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Thin La overlayergup to ~3 ML) have been deposited onto aPtl) surface. We find that an ordered
interface alloy is formed when the system is annealed above 800 Kx 2 @verlayer structure was observed
by low-energy electron diffraction. Photoemission reveals a substantial increase in the density of states near the
Fermi level as a result of the alloying reaction. When the as-deposited LacbhtPs$ystem was exposed to
CO, and subsequently annealed, a desorption peak was observed to coincide with the alloying transition. The
signature of this desorption peak was that of zeroth-order desorption. Thermal-desorption studies showed that
CO is more weakly adsorbed on the La-Pt surface alloy as compared to the (iir® Barface. A desorption
energyE4=0.9=0.1 eV was estimated for CO on the surface alloy in the limit of zero CO coverage. The
desorption measurements are discussed in view of recent Monte Carlo simulations as well as calculations using
the transfer-matrix methodS0163-18209)03223-3

I. INTRODUCTION IIl. EXPERIMENT

Photoemission measurements were recorded using an

Electronic promoters play an important role in heteroge-HA-50 hemispherical electron energy analyzer from Vacuum
neous catalysis? The platinum(111) surface doped by low Science WorkshogVSW). The exciting radiation was from
work-function elements like, e.g., rare-earth metals, may twin-anode x-ray source from VSW for the X-ray photo-
constitute an important system for studying catalyticelectron spectroscopiXPS), and a homemade rare-gas dis-
promotion® The presence of a low work-function element atcharge lamp for the ultravi_olet photoelectron spectroscopy
the surface has the effect of lowering the electrostatic poterfUPS. Total-energy resolutions werel eV and~0.2 eV
tial and thus affecting the bonding of gas molecules andO" XPS and UPS, respectively. Temperature-programmed
thereby altering the catalytic activity. However, an overall9€Sorption (TPD) spectra were recorded by using a
description of a given catalytic reaction is made complicate Transpecto_r H100M q”?dfopo'e mass spectrometer from
due to the fact that a substantial number of other properti(;%eybold-lnflcon that was interfaced to a personal computer.

of the catalyst may also have been changed by the adsorbatehe tip of the mass spectrometer was shielded to minimize

e.g., adsorption sites and the surface mobility of adsorbe Ontributions from the edges and back side of the sample as

. . ell as the sample support. Some of the initial TPD measure-
species, the structure and electronic structure of the cataly§1'nents were performed without this shield. The TPD mea-
the number of active sites, etc. '

' i surements were performed using a heating rate of 2 K/s. The
Rare earths are well suited to be used as dopants in Cat?e‘mperature was varied by use of a Eurotherm temperature
lysts since they have low surface free enerdi@bey there-  controller. The sample was cooled by liquid nitrogen in order
fore have a tendency to be located at or near the surface in an enable measurements below ambient temperature.
actual catalytic system, and will thus directly influence ad- The P{111) crystal was cleaned by repeated cycles of
sorption and desorption of various gas molecules. FreAr-ion sputtering(30 min at room temperature, and 15 min
quently, simple model systems may give useful insight intoat 1100 K), oxygen annealing at® 108 torr at 1000 K, and
real catalytic processes as well as fundamentals of adsorptig@nnealing to 1500 K for 5 min. The cleanliness of the surface
and desorption of various gas molecules. In this work, Lavas verified by measuring Gand O 1score levels by XPS
overlayers on a Pt11) crystal have been studied by photo- and by UPS from the valence-band region, and the structure
electron and thermal-desorption spectroscopies. The motivavas checked by low-energy electron diffractidEED). The
tion for this study was to modify electronic and structural WOrK function of the sample was measured by subtracting the
properties of the P111) surface to change its reactivity. The Width of the UPS from the photon energly=21.2 eV. La
formation of an ordered surface alloy, as well as adsorptiofVS deposited from a water-cooled evaporation source that
of CO and Q on the surface alloy, have been investigated.conS'Sted of a thermally heated tungsten basket, and that was

Previous experiments have shown that solid-state reactioﬁgoroughly outgassed prior to use. Thg effective La coverage
Was estimated from core-level intensity measurements. The

occur when rare earths are deposited on a variety of metalhE ;
. - : a-P{(111) surface alloy was produced by heating the sample
substrates even at ambient temperattité§Ve find that the to 900 K at a rate of 2 KJs.

La-Pt alloy is more inert to adsorption of CO and than the
pure P(111) surface at ambient temperatures. Similar to the
present case, previous work on the Ce ofilP) system
showed that a surface alloy formed that was relatively inert First the formation of the La-Pt11) surface alloy will be
to adsorption of oxygef. considered. The alloy formation has been studied by use of

IIl. RESULTS AND DISCUSSION
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XPS, UPS, and as TPD. It is observed that when CO is ' ' T ' T '

adsorbed on the as-deposited La-oftP1) sample, some UPS hv=21.2eV ﬁ

remaining CO will in fact desorb at the temperature of the ey

alloy transformation. s
The main emphasis in this paper will be placed on the Heated to QO.M

ordered La-Rtl11) surface alloy and thermal desorption of /

CO from this sample. The observed relative inertness to ad- e

sorption of CO and @on this system at room temperature is 1MLL

remarkable in view of the expected high reactivity of rare ¥ q’/x\w‘ ~

earth metals.

A. Surface alloy formation

Intensity (arb. units)

Clean Pt(111 e
When an effective La coverage of near 1 ML was depos- \
ited on the RtL11) substrate and subsequently annealed to
900 K, a 2x2 superstructure was observed by LEED. Pre-
vious work on the Ce-FP111) system showed similar results, ..,./
and presented speculations that the surface was Pt terminated \
in that casé More recently, a comprehensive study of the
Ce-Pf111) system by Baddelegt al® concluded that the \‘
structure of the interface was #BABlayered arrangement —
of P,Ce and Kagomeets of Pt atoms, where either type of 6 4 2 0
layer could appear at the surface as the terminating structure. Binding Energy (eV)
It was argued that observed low reactivity to ambient gases
was caused by a termination by a Kagonet of Pt atoms. FIG. 1. Valence-band photoemission spectrv21.2 eV}
Recent work on La-P111) by Garnieret all® showed that a from pure Pti1l) (bottom curve, as-deposited 1-ML La-on-
surface alloy was formed that was stable against contamind(113, and annealed 1-ML La-on-@fL]) (top curve. The spectra
tion, when a~10-A La overlayer on R111) was annealed at were recorded near normal emission. The top spectrum corresponds
900 K for about 10 min. A X2 LEED pattern was ob- © the ordered La-R111) surface alloy.
served. The electronic structure of this alloy was found to b
similar to the Ce-RiL11) alloy. Similar conclusions regard-

e .
desorptlon measurements. The structure between tempera-

ing the electronic and geometric structure were also found by (r)es{h4(t)0_ an% 500 'é cforrespont(lji to thf IusbuTt desorption of
Pillo et all! Substantial changes were observed in the pho: at is observed from a @11) crystal (bottom spec-

toemission from the valence-band region when a surface a[_rum). The shoulder near 500 K is an artifact due to desorp-

loy was formed by annealing. In Fig. 1 we show valence-
band photoelectron spectra that were recorded near norm
emission. A large increase in the Bmission near the Fermi
level is seen for the heated sample as compared to both t
as-deposited La-on-@tll) sample and the pure @il
sample.

As may be expected when a low work-function material
like La (¢ ~ 3.5 eV) is deposited on the surface of a high
work-function material like Pt $~5.7 eV), a substantial - Chz;mge in workfunction for La-on-Pt(111)
decrease in the work function is observed. This is shown in 1 ,

Fig. 2 for various amounts of La on the(Pt1) surface. An 0+ : ;i/:;g;; i:;ggﬁ“"ed i
increase in the work function is observed after formation of a
surface alloy upon heating to 900 K. The resulting work .
function of the alloy, however, is in the order of 1 eV lower E -1 1
S
<

ion from the edges, back side, and sample support, since the
gyadropole mass spectrometer was not shielded for these
measurements. Such a shoulder may also be observed for
r%epped surfaces; however, this explanation may be ruled out
in the present case since the shoulder was strongly attenuated
when the mass spectrometer was later shielded. The main
attention should focus on the structure above 800 K in these

1

than that of pure P111). We note that changes in work

function are small for coverages below 0.5 ML, i.e., in a 5. ° o i
coverage region where surface alloying was not observed, as - I
discussed below. The errorbars in Fig. 2 in the estimates of 1 . 1

relative work functions are of the order 0.3 eV, due partly to 3 i
uncertainties in coverage estimates and partly to uncertain-
ties in the measurements of the work function itself. 00 02 04 06 08 10 12

The formation of a La-F111) surface alloy was found to
depend critically on the amount of La that was deposited on
the Pt substrate before annealing the sample. In Fig. 3 we FIG. 2. Changes in work functiah ¢ for various amounts of La
show TPD spectra from a La-on{BL1) sample that has on P{111). The vertical arrows show changes that are induced by
been exposed to sufficient doses of CO to saturate the Sufieating the sample to 900 K. All values Afp are measured rela-
face. These La-Pt samples were not annealed prior to th@éve to the value for clean Pi11).

La coverage (ML)
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CO TPD from La overlayers on Pt(111)

CO presssure (arb. units)
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FIG. 4. UPS using the He line at 40.8 eV. The molecular CO

orbitals are observed for the CO/Pt and CO/surface alloy cases.

FIG. 3. TPD spectra from as-deposited La or{1P1). The

samples have been dosed to saturation with CO. The effective LR{(111) surface'>'® The bottom curve of Fig. 4 shows that
coverage is given in the figure. The feature near 400-450 K is thenplecular adsorption also occurs on the annealed La-Pt sur-
usual desorption of CO from Pt, whereas the features above 800 fgce alloy. The main O dpeak is observed near a binding

is associated with the formation of the surface alloy. The shouldeénergy of 533 eV in the case of CO on(Ptl) (bottom

near 500 K is an artifact that results from desorption from thecurve, Fig. 5. A lower binding energy of about 530 eV was

sample mount and edges and the back side of the crystal.

spectra. For effective La coverages below 0.4 ML no high-
temperature CO desorption structure was observed. Whereas
only small changes were observed in the work function or in
the UPS for La coverages below 0.4 ML, significant changes
were observed for La coverages above 0.5 ML. The high-
temperature desorption feature also emerges at a La coverage
of 0.5 ML. At first a single peak is observed. Subsequently,
for coverages slightly less than 1 ML, two peaks are clearly
resolved. Finally, for coverages near and above 1 ML, one
single peak is observed.

The signature of the CO desorption peak above 800 K is
of zeroth-order desorption, which usually is associated with
desorption from a multilayer or desorption due to decompo-
sition of a larger species. In the present case, the latter
mechanism is most likely to be in effect. The desorption of
CO results simultaneously with the formation of the surface
alloy. The bimodal peak observed above 800 K in the de-
sorption spectrum for some La coverages is thought to origi-
nate from C and O that are bound in different local environ-
ments. The nature of a possible C-O-La-Pt complex remains
undetermined.

Carbon monoxide is not adsorbed in its molecular form
on the as-deposited La-Pt surface. This is indicated by the

XPS O 1s
100 L CO on La-Pt(111)

La coverage
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absence of molecular CO orbitals in the UPS, as shown in F|G. 5. Oxygen & XPS after exposure to 100-L CO to(P11),

the middle curve in Fig. 4, and by the large change in thep.8-ML La on Pf111), and 1.2-ML La on RtL11), as indicated in
oxygen B XPS as shown in Fig. 5. The top curve of Fig. 4 the figure. The spectra were recorded prior to annealing and surface
confirms previous reports of molecular adsorption on thealloy formation.
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La 3d,,, XPS from 1 ML La-on-Pt(111) (a) CO TPD from La-Pt(111) surface alloy
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(b) CO TPD from Pt(111)

FIG. 6. La 35, XPS showing the 8%°4f! shakedown satellite
at the low-binding-energy side of the main peak, before and after
annealing of 1-ML La-on-R111).
CO coverages are

observed for the dominant OsJeak for the as-deposited (from left to right):

CO pressure (arb. units)

La-on-P{111) sample(see top and middle curves of Fig. 5 0.6 f
The lower-binding-energy peak is stronger for increasing La 0.52 i ¢
coverages where the second desorption structuear 800 0.43 1 f
K) is more intense. This shows that the low-binding-energy 0.30 / ! {5\
component near 530 eV in Fig. 5 is related to the complex in 020 .1'; i .j J
which the remaining CQor C and Q is bound. 0.09 £:f :f f.' i/
The La 31 XPS is shown in Fig. 6 for as-depositémp , , . . , . . : '
curve and annealedbottom curvé 1-ML La on P{111). 200 300 400 500 600
The shoulder at the low-binding-energy side of the main Temperature (K)

peak is the 8%4f! shakedown satellite. This is a final-state

effect that results from filling a 4f state which is pulled down FIG. 7. (a) TPD spectra of CO from the La{®fl]) surface
just below the Fermi level in the presence of the ldacBre alloy. The initial CO coverages range from 0.10 to O(S@bstrate
hole. The intensity of the shakedown satellite depends on thénits). (b) TPD spectra of CO from PE11). The initial coverages
hybridization strength between conduction electronsdof range from 0.09 to 0.substrate units

symmetry and the fdorbital in the final state of the photo- . .
emission process, and thus provides a measure of the densffP-39 andf~0.46, and one peak is observed for lower ini-
of states near the Fermi lev¥t!5The increase in intensity of U@l coverages. For P11 a single peak is observed for all
the satellite for the annealed sample reflects the increasd@itial coverages. Unfortunately, we did not obtain useful

hybridization between La and Pt states as a result of thtEED images for the adsorption system, so correlation of
formation of the surface alloy. desorption data with adsorbate structures was not possible.

Our desorption data on La{®tL1) are in contrast to findings

on the Ce-Ril11) surface alloy by Baddelegt al®, who

observed similar CO desorption structures and temperatures
The observation was made that the L&1Rfl) surface for pure P(111) and the surface alloy.

alloy was relatively inert, and that it showed lower reactivity =~ The lowered desorption temperature for the surface alloy

than the clean P111) surface as to adsorption of oxygen andas compared to pure Pt indicates a significantly weakened

carbon monoxide. The CO desorption spectra from the LaCO-substrate bond, reminiscent of that seen for (thkl)

P{(111) and P€111) surfaces are shown in Figs(af and  surface of the CyPt alloy® We analyze the data in Fig(&

7(b), respectively. The coverage of CO is measured in subby making Arrhenius plots of the leading edge of each de-

strate units, and is in both cases referenced to the saturati@orption curve, and thus extracting the apparent desorption

value on P111), which is taken to correspond to a coverageenergyE4(#) and prefactorn(6) corresponding to each ini-

of #=0.6 (see, e.g., Ref. 33In comparing Figs. (® and tial coveraged. This analysis requireEy and v to be con-

7(b), two striking differences are noticed: First, desorptionstant over the fitting region. It is therefore crucial that this

starts at a temperature of approximately 170 K on La-+egion is chosen so narrow that the coverage only decreases

Pt(111), whereas on P111) no desorption is observed below by a few percent of the initial coveragéThe resulting cov-

300 K. The entire desorption region is shifted by more tharerage dependences Bf; and v are shown in Figs. @) and

100° toward lower temperatures in the former case. Secon®(b), respectively. Extrapolatindey to zero coverage, we

there is considerably more structure in the TPD spectra fronfind a CO-substrate bond energy of £.0.1 eV. As a test,

the surface alloy. Three peaks are resolved for initial coverwe also made similar measurements for cleail B, and

ages aboved~0.46, two peaks for coverages betweén found E4(#=0)=1.4+0.1 eV, which is in good agreement

B. CO adsorption on the surface alloy
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10- 1 T FIG. 9. Oxygen & XPS for several CO coveragéas indicatey
1 I on the La-P{11]) surface alloy. Peaks labelédandB correspond
8 to different adsorption sites, possibly “on-top” and “bridge” sites,
00 01 02 03 04 05 06  reseectvely.

CO coverage 6 the Ptd band with the CO & orbital that give rise to a
pronounced & donor contribution to the CO-Pt bortl As
the La-P¢111) surface alloy is formed, thd band moves to
lower binding energies and the & CO 5 interaction is no
longer resonant, and the CO-Pt bond is significantly sup-
pressed.

A recent model by Hammer, Morikawa, and Ngrskbv

H H 2,13,18,19
with literature values: A CO bond energy below 1 ,501,ded that there should be an increase in the CO desorp-
eV is not, to our knowledge, observed for any clean transigion, energy as the-band center shifts to a lower binding

tion metal, but is expected for noble mefdi$?andspmet-  energy. Our observation of a shift in the Rd Bensity of
als like, e.g., aluminur® CO bonded to Pt in contact with states(and thus thes-band centertowards the Fermi level,
such metals may also “feel” a low bond enerty’**Itis,  and a decreased desorption energy for CO on the (LBt
however, more surprising that a lowered bond energy shouldyrface alloy, seems to oppose this model. However, this
result from alloying with a highly reactive metal such asmodel should not apply if the CO adsorb on a La site and not
lanthanum. on a Pt site. We still believe that CO adsorbs predominantly
A significant change in the--electron structure upon al- on pt sites, since a higher reactivity than observed from the
loying is evident from the valence-band spectra in Fig. 1 asspp measurements would be expected on La-dominated
well as the shakedown intensity in Fig. 6. An increased dengjtes.
sity of states near the Fermi lev@ee Fig. 1 does not sug- In Fig. 9 we show oxygensicore-level spectra for vari-
geSt an increased f|”|ng of theéband as a result of hybnd' ous CO coverages on the La&ﬂl) surface a”oy_ Two dis-
ization between Pt and La states, which might have beefinct peaks labeled and B are observed which most likely
expected for a less reactive system. In a recent work ORBorrespond to two different adsorption geometries. These
Pt(111), it was concluded that an occupied surface resonancgatures coincide in binding energy with previously observed
state exist$® This resonance state was argued to have th%eaks from the CO on Bit11) system, and which correspond
signature of arsp-derived Schockley surface state, with a g adsorption in “on-top” (higher binding energy and
charge density that reaches far out from the surface. If such &yigge” sites (lower binding energy® Since the topogra-
surface resonance is removed or strongly perturbed by a sughy of the surface alloy remains undetermined, definite as-
face alloying reaction, it may influence the adsorption propsignments of peak#& and B cannot be done. However, a
erties to some exteff,but should not dramatically alter the likely assignment is that peak correspond to on-top sites
CO adsorption due to the small charge density carried bynd peakB correspond to bridge sites on the La-Pt alloy.
such states. A more likely explanation of the rather large Structure in a thermal-desorption spectrum may be caused
reduction in reactivity on the La-Rtll) surface alloy may by desorption from different sites on the surface as well as
be related to the existence of strong resonant interactions efdsorbate-adsorbate interactions. The increased structure in

FIG. 8. (a) Desorption energies arnth) pre-exponential factors
for CO desorption from the La-Pit1l) surface alloy as deduced
from the data in Fig. &), as described in the text. The solid lines
are merely drawn as guides to the eye.
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the desorption spectra from La¢P11), as compared to the action potential for CO/R111), the interaction energies cor-
pure Pf111) substrate, indicates that adsorbate-adsorbate irresponding to the shortest CO-CO distances in the
teractions become more important when the binding to thé\3x \3)R30° andc(4x 2) structures would be in the or-
substrate is weakened. In comparing Figs. 9 ata), ve  der of 0.01 and 0.05 eV, respectively, while the interaction
notice that the peak labeled in Fig. 9 appears at similar energy for CO adsorbed on nearest-neighbor Pt sites is in the
coverage as the second sharp featatehigher temperature  order of 0.3 e\2**" This shows that the onset of CO adsorp-
in the CO desorption spectra. When this adsorption site start§on on nearest-neighbor sites should produce by far the larg-
to become occupied, the distance between adsorbates is si@ft drop inEq. At this CO-CO distance the Pauli repulsion,
denly reduced, and consequently the adsorbate interactioNd1ich should be virtually substrate independent, dominates
become more important. In addition, site-dependent COOVer the interaction via the substrafewe argue that
substrate interactions complicate the description of the dethanges in CO-CO interactions by phase transitions should
sorption. also result in large variations in desorption parameters for

The pre-exponential factos shown in Fig. o) has a CO adsorbed on other substrates, especially if the CO-

1 1 : substrate interaction is weak, as in the case of CO on the
low-coverage value of 81 s~ which stays approximately

) . La-P{111) surface alloy
constant untild=0.25. It then rises by roughly two orders of . .
magnitude up to just ove§=0.35, where it drops abruptly As argued above, we believe that the large drofis )

0s1 1 . s i observed for Ri11) and the La-RfLl11) surface alloy corre-

to 10%**s™*. A slight rise followed by an abrupt fall is also spond to the onset of nearest-neighbor adsorption. Taking the
seen in the same coverage region for the desorption energyost jikely termination of the La-Pr11) surface alloy to be

Eq in Fig. 8(@). The drop inEy is of the order of 0.3 eV. A 4 Kagomenet of Pt atom§;'! a triangular mesh with a
situation where the coverage dependence of the prefactor ad 7 structure of vacancies, it is clear that the critical cov-
the desorption energy mimic each other, is frequently reprage where nearest-neighbor sites become filled is lower
ferred to as a compensation effect. It has been shotmat  than 0.5. In the case of CO on the LaPtl) surface alloy,
using too wide a fitting region when extractiiy and v the critical coverage is observed ét=0.35. Incidentally,
from the Arrhenius plots may force to mimic the detailed this corresponds fairly well to the filing of a
behavior ofEy, resulting in an artificial compensation effect. (,/3x \/3)R30° structure at#=3, but this overlayer struc-

In our case we see that does not show, for instance, the ture is incommensurate with a Kagomet (or the other pos-
initial fall seen forEy. We therefore believe that what we sible termination suggested in Rej. #rom Fig. 9 we know
observe is a true compensation effect. The rise followed byhat no bridge sites are occupied befés®IL coverage. This

an abrupt fall inEq andv, has also been found theoretically, is possible on a Kagomeet, but the overlayer must then
in Monte Carlo simulation'*? and by using the transfer- restructure, also filling bridge sites above this coverage in
matrix method®>3*These authors explained the abrupt fall in order to avoid nearest-neighbor adsorption. It is also possible
Eq4 in terms of a structural phase transition in the CO overto construct simple overlayer structures without nearest
layer. Assuming repulsive nearest-neighbor interactions, thaeighbors a= 3 on a Kagomenet; however without a cer-
desorption energy of a CO molecule will fall as nearest-tain knowledge of substrate structure or any direct structural
neighbor sites start to become occupied. This happens abowgformation on the overlayer, we do not wish to speculate on
a critical coverage. Our results for CO on the cleaflPY) this.

surface show such a drop for a coverage slightly abéve

=0.5. A drop at exactlyy=0.5 for CO on Rtl11) has been

seen previously*!8At 9=0.5, for low temperatures, CO on IV. CONCLUSIONS

Pt(111) is ordered in a(4X2) structure containing no CO )

molecules adsorbed on nearest-neighbor Pt atoms. Increasing W& have observed formation of an ordered L&Py)

the coverage abové=0.5, the overlayer melts and then Surface alloy when a La-on-Pt overlayer system was an-
recrystallizes in a series of dense, ordered structures contaiﬁgaled to 900 K. The surface alloy was found to be rglanvely
ing an increasing number of nearest-neighbor ©&.Any Inert as to adsorption of oxygen and carbon monoxide. The

structural phase transition in the overlayer will change the>tructure of the alloy remains undetermined. The work func-
desorption energy. Thus if thermal desorption occurs beloiOn Of the La-Pt alloy is measured to be in the order of 1 eV
the melting temperature for a given structure, an abrupt drogMmaller than that of pure @l1). An analysis of thermal

in desorption energy should be observable by TPD at thdesorption spectra of CO from Pt and La-Pt show that the
corresponding critical coverage. In fact, it has been show{€Sorption energy is considerably lower in the case of the

that the sharp chanaes( 6) around critical coverages are surface alloy. The dependence of desorption parameters with
P gesiy(6) g ¢O coverage shows that the desorption depends strongly on

visible even above the structure’s melting temperature, bl:l Li ! n the adsorbed | Furth )
that the sharpness is gradually washed out as the temperat pleral Interactions in the adsorbed layer. Further experi-
ments to determine the structure of the L&iR1) surface

is further increasedf>* . . . .

The size of a drop irE4(6) is decided by the strength of ;:Iigyssgtaerriquwed to gain a comprehensive understanding of
the interactions among the admolecul&g;=E,—N,.E,, '
—NnpnnEnan— - - - » WhereE,=E4(6=0) is the CO-substrate
bond energyN,,, is the number of nearest neighboks,, is
the nearest-neighbor interaction energy, &ahd,, andE,,,
are, respectively, the number and interaction energy of next- This work was funded in part by the Norwegian Research
nearest neighbors. Taking as an example the CO-CO inteGouncil (NFR).

ACKNOWLEDGMENT



PRB 59

FORMATION OF AND CO ADSORPTION ON AN INER . ..

15941

1See, e.g, R. J. Madix, ifthe Chemical Physics of Solid Surfaces 18¢ G. Seebauer, A. C. F. Kong, and L. D. Schmidt, Surf. $£6
and Heterogeneous Catalysis, Vol 4. Fundamental Studies of 134(1986.

Heterogeneous Catalysisdited by D. A. King and D. P. Woo-
druff (Elsevier, Amsterdam, 1982pp. 1-23.

2See, e.g., J. W. A. Sachtler and G. A. Somorjai, J. C88l.77
(1983.

3J. Lehmann, P. Roos, and E. Bertel, Phys. Re\v68B R2347
(1996.

4L. Z. Mezey and J. Giber, Jpn. J. Appl. Phy4, 169 (1982.

SR. B. Schwarz and W. L. Johnson, Phys. Rev. Létt, 415
(1983.

6S. Raaen, C. Berg, and N. A. Braaten, Surf. 269/270 953
(1992, and references cited therein.

"D. M. Wieliczka and C. G. Olson, J. Vac. Sci. Technol8A891
(1990.

83. Tang, J. M. Lawrence, and J. C. Hemminger, Phys. Re48,B
15342(1993.

19R. W. McCabe and L. D. Schmidt, Surf. S65, 189 (1977.

203 C. Tracy, J. Chem. Phys6, 2748(1972.

21p. Hollins and J. Pritchard, Surf. SE9, 486 (1979.

22G. McElhiney, H. Papp, and J. Pritchard, Surf. SB#, 617
(1976.

23T -C. Chiang, G. Kaindl, and D. E. Eastman, Solid State Com-
mun. 36, 25 (1980.

24U. Schraler, R. Linke, J.-H. Boo, and K. Wandelt, Surf. Sci.
352-354, 211 (1996.

25y, schraler, R. Linke, J.-H. Boo, and K. Wandelt, Surf. Sci.
357-358 873(1996.

26p. Roos, E. Bertel, and K. D. Rendulic, Chem. Phys. 282,
537(1995.

27E. Bertel, Surf. Sci331-333 1136(1995.

28E. Bertel, N. Memmel, G. Rangelov, and U. Bischler, Chem.
Phys.177, 337 (1993.

°C. J. Baddeley, A. W. Stephenson, C. Hardacre, M. Tikhov, and®g. Hammer, Y. Morikawa, and J. K. Narskov, Phys. Rev. Lett.

R. M. Lambert, Phys. Rev. B6, 12 589(1997.

76, 2141(1996.

%M. Garnier, D. Purdie, K. Breuer, M. Hengsberger, and Y. Baer,°0, Bjorneholm, A. Nilsson, H. Tillborg, P. Bennich, A. Sandell,

Phys. Rev. B56, 11 399(1997).

11Th. Pillo, J. Hayoz, P Aebi, and L. Schlapbach, PhysicéicBbe
published; Th. Pillo (private communication

12G, Ertl, M. Neumann, and K. M. Streit, Surf. S6i4, 393(1977.

13H. Steininger, S. Lehwald, and H. Ibach, Surf. St23 264
(1982.

0. Gunnarsson and K. Schilammer, Phys. Rev. B8, 4315
(1983.

155.-3. Oh and S. Doniach, Phys. Rev2B 2085(1982.

16y. Schneider, H. Busse, R. Linke, G. R. Castro, and K. Wandelt,

J. Vac. Sci. Technol. A2, 2069(1994).

173, B. Miller, H. R. Siddiqui, S. M. Gates, J. N. Russel, Jr., J. T.

Yates, Jr., J. C. Tully, and M. J. Cardillo, J. Chem. PI/3.
6725(1987).

B. Hernna, C. Puglia, and N. M#&ensson, Surf. ScB15 L983
(1994.

31B. Meng and W. H. Weinberg, J. Chem. Ph¢80, 5280(1994).

2B, Meng and W. H. Weinberg, J. Chem. Phg82, 1003(1995.

333, H. Payne, H. J. Kreuzer, and L. D. Roelofs, Surf. Sci. Lett.
259, L781(199)).

343 H. Payne, Jun Zhang, and H. J. Kreuzer, Surf. 384 185
(1992.

35J. P. Biberian and M. A. Van Hove, Surf. Sdi18 443 (1982;

138 361(1984.

36B. N. J. Persson, M. “Bhaus, and A. M. Bradshaw, J. Chem.
Phys.92, 5034(1990.

87D. R. Jennison, P. A. Schultz, and M. P. Sears, Phys. Rev. Lett.
77, 4828(1996.



