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Abstract

High resolution soft X-ray photoemission electron spectroscopy (SXPS), using synchrotron radiation, is employed to investigate 4f core-level
features of four differently-prepared Ir(2 1 0) surfaces: clean planar, oxygen-covered planar, oxygen-induced faceted, and clean faceted surface
Surface and bulk peak identifications are supported by measurements at different photon energies (thus probing different electron escape depths
and variable emission angles. Iridium;Afphotoemission spectra are fitted with Doniach—Sunijic lineshapes. The surface components are
identified with core levels positioned at lower binding energies than the bulk components, in contrast to previous reports of binding energy
inversion on Ir(1 00) (Ix 1) and (5x 1) surfaces. For clean planar Ir(2 1 0) three surface/ls 4¢atures are observed with core-level shifts
of —765,—529, and—281 meV, with respect to the bulk; these are associated with the first, second and third layers of atoms, respectively,
for atomically rough Ir(2 1 0). Adsorption of oxygen onto the planar Ir(2 1 0) surface is found to cause a suppression and shift of the surface
features to higher binding energies. Annealing at 600 K in oxygen produces a faceted surface as verified by low energy electron diffraction
(LEED). A comparison of planar and faceted oxygen-covered surfaces reveals minor differences in the normal emission SXPS spectra, while
grazing emission spectra exhibit differences. The SXPS spectrum of the clean, faceted Ir(2 1 0) exhibits small differences in comparison to
the clean planar case, with surface features having binding energy shif&l6f —450, and—230 meV.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Overlayer metals and adsorbates that induce faceting
of the W(111) surface include Pt, Pd, Rh, Ir, Au, O, CI,
There have been numerous reports of overlayer-inducedand Ru[1,2,4,6,7,18—-20]Ultrathin films that do not cause
faceting of transition metal substrafds-17], that is, an ini- faceting of the substrate are Co, Ti, Gd, Ni, Cu, Ag, and Fe
tially planar surface converts to a hill-and-valley structure [6,7,21,22] The facets are induced by covering the W(111)
when covered by monolayer films of gases and other metals.surface with a single monolayer of adsorbate, followed by
Metallic substrates that are known to form facets are atom- heating to temperatures above 700 K; the faceted surface is
ically rough; they are morphologically unstable when cov- covered by three-sided triangular pyramids with predomi-
ered with monolayer films of certain gases or other metals, nantly{1 1 2} surfaces. Che et R3] used the local density
followed by annealing. These surfaces include bcc W(1 1 1) approximation (LDA) in first-principles calculations to ex-
[1-8] and Mo(1 11)[9-11], fcc (21 0) surfaces of Cu, Ni, amine why the above-mentioned overlayers preferentially
Pt[12-14] and several vicinal (highly stepped) surfaces of induce faceting. They proposed that anisotropy of surface
Cu [15-17] The most extensive studies have focused on free energy is a necessary, but not sufficient condition
W(111) surfaces. for faceting. Kinetic factors (overcoming nucleation barri-
ers, desorption energies) also play important roles in the
* Corresponding author. Tek: 1-732-4455185; fax:-1-732-4454991.  faceting process. An empirical correlation between the over-
E-mail address: madey@physics.rutgers.edu (T.E. Madey). layer Pauling electronegativities has also been previously
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identified[6,7]. All the overlayers that induce faceting have experience binding energy shifts to smaller values than the
Pauling electronegativities greater than 2.0, whereas metalsbulk feature. Consistent with this theory, experimental evi-
that do not induce faceting of the substrate have Pauling dence has been reported for SCLS to lower binding energies
electronegativities less than 2.0. Despite the empirical elec-for different clean iridium surfaces such as (111), theb
tronegativity correlation, Che and Ch§®4] have shown reconstruction of clean (001), and (10 0x11 by van der
recently using LDA that surface charging is not the govern- Veen et al[30]. In contrast, Barrett et a]31] report exper-
ing factor in faceting. Consistent with the experiments of imental evidence for a subsurface layer SCLS totigher
Tao et al[18], they suggest that the governing factor is the binding energy side of the bulk peak for Ir(1 00x11 and
specific chemical bonding between substrate and overlayer5 x 1 reconstruction. This “inversion” in the core-level shift
In systematic studies of metal overlayer films on W(11 1) was supported by their use of tight binding calculations.
with soft X-ray photoemission electron spectroscopy  The presence of adsorbates on metal surfaces can signifi-
(SXPS), correlations have been found between the ¥\p 4f  cantly change the electronic properties of the surface atoms
binding energy and the corresponding heat of adsorptionand subsequently induce binding energy shifts of core lev-
of the adsorbat§18]. However, there is no clear correla- els, which can reveal a multitude of information about the
tion between the W 4§, surface core-level shifts (SCLS) nature of bonding to metal surfaces. In this paper, we report
and Pauling electronegativity. This is consistent with the studies in which interactions of the Ir(2 1 0) surface with the
premise that while Pauling electronegativity is determined vacuum interface and with oxygen and hydrogen overlayers
solely from initial state effects, both initial and final state are probed. The clean Ir(2 1 0) spectrum reveals three surface
effects affect the binding energy of a core-level electronic features on the low binding energy side of the bulk feature;
level. In recent SXPS studies of ultrathin transition metal there is no evidence for surface/bulk peak “inversion”. Ad-
films (Pd, Pt, Rh) on W(111) by Kolodziej et dR5], it sorption of oxygen onto planar Ir(2 1 0) at room temperature
was clearly shown that a single monolayer of each of these causes a suppression of the surface features and an appear-
metals “floats” on the surface of the W substrate, even asance of a new peak on the high binding energy of the bulk.
the surface faceting transition occurs. In comparison, for Annealing in oxygen and cooling causes formation of pyra-
coverages exceeding 1 ML, atomic mixing at the interface midal faceted structures on the surface contairjid 1}
and alloying are observed upon annealing. and{1 10} faces, as revealed by low energy electron diffrac-
To gain further understanding of the mechanisms associ-tion (LEED) [27].
ated with overlayer-induced faceting, an atomically rough  The SXPS spectra of the oxygen-covered planar and
surface of an fcc metal, Ir(210), was chosen for study. faceted Ir(210) surfaces are compared and although the
Brenner[26] has studied the formation of facets on iridium normal emission spectra do not exhibit changes between
surfaces using field ion microscopy. He also showed that the oxygen-covered planar and faceted surfaces, grazing
gaseous impurities could alter the rate of faceting and affect emission spectra reveal significant contrast. SXPS spectra
the activation energy needed for surface mass transport. Theof clean, faceted Ir(2 10) are also presented.
fcc (210) surface has a structure very similar to the bcc
(111) except for an elongation along one of its axes. Recent
studies by Ermanoski et aJ27] of Ir(210) have shown 2. Experimental
that oxygen induces faceting (i.e., nanometer-scale 3-sided
pyramids with{3 1 1} and{1 1 0} sides) when the substrate The experiments were performed in an ultrahigh vac-
is annealed t@" > 600 K. Investigations into the reactivity —uum (UHV) chamber, with base pressure lower thar 1
of acetylene (@H») by Chen et al.[28] on both planar 10-1%Torr, (1 Torr=133 Pa) on beamline U4A at the Na-
and faceted Ir(210) have revealed striking differences in tional Synchrotron Light Source. The photon energy used
the TPD spectra, indicating that the catalytic behaviour of in most of this study was 110 eV with a nominal resolution
the metal surface appears to be highly dependent upon itsof 90 meV. A VSW hemispherical energy analyzer having
morphology. 100 mm mean radius and &ngular acceptance angle col-
Binding energy shifts of core electron states of surface lected the photoelectrons with a pass energy of 5eV. This
atoms reflect chemical environments that are different from gives a nominal analyzer resolution of 90 meV, and a to-
that of atoms in the bulk. The surface core-level shifts can tal instrumental resolution of approximately 127 meV. The
provide a wealth of information on surface structure, alloy- photon flux was measured continuously and the XPS spec-
ing, intermixing, and adsorbate interactions. Before inter- tra shown here were normalized to account for gradually
pretation of chemical shifts is possible, however, knowledge varying photon flux.
of the origin of SCLSs is required. The samples were cleaned by repeated cycles of flash an-
By assuming complete screening for the core electron nealing in 1x 10~/ Torr oxygen to~2000K and then by
ionization process and using an equivalent core approxima-flashing to a similar temperature in UHV. This procedure
tion, Johannson and Martensg@9] have predicted surface  was used at Rutgers on the same Ir(210) sample, where
core-level shifts for the 5d transition metal series. Their re- cleanliness was verified using TPD and AES]. The sur-
sults for surfaces of iridium reveal that all surface features face was characterized in situ using LEED and SXPS. The
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temperature was measured using W5%Re-W26%Re ther-
mocouple wires that were spot-welded to the rear of the irid-
ium crystal. The faceted surface was generated by flashing
the sample in & 10~/ Torr oxygen and allowing it to cool
to room temperature in oxygen. A clean faceted surface was
generated by removal of oxygen at a low temperature via
a surface chemical reaction. As reported elsewf@&rgthe
faceted surface is stable 1o~ 600 K and annealing in CO
at T ~ 550K can remove the oxygen completely, giving
a clean faceted surface. Alternatively, annealing the faceted
surface in H (1 x 10-8 Torr) for 5min at 470K produces a
clean, faceted surface. -
At photon energies o110 eV, the Ir 4§, photoemission 62
signal is very surface sensitive and surface features exhibit
relatively high intensity at normal emission. Different photon
energies and different emission angles assist in the analysis
of measured core levels, via their influence on the attenuation
of features within the Ir 4, core-level spectra. (The emis-
sion angle is the angle between the surface normal and the
axis of the analyzer lens system.) For example, higher pho-
ton energies provide more bulk information since the jyAf
electrons have a larger kinetic energy, and a corresponding
longer inelastic mean free path (escape depth) than elec-
trons with lower kinetic energy. In this experiment, 180 eV
photon energy was chosen to enhance the bulk feature. _ _
Grazing emission ang.les were adqpted to provide enhanced - o1 so g 61 60 50
surface information since at grazing angles, the electrons Binding Energy (eV) Binding Energy (¢V)
emitted from the bulk are more effectively attenuated than
the.ek.aCtron signal fro.m th.e near S.urface. layers. The graZIr.|gph0ton energy of 110 eV. The spectra is fitted with four peaks each having
emission angle used in this experiment is fidm the sur- a linewidth of 300 meV, a Gaussian width of 150meV, and a symmetry

face normal. In this study, the analysis of IryAfcore-level parametere = 0.121. The three surface peaks, labeled P1, P2, and P3
photoemission spectra involved a non-linear least squarescorrespond to the first, second and third layers and have core-level shifts
fitting procedure and Doniach—Sunjic lineshapes, which of —281,—-529, and—765 meV, respectively. (b): Schematic of unrelaxed
have been used elsewhere for the W/glf:ore-level feature Ir(2 10) surface illustrating (a) top side (b) side views. Note there are four

. . layers exposed to the vaculBs]. (c): Ir 4f7,> spectrum for clean Ir(210)
[18'19'2.5’3_2]Th.e parameters us.ed V\{'th this I'neShfipe were at normal emission for a photon energy of 180 eV. The surface features are
Lorentzian linewidth, Gaussian linewidth, and the lineshape attenuated significantly allowing a more exact identification of the bulk
asymmetryx parameter; the latter is a measure of the effects intensity feature characteristics. (d): Ir74f grazing emission spectrum at

of electron/hole pair creation during photoemission. 110eV revealing increased surface/bulk ratio due to an increase in bulk
attenuation. Emission angle 7With respect to normal.

59

Fig. 1. (a): Ir 4f,> spectum for clean Ir(210) at normal emission for a

3. Results fourth layer below the surface, shownhing. 1b is encom-
passed by the large bulk feature. To verify the assignment
A typical Ir 4f7/> spectrum for clean Ir(210) is shown of surface and bulk components a higher photon energy of
in Fig. 1afor a photon energy of 110eV. In attempting to 180 eV was used to enhance the bulk feat#ig.(19; graz-
fit this spectrum, several constraints were imposed. First,ing emission Fig. 1d at 110eV was used to enhance the
the full linewidth of any one feature was assumed to be surface features. All three spectfd. 1a, ¢ and fiwere fit

~300meV, as observed in previous investigatifd3,31] with four peaks having the same binding energies in each
With this constraint a minimum of four features were needed spectrum. The changes in relative intensity between normal
to fit the data. Based on the modelfefy. 1k this require- and grazing emission allow us to conclude that the three

ment can be physically justified: three surface features from smaller features at lower binding energy are surface features.
surface layers that interact with the vacuum interface plus Note thatFig. 1creveals a 55% decrease in surface/bulk ra-
the bulk feature (note that the numbers of nearest neigh-tio, which provides adequate determination of the core-level
bors for atoms in the top four layers of Ir(210) are 6, 9, parameters. The optimal fit, i.e. smallest deviation between
11, and 12, respectively, so that the fourth layer has bulk experiment and fitted spectrum, was found with bulk param-
coordination). It is not necessary to include additional fea- eters of 63.8 eV binding energy, an asymmetry parameter of
tures in fitting the data, indicating that any signal from the 0.121, Lorentzian linewidth of 300 meV, and Gaussian width
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sion of the surface core-level shifts, and based on the data
in Fig. 1dit seems very likely that the first layer does not
have the minimum binding energy of the components shown
in the clean spectrum dfig. 1a The parameters optimized
for the bulk peak in the oxygen-covered surface were the
same (within experimental error) as the parameters found
in the clean analysisHg. 1a—d. An additional feature is
prominent in the spectrum &ig. 2afor the oxygen-covered
surface, labeled A on the high binding energy side of the
bulk peak. (The small peak B may be a consequence of the
, ol | linear background subtraction). These peaks are associated
62 61 60 62 61 60 with the surface iridium layer interacting with the oxygen
Binding Energy (V) Binding Energy (eV) overlayer, leading to a shift in binding energy higher than
the bulk. Such core-level shifts are often seen for oxygen
adsorption on metal substra{@8—38] The surface/bulk ra-

tio changes from normal to grazing emission for this sys-
tem reveal an increase of 10% for both low binding energy
features, with peak A increasing by 54% and B remaining
constant.

Fig. 2bshows the core-level spectrum at normal emission
of the oxygen-covered faceted Ir(2 1 0) as characterized by
LEED in Fig. 3. No striking differences in the SXPS data
are observed for the oxygen-covered planar and faceted sur-
faces. This is surprising since the faces of the pyramids are
{311} and{110}, and are expected to have different sur-

62 61 60 62 81 L&D face layers contributing to the specf¥]. Oxygen should

Binding Energy (V) Binding EncreycV) also play a role in suppressing the surface components.

Fig. 2. (a): Ir 4/, spectrum for oxygen-covered planar Ir(210), illustrat-  However, at normal emission, the slopes of the fas&()

?ng the consifjerable suppression of_ the surface features. The suppressiofaces should not significantly affect the surface-to_buﬂﬁﬁf

'tzrzgc(‘j_\m;’:g";‘; gz a gor:ie;e‘t’)ieridsi:'ﬁ;ggardStigee zﬁ'fh;ezﬁflie J;"l’(";r?sae intensity ratio. The LEED pattern ifig. 3is typical for the

with binding energy shifts %f 190 ar?d 420?1)1/ev. (b): Iﬁﬁfspect[r)um at faceted Ir(210) surface. LE_ED beams scattered by a faceted

normal emission for oxygen-covered faceted Ir(2 1.0) showing little devi- Substrate do not move radially to and from the (00) beam

ation from (a). (c): l5,7 spectrum at grazing emission for oxygen-covered When the energy is changed. Instead, the beams scattered

faceted Ir(210); compare to (b). (d): Ir#4# spectra at normal emission  from a faceted surface converge on points corresponding

for clean faceted Ir(210) revealing surface features with core-level shifts {, specular reflections from the facet planes. LEED pat-

of —230, —454, and—710 meV. . . .
terns from faceted surfaces are described in more detail by
Song et al.[39,40] for W(111) and by Ermanoski et al.

of 150 meV. The grazing emission spectruntig. 1dpro- [27] for Ir(210). The SXPS spectrum of oxygen-covered

duced a 28% increase of the surface features with respect tdaceted Ir(2 1 0) at grazing emission is showrrig. 2c The

the bulk. Least squares fits of the spectrdif. 1revealed changes in surface/bulk intensity ratio from normal to graz-

surface core-level binding energy shifts-e765,—529, and ing emission (compariig. 2b and ¥for the oxygen-covered
—281meV for the first, second and third layer peaks, re- faceted Ir(2 1 0) system reveal dramatic variations from the
spectively, measured with respect to the bulk peak. oxygen-covered planar Ir(210) surface. From normal to

Fig. 2ashows the Ir 4f/, spectrum following oxygen de-  grazing, the low binding energy features (labeled P1 and P2)
position on the planar Ir(2 1 0) surface. A significant suppres- are found to decrease by 10 and 60%, respectively, while the
sion of the surface features is observed on the low binding lone high binding energy peak labeled A increases by 20%.
energy side of the bulk peak, which is notably the dominant  Fig. 2d shows the Ir 4, spectrum for the clean, faceted
feature in the spectrum. Furthermore, the surface featuresir(2 1 0) surface. This 4§, spectrum is narrower than that for
have been shifted to higher binding energies relative to thosethe clean, planar Ir(2 1 0) surfacEig. 1g. Using the same
of the clean surface, as a consequence of the interaction withprocess as used to fit the clean, planar Ir(210) spectrum
the oxygen at the surface. The high binding energy peaksin Fig. 13 three surface layer contributions are present in
have SCLSs of 192 and 420 meV from the bulk feature. If the spectrum ofig. 2d but with smaller binding energy
we consider the structure of the fcc (2 1 0) surfdeig(1b), shifts than those exhibited for the clean planar surface. This
it appears that oxygen interacts initially with the first and smaller core-level shift is associated with different atomic
second layers, which are subject to the greatest binding en-packing density fo{ 110} and{3 1 1} facets, as compared
ergy shift. This could give rise to an oxygen-induced inver- to the atomically rough (210) surface. The surface layers
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(a) (c) (b)

Fig. 3. LEED patterns for (a) clean, planar Ir(210) & = 150eV, and (b) oxygen-faceted Ir(210) Bt = 250 eV. Note the characteristic three facet
spots in a triangular pattern surrounding the clear 1) spots. (c) Schematic representation of a three-sided iridium facet structure induced by annealing
(210) surface in oxygen; A facets hay81 1} orientation, and B facet i§1 1 0}.

labeled A, B, C have core-level shifts ef230, —450, and second (subsurface) layer and not the surface layer. This in-
—710meV respectively. version between the first and second layer is attributed to the
complex interplay between initial and final state effects that
may also play a role in other clean metal surfaces. The fact
4. Discussion that the intensity of P2 increases by such a dramatic amount
demonstrates the possibility that such an inversion occurs in
Table 1summarizes the results for the surface core-level Ir 4f features associated with the surface atomic layers. An-
shifts and the surface/bulk ratio changes from normal to other possible explanation for the large P2 featur€ign 1a
grazing for clean planar Ir(2 1 0), oxygen on planar Ir(210), is that forward focusing occurs along a low-index direction
oxygen on faceted Ir, and for a clean faceted iridium sur- at grazing emission. However, for our experimental config-
face.Fig. la—dallow us to conclude that the clean Ir(210) uration, there are no low-index directions (i.e. no directions
spectra exhibit surface core-level features that have lowercontaining rows of nearest-neighbor or next-nearest neigh-
binding energies than the observed bulk feature. The sur-bor atoms) at grazing emission detection, which corresponds
face features have an average core-level shift 825 meV approximately to the [1 3 5] direction.
from the bulk. Measurement of the surface to bulk ratio dif-  The intensities of the Ir 4f surface features at normal
ferences indicate that peaks P1, P2, and P3 increase by 18gmission also change with photon enerfyg( 1a and &
54, and 14%, respectively, from normal emission to grazing For hv = 180eV, the electron attenuation length of the
emission. It is often found that peaks with largest core-level photoemitted electrons is (relatively) large, and the bulk
shift are associated with the topmost atomic layer, and peakspeak is considerably more intense than the surface peaks
with smaller shifts are attributed to subsurface layers. The (the P3, P2, and P1 intensities are 6.7, 20, and 21% of the
smaller the binding energy shift, the deeper the layer un- bulk intensity, respectively). Farv = 110eV the electron
til the layers are covered by the topmost surface layer andattenuation length is smaller than for 180 eV and the surface
produce the bulk signal. However, Lizzit et §l1] have peaks are more prominent (29, 44, and 37% of the bulk
shown experimentally and with first-principles theory that peak, respectively). Moreover, at 180 eV, one might expect
the largest shift observed for Be(ll@) is associated with the  that the relative intensities of P3, P2, and P1 represent

Table 1
Surface core-level shifts and surface/bulk ratio changes for differently-prepared iridium (2 10) surfaces
Iridium surface Surface core-level shifts (meV) Surface/bulk ratio, grazing percent change
from normal
B A P1 P2 P3
Clean planar (210) N/A N/A —299 —513 —725 P1=18%, P2=54%, P3= 14%
Oxygen on planar (210) 420 192 —155 —345 N/A B = 0%, A =54%, P1, P2= 10%,
Oxygen on faceted surface N/A 195 —160 —360 N/A A =20%, P1=—10%, P2= —60%

Clean faceted surface N/A N/A —-230 —450 -710 P1l= —13%, P2= 32%, P3= —-3.2%
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(roughly) the relative surface concentrations, and that they 0.73 eV with respect to the bulk W atoms with an average
should have more-or-less equal intensity. A possible reasonincrease of 1 eV from the clean surface W atom binding en-
for the energy-dependent intensities of the surface featuresergy. The core-level binding energy of iridium surface atoms
in Fig. 1a and cmay involve photoelectron diffraction (peak A) is shifted through the introduction of oxygen by
[42]; in the energy range of the present experiments (elec-0.2 eV with respect to the bulk Ir atoms. This corresponds
tron kinetic energies 0f50-120eV) there is considerable to an average shift of 0.7eV from the clean Ir surface
structure in the angular dependence of the elastic scatteringatom binding energy (average surface binding energy shift:
factor for metal atom$43]. The implication is that diffrac- ~—525meV) which is similar to the shift observed with
tion may lead to an energy-dependent modulation of the O/W(110). The (1x 1)-O overlayer observed on the
electron emission intensity as a function of detection angle. W(1 1 0) surface enhances the positive binding energy shift
This is a point that requires further study before a firm due to oxygen atoms interacting with equivalent W atoms
conclusion can be reached. on the surface. We suggest that similar oxygen-induced
The negative binding energy shift of the surface features effects may occur for iridium surface atoms. Oguchi con-
for Ir(2 1 0) is consistent with the theoretical predictions of cluded the SCLSs are due predominately to the difference
Johannson and Martenssfi?f] and the experimental evi- in the Madelung potential between the surface and bulk
dence of van der Veen et 4B0] for Ir(111) and Ir(100) sites. Charge transfer (intra-atomic potential) alone could
surfaces. As mentioned earlier, Barrett et[aL] more re- not explain the observed SCLSs. Using the Weinert and
cently reported that the surface and subsurface7lrn 4éa- Watson[46] prescription, an extra-atomic term (potential
tures on Ir(1 0 0) are displaced from the bulk peak with both due to other charges) combined with the intra-atomic term
lower and higher binding energy values, respectively. Our produces SCLSs that are comparable with experimental
inspection of the data by Barrett et al. reveals considerableresults.
deviation between the raw data and the fitted peaks; per- Comparison of the oxygen-covered facetEdy( 2b and
haps an improved fit could change the interpretation of their planar Eig. 29 Ir(210) normal emission spectra reveals
results. little difference. Oxygen suppresses the features in both
Surface core-level shifts in iridium have been mainly spectra and few differences are observed, even though the
attributed to rehybridization of the s, p and d orbitals, planar and faceted surfaces are quite different morphologi-
d-band narrowing, and changes in surface stpték The cally. In addition, van der Veen et gB0] have shown that
core-level shift to the lower binding energy side of the bulk adsorbate-induced SCLSs are also sensitive to changes in
feature establishes that the core electrons are more weaklystructural properties of the substrate. The oxygen suppresses
bound at the surface than in the bulk; this is understood by the intensity of the surface features more than the bulk fea-
comparing the initial and final states of the surface and bulk ture at a photon energy of 110 eV. This is different from Ir
atoms. The final state represents the core-ionized atom, with4f7,> spectra accompanying the deposition of Au or Pd on
the valence charge distribution essentially that ofa+1) Ir: Au and Pd overlayers attenuate bulk and surface features
element fo a Z metal[30]. For Ir, the € + 1) screening in-  equally without changing SCLI47].
volves the anti-bonding part of the d-band and the bonding Hydrogen covered surfaces have also been recently inves-
due to the conduction electrons is weaker in the final state tigated, partly because of their relevance to the electronic
than in the initial stat§29]. However, the use of theZ(+ 1) device industnf48-50} For Ir(2 10), adsorption of hydro-
model alone has been shown by Andersen ¢48].to intro- gen causes negligible binding energy shifts of the surface Ir
duce a variance of typically 100 meV for most 4d elements atoms. A hydrogen saturated surfacé®(5 ML [28]) gives a
due to errors in values used for the relaxation of the first SXPS spectrum very similar to the clean planar Ir(2 1 @)Af
layer. Andersen et al. also conclude that the simple d-bandspectra shown ifrig. 1a This result is in contrast to other
narrowing model does not always predict correct SCLSs. hydrogenated metal surfaces. Jupille ef48] reported sig-
Dosing of planar Ir(2 1 0) with oxygeri{g. 23 produces nificant hydrogen-induced binding energy shifts of W, 4f
a significant suppression of intensity and positive binding core levels for the W(1 00) surface. In fact, suppression and
energy shifts in the surface core levels. The oxygen-inducedshifting of W 4, surface features are observed with a very
faceting of iridium is reminiscent of the morphologi- small (0.06 Langmuir) dose of +Hon W(11 2)[47].
cal changes accompanying oxygen-induced faceting of Following the introduction of K and the removal of oxy-
W(111)[1,2]. Furthermore, similarities exist between sur- gen from the oxygen-covered faceted Ir(2 1 0) surfi3,
face core-level shifts observed for oxygen-covered W and the clean faceted surface is generated and the suppressed fea-
Ir. Indeed, a number of investigators have reported observa-tures on the low binding energy side of the bulk become vis-
tions of positive surface core-level shifts for oxygen-covered ible. The three peaks labeled P1, P2, and PRign 2dhave
metal surface$§34—38] Oguchi[36] investigated the SCLS  smaller core-level shifts than similar features in the clean
of the (1x 1) oxygen-covered W(110) surface using the planar Ir(210) spectum d¢fig. 1a Fig. 3cshows a schematic
all-electron atomic force FLAPW method within the local of a typical pyramid produced on an oxygen-induced faceted
density approximation. Oxygen causes the binding energy Ir(2 1 0) surface. As indicated iRig. 3cfaceted features on
of the 4f core levels of the surface W atoms to increase by Ir(2 1 0) are not three-fold symmetric as on the bcc (111)
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labeled A, and the third B is a different planar orientation. Source at Brookhaven National Laboratory is supported by
The two distinct faces A and B dominate the observed clean, the U.S. Department of Energy, Division of Materials Sci-

faceted Ir(2 10) spectrum. Ermanoski et [&7] have used
LEED to determine faces A to b8 1 1}, and face B to be
{110}. Including the clean planar Ir(210) surface shown
in Fig. 1a we observe four surfaces that produce surface
core-level shifts on the lower binding energy side of the
bulk, i.e., all surfaces observed have surface Ir atoms for
which core-level binding energies are smaller than for bulk
atoms. A comparison of the normal and grazing incidence
data reveals that features labeled P1 andHRR @) decrease

in surface/bulk ratio by 13 and 3.2%, respectively while P2
increases by 32%. The peak labeled P2 is most likely from
one of the faces marked A Ifig. 3¢ Unfortunately, the ori-
entation of the pyramids with respect to the incident beam
and the analyzer axis was not controlled, and it was not pos-
sible to rotate the azimuth of the sample in the U4A cham-
ber to align one of the faces normal to the analyzer to get
normal emission. Nevertheless, it is clear that both clean,
planar and clean, faceted Ir(2 1 0) surfaces exhibit SCLSs to
lower binding energy.

5. Conclusion

Based on measurements of clean Ir(2 1 @)Aépectra it
has been determined that all surface features are shifted t
the low binding energy side of the bulk feature, consistent
with previous results for Ir(100) (¥ 1) and (5x 1) and
Ir(111) [30], and contrary to data of Barrett et. [8I1]. Ir
4f7/2 level shifts with respect to the bulk 6765, —529,
and —281 meV are associated with the first, second and
third layer of Ir atoms, respectively. Oxygen-covered planar
Ir(2 10) and oxygen-covered, faceted Ir(2 1 0} 4fspectra
are compared and found to be very similar with the excep-
tion of an extra feature on the high binding energy side of
the bulk peak. Both oxygen-covered surfaces reveal a dis-
tinct suppression of the surface features with an additional
binding energy shift toward the bulk peak. A comparison of

ences and Division of Chemical Sciences (DOE Contract
No. DOE-AC02-76CH00016).
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