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Charge exchange in 3-30 keV H* scattering off clean and AlF3-covered Al(111) surfaces
II. Theoretical study
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The collision process of H* with clean and AlF; covered Al(111) surfaces is theoretically studied for large
scattering angles and different ion incoming energies. The energy distributions of the charge fractions are
analyzed as a function of the backscattered particle energy. Important differences between the two surfaces are
found: in the case of pure Al the outgoing hydrogen particles are predominantly neutral, with a 10% of negative
ions, while in the case of AlF; an important positive charge fraction is observed. The theoretical calculation
reproduces the experimental trends, and shows that these results are strongly related with the electronic
structures in each case. In both surfaces a resonant mechanism is responsible for the charge exchange, but
while in the pure Al case only the valence band states are involved, in the AlIF; case the promotion of the
projectile energy level by the interaction with the core surface states inhibits the electron capture from the

valence band.
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I. INTRODUCTION

Quantitative information about the dynamics of the elec-
tron transfer at surfaces can be obtained from experiments in
which ionic beams are scattered off the surface and the
charge states of the particles are analyzed. The particular
case of hydrogen ions scattered off both metallic and insula-
tor surfaces has been widely studied in different scattering
conditions. There are experiments that involve: energy dis-
tributions of negative and positive charge fractions of hydro-
gen backscattered from different solid surfaces bombarded
by 5-15 keV protons at normal incidence;'? ion scattering
spectroscopy or energy loss measurements of backscattered
low energy hydrogen ions (100-500 eV) from ionic surfaces
(LiC1),>* of 4 keV hydrogen ions from a Mg surface as a
function of oxygen exposure;’ ion fraction measurements for
some given scattering configurations with regard to incident
and reflected angles (scattering angles of 3.5 and 38°) of 1-4
keV hydrogen ions scattered off metallic (Al), insulator
(MgO) and semiconductor surfaces (Si).°~'° The negative ion
formation in small-angle (grazing) scattering from the sur-
face is thoroughly discussed in the review of Borisov et al.!!
At metal surfaces negative ion formation proceeds via a reso-
nant charge transfer process between the electronic states of
the valence band and the affinity level downward shifted due
to the image potential. The increase of the negative ion yield
with exit angle®’ can be qualitatively related to a larger sur-
vival of negative ions for higher perpendicular velocities
Uperp With respect to the surface plane (shorter dwelling times
near the surface). However attempts to fit the ion fractions
with a simple expression like the one for the free-electronlike
metal surfaces exp(~I'v,.,) (Ref. 12) were not successful.’
While considering the short- and long-range interactions to
define the level shift of the projectile within a quantum dy-
namical description of the collision,'® the experimental
trends of the ion fraction as a function of the exit angle in the
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case of 1, 2, and 4 keV hydrogen scattered from the Al
surface®’ were well reproduced. The case of wide bandgap
insulators is very different from the free electron metal case.
The affinity levels of negative ions usually lie either in the
band gap or in the conduction band, and the image potential
effect reduced in front of a dielectric surface, is expected to
be unable to provide a downward shift enough to bring them
into resonance with the valence band. Then one could con-
clude that the negative ion formation is not possible. How-
ever it occurs and more efficiently than in metal surfaces in
some cases. For grazing exit angles (3.5°) the negative ion
yield is quite small for a clean Mg surface, but as the surface
is exposed to oxygen the yield increases substantially.!®!°
Ton fraction measurements for grazing scattering of F from
Ag(111) exposed to increasing doses of Cl, showed initially
a decrease in the F~ ion fraction in submonolayer chemisorp-
tion stages and then a sudden increase when AgCl islands
start to form, indicating a specific local character of the elec-
tron transfer process on the dielectric layer.’> The increment
of the negative ion fraction has been interpreted in terms of
an electron loss to the conduction band of the insulator sup-
pressed by the large band gap, and an electron capture in
binary collisions at the anion sites.'! Enhanced H~ formation
was also observed in backscattering from the cation sites
(Li*) of the surface compared to backscattering from the
anion sites (F7),>* being found in this case that the short
range interactions with the surface atoms determine the
mechanism of charge exchange.' It is evident that charge
exchange processes occurring between atoms and surfaces
depend strongly on the scattering conditions, the incoming
energy and nature of the atomic projectile, and the electronic
structure of the surface.

In this work we studied the ion fractions for 3-30 keV H*
projectiles scattered off clean and AlF; covered Al(111) sur-
faces, measured at a scattering angle of 108° and for an
incident direction of 15° respect to the surface plane.'®!” The
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corresponding time-of-flight (TOF) spectra converted to en-
ergy distributions show that the particles leaving the surface
are mainly particles that have had multiple collisions in their
incoming and outgoing trajectories inside the solid, and con-
sequently they have suffered large energy losses. In the case
of clean Al surface the scattered particles are mainly neutral
atoms with a small negative ion fraction (~12%), while an
important fraction (~33 %) of positive ions emitted from the
AlF; covered Al surface is found. The point-by-point ion
fractions as a function of the outgoing energy calculated
from the TOF spectra show little dependence on the incom-
ing energy. We propose a model calculation to describe the
quantum dynamical aspects of the charge exchange process
occurring along the outgoing trajectory of the projectile, by
considering that the initial velocity and charge state are de-
termined by its previous history inside the solid. In this
model the interaction between the atom and the surface in-
volves the extended and localized features of the surfaces,
and the atom-atom interactions within a mean-field picture.
The Al(111) surface is well described through its local den-
sity of states,'® while a cluster model is proposed for the
AlF; ionic surface. Different initial charge configurations for
the emitted hydrogen are considered depending on the cross-
ing either along metallic or ionic surface layers; and hydro-
gen level shifts by either the image potential in the case of
metallic surface or by the Madelung potential in the ionic
surface, have been taken into account.

The theoretical description of the interacting systems and
the calculation of the ion fractions are described in Sec. II. In
Sec. III the results are discussed, and Sec. IV is devoted to
the summarized conclusions.

II. THEORY
A. The interaction with clean Al(111) surface

The formalism for describing the resonant neutralization
mechanism in H* scattering from an Al surface has been
developed in a previous work.'? The electronic processes in-
volve the interaction with the surface atoms inside a sphere
of radius equal to 12 a.u. (neighbor-atom sphere) centered at
the projectile position in each point of the trajectory, and a
bond-pair model'® allows us to recover the Anderson-Newns
Hamiltonian where the on-site energy and hopping terms are
defined up from both the local density of states of the surface
and the atomic properties of the one- and two-electron inter-
actions. In this form the level shift of the incoming particle is
calculated by considering the short-range interactions well
treated by a mean-field approximation, the long-range one
through the image potential, and the energy shift due to the
atom motion in the surface frame. Both, the extended nature
of the surface through the local and partial density of states
and the localized atom-atom hopping integrals calculated
within a mean-field approximation, define the atom-surface
hopping terms.

In the case of H* colliding with an Al surface, the ioniza-
tion level (—13.6 eV) is resonant with the valence band and a
practically total neutralization is expected in the incoming
trajectory. Then, the H™ formation from neutral atoms pro-
vides a good approximation to the H*/Al collision. Taking
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FIG. 1. (a) Crystalline structure of AlF3; (b) proposed AlF;
surface and the two initial (A and B) positions assumed for the
outgoing hydrogen.

into account the energy locations of the ionization and affin-
ity levels with respect to the Fermi level, and the neutral H as
the incoming particle, small changes of the initial spin-state
occupation are expected. Then, freezing the occupation of
the first spin state to its initial value ({(n;)=1), and consider-
ing only the variations of the average occupation of the sec-
ond spin-state ({n)) in the presence of the mean field pro-
vided by the first electron, is a rather good approximation to
the H™ formation in the H/Al collision.?’ This picture leads
to a spinless approach of the atom-surface interaction. The
same picture was used in this work for the emission case
where only the outgoing part of the trajectory is considered.
The wide band characteristics of the Al(111) band structure
make possible that the positive ions H* formed due to violent
collisions along the crossing of the surface layer can be ef-
ficiently and rapidly neutralized. Then, the initial neutral
charge configuration for the hydrogen atom close to the sur-
face is well justified in this case.

The expression of the spinless approximation to the
Hamiltonian is
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FIG. 2. The electronic band structure suggested from the mo-
lecular orbital states, and the ionization (full squares) and affinity
(full circles) levels of hydrogen as a function of the distance from
the surface for: (a) AI2F3 clusterlike surface; (b) AIF3 clusterlike
surface. Both clusters are shown as insets in each case: full circles
correspond to F atoms and empty ones to Al; the full square symbol
indicates the initial position for the emitted hydrogen. The distances
between atoms in both clusters are also indicated.
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H(D) = D, e+ D e+ E(0)id, + X, [V &+ hoc.]
k c k

+ [Vo()éié.+he], (1)

where the index a refers to the active state localized on the
projectile atom with energy E,(f), while the indexes k and ¢
refer to the valence-band and core-band states of the solid
respectively, with energies gy and ¢, ; being V() and V,.(¢)
the respective atom-surface hopping terms. The occupation
operators are defined as Ay=¢.¢y, i1,=¢:¢,. The time depen-
dence of the parameters comes from the classical trajectory
R(7) assumed as a linear one with constant velocity v.

In the spinless approximation {/i,(r)) gives the probability
that the projectile state is occupied at the time value ¢. The
other possibility is the empty state with probability given by
1—(A,(1)) . The negative ion fraction I'" is then calculated as
the occupation {A,(%0))yo_ g~ of the initially empty hydrogen
affinity level. Under the assumption of independent pro-
cesses, the positive ion fraction I'* can be calculated from
the electron loss probability of the initially occupied ground
state 1—{7i,())yo_y+ by considering in this case the ioniza-
tion level as the active one,

"= (1= (A ()pop-) * (1= (g go_) . (2)

This way of calculating '™ and I'* is a good approxima-
tion for a positive ion fraction much smaller than the nega-
tive one; otherwise a treatment that contemplates simulta-
neously both channels, like a time-dependent Hartree-Fock
calculation, would be more appropriate.

The average occupation number (/i (f)) was calculated
from the following Green function at equal times®! as:

Foo(t,t") == icq(t")Eo(1) = E,(0E5 (1)),

(Aa(0)) = (1 =i % Foo(1,1"))/2.

The equations of motion of this Green function and the
other necessary one, G, (7,1")==iO(' —t){¢}(t")é, (1)
+¢,(1)é(1")), introduce self-energies defined in terms of the
local density of states of the Al surface and the atomic H-Al
hopping integrals.'3

B. The interaction with the AIF; surface

The AlF; crystalline solid corresponds to a rhombohedral
structure MF, such as the one shown in Fig. 1(a).??> The
distances between atoms are 2.542 A for F-F and 1.797 A for
Al-F; being the F-Al-F angle of 90° and the Al-F-Al angle of
157.07°. To our knowledge, the composition and the crystal-
lography of thin film AlF; surfaces is not known. Our ex-
perimental results'®!” indicated that the film grown at room
temperature completely covers the substrate presenting no
long range crystallographic order and good AlF; insulator
properties. This film would be stoichiometric, but terminated
with two F atoms per Al one. All these observations lead to
the proposal for the AIF; surface shown in Fig. 1(b) where
distances and relative orientations among Al and F atoms are
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the same as in the crystalline solid. In this kind of surface
construction the Al atoms in the surface layer have a charge
of (+2.5), while (+3) is the charge of bulk Al atoms. The F
atom charge is (—1), being accomplished in this form the
charge neutrality of the surface.

The two possible initial positions A and B indicated in
Fig. 1(b) were considered for the hydrogen going out from
the surface. The interaction was calculated by considering
the clusters AI2F3™*2) in the case A, and AIF39-% in the case
B, which involve the nearest target atoms within a sphere of
radius of ~4.5 A centered at the initial position of hydrogen
[see the insets in Figs. 2(a) and 2(b)]. Both clusters were
embedded in the residual point-charge field of the AIF3
semicrystal accordingly with Fig. 1(b) in order to account for
the Madelung potential. It is shown in Figs. 2(a) and 2(b) the
molecular orbitals (MO) obtained from a full electron self-
consistent Hartree-Fock calculation.?® They suggest the AIF;
surface band structure with a band gap of ~15 eV, a valence
band width of ~6 eV and a positive affinity (the bottom of
the conduction band is below the vacuum level). The valence
band is mainly of F-2p nature, while the conduction band is
formed by Al-3s and Al-3p orbitals. The core states F-2s
appear as a narrow band around —49 eV, and the F-1s and
Al-2s around —714.3 and —142.8 eV, respectively.

1. A model for the atom-surface interaction

The projectile-cluster interacting system was assumed as
a “giant dimeric system” with the isolated cluster described
in terms of its own eigenstates (Pg), and the interaction de-
scribed by the bond-pair model Hamiltonian>*

H= E Earr(R)ﬁa(r + 2 EK(r(R)ﬁK(r
o K,o

+ 2 (Vag o(R)E Cxg+ D) + Vs (3)

where the different Hamiltonian terms are written in the
symmetrically orthogonalized {®g,®,} basis set. A mean
field approximation on the two-electron interactions was per-
formed. This model Hamiltonian has been used for the cal-
culation of several dimers within a full electron unrestricted
Hartree-Fock (HF) approximation, leading to very satisfac-
tory results concerning binding energies, equilibrium dis-
tances, and vibration frequencies.?*? The one-electron inte-
grals involved in the Hamiltonian terms include the electron
interaction with the nuclei of the cluster atoms and with the
residual point-charge field of the AIF; semicrystal. While
V... accounts for the projectile nucleus interaction with the
nuclei of the AlxFy cluster as well as with the point-charge
field of the ionic surface.

The hopping parameters V,x(R), where the subscripts a
and K denote the orthogonalized states that asymptotically
tend to the atomic state of the projectile and the MO of the
isolated cluster, respectively, were obtained from the total
energy calculation (E*(R) in the case of a positive ion) of the
projectile interacting with the clusterlike surface without al-
lowing charge-transfer between them. The total energy of the
neutral projectile interacting with the surface (E°(R)) was
calculated similarly, and the ionization energy of the projec-
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FIG. 3. Ion fractions for hydrogen atoms going out from a clean
Al surface as a function of the outgoing energy: empty square sym-
bols indicate the positive fraction (I'*), full squares the negative
fraction (I'"), and full circles the total fraction (I'). The solid line
corresponds to the experimental data averaged over different in-
coming energies. The ion fractions calculated for single scattering
collisions (SS) and for two incoming energies, 4 and 6.5 keV, are
also shown: empty triangles are used for I'*, full triangles for I'",
and full diamonds for I'.

tile atom was obtained from the difference E°—FE*. In the
same way, by calculating the total energy for the negative ion
case (E"(R)), the affinity level was calculated as (E~—EY). In
Fig. 2 the ionization (g;) and the affinity (g4) levels as a
function of the projectile-target distance are shown for each
cluster (in the AI2F3 clusterlike surface the distance is mea-
sured respect to the F atom between the two Al ones, while
in the AIF3 case the origin is at the Al atom). Significant
level shifts (~2-3 eV) at large distances produced by the
Madelung potential are found. The ionisation level of a free
H is placed in front of the aluminum fluoride gap, but it can
be resonant with the valence band for distances R from the
surface in a range of 2—16 a.u. because of the level shifting
caused by the Madelung potential (Fig. 2). The process of
resonant neutralization should be less efficient in AlF; than
in Al(111) because of the difference in electron mobility,
much faster in the metallic surface than in the insulator, and
the different times spent in front of the valence band. The
hole lifetime is /W with W the valence bandwidth. For the
case of the calculated clusters W is about 5.7 eV, while for Al
is 11.5 eV. This produces an increase of the positive ion
fraction for AIF; (less neutralization) when compared with
Al(111).

The H affinity level is placed in front of the aluminum
fluoride cluster gap for distances lower than 2 a.u., and in
front of the empty conduction band for d>2 a.u. If the
negative state has not been occupied when the hydrogen
atom leaves the surface, the probability to capture electrons
from the insulator surface will be negligible.

2. The time-dependent process along the outgoing trajectory

In the case of an ionic surface, the neutralization of the H*
ions formed due to violent collisions occurring during the

035433-4



CHARGE EXCHANGE IN 3-30 keV... . II. ....

80 ——r—— 11—

T T T
(a)
—
X
el
c
.8
=
Q
©
.
i
c
o
20 - -
1
" TTTT——a—
\._.l |
0 L 1 1 1 1 1 1 1
0.5 1.0 1.5 2.0 25 3.0 3.5 4.0
E,. (keV)
O T T T 1 T T T
(b)
4
80 ﬂ =
——— \
S
S
c
._g a0k i
[&]
© DAN
— AN
- o BB
g én\ Bn n_A]
- ®.
20 b \:\\. -
D\ \D
¥
ol..!\*!".',.[.l 1 1
0.5 1.0 15 2.0 25 3.0 3.5 4.0
E (keV)

FIG. 4. Ion fractions for H* going out from an AIF3 covered Al
surface as a function of the outgoing energy. (a) AI2F3 clusterlike
surface; (b) AIF3 clusterlike surface. The negative fraction (I'7) is
indicated by full square symbols, the positive fraction (I'*) by
empty square symbols, and the total one by full circles. The experi-
mental results averaged over different incoming energies are indi-
cated by empty triangles.

crossing of the surface layer is expected to be largely inhib-
ited because of the large band gap and the relatively narrow
valence bandwidth. Then, the initial charge configuration for
the outgoing hydrogen was assumed positive in this case. An
appropriate treatment taking into account the twofold degen-
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erate spin states like the one based on an Anderson Hamil-
tonian in the infinite correlation approximation, would be
desirable, but is out of the scope of this work. Then, as a first
attempt to calculate the charge exchange, we used a spinless
approach to the electronic part of the Hamiltonian (3) for
describing the neutralization of the outgoing H* (electron
transfer to the ionization level), and also the negative ion
formation from neutral hydrogen (electron transfer to the af-
finity level),

H=g)(0)it, + 2 exig+ 2 (VoD +he).  (4)
K K

In a similar way to the clean Al case, the ion fractions
were defined as

I =1 - (1,(%°)) g+ po, 5

I~ = (g (%0) g+ o * {4(%°) Yo - (6)

These approximated expressions are expected to describe
appropriately the case where the negative fraction is much
less than the positive one. The assumption of independent
processes is less valid for ionic surfaces where the lifetime of
the hole is larger than in the metal surface case. But the
majority ion fractions, positive in AlF; and negative in Al,
are calculated by taking into account quite properly the effect
of different hole lifetimes in both surfaces.

The average occupation number {i,(f)) was obtained from
the following time-dependent Green functions:

Gon(t,10) = iO(t = 10){c; (t0) (1) + c (1) ey (1)),

where m refer to the surface and projectile states {®Pg, D}
that diagonalize the system without interaction, and 7, corre-
sponds to the initial time value. It is straightforward to see
that the average occupation number in the a-state can be
calculated as

()= 2

M (occupied)

% ()

|G am(t.10)

where M runs over the initially occupied states. The
G,.(t,1y) functions were calculated by solving their equa-
tions of motion accordingly to the spinless approximation (4)
to the interaction Hamiltonian.!> The self-energies in this
case are defined in terms of the hopping integrals between
the hydrogen state and the MO states of the AlxFy clusterlike
surface.

III. RESULTS AND DISCUSSION
A. Clean Al(111) surface

The negative ion fraction I'"=(/1,())yo_ -, the positive
one I'* given by the expression (2) and the total ion fraction
I"=T-+TI* are shown in Fig. 3 as a function of the outgo-
ing energy E,,. In the same figure the measured point-by-
point ion fractions'” averaged over different incident ion en-
ergies are included. For outgoing energies lower than 5 keV
the experimental trends are reproduced by the calculation,
and the calculated values for I~ (~8-11%) and
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squares), I'~ (full squares), and I" (full circles). The empty triangles
correspond to the averaged experimental result.

I'*(~1-2%) are in agreement with the measured ones.!” For
larger E,, the positive ion fraction becomes comparable with
the negative one. Taking into account that for these energy
values, the ionization and the affinity levels cannot be sepa-
rated within the uncertainty introduced by the hydrogen ve-
locity (AE~v>0.45 a.u.), a more appropriate calculation
than the spinless approximation is required for outgoing en-
ergies larger than 5 keV. In Fig. 3 we show the results for '
and I'* obtained by assuming a single scattering collision
with an incident angle of 15°, for 4 and 6.5 keV incoming
energies. The agreement with the results obtained by consid-
ering only the outgoing trajectory supports the idea of a com-
plete neutralization close to the surface. We arrive at the
same conclusion by observing that the same value of the
negative ion fraction is obtained when considering the nega-
tive charge as the initial one for the emission process. In all
these calculations the core states of Al have been considered,
however we found no change in the results when they are
eliminated from the dynamical calculation. Then, we can
conclude that a resonant mechanism involving only the band
states is responsible for the charge transfer process, and that
the final state occupation is not affected by the strong hybrid-
izations with the core states occurring at distances very close
to the surface.

B. AIF; surface

In Fig. 4(a) the ion fractions calculated for hydrogen go-
ing out from the initial position (A) [Fig. 1(b)], which in-
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FIG. 6. Contributions of the different MO to the hydrogen state
occupation as a function of the outgoing energy E,,. (a) AI2F3
clusterlike surface; (b) AIF3 clusterlike surface. A full explanation
is given in the text.

volves the AI2F3 clusterlike surface [Fig. 2(a)], are com-
pared with the point-by-point ion fractions'’ measured for
the case of AIF3 covered Al(111) surface and averaged over
different incident ion energies. In this figure I'*, and I'",
given by expressions (5) and (6), respectively, and the total
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jon fraction I'"=T"-+TI*, are shown as a function of the
outgoing energy. The calculation describes correctly the gen-
eral dependence with energy, being approximately 10%
above the experiment. An important positive ion fraction (an
average value of I'"~45%) and a small negative fraction
I'"~5% were obtained. Figure 4(b) shows the results for
hydrogen going out from the initial position (B) [Fig. 1(b)],
which involves the AIF3 clusterlike surface of Fig. 2(b). In
this case the calculation describes the predominance of the
positive ion fraction, however it does not reproduce the gen-
eral behavior with outgoing energy. By taking into account
that the probability for the initial position (A) is twice the
one for (B) (because of the F to Al atom ratio at the surface),
an average of the two cases was performed . This averaged
result shows a better agreement with the experiment, as it is
observed in Fig. 5. These all calculations were also per-
formed by assuming a neutral initial state configuration, and
in this case the results did not reproduce the experimental
trends. Then for a ionic surface the initial charge state con-
dition becomes important, being the positive ion the more
appropriate one.

The contributions |G ,(,%,)|> of the different MO states
(®,,) of the surface to the neutralization of H* [Eq. (7)] are
shown in Fig. 6(a) for the case of the AI2F3 clusterlike sur-
face. The MO states that contribute mostly in this case are
indicated as @4, @5, P9, and P,y The MO D, is essen-
tially a 2s atomic orbital of the F atom lying between two Al
atoms (the nearest to the hydrogen projectile in its initial
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position), and @4 is essentially a 2p_ of the same F atom.
®,5 and P, are combinations of 2p, and 2p, atomic orbitals
of the three F atoms of the cluster. From Fig. 6(a) one can
conclude that the interaction between hydrogen and the near-
est F atom is dominating the neutralization at low and large
outgoing energies, while at intermediate (around 1.5 keV)
and very low (0.5 keV) energies all the F atoms contribute.
The contributions of MO indicated as @g,®,, D 4,P5,P 4 to
the hydrogen charge in the case of AIF3 clusterlike surface
are shown in Fig. 6(b). For energies lower than 1 keV the
main contribution comes from F atoms at the surface (P,
and @5 are combinations of 2p atomic orbitals centered on
the surface F atoms), while for larger energies the interaction
with all F atoms determines the neutralization of hydrogen
(P4 and D¢ are combinations of 2p atomic orbitals of the
three F atoms, while ®g results from the combination of F-
2s). Similar contributions of all these MO states were found
for the lowest energy value considered (0.5 keV). Although
the charge exchange takes place mainly between the hydro-
gen and the valence band states of the surface, the strong
interaction with the core states of target atoms can either
promote or inhibit this process. Figure 7 shows the positive
ion fraction obtained by omitting the core states in the cal-
culation. In both clusterlike surfaces it is observed that the
interaction with the core states (F-1s, F-2s, and Al-2s) de-
creases the probability for electron capture from the valence
band in practically all the analyzed energy range. The role of
the core states is more important in the case of the AI2F3
surface where the close interaction with the nearest F atom
defines the hydrogen state occupation. This occupation along
the outgoing trajectory is shown in Fig. 8 for the AI2F3
clusterlike surface; the full calculation is compared with the
one that omits the core states for two different outgoing en-
ergies (0.75 and 3 keV). Large oscillations due to quantum
interference phenomena along the outgoing trajectory are ob-
served for distances close to the surface, being more pro-
nounced for lower energies. This oscillation pattern is
strongly altered when considering or not the core states,
leading in each case to different final values for the occupa-
tion. This effect is mainly due to the effective ion energy
level defined by the hybridizations with the inner states. Ac-
cordingly with this analysis, the charge transfer process in
the case of hydrogen going out from AIF3 surface occurs
mainly for close distances involving the nearest surface at-
oms. The AIF2F3 clusterlike surface is expected to represent
a more realistic situation for the emission process, because it
is more favorable for H* to leave the surface nearer to a F~
than to an Al*>3.

IV. CONCLUSIONS

In the large incoming energy range and large scattering
angle situation studied in this work the outgoing trajectory of
the projectile is crucial to define its final charge state. The
initial charge configuration for the emission process is ac-
quired along the crossing of the surface layer, and it depends
strongly on the characteristics of the band structure of the
surface. The effective and total neutralization occurring in
the case of a wide band metallic surface is largely inhibited
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FIG. 8. Hydrogen state occupation as a function of the distance from the surface calculated with (a and c) and without (b and d) the
contribution of F and Al core states for the AI12F3 clusterlike surface and for outgoing energy values: 3 and 0.75 keV, respectively.

in ionic surfaces of relatively narrow band and large band
gap. Thus the negative ion formation is more probable in the
case of metallic surfaces like Al than in the ionic surfaces
like AlF;, being expected in the last case a significant posi-
tive ion fraction. Consistently, the same results were obtained
by considering either a neutral or a negative charge state as
initial conditions for the emision from a pure Al surface,
while in the emision from AlF; the positive charge state was
the only one that provided a good description of the experi-
mental results. Our calculation takes into account the short-
range interactions and the level shift of the projectile due to
either image or Madelung potentials. It is found that in the Al
surface case the strong hybridizations occurring in the close
distance region do not affect the hydrogen final charge state,
while in AlF; the interaction with the core states are inhibit-

ing the neutralization for practically all the outgoing energy
range analyzed. Then it is concluded that the close encounter
is more important to define the final charge state of hydrogen
going out from AlF; than from a clean Al surface.
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