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Resonance enhanced laser photoionization schemes are employed to hizadlzcules and Ag atoms
desorbed from AfL11} by 8 keV Art ion bombardment. These schemes allow for probing ground state and
internally excited species. Time-of-flight mass spectrometry is utilized to detect the postionized atoms and
molecules desorbed in a neutral charge state and for determining their kinetic energy distributions from time-
of-flight measurements. We find that internally excited species must originate from near the surface/vacuum
interface. The species detected in the ground state may originate from deeper in the sample matrix, as well
as from the surface.

Introduction behaviorl®1213These models are generally dependent upon the
details of the fine structure states of the metal atoms, and may
involve resonance energy transfer processes. A particularly
interesting case involves the emission of the excité84dDs/,
state of silver which lies 3.75 eV above the ground electronic
state!l1* The population of this state is unusually large and

Desorption induced by energetic particle bombardment is an
important phenomenon associated with the characterization an
modification of molecular surfacés® The details of the
desorption process are quite complex, and a robust theory

explaining the fundamental energy transfer processes Ieadingthe Kinetic energy (KE) of the emitted species is lower than

to the emission of intact molecules is still under developrent. those found for the around state. A formation mechanism that
Computer simulations suggest that, for organic layers on metal . 9 :

surfaces, intact organic molecules are emitted predominatelymvc’lves neutralization of an ‘?XC"e“ Agion cor;té%l?d hole
by ejecting metal atoms via a cooperative uplifting mechahism has been propgsed tq explain these observa ) ]
via ballistic collisions. This scheme allows for simultaneous low ~ SPectroscopic studies of molecules desorbed from organic
energy collisions to desorb the molecule without breaking Monolayers have also emerged in the last several y&afsn
intramolecular bonds. These simulations also show a correlationoUr lab, we have focused on benzeneH§) adsorbed on
between the internal energy and the translational energy of theA9{111} as a model system. It is a particularly appropriate
ejecting moleculé. system since the adsorption ok on Ag is reversi_ble with
Since collisions between subsurface and surface species lead@mperature and i does not form strong bonds with the Ag
directly or indirectly to molecular desorption, it is essential to Surfacet”t Using muiltiphoton resonance ionization, it is
elucidate energy transfer processes that occur as the incidenPOSsible to monitor the ground vibrational level ofG as well
ion energy is transformed into a cascade of moving particies. ~ as vibrationally excited levels ¢€i¢*) by appropriately tuning
The nature of these collisions involves direct energy transfer the wavelength of the ionizing laser.
between atoms and includes the exchange of internal energy The main conclusion from these previous experiments is that
associated with ground and excited states of metal substratethe desorption mechanism is strongly dependent upon the
atoms and vibrationally excited states of molecular species. coverage of GHs on the Ag surfacé’ In the low coverage
During the last several years, laser techniques have beerregime, cooperative ballistic collisions between the adsorbed
developed to monitor the translational energy and internal energymolecules and Ag atoms lead to molecular desorption. Internally
of excited species, providing much more detailed information excited molecules desorb with more average KE than the
than previously possible. For metal targets, metastable excitedground-state molecules, a result supported by molecular dynam-
states have been observed with unusually high inteAsiyA ics computer simulatiorfsin the multilayer-adsorption regime,
number of models have been put forth to explain their excited state molecules eject with less KE than ground-state
molecules. This unusual trend could be explained if excited state
* To whom correspondence may be addressed. E-mail: nxw@psu.edu. molecules emitted from the subsurface environment are ef-
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fectively quenched to the ground state via collisions with nearby (a)
molecules® In this scenario, the KE distribution of ground-

state molecules would consist of those molecules emitted via a
cooperative ballistic mechanism (fast particles) as well as those
emitted due to the presence of a molecular collision cascade or
perhaps even thermal processes (slower particles). Only the
slower particles would contribute to the KE distribution of
excited states since those initiated by the ballistic mechanism

are lost by quenching.

Because of the presence of metastable spectroscopic states
for both ground and excited levels of Ag angHg, it is possible
to follow energy flow for a variety of experimental configura-
tions during the desorption process with unprecedented detail.
Since there are indications that the molecular environment of
the desorbing species affects the basic emission mechanisms,
it is useful to think about experiments where the original
molecular location may be more precisely identified. In this .
work, we present a series of experiments aimed toward proving Ag Ag
that internally excited molecules primarily originate near the
surface/vacuum interface, whereas ground-state species originate
from deeper within the matrix as well as from the surface region.

The experiments begin by acquiring energy and angle b)
resolved distributions of ground and electronically excited-state o
Ag atoms. The results of these studies are important since they 74530 cml A [onization
do not support the notion that excited states are formed via 259.01 nm Potential
neutralization of the d-hole of an excited Ag ion. The influence 266,82 nra._,
of a molecular overlayer on the emission of atomic species is 023 cm! —_— V1. 3y
studied by probing Ag atoms desorbed as th¢ d} surface 523 ol V. B
is buried beneath various exposures a¢HgE These results
clearly show that the intensity of the excited state is preferen- 38086.1 co! F Ba,
tially reduced by collisions with overlayer molecules.

To study molecular desorption, a monolayer @Hgis first %6
physisorbed to the Adl11} surface. To determine the relation 25901 nm
between the origin of excited molecules and their resulting
intensity, the @Hg layer is systematically covered by depositing "
a film of seebutyl alcohol (sBA) molecules on top of a layer 608 cm? Vg, B
of C¢Hs molecules. The presence of this inert overlayer allows 0 cm? - Al
changes in internal energy, translational energy and yield to be 6, 5“1
examined in detail. Results of these experiments clearly show CeHs CeHg™
that the presence of the overlayer preferentially reduces the
intensity of excited molecules relative to ground-state molecules. Figure 1. Simplified energy level diagrams and ionization pathways
Finally, we show that the intensity of the excitegHg molecules for (a) Ag atoms and (b) &1s molecules. The scheme for probing Ag
is restored to nearly their original KE distribution and intensity atoms in the atomic ground state is indicated by “Ag”. The scheme for
by depositing a layer of §Hs on top of the sBA layer. Together, E)rob‘i’ng Ag atoms in a highly excited metastable state is indicated by
these experiments provide convincing evidence that excited 9" - The scheme for probing gH, molecules in the ground state is

. . indicated by “GHs". The scheme for probing ¢l molecules in a
mi)lefcules are ejected preferentially from the surface/vacuumVibr‘,ﬁtiomlIIy excited state is indicated by 462"
interface.
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Experimental Section Photoionized particles are mass selectively detected on a
gated, position sensitive microchannel plate detector. The signal
amplitude of the particles emitted #20° of the surface normal

is recorded as a function of the time delay between theidm
impact and the laser postionization event in order to generate
time-of-flight (TOF) distributions of the neutral molecules.
Energy and angle resolved distributions are obtained for the
Ag atoms by measuring the mass-selected signal amplitude as

is accelerated to 8 keV and is focuseda 3 mmspot on the a functﬁon .of position on .the.MCP and of time delay between
sample surface. The total Aion dose is restricted to-10t the ionization _eve_nt and ion impact. The ion beam |rr_1pacts the
Ar+ ions/cn® in order to minimize the accumulation of surface  Surface at an incidence angle of°4®r the TOF experiments
damage. The desorbed neutral species are postionized with #robing GHs molecules and Dfor the energy and angle
laser beam that is focused to a ribbon (1 mml0 mm cross  resolved (EARN) experiments probing the Ag atoms.

section) parallel to and about 1 cm in front of the sample plane. A simplified energy level diagram of Ag atoms, along with
Laser pulses are produced by frequency doubling the output ofthe ionization pathways, is illustrated in Figure 1a. A two-color
a Nd:YAG-pumped tunable dye laser. The laser pulses aretwo-photon and a one-photon one-color ionization scheme are
characterized by 1 mJ of energy per 6 ns pulse. employed for photoionizatiof? The 4d%s 2S,/, ground-state

The experiments are conducted in an ultrahigh vacuum
chamber (base pressurel x 10719 Torr) equipped with low
energy electron diffraction (LEED) and laser postionization
time-of-flight mass spectrometry. Although the details of the
apparatus can be found elsewh&en brief discussion is
presented here. The sample is bombarded with 200 ns pulse
of Art ions from a modulated 16A continuous ion beam that
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Figure 2. Sample construction schemes for probing (a) Ag atoms and 43 @olecules. The various colors of the substrate atoms allow the
layers to be easily distinguished.

atoms (labeled Ag) are first excited into the %&p 2Ps, nsea = 39). Because the vapor pressure of sBA is lower than
intermediate state by the absorption of a photon having a that of GHe,2® which forms a stable target system in a vacuum,
wavelength of 328.2 nm and subsequently nonresonantly ionizedsBA will also form a stable target system and not rapidly
by a second photon having a wavelength of 272.4 nm. Laservaporize. It has been reported thrabutanol reversibly phys-
pulses from two different lasers are simultaneously overlappedisorbs to Ag11G, and the alcohol molecules in a monolayer
in both time and space in order to accomplish the two-photon lie parallel to the A§110 surface?® Therefore, the sBA
two-color photoionization. The metastable atoms (Ag*) in the molecules should not form strong bonds with the{ At}
4d°5¢8 2Dg), state are efficiently ionized by pumping them into  surface via chemisorption, especially not via a dissociative
the 4d5s5p 2Dsj, autoionizing state using only one photon chemisorption pathway that would significantly alter the
having a wavelength of 272.2 nm. Photoionization is not simplicity of the chemical system. Additionally, the sBA
saturated for either Ag or Ag*, so it is not possible to compare molecules are fairly transparent in the UV region employed to
absolute intensities of these two species. ionize GHs. The ionization potential of SBA is near 10 &Y,
lonization schemes for probingsBs molecules are depicted — and nonresonant ionization of sBA by the wavelengths employed
in a simplified energy level diagram ofB8s illustrated in Figure for the ionization of GHg would require a three-photon process.
1b. Neutral GHe molecules desorbed in the first vibrationally ~ This event is very unlikely because the magnitude of the cross
excited state of thevy mode, lying ~0.1 eV above the section for a three-photon ionization process is approximately
molecular ground staf$,are ionized with 266.8 nm radiation. 1078 cm® &, compared to 10 cm s for a two-photon
Benzene molecules desorbed in the molecular ground state argrocess?
probed with 259.0 nm radiation. The general progression of sample construction for probing
The Ag single crystal is sputter cleaned with a defocused Ag atoms and gHs molecules is illustrated in Figure 2, parts a
Ar+ ion beam for several cycles-(5uA, 8 keV, 5 min/cycle) and b, respectively. A clean Ag substrate cooled to about 120
and annealed at 730 K prior to the experiments. Thds@nd K is utilized in the first phase of the experiments. After mass,
sBA samples are treated by several freegemp-thaw cycles energy, and angle distributions are obtained from a clean Ag
in order to remove gaseous impurities prior to dosing into the sample, GHg is dosed on the Ag surface. The amount dosed is
chamber. Two separate dosing manifolds equipped with separate/aried during the course of the complete set of experiments.
leak valves are used to avoid the possibility of vapor contamina- Then, relevant spectra of the atoms are obtained again. Probing
tion in the source manifolds. The vapors are dosed by a CeHs molecules in various chemical environments requires a
controlled leak into the vacuum chamber to a specific pressure more elaborate scheme. After the Ag crystal is exposed to a 7
(which is uncorrected for the ion gauge sensitivity) for a specific langmuir dose of gHg, mass spectra and quantum state resolved
time period after the Ag crystal has been cooled to about 120 CsHe TOF distributions are obtained for reference. Next, the
K. The vapor doses or exposures are reported in langmuir unitssample is dosed with sBA, and mass spectra agtds TOF
(1 langmuir= 1 x 1076 Torr-s). distributions are obtained again. Finally, an additional 7 langmuir
Several factors have been considered in the selection of sBABXPosure of €Hg is dosed onto this construct, and identical
for these experiments. Since sBA (74.12 g/mol) has a lower Measurements are performed.
molecular mass thane8e (78.11 g/mol), no isobaric interfer-
ences with @He can result if SBA undergoes photofragmenta-
tion. The similar masses of the sBA andHg are important The EARN distributions of Ag atoms emitted in the ground
for momentum transfer issues. The capacity of internal energy state and in the excited state are shown in Figure 3, parts a and
storage should be comparable fogHg and sBA, since they  c, respectively. The intensity of the Ag atoms peaks in the off-
have a similar number of vibrational modeg{, = 30 and normal direction due to channeling and blocking by other first

Results and Discussion
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Figure 3. Energy and angle resolved distributions of Ag atoms. Distributions for the ground-state atoms are represented in panels a and b. Distributions
for the metastable atoms are represented in panels ¢ and d. Distributions from a clean, cold Ag(111) surface are in panels a and c. Distributions
from an Ag(111) surface exposed to 7 langmuir @Hgare in panels b and d.
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layer atoms. This effect will be discussed in more detail later

in this section. In general, these results support those of Berthold
and Wucher232%who showed that the KE distribution of Ag*
exhibits a narrower distribution than that of Ag. Preliminary
measurements suggested a weak dependence of the ratio of the
Ag* intensity to the Ag intensity on emission angle. These
workers also showed that approximately 6% of the total flux

a)

Normalized signal
o
(4]

of sputtered atoms is populated by Ag* ejected in the metastable N

458 2Ds), state with an excitation energy of 3.75 eV above 0.0 | =S - ; y

the ground state. The results were partly explained as arising 061 b)

from the resonant neutralization of sputtered secondary ions 0

containing a d-hole. Although this model is consistent with the S 04l

observed KE distributions, it is in disagreement with the polar 2

angle dependence. Subsequent models have suggested that Ag* =

is formed directly by collisions in the sol#:® Computer 802r

simulations for this scheme show a narrowing of the KE &

distribution of Ag*, anomalously high intensities, and a weak 00k

dependence on polar andfe. ! ! ! : :
0 5 10 15 20 25

The population of the excited state relative to the ground state,
P*, is defined as the Ag*£4d°5< ?Ds),) signal divided by the
Ag signal. Th‘? de_pendence of P* on _the K_E ar_1d on the polar Figure 4. Angle-integrated KE distributions for Arbombarded
angle of the ejecting Ag atoms is depicted in Figures 4 and 5, clean Ag(111) of (a) metastable state (dotted line) and ground-state
respectively. In accordance with the neutralization model Ag atoms (solid line) and (b) the excitation probability, as defined in
described previously, P* decreases as a function of KE and the text.

Energy (eV)
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Figure 5. Energy-integrated polar angle distributions for*Asom- Figure 7. Time-of-flight distributions for sputtered ¢8s molecules

barded clean Ag(111) of () metastable state (dotted line) and ground-, ried beneath varying exposures of SBA. The top panel (a) represents

state Ag atoms (solid line) and (b) the excitation probability, as defined gjistributions of molecules detected in a vibrationally excited state. Panel

in the text. b represents distributions of molecules detected in molecular ground
state.

J —— Ag"
! possibility of quenching implies that both the KE and the polar
angle distribution of ground-state atoms contain a contribution
from Ag* atoms that have been deexcited to ground-state Ag
atoms.

The preferential ejection of Ag atoms in the off-normal
direction as observed in the polar angle distributions is explained
via channeling and blocking of the departing atoms by other
first-layer atoms?9 Since the Ag* distribution is largely depleted
0 20 40 60 80 100 of atoms ejected off-normally, it can be argued that these atoms
did not survive a collision with a §1s molecule upon departure.
Particles traveling in an off-normal direction will have a higher
probability of encountering and colliding with ads molecule
than particles that are emitted in a direction normal to the
exhibits a weak dependence on polar angle. Although a detailedSurface. At higher exposures the shift of both Ag and Ag*
interpretation of these data is beyond the scope of this work, distributions to a pronounced ejection in the normal direction
the results certainly support the most recent descriptions of theiS indicative that enough collisions with adsorbate molecules
excited state formation mechanisAd315 occur to randomize the trajectories of the ejected particles.

The next phase of these experiments is to expose the clean An additional aspect to consider to explain the distinct features
Ag{111} surface to varying amounts ofs8s and to monitor of the Ag* desorption characteristics is the size of Ag* vs the
the changes in the internal state distribution of both Ag and size of Ag. In general, an atom (electron cloud) expands as its
CeHs. As noted earlier, the EARN distributions for Ag and Ag* ~ energy increase8. The Ag* is larger than Ag due to the
desorbed from a clean crystal prior to dosingHgare shown promotion of an electron into a more distant orbital, resulting
in Figure 3, parts a and c, respectively. The resulting EARN in a larger collision cross section. As a result, Ag* will more
distributions for Ag and Ag* aftea 7 langmuir exposure of  likely be blocked by GHs molecules than Ag would be. A larger
CsHs are shown in Figure 3, parts b and d, respectively. Both cross section coupled with the potential for collisional deexci-
the Ag and Ag* polar angle distributions from a clean single tation suggests that the total yield of Ag* will diminish more
crystal show a preferential ejection at a polar angle of about rapidly than the Ag yield as a function 068 exposure, which
35°. As the coverage of the (B increases, the distribution is clearly illustrated in Figure 6a.
broadens and shifts toward normal emission angles. However, Deposition of an organic overlayer on top of thgHg film
the shifting and broadening is more pronounced for Ag*. causes a suppression of the yield of ejectei{dOnolecules

A decrease in yield is observed for all ejected Ag species as and reduces their internal energy. Time-of-flight distributions
CsHg molecules are dosed onto the surface as illustrated in of neutral GHg molecules desorbed in a vibrationally excited
Figure 6. Note that the yield of Ag* is reduced more rapidly state (GHs*) and in the molecular ground state ds) are
than Ag, presumably because collisional quenching is among shown in Figure 7, parts a and b, respectively. In both cases,
the possible deexcitation mechanisms for these atoms. Thetraces labeled O langmuir sBA are the peak normalized reference
possibility of collisional quenching implies that a portion of distributions of GHg sputtered from a sample prepared by a 7
the detected ground-state atoms leave the surface in thelangmuir exposure to Ag(111). Traces for the 0 and 20 langmuir
metastable state but relax prior to detection. Therefore, the SBA exposures are peak normalized for easy comparison. The

Relative Yield (arbitrary units)

Benzene Exposure (L)

Figure 6. Relative yield of Ag atoms desorbed in the ground state
and in the metastable state as a functiorCgHfls exposure.
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relative to the 20 langmuir sBA so that relative intensities can
be compared. The peak intensity for the 20 langmuir sBA case
is reduced by a factor of 5, relative to the O langmuir situation.
For both GHg* and GHe, the TOF distributions shift toward
higher times and broaden as the overlayer becomes thicker. The
shifting and broadening indicate the KE distributions of the
desorbed @Hg species shift toward lower KE values. Such
behavior is expected sinceslds must collide with overlayer
molecules for ejection to occur. In addition to changes in the
distribution shape, significant changes to the yields of tktésC
species are illustrated in Figure 7. It is especially interesting to
note that ejection of excited state molecules is effectively
guenched by the sBA overlayer, while a small ground-stalt&;C
signal is still observable even after 40 langmuir of SBA exposure.
Hence, it is clear that §Hg molecules are undergoing direct
collisions with sBA overlayer molecules which reduce the
probability of GHs emission, reduce the translational energy 510152025303540 2 4 6 & 10 12
through direct energy transfer processes during collisions, and Time (us) Time (us)
selectively reduce the probability of vibrational excitation Figure 8. Time-of-flight distributions of GHs molecules and Ag atoms
through collisional quenching. buried beneath various exposures of organic molecules. &hiz C
Another factor contributing to the reducedHg yield is the molecules (a, b) are buried beneath sBA molecules. The Ag atoms (c,

" L d) are buried beneathsBs molecules. Distributions of species detected
reduced probability of collisions betweert molecules and in an excited state are represented in the top panels (a and c).

Ag atoms. As the sBA layer becomes thicker, it more efficiently pisyributions of species detected in the ground state are represented in

absorbs energy associated with the incidentiéns, reducing  the bottom panels (b and d).

the excitation of substrate Ag atoms. In the energy ranges

involved with these studies, there is a general trend that the  Another part of the puzzle of molecular emission is how

sputter yield increases with increasing primary ion enéfgy. molecules are desorbed from the surface of a thick organic (or

Fewer dislocated silver species will necessarily generate amolecular) system. In prior experiments, the system progres-

smaller number of collisions with g€l molecules that lead to  sjvely becomes more organic in nature by increasing thé;C

the energetic emission of ¢8s. As a result, the energy  exposuré’-33 Several mechanisms responsible for desorbing

distribution of the GHe molecules is depleted of higher KE  slow molecules from the thicker (8 layers are proposed.

molecules (i.e., the KE distribution will shift toward lower  Collisions between the molecules and the primary ion, mobile

values). fragments, and/or dislocated Ag atoms are suspected of devel-
The sBA molecules serve a dual role in the overall process oping a molecular collision cascade leading to the emission of

of the emission of gHs molecules buried beneath the sBA slow molecules from the surfadeA thermal mechanism as a

matrix. By way of reducing the Arion energy before it reaches  result of exothermic reactions has also been suggéStat.

the GHg/Ag interface, the sBA molecules reduce the number these mechanisms generate the emission of slow molecules.

Excited State (arb. units)

Ground State (arb. units)

of CeHg molecules initially set into motion via ballistic collisions To prove that analyte molecules, especially those that are
with substrate species. Then a portion of th¢i€molecules  internally excited, are desorbed from the very top layer of a

set into motion by ballistic collisions near the Ag surface are thick organic surface where ballistic collisions between substrate
blocked by the sBA overlayer. atoms and analyte molecules are largely absent (especially in

A CgHg overlayer on Ag(111) affects the emission of the the very thick exposures of sBA), an additional 7 langmuir
desorbed Ag monomers in much the same way sBA affects exposure of gHg is administered to the sBA layers. The TOF
desorbed @Hs molecules. There is a strong similarity to the distributions for GHg* and GsHg desorbed from the surface of
trends observed for thegHs molecules and the trends of Ag a variety of SBA exposures are shown in Figure 9, parts a and
monomers desorbed in the atomic ground state (AY548S;,,) b, respectively. Again, similar trends are observed in both cases.
and in a highly excited metastable state (Ag*?3d 2Ds/;) as As the exposure is increased, the TOF distributions shift toward
the Ag surface is buried deeper under increasingly thicker cap higher times, and the yields decline as the sBA exposure is
of CgHg molecules. The TOF distributions of Ag and of Ag* increased. For exposures around 30 or 40 langmuir of sBiAs C
for a variety of GHg exposures are shown in Figure 8, parts ¢ and GHe¢* yields decline appreciably from those obtained from
and d. The TOF distributions of 8l and of GHg* buried a 20 langmuir sBA exposure. The TOF distributions, especially
beneath a variety of SBA exposures are shown in Figure 8, partsthose from the gHg*, are significantly depleted of high KE
a and b for comparison to Ag and Ag*. The TOF distributions particles (i.e., particles with flight times below12 us). This
of both Ag and Ag* shift toward higher times and broaden as result is not unexpected since it is in this exposure regime that
the GHg exposure is increased. Also, the Ag and Ag* yields the yield of Ag substrate species is approximately the same as
decrease with increasingelds exposure. Another similarity  the substrate yields when the organic matrix is comprised of a
between the gHg and the Ag distributions is that in both cases 150 langmuir exposure of puresids (Figure 6b). This relation
the influence of the overlayer appears to affect the emission of suggests that SBA is more opaque thahl§&on a per Langmuir
the excited species more than the ground-state species. Collisionbasis. In the case of a 150 langmuir exposure of puitsCa
between the Ag atoms and the molecules of thel{dayer slight shift in the GHg KE distribution is observed, whereas a
reduce the atom yields and deplete the atoms of KE. Collisional dramatic change in theg8g* energy distribution is seen. A
deexcitation, as well as size effects, lead to a more efficient similar observation is seen in the 380 langmuir sBA
yield reduction of Ag*. exposure.
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molecules desorbed from a system comprised of only a 7
langmuir GHe exposure on Ag(111) (marked as 0 langmuir of
exposure with sBA) are shown for the sake of comparison. It is
evident that the gHg* emission is extremely sensitive to the
nature of the system. As the sBA gets thicker, the high KE
CeHe* emissions from the gHe¢/Ag interface are quenched
rapidly. (This is seen by the decay of the TOF distribution
amplitude in the low time< 10 us, portion of the plot.) As the
ballistic component of the ¢Elg* emission is quenched, only
slow molecules from the surface/vacuum interface can account
for the GHe* signal. On the other hand, 8¢ emissions are
--—- 3L less affected by the presence of the sBA overlayer and the
ballistic component resulting from collisions between substrate
atoms and @Hg molecules is still visible in the ground-state
emissions for sBA exposures up to 40 langmuir. The TOF
distributions for GHg and GHg* are virtually identical after
60 langmuir sBA exposure. This result clearly demonstrates that
a common, low KE mechanism, such as localized heating or a
molecular collision cascade, is responsible for the desorption
of both GHg and GHg* from very thick organic samples. This
—— — new mechanism does not involve contributions from ballistic
5 10 15 20 26 30 35 40 processes taking place near the organic/Ag interface. It should
Time (us) be noted that, in the case of a purgHg matrix, the exposure
Figure 9. Time-of-flight distributions of GHg molecules desorbed from  of CgHg would need to be significantly greater than 150 langmuir
a layer of sBA molecules. Distributions ofgids molecules desorbed  for this situation to arise.
in a vibrationally excited state are represented in panel a. Distributions
of benzene _molecules desorbed i_n the molecular_ ground state are-onclusions
represented in panel b. TheH layer is created by dosgya 7 langmuir

exposure of ¢He molecules on top of the sBA layers created by varying  |n this work, we have probed the internal energy distribution
exposures of the sBA molecules. of atoms and molecules desorbed from ion bombarded surfaces.
The results show that it is possible to acquire high quality data
for excited states of Ag atoms and for vibrationally exciteti§g
molecules. For the case of Ag, the excited atoms exhibit a
narrower KE distribution than the ground-state atoms, anoma-
lously high intensities, and the excitation probability exhibits a
weak dependence of yield on polar angle of ejection. The results
are shown to be consistent with recent models that suggest that
Ag* is formed directly by collisions in the solid, rather than by

a resonant electron tunneling model.

With respect to molecular desorption, we concentrate on the
behavior of molecular overlayers covered with an inert molec-
ular buffer layer to monitor the relevant energy transfer
processes. We find that this buffer layer acts as an energy sink
with respect to species that are desorbed from a location between
the buffer layer and the bulk of the sample. Collisions between
the desorbing species and the buffer species result in molecules
or atoms with lower average KE and lower internal energy being
4 propagated into the vacuum. Moreover, these collisions tend to
1 suppress the yield of the species buried beneath the buffer layer.

CgHg* Signal (arbitrary units)

rr.‘._._".n-rm.-;.--.a..._. -

CgHg Signal (arbitrary units)

e

-
1

CgHg™* Signal (arbitrary units)

CgHg Signal (arbitrary units)

5 10 15 20 25 30 35 40 Additionally, emission of species that do make it into the

Time (us) vacuum is observed preferentially in the normal direction. This

Figure 10. Peak normalized TOF distributions ofs@s molecules distribution is observed even if the species of interest originates
desorbed from a layer of sBA molecules. Distributions oHE in a single crystal, which typically has pronounced off-normal

molecules desorbed in a vibrationally excited state are represented inemissions.
panel a. Distributions of s molecules desorbed in the molecular The presence of the buffer layer acts to suppress the yield of
ground state are represented in panel b. ThidsCayer is created by jyiernally excited species. Only the molecules located near the

dosirg a 7 langmuir exposure ofgHs molecules on top of the sBA - N
layers created by varying exposures of the sSBA molecules. These plotssurface/vacuum interface have a good chance of entering into

exemplify how the time distributions shift as the molecular overlayer the vacuum in an internally excited state. This is not the case

becomes thick due to increased exposure of molecules. for molecules or atoms in the ground state, however. These can
initially be located deeper in the bulk of the sample. Of course,
The peak normalized TOF distributions ofHE* and GHg some portion of the species detected in the ground state may

from a system where thesBs molecules are near the vacuum have started out in an excited state but were relaxed into the
interface are shown in Figure 10. The peak normalized distribu- ground state after collisions with the buffer layer molecules.

tions better illustrate the dramatic shift and broadening as the This regional or spatial sensitivity could become the basis
sBA exposure is increased. The TOF distributions gHE for learning something about the location of an analyte molecule



lon Bombarded Organic Thin Films J. Phys. Chem. B, Vol. 108, No. 40, 20045693
when it is in the surface region. Our study shows that there is  (8) Krantzman, K. D.; Postawa, Z.; Garrison, B. J.; Winograd, N.;
a direct link between the original location of the analyte and %‘gi“'l;d Jlgg'j?'é';o”' J. Alucl. Instrum. Methods Phys. Res., Sect. B
KE distribution, as well the internal energy distribution. The (9) Harrison, D. ECRC Crit. Re. Solid State Mater. Scl.98§ 14,
distinct aspect of this observation is that the depth information s1-s78.

could be acquired while still in the static sputtering regime, and ~ (10) Wucher, A.; Sroubek, Z2hys. Re. B 1997 55 (2), 780-786.

; : : P (11) Garrison, B. J.; Winograd, N.; Chatterjee, R.; Postawa, Z.; Wucher,
without disrupting the surface structure. In addition, our data A.; Vandeweert, E.: Lievens, P. Philipsen, V.. Silverans, RRapid

show that by examining the internally excited species, sensitivity commun. Mass Spectrot998 12 (18), 1266-1272.
is gained toward analyzing only the species residing near the (12) Staudt, C.; Wucher, A.; Bastiaansen, J.; Philipsen, V.; Vandeweert,

surface/vacuum interface. Thus, laser probing based on resonarfe:; Lievens, P.; Silverans, R. E.; Sroubek,Rhys. Re. B 2002 66 (8),

ionization schemes such as the ones developed here coul

become a tool fosurface not just near surface, analysis.

Finally, we have demonstrated that the application of a
physisorbed mask material may be utilized to dictate the

population partitions of the internal energy distribution of the
desorbed species. Both sBA angHg molecules were used as

rt. no.-085415.

(13) Wojciechowski, I.; Garrison, B. $urf. Sci2003 527 (1—3), 209-
218.

(14) Berthold, W.; Wucher, APhys. Re. Lett. 1996 76, 2181-2184.

(15) Sroubek, Z.; Sroubek, F.; Wucher, A.; Yarmoff, J.ys. Re.
B 2003 68, 115426/1-115426/5.

(16) Chatterjee, R.; Riederer, D. E.; Postawa, Z.; WinogradkR&pid
Commun. Mass Spectrorh998 12, 1226-1231.

masking agents. Both species were effective at significantly Ch(17) Chatterjee, R.; Riederer, D. E.; Postawa, Z.; Winograd, Rhys.

reducing the population of the detectable excited state species.

em. B1998 102 4176-4182.
(18) Meserole, C. A.; Vandeweert, E.; Chatterjee, R.; Winograd, N.;

This may prove beneficial in experiments where the emission Postawa, ZAppl. Surf. Sci1999 141 (3—4), 339-344.

of internally cool, and thus extremely stable, molecules must

be generated.
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