
The Computer Simulation of Cluster Induced Desorption of Molecules  
Roger Webb and Alexandros Chatzipanagiotou 

Advanced Technology Institute 
University of Surrey 

Guildford, GU2 7XH. UK 
 
Abstract 
Molecular Dynamics computer simulation has been used to investigate the desorption 
phenomenon that takes place when an energetic molecule or cluster impacts a solid 
surface. The use of clusters and molecules in Secondary Ion Mass Spectrometry 
(SIMS) is growing as it is becoming evident that the yield of ionised particles is high 
by comparison with the more conventional single ion sputtering beam. It has also 
been noticed that there is a much higher desorption of intact molecular ions ejected 
from the surface. Computer simulations have demonstrated why this should happen. 
The cluster impact stimulates correlated motion in the surface of the target which 
encourages the gentle lift off of large molecular species from the target surface. The 
technique is finding particular uses in allowing SIMS techniques to be used on large 
organic molecules. What is less known at this point is the efficiency of the cluster 
beam in lifting off such molecules and the potential for the cluster to break the 
molecule if it hits it directly. 
The work presented here shows some early results from a systematic study of the 
desorption mechanism from a set of simulations of impact points close to and far from 
an adsorbed molecule. As expected the closer to the adsorbed molecule the cluster 
impacts the higher the probability for desorption. If the cluster impacts the adsorbed 
molecule it damages it as expected. However, there is a region such that the cluster 
does not strike the adsorbed molecule but with in which the adsorbed molecule does 
not get desorbed, but remains intact but still bound substantially to the surface. At first 
sight this seems to be surprising, but the simulations show that in this region the 
surface of the target becomes substantially damaged and the broken surface bonds 
provide a capture site for the adsorbed molecule, bonding it more securely to the 
surface. Descriptions of this process and the behaviour of the size of this zone are 
given as a function of the initial cluster energy. 
 
Introduction 
Molecular Dynamics simulations have been used to study energetic particle impact 
phenomenon successfully for more than 40 years1. Computer simulations have been 
very useful in providing insight into the physical processes occurring under such 
dynamic conditions as ion and cluster surface bombardment. Almost since the 
discovery of fullerene type molecules simulations have been performed to study the 
interaction of C60 molecules with surfaces2,3. Careful comparisons with experiments, 
in our case performed in collaboration with the University of Karlsruhe, have verified 
the simulation models for both low energy scattering of fullerene molecules4 and the 
surface damage created from the impact of these relatively small clusters5. This model 
has been used to investigate how the deformation of the surface caused by the impact 
of a large molecule such as C60 can cause the ejection of loosely bound adsorbates 
from the surface of a solid6,7. It was also shown computationally how the deformation 
of a silicon surface caused by a high energy C60 impact can eject a large polystyrene 
molecule without fragmentation of the polystyrene molecule8. These kinds of 
simulations and results are of particular interest to the Secondary Ion Mass 
Spectrometry community who are using molecular - mainly C60, SF5 and Au3 -  and 



cluster beams for sputtering because of their ability to produce high sputtering yields 
of ionized particulates without causing damage deep in the target9. Understanding the 
intact molecular ejection mechanisms is fundamental to optimising the yield of such 
molecules. Simulations have shown that the original concept that the impacting C60 
shatters on impact and scatters across the surface causing substantial molecular 
ejection is simplistic at best. Computer simulations make it quite clear that the 
fullerene impact causes co-ordinated motion in the target material which propagates 
out from the impact site and gently lifts surface adsorbate molecules, pushing them 
gently away from the surface, this can occur with sufficient energy transfer to gently 
eject the molecule intact from the surface. This simulation study is still very much in 
the early stages. A more detailed analysis of the behaviour of the co-ordinated motion 
with respect to the impact parameters of energy, angle, cluster size, target material 
and structure could provide useful input into an experimental programme. The work 
reported here forms a part of a systematic study of the behaviour of adsorbed 
molecules close to the impact point of an energetic cluster. 
The simulation model employed in this study has been described in detail in the past10. 
In brief we employ a Molecular Dynamics scheme to calculate the many body 
interactions of 150,000 carbon atoms with each other. We use the Brenner many-body 
hydro-carbon potential11 to describe the intermediate distance inter-atomic 
interactions, this is splined to the ZBL12 Coloumb style potential at close separations. 
We use an adapted Brenner potential13 to describe the long range interactions so that 
the graphite modelled exhibits inter-layer bonding and allows molecules to become 
bound in a Van der Waals fashion to the modelled graphite surface. The computation 
employs periodic boundary condition in the lateral dimensions (x and z) and free 
boundaries in the direction normal to the surface (y). These parameters give an 
effective binding energy of 0.275eV for a fullerene molecule placed at the minimum 
energy position on the surface. A fullerene molecule is placed close to the centre of 
the target in this position to act as a “test adsorbate”. Experimental evidence suggests 
that the binding energy is a little low and should be about a factor of 2 higher14. This 
will, of course, mean that the results of the simulations given here will only be 
indicative of what might happen generally to a loosely bound adsorbate rather than 
give exact solutions for this specific case. Further simulations are underway with an 
improved binding energy. 
 
Results 
In the simulations presented here a second fullerene is placed at 1nm above the 
surface and given kinetic energy appropriate for a range of different velocity impacts. 
The simulation is followed for 4ps which is long enough for the surface acoustic wave 
caused by the impact to pass underneath the first fullerene molecule and not too long 
such that reflections from the boundaries of the simulation should amplify and distort 
the results of the simulations. To investigate the efficiency of this acoustic wave in 
desorbing molecules from a surface a number of different impacts have been 
simulated at various distances from the centre of the adsorbed fullerene for a range of 
different impact energies. The general results from this study have been reported 
elsewhere15, but a general description of those results is given here to place this report 
in context. A set of 25 different impacts were simulated at 5 different radial distances 
from the adsorbed molecule. The perpendicular velocity of the initially adsorbed 
fullerene was recorded and from this it was determined if the molecule was desorbed. 
Each impact site on the radius was chosen to reflect a different impact condition on 
the surface hexagon, characteristic of the graphite surface-plane. Thus one of the five 



impact points in each radius was chosen close to a surface atom, another close to the 
centre of the hexagon, the others at points between these. So that. Even though the 
trajectory set is small, the sample is relatively representative of the likely initiating 
collisions on the surface.  Figure 1 shows the general results of these series of 
trajectories for 4 different impact energies between 1 keV and 10 keV.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. The 25 different impact sites for each of the different energy fullerene 
impacts. The large circle in the centre marks the position of the adsorbed fullerene. 
The smaller circles show impacts that did not result in the adsorbed fullerene 
becoming desorbed, whilst the larger circles show sites where desorption was 
achieved.  
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a) 1keV Initial Impacts
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c) 5keV Initial Impacts
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d) 10keV Initial Impacts
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Impacts from the 1keV trajectories show the highest probability of desorbing the 
adsorbed fullerene and all but one of the trajectories results in a successful intact 
removal. When the energy of impact is increased to 2keV the fullerene penetrates the 
graphite surface more deeply and the surface acoustic wave is lessened, consequently 
impacts from further away from the adsorbate fullerene do not successfully eject it. 
More unexpected is that as the energy is increased to 5keV and 10keV the probability 
of successful ejection lessens for the closest impacts as well. At first it was considered 
that this was caused by the more energetic impact causing damage to the adsorbate 
fullerene. However on detailed analysis of these trajectories this was found not to be 
the case. In fact the fullerene is incredibly robust against damage in this way.  
 

 
Figure 2:  Visualisation of a 20keV impact trajectory. Note how the impact causes the 
ejection of a sputtered graphite atom which strikes the fullerene adsorbate and 
exchanges with one of the fullerene atoms. The fullerene is then ejected by the surface 
acoustic wave – apparently intact. 
 
Figure 2 shows an unusual trajectory which results in the “successful” ejection of the 
adsorbed fullerene. In this particular trajectory an atom from the graphite surface is 
sputtered and it exchanges with an atom in the fullerene. The fullerene is then hit by 
the surface acoustic wave and is knocked off the surface apparently intact and stable 
again. This demonstrates the robustness of the fullerene against this kind of damage.  
The cause of the decrease in successful ejections from the closest rings is caused 
instead by the adsorbed fullerene becoming trapped in the surface damage created by 
the energetic impact. When the surface is disrupted the “bonds” in the surface are 
broken and can now interact more strongly with the fullerene trapping it more 
securely.  
Figure 3 shows a typical trajectory from a 5keV impact from the closest ring. This 
demonstrates the surface damage trapping mechanism described above. Notice how 
the adsorbate fullerene is physically pulled across the surface and is ends up 
“plugging” the hole created by the impact of the energetic fullerene. 



 
Figure 3: Visualisation of a 5keV impact trajectory. This is taken from one of the 
closest impact points. Note how the surface damage attracts the fullerene adsorbate. 
 
Conclusions 
In conclusion molecular dynamics simulations have been used to look at the detailed 
desorption mechanism of large adsorbates on a solid surface. It is clear that there is 
still much to learn from these and that the mechanisms for desorption and those 
preventing the process are many, varied and in some cases unexpected. 
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