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Hot-ato m mechanis m in photodesorptio n of molecula r oxygen
from a steppe d platinu m (113) surface
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Graduat Schoo of EnvironmentaEarth Sciene and Catalyss Researh Center Hokkaicb University,
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(Receivel 6 Octobe 1997 acceptd 20 March 1998

The photodesorptio of oxygen admoleculs was studied on a steppd P{113 =(s)2(111)
X (001) surfae with 193 nm irradiation at 110 K. Multidirectiond desorptios were found to
collimate at +12—-20° ard +45—-49° off the surfa@ normd and alo alorg the surfae normd in
aplare alorg the trough The first componehis always dominant and the weg secoml component
only appeas at highe oxygen coveragesThe normally directad desorptim is not significant The
translationh enery of desorbig O, peals arourd 15—20° and 50° confirming the inclined
desorptionslt is proposd tha thes inclined componerd are due to the desorptim induced by the
impad of oxygen admoleculs with hot oxygen atons from the photodissociatin of adsorbed
molecula oxygen emitted along the trough A simple cosire distribution was found to fit the
thermad desorptim from oxygen admoleculs and also the recombinatie desorptim of oxygen
adatoms The 193 nm irradiation alo produce additiona) less tightly bourd oxygen adatoms,
which yield a desorptim componen collimated at 15° from the surfa@ normd in the step-down

direction © 199 American Institute of Physics [S0021-960808)02024-§

I. INTRODUCTION

Surfa@ hot-atons play an importart role in the desorp-
tion of coadsorbe specis and als in the combinative pro-
cesss triggeral by severa photoinduce reactions-~° This
pape is the first to repot on photodesorptio of oxygen
admoleculs on a steppé P1(113 =(s)2(111) X (001) sur-
face It delivers ampk evidene tha the dynamt behavio of
hot-atons can be readily studiad on this steppé surface.

The presene of oxygen hot-atons has been confirmed in
stimulatel desorptios of coadsorbeé speciessud as O, on
Ag(110’ ard noble gase on P{(111),% ard also by studies
observig the distribution of thermat amd photolytic-
dissociatim fragmens of oxygen admoleculs on Pt(111)
with scannily tunnelig microscoy (STM).>° The hot-
atons are believal to be emitted paralld to the surfa@ plane
becaus oxygen admoleculs are chemisorbd with their axes
parallé to the platinum surfa® plane excer for high cover-
ages belov 100 K.'7*° However the dynami behavia of
this specis is not well understod becaus its interaction
direction is highly variabk on the flat surface Only atiny O,
desorptim componeh stimulatel by hot oxygen atons has
been found on Ag(110 arourd 45° off the normd direction
in a plare in the [110] direction Indeed mog of the photo-
desorptio is collimated along the surfa@ normal Another
inclined O, desorption observe on Pd111) at the angk of
50-60°, may be due to hot-atomsbut it was explaineal by a
simple photodissociatio proces of inclined superoxo
species®1’ On P(111), the desorptim of coadsorbe noble
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gase is sharpy inclined into the off-normd at arourd 35°,
wherea the photodesorptio of O, itsef and also of the
produ¢ CO, is sharpy collimated alorng the surface
normal**Thus at leag two desorptim channelsone stimu-
lated by hot-atons and the othe without them seen opera-
tive.

Velocity distribution curves of desorbirg O, frequently
involved two componentsone with ahigh translationhtem-
peratue and the othe in a Maxwellian form at the surface
temperature The former was explainal by an Antoniewicz
repulsive desorption'® The latter is due to therma desorp-
tion of O, during its photoconversio into a physisorption
stak or site conversior?° Their contributiors depem on the
wavelengh ard the amoun of oxygen adatons accumu-
lated?~2® The translationh temperatue of desorbig O,
peals arourd the collimation angle but does nat decrease
quickly as the angk shifts from this position It is sometimes
mudh highe than the surfae temperatue even when the flux
distribution approache a cosire form.?° The variations
are in contras with those in the recombinatie and repulsive
desorptim sea in therma reactions*~?® This suggest that
severd desorptimm channed are operative in the photoin-
ducel processes.

The desorptio induced by the impad of hot-atons can
be expectd to be enhancd in a plane along the molecular
axis because the atons are emitted in this direction Thus,
the presen surfa® (see Fig. 1) provides a geomety suitable
for examinirg the momentun transfe into desorbig mol-
ecules becaus its oxygen admoleculs lie mostly along the
trough?’ It is a surfa@ wher photors induce a reaction
betweea CO and O,. The two-direction& desorptio of the
produc¢ CO, was found to be collimated in a plare alorg the
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FIG. 1. Structue of the P{113 surfa@ and orientati;n of oxygen admol-
ecules O, (@) is orienta in the trough direction as indicated by A and B.
Admolecuk A emits hat oxygen atam H tha collides with B. The numbe is
in angstrom.

trough® The emissim of oxygen hot-atons was well con-
trolled along the surfae trough at low coverageThe oxygen
photodesorptin was also split into severh componerg in-
clined in a plare along the trough.

Excitation mechanisrma of oxygen admoleculs yielding
hot-atons hawe been examinel by the light polarization de-
pendene of desorptim ard dissociatio yields. The results
are fairly consistent with a photoexcited carrier
mechanisn?=° The desorptim yield is nonlineary en-
hancel with increasig light fluene by a femtosecond-
pulsal laser®— However no differene has been found in
the dynamie of the resultan hot-atoms.

Il. EXPERIMENTS

The experimenth apparats consistel of a reaction
chamber a slit chambey ard an analyze chamber* These
were separatsl evacuatd by individud ion pumps The base
pressue was 1x 10 1° Torr. The reacti;n chambe had low
enery electro diffraction (LEED)—Auger electran spec-
troscopy (AES) optics an Ar* gun, aquadrupcd mas spec-
trometer and a gas handlirg system The secom chamber
had a slit on ead end The angk of 2.3° was estimate for a
resolution of the acceptane of a seconl mas spectrometer
in the analyze chamber The distan@ from the ionizer of
this mas spectrometeto the sampe surfae at the cente of
the reactiomn chambe measurd 135 mm. This value was
usal in calculatirg the velocity of desorbimgy species.

A Pt(113) crystal in a disk-shaped slice
(10 mm diameteik 1 mm thickness supplied by MaTeck,
Germany was rotatal in the reaction chambe to chang the
desorptim angle, 6 (polar angl¢. It was cleaned in the stan-
dad cleanirg procedure®* The irradiation incidene was
fixed at 38° againg the axis of the mas spectrometein the
analyzer The angk of irradiation inciden@ was concomi-
tantly scannd agains the surfa@ plare with the desorption
angle The angk of inciden@ was limited to betwea —40°
and +40° from the bulk surfa@ normal a range in which
the quantum yield of the photodesorptio and dissociation
was insensitive?® The clean surfa@ was expose to %0, at
110 K. A nonpolarizel ArF lase bean (with a pulse duration
of abou 16 ns and a fluene of 2mJ/cnt or 1.9x10%
photons/pulsewas incidert at 5 Hz on the crystd for 6 min
in ead run. The transiem surfae temperatue rise was esti-
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FIG. 2. TDS specta of (a) a-O, and 8-O, at saturatim and (b) after 193
nm irradiation.

mated to be below 8 K. No therma effed is believel to have
influencel the O, desorptim and dissociation The signd due
to desorbed®0, was monitoral in angle-resolve form by
the mas spectrometein the analyze chambe in both pho-
tolytic and post-irradiatimn thermd desorptim experiments,
ard stored in a multichanné scale (MCS) controlled by a
persond compute (PC). The MCS scan ard the lase shot
were sequential} triggeral with adelay pulse generatorThe
lase powe was adjustel while the angk of irradiation inci-
dene was varied so tha the flow of photors onto the surface
could be kept constant The surfae was flasheal to 1000 K
after ead run. The coverag of oxygen ®02’ was deter-

mined by thermad desorptim spectroscop (TDS) in angle-
integratel form by using the mas spectrometein the reac-
tion chamber® The coverag was definel as 1 ML when
evely Pt atam in the first two layers (see Fig. 1) is occupied
by an adspecies.

lll. RESULTS
A. Photodesorptio n and dissociation

Cross sectiors for the photodesorptio were estimated
from post-irradiatim TDS and also from the decy of the
photodesorptio intensiyy in the surfa@ normd direction.
Both showel a first-orde proces ard yielded abou 2-8
X 107 1® cr?. This cross section is reasonableas compared
with 6 10729 cn? at 308 nm ard 3x 10~ 1° cn? at 240 nm
on P{(111), becaus it is consisten with the patten of in-
creasimy value with decreasig wavelengtht®-3¢

Typicd TDS specta of oxygen are shown in Fig. 2. The
surfae was saturatd by 1.2 L (Langmuir=1x10"6 Torr s)
oxygen exposue at 110 K ard heate at a rate of 3 K/s
belov 273 K ard 10 K/s abow it, before ard after laser
irradiation The desorptim from the molecula adsorption
(a-0,) pealsin the range of 160—250 K. It consiss of three
peaks,a.-0, at 220, ay-O, arourd 185 anda3-0, at 160 K
as reportel previously?’ The latter was dominar at satura-
tion and its pe& area decrease to abou 15% of the initial
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FIG. 3. Angular distributiors of (a) «-O, desorptionard of (b) 8-O, and
B* -0, desorptim in a plare perpendiculato the trough.

value after 6 min irradiation Desorptim abowe 600 K
(B-0y), due to the recombinatio of oxygen adatomswas
accompanid by an additiona pe& (B8*-0,) arourd 680 K
after irradiation This new pe& was observe only above
0220.36 The incremen due to this pe& reachd about

60% of B-O, at saturation No increag beyord the satura-
tion levd was found in 8-0O,, even after irradiation.

Oxygen in the B* state was examined by isotope tracer

ard the angula distribution of the desorptim in post-
irradiation TDS. It was differentiatal from the oxygen ada-

toms producel by the therma dissociatim of admolecules.

The isotope'®0 was highly enrichel in the 8* state when
the surfa@ coverel by 10(a) and®0,(a) was irradiated at

193 nm. The 80 fraction during the subsequerTDS proce-
dures decrease almog linearly with increasig surfae tem-

perature This indicates tha the exchang of oxygen is not

fas betwea the B and 8* states. For any givetfO to 10

ratio, the isotoge distribution of O, was random.

The angula distributiors of oxygen in the abowe ther-
mally activatel desorptim processg are summarizd in Fig.
3. The a-0O, desorptim always showel a simple cosire dis-
tribution in both planes along the trough and perpendiculato
it, consistehwith a high adsorptim probability into the ad-
molecula states>3" A cosire distribution was also found for
the B-0, desorptim with and without irradiation [Fig. 3(b)].
On the othe hand the desorptio of oxygen in the 8* state
showal a somewhashap distribution collimated at 15° off
the normd in the step-down direction as cog(6+15). This
desorptionwhich is collimated closel alorg the (001) step
normal suggest tha oxygen adatons producel by irradia-
tion are accumulatd on the step sites.
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FIG. 4. Angula distributiors of oxygen desorbd by 193 nm irradiation in
a plare along the trough at various coveragesThe solid curves indicate
desorptim componerg after a typicd deconvolution The dotted curves
shaw the totd flux as the sum of ead componenh (see the text). The distri-
bution for the negative angk range was alo drawn at 6)02: 0.36.

B. Angula r distributio n in photodesorption

The photodesorptio flux of O, was determiné from
time-of-flight (TOF) specta by consideri its velocity. The
angula distribution of this flux dependd on both the crystal
azimuh anrd the oxygen coverage Figure 4(a) shows the
angula distributiors in a plane along the step edge at low
coverages The measuremestwere performal only in a
positive angk range becaus of the symmetrc surfae struc-
ture with respetto the surfa@ normd in this direction (Fig.
1). The ordinak represert the flux normalizel to tha in the
normd direction at saturatio (®02=0.66). The desorption
is collimated arourd 20° off the surfa@ normd at ®02

=0.08 The collimation angk shifted somewhatoward the
normad direction with an increag in coverage Desorptia at
®02= 0.11 is collimated around#=15°. The solid curves in
Fig. 4(a) show the single-powe cosire functiors tha beg fit
the data points The function of {cos@—20)}?**2 is suitable
for the distribution at ®02=0.08 and the form of {cos(@
—15)}%3 isfitted with the da at ©,=0.11 On the other
hand the desorptimm at high coverag is apparentt colli-
matadl alorg the surfa@ normad as shown in Fig. 4(b). In this
case a single-powe function of cosire of the desorption
angk could naot be fitted to the experimenthresuls at ®02
=0.66 While asingle-powe function of cosé can be ap-
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FIG. 5. (a) Angular distributiors of oxygen desorbd by 193 nm irradiation
in aplare perpendiculato the trough The flux is normalizel to the value in

the normd direction for eat case The actua flux at ®Oz= 0.11 was about
one ninth of the value at saturation(b) Variation of the translationaenergy
of desorbilg oxygen ard the normalizel spee ratio with desorptio angles.

plied initially, anothe componen sharpy collimated at 0
=45° mug be invoked for the remainirg flux. This largely
inclined desorptim is similar to the resuls yielded by
Pd111) and Ag(110).”%1" This componeh becane clearer
at intermedia¢ coverages The resuls a ©,,=0.36 are

shown in Fig. 4(c), where the desorptim collimated around
49° is clearly seen An additiond oxygen desorptio feature
tha is detectd around§=15-20° is also evident.

The angula distribution becane simple when the de-
sorptiacn angke was varied in a plane perpendiculato the step
edge The desorptim is mostly collimated along the surface
normd in a wide covera@ range The desorptiom was in a
co$~7 ¢ form below OZ=O.36 Above this level, it became

broad and asmal shoulde was found arourd +22° close to
the (111) terra@ normd at +29.5°, and asmalle bunmp was
observe arourd —25°, close to the (001) stgp normal The
distributiors for ®,,=0.11 and 0.66 are shown in Fig. 5(a).

C. Velocit y distribution

Velocity measuremestof desorbilg oxygen were per-
formed to confim tha the abow multidirectiona desorp-
tions occurre in aplare alorg the trough The translational
enery was maximized in this plane ard its desorptio angle
dependenewas sensiti\e to the crystd azimuth.
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FIG. 6. Velocity distributiors of desorbirg oxygen at various desorption
angles in a plare perpendiculato the trough The negatie sign indicates
desorptimm in the step-dow direction The mean translationa enery is

shown in parenthesesA Maxwellian distribution at the surfa@ temperature
is drawn by the broken curves in the uppe and bottam panels The curve

sha for #= —30° was inserted in the upper panel for comparison, and also
the curve shage for = +50° is shown in the panel &= +20°. The down-
ward arrows indicatke the pe& positions.

The velocity distribution curves broadend slightly in
the cours of irradiation in away enhancig highe velocity
componentsThis might be causé by the oxygen adatoms
produced? The translationatemperatue (T g)), defined as
the mean translationhenery divided by 2k (k is the Boltz-
mam constank, was plotted as afunction of desorptim angle
in a plare perpendicula to the trough in Fig. 5(b). Two
maxima were found in the angke dependeneof the enery at
®02= 0.66 in the normd direction and aroundd= —50° (in
the step-down direction. No pe& was found arourd the
(111) terrae ard (001) step normals The velocity distribu-
tion curves for 6=0° and—50° became broad and indicated
enhancd highea velocity components as shown by the
downwad arrow in the uppe pané of Fig. 6. For easier
viewing, the curve sha at 6= — 30° was inserted as a solid
line. The pe& positiors of the main componehand the slow
componehwere also indicated by arrows Anothe desorp-
tion componehin aMaxwellian form at the surfae tempera-
ture (shown by the broken curves becane noticeabé at large
desorptim angles indicating the presene of a diffuse distri-
bution in smal amountsin the end at leag three desorption
componerg mug be considerd in this direction at high cov-
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trough.

erages However the velocity curves were not successfully
deconvolutd into thes components.

The distribution curve was always broad as compare to
a Maxwellian form. The normalizel speel ratio is defined as
((v®{v)?—1)Y%(32/97—1)Y2, where v is the velocity of
the molecule (v) is the mean velocity, ard (v?) is the mean
squae velocity. It is unity when the distribution isin aMax-
wellian form. The observe value stayeal betwea 1.15 and
1.20 at = +50°——25°, as shown in Fig.(®). On the other
hand the speel ratio increasd steepy from 1.2 to 1.4 asthe
desorptim angk decrease from 6=—25° to 6= —50°.
This suggest an enhancd contribution from a desorption
componeh with high velocities collimated arourd —50°.
The flux due to this component however mud be small
becaus its contributicn was hardly noticed in the angular
distribution It shoull be noted that this collimation angle
closey parallek the terra@ plane In the range of +20-
+50°, on the othe hand the translationbenergy decreased
steepy with increasig desorptiom angle suggestig a fast
energy dissipation mechanim at large angles in the step-up
direction.

The angk dependeneof the enery is simple in aplane
alorg the trough as shown in Fig. 7(a). The translational
enery showa a maximun arourd 20° throughot a wide
range of coveragesAdditionally, a secoml maximum was
found at arourd 50° for (902:0.36 Thes maxima are con-
sistert with the collimation of the inclined desorptios in this
plane It shoull be noticed tha the enery was generally
highe than tha perpendiculato the trough This also sup-
ports that the desorptim is collimated in this plane Further-
more the enery at saturatim was less than tha at lower
coverages suggestig an energy dissipation by collisions
with admolecules.

An attemp to deconvolué the velocity distributiors into
componerg was agah not successfyldespie the fact that
the curves were always broad and hinted at the presene of
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FIG. 8. Velocity distributiors of oxygen at various desorptiom angles in a
plare alorg the trough The translationh enery is shown in parentheses.
The curve shae for 6=0° was inserted in the second, fourth, and fifth
panes for comparison The arrows show the pe& position of ead compo-
nent.

three componentsThe observe speel ratio was rathe con-
start arourd 1.2 at saturatio over awide range of angles as
shown in Fig. 7(b). At ®02= 0.36 the value increasd from

unity in the normad direction to 1.14 at §=50°. Typical ve-
locity distributiors &t ©,=0.36 in aplare alorg the trough
are summarizd in Fig. 8. The distribution curve at §=0°
showel a shap deca of the signd in the velocity region
abowe the maximum This curve can not be simulatel by any
single modified Maxwellian form. For a comparison the
curve shage at #=0° was inserted into the second panel for
#=20". An enhancemenof the signd is see in velocities
abo\e the maximum position as indicated by the downward
arrow. The signd abow the maximun decreasg once
around #= +40°, after which it again increased aroufd
= +50°. This is consistehwith the presene of the desorp-
tion componerg collimated arourd this angle The slow
componeh belov the maximun was enhancd at large de-
sorptian angles.

IV. DISCUSSION
A. Desorptio n channels

Unde ultraviolet irradiation chemisorbd oxygen mol-
ecules under@ photodesorptionphotodissociationard also
sometime photorearrangements:* All thes processeare

usualy believel to resut from the transien captue of a pho-

Copyright ©2001. All Rights Reserved.
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toexcitel substrag electra into the unfilled 307 orbitd of
the admolecule This short-lived O, (a) dissociatesor is
moved toward the surfa® by the image force and then neu-
tralized The resultan neutrd O, will receive a repulsive
forcein close proximity to the metd surface This may result
in a translationaly and vibrationally excited neutra mol-
ecule which can desob or dissociate.

In this Antoniewiz boun@ mechanismthe desorption
mug be collimated alorg the normd direction of the adsorp-
tion site becaus the repulsiwe force due to the Paul repul-
sion is exertel toward the neutrd O, from the surface In
fact, the O, photodesorptin is mostly collimated along the
bulk surfae normd on the flat surface of P(111), Ag(110),
and Pd111).372° However the translationh temperature
does nat decreas quickly toward the surfa@ value with in-
creasilg desorptim angle Ther must therefore be a
mechanim wherely the repulsiwe force is operative along
the inclined direction Sud inclined desorptim can be con-
centratel on the presem surfa@ into a plare alorg the
trough The desorptio flux and the translation& energy
showv two maxima in their angke dependengin this plare in
the positive angk range confirming the inclined desorptions.
Furthermoreno maximum in translationaenerg is found in
the normd direction Thus the normally directed compo-
nent if presem at all, is not significart and its enery is
substantial} less than that of the inclined component.

A resut of the symmety of this surfae and the presence
of thes inclined desorptim componert is tha the desorp-
tion is split in amultidirectiond way collimated at = 12—20°
ard +45-49° in aplare alorg the trough Thes off-normal
desorptios can be reasonalyl expecte on the presei sur-
face becaue oxygen admoleculeswhich lie alorg the sur-
face plare and are oriented parallé to the step edges emit
hot-atons along their axes?’

B. Collimatio n angle

The collimation angk of the inclined desorptio depends
on the coverage The desorptim is collimated arourd 20° at
0©0,=0.08 ard is shifted to 15° at ©,,=0.11 This angle
continues to shift somewhé with increasig coverage At
saturation it was estimate to be 12° as shown below. The
beg deconvolutios are shown by the solid curves in Figs.
4(b) ard 4(c). The deconvolutim was performeal unde con-
ditions where ead desorptim componehwas approximated
by a single-powe function of the cosire of the desorption
angk and is collimated arourd the angke whet the transla-
tiond energ is maximized Only the two componert colli-
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cessfll at saturation Remainiry flux at saturatio after sub-
traction of a cos3(9—45) component was fitted the sum of
two componerg of cogi(#—12) and co¥6) forms. The
result in Fig. 4(b) were obtainal at the maximum contribu-
tion of the inclined component The dotted line was drawn
as 0.61 cogY(6—12)+0.61 codY( 9+ 12)+ 0.3 cos¥(6—45)
+0.3cos¥ #+45)+0.19 co§(6). The inclined component
at = +12° may be somewhat overestimated.

A rathe broad angula distribution was frequenty re-
ported in the photodesorptio of chemisorbd O,(a) on
Pt(111) ard Pd111), althoudh the averag kinetic enery is
much highe than tha expecte from a Maxwellian distribu-
tion at the surfae temperaturé:?° This broal distribution is
largely due to the contributian of the inclined componentsin
fact, the distribution in a plane perpendiculato the trough is
shap (co$~7 ¢) at low coverag ard confirms that the mul-
tidirectiond desorptia is limited in a plare along the trough.
At saturation the distribution is broad as approximatd in a
cos @ form. It shout be compare with the sharpe distri-
bution in a plare along the trough This anisotroyy is appar-
ently opposit in the repulsiwe desorptim of the produd CO,
sinae its distribution along the trouch is always broade than
tha perpendiculato it.?® This tends to suppot the notion
that the desorptim in this ca® is nat collimated alorg the
surfae normal.

The abow angula distribution is differert from tha of
the produd CG, in the photolytic CO oxidation where the
CO, desorptiom is sharpy collimated to the (111) terrace
normal the (001) stgp normal and also the bulk surfa@ nor-
md at high O, coverage:*! The translationhenerg of the
CQO, is mudc highe than that of O,. A differert desorption
mechanisn can therefoe be expecté in the CO photo-
oxidation.

C. Admolecul e participation

The orientation of oxygen admoleculs was examinegl by
NEXAFS (near-edg x-ray absorptim fine structure on
platinum surface with declining terracessud as P(113),%’
P{110(1x2),*2 and P1(133=(s)3(111)x(111).*®* On
thes surfaces oxygen admoleculs are commony oriented
along the trouch at low coveragesSud molecules (named
a;—0,) hawe a rathe high adsorptim enery and are sup-
pressd completey by preadsorptio of oxygen adatoms At
highe coveragesotha admoleculs (a,— O, and a3—0y)
with lower adsorption energis still oriert fairly alorg the
trough on Pt(113. Recen STM work on P{(111) shows that
O, admoleculs are located on bridge and face-centered-

mated at =15 and 49° are capable of simulating most of thecubic (fcc) hollow sites at low coverags ard also on bridge

observe flux at ©®,=0.36 The normaly directed desorp-
tion contributes only in a smal amount as shown by the
solid curve in aform of cos(6). The dotted curve in Fig.(d)
indicates the totd flux calculatel as 0.41 cog(9—15)+0.41
cosY(#+15)+0.24 cod3(6—49+0.24 codi(6+49)+0.12
cos(6). The drawing in the negative angle rangdown by
broken curves is basel on the surfa@ symmetry The dotted
curve in Fig. 4(@ was drawn as 0.15cos}(6—15)
+0.15 cosY(9+15).

On the othe hand a unique deconvolutio was not suc-

sites of the uppe terra@ on (111) micro-facets but nat on
sters with (001) micro-facetsl® Thus it is likely that a;
— 0O, is on one of the fcc hollow sites which orient the
molecula axis paralld to the trough as drawn in Fig. 1.
a,— 0, and a3— O, may be distributed on aterrae close to
the trough or near a;— O, on the uppe terrace All these
admolecule may contribue the Antoniewicz desorptia col-
limated alorg the (111) terra@ normal However suc de-
sorptin was found at high coverags only as asmal shoul-
der aroundd= +22° in the step-up direction.
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Oxygen admolecule

Oxygen Atom

FIG. 9. A hot-atam collision mechanismThe desorptia is collimated along
differert angles dependig on the distan@ betwea adsorbates.

The photodesorptio seens to be mostly induced by the
momentun transfe of hot-atons emitted from oxygen ad-
molecules The Antoniewicz desorptim modé does not ex-
plain the inclined componerg becaus the surfae is rather
flat along the trough and no oriented faces are found The
oxygen desorptiam through the collision channé is hardly
noticed on flat P{(111) becaus admolecule are oriented in
severddirectiors ard hot-atons are emitted in a wide range
of angles paralld to the surfae plane®

D. Hot-ato m energy

The maximum translationa enery of O, involved in
desorptim by hot-atons was estimatel at arourd 1.0 eV
from maximum velocity of abou 2.5x 10° cm/s The energy
of hot-atons mugd be partly usel to brek the O,—metal
bond At low coveragesonly «;,— O, contributes to the de-
sorption The dissociatim energy of this bord is abou 0.6
eV for a; — O,.%” The hot-atan can be expecte to originally
hawe the lower bourd energy of 1.6 eV. This value shout be
compare with the energy of 0.73 eV estimate by Harrisor?
for hat oxygen atons on P{(111) at 250 nm irradiation The
value in the presem ca® is higher, probaby becaus of the
usag of a shorte wavelengh irradiation.

E. Collisio n desorption

The presene of severa collimation angles can be pre-
dicted in a qualitative way by a had sphee inelastt colli-
sion as sketche in Fig. 9. The desorptim of oxygen mol-
ecules shoutl be collimated at the angke of #=cos (b/d)
wher b is the impad paramete and d is the collision
diameter** The latter is the sum of the radiss of O, and
oxygen hot-atons ard is roughly estimatel as 2.1 A.*®

The impad paramete in this systen would be small
when hot-atons are emitted and collide with neighboring
oxygen admoleculeskeepirg the distane from the surface
constan (head-m collision; b=0). The resultath desorption
shoutl be collimated closey to the surfa@ plane However,
this is nat the ca% in the plare along the trough Neverthe-
less the desorptim aroundfd= —50° in the step-down direc-
tion may be explainal in sud a collision desorptionbecause
its collimation angk closely parallek the terra@ plane and
oxygen may be populatel ther at high coverageslin this
mechanismoxygen admoleculs emitting hot-atons should
lie on the terra@ ard their axis shoutl be consideraly ro-
tated from the trough direction Sud oriented oxygen was
propose by NEXAFS study"**ard recent STM work.1° Of
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course a simple photodesorptio of inclined admolecules
can explan this desorptim componeh when therr axis ori-
enk at = —50°.1°

The collimation angles of 12-20° and 45-49° require
impad parametes of b=~2.0 ard ~14A. The® values
are not unreasonakl becaus the admolecut seens to be
locatel further from the surface’® ard oxygen adatons are
0.85 A abowe the platinum plane?’ This consideratia sug-
gess tha hot-atons are moved toward the surfa@ as well as
along the trough as expectéd due to the attractive force
needd to yield a strorg oxygen—metd bord (abou 3.7
eV).*® At high coverage collision with smalle impad pa-
rametes becoms possibé becaue the distane between
neighborirg admolecule becoms shorte and the resultant
desorptim mug be collimated at large desorptim angles.
This explairs the componehwith the large impad parameter
in awide coverag range and the othe with the smalle only
at high coveragesFor example when the aligned molecules
form strings® the collimation at 45—-49° may correspod to
the impad at the seconl nearestsite and the othe at the third
neares site. Of course the collimation angk would be de-
creasd and the abowe impad parametes would be overesti-
mated when the repulsiwe force is operative toward O,, des-
orbing from the surfae just after the breakirg of the
O,—metd bond.

Poa enery transfe from ahot-atan to desorbimg O, is
expectd in the abowe simple mechanim becaue heay O,
moving along inclined directiors can naot efficiently receive
the kinetic energ during a single collision event especially
a smal collimation angles** However the desorbilg O,
held a high kinetic energy This is reminiscem of noble gas-
ses desorbd by hot-atam collision on P{(111).3# Another
enery transfe channé may be invoked in this desorption
event in which significan energy except the kinetic form of
hot-atoms is releasd probaby in the subsequenoxygen—
metd bord formation In fact, recen atam bean experiments
indicake tha oxygen admolecule are repulsivey desorbed
by supplyirg oxygen atons onio the surface?*° Rettne and
Lee proposd tha the desorptim may resut from changsin
the locd surfae electronc structue due to the formation of
anew platinum—-adatan bond thus withdrawing charg from
molecula oxygen on the surfa@ and leavirg it high on the
repulsive potential This may contribue to the shift of the
collimation angk toward the surfa@ normal and also en-
hane the kinetic energy of oxygen The lower bourd energy
of hot-atoms estimate in the former section may be over-
estimatel when this mechanim works well.

V. SUMMARY

Photodesorptio of oxygen admoleculs was studied on
Pt(113 by using an ArF excime laser The resuls are sum-
marizel as follows:

(1) Oxygen adatons producel by photodissociatio are
likely to accumulag at (001) step sites at high coverage.

(2) A multidirectiona desorption collimated at = 12—-20°
ard =45-49° off the surfae normal is found in aplane
alorg the trough The normally directed componen is
not significant.
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(3) The inclined componert are reasonalyl well explained
by collision-inducel desorptim with hot-atons emitted
from oxygen admoleculs oriented along the trough.
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