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Abstract

We study theoretically the collision between cluster of Pt and Pb ions with Al and graphite (HOPG)
target in the ion incident range of energies within the range (200eV - 600eV) and the cluster of N (1- 10) ions.
Using the rate equations, that describes the occupation numbers of the projectile and surface levels. Our
results are in good agreement with experimental data.
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1.Introduction

When an atom or molecule is close to a solid surface, its electronic state interacts with those of the solid,
leading to the possibility of charge transfer between the atom (molecule) and the solid. This charge transfer
process plays an important role in a variety of different situations. In particular, it often occurs as an
intermediate step in reactions at surface (desorption, fragmentation of adsorbates, chemical reactions, etc.).
The one-electron transfer between energetically degenerate electronic levels of the atom and the solid is called
the resonant charge transfer (RCT) process [1-6], which is an effective one. The specific mechanisms those
are relevant to ion-surface interactions made us to use the ion scattering as a probe of surface electronic
properties.

Experimentally, if an ion sent against the surface it can neutralize by detaching electron from the
surface. This process of the ion neutralization during scattering from surface has been the subject of much
experimental [7][8] and theoretical [9-15] interests. Since, the neutralizing electron originates in the valance
band of the solid; the process is closely related to the solid-state nature of the target. In this case, one can
consider the effect of the surface density of state on the electron transfer process. And it turns out that the
whole process can be considered as a probe for the surface density of state structure.

Charge exchange between a metal surface and an atom, or ion, has been observed in many ion (atom)-
surface scattering experiments [16-21]. For example, if the incoming particles are H(or He"), then the
scattered beam may contains He and He* (or H', H" and H). The distributions of the scattered particles among
the various charged states are strongly dependent on the velocity of the incoming particles and the nature of
the surface. Therefore, experiments of this kind are important in many techniques of surface analysis, such as

ion-beam scattering spectroscopy (ISS), neutral-beam scattering spectroscopy (NSS) and secondary ion
mass spectroscopy (SIMS) [22-24].

When the cluster collides with a solid surface many different processes can be take place, depending on
which of the relaxation channels become active. The redistribution, during and after the collision, of the initial
kinetic energy of the cluster can result, for instance, in deformations (bond breaking), cluster fragmentation,
creation of phonons and emission of atoms, ions, electrons and photons [25].

However, there are many studies (experimental and theoretical) focused on the cluster surface collision
at low and moderate energies [25]. The importance of these studies comes from the needing to modify the
surface by using cluster bombardment or surface deposition, light emission, particle emission, cluster impact
chemistry and femtosecond tunneling of electrons. The incident bombardment energies need to keep surface
without any damage, so these energies lie between low and moderate range in which one can expect the
electronic quantum effect. The neutralization dynamics depends on many factors such that cluster type, cluster
size, target, etc because these factors effect on the charge exchange between cluster and surface, where
charged cluster can be neutralized or there charges can be fluctuate during the collision.

The present theoretical work describes the cluster level as a function of time occupation no(t) and the
calculation of the survival probability for the charged cluster characterize the neutralization dynamics. The
results are in good agreement with the experimental ones.

2 .Mathematical Model
Consider the level occupation can be written as:

n; (t) = <l//(t)

a‘aly)) @)
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The wave function W(t) evolve from the initial wave function l//(to) as:

W) =S (L) e (2)
Where,

0S [

— === H)S(tt,) o, 3

o~ P OstL) 3)
The Hamiltonian H (t) change with time according to:

H) =Y s Ma'a, +%Z{Vnm(t)a;am V028 %

We assume that V,, = O then we have s (t,t;) = s™(t,t,) and

n, (0) = (s(t.t)w(t.)[a/a|s(tt,)w (L))

=)@ M, MW (t)) (5)
Where the creation operator is defined as
a’ (t)=s"(t,t)a’s(t,t,) and & (t)=s7(t,t;)a;S(t,t) oo, (6)
Then,
on,(t) oar . a_aj
o =(p(t,)| p aMwt))+wt)a - W) o, @)
And since
oa, I ~ [ ~
~ ——%gn(t)an(t)—gzpzvnp(t)ap(t) ................................................ ©)
B L 08 O+ -3V, 08 0 ©
el ] pa o o (D)
We have,
on,(t) i i i i
= A On O+ TV, 00,0 -2, 00, 0 FV, 00,0
1,J=0,1,2,3...0N e (10)
Or,
_an, (1)
17 E;t = [gj (t)—e (t)]nij (t) - Z{\/pi (t)n'Dj () -V, (t)nip OF oo (112)

So we get the set of simultaneous differential equations:

174



J. Thi-Qar Sci. Vol.3 (4) Feb./2013
n ()= —%;{vak N, (©) =V N (OF coovroreeeeoeeeeeeeeeeeeoeeeeeeeeeeeee (12)
n, (t) = %{vak O O =V ON OF oo (13)
n(t) = —%[gk CE.®n, () - %vka On. () + % INOLMOE— (14)
n_(t) = %[gk “E.®In, () + %vak On.. —%;vak, (O (1) v (15)
) == 12, =2 O O+ Vs 0N O~ Vo O 0 o (16)

We assume that ,
Vo () =V () =V () oo (17)

the summation of V. () =v V(1) gives,
%Nka(t)‘z N 2() e P(E) o (18)

Then the above equations become:

n_(t) = —%V ®)[de ()N, (1) =N (O] oo (19)
n, (t)= %v O, O =Na@O] e (20)
n (t) = %(g' —)n, (t)+ %v [N, ) =1 (O oo, 1)
n,, (t) = —% (6 —E, (), (t) - %v O, (1) = [dep(eMN,, (O v (22)
n,(t) = % (e —E, ()N, (t) + %v O, O = [deio(EIN, O oo (23)

The above equations solved by using Runge-Kutta numerical method and Simpson’s integral method to

get the occupation of the levels. We set to = —00 and consider collisions of clusters of N atoms with mass

M A at collision energy Ekin’ sothat  v?= Ma N/2 Egin
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3.Applications and Results

A: Platinum (Pty) clusters
We test the collision between Pt clusters and two different targets they are:

(i) Highly oriented pyrolytic graphite (HOPG) target with density of state equal to Wyops= 0.74 eV for
the peak in the empty region.
(if) Aluminum (Al) target with density of state equal Wa=5 eV for the peak in the empty region.
The number of state that use in the model m=51 state and it is sufficient for the simulation where the

increasing m to 500 does not effect on the survival probability Ps(N).
Figure (1) illustrate the neutralization dynamics of Pt clusters colliding with HOPG at collision

energy Exin=500 eV. This figure presents the occupation of the cluster level as a function of distance. Figure
(2) is the same figure (1) but for Al target.

For HOPG case one can see the occupation of the affinity level n(t) exhibited an oscillating behavior
change with cluster size, which mean the charge transfer processes occur many times when the cluster size
increase, that is because the large cluster move more slowly than small one, then the neutralization of cluster
takes longer.

Figure (2) When aluminum is used as the target, one can see no oscillation has occur, this situation was

happen because the band density of state is smoothing more than for HOPG target, this mean when the
electron of the Pt cluster jumps to the surface and does not return back to the cluster, in contrast to what

happens for HOPG as target.
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Figure (1): Cluster level occupation n(t) of Pt cluster during collision with
HOPG surface.
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Figure (2): Cluster level occupation n(t) of Pt cluster during collision
with Al surface.

Figure (3) illustrates the survival probability Ps(N) as a function of cluster size from N=1 to N=20, with
incident energy collision of 500 eV when the collision between Pt clusters and HOPG as target: Figure 4

is the same previous figure but the target is the Al, in these figures (3 and 4) the present works shows a
comparison to the theoretical Ps(N) at time t=0 with the experimentally secondary electron yield »(N) since[
26],

PINYEPANE=0) oo (24)
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Figure (3): Theoretical and experimental [26] results for the survival probability
P(N) of Pt Clusters impinging on HOPG surface.
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Figure (4): Theoretical and experimental [26] results for the survival probability
P(N) of Pt Clusters impinging on Al surface.

B: Pby clusters

Figure (5) presents the calculation of the survival probability (theoretical and experimental results) for
collisions between Pb™ clusters and HOPG surface. One can see the oscillations in the survival probability,
This mean that the electrons of the ion jumps to the surface and vise versa.
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Figure (5): Theoretical and experimental [26] results for the survival probability
P(N) of Pb Clusters impinging on HOPG surface.

4 Conclusion

After we study the survival probability P as a function of the cluster size N and time t (or surface ion
distance), when the incident ion is Pt and Pb” on the HOPG and Al surface as a target, one can conclude

the following points:
1. The shape of the density of state has the important role on the dynamics of the resonant or quasi

resonant charge transfer process i.e. electron of the charging cluster localized or delocalized
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e
when jumps to the surface, and then HOPG target is different from the Al target since the
survival probability has many oscillation.

2. The cluster size is another important parameter, for large N the charge exchange occur faster
than of the small N.

3. The type of the charging cluster play important role in the resonant charge transfer or
quasiresonant.

4. The mathematical model that we used is successful and gives us a good agreement with the
experimental results. one can learn about the distance dependence of both the affinity level and

the interaction potential between cluster and surface.
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