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Coverage-Dependent Molecular Ejection from lon-Bombarded GHg/Ag{111}
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Time-of-flight distributions, angular distributions, and relative sputtering yields of neutral benzeg (C
molecules ejected from submonolayer to multilayer coveragesldf Gn Ag{111} have been measured after
8 keV ion bombardment. Two components are present in the time-of-flight distributions obtained using Ar

ion as the projectile. For low coverage a peak corresponding to kinetic energies ranging between 0.25 and

1 eV dominates the distribution, whereas for multilayer coverage a peak corresponding to extremely low
kinetic energy (0.04 eV) becomes dominant. The total yield of the ejected neuttahtlecules is largest
for a monolayer coverage and decreases30% of the maximum for multilayer samples. For low coverage,
the GHs kinetic energy and angular distributions take on the same characteristics as that of silver particles
ejecting from the substrate, indicating that collisions originating in the metal substrate lead to the ejection of
CeHs molecules. The low kinetic energy emission of molecules from the multilayer films is proposed to
occur due to exothermic chemical reaction of fragments formed in a molecular collision cascade initiated by
the projectile ions. Finally, for the entire coverage range investigatedgiHgsignal is observed when,H

ion is used as the projectile, indicating that a momentum-transfer process is important in the ejecgidgn of C
molecules.

Introduction most important process, then the ejection must occur in a
o ) ) ] nonequilibrium fashion and can, in principle, be described using

The elucidation of the mechanism of ion-beam-induced mqlecular dynamics computer simulations. If there is a thermal
desorption of organic molecules from surfaces is of current component, then the energy of the primary ion must be
interest:™* Knowledge of these mechanisms is needed not only conyerted into heat. Mechanisms involving electronic excitation

to optimize a variety of molecular surface analysis experiments are ynique in that emission should occur even with bombardment
but also to provide complementary information that might be by electrons or light ions such asH

helpful in understanding the behavior of other stimulated-

desorption brobes such as those involving electron beams an There is not a long history of well-defined measurements that
P P WolVIng €le R dspotlight the important mechanisms. Most studies have been
laser beams. Molecular desorption itself is an intriguing

. . . .= performed on ejected ions rather than neutral molecules.
phenomenon since intact molecules can be ejected by a projectil

contained in most chemical bgnds. . carefully examined the behavior of molecules ejected from
There are a range of possible mechanisms that have beefygzen gased’18.21.22 These studies are also problematic from
put forth to describe the ejection of organic molecdf@8These a mechanistic viewpoint since the experiments are performed
involve sputtering via a collision cascade and momentum ysing a high dose of incident ions. In these cases, multiple ion
transfer}*~** various thermal desorption mechanisth$? and impacts may over time impart enough heat to the target to allow
even mechanisms involving electronic proces$é$.Thetype  gimple evaporation. In addition, there can be an accumulation
of mechanism proposed is generally determined by the behavioro gamage that alters the chemical composition of the target.
of the velocity or kinetic energy distribution of the emited Distinction between the various mechanisms is not a simple
molecules. CoIIision_ casgad_e-in_duced_desorption Is t.hOl.Jght to matter for molecular systems. For collision cascades in atomic
follow a Thompson-like distributio? while thermal emission solids, for example, the Thompson distribution is often uskful.

Il\s/lag\f/tvirl]l—Ilg\(;ﬁlz(?ndanwnhgir]strﬁrt;itig:wStrl?/uetllg(r:]if a:jries tr?tl)rStlilgrzSt?)fa This distribution describes the yield of the ejected species as a
: y function of the kinetic energy. It exhibits a maximum yield

electron-stimulated desorbed species are narrow and are peake I E = Ey2, whereE, is the surface binding energy of the

at energies that depend on the electronic structure of thebombarded material and shows&T? dependence fdE > Ei
o .

adso.rb.até. ) o The model is rigorously applicable to bombarded amorphous

It is important to be able to isolate the contributions of the  5rgets where the collision cascade is fully developed but may
various mechanisms that lead to molecular ejection. If mo- 6 he appropriate for atomic or molecular adsorFatesere
mentum transfer between the primary ion and the target is the e cascade is only partially develogédAnother complication
relevant to molecular ejection involves the fact that molecules

* To whom correspondence should be addressed. that eject as a result of high-energy collisions often experience
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phenomenoR”® These models predict that the kinetic energy ~ The ionized particles were accelerated toward a position-
distribution of ejected molecules falls Bs? at kinetic energies  sensitive microchannel plate (MCP) detector. The image was
higher than the surface binding energy but lower than the displayed on a phosphor screen and monitored by a charge-
dissociation energy of the molecule. At kinetic energies much couple-device camera interfaced to a Pentium PC computer for
larger than the dissociation energy of the molecule, the data storage and processing. The MCP detector voltage was
distribution is described b " where the value oh depends pulsed for mass selection. A mass resolution of approximately
on the model. Similar complications arise with processes that 20 atm/z 100 was obtained by this method. The time-of-flight
appear to exhibit thermal character. For Maxwdbltzmann (TOF) distributions of the neutral molecules were recorded by
distributions, for example, the fit temperature is generally much varying the delay between the ion pulse and the laser pulse.
different than the substrate temperature, and its value may haveEnergy distributions were obtained after coordinate transforma-
no physical meaning. It has, therefore, neither been possibletion of the measured TOF distributiods. The angle of
to establish the fundamental principles associated with molecularincidence of the primary ion beam was°®4and the desorbed
desorption nor establish a general theoretical framework for neutral molecules were detected normal to the surface within
understanding the experimental results. an angular range af£20° during the TOF measurements. The
In the present study, time-of-flight (TOF) and angular energy-integrated angular distribution measurements were made
distributions of the ejected neutral benzengHg molecules with a @ incident projectile. The distributions were obtained
after kiloelectronvolt ion bombardment ofgs adsorbed on after averaging 100 laser shots at each delay time. The
Ag{111} are reported. The experiments are unique in that the measurements were made under static conditions, and the
measurements are performed using sufficiently low incidence primary ion dose was kept below *dons/cn? in all experi-
ion doses such that there is no observable surface modification.ments.
Hence, the translational energies, ejection angles, and relative The Ag{111} crystal was cleaned with alternate cycles of
yields obtained from these measurements provide fundamentalspyttering and annealing at 450 until sharp LEED spots were
information about the molecular ejection process. obtained. Benzene vapor was introduced into the chamber using
Benzene/A§g111L} has been used as a model system becausea leak valve and was condensed onto a cleaplA@ crystal
Ag is fairly unreactive, and adsorption and desorption ¢l cooled to 120 K. The gases dissolved igHg were removed
on Ag{111} is reversible with temperatufé. Moreover, the by several freezepump—-thaw cycles before dosing. All
CeHe exposure can be varied systematically to obtain submono- exposures are reported in langmuir units (1 langrsult x 10
layer to multilayer coverage, and thereby the role of the local —¢ Torr-s) and are uncorrected for the ion gauge sensitivity factor
molecular environment in the ejection process can be probed.of 5.828 Various exposures of ¢ ranging from 0.3 to 800
The results show that the ejection mechanism depends strongllangmuirs were investigated. We were unable to observe the
on coverage. For example, when just a fegHEmolecules (3 x 3) LEED pattern at 5 langmuirs (8 exposure as
are present on the Ag surface, the energy and angular distribupreviously reported®3° Our LEED apparatus is not sensitive
tions take on some of the characteristics of the distribution of enough to allow s’[udy of ordered Over|ayers since electron beam

the metal substrate. Thelds molecules in this case eject with  damage occurs rapidly at the flux required to see diffraction
kinetic energies close to 1 eV. As the coverage is increased,spots.

however, the kinetic energy distributions shift to lower energies  g,rf4ce charging by the primary ion is of concern in

peaking at 0.25 eV, due to collisions between the molecules. ,,ncqnducting solids because it causes instability in the signal

And finally, for multilayer; of .Q‘HG‘ the dgsorption bghe}vior and in extreme cases deflection of the primary ion away from
changes dramatically again, with the kinetic energy distribution the sample. We do not believe that charging effects are

gizlitilggﬁaod?s‘:rie% fi‘gg e’;_rgbc')ﬂ?gkﬁgsvrlzgegiﬂfg gfigﬂmeslét influencing our results in any way. First, our experiments are
of coverage-de ender;t data clearl shc?win how increase inperformed at low primary ion dqses that produge min_imal charge
9 P Ay g how Incr accumulation. Second, the thickness of the investigated over-
molecular coverage affects the kinetic energy distributions. layers is small €0.07.m), allowing the extra charge to dissipate
into the metal substrate. Third, the signal intensity is always
stable and reproducible over the course of the measurements.

The apparatus used to measure energy- and angle-resolveé\”d finally, floqding the surface with Iow-en_ergy electrons does
neutral (EARN) distributions is described in detail elsewlére. not affect the intensity of the measured signal.
Briefly, the measurements were performed in an ultrahigh- The mass spectrum of the ejected particles nonresonantly
vacuum chamber (1.X 1071° Torr base pressure) equipped ionized by the laser is shown in Figure 1. The spectrum exhibits
with low-energy electron diffraction (LEED) and Auger electron prominent peaks atvz 52 (GH4 fragment), 78 (GHe), 108
spectroscopy (AES) for surface characterization. A desorption (Ag), and 216 (Ag). However, the possibilities that other
event was initiated by a 220 ns pulse of 8 keV projectile ions particles were ejected but were either not ionized or were
focused 6 a 3 mmdiameter spot on the surface. Soon after fragmented by the laser cannot be excluded. The mass spectrum
ion impact, an electric field was applied to a grid in front of obtained from multiphoton ionization of gaseougHg also
the sample to prevent the secondary ions ejected from the surfacexhibits peaks atvz 78 and 52, which are nearly identical to
from reaching the laser plane. The ejected neutral species werghose observed in the mass spectrum of the sputtered particles.
detected by nonresonant two-photon ionization using 6 ns laserThe relative contribution of fragments and molecular species
pulses at 266 nm obtained from a frequency-quadrupled Nd: depends on the laser power. At a lower laser power (0.8 mJ/
YAG laser operated at a repetition rate of 30 Hz. The laser pulse) the GH,4 signal is entirely eliminated. This observation
beam was focused to a ribbon shape (1 mni0 mm cross indicates that all the molecules constituting the peakvat52
section) and was positioned approximately 1 cm above the originates from photofragmentation olds. This conclusion
sample. Accurate surface to laser distance measurements were further confirmed by the fact that the TOF distributions of
made using a telescope mounted on a micrometer before eachmeasured @H, and GHg are identical. Regardless of the
experiment. significant sensitivity of the mass spectrum to the laser power,

Experimental Section
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Figure 1. Multiphoton ionization mass spectra using a focused 266

nm laser beam (3 mJ/pulse). The spectrum displays the laser-ionized

neutral molecules ejected after 8 keVAon bombardment (solid line)

and the background obtained in the absence of the ion pulse (dotted

line). The mass spectrum is for 100 langmuirs exposure (uncorrected . .
for ion gauge sensitivity factor of 5.8). velocity, andSis the surface area per molecule. For room-

temperature @Hg at 1 x 108 Torr,n=3.2 x 10 m=3, v =
the TOF distributions do not depend on this parameter for up 71 m/s, andS = 6.5 x 1072® m? (for 3 x 3 GsHe/Ag{111}).
to laser energies of 3 mJ/pulse. The distributions were therefore From the above equatioh= 0.677 s, which corresponds to an
obtained at the higher laser power where a better signal-to-noiseexposure of 0.7 langmuir. After incorporating the ion gauge
ratio could be achieved. For the ejected substrate particles, thesensitivity (5.8 for GHe), the exposure required to form a

Figure 2. Normalized yields of @Hs and Ag as a function of gHs
exposure in langmuirs. The exposures reported here and in Figuges 3
are uncorrected for the ion gauge sensitivity factor of 5.8.

distributions were recorded for Ag As in the case of gHs, monolayer would be 4 langmuirs, which compares reasonably

the Ag TOF distributions do not vary with the degree of with the experimentally obtained value of 6 langmuirs. Based

fragmentation within the investigated laser power range. on these calculations, 800 langmuirs exposure would correspond
to ~130 layers.

Results and Discussion The initial increase in the s signal is expected as the

coverage increases from a submonolayer value to a complete
monolayer. The reason for the decrease in total yield above a
monolayer coverage can be discerned from related observations.
The effective mass of the subsurface species changes from being
Ag at low coverage to being carbon-like at the highest
exposures. In effect, the collision cascade is developed in the
CeHg layers rather than in the Ag crystal. Molecular dynamics
simulations investigating the effect of substrate mass on the
ejection yield have shown that the yield of an organic overlayer
from a lighter carbon substrate is much less than that from a
heavier metal substra#é. The 8 keV primary ions have kinetic
energies that are orders of magnitude larger than the binding
energy of any of the particles constitutingHz molecules. As
a result, the initial interaction of the primary projectile with the
CsHe solid can be described by binary collisions with individual
atoms rather than entire molecules. Using a simple binary
g collision approximation, it is easy to show that the lighter C
atoms are far less effective at redirecting the momentum of the
incident primary ion as compared to silver atoms. Fragmenta-
tion is also an issue for this situatiéh3® With the increase in
yield dependence. As mentioned earlier, at 5 langmuirs surface density of gHg molecules, direct collisions with the

exposure, GHs is known to form an ordered (8 3) overlayer incomi_ng projectiles pecome more probable which lead to
on Ag{ 117} at 120 K220 |t has also been reported that neutral extensive bond breaking. All these effects reduce the overall
and ion yields are largest for monolayer coverage of various Yi€ld Of ejected intact molecules, as observed. _
organic molecules on metal substréiés.Hence, the occurrence The effect of the change in molecular environment is also
of the maximum in the measuredigs signal at 6 langmuirs manifested in the kinetic energies of the ejected particles. The
exposure can be correlated with the formation of a complete TOF d'iterUt'O“S of neutral s molecules obtained after 8
monolayer. This conclusion is further supported by the fol- k&Y Ar' ion bombardment of €He¢/Ag{111} are shown in
lowing estimation. Assuming unit-sticking probability, the time ~ Figures 3 and 4. The distributions have strikingly different

Coverage DependenceTo unravel the various factors that
may contribute to molecular ejection, we chose to examine
ejection yields, kinetic energy, and angular distributions g€
molecules emited from gElg/Ag{ 111} as a function of the §Hs
coverage. In this way, it is possible to systematically alter the
molecular environment of §8lg molecules such that in the
beginning they exist in near isolation on a metal surface, and
eventually they are bound into a multilayer of frozesHe
Under these conditions, it is also possible to examine the role
of the metal substrate, the influence of intermolecular collisions,
and the role of the changing chemical environment in affecting
the ejection of a single type of molecule.

The total yields of ejected ¢Els and Ag molecules as a
function of GHe exposure are shown in Figure 2. The-Ag
signal is largest for the clean surface and decreases with
increasing GHg exposure. The gHg signal on the other hand
initially increases with exposure. It reaches a maximum at
langmuirs and then drops to a constant value-60% of the
maximum intensity for multilayer samples.

An estimate of the gHg coverage can be obtained from this

required for monolayer formation3 shapes depending on thgHg exposure. As shown in Figure
3, at 1 langmuir exposure, only a component at short TOF (peak
t = 4/(nvS) A) is present. At all exposures below 1 langmuir the TOF

distributions are nearly identical, and for exposures above 1
where n is the gas-phase number densityjs the average langmuir the distribution begins to shift to longer TOF (inset,
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Figure 3. Time-of-flight distributions of neutral §4s molecules for Figure 5. Kinetic energy distributions of Agemitted from a clean
low exposures expressed in langmuirs (L). The distributions at extremely surface @) and GHs molecules comprising peak A, at 1 langmuir
low exposures are shown in the inset. exposure 4) and 6 langmuirs exposure®y.

mechanism is inappropriate for these cases. However, as we
will show for higher GHe exposures (800 langmuirs), the fit
temperature is close to 500 K, suggesting that a thermal
mechanism is feasible for that case.

It is interesting to note that the kinetic energy distributions
of C¢Hg at 1 langmuir and Agare quite similar. The §Hs
and Ag molecules eject with kinetic energies that are of the
same order with their peak kinetic energies being 1 and 1.8
eV, respectively. According to our earlier calculations, 1
langmuir exposure corresponds t@®.2 monolayer coverage.
In this coverage regime, the molecules are far apart, and direct
interaction between the ¢8s molecules and the primary
projectile is improbable. The ejection ofslds molecules is
therefore due to collisions between ejecting silver particles and
the overlayer molecules. The ejection of molecules by a
momentum-transfer process should depend on the projectile
mass. We were unable to see angHgsignal after 8 keV H"
ion bombardment. This is because for simple binary collisions
Ar* ions impart 10 times more energy to Ag than dg'kbns.
Figure 3). The successive shift in the peak A position to longer As a result, significant sputtering of silver particles and
TOF continues up to 6 langmuirs exposure. consequently gHg molecules is much less probable with the

As shown in Figure 4, the TOF distribution for layers formed lighter H;* projectiles. The fact that nosfs signal is observed
above 6 langmuirs exposure takes on a very different characterwith Hx* further confirms that a ballistic process is responsible
than that seen below 6 langmuirs. Further increase in exposurefor the ejection of GHg molecules.
after 6 langmuirs does not influence the position of peak A but  Of note is that such a comparison of the ejection el
rather results in an increase in signal intensity at long TOF (peak with Ag, brings additional questions of how dimers form and
B). The intensity of peak A drops, and peak B begins to eject from the surface. Comparison with Ag distributions would
dominate the TOF distribution. At an exposure of 800 lang- undoubtedly have been more reasonable, but it is not possible
muirs only peak B is present. The mass spectrum of the specieddue to experimental limitations. Detection of Ag by nonresonant
ejected at this exposure shows only peaks corresponding to théonization is not appropriate because the Ag signal contains
overlayer molecules. No Ag or Agignal is present, indicating  contributions from fragmenting Ag Detection of Ag would
that at 800 langmuirs exposure the thick overlayer prevents therefore require a two-color resonant ionization scheme which
ejection of any substrate particles. Peak B can therefore becould not be obtained with our laser system. No experimental
associated with the multilayer ice film. At intermediate data on sputtering of single-crystal Ag are presented in the
exposures, both peaks are visible, suggesting that at least twditerature. The only published measurements were performed
different mechanisms are involved in the ejection process. on polycrystalline silve® These measurements show that the
These processes will be discussed separately for the low- andkinetic energy distribution of Agis narrower than that of Ag

Intensity
o
3]

0.0

Time of Flight (us)

Figure 4. Time-of-flight distributions of neutral gHs molecules for
high exposures expressed in langmuirs (L). The high- and low-energy
components are labeled A and B, respectively.

high-coverage regimes.

Low Coverage. The kinetic energy distributions of Agnd
CeHs molecules comprising peak A for low exposures are shown
in Figure 5. When the gHe distributions are fit to the
Maxwell—Boltzmann equation, the resulting effective temper-
ature is close to 11 000 K for 1 langmuir exposure and 5400 K

atoms even though the peaks in the two distributions are
comparable. Also, the yield measurements show that Ag
comprises a small fraction(7%) of all the emitted particles.
Therefore, the collisions of the sputtered Ag atoms will be the
primary channel leading tog8ls ejection. This conclusion is
further supported by molecular dynamics simulation results of

for 6 langmuirs exposure. Since these values are unphysicallyion bombardment of a (X 3) overlayer of GHg on Ag{111}.

high for a molecule such asgBs, we presume that a thermal

The simulations show that the energy distributions of the ejected
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As the exposure is increased above 1 langmuir, the peak
Polar Angle

position in the kinetic energy distribution ofs8¢ molecules
successively decreases from 1 to 0.25 eV at 6 langmuirs. ThisFigure 7. Polar angular distributions of (a) Agand (b) GHs for
direct dependence of the kinetic energy distribution @ildC ~ various GHs exposures. The detection was performed along2hé/]
coverage shows that, above0.2 monolayer coverage, the azimuth.

intermolecular interactions begin to play an important role in

the ejection of molecules. Below0.2 monolayer coverage, present on the clean surface. The surface has ba.S|Ca”y lost its
the molecules are too far apart to interact with each other. {111 character.

Above ~0.2 monolayer the intermolecular collisions become  The GHe polar angle distribution reveals a great deal about
significant enough to lower the kinetic energy of the molecules. the ejection mechanism. At 0.3 langmuir exposure, there is a
These collisions also clearly result in energy transfer to the strong peak at 48which is reminiscent of the underlying Ag

internal modes of the molecules, which further reduces their Substrate. These data imply that th¢dgmolecules are ejected
average kinetic energy. by direct collisions with substrate atoms and even retain some

The kinetic energy distributions of Adgfor various GHs of the directional character associated with the collision cascade
coverage are shown in Figure 6. As the overlayer coveragein the metal. The reasons(s) behind the shift in the peak position
increases, the kinetic energy distributions shift toward lower from 30" on the clean surface to 28n the 0.3 langmuir gHs
energies. It is interesting to note that the molecular overlayer surface are not yet completely clear. A number of factors such
reduces the ejection of higher energy particles more than theas surface corrugation and surface binding energy can, however,
lower energy ones. The loss in kinetic energy of the, Ag influence the detailed shape of the distributions. Finally, note
particles is due to multiple collisions and scattering through the that at 6 langmuirs exposure all the anisotropy associated with

CsHe layer(s) during the ejection process. the crystalline substrate has disappeared, suggesting that there
Further insight into processes leading to ejection gfigat are sufficient collisions with overlayer molecules to randomize

low coverage can be obtained from the angular distributions. the trajectories.

These distributions are shown in Figure 7 for both Agd GHe. High Coverage. The kinetic energy distribution of the

The angular distribution of Agexhibits the same qualitative  ejected @Hs molecules comprising peak B at 800 langmuirs

shape as that found for atoms ejected fiagh 1} surfacess39 exposure is shown in Figure 8. The molecules eject with

In general, this type of distribution has been explained via extremely low kinetic energies close to 0.04 eV. Although, the
channeling and blocking of the ejecting species by other first- data could be fit to a MaxwelBoltzmann distribution using a
layer atoms. For example, the peak at a polar angle di80  temperature parameter of 518 K, this temperature is considerably
thought to arise since there is a preferred takeoff path along different than the surface temperature of 117 K. Moreover, as
three open crystallographic directions. These data are shownshown in Figure 9, the TOF distributions are independent of
for the 2110azimuth, which represents the strongest channeling surface temperature, although we could only test this effect over
direction. The peak at’@r normal emission is thought to arise ~ a limited range (117134 K). These observations show that
in part from second-layer atoms directed upward by structural the GHs molecules do not evaporate from areas that are in
openings in the top layer. These mechanisms have beenthermal equilibrium with the surface but are emitted with thermal
confirmed for a variety of metals including Rh11}38 and Au- energies that are higher than the macroscopic surface temper-
{111} .3° The above explanation will continue to hold for Ag- ature. Local heating of the molecular solid, therefore, must
{111} since ejection from metal single crystals is mainly stimulate emission of the weakly boun@Hg molecules.
dependent upon the crystal structure. Numerous phenomena might be responsible for such a
The behavior of the Agpolar angle distributions changes behavior. The most obvious process is primary beam-induced
markedly with GHe coverage. At 0.3 langmuir exposure the evaporation. During ion bombardment a large fraction of the
peak at 30 has lower intensity, and at 6 langmuirs it is deposited energy goes to heat the sarfihlEor high ion beam
completely suppressed. This is because the ejecting metalfluxes in nonconducting solids, this energy is not effectively
species no longer view the channeling and blocking pathways dissipated which leads to an increase in the surface temperature
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o 800L T=117K that no GHs signal is observed with 5 shows at least that
electronic excitation/ionization is directly not responsible for
the low-energy emission.

The possibility that there are exothermic reactions of frag-
ments formed by ballistic collisions, however, cannot be
excluded. Ballistic fragmentation is much more probable for
Art ions than it is for H* projectiles. The fragmentation of
CeHs molecules near the primary ion impact zone yields highly
reactive species such as &sHs*, and other ionic and molecular
fragments’®>43 These species may then react to form stable
molecules. Possible scenarios are shown béfow.
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Figure 8. Kinetic energy distribution of @ds at 800 langmuirs . . - _
exposure comprising peak BJ. The solid line indicates a Maxwell H+H H, AHp, 4.52eV

Boltzmann distribution with a fit temperature of 518 K. .
It has indeed been reported by Lancaster et al. that the

secondary ion mass spectrum of frozefgexhibits numerous

o BZE peaks of clusters containing more than six C atétnglso,
121K Zhou et al. have reported that phenykkz") and hydrogen (B

— - 17K radicals formed after interaction of high-dose, low-energy

electrons with @Hs/Ag{111} react to form biphenyl (§H1q)

and hydrogen moleculé8. Kinetic studies of these reactions

show that they occur in the femtosecond time séal&ince

these reactions are highly exothermic, they could cause the

formation of a region of higher temperature. This would lead

to the low-energy emission ofgllg molecules.

Finally, a momentum-transfer process can be responsible for
the observed low-energy emission ofHg molecules from
multilayer samples. After primary ion impact a collision cascade
o 10 20 30 40 50 60 70 dev_el_ops in the molecular solid which involves multlple

) i collisions between the molecules and fragments. This would

Time of Flight (us) lead to vibrational and rotational excitations gfHg molecules.
Figure 9. The time-of-flight distribution of GHs at 800 langmuirs It is possible that the energy transferred to the internal modes
exposure for different surface temperatures. of the molecules also leads to local heating of the surface. The

and enhanced surface Idd4s We exclude such a possibility, emission of molecules with thermal energies higher than the

since our measurements were made at low ion dose where eacH1acroScopic surface temperature can therefore be due to local
impact can be treated as a separate event. Moreover, if beanheatl_ng cause_,d t_)y exothermic reactions and/or vibrational and
heating occurs, one should expect the shape of the kinetic energyfotational excitation of the &4 molecules and fragments after
distribution to depend on the ion flux. No such dependence '°" bombardment.
was observed in our measurements which show that the shapeConclusion
of the distribution does not depend on the ion pulse width{220
440 ns) or on the ion current {84 uA dc current). We have examined the kinetic energy, angular distributions,
Emission of molecules with low kinetic energies similar to and relative yield of neutral ¢l molecules ejected from
those measured in our case have been observed in high doseubmonolayer to multilayer coverages aHg on Ag{ 111} by
electron, H*, He', and Ar" stimulated desorption experiments energetic ion bombardment. The results present a complex
on frozen methane (Cj gases’#? In these studies it was  mechanistic picture suggesting that more than one mechanism
suggested that inelastic collisions lead to electronic excitation, is responsible for the ejection process, depending upon the
ionization, or formation of radicals which subsequently react chemical and physical properties of thgHg overlayer. At low
to form different species. These exothermic reactions could coverage, the data show thagHg molecules are being ejected
cause the formation of a region of higher temperature, and theas a consequence of collisions with substrate particles. At
species would emit with a near-Maxwellian distribution with intermediate coverage, the substrate particles continue to play
fit temperatures higher than the surface temperature. In thea significant role in the ejection, but the energy distributions
present case, a similar process could be used to explain the low-are influenced by intermolecular collisions between molecules.
energy emission and MaxwelBoltzmann fit at temperatures  And finally, at the highest coverage representing a multilayer
higher than the surface temperature. Lighter projectiles shouldfilm, the behavior has more of a thermal nature. The thermal
also induce emission of molecules by such processes. We wereemission is proposed to occur due to exothermic chemical
unable to detect any s signal using 8 keV K ion reaction of fragments formed in a molecular collision cascade
bombardment. Although ballistic ejection stimulated by™H  of C¢Hg molecules. It is also possible that local heating occurs
projectiles is much less probable as compared toiéns, the due to vibrational and rotational excitations of the molecules
H,™ lighter projectiles are more efficient in depositing energy during the molecular collision cascade leading to thermal
into the electronic system of the bombarded solid. The fact emission.
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Itis interesting that these results are quite different from those

Chatterjee et al.

(16) Kelly, R.Nucl. Instrum. Methods Phys. Rd99Q B46,441.

obtained for other molecules we have examined that have been (17) Pedrys, R.; Oostra, D. J.; Haring, R. A.; Calcagno, L.; Haring, A.;

adsorbed on metal surfaces. For phenethanethiol on gold, for

example, we found that while a minor ejection occurs due to
collisions from the Au atoms, most molecules desorb with
thermal kinetic energies. The velocity distributions follow
Maxwellian behavior with a temperature that closely track the
substrate temperatufé. For solid organic materials such as
tryptophan though most molecules eject due to a ballistic
process, emission of molecules for long times after ion impact
is observed?® These data suggest that long-lived excited states
may be involved in the desorption event. At this stage, then,
the events that occur due to high-energy collisions cover a wide
range of chemical and physical phenomena. It will be of future

de Vries, A. E.Nucl. Instrum. Methods Phys. R€€986 B17, 15.

(18) Haring, R. A.; Pedrys, R.; Oostra, D. J.; Haring, A.; de Vries, A.
E. Nucl. Instrum. Methods Phys. R€984 B5, 476.

(19) Thompson, M. WPhilos. Mag.1968 18, 377.

(20) Menzel, D.Nucl. Instrum. Methods Phys. R4€995 B101 1 and
references therein.

(21) Pedrys, R.; Haring, R. A.; Haring, A.; Saris, F. W.; de Vries, A. E.
Phys. Lett.1981 82A 371.

(22) Pedrys, R.; Haring, R. A.; Haring, A.; deVries, A.Mucl. Instrum.
Methods Phys. Re4984 B2, 573.

(23) Chatterjee, R.; Postawa, Z.; Garrison, B. J.; Winograd, N., to be
published.

(24) Sigmund, PPhys. Re. 1969 184, 383.

(25) De Vries, A. ENucl. Instrum. Methods Phys. R4987 B27,173
and references therein.

interest to see whether these phenomena can be categorized such (26) Netzer, F. PLangmuir1991, 7, 2544.

that a generalized predictive formula may be utilized to decide
how a particular molecule will behave. To achieve this end,
we will need better molecular dynamics simulations to sort out
the role of collisional processes, and we will need more
experimental data on well-defined molecular systems with varied
chemical properties.
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