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Subthreshold desorption of metastable Af via electron resonances in thin G-doped Ar films
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We report the desorption of metastable argon atoms Y Atimulated by 11—-25 eV electron impact on thin
argon films doped with molecular oxygen. The addition gfd@pletes the metastable atom and photon signals
except near 11.5 eV, where it is enhanced due to formation ofEhar~, electron-exciton complex. The
enhancement derives from the transfer of an electron from a tempPdxy~ ion to an Q molecule, forming
a stable @ and an At that subsequently desorbs at an incident electron energy lower than that of the first
exciton of Ar. Time-of-flight measurements indicate that metastable atoms desorbing ¥RaAne state have
a higher kinetic energy than those desorbed via the direct formation af#le and 1 excitons at higher
electron impact energies. A preliminary model for desorption via the anion state is presented.
[S0163-18209)07743-7

INTRODUCTION and excite phonon mode lossgés2 These latter experiments
identified the electron-exciton complex as a Feshbach

Excitation pathways within rare-gas solids have Beerd ~ resonancé derived from the atomic configuration
remain an active area of theoretical and experimenta(...3p°4s?) ?Ps;, and 2Py, and formed by the temporary
investigatioR ™ since this group of materials presents con-binding of an electron to the lowest bulk excitons. The width
ceptually simple models for dielectric and insulator behav-of the resonance feature was greater than the spin-orbit split-
iors. Numerous experimental techniques have been eniing for Ar and the state was assigned%®sAr~ and can be
ployed to study the electronic structure and the evolution otonsidered the unresolved condensed phase equivalent of the
excitation within these simple materials and in recent yeargowest two gas phase Feshbach resonahtes.
much information has been gained by measurements of pho- Recent experiments on the electron stimulated desorption
ton and electron stimulated luminescence and excited pafESD) of metastable Ar atom(Ar*) have revealed a reso-
ticle desorption from thin rare-gas films. nant contribution to the Aryield, although the?P Ar~ reso-

In general, both the ejection of metastable rare-gas atonmsance lies several hundred meV below the first bulk exciton
and photon emission can be correlated to the production aftate. The resonant contribution arises when fiReAr~
free-exciton states within a rare-gas sdliGuch excitons ‘“decays” into a higher-lying exciton state which subse-
propagate freely through a rare-gas solid before trapping ajuently traps and initiates the desorption of arf Afo oc-
defects or self-trapping as excited atomic or excimer centersur, the process requires that the energy necessary to form
The self-trapping process is rapid but decreases with increathen=1 or higher excitons be released by the transfer of the
ing atomic numbef:® For the cases of Ar and Ne, metastableexcess electron from th& Ar~ into a subvacuum state of
atom desorption may occur when an exciton is trapped as ahe substrate. The resonant contribution is observed only
excited metastable atom close to the film surface. Since botWwhen Ar is adsorbed onto a substrate for which the bottom of
Ar and Ne solids possess a negative electron affinity, théhe conduction band\/cs, (measured with respect to the
diffuse electronic cloud surrounding a metastable atom intervacuum level satisfies the following relation:
acts repulsively with the surrounding rare-gas medium, a
cavity forms, and the metastable is expelled into vacéum. V5<—|Eg—Vy| or V3<AE. (]

This mechanism for metastable atom desorption, termed

“cavity expulsion” (CE), is associated with excitation of the HereV, represents the bottom of the conduction band in the
lowestn=1 and 1 surface and bulk excitons and the decayAr film and Eg is the binding energy of the resonance rela-
of higher excitons into these state3he kinetic energies tive toVo, AE is the difference in energy between the reso-
(KE) of metastable atoms expelled via CE are typically a fewnance and the lowest exciton state. Previouslyywas found
tens of me\#~® Desorbed metastables of higher KE are ob-to be in the range 0.5-0.55 €%, while V, is 0.3 eV’
served by directly exciting excitons a2 and derive from  Thus from Eq.(1) we see that &< —0.2 or —0.25 eV is

the dissociation of excited “antibonding” excimer statés’  necessary for the desorption mechanism to proceed.

The CE of excited rare-gas excimers may also occur and The resonant contribution to metastable atom desorption
contributes to the luminescence signal along with photongvas observed from Ar films of less than 20 monolafLt.)
from the decay of short-lived atomic and excimer centerghickness'® The substrate sensitivity of the effect was dem-
within the film? onstrated by depositing Ar films onto a Pt substrate and onto

In addition to the neutral excitonic structure, electron im-Kr, Xe, andn-hexane films of differing/5. The involvement
pact experiments on thin rare-gas films have identifiecbf an anionic state was apparent in the variation of the reso-
“electron-exciton complex” states which can both couple tonance energy as the distance between the Ar film and the
dissociative anion states of surface adsorbed mole€fes supporting Pt substrate was altered by inserting a Xe film of
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varying thickness. Similar shifts in resonance energy have 150 ' —— -
. (e) 2-ML 40% N, in Ar/ Pt
been observed in other systems, notably for the, reso-

. . 100+ 1
nance of N deposited onto the surface of various rare-gas
solids!® and are known to derive from the film thickness 501 ]
dependent changes in polarization energy.

Our earlier experiments on the desorption of Aia for- "7 (d) 2-ML 10% O, in Ar/ 3-ML nH_
mation of the electron-exciton compi&suggest that a simi-
lar excitation pathway could exist when a rare gas is doped
with a molecular impurity capable of trapping a subvacuum
energy electron. Such a process might have significant im-
plications for the physics of heterogeneous films and clusters
and would be of basic fundamental interest. In this paper, we
investigate this topic by studying mixture films of Ar and O
deposited onto Pt and onto crystallinehexane substrates.
We measure the luminescence and metastable atom yield as
a function of incident electron energy and €ncentration.
The data show that QOvia formation of theZHgOZ‘ anion
does indeed provide a suitable electronic trap and thus allows
metastable atom desorption via excitation of the Ar~
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401 (c) 0.25-ML O, /2-ML Ar / 3-ML nH_
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state. We also present time-of-fligfitOF) data that show an 01 o I AT %
increased KE for Ar metastable atoms desorping via the Ar 4 '
state. Possible reasons for this surprising result are discussec 50
in the text. 25
o 15 20 IR
EXPERIMENT

Incident electron energy (eV)
Experiments were performed in an ultrahigh vacuum sys-

tem, capable of reaching a base pressure of FIG. 1. Neutral particle y_ields as a function of incident e_Iectron
~4x 10" " Torr. The instrument, a detailed description of energy.(a) 2 ML of Ar deposited onto Pib) 2 ML of Ar deposited
which has been given elsewhérepnsists of an electrostatic " 3 ML of crystallinen-hexanenH (70 K). (c) 0.25 ML of O,
electron monochromator, a cryogenically cooled Pt crystal-de';’os'teOI onto 2 ML of Ar on 3 ML ofrhexane.(d) 2 ML of a
line substrate, hemispherical mesh grids, and a position seﬁ’pﬁ) Ar/ 19/" G mixture deposited onto 3 ML G.iH (70K). (¢ 2

i, . L ML-thick film of a 60% Ar/40% N mixture. Right-hand panels
sitive detector. Typically, an incident electron beam of 5—nAshOW resonant structure with improved statistics
current and energy resolution of 60 mélll width at half '
maximum (FWHM)] is used. The energy of the electron ) ) ) o
beam is known relative to vacuum level t0.1 eV’ po-  readily for Arin a matrix, such that homogeneously distrib-
tentials applied to the mesh grids allow only neutral particle¢/t€d films containing as much as 60% €an be growrf:
(NP) (i.e., photons and metastable atons be detected. Fllms.of Ar condensed onto Pt or crystallmghexane are
Pulsing the electron beam permits TOF measurements and/iPeled in figures as Ar/Pt or AH., respectively. A nu-
the separation of photon and metastable signals. Howeve€rical prefix indicates the film thickness, e.g.,
due to low count rates, most of the data presented here reO%'MLArB'ML nHc, for a 2-ML film of Ar deposited on a
resents a combined photon/metastable yield whose variatiorrML n-hexane film. The percentage composition of i®
with incident electron energy is referred to as the NP excita/A/O2 mixtures is also indicated, for example, spectra from a
tion function. 3-ML-thick film of a volumetric mixture of 10% @and 90%

Target films are grown on the P111) surface by con- Ar qleposited onto the platinum target would be 3-ML 10%

densing from the vapor phase Ar,,Oand n-hexane. An Oz in Ar/Pt.
alternative substrate for the Arj@xperiments was prepared
by depositingn-hexane onto the Pt at 70 K. At this latter
temperature, a crystalline surface is formed such that diffu-
sion of Ar and Q (deposited at 20 Kinto then-hexane layer Figure 1 shows the NP excitation functions from several
is minimized!® The Ar and Q gases were supplied by thin films of differing preparation and illustrates the effect of
Matheson of Canada Ltd., with stated purities of 99.9995%molecular oxygen on condensed Ar. In the lowest péRig.
and 99.995%, respectively. The purity mwhexane was bet- 1(a)] we present the yield from a 2-ML-thick film of pure Ar,
ter than 99.9%. Film thicknesses are estimateet89% ac- where at an energy of11.5 eV one can observe the narrow
curacy from the calibrated amount of gas needed to depositfeature (FWHM<0.4 eV) associated with Ardesorption via
monolayer, assuming no change of the sticking coefficienformation of the 2 Ar~ electron-exciton complex. This
for the adlayers, as previously descridéd.Heterogeneous resonance peak is shown on an extended energy scale in the
Ar/O, films are prepared by simultaneous deposition of theight-hand panel of Fig. 1. The signal at higher energies is
gases. The composition of such films is assumed to thatorrelated to production of neutral excitons within the film
given by their partial pressures as measured in a manifoldnd their decay by metastable ejection and/or photon
prior to deposition. Molecular oxygen is known to substituteluminescenc& The maximum NP vyield at-15 eV coincides

RESULTS
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FIG. 2. The effect of increasing Oconcentration on the NP 0 -, ——r T
yield functions from 3-ML-thick Ar/Q mixtures.(a) Pure Ar, (b) 0 100 200 300 400
10% O, (c) 20% O, (d) 50% O,. All films were deposited directly ! )
onto the Pt substrate. Right-hand panels show resonant structure time of flight (us)

ith improved statistics.
with Improv ISt FIG. 3. Time-of-flight spectra of emitted photons and desorbed

Ar* obtained at the indicated electron impact energies from films of

with the energy for optimum production of excited states inthe indicated composition.

the ga$® and condensed phases.

Since observation of théP resonance requires that an 3-ML of pure Ar. As in Fig. 1a), the 2P Ar~ feature is
electron be transferred from the Atto a subvacuum sub- readily apparent due to electron transfer into the metal. In
strate staté® the feature is absent when Ar is deposited ontoFig. 2(b), an enhancement in the intensity of this feature is
crystallinen-hexane[Fig. 1(b)] for which Vg is +0.8 eV?  seen for an Ar matrix containing 10%,0increasing the @

In contrast, Af production is enhanced near the resonanceoncentration furtheiFigs. 2c) and 2d)] enhances the reso-
energy when a small submonolayer quantity gfi©depos- nant A* channel relative to the other direct processes re-
ited on the surface of the Ar filiFig. 1(c)]. The resonant sponsible for metastable desorption and photon emission.
nature of this enhancement is more apparent when a 10%he feature is also observed to decrease in width and to shift
concentration of @is incorporated within the Ar matrix, as to higher energy as the @oncentration is increased.

shown in Fig. 1d). [It is possible that the small NP signal  Time-of-flight (TOF) spectra recorded for films of differ-
seen near the resonance in Figo)lis due to contamination ing composition, at resonance and at an incident energy of 15
of Ar and/or n-hexane in the gas handling system prior toeV, are presented in Fig. 3. For example, Fitp) 3hows a
deposition] We note that no appreciable photon or meta-TOF spectrum obtained with an incident electron energy of
stable signal was observed from pure films of molecular O15 eV from a 3-ML-thick Ar film deposited onto the Pt
with electrons of less thar-20 eV. For comparison, Fig. monocrystal. As in earlier studies, the TOF spectrum is seen
1(e) shows the NP excitation function from an-doped Ar  to consist of three structures: a photon peak=af us and
film. Neither the inclusion at 40% concentration within an Ar two slower components at50 us and~150 us, which are
matrix [Fig. 1(e)] or the addition of N to the surface of an associated with the desorption of metastable atoms via re-
Ar film (not shown enhances NP production via the spectively, the dissociation of excimerlike trapped excitons
2P Ar~. In fact, the resonance is completely absent from theand the CE of atomlike trapped excitonSAngular ESD
figure while a signal centered near 10 eV and associated wittheasurements have indicated that the slow metastable signal
the desorbtion of hmetastables is clearly visibfé. can be resolved into three subcomponents with distinct KE.

An enhancement in NP production via the Astate rela-  This result was consistent with calculations by Cui, Johnson,
tive to other processes, is also evident in Fig. 2, which comand Cumming$which showed that for desorption from an
pares the NP excitation functions from Ag/@natrices of imperfect surface, the KE of an ejected*Aatom depended
increasing @ concentration. The Ar/©films displayed in on the number of nearest neighbors. Since the present data
the figure were formed by deposition directly onto the Ptwere collected over a large solid angle using the entire sur-
substrate. Figure(8) shows the NP excitation function for face of our detector, the data is dominated by the slowest CE
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N A B B on the desorption processes operating within the mixed

(@) 15 eV, 4-ML Ar/ Pt ] Ar/O, films, notably near an incident energy of 11.5 eV. We

——(b) 1165V, 2-ML 10% O, in Ar/ 3-ML nH, first discuss the rapid decrease in NP yield at all energies, at

a rate faster than that of Ar replacement byi@the matrix

(i.e., as shown in Fig.)2 This result is consistent with pre-

vious experiments that have investigated the effect pb©

the luminescence of Ar films under the impact by 200-eV

3 electron® and MeV light ions?® In these latter studies, O

] was found to be particularly effective in inhibiting exciton

diffusion and reducing the desorbed yield of high KE200

meV) Ar (mostly ground stajeatoms produced via the for-

mation of the Ar excimef® These effects were attributed to

] the ionization of @ by free excitons and possibly to the

1 formation of transient ionic clustefS The dissociation of @

1o Lt via excitation of the Schumann-Runge continuum may also
00 04 02 03 04 95 contribute to the reduction of the Ar exciton mean free path

Kinetic Energy (eV) although this was not considered to play a dominant 7dle.

5 i : L

FIG. 4. Kinetic energy distributions of desorbing*Aatoms.(a) (Nevertheless,’S O, for.med via .the dISSOCIatlon. of?Q)y
From a 4-ML film of pure Ar deposited on Prom the TOF spec- energy transfer .from highly excited Ar atoms with mtemal
trum of Fig. 4a)}—light line. (b) From a 2-ML Ar/Q, mixture excitation energies above 14.3 eV has been observed in gas
containing 10% Q[from the TOF spectrum of Fig.(d]—heavy ~Phase experiments under keV electron bombardnféritor
line. To obtain these distributions a uniform background was subS0mparison, the desorption of Ar atoms of low KE200
tracted from the TOF spectra, which were smoothed in FouriemMeV) which was attributed to the CE mechanism, was in-
space with a Gaussian filter. The standard transformation correctingeased at low ©concentrations, presumably by enhancing
channel widths in the time and energy domains was also performe@Xciton trapping close to the film surfagelt is instructing

to note that desorption via CE is primarily associated with

componentat 150us) rather than by the fastegt 100us),  excitation and trapping of the=1 and 1 surface and bulk
which is dominant along the surface normlhe KE distri- excitons.
bution of desorped Aratoms is shown in Fig.(4). To ob- The contrasting behaviors for the low and high KE sput-
tain this figure, a uniform background was subtracted ffomyg e atom yields observed in Ref. 25, suggest that the higher
original data of Fig. &) which was first smoothed with a energy excitons are more strongly perturbed by the presence

v?/%lttﬁscln?r(]:hfgtner:élg?r? tggtgnlesrgiloggrﬂga for the nonumformof O, in the Ar matrix. The reason for this is easy to identify

The intensities of structures seen in the TOF spectrum aqsn>2 excitons are of larger physical extent than the lower

15 eV are essentially unchanged when the Ar film is deposEn€rdy states and are suppressed by decreasing film

ited onto a crystalliner-hexane surfacécurveb in Fig. 3. thicknes® or cluster siz&® The radius of the electronic
However, TOF spectra obtained by excitation-dt1.5 eV of cloud associated Withz 1 and. 1 excito_ns2 is much smaller
the Ar~ state, differ markedly from those recorded at thethan the nearest-neighbor distance in*Arso that these
higher energy. The TOF spectrum at resonance from &tates are less subject to the perturbing effect of lience
3-ML-thick Ar film deposited directly onto the Ptin Fig(@  we attribute the decrease in NP yields with increasing O
shows both the photon and slow metastable signals seen e@ntent of the Ar film as essentially due to inhibition of
the higher energy, together with indications of another metaexciton creation and diffusion by especially for excitons
stable component centered aB0 us. The fast component of n>2.

seen at-50 us in TOF spectra recorded at 15 eV is absent at

the lower energy since excitation of excitonsrof 2 is re-

quired to form the antibonding excimer states responsible for Neutral particle production at energies <12 eV

this signaf®’ The addition of 10% @enhances considerably  The TOF spectra Figs.(@—3(e) indicate that near reso-
the signal peaked at 8fs and reduces the photon and slow nance  desorbed metastable particles rather than photons
contributions to the NP yielfFig. 3(d)]. The KE distribution  y,minate the NP signal from both pure Ar and As/@ix-

of these desorbing Aratoms is illustrated in Fig.() and is ture films. This signal can be attributed to*Adesorption in

seen to differ significantly from that recorded at 15 eV for . .
pure Ar on the Pt surface; the distribution peaks near 90 me\‘}’alrt because no metastablg €pecies of an internal energy

and extends to several 100 meV. Increasing the concentr ufficient to register with our microchannel plate detector has

tion of O, from 10% to 50%Fig. 4(e)] does not significantly een reported in the literature. Morec_)ver, while _me_tastable (@]
affect the TOF spectrum. We believe it likely that the small&l0MS can be created by electron impact excitation f O

80-us component seen in the pure Ar film, is perhaps due tdhese atomic species have either too small an internal energy
0, contamination. to be detectedi.e., O¢S) and O¢D)],*° or have their pro-

duction thresholds at higher electron enerdies, OCS) at
DISCUSSION ~14.3 eM.3! Finally, it should be recalled that our measure-
ments show that in this energy range no metastable particles
desorb from pure ©films.
It is clear from the data presented in the previous section Since in all cases, the peak atLl1.5 eV in the NP yield
that the addition of @to an argon matrix has several effects can be associated with metastable Ar desorption, we propose

108 T ——

1070

10710 5

Yield (arbitary units)

10711 5

Neutral particle production at energies>12 eV
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that the absolute enhancement in desorption reported in Figs. .. .1 W\ 7 = () Direct

by analogy with our previous experiments on pure Ar filfns l‘\' T T T 1
‘ o0 " . =
1(c) and Xd) is due to reactions of the form A ~ (i) Indirect via resonance |

12.0 4

LI
(Y
-

Ar+e (11.5eV)—2PAr~ 2 1 \H

0,+Ar(111)-Ar* (*P,)+¢ |
2pAr~+0,—Ar* +211,0, ™. 3 4] ]

In Eq. (2), the 2PAr~ is formed by temporary electron at-
tachment. Subsequently, in E(), the excess electron is ] S~ e——m T T
transferred to the oxygen molecule to form a stable @ 1.0 e 6’2‘+Ar(111)_Ar- 4
the 2Hg state and an Ar excited species which eventually .

desorbs as an Armetastable. Here the oxygen plays the role 103 z
previously taken by a substrafeof suitably large negative 05 \ h
V5, by allowing the electron to be transferred to a sub- 0.0 AT T)-A
vacuum vibrational level of thél‘[g state. The electron af- -
finity of O, in the v=0 level of the I, is ~0.45 eV3? 2 0 2 4 & 8 10
which is greater than the minimum energy required for Eq. Displacement along normal (A)

(3) to proceed as calculated from E(l). In practice, the . . . .
availabple energy is even larger than (()1_-45 eVpand possibly as FIG. 5. Calculated potential energy diagram illustrating Ae-

. i ia(i) di itati f an Ar he fil
great as 1.2 eV once the effect of chargefimage charge p(ﬁ,_orpnon via(i) direct excitation of an Ar atom at the film/vacuum

larization on theZHg s included3.3 The absence Of_ a re-so_ Cnutggfiztr:]ef;néiellt;i(le;C|tat|on of the Ar intermediate. Refer to dis
nant component to Ar desorption from N doped films is
thus attributed to the absence of a subvacuum IRyestate.

It is possible that a reaction similar to the neutralizationresonance lifetime, the electron detaches and an O atom is
process discussed above was observed in electron attachmémtmed close to the metal, on the steeply repulsive inner wall
to ArO, clusters, specifically, the formation AyfOat an in-  of its chemisorption potential curve such that the repulsion
cident electron energy of 11.5 eV as reported by Foltin, Grill,between the O atom and the metal is sufficient to allow de-
and Mak.3* In their analysis, the 11.5-eV feature was attrib- sorption.
uted to the scavenging of a near-zero energy electronby O Figure 5 illustrates the newly proposed desorption model.
following excitation of the lowest Ar excited state. Unfortu- The lowest potential energy curve in the figure represents the
nately, this interpretation cannot explain the absence of clugnteraction of a ground-state Ar atom with the &rl1) sur-
ter anions following excitation of higher-lying Ar states. face. The horizontal axis represents the displacement from
Also observed at 11.5 e% was the production of ArQy  the equilibrium position of the atom along surface normal.
which was credited to the transfer of charge and energy fronThe curve is based on the ground-state potential calcu-
an Ar~ species to a dissociative state of O Similar reac- lated by Aziz and Chef integrated over a surface atom’s
tions had been observed in thin-film experimefitstin light  nine nearest neighbor@ll assumed to be Ar The upper-
of our present results, we reinterpret the ArGCsignal as  most potential energy curve depicts the repulsive interaction
being due, at least in part, to a reaction similar to B).  of the Ar(111) surface with an APP, metastable atom. The
restricting that the dissociatiofdesorption of Ar from the  curve is based on that of thaiZtate of A as calculated by
cluster does not proceed. Castexet al,*’ integrated over the nine nearest Ar neighbors

Despite the involvement of th8PAr~ state in AF de- and adjusted such that the dissociation limit corresponds to
sorption from both @doped and pure Ar films deposited the excitation energy of théP, state in vacuum. While ap-
onto Pt, the ejection mechanisms are different as evidencgaroximate in nature, the two curves predict an excitation en-
by their contrasting TOF spectra. In particular, the increasergy of 11.9 eV in the Franck-Condon region, in reasonable
in the number of metastable atoms having high KE as reagreement with those of Ar surface excitdhsilso shown
ported in Fig. 4, is difficult to account for from purely meta- in the figure is a dotted line which we suggest represents the
stable excitation dynamics. We present here a scheme imnteraction of an Ar with the Ar film and supporting Pt.
volving the ?PAr~ state that provides an explanation for the Since an excited Ar atom is repelled by the argon’s matrix’s
observation. It shares features with the model proposed bgegative electron affinity, it is likely that an even stronger
Gadzuk®® that was later developed to explain a resonanceshort-range repulsion exists between the film’s surface and
like enhancement in the removal of O atoms from an O covthe Ar . This short-range force is undoubtedly opposed by
ered Pd(111) surface under electron bombardmé&ht’ the anion’s ability to polarize its environment. Nevertheless,
These models in turn share common features with the “Anthe dissociation limit for a desorbing anion is set by the
toniewicz” scheme that described desorpti@r dissocia- energies of the gas phase resonaifices 11.1 and 11.27 eV
tion) via excitation of an intermediate catidhlt was pro- (Ref. 42] which are considerably lower than those of the
posed for the O/Pd systéfit’ that desorption is initiated by condensed phas#P. For this reason it is reasonable to as-
electron attachment to a chemisorbed O atom and the formaume that a net repulsive force exists between the aurd
tion of a temporary anionic state. The anion, under the influthe Ar film. Since the excited Rydberg electron cloud density
ence of charge/image-charge attraction, accelerates towardarrounding the Ar anion is twice that of an*Arwe have
the Pd surface. After a time intervak, the negative ion represented the surface-Arpotential by multiplying the

R

Energy (eV)

A\Y
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surface-Af potential by a factor 2 and translating the curveized by an Q such that a metastable atom were formed at a
such that the dissociation limit corresponds to the lower ofdisplacement at higher potential energy on the steeply repul-
the two gas-phase resonances. sive inner wall of the surface-Arpotential. Since some frac-

As illustrated in the figure, Ar atom desorption can betion of the KE gained by the Ar as it travels towards the
achieved eithefi) directly by promoting the atom into the metal would be retained by the metastable atom, a compara-
excited neutral state€CE) or (ii) indirectly via the anion state. tively modest displacement of the anion could substantially
It is proposed that once formed, the anion moves away fronalter the KE of a desorbing Ar It is likely that a definitive
the Ar surface, gaining KE which it largely retains when it is description of the resonant desorption process will require
neutralized by electron transfer to a surfacen@lecule and KE and angular measurements of desorbed ground-state Ar
crosses over onto the dashed curve representing repulsiagoms.
interaction of the Af with the surface when the electron  While it is envisioned that the indirect desorption mecha-
remains held on the £© This latter curve is simply the same nism can occur only at the film/vacuum interface, anion for-
(uppermost potential energy curve as for a metastable’s in-mation and neutralization may occur at any point within the
teraction with the film but translated by an amoukE* film when a ?PAr~ is close to an @ molecule. Conse-
corresponding to the energy difference between this curvguently, the metastable yield could contain a low KE com-
and that for Ar at the displacement where neutralization ponent due to exciton trapping and CE following resonantly
occurs. enhanced exciton formation within the film. This situation

Reference to Fig. 5 indicates that via the direct mechaean be contrasted to the case of resonant desorption in pure
nism, approximately 300 meV of potential energy, is avail-Ar films, where electron transfer can occur only at the film/
able for desorption of &P, atom. However, the measured substrate interface. Thus, in Fig. 1, the Astate appears at
KE of metastables desorbed via CE, are in the range 20-56lightly higher energy for the £rontaining films than for the
meV,” thus considerable energy is transferred to vibrationapure Ar film (i.e. at 11.6 eV rather than 11.4 g\the de-
excitation of the Ar matrix during the desorption procé8s. creased polarization energy far from the metal allows the
The increase in Ar KE at the resonance energy 090  resonance to occur at higher incident energy. A similar effect
meV, seen in Fig. 4, suggests that for the indirect mechais likely responsible for the changes in resonance width and
nism, the potential energy in the system be at least doubleenergy seen in Fig. 2. At low and intermediatg €ncen-
and requiresin Fig. 5) that the anion move at least 1.8 A trations,[Figs. 2b) and Z¢)], one observes a broadening of
away from the film before neutralization. If electron transferthe resonant feature as resonant processes occurring at the
occurs with a surface O(assumed to occupy a nearest- metal, at the film/vacuum interface, and at intermediate
neighbor site relative to the Arin its original position then  points contribute to the desorbed yield. As theddncentra-
the transfer process must be able to occur at distances of djn increases the exciton mean free path decreases. Thus at
to 4.2 A. Since electron transfer across larger distances bétigher Q concentrationsjFig. 2(d)], it is difficult for exci-
tween metastable He atoms and a low work function surfacéons formed by electron transfer from the resonance into the
and involving the formation of an Hestate, have previously metal to contribute to the desorbed metastable yield. Instead,
been reporteti“** it seems likely that this latter distance is the largest proportion of the resonant metastable signal
not too great for transfer to occur. Stressing the approximateomes from the interaction of Arwith O, molecules close
nature of the potentials used in Fig. 5, and assuming that th® the film/vacuum interface, hence the resonant feature ap-
motion of an Ar is determined by its potential energy curve pears narrower and at higher incident enefigg., 11.7 eV.
itself approximated by a straight line of slogéin eV A™Y), For the same reason, the TOF data recorded at the resonance
elementary considerations imply that energy for Ar/Pt exhibit essentially only a low KE peak due

to CE. In contrast, for 10—50 % by volume, @ Ar, only a
high KE peak is observed due to the additional energy im-

r=+Azulk, (4)  parted by electron transfer from Arto O, near the film
surface.

where 7 represents the time required to move through a dis-

tanquz, and u is the anioﬁn’s rgduceq mass. From 'Ea) CONCLUSION

we find that roughly 1.4 10™ *3s is required for the anion to

move 1.8 A. This period is approximately 2.5 times larger We have demonstrated that, in general, the addition of

than the lifetime of the electron-exciton complex in the bulkmolecular oxygen to thin Ar films inhibits the ESD of meta-

[7r=5.6x10" s (Ref. 13]. When one considers that the stable atoms, but enhances*Adesorption at the energy of

resonance lifetime in vacufh(and also probably at the film the Ar~ resonance. We have attributed this experimental ob-

surface is greater thamg and that the increased slope of the servation to the ability of @to accept the excess electron of

anion’s potential will lead to faster desorption dynamics andhe Ar~ into a vacant subvacuum level, formingzﬁlg O,

to less vibrational excitation of the matrix, the proposed in-and providing sufficient energy to create a neutral excited

direct mechanism appears plausible. Ar*. In effect this mechanism allows metastable atom de-
We also note that if, contrary to our previous comments, gorption to occur at incident electron energies below the

net attractivepotential exists between the Amanion and the minimum energy normally required to electronically excite

Ar covered Pt substrate, then an enhancement in the KE dhe film, i.e., the energy of the=1 surface exciton.

desorbed metastables may also occur. This latter would re- Time-of-flight measurements show that the Aatoms de-

sult if an anion accelerated towards the metal, were neutrakorbed following electron transfer between an A&and an Q
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are of higher average KE than those desorbed by the cavityf the KE and angular distribution of desorbed ground-state
expulsion mechanism. We have suggested that is because th®ms would also be of value.

desorption dynamics are determined initially by the argon

a_mlon’s interaction with the Ar 1_‘|Im’s surface, which we be- ACKNOWLEDGMENTS

lieve to be more steeply repulsive than that of af.Axow-

ever, there is a clear need for accurate calculations of the This work was funded by the Medical Research Council
interaction potential between an Ar anion and an Ar filmof Canada. We wish to thank M. Michaud for his comments
deposited onto a metal substrate. Experimental measurememigarding this work.
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