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We show that dissociative oxygen adsorption on(@%3) induces below room temperature a missing row
2/2x /2 reconstruction of the substrate. As demonstrated by the analysis of the photoelectron diffraction
patterns, the oxygen atoms sit thereby in(2x2) arrangement in the previous fourfold hollow sites nearly
coplanar with the Ag atoms, while rows of substrate atoms are removed alohtOBledirections. Annealing
the crystal above 350 K restores thél X 1) symmetry and the oxygen moves to 0.6 A above the fourfold
hollow site. It becomes then more oxidic in nature, as demonstrated by the shift of thée@el from 530.3
eV to 528.3 eV. The phase transition affects also thes@i2d O 2 levels as well as the surface component
of Ag3ds,. The vibrational frequency of the oxygen adatoms against the surface decreases at the phase
transition, in accord with the larger adsorption distance. The higher temperature phase is active towards CO
and GH, oxidation, while the low-temperature phase is not. When cooling the sample below room tempera-
ture the reconstructed phase is restored. The time constant of this process as well as the chemical reactivity of
the high-temperature phase are weakly reproducible since they depend on the previous history, i.e., presumably
on the subsurface oxygen content of the sample.

. INTRODUCTION indeed very similar to @chemisorbed on Ag10), as they
have nearly the same internal vibrational frequency and
Oxygen interaction with Ag surfaces attracted much atpotential-energy barrier to adsorptidh.However for the
tention over the past years because of the unique role playg@rmer, system dissociation takes place only at defect sites,
by Ag powders as an extremely selective catalyst for theyhich we identified with kink$.For this reason the dissocia-
ethylene epoxidation reactidrf, which is at the basis of a tion probability is very low and at room temperature we
large industry. Although highly qualified work was per- found a saturation coverage of 0.1 ML of oxygen adatoms,
formed over the last three decades on the O/Ag aptA@  when dosing with the supersonic molecular béamaccord
SyStemS, which are therefore quite well Characterized, thth the low coverage Va|ue, no |OW_energy electron diffrac-
reaction could not be reproduced under controlled conditionggp, (LEED) superstructures were observed, while the vibra-
and the nature of the active oxygen has so far escaped Ufjpna] frequencyfiw read 34 meV. When heating the crystal
derstanding. Recently {DAg was taken as a paradigm for .\, recompinative thermal desorption took place, confirming
the study of the dynamics of the gas-phase interaction with fhat oxygen is efficiently incorporated into the bulk.

solid surfacé’ :
Most of the investigations dealt with A§l0 and C.S. Ares Fan%]_reported the formanc_)n of a weak(2
i : . . X2) phase andtw=37 meV, when dosing at 180 K, and
Ag(111), leaving AJ001) aside as a less interesting case, ; i fa (K1) ph it w—30 V. wh
which was believed to have intermediate properties betwee € formation of a (X1) phase wi “= mev, when
sing Q at room temperature. Even if in our previous ex-

the open and the closed-packed surfaces. Already in the earty> . Bt
days, however, Engelhardt and Merfzabticed that, con- perimental investigations we could not reproduce such

trary to the other low Miller index surfac@spr O/Ag(001) superstructuré,we show in_ the present paper that it can be
the work function decreased upon oxygen exposure when tH@rmed but only when dosing at crystal temperatures around
crystal was below room temperature. This behavior is alsd50 K. On the other hand, we observed that oxygen adatoms
opposite to the one expected for an electronegative adsorbatédth different vibrational frequencies form upon nonther-
and it was suggested to be due to subsurface migration of tH®ally induced dissociation, i.e., either by CO oxidation
oxygen atoms. In spite of the prominent role proposed fof7w=35 meV (Ref. 10 or by collision with energetic Xe
subsurface oxygen in the epoxidation reacfighwas not atoms(loss peaks appeared at 28 meV and either at 33 meV
investigated further. or 36 meV, depending on the angle of incidence and impact
More recently we found, by supersonic molecular beanenergy of the Xe atoms) The energy lossiw decreased
and high-resolution electron-energy-loss spectroscopynoreover to 31 meV when heating the crystal above room
(HREELS investigation, that @chemisorbed on A§01) is  temperaturé? Such change was correlated with the disap-
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pearance of a further loss at 130 meV, which we assigned to The XPS experiments were performed at ELETTRA with
the presence of subsurface oxydén. the SuperESCA beam line, which allows for an intense pho-
Similar high-energy-loss features were reported by Petton flux (up to 13? photons/sec for photon energies be-
tinger et al® for the other low Miller index surfaces when low 0.7 keV, with a resolving power above 5008 descrip-
exposing Q at atmospheric pressure. The same grougion of the setup can be found in Ref. 25. The measurements
showed with x-ray photoemission spectrosc@fPS) mea-  were recorded in several beam times using two different Ag
surements that, under such conditions, several atomic oxygemystals and sample mountings. The manipulator allowed us
moieties form on A¢L11):**'® O,, corresponding to ada- to change the azimuthal angle of the samfttee angle be-
toms on nonreconstructed areas, at a binding energiwveen photon beam and detector is fixed and reads 40°),
Eg(O 1s) between 530.4 eV and 530.6 eVgQatoms dis-  while cooling was limited to 120 K. The very intense light
solved into the bulk, aEg(O 1s) in the range from 530 eV beam of ELETTRA allowed us to record the XPS spectra
to 531 eV, depending on abundance; ,Gurface oxide on within few minutes, thus allowing to follow the time evolu-
reconstructed islands, at 529.0 eV. These species are diffetion of the adsorbed species. The photon flux had no influ-
ent from the oxygen adatoms obtained under controlled ulence on the O adatoms while it induced desorption and/or
trahigh vacuumUHV) conditions by Campbell on AG10 dissociation of the @admoleculed?
(Ref. 16 and Ag111),*” whose & binding energy is 528.3 The estimated relative error in the energy positions of the
evV. XPS peaks in our study is£0.05 eV. The XPS binding
The presence of more than one atomic oxygen moiety oenergiesEg were calibrated against the bulk Ads3, peak
Ag surfaces after massive,@xposures (30 min at 0.1 Pa at value of 368.0 eV to be in accord with the principal XPS
a crystal temperature between 570 K and 700wéas re- papers with which we shall compare our data, i.e., Weaver
ported also for Ag foils®° where XPS peaks with binding and Hoflund?® Bukthyarov and co-worker$;?1?°and Bao
energies of 528.3 ebxidic oxygen and 530.3 eMcovalent  and co-workers®!® Citrin et al,?” and Anderseret al?® re-
oxygen were observed. Such oxygen species showed vergorted, on the other hand, 368.2 eV for the Ads3 peak
different chemical reactivif} towards GH,. The same moi-  position.
eties were produced also by exposing the crystal to a reaction The photon beam is plane polarized. The polar XPD
mixture of O, and CO or GH,.?! Such treatment did not curves(as the ones reported in Figs. 10 and afe therefore
cause a better characterized ‘“surface modification,” whichnot symmetric with respect to the polar angléecause the
seemingly activated the Ag surface with respect to the ethpolarization of the light changes from nearly normal to the
ylene epoxidation reactioff. Coadsorption of both oxygen surface at?= —40° (grazing incidence of the photon beam
moieties was thereby found to be essential for the productioto parallel to it atf= +40°.
of ethylene epoxide. Calibration of the surface coverageg, for O/Ag(00)) is
The presence of a reactive and of an unreactive oxygeproblematic as no thermal desorption is obsertatie oxy-
species towards CO oxidation was reported for Q1A gen Auger signal on Ag is very small, and only one LEED
(Ref. 22 when preparing the oxygen layer and dosing COsuperstructure corresponding to the low-temperature phase
below 200 K in UHV conditions. No spectroscopic investi- of adatoms, is present. For the experiments in Genova, we
gation was, however, performed for this system. estimated the coverage from the intensity of the losses mea-
In order to verify the possible connection of such oxygensured by HREELS assuming the dipole moment to be the
species with the ones associated to the different vibrationalame as for O/A@.10), for which calibration with known
frequencies observed by HREELS on (881) under con- LEED structures is possibfé.For the synchrotron datéae-
trolled conditions, we investigated this system thoroughly bycorded at ELETTRA ® 5 was estimated from the Glpeak
x-ray photoemission spectroscopy, x-ray photoelectron difarea, calibrated to the XPS signal of the sha(2x2)
fraction (XPD), HREELS, and LEED inspection. For the LEED pattern of the low-temperature oxygen phase. Such
XPS and XPD study we used three beam times at the Swuperstructure corresponds to a nominal coverage of 0.5 ML,
perESCA beam line at the ELETTRA synchrotron in Trieste,but, as discussed laté8ec. Il O, it is in reality a disordered
while the HREELS study was performed in Genova. 2\/§>< \/E phase, whose extra spots are too weak to be vis-
ible. The coverage should therefore be smaller than 0.5 ML,
but large enough to give rise to an orde€@ < 2) structure
of the oxygen adatoms. A fully developed/2x 2 struc-
The experimental set-up in Genova was described in deture could not be achieved as, due to the vanishipgtiek-
tail in Ref. 23. It allows us to deposit the,®y a supersonic ing coefficient at large coverage, further dosing would have
molecular beam and to perform HREELS measurements anevitabily increased also the contamination lefrelparticu-
crystal temperatures down to 100 K. With the help of thelar of C containing specigs
beam a high-sticking coefficier8~0.7, can be reached also ~ As no better evaluation d® 5 was possible, we assumed
for O,/Ag(001), thus allowing us to reduce thg &xposure ©®o=0.4 ML for the c(2X2) superstructure. This assign-
time and to work in better vacuum conditiohi part of the ~ ment is confirmed by comparing the XPS intensities with the
measurements, however, the oxygen was dosed by backfilbne obtained under identical experimental conditions for the
ing [dissociative sticking coefficient of about 10 (Refs. 6 known c¢(2x2) O/Rh001) system, for which O
and 24] in order to reproduce the same experimental condi=0.5 ML. Since no direct calibration is possible for the
tions as for the measurements performed at ELETTRA. Théigh-temperature O moiety, we used for it the same calibra-
adsorbed species were monitored and identified by HREELSion as for the low-temperature phase. This choice for the
which was operated at a resolution between 5 and 8 meV. measurement conditions k=655 eV, ¢=20°, andf=

Il. EXPERIMENT
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FIG. 1. (a) XPS spectra recorded vs oxygen exposur€=afl50 K. Oxygen peaks form &g(O 1s)=532.2 eV, 530.3 eV, and 528.1
eV. The last moiety is unstable at this temperature as demonstratbd @ontamination with carbon containing species is negligible. The
spectra in this and in the following figures were normalized to the background and are rigidly shifted except for the bottom curves The O 1
spectra were recorded =655 eV, §=—40°, and¢=21° off (100.

—40° is justifieda posteriorifrom the analysis of the pho- Minor peaks are present at 532.2 eV and 528.1 eV. The
toelectron diffractionsee Sec. Il . former corresponds to adsorbed;Q@he latter is due to an-
other oxygen moiety that is unstable at this temperature and
disappears with timgFig. 1(b)]. Its binding energy coincides
IIl. DATA PRESENTATION with the one of the adatoms obtained by thermal dissociation
of O, on Ag(110 and Ag111).1617
The area of the main peak in Figal was evaluated with
1. XPS a fitting algorithm based on the Doniac-Sunjic form. In Fig.
2 we report this quantity vs Oexposure for uptakes re-
tially while dosing Q at T=150 K are reported in Fig.(&). corded at differenf. The slope of the curves is proportional

The spectra were recorded at a photon enérgyf 655 eV, to the dissociative sticking coefficie® which is estimated
corresponding to a photoelectron kinetic energy of 125 evto be 7.4 10% at T=150 K and 1.3 10* at T=250 K

to enhance surface sensitivity. A major peak, growing withand was even smaller above room temperature. The value at
oxygen dosis, is observed at a binding enegfO 1s) of 250 K compares well with our previous molecular beam
530.3 eV. This value coincides with the one of the “cova-study of S® This behavior is at variance with our results
lent” oxygen of Bukthyarovet al1®2° and Boroninet all®  obtained with the supersonic beam, where we found an in-
and of the Q and Q; species reported by Bao and crease ofSwith T above 180 K(Ref. 8§ connected to the
co-workers:>*° To our knowledge, this is the first time that thermally activated generation of kinks. The different behav-
oxygen with Eg(01s)=530.3 eV is produced under con- ior of Sin the present experiment must be connected to the
trolled conditions. This binding energy would also be appro-different impact energy: 800 meV with the beam vs 25 meV
priate for carbonatefEg(O 1s)=529.9 eV1% but we can in the backfilling experiments.

safely exclude contamination with carbon containing species The dissociation mechanism active at 150 K allows to
by inspection of the C 1s region. The control was performedeach, after a dosis of some 3000 L of,@ coverage which

at h»=432 eV, corresponding to a sensitivity comparableis large enough to form e(2x2) LEED superstructure. The
to the one that we have for oxygentat=655 eV. LEED result of C. S. Ares Farigs thus confirmed except

A. Experiments at SuperESCA

(a) Oxygen uptakeTypical XPS spectra recorded sequen-
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FIG. 2. Atomic oxygen coverage of 0530 vs €xposure at two
different crystal temperatures. Oxygen is dosed by backfilling and
adsorption occurs in both cases dissociativély. corresponds to a
dose of 0.32 ML of @ impinging on the surface. The slope of the - ] l .
uptake curves is proportional to the sticking coefficient. r T
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that the dosing temperature must have been lower than 180 170 - N —
K. - i i 1
At still lower temperatures also nondissociative adsorp- { {
tion takes place, as demonstrated by the presence of the oxy-
gen peak at 532.2 eV. Such peak disappears at 160 K, in
accord with the temperature of thermal desorption and dis- |
sociation of Q.%° Possible contamination with 4@ and OH, . 1
which have O(%) peaks at the santeg value, can be ruled L ) _
out because such species have a higher desorption tempera- - RN
ture as proved by XPS and HREELS dosing(Hon pur- 160 536IeVI 5;4 . 5;2 ' 5;0 . 5&8 e
pose. The measured value BE(O 1s) falls into the range
appropriate to peroxidds in accord with the HREELS Binding energy (V)
results® As the vibrational frequencies of 0Ag(001) and
of O,/Ag(110) are very similar, the chemisorption sites

165 -

FIG. 3. XPS spectra in the Gslregion after adsorption af

Y =120 K. Spectrum A corresponds to a virgin spot of the crystal,
should be similar, too. Th&g(O1s) value of 529.3 eV re- while spectrum B was recorded after prolonged exposure to the

ported by Campbell for the latter Systésmooks therefore photon beam, which induced,@esorption and dissociation of oxy-
anomalously low. The same author reported moreover @en admoleculeEE4(O 15) =532 eV].

binding energy of 531.5 eV for JJAg(111) (Ref. 17 and
assigned it to superoxide. According to Qanal,®! how-  can occur only if the concentration of oxygen dissolved in
ever, this moiety should haveg(O1s) values in the range the bulk is larger than some critical value. For brevity in the
of 535 eV and can thus be excluded. Most probably, O following we will refer to the two atomic oxygen phases as
adsorption occurs therefore in peroxide form also forO530 and O528. The oxygen dissolved into the bulk is not
Ag(111) and the low value reported by C.T. Cambell for visible in our XPS spectra as, at a photoelectron kinetic en-
0,/Ag(110) is wrong. ergy of 120 eV, the information depth is limited to 2—3-Ag
As shown in Fig. 3 the intensity of the peak at 532 eV islayers. It was observed however with conventional x-ray
heavily affected by the photon beam, which causes dissociaources by Bacet al® (Og moiety) for heavily oxidized
tion, and probably also desorption, of the admolecules mosAg(111) at Eg(O 1s) values ranging from 531 to 530 eV,
likely via the production of secondary electrofs. depending on abundance. In agreement with this we find that
Our XPS experiment indicates that carbonate formatiorafter O530 disappearence a small peak is present at
becomes important when dosing @elow 140 K. In orderto  Eg(O 1s)=530.9 eV, which we assign to oxygen in subsur-
minimize oxygen dosis and C contamination, the oxygen exface sitegsee Fig. 4. Such a peak might have been present
posure was therefore performedTat 150 K for the back- also before annealing but becomes visible only after the
filling experiments discussed in the following. larger XPS intensity due to O530 is removed. We identify
(b) Phase transitionWhen heating the crystal, the oxygen the subsurface oxygen moiet@531 in the following with
species with Eg(O1s)=530.3 eV is present up tol  the one responsible for the energy loss at 130 meV observed
=300 K. It disappears eventually if the experiment is per-by HREELS, as both disappear B350 K.'2 Contrary to
formed immediately after repeated cleaning cycles or if thehe O; moiety of Baoet al,?%its site must therefore be in the
initial coverage is low[see Fig. 4a)]. As no recombinative immediate subsurface region, i.e., in the first Ag layer, pre-
desorption is observed, we conclude that subsurface migraumably in the octahedral interstitial. 0531 is also observed
tion takes place. On the other hand, if the initial coverage isn the initial stages of the backconvertion procésse Fig.
large, partial conversion into another oxygen moiety, characé(a)].
terized byEg(O 1s)=528.3 eV, takes pladg-ig. 4(b)]. We Thec(2X%2) superlattice LEED spots disappear at 300 K,
conclude therefore that the phase conversion of the adatom&., when conversion into 0528 starts. We are therefore
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FIG. 4. Evolution of the XPS spectra vs annealing temperaturgdofow coverage @,=0.05 ML) and(b) high coverage @
=0.22 ML). AtT=300 K the oxygen starts converting from the phase with a binding energy of 530Q%30 to the one with a binding
energy of 528.3 e(0528 only if the initial O530 coverage and the subsurface oxygen content are large enough. Prior to disappearing the
oxygen Is peak shifts to 530.9 eVO53)).

dealing with a phase transition as the formation of the high-oxygen segregation from the bulk; direct conversion of 0528
temperature phase is associated with a reduction of the suinto O530 becomes dominant only eventually. After the
face symmetry. As we will demonstrate below € X 2) backconversion process is completed, Ohinding energy
superstructure corresponds in reality to g2X \2 recon- and XPD patterrisee Sec. Il §, are identical to the ones of
struction of the substrate, whereby the quarter order spots atbe 0530 phase produced by direct dissociation. Adsorption
too weak to be observed by visual inspection of the LEED

screen. A similar structure forms for O/@01) (Refs. 33— B IS I R B B
35 and also in that case the quarter order spots are hardly i ¢ 5558 ]
visible at low coveragé®3* Interestingly, O/C(001) also 020 ¢ o 030 |
has a binding energy of 530 €\’ ~ $ ¢ X 0531 | ]
The intensity of the oxygen moieties shown in Figo)is § 0.15F $ 3
reported in Fig. 5 vsT. As, for the present experimental e E ¢ B
conditions fv=655 eV,#=40°), the photoemission cross £ otof ¢ 5,5 ]
sections of 0530 and 0528 are both close to their average é X 3 i 5 ) 1
value (see XPD data in Sec. lll)Cthe peak areas allow to 0051_ 3 5 Q : E
directly estimate the relative surface coverage. Inspection of T 5 5 o) ]
the figure shows therefore that while heating the crystal o) 33
00008 %, 1y, Lol |%&

above the transition temperature roughly half of the oxygen
dissolves into the bulk. Subsurface diffusion was reported
also for O/Ad110) by C. Backxet al.® but in that case the
dissolution temperature was above 450 K. FIG. 5. Oxygen coverage vs T when heating the crystal above

0528 converts back to 0530 when cooling below roomne transition temperature for the conditions of Fig)4The heat-
temperature and, if the final coverage is large enough, thgg rate is 0.4 K/sec. Filled circles and open circles indicate 0530
c(2X2) LEED pattern is restored. As shown in the firstand 0528, respectively. Crosses indicate oxygen with a binding
spectra of Fig. @), Eg(O 1s) has initially a value of 530.7 energy of 530.9 e\(0531) associated with oxygen occupying sites
eV and then shifts to 530.3 eV. Such shift is indicative ofin the immediate subsurface region.

2900 300 310 320 330 340 350deg
Temperature (K)
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X FIG. 7. Valence bands of the clean Ag surfécentinuous ling
0150 e 0530 . and after adsorption of the two oxygen moietiggshed ling at
L given crystal temperaturéa) 0530, (b) O528. The position of the
r O 2s and O % levels is show by the bars. The spectra were re-
- corded atd=37° and¢=0 ({100 direction with hy=182 eV.

ent final coverage of O530 is slightly larger than the initial

coverage of 0528. The time constants of 0530 formation
and 0528 removal processes were not reproducible between
’ the different experimental runs and were sometimes quite

000 L different between each other. The irreproducibility indicates
0 500 1000 1500 2000 2500 3000 that the backconversion process is determined not only by

(b) Waiting time (sec.) crystal temperature, but also by the previous history of the
sample, i.e., presumably by the dissolved oxygen concentra-

FIG. 6. (@ Sequence of XPS spectra showing the backconvertion. The difference between the time constants of 0528 and

sion process of 0528 to 0530 when the crystal is cooled to 246 KO530 confirms that segregation from the bulk contributes
The time constant of the process depends on the past history of thggnificantly to the 0530 signal. The measured time constant
sample. It was shorter for a sample that had been exposed to air fgpr 0528 disappearence ranged between 3000 and 20000 sec.

several months for which the subsurface oxygen concentration is gjnce the backconversion process took place also at 140
greater. The spectra were recorded’at40° and¢=21° off (1000 ¢ the energy barriers to be overcome must be small.
with hy=655 eV. (b) Coverages of the three oxygen moieties vs

time. Note the delayed onset of the depletion of 0528 after cooling
the sample.

Coverage (ML)

2. Valence-band region

The spectra of the valence band region in presence of

site and chemical state of the 0530 adatoms are therefore §530 and 0528 are shown in Figsarand qb). They were
same before and after conversion into O528. recorded withhvy=182 eV to enhance surface SenSitiVity.
The 0528 and 0530 coverages, recorded during the backsiven the emission angle of 37° the momentum parallel to
conversion process, are reported in Fi@h)6As one can see, the surface is 0.9 A! alongI'-M in the second Brillouin
the removal of 0528 starts only aftee500sec, during zone. A spectrum of the clean surface recorded in identical
which oxygen segregation to the immediate subsurface rezonditions is reported for comparisgsolid lines. In pres-
gion (0531 moiety occurs. Because of this effect the appar-ence of 0530, extra intensity forms at 22.5 eV and 3.0 eV
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AR LA b are visible after oxygen exposure: one at 368.0 eV due to
bulk Ag, and another at 367.6 eV due to Ag atoms in contact
with oxygen. The surface component of the 0530 phase is
only slightly larger than the bulk one. For 0528, on the
contrary, it is significantly broader because of the larger sur-
face disorder.

The observed binding-energy shift 0.4 eV) is close to
the value of—0.3 eV, reported in literature for A.%° It
has an opposite sign than expected between a metal and its
oxided! and it must therefore be governed by factors others
than the electronegativity, such as lattice potential and extra
atomic relaxation energy. Other examples of negative shifts
were reported for Cd compountfsThe anomalous sign is
considered indicative of the formation of Agons.

As for AgO, the core-level shift reads0.7 eV we can
conclude that the surface compounds formed on0OAd
must bear more similarity to A® than to AgO for both
oxygen phases.

Intensity (arb. units)

B. HREELS investigation

HREEL spectra obtained after dosing @ith the super-
sonic molecular beam at 130 K and annealing at different
. crystal temperatures are reported in Fig. 9. The exposure

| Clean Ag(001) -t
T T=205K ] temperature is slightly lower than the one used for the ex-
0 I | periments at ELETTRA as carbonate contamination is neg-
370 369 368 367 366 ligible when working with the beam. HREEL spectra ob-
Binding energy (eV) tained after dosing by backfilling evidenced a stronger

_ contamination level, especially of OH as demonstrated by a
FIG. 8. Ag 3s, peak for the clean surface, and in presence ofyeak loss atw=445 meV. The evolution of these spectra
0530 and O528. In both cases a core-level shift-@1.4 eV is  after annealing is, however, similar to those obtained after
evident for the Ag atoms in contact with the oxygen. The Cleanmolecular—beam dosing
surface core-level shift is negligeable in accord with literati®ef. : . .
o Cnae The loss peak at 80 meV in the bottom spectrum of Fig. 9
27). The spectra were recorded @t 37° and ¢=21° off (100 . . . 3o .
with hy=471 eV. corresponds to the internal,Qvibration;” and is therefore
indicative of nondissociative adsorption. The loss at 30 meV

below the Fermi edge, due, respectively, to electron emissio3S préa;/iously assigned to the, vibration against the
from the O 2 and O 2 orbitals. The intensity between 10 Surface’” In the present case, however, it is much more
and 15 eV belowE is due to plasmon excitation, which is intense than when adsorbing &&=100 K and, as demon-
heavily reduced in presence of oxyg&nFor O528][Fig. strated by the second spectrum from the bottom, its intensity
6(b)] the O X and O 2 peaks shift to 19.1 eV and 2.0 eV is not proportional to the one of the,@eak. It must there-
below Eg, respectively. fore be due to atomic oxygen, demonstrating that a thermal
The O 2 values compare well with those reported for dissociation channel opens alreadyfat130 K.*? This kind

Ag(110), where a dispersion from 3.3 eV atl' to —1.5ev  Of oxygen must be of the 0530 moiety as the latter domi-

at Y (Ref. 39 was observed, and for A#l1) where the nates the XPS spectra recorded in identical con(_jition_s. _The
02p Eevel isgat—Z 0 ey40 AYLY frequency reads 32 meV at 150 K upon oxygen dissociation.

We notice that no extra features are present in the valenc&/nen annedaliﬂg fto 190 K a;f?aq:(ZXZ) LEED pattern
band confirming the low contamination level in the reported®PP€ars and the frequency shifts to 36 mev.
experiments. In particular, no peaks are observed in the Above room temperature the LEED pattern reverts to (1

range 11-13 eV below, where we would expect therd, X 1) and the vibrational frequency moves back to 28-31

30.. and 4, stat fCO . t 8.4 eV where COh meV, the shift being larger when the initial 053Q coverage is

itgg:%e?r;nd 1’; ;\?lel“ @, nora eV where Cphas greater. From XPS we know that only 0528 is present in
2 .

such conditions.
We remark that the(2x2) phase and the 36-meV loss

3. Ag3ds cannot be produced when exposing with the molecular beam

Oxygen adsorption affects also the surface core-level shifat T=100 K and then dissociating by heating to 200 K be-
of Ag3ds, as shown in Fig. 8. In accordance with cause with this procedure the,Qopulation is rapidly
literature?’?® bulk and surface components cannot be re-brought to temperatures at which desorption is far more ef-
solved for the clean surface as they are separated by only F&ient than dissociatiofThe maximum atomic oxygen cov-
meV for polycrystalline Ag. On the other hand, two peakserage obtainable remains therefore small. Also in the latter
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| FIG. 10. Polar XPD patterns for 0530 f@m) h»=655 eV and

0.0 '(',' = '4'0' e '8'0' e 1£0 = (b) hv=710 eV along(110. Different symbols indicate different
series of measurements. () the [0 data were obtained for an

Energy loss (meV) oxygen overlayer annealed to 370 K and reconverted to O530 after
) cooling the crystal below room temperature. Thealata correspond

FIG. 9. HREELS spectra recorded after dosingTat130 K 5 41 oxygen layer produced by dissociation from the gas phase. As
and annealing to different crystal temperatures. The peak at 80 me¥e can see, the XPD patterns are identical within the error.
is indicative of Q adsorption. The peak in the region of 30 meV is
due both to molecular oxygen and to oxygen adatoms at low temthe two species is different. Such a result is confirmed by the
perature, while it is due solely to adatoms above the desorptiomzimuthal scangsee Fig. 12recorded for both oxygen moi-
temperature of @(150 K, as demonstrated by the disappearence okties at the same photon enerdyv& 655 eV) and polar
the peak at 80 meV angle @= —40°).

We notice that the photoemission intensity &t
conditions however, a change in the vibrational frequency=655 eV, #=—40°, and$=25°, i.e., for the conditions at
from 34 meV to 31 meV takes place when heating abovevhich the spectra shown in Fig. 4 and in Figaowere
room temperature. recorded, is close to the average value for both oxygen moi-

eties. This observation justifies posteriori our choice of
assuming the same conversion factor for the peak area of
C. Photoelectron diffraction 0528 and 0530 into coverage.

In order to determine the adsorption site and the local The azimuthal XPD patterns for O530 recordedhat
surface geometry we recorded the XPS intensity vs azi=940 eV are shown in Fig. 13 together with the best fits
muthal and polar angle of the samplehat of 655 eV, 710 obtained for different model$all compatible with ac(2
eV, and 940 eV, corresponding to photoelectron kinetic en~<2) LEED pattern at low coveragpwith a simulation code
ergies of 120 eV, 175 eV, and 405 eV. The highest-energpased on single-scattering proces¥eEhe different investi-
data were used to discriminate between different structursgated models are:
models, since they are dominated by forward scattering and (&) missing-row reconstruction alond00] with a 242
allow us to view the atomic structure of the surface in ax 2 (rotated 45°) symmetry;
guasidirect way. At lower kinetic energy on the contrary (b) fourfold hollow site with the oxygen sitting slightly
backscattering becomes important and a full multiple-subsurface;
scattering analysis is necessaty. (c) oxygen in the octahedral site in the second Ag plane;

The polar XPD curves recorded at low energies are re- (d) oxygen in the tetrahedral site between the first and
ported in Fig. 10 and Fig. 11 for O530 and 0528, respecsecond plane of Ag;
tively. Already by visual inspection one can notice thai: (e) substitutional oxygen slightly below the first Ag plane.
near normal emission, O530 shows a strong modulation of The best agreement, determined on the basis of an
the intensity at bott» values, while(b) the XPD curves for R-factor evaluatio® is found for model(a) i.e., for a
0528 are smoother. This indicates that the adsorption site fanissing-row reconstructed \2x /2 structure: oxygen at-
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40 20 0 20 40 6 0 clearly for the missing-row reconstructed surface.
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front of the photoemitted electrons is capable of probing the
structure with the same accuracy over the whole three-
dimensional space. The multiple-scattering modulation was
calculated at any order with a self-developed ctd&.com-
plex exchange and correlation potential allows us to account
oms are placed in the missing rows slightly displaced off thefor the inelastic losses also in the electron path towards the
previous fourfold hollow sites and slightly subsurface, while detector. The comparison of the best fit with the experimen-
also the Ag atoms are relaxed. This structure is similar to thea| data is reported in Fig. 14, while the best-fit structure is
one reported for O/GO01) with ®=0.5 ML.>****Also in shown in Fig. 15. The results confirm that the oxygen atoms
that case the quarter-order spots are extremely faint comgre in the previous fourfold hollows displaced towards the
pared to the half-order ones so that at low coverag€2a  missing rows by 0.360.04 A. The adsorption site is
X 2) pattern is observed by LEED inspection. 0.15 A above the outermost Ag plane of the unreconstructed

The missing-row reconstructed structure around O53Qurface. The Ag atoms close to the missing rows are, how-
was investigated by means of low-energy photoelectron difever, displaced upwards by 0.30 A and laterally towards the
fraction, too. Working in these conditions implies a |eSSmissing rows by less than 0.06 A, so that the oxygen lies
straightforward interpretation of the data as backscatteringffectively below its nearest Ag neighbors. The main differ-
cannot be neglected anymore. On the other hand, the largehce with respect to the O/(01) system is that for the
photon flux at the SuperESCA beam line allows for a higheﬂatter case the oxygen atoms are displaced away from, in-
quality of the experimental data while the isotropic wavestead of towards the missing rows. The different geometry
for Ag(001) might be connected to the presence of subsur-
face oxygen in octahedral sites.

The weakness in the LEED pattern of the quarter-order

FIG. 11. Same as Fig. 10 for O528) h»=655 eV and(b)
hv=710 eV along110. Different symbols indicate different series
of measurements.
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L . spots compared to the half-order ones was attributed, in the

case of O/C(0D0)), to the presence of a well-ordereq?2

X 2) mesh associated to the oxygen adatoms that are dis-
placed by less than 0.05 A off the former fourfold
hollows3” The oxygen layer contributes to the half-order
spots, while the disorderly reconstructed substrate deter-
mines those of quarter order. There are indeed two different
possibilities and two equivaleffi00] directions for remov-

10 s sas ] ing atom rows. This explanation does not hold for
0 10 20 30 40 50 O/Ag(00)) as the lateral displacement of the oxygen off the
Azimuthal angle ¢ (deg) former fourfold hollows is large and the scattering strength

of Ag is much greater than the one of oxygen. The intensity

FIG. 12. Comparison of the azimuthal XPD pattern for 0530 Of.th(? quarter-order spots CO_U|d, hOWGVer,_be de_pl’essed if the
and 0528 a=—40° andhv=655 eV. The different modulation missing Ag atoms form antiphase domains shifted by one

is indicative that the two oxygen moieties sit in different sites.

unit vector of the Ag fcc lattice constant alon@01]
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(V2 x 2V2)R45°-0/Ag(001) O(530)/Ag(001)
O1s Ep=530 eV
)
g
S |Lope B = -40° hu=655 eV
g —=- exp o | ;
— ’ \ \ J
£ @
a <110> (@) <110> 1St A?
T T L T T ey
0 10 20 30 40 50 2nd Ag
azimuthal angle (deg) dzag dzo
0 - e
E (
8 .9 = 60° hu=655 eV .
s . (b) <100>
- Y or== exp
'ﬁ s, = theory FIG. 15. Best-fit model for the reconstructeg2x /2 surface.
§ dZAg is the height of the surface Ag atoms at the missing rows, with
El<100> respect to the expected position for an unrelaxed crys;glis the
(a] <1105 oxygen-adsorption height with respect to the same reference plane.
e T T T T ] T Contrary to the similar model accepted for O(Q0d), the O ad-
0 10 20 30 40 50 sorption site is shifted towards the missing rows.
__azimuthal angle (deg)
-‘2 identified with the moiety giving rize to the small peak at
> <110> === exp Eg(O1s)=528.1 eV, observed during the oxygen uptake at
g hu=655 eV == theory & 150 K.
: The presence of some features in the measured XPD
= curves, which are not completely reproduced by the model,
s is still matter of investigation. We can exclude them to be
£ due to the presence of subsurface missing rows, as this
a model gives a worse level of agreement. Most probably they
o are caused by the presence of intensity associated with 0531
.40 -20 0 20 40 (subsurface oxygen
polar angle (deg) For 0528 the comparison of the data with the simple hol-
a low site gives a good agreement, while models involving
= substitutional adsorption and reconstructed substrates are un-
_Z <110> == exp . acceptable. The assignment is therefore much more straight-
S [y h=710 v — theory  rs forward than in the O530 case. Comparison with experiment
o for different adsorption heights is reported in Fig.(d)6for
a the azimuthal scans at a polar angle 640° and hv
§ =655 eV, and in Figs. 1®) and 16c¢) for polar scans along
£ the [110] direction athy=655 eV andhy=710 eV, re-
fa) vy & \ spectively. As the experimental areas were normalized to the
e T T T T T background, we corrected them by multiplying with @¥
-40 -20 O 20 40 60 The best agreement is obtained when the oxygen sits 0.6 A
polar angle (deg) above the fourfold hollow site of an unreconstructed surface.

The sensitivity of photoelectron diffraction to the adsorption

FIG. 14. Comparison of the experimental XPD data with theheight of oxygen is very high in all cases.

best-fit curves obtained for they2x \2 missing-row reconstructed
surface.
D. CO oxidation and chemical reactivity

(4.06 A) within the transfer width of our LEED systeftypi- In a previous investigation we had found the unexpected
cally 100 A). Constructive interference would then take result that oxygen adatoms on @§1) could not be removed
place for the half-order spots and destructive interference faby CO oxidation:® contrary to the case of the other low
the quarter-order spots. The position of the missing Ag atMiller index Ag surface$? Such an experiment was per-
oms is most probably dictated byc§2x 2) mesh of oxygen formed below and at room temperature, i.e., for conditions
forming locally prior to the reconstruction. Oxygen sitting in corresponding to the presence of 0530. As shown by XPS in
such mesh on a still unreconstructed surface is possibly to bieig. 17, such moiety is indeed chemically inert. 0528 on the
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Hollow 0O/Ag(001) Hollow O/Ag(001) Hollow O/Ag(001)
O1s Ep = 528 eV O1s Ep = 528 eV O1s Ep = 528 eV
“““ exp  hy=655 eV sesss@Xp hu=655 eV s @XP by 2710 eV

—— theory

Intensity (arb. units)
Intensity (arb. units)
Intensity (arb. units)

-40 0 40 0 50 0 50
(a) azimuthal angle (deg) (b)  polar angle (deg) (c) polar angle (deg)

FIG. 16. Comparison of the measured XPD pattern in presence of 0528 with the theoretical prediction for the fourfold hollow site at
different chemisorption heightga) azimuthal curvegib) and(c) polar curves at differerttv. The areas of the oxygen peaks in b and c were
multiplied by cosf in order to compensate for the angle dependence of the background to which the experimental spectra were normalized.

contrary can be readily removetsee Fig. 18 Similar re- The inertness of oxygen in our previous study was thus
sults were obtained by HREELS investigation andconnected to its O530 nature. Notably, oxygen with similar
molecular-beam dosing. Interestingly, the XPS spectra showinding energy was found to be chemically inert also by
that after the CO reaction with 0528 a new peak forms aBukthyarovet al?® and by Felteret al*°. The measured re-
529.0 eV, which coincides with a surface oxide moiety ob-activity of 0528 on Ag001) is however still one order of
served by X. Baet al® after extremely large oxygen expo- magnitude smaller than for O/At10),%2 which is character-
sures on A¢lL11). This moiety is not removed by further ized by the similar binding energy of 528.2 é¥The 0528

exposure to CO.
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Binding energy (eV) FIG. 18. Removal of 0528 by CO exposure. The residual peak

FIG. 17. CO oxidation experiment for O530. No significant re- at 529 eV has arEg(O 1s) value appropriate to A® (Ref. 26.
duction of 0530 takes place within experimental error, indicatingRehrenet al. associated, however, oxygen with this binding energy
its inertness. on Ag(111) to a particular surface oxygen phasg, (Ref. 14.
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Waiting/exposure time (sec.) TABLE I. O 1s binding energies for adsorbed oxygen. When no
0 1000 2000 3000 4000 5000 reference is given, the quoted value was measured in the present
sont0® ' ' ' ] experiment. The data of Ref. 48 were recorded for K coadsorption.
: . oo |ahex | . -
Q = T=395K b
_ " " <.> Waiting, T=398 K 1 Oxygen moiety Phase Gslev)
g wof —_— 3 0528/Ag001) disordered 528.3
I . ] 0530/Ag001) (22x2) 530.3
§ o \“ A A . E peroxide/Ag001) disordered 532.0
% of e el 3 O/Ag(110) (Refs. 16 and 511 p(2x1) 528.1
& o Tl A ] peroxide/Ag110 (Ref. 16 529.3
101 [ . 7
: S : OIAg(11D) (Ref. 17 p(4X 4) 528.2
°‘(') R 15'(;0'7"'" s O,q/Ag(111) “gctivg” (Ref. 40 528.5
0.4/Ag(111) “inactive” (Ref. 40 530.3
CO exposure (ML) surface oxide on Ad11) (Ref. 14 529.0
FIG. 19. Intensity of the HREELS oxygen signal vs CO expo- O./Ag(111) (adatoms (Ref. 14 530.4
sure at different crystal temperatures. The corresponding blank exX9/Ag(111) (subsurfacg(Ref. 14 530.3
periment is also reported for the high-temperature case: no oxyge@,/Ag(111) (Ref. 17 5315
removal takes place in the time of the experiment because of sub-
surface diffusion. covalent O/Ag,, (Ref. 19 530.3
oxidic O/Ag,qy (Ref. 19 528.3
reactivity towards CO came out moreover to be different in© in bulk (Ref. 14 531.6-529.7
the different beam times at ELETTRA indicating its depen-0/Adso, Weakly bound(Ref. 50 528.3
dence on the previous history of the sample. Indeed it wa®/Adply strongly boundRef. 50 530.2
larger for a run in which the crystal had been exposed to aiP/Agyy (low O) (Ref. 48 528.5
for several months, and smaller for a run in which the samé/Ag,,, (large ©) (Ref. 48 530.3
crystal had been transferred directly from one vacuum cham@,/Ag,,, (large O) (Ref. 48 533.1
ber to the other. The latter reactivity is consistent with theO,/Ag,,, peroxide(Ref. 31 531.5

one found for HREELS measurements performed in Genova

hys
on a crystal that had remained in UHV for months. We con-oghis (Ref. 49 536.5
clude therefore that the reactivity is dictated by the subsur®2 " (Ref. 31 538
face concentration of oxygen. Ag,0 (Refs. 53 and 41 529.0
The HREELS results at different crystal temperatures aré'920 (Ref. 26 528.8
shown in Fig. 19 together with a waiting experiment. Data”Ag0 (Ref. 41 528.3
recorded below room temperature are not shown since né90 (Ref. 26 528.5
significant removal occurred. The initial reaction rate, de-
fined by and compared with the XPS results obtained in the beam
1 AGg » time in which the reactivity Wasllower. As one can see, the
= Oobeg At (ML), (1) curve is nearly flat up to 300 K in accord with the inertness

of 0530. On the contrary, as soon as conversion into 0528

where® - denotes the CO flux, is reported in Fig. 20Ts takes place it starts to increase monotonously. This behavior
is indicative of a positive apparent activation enefgy,,

Transition l which results from the subtraction of the desorption energy

Temperature of CO, Eges, from the real activation energy of the oxidation
= SRR AAARANE LA reaction,E,.,. A positive value ofE,,, indicates therefore
T, 3x10° |F HREELS: ® - that E,.a>Eges, at variance with the case of CO oxidation
S e hv=31 meV ] of O/Ag(110.2> This difference is indicative that
§ 2F XPS: X ® . EqedA0(110))>E4ed Ag(001)], as indeed expected.

g £ [ x 0528 x ® ] Similar results were obtained for,8, oxidation. Again

§ 1 o® . 0530 resulted to be chemically inert while 0528 could be
o C ] readily removed.

3 0FO Cee OF¢ ]
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The present study is the first in which oxygen atoms with
Eg(O 1s)=530.3 eV are observed on a single-crystal Ag
FIG. 20. Reactivity of adsorbed oxygen with respect to CO oxi-Surface under controlled UHV conditions. This oxygen moi-
dation vsT as inferred from HREELS data. Oxygen vibrating at €ty had been previously observed on(Afl) and on poly-
fw=34 meV corresponds to 0530, the onefat=31 meV to  crystalline Ag films, as summarized in Table I.
0528. Contrary to our case 0530 had then been produed:

Temperature (K)
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either by massive exposures to, Oat atmospheric The same is true for the study of Bukthyaret/al.,18 who
pressur&*8or to reaction mixtures of Qand CO or GH, also exposed the Ag foil to atmospheric pressure. On the
(Refs. 19—21, (ii) or by coadsorption with alcaline atorffs. contrary Campbelf*” never observed 0530 while exposed
As conventional laboratory x-rays sources were used in thost® relatively small oxygen doses. We propose therefore that a
experiments, carbon contamination could not be checked efsertain concentration of oxygen in the first subsurface layer
ficiently. Carbonate formation was, however, excluded in(O531) is needed before conversion into 0530 and substrate
some of these studies because O530 was produced at tereconstruction become energetically favorite. 0530 could ac-
peratures at which CQis unstable®?® Facetting occurred for cordingly exist only when stabilized by O531. The presence
the single-crystal experiments of Bapal® of this latter species is demonstrated by the binding-energy
Bao et al.'*™ and Rehrenet al!* found two kinds of shift towards a higher value observed for the ©deak at
0530: Q, corresponding to adatoms and @ssigned to oxy- the phase transition temperatusee Fig. 4 and Fig. (8)]
gen dissolved in the bulk. The two species could be distinand by the evident delay between the moment in which 0530
guished because the latter was not removed by mild sputtestarts to grow and the moment in which 0528 starts to dis-
ing. Bukthyarovet al?! assigned 0530 to covalent oxygen appear{see @b)] in the reconversion process. The latter is
sitting in supersurface sites while 0528 was said to be oxidithus triggered by the accumulation of oxygen in the imme-
in nature and related to two moieties, occupying supersurfacegiate subsurface sites, which makes 0528 unstable. The pres-
and subsurface sites, respectivElytheir claim is supported ence of oxygen dissolved in the deeper subsurface layers, on
by the different XPS intensity observed at normal and grazthe contrary, cannot be checked directly with XPS at the
ing emission. 0530 was found to be unreactive towards C@hoton energies available at SuperESCA. Its existence was,
and GH, oxidation and to be stable up T6=800 K. however, proved by Baet al!® with a conventional x-ray
Our XPD data allow to assign both O530 and 0528 onsource. We suggest that it is responsible for the stabilization
Ag(00]) to adatoms: the former species sits slightly belowof 0528 on Ad001), as the latter species did not form upon
the topmost Ag atoms on a missing-row reconstructed surheating an 0530 layer above room temperature when O
face, while the latter is 0.6 A above the fourfold hollow of dosing was performed immediately after extensive surface
the unreconstructed surface. The adsorption geometries apeeparation.
in agreement with the observed different chemical reactivi- The proposed scenario implies that occupation of subsur-
ties, as oxygen sitting in a slightly subsurface site is lessace sites under the Ag atoms in the first layer takes place
accessible to adsorbed CO molecules. The decrease of theore easily for Ag001) than for Ag111) and Ag110 for
work function reported by Engelhardt and Merfzebon  which O530 was never observed when dosing in UHV con-
oxygen exposure below room temperature can be explaineditions. This means, for thel11) and (110 faces, either that
by the combined effect of the slightly subsurface position ofless oxygen can migrate subsurface or that the subsurface
the oxygen(negative dipolgand by the substrate reconstruc- site corresponding to O531 is not stable. The first possibility
tion that decreases the surface atoms density. Finally, thenight apply to the closed-packed Ad1) face, but it is
Ag 3ds, chemical core-level shift indicates that the stochi-more difficult to rationalize for the open Atj10). However
ometry in the surface oxide layer is closer to&ythan it is known that in the latter case the surface reconstructs
AgO, in agreement with the formation of Ag-O chains in the with added O-Ag rows that might hinder subsurface migra-
missing-row reconstructed phase. All experimental information (directly or indirectly, e.g., by impeding the diffusion of
tion combines therefore in a coherent picture. the adatoms to defect sijedndeed, we showed some years
When oxygen dissociation takes place below room temago that a strong disordering of AdLO) takes place at oxy-
perature also some 0528 is produ¢€dy. 1(a)]. It could be  gen dissociation if the crystal temperature is below the one at
observed only for grazing incidence conditions, correspondwhich the onset of the added-row reconstruction ocetrs.
ing to the largest XPS cross section for this species, antdnder those conditions two oxygen moieties showing very
rapidly disappears after dosing, being unstable atToWwe  different reactivities with respect to CO oxidation could be
suggest that such adatoms occupy temporarily the fourfolitlentified by Burghaus and Conrad Surface disordering
site between the missing rowsee Fig. 15 upon dissociation was not observed by scanning tunnel
The surface core-level shift of the Agl3, peak in the microscopy® and is therefore indicative of subsurface migra-
presence of oxygen is independent of the adatom moiety artibn of the oxygen. The unreactive oxygen adatoms could
implies a positive charging of the Ag atortfsThis indicates  thus correspond to 0530 stabilized also in this case by sub-
that 0528 and O530 are in tlkameoxidation state and that surface oxygen in the immediate subsurface region.
the shift of the O % binding energy between the two moi- In conclusion, we propose that on &§1) at 300 K the
eties results from a larger screening with positively chargeanset of thermal mobility of the subsurface species depletes
Ag ions for 0O530. The distinction of “oxidic” and “cova- the oxygen concentration in the immediate subsurface re-
lent” states?® is thus inappropriate. The screening effect is ingion, making 0530 unstable. The adatoms convert then to
accord with the deeper adsorption site of O530 and with th€528. When cooling the sample segregation from the bulk
still larger binding energy observed for the subsurface spetowards surface and immediate subsurface region occurs, as
cies (0531 which is in contact with even more Ag ions. In demonstrated by the formation of O531 and by the fact that
agreement with this the O530 moiety forms when oxygen isfter the reconversion process the cover&élyg s, can be
coadsorbed with alkali atonfg. larger than the initial value o® 55,5 [see @b)]. The occur-
From the experiments of Bagt al'® we know that 0530 rence of segregation to the immediate subsurface region im-
(O,) is produced after extremely large oxygen doses, foplies that the potential well for oxygen is deeper than for
which oxygen diffusion into the bulk has surely occurred.bulk sites, so that afl=100 K migration off it can be in-
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hibited while between bulk sites it is still active. When the neither as an adsorbate by HREELS nor in the gas phase by
subsurface oxygen concentratiGre., 053] reaches some mass spectroscopy. The reaction probability is thus estimated
critical value, 0528 converts back to 0530. Within thisto be smaller than IC°. Microreactor studies estimated in-
frame the time constant of the backconversion process wouldeed the reaction chance to be of the order of®1é 573 K
naturally depend on the subsurface oxygen content, thus exRef. 57 so that no products are expected to be detectable in
plaining the different value found in the different beam our experimental conditions. Our negative result indicates
times. In the second run, in fact, the subsurface concentratiathat, if identification of O530 with the relevant species active
of oxygen is likely to have been larger than in the last onein partial oxidation of GH, were correct, some energy bar-
since the sample had remained several months exposed fier must still be present, which could not be overcome in
atmospheric pressure before being inserted into the UH\bur supersonic molecular-beam experiments.

chamber of the SuperESCA beam line, while in the last beam
time it had been transferred directly from the UHV chamber
in Genova to the one in Trieste. Typical time constants of
3000 sec were then measured for the backconversion pro- In conclusion we find that when dosing at 150 K, oxygen
cess, to be compared with those of about 20000 sec observed Ag(001) induces a missing-row reconstruction of the sub-
in the last run. strate and forms a species characterized by ais Gidding

The lower thermal stability of O530 in our experiment, energy of 530.3 eV. Such phase is stable ug 0300 K,
compared to the one reported by Betcal 1* and Bukthyarov  when it starts to transform into another phase characterized
et al,'®should be related to the different concentrations ofby the smaller O & binding energy of 528.3 eV. Simulta-
dissolved oxygen obtained when dosing in ultrahigh vacuumneously, surface dereconstruction and oxygen dissolution
as we did, and at atmospheric pressure, as done in Refito the bulk occur. Further faint peaks were observed for
13,18, and 19. We can therefore be reasonably confident thparticular experimental conditions B (O 1s) of 530.9 eV
our 0530 coincides with the Qof Baoet al!® and with the  and 529.0 eV and were assigned to oxygen below the first
“covalent” oxygen of Bukthyarowet al 8 Ag layer and to a surface oxide phase on(&Hl) facets,

Finally, we would like to comment on the production of respectively. O530 and 0528 eV were investigated by
oxygen with a binding energy of 529.0 eV obtained after COHREELS, XPS(core levels and valence bapndnd XPD
oxidation (see Fig. 18 Oxygen with such a binding energy demonstrating that the phase transition implies a change in
could be produced also on AbL1) and was associated to the the adsorption site as well as in the chemical reactivity. The
formation of a surface oxide layét.Such oxide was dem- reconstructed 0530 phase could be restored by cooling the
onstrated to be active in the catalytic methanol oxidatfon. sample below room temperature. The recovery time as well
As the (111 geometry is essential for its production, we as the reactivity of 0528 towards CO oxidation were found
assign our oxygen at 529 eV to the growth and oxidation oto depend on the history of the sample being most probably
(112) microfacets at the steps oriented along th&0) direc-  determined by its subsurface oxygen content.
tion on Ag001). Steps along such direction have indeed the
lowest energy on this surface and should be relatively abun-
dant.

As a last experiment, we tried to run the epoxidation re- One of the authoréM.R.) acknowledges stimulating dis-
action by dosing gH, on the 0530- and O528-covered cussions with F. Rovida, G. Benedek, and M. Muhler. We
Ag(001) surface in order to test the role played by thesethank D. Cocco, A. Avanzino, S. Lacombe, and F. Cemic for
oxygen moieties in the catalytic reaction. According to Buk-collaborating to the initial stages of the experiment. One of
thyarovet al*¥*°the reaction should run when both moieties us (U.B.) acknowledges financial support by the Deutsch
are present on the surface as one is reactive, while the oth&orschungsgemeinschaft. The project was partially funded
stabilizes ethylene adsorption. No ethylene epoxide formaby the Italian Ministry of University and Resear@URST)
tion was, however, detected in our experiment independentlynder Contract No. COFIN97 N.97021178261-003 and by a
of the relative abundance of 0530 and 0528 on the surfacepecial project of CNR.
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