electronic structures ofo Ga in forming the compound Pt&arhe Pt white-line
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TABLE Ill. Total integrated number of electrons per atom for

1.2 the valence orbitals at the Pt sites for Pt metal and for Rt&ad at
the Ga site for PtGa
0.8
0.4 Ng np Ny N¢ Niotal
0 Pt site(Pt metal 0.76 0.85 8.20 0.19 10.0
Pt site (PtGg) 0.46 0.51 8.12 0.25 9.34
1.2 Ga site (PtGg 1.48 1.69 0.16 3.33

o
4

energy is increased. This decrease in peak height is due to

the finite-sized, linearized energy-dependent basis sets in the
, = - muffin-tin spheres used in the present calculations. For ex-

PtGa, ample, only Pt6, 5p, 6p, 5d, and 4 orbitals are included
N a inside the Pt muffin-tin spheres, which are sufficient to de-
scribe well the valence and low-lying conduction bands as
well as near-edge XAS spectra. It would be necessary to
include, e.g., Pt@ and 7 orbitals to give a better high-
0 i . energy Pt ; XAS spectrum. However, this latter approach is
-10 0 10 20 80 40 not our main concern in the present paper.

Energy (V) Listed in Table I are the total integrated number of elec-

FIG. 6. Experimentalsolid lines and theoreticaldashed lines  trons per atom for the valence orbitals at the Pt sites for Pt
spectra neafa) Pt L3 edge for PtGa (b) PtL; edge for Pt metal, metal and for PtGa and at the Ga site for PtGaOne
and (c) GaK edge for PtGa Also shown arel@ Ptd DOS for  ghoy|d note that it is difficult to quantify the charge transfer
PtGg, (b) Ptd DOS for Pt metal, andc) Gap DOS for PtGa. from FLAPW band-structure calculations. This is because

) _ _ ) there is no unique way to assign the charge distribution in the

energy for PtGais shifted to a higher value relative to that nierstitial region(i.e., outside the muffin-tin spheje® in-
for Pt foil. This energy shift is caused partly by the decreasegjjyiqual atoms in the solid. We have therefore performed
effective nuclear charge which, in turn, is caused by an inyejaivistic electronic-structure calculations for fcc Pt metal
crease in the screening of the nucleus by the valence elegy for PtGausing the linear muffin-tin orbital method with
trons. This edge shift may also be caused by variation of thgye atomic-sphere approximatiéhin this method, there is
composition of the nearest-neighbor shell of Pt atoms Mg interstitial region and thus it is possible to estimate charge
PtGg. Quantitative analysis of the charge transfer in BtGa yransfer. The same atomic radius of Pt was used for both fcc
will be discussed below. According to the dipole-transition pt metal and Pt in PtGaThe atomic radius of PtL.53 A)
selection rule, the Rt; and GaK white-line features corre- 55 determined from the experimental unit-cell volume of
spond, respectively, to the transitions from B§2 10 5ds;,  fcc Pt metal. The atomic radius of G&.63 A) in PtGa was
and from Ga 5 to 2p states. Thus, also plotted in Fig. 6 are yetermined from the experimental unit-cell volume of PtGa
the relevant angular-momentum-decomposed partial DOginus the atomic volume of Pt. From these calculated num-
curves(dotted lines: Fig. 6@ Ptd DOS for PtGa, Fig. 6b)  pers, one concludes that the total charge transfer from Pt to
Ptd DOS for Pt metal, and Fig.(6) Gap DOS for PtGa g when forming the PtGacompound is roughly 0.7 elec-
The energy zeros are the energies of the |nﬂect_|on points fogons per atom, and that loss of tgep, andd charges at the
the PtL; (11564 eV or GaK (10367 eV absorption edges. py sjte is observed. One also notes that the total number of
Since the PL; white-line intensity is proportional to the \gjence electrons for PtGas 16, which agrees with that
density of unoccupied Ptbstates, the larger area under the ysed for analysis of the thermoelectric-power data for
PtL; white line for PtGa than for Pt foil suggests that the ptGg,.° We should point out that the detailed charge transfer
total number of electrons at the Pt site for Pi@asmaller PtGa is different from that in AuAJ. From both the the-
than that for elemental Pt. This observation agrees with thagretical calculatiof and the XANES dat&? we notice that
obtained from the theoretical calculation presented belowj, AuAl,, although the total charge transfer is also from the
We also notice that the agreement is rather good between thgynsition metalAu) to a metalloid(Al), the larger Au-sites

theoretical calculations and the XANES data for the peakgng d charge loss is partially compensated by the smaller
positions. For example, the energi@sith respective to the  gain in the Au-sitep andf charges.

energies of the inflection pointsof the peaks of the
PtL;-edge and G&-edge experimental XANES spectra for
PtGg are 5.8 and 19.6 eV and 8.0, 16.7, and 35 eV, respec-
tively; while the corresponding theoretical values are 5.3 and Figures Ta) and 1b) show the experimentdkolid lineg
15.3 eV and 7.8, 15.8, and 31.6 eV. For the peak heightsand theoretical fittedopen circleg Fourier transforms of the
however, we note that the theoretical amplitudes of tHe;Pt k*-weighted Pt;- and Ga K-edge EXAFS spectra for
spectra in Figs. @ and @b) become smaller and smaller PtGg, respectively, while Fig. (¢) shows those spectra for
compared with the corresponding experimental ones as thet foil. The bond distancR, the coordination numbe\, and
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C. EXAFS spectra and bonding parameters
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10L (a) PtGa, Pt L-edge P ‘ 54
sl experiment 2 10l t
= Ref. 43
6L —o— fitted resuits \:/ :
4t 8 «  PtGay(111)
oL g 1 y i
— (b) PiGa, Ga K-edge g
AV 6 o 0.1k
é 4L 0 50 100 150 200 250 300
= Photon Energy (eV)
= 2r FIG. 8. Photon-energy dependence of the &thand intensity
P 0 s % L S N\ for the (111 face of PtGa The solid line is the atomic cross
20 A ()Pt foil Pt L -edge section calculated by Yeh and LindéRef. 43 of the Pt &l states
[ } for elemental Pt.
uncertainty than th&k values in the EXAFS analysis, and
also because the Pt&aample contains some magnetic im-
I purities and defect.
o6 3 6 8
R(A) D. Photon-energy dependence of the Pidbbands

FIG. 7. The experimenta(solid lines and theoretical fitted The photon-energy dependence of the @tiand inten-
(open circley Fourier transforms ok3-weighted (a) Pt Ly-edge  Sity for PtGg in the range 8&hv<220eV is shown in Fig.
EXAFS spectra for PtGa (b) Ga K-edge EXAFS spectra for 8 as filled squares. Also shown in Fig. 8 as a solid line is the
PtGg, and(c) Pt L;-edge EXAFS spectra for Pt foil. atomic cross section of the Pd5states calculated by Yeh

and Lindad® for elemental Pt. The data points were obtained
by correcting the photoemission spectra for a Shirley-type
inelastic backgrouné* measuring the area under the photo-
demission energy distribution curve in the rangesBg

the scaling constant?, for the first shell around the Pt or Ga
atom for Pt foil and for PtGaderived from the Pt ;- or Ga

K-edge EXAFS spectra are listed in the third, fourth, an ; X . B
fifth columns, respectively, in Table IV. The Pt-Pt bond <6.5eV, and correcting this area with respect to the incident

length for Pt foil is 2.77 A, which is exactly the same as thephoton flux. They were then normalized to the atomic cross-
bulk value. The Pt-Ga an(’:i Ga-Pt bond lengths for Bige section value ahy=200 eV, where the atomic cross section

: - ; hows a Cooper minimuf?. The bump in the experimental
2.58 and 2.55 A, respectively, which are essentially the sam o . X
as the bulk value of 2.56 A; while the Pt-Pt and Ga-Ga bon ata fOThV— 109_ 140eVis cau;ed by nakweight bands .
lengths for PtGaare 4.23 and 2.83 A, respectively, which dlspe(5|ng outsu_je the energy window 2-6.5 e\( for_ area in-
are very close to the respective bulk values of 4.18 and 2.gfggration. 'I_'hat IS, th_e sharp peak B =5.5¢eV in Fig. 2
A. However, the agreement between thevalues and those exists precisely in this range of 100140 e\(, which corre-
expected from simple crystal-structure calculation is muc pogdjl to the top %f fhe I?W?; P:H?al_nd. '(Ij’h|sllower 8
worse. For example, in PtG#he Pt atom has eight nearest- and disperses to below 7 eV alohgl and mixes more

neighbor Ga atoms, and 12 second-nearest-neighbor Pt diith the s-p bands than do the other twodSbands (the

oms; while the Ga atom has four nearest-neighbor Pt atomgresent FLAPW calculation shows that the (Ptveight for

. 1 2 .
and six second-nearest-neighbor Ga atoms. The corresponlate@ is 96%, 43%, and 48% at thieg, I';, andl’g points,

ing values obtained from the EXAFS analysis are 3.4, 15.6/€SPectively. We note that in this photon-energy range, the

2.5, and 3.9. This is because fRalues contain much more Pt5d states of PtGashow atomiclike behavior, which is in
sharp contrast to the solid-state effect observed for thel Pt5

. o states in Pt metdf
TABLE V. The bond distancgR), the coordination number

(N), and the scaling constant-f) for the first shell around the Pt or
Ga atom for Pt foil and for PtGaderived from the Pts- or Ga IV. CONCLUSIONS

K-edge EXAFS spectra. Synchrotron-radiation-excited angle-resolved photoemis-

sion and XAS spectra for th€l1l) face of PtGa are pre-
sented. The band structure and DOS for Bté&& also cal-

Edge(Material) Shell R(A) N a? (1073A?

Pt L5 (Pt foil) Pt-Pt 2.77 13.6 6.1 culated with the FLAPW method. The experimental and

PtL; (PtGa) Pt-Ga 258 3.4 4.8 theoretical bands and the XANES spectra and the DOS
Pt-Pt 4.23 15.6 10.2 curves for PtGashow generally good agreement. The bind-

GaK (PtGa) Ga-Pt 255 25 7.9 ing energies at's, I';, andT' for PtGg are within 8% of
Ga-Ga 2.83 3.9 10.1 the corresponding values for Au, suggesting that these two

materials have very similar electronic structures. Charge
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transfers from Pt to Ga in forming the PtGeaompound.
EXAFS spectra of PtGaare analyzed to yield its structural
parameters. The photon-energy variation of thed®photo-
emission intensity for PtGashows atomiclike behavior.
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