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Image-Charge Effects in Electron-Stimulated Desorption: 0 from 02 Condensed
on Ar Films Grown on Pt
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The electron-stimulated desorption yields of 0 from 02 condensed on a platinum substrate, with a
rare-gas spacer layer between the 02 and Pt, are reported. The results diff'er dramatically from those
found in the gas phase. These differences are interpreted in terms of the image charge induced in the
metal.

PACS numbers: 79.20.Kz, 31.70.Ks, 34.80.GS, 82.65.Nz

The interaction of an ion with a metal surface is dom-
inated by the image charge induced in the metal sub-
strate. ' The role that the image-charge force plays in

ion scattering or desorption from a metal surface has
been studied theoretically, but no clear-cut experi-
mental data have been presented. This arises in part be-
cause of the difticulty in isolating the image-charge
efI'ects from other eA'ects, such as ion neutralization and
multiple scattering.

In this Letter we present electron-stimulated desorp-
tion (ESD) yields of 0 from 02 condensed on poly-
crystalline Pt in the electron-energy range 0-40 eV. The
eftects of ion neutralization are minimized by inserting a
rare-gas (Ar, Kr, or Xe) layer between the Pt metal and
the 02 layer. The rare-gas layer also serves as a spacer
layer so that the distance between the ion and the metal
surface can be varied, thus varying the eff'ect of the
image-charge force on the desorbing ions. Moreover,
there are two advantages of the current 02/rare-gas/Pt
system over the previously studied 02/Pt system. First,
features due to multiple- electron-scattering processes
are more easily identifiable. Second, the interaction be-
tween an 02 molecule and neighboring rare-gas atoms in

the present system is much weaker than the interaction
between neighboring 02 molecules in the earlier system.
The weaker interaction reduces the eAect of intermolecu-
lar deexcitation or neutralization. These advantages
make it easier to isolate the image-charge eA'ects, which
are seen to have a dramatic eAect on the desorption
yield.

The electron-impact 0 dissociation of 02 gas is well
understood. The electron-energy dependence of the 0
yield is shown in Fig. 1 (top curve from Rapp and
Briglia ). In the energy range from 4.4 to 10 eV, the
0 ions are produced via the transient 02 ( II„) anion.
This process,

e +0,('Z, )-O,
- ('n„)-O

- ('~) +0('j'),

is referred to as dissociative attachment (DA). Above
17 eV, the 0 ions are produced predominantly via an
excited neutral 02* molecule. This process,

e +02( Zs ) Op* 0 +0+,
is referred as dipolar dissociation (DD).

The apparatus has been previously described. A rare
gas is condensed near its sublimation temperature on a
clean Pt ribbon, and the 02 gas is condensed onto the
rare-gas film at 17 K. The film thicknesses are estimated
to within 20% by a method described previously. ' The
incidence angle of the electron beam is 20' from the sur-
face, and the 0 ions are measured by a quadrupole
mass spectrometer positioned at 70 from the surface.

Figure 1 compares the electron-energy dependence of
the ESD 0 yield from 02 gas with that from the
02/Ar/Pt samples, where the 02 coverage is kept con-
stant at 0. 1 ML (monolayer) and the Ar thickness is
varied from 0.37 to 4.3 ML. As the Ar thickness in-

creases, the four features indicated by arrows at around
6, 14, 18, and 24 eV grow faster than the remainder of
the spectrum and at large thicknesses (i.e. , & 20 ML)
dominate the spectrum. These four features contain con-
tributions from multiple electron scattering which in-
volve energy-loss processes in Ar or 02. Details of these
assignments will be published elsewhere. ' ' What is

significant here is that the contributions from multiple
electron scattering are relatively small below 2.2 ML, so
that the 0 yields at 6 eV and above 17 eV can be con-
sidered to arise mainly from the DA and DD processes,
respectively, as in gaseous 02. The replacement of Ar by
Kr or Xe in 02/Ar/Pt gives similar results.

Figure 2 shows the Ar-thickness dependence of the
0 yield from 02/Ar/Pt with a constant (0. 1 ML) 02
coverage. At 30 and 40 eV, we expect only small
multiple-electron-scattering contributions for the range
of Ar thicknesses given in Fig. 2. Although multiple

236 1987 The American Physical Society



VOLUME 59, NUMBER 2 PHYSICAL REVIEW LETTERS 13 JULY 1987

02 gas

0
I0

0 40eV

2 3
Ar thickness (ML)

t
I i i i ( l l l l i I l « i I i i i i l t

10 20 30 40
Electron energy (eV)
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TABLE I. Summary of image-charge effects on the 0
yield via the dissociative-attachment (DA) and dipolar-
dissociation (DD) processes. The effect indicated for each con-
tribution (increase, decrease, or no change) is relative to the
0 yield from 02 gas. The relative magnitude of the eff'ect

[large (L) or small (S)] for a given image-charge strength is

indicated in parentheses.

20-

02/ 0 +0'

Image-charge eAect

Dissociation branching
0 kinetic energy
Configuration space
Intermediate-state

quenching'

DA
contribution

Decrease(L)
Decrease(S)
Decrease(S)

Decrease(L)

DD
contribution

Increase(5)
Increase(S)
Increase (L )

No change

CD
1

t|)—10—

Q
0

CL

X 10
0 /M+0'

0 +0'/M

'Active only when the 02 intermediate has significant orbital overlap
with the metal surface.

Although intermediate-state quenching causes a reduction in the
DD contribution for 02/Ar/Pt relative to 02 gas, the magnitude of this
efrect is not changed by the image charge.

02

p +p
0 +0/M

0 /M+0

curves in Fig. 3 are schematically drawn with the max-
imum energy lowering, 2.5 eV. '

The first eAect of the image charge involves the energy
separation of the 0+0 dissociation limit into the
0/M+ 0 and 0 /M+ 0 limits. Consequently, to
desorb 0 ions, the lower 02 /M intermediate state
must undergo a nonradiative transition into its upper
partner state. The mechanism for this "charge transfer"
transition, 0 /M+0 to 0/M+0, is similar to that
for symmetric charge transfer in atom-atom collisions of
identical nuclei' and occurs because of the breakdown
of the adiabatic approximation. The probability for this
transition is 2 when the separation of the dissociation
limits vanishes, and decreases quickly as the separation
increases. In contrast, the separation between the
0 /M+ 0+ and 0 +0+/M dissociation limits is

negligibly small. Nevertheless, on the basis of the rela-
tive atomic sizes of 0+ and 0, we expect that the
0 +0+/M limit is slightly lower than the 0 /M+0+
limit. This means that the DA contribution should in-
crease and the DD contribution should decrease slightly
as the thickness of the rare-gas layer increases.

The second eff'ect of the image charge involves the ki-
netic energy of the escaping 0 ions. As can be seen
easily in Fig. 3, in comparison with the corresponding
0 kinetic energy from 02 gas, the kinetic energy of the
0 ions via 02 /M is decreased while that via 02 /M
is increased. The slower-escaping ions have a greater
chance to be recaptured or neutralized, thus decreasing
the DA 0 yield, while the faster 0 ions have a
greater chance for escape, thus increasing the DD 0
yield. We expect, however, that this mechanism causes a
relatively small eAect.

The third eAect of the image charge involves the num-
ber of vibrational and/or electronic intermediate states

02/M 02(Ground state)

l I I I I I

0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6
0—0 distance (A)

FIG. 3. Potential-energy curves of 02 gas (solid curves) and
the corresponding potential-energy curves under the influence
of an image charge (dashed curves). Spectra on the left side
show schematically the relative number of vibrational and/or
electronic states which have sufhcient energy to yield 0 ions,
for 02 gas (solid lines) and for 02/M (dashed lines).

(i.e., amount of configuration space) which have
sufticient energy to yield 0 ions. The curves on the
left-hand side of Fig. 3 schematically indicate the
configuration space for production of 0 from 02 gas
(solid lines) and from 02/M (dashed lines). These plots
indicate that the configuration space for 02 /M de-
creases slightly while that for the Oq*/M state increases
significantly compared with that for 02.

Finally, the fourth eA'ect of the image charge involves
the quenching rate of the intermediate state. Near a
metal surface, some of the 02 or 02* states may be
neutralized or deexcited before the desorption process
can get underway. The image charge influences these
destruction rates of the 02 intermediate state by at-
tracting the ion towards the metal surface. The inward
motion and subsequent neutralization are similar to the
first two steps of the Antoniewicz "bounce" mecha-
nism, ' which is known to be active for neutral desorp-
tion from physisorbed systems. ' Again, in contrast, the
deexcitation rate of the 02* intermediate state is not
aA'ected by the image charge. Thus, intermediate-state
quenching has a greater eA'ect on the DA process than
on the DD process.

As summarized in Table I, all four image-charge
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mechanisms predict a depletion of the DA process rela-
tive to the DD process. This is consistent with the
two-orders-of-magnitude reduction in the 0 (via
DA)/0 (via DD) ratio for the 02(0.37 ML)/Ar/Pt sys-
tem compared with that of the 02 gas in Fig. 1. As the
thickness of the rare-gas spacer layer decreases from 4 to
1 ML, the image-charge force increases. Accordingly,
with decreasing rare-gas thickness, the 0 yield via the
DA process should decrease and that via the DD process
should increase. This is consistent with Fig. 2. As indi-
cated above and summarized in Table I, the dissociation
branching efIect for the DA process, and the configura-
tion-space efect for the DD process, are primarily re-
sponsible for this behavior.

The increase in 0 yield with increasing Ar coverage
below 0.7 ML (Fig. 2) does not arise from any of the
four image-charge mechanisms in Table I because the
image-charge force is constant until the 02 plus Ar form
1 ML. We believe the 0 yield increases because the
Ar atoms (I ) interfere with the metallic neutralization of
the escaping 0 ions and (2) encourage orientation of
the 02 molecules normal to the metal surface.
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