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1. Introduction

Experiments have shown that cluster projectiles compared to atomic
projectiles enhance the secondary ion emission of organic molecules [1-3]. For a
homonuclear cluster. the yield is said to be nonlinearly enhanced when the yield with a
cluster projectile containing n atoms is greater than the yield obtained from n trials
with a monatomic projectile at the same velocity as the cluster [3]. Previous
molecular dvnamics simulations to model organic SIMS with atomic projectiles have
shown that several parts of the molecule must be struck in order to initiate the
concerted motion of the carbon atoms that lifts the intact molecule off the surface [4].
The recent development of many-body empirical potentials for metals and
hvdrocarbons provides the means for more realistic simulations of dynamics on
svstems containing metals and organic molecules [5]. Taking advantage of these
potentials. we perform molecular dynamic simulations aimed at determining the
fundamental mechanisms responsible for the enhancement in emission yield with
cluster projectiles

2, Method

Our model svstem. a biphenyl adsorbate on a Cu(001) surface, is chosen
as a prototvpe of the experimental svstems of interest. Cu atoms and randomly
oriented Cu, clusters with n = 2 to 4 and kinetic energies trom 0.050 to 0.100 keV
per atom are brought in at 45 degrees incidence. A potential developed with De
Pristo’s MDAC-CEM approach is used for the Cu-Cu interactions [6], the Brenner
many-bodv hvdrocarbon potential is used for the C-H, C-C and H-H interactions [7]
and Lennard-Jones Cu-C and Cu-H potentials are used to describe the copper-
hvdrocarbon interactions. A more complete description of the system is given
elsewhere [§]

3. Results

a. Emission Yields

The secondary ion emission vield is calculated as the number of ejected
biphenvl molecules out of a total of 150 trajectories. The results of the simulations
indicate that cluster projectiles nonlinearly enhance the emission yield compared to
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atomic projectiles. For Cu at 0.100 keV, 6 biphenyl molecules are ejected; for Cu; at
0.200 keV, 41 for Cus at 0.300 keV, 57; and for Cuy at 0,400 keV. 72. The degree
of nonlinear enhancement for each cluster can be quantified by the enhancement
factor. Mathematically, the enhancement factor is defined as YW(E)nY(E/n) where
Y,o(E) 1s the yield for the homonuclear cluster at energy E and Y (E/n) is the yield for
the atomic projectiles at the same velocity. If the yield depends linearly on cluster
size. then the vield with a Cu, cluster at twice the energy would simply be twice the
vield with Cu at that energy and the enhancement factor would be one. At 0.100 keV
per atom. the vield with Cu is 6 and the vield with the randomly oriented Cu, is 41.
Therefore, the enhancement factor for Cu, compared to Cu is 41/(2 x 6) = 3.4. The
vield with Cus is 3.4 times more than would be expected with twice as many Cu
atoms at the same velocity. The Cu; and Cu, clusters also show a comparable
nonlinear enhancement in yield compared to Cu.

b. Mechanisms for Ejection

The simulations have been used to determine the atomistic mechanisms
responsible for the ejection of intact organic molecules, and, therefore, help us
understand the reasons for the nonlinear dependence on cluster size. The central 1ssue
is that several parts of the molecule must be struck so that the carbon atoms move in
a concerted motion to lift the entire molecule off of the surface. How is this
accomplished? One copper substrate atom may collide with different parts of the
biphenyl molecule; however, usually two different copper substrate atoms are
necessary. This is more easily achieved when there are two adjacent collision
cascades which can collaborate to gently lift the intact molecule off of the surface.

A polyatomic projectile initially impacts more than one copper substrate
atom. and therefore, has a greater probability of initiating two or more adjacent
collision cascades. Those cascades that would be ineffective with a single” atom
projectile can collaborate to eject the molecule off of the surface. By working
together, the atoms in the projectile nonlinearly enhance the emission vield.

Figure 1 is a schematic diagram that shows one such example of the
collaborative mechanism with a Cux projectile at an incidence energy of 0.100 keV
per atom. The trajectories of the atoms involved in collisions are superimposed on
top of the initial positions of the non-colliding atoms in the surface. Atoms that are a
part of the collision sequences that lead to ejection of the biphenyl are shaded grey,
while the cluster atoms are in black. For a clearer illustration, only the region around
the biphenyl molecule and only the carbon atoms of the biphenyl molecule are
included.

In this example, each of the cluster atoms initiates a collision sequence,
which we will refer to as sequence one, sequence two and sequence three. However,
only two of the sequences are directly involved in ejecting the molecule from the
surface. At 61 femtoseconds, Figure la shows that the cluster has collided with the
surface and cluster atom one has initiated sequence one, cluster atom two has initiated
sequence two and cluster atom three has initiated sequence three. Only 8
temtoseconds later, in Figure 1b, sequences two and three are apparent and sequence
three has led to collisions with two carbon atoms in the biphenyl ring. Figure Ic, at
98 femtoseconds, shows the system from a side view in order to illustrate how the
copper substrate atoms lift the biphenyl molecule off of the surface. At that point in
time. sequence two has reached the other ring of the biphenyl molecule, and
therefore, both rings are lifted simultaneously. At 161 femtoseconds in Figure ld,
sequence one has also reached the molecule, but it has little effect because the
molecule has already moved off of the surface.
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Figure 1: A schematic diagram to illustrate the collaborative mechanism with the Cus
projectile at an incident energy of 0.100 keV per atom.

c) 98 fs d) 161 fs
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4. Summary

Molecular dynamics simulations of organics SIMS have shown that
cluster projectiles produce a nonlinear enhancement in secondary emission vyield. The
enhancement can be explained in terms of the fundamental mechanism leading to the
ejection of intact molecules from the surface. Carbon atoms in more than one part of
the molecule must be hit in order to initiate the concerted motion of the entire
molecule as it lifts off of the surface. With a polyatomic projectile, there is a higher
probability of producing two adjacent collision cascades that can hit different carbon
atoms in the molecule and collaborate to eject the molecule from the surface.
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