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Experiments have shown that the use of polyatomic projectiles in secondary ion mass spectrometry (SIMS)
increases the secondary yield of molecular ions by an order of magnitude or more. This observation, coupled
with the availability of an SE source, has sparked renewed interest in SIMS measurements for characterizing
a wide range of molecules. In this paper, we present the results of molecular dynamics simulations with Xe
and Sk projectiles that show that the molecular ion yield from bombarded organic surfaces is enhanced by
the use of polyatomic projectiles. The model systems consist of a monolayer of twenty biphenyl molecules
on two different substrates, Cu(001) and Si(100), and are designed as a prototype for experimentally studied
systems. Our results show that the structure of the lattice is the critical factor. The breakup of thestiF

within the more open lattice of the Si(100) substrate initiates collision cascades that lead to substrate atoms
hitting the biphenyl molecules from below, which results in a greater yield of ejected molecules. The results
are important because they predict that the nature of the substrate or matrix is a critical factor in maximizing
the molecular ion yield.

Bombardment of organic surfaces by keV polyatomic pro- mentation was observed with the polyatomic projectile, the
jectiles has been observed to increase the yield of desorbeddamage cross section was found to increase less than the
molecular ions by an order of magnitude or mére.This corresponding yield. Smaller increases in yield of a factor of 2
observation, coupled with the availability of an SFsource, or so have been observed on samples of organic monolayers
has sparked renewed interest in secondary ion mass spectrometrgn metallic substrate®.”

(SIMS) measurements for characterizing a wide range of The prevailing rationalizations of the observed enhancement
molecule$™® The most dramatic enhancements have been of the molecular desorption yield focus on the relative geometry
observed by Kotter and Benninghoven, who measured the yieldand structure of the incoming projectile. For example, the energy
on bulk and spin-coated polymer surfaces with 10 keV',Ar  deposited by S is thought to be distributed over a broader
Xe", and Sk* ions and found yield increases up to 1000 times  region of the surface than an isobaric atomic species such as

greater with the polyatomic projectifeAlthough more frag-  Xe*. The constituent cluster atoms then initiate their own low-
energy overlapping collision sequences, leading to a greater
* Author to whom correspondence should be addressed. number of ejected molecules. Here we show that although this
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TABLE 1: Yield of Ejected Stable Biphenyl Molecules out

of 150 Trajectoriest o

substrate Xe Sk ratio
o
Cu(001) 200 248 1.2
Si(100)-(2x 1) 163 362 2.2
12Cu(001) 124 264 2.1
125i(100)-(2x 1) 94 363 3.9

2 The ratio of the yield with the Sfprojectile to the yield with the
SK projectile is calculated.

picture is generally accurate, it is a unique coupling between
the structure of the lattice and the incident projectile that
determines whether cluster bombardment provides a meaningful
improvement in the information content of the mass spectrum.
Our model is developed with molecular dynamics simulations

of Sk and Xe bombardment of a biphenyl layer adsorbed to
the surface of different types of substrates. The calculations are
made possible by blending many-body and pairwise additive
interaction potentials which have been shown to yield accurate
predictions of the response of an organic film to ion bombard-
ment? The simulations show that the enhancement of desorption o
is observed when the cluster breaks apart beneath the surfact
layer, leading to more efficient upward momentum transfer with
surface molecules. The results predict that the greatest enhance
ments will be found for polyatomic projectiles impinging on
highly open lattices, and that more dense metallic-like substrates
will be less effective at enhancing the molecular yield.

The model systems consist of a monolayer of twenty biphenyl
molecules on two different substrates, Cu(100) and Si(100), and
are designed as a prototype for experimentally studied systems
Xe and SE, which have similar masses, are used as the
bombarding particles in order to examine the effect of increasing
the number of particles in the projectile. Details of similar
calculations, including the interaction potentials, have been
described previouslif-tand further details will be published o o
elsewheré? The Cu(100) microcrystallite consists of 2574 ™ oo O
atoms with nine layers of 286 atoms, and the Si(100)¢(2)
microcrystallite consists of 2016 atoms with nine layers of 224

atoms._The emISSIO? yflild.vwih _each K;]rOjectlle ;]Stca.lcutlateﬂ by bombardment of GH1¢/Si(100)-(2x 1). Side view looking down along
averaging over a set or rajectories, wnere each trajeclory Nas gpg gimer rows. To highlight the incoming cluster, only the top layer

different impact point on the surface. The bombarding particles, of sjlicon atoms is shown. The incoming S5 red. Atoms with kinetic
Xe and Sk, are aimed normal to the surface with 0.60 keV of energies greater than 0.5 eV are colored. (a) Penetration and dissociation
kinetic energy. Using a higher kinetic energy would require a of SFs cluster. (b) Resulting action from impact. Five stable biphenyl
larger crystallite and considerably more computer time. We molecules and two damaged biphenyl molecules are ejected.
have, however, performed sample calculations using 10 keV
incident kinetic energy and the conclusions reached below arethese substrates are referred td%8(100) and?Cu(001). For
qualitatively identical. For each set of 150 trajectories, the both of the mass 12 substrates the yield with the Xe projectile
number of stable biphenyl molecules is determined as the decreases, whereas the sSfeld remains the same. Most
number of whole, ejected biphenyl molecules with 1D eV important, though, is the result that the increase in yield with
of internal energy. Simulations on other organic layers on metal Sk compared to Xe is two times greater for tASi(100)
surfaces have shown that it is necessary to estimate whichsubstrate than for th#Cu(001) substrate, indicating that the
molecules will unimolecularly dissociate before reaching the structure of the lattice is the critical factor. The calculated
detector and eliminate them from the analy8is enhancements are somewhat smaller than reported by experi-
The vyield of ejected stable biphenyl molecules out of 150 ment!~8 This difference could be because the experiments are
trajectories for Xe and Sfon each substrate and the ratio of performed on a bulk organic solid, while the simulations are
the yield with Sk to that with Xe are shown in Table 1. In  performed on a monolayer of organic material.
both cases, the yield with the cluster is greater than the yield We are able to elucidate the atomistic mechanisms responsible
with the monatomic projectile. By comparing the ratio of the for the increase in yield by using the results of the molecular
yield with SFs to that with Xe, however, it is apparent that the dynamics simulations to create animations that show how the
increase in yield is twice as much for the Si(100)%21) atoms move with time as the particle bombardment proceeds.
substrate than for the Cu(001) substrate. This difference couldFor the close-packed Cu(001) surface, the Bfeaks apart as
be due to two factors: the lighter mass of the Si substrate atomsit hits the surface and is reflected toward the vacuum. Collision
and/or the lattice structure of Si(100). Simulations were cascades can be generated in the top layer of the surface that
performed on the copper and silicon substrates in which the result in the ejection of molecules and fragmékitsvith the
mass of the substrate atoms was changed to that of carbon, an&i(100)-(2 x 1) substrate, on the other hand, the entirg SF

Figure 1. Example of a trajectory calculated for 0.60 keV sSF
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