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Ion-Molecule Surface Reactions Induced by Slow (5-20 eV) Electrons
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Electron-stimulated desorption of H, 0, and OH ions from a metal-deposited multilayer 02 film

covered with C„H2„+2 molecules is reported for the incident-energy range 5-20 eV. By producing selec-
tively with the electron beam 0 ( P) ions on the film, via the dissociative attachment reaction
Oq('Zg )+e 02 ( II„Zg+) 0 ( P)+0('P), the surface reaction 0 +C„H2„+2 OH
+C,H2„+~ can be induced and controlled.

PACS numbers: 79.20.Kz, 34.50.Lf, 34.80.Gs, 82.30.Fi

Ion-molecule reactions are processes of fundamental
and practical importance in many areas' of physics and
chemistry. Experimental methods to investigate speciftc
reactions have been developed in the gas phase, ' essen-
tially in response to the need for data relating to atmos-
pheric chemistry and plasma confinement. Details of
ion-molecule interactions occurring over a wide energy
range have recently been investigated by beam tech-
niques which often led to the identification of the
product channels and the potential energy curves in-

volved in reactive scattering.
We show in this Letter that anion-molecule reactive

processes can be investigated in the condensed phase by
electron-stimulated desorption (ESD) from molecular
films condensed (i.e. , physisorbed) on a metal substrate.
In other terms, we show that a low energy (5-20 -eV)

electron beam can trigger and control a specific ion-
molecule surface reaction This findi. ng indicates the
possibility of inducing with a low-energy electron beam
specific chemical modifications at well-defined positions
on a solid surface, and of investigating in more detail the
mechanisms of ion-molecule reactions which occur on
surfaces (e.g. , at the walls of controlled-fusion devices )
and within irradiated solids. '

The method consists of generating with an electron
beam impinging on molecules condensed on a surface a
specific negative ion via a dissociative attachment reac-
tion. The anions thus created can react with surrounding
molecules at the surface with energies defined by the
dissociative attachment process. The uniqueness and

pathways of the reaction can be deduced by monitoring
the magnitude of a reaction-product signal as a function
of incident electron energy and surface coverage of one
of the reactants. As examples, we report the observation
of reactions

0 +C„H2„+2~ OH +C„Hp„+ )

(n =1, 2, 4, 5, and 6) for C„H2„+q molecules condensed
on the surface of a multilayer 02 film deposited on a pla-
tinum substrate. The energetic 0 ions are generated

by the reaction

The features in the curve representing the electron ener-

gy dependence of the 0 yield are rejected into the
electron energy dependence of the OH yield and thus
serve as a "signature" to detect and identify reaction (I).
Previous investigations of abstraction reaction (I) have
been performed in gasesous hydrocarbons, at thermal en-
ergies and up to 2 eV relative energy' of the anion 0
We also report in this Letter H formation from dissoci-
ative attachment reactions produced by electron impact
on pure saturated-hydrocarbon films.

The apparatus, described previously, '' consists essen-
tially of an electron gun, a closed-cycle refrigerated cryo-
stat, and a mass spectrometer. These components are
housed in an UHV chamber reaching pressures below
5x 10 '' Torr. Sample gases or vapors are introduced
into the UHV chamber via an UHV manifold which al-
lows precise amounts of target molecules to be leaked in

front of the cold tip of the cryostat. ' These molecules
condense on a clean electrically isolated polycrystalline
platinum (Pt) ribbon press fitted on the cold tip of the
cryostat. Electrons are incident on the target at an angle
of 20 from the plane of the Pt surface. Ions produced
near the surface of the condensed film, either directly by
electron impact or via secondary reactions, are measured
by a quadrupole mass spectrometer. This latter is posi-
tioned at 70 from the target surface and is equipped
with ion lenses.

In the present experiment, condensed layers of 02 and
C„H2„+q (n =1, 2, 4, 5, and 6) hydrocarbons were
grown on the cold substrate with thicknesses estimated
within 50% accuracy by the dosing procedure previously
described. ' ' These compounds were available with a
stated purity of 99.98%, 99.99%, 99%, 99.5%, 99%, and
99%, respectively. The absolute energy of the electron
beam was calibrated within 0.4 eV with respect to the
vacuum level by measuring the onset of electron
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FIG. 2. Energy dependence of H signal desorbed by elec-
trons impinging on a six-layer-thick film of C„H2„+2 molecules
deposited on a Pt substrate.
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FIG. 1. Energy dependence of electron-stimulated desorp-
tion of negative ions in the range 1-20 eV. Curves a and b,
0 desorption form a three-layer 02 film. Vz is a potential re-
tarding the negative ions at the entrance of the mass spectrom-
eter. Curves c-g, OH desorption from a three-layer 02 film
covered with a single layer of C„H2„+2 (n =1, 2, 4, 5, and 6)
molecules. All these curves were recorded with Vg =0.

transmission through the films. ' The data were record-
ed with incident electron currents of 10 A, an energy
resolution of 0.3 eV, and a target temperature of 17 K.

0 production by electron impact on Oqglms The.—
two curves in Fig. 1 represent the energy dependence of
the 0 current produced by electron impact on a three-
layer-thick film of 02. Curve b was recorded with a re-
tarding potential Vg = —1.8 eV applied to the rods of
the mass spectrometer. All other curves reported in this
Letter were recorded with V~ =0. The broad peaks lo-
cated around 8 and 13 eV in curves a and b have recent-
ly been ascribed to the dissociative attachment reaction
(2).'" The 8-eV peak arises from the decay of the II„
transitory state"'" of 02, whereas the 13-eV peak
contains contributions from the TI„anion and the
higher-energy Z~+ O~ states. ' Since both of these
states lead to the same dissociation limit, O ions pro-
duced by 13-eV electrons are, on the average, more ener-
getic and their intensity is therefore less affected
by the retarding potential V~. Accordingly, the 8-eV
feature is shifted to higher energy with V~ = —1.8 eV as
a result of discrimination of lower-energy ions, whereas

the energy of the 13-eV feature is practically unaffected
by this potential. The line shapes of these curves remain
the same when the 02 film is covered with a monolayer
or less of C„Hq„+2 molecules.

Anion production by electron impact on C„Hp„+2
balms. —The H currents appearing on the vertical scale
in Fig. 2 were measured as a function of the energy of
electrons impinging on six-layer films composed of
saturated hydrocarbons. All curves exhibit a single peak
whose maxima is located around 10 eV and a rise which
onsets at higher energy (16-18 eV). Similar data have
been previously obtained ' in gaseous CH4 and C4H ~0

where the 10-eV maxima is caused by the dissociative at-
tachment reaction

e -+C„H,„+,—(C„H,„+,)
H + C„Hp„~ t. (3)

We therefore attribute the peaks in Fig. 2 to reaction (3)
occurring at or near the surface of each hydrocarbon
film. Similar yield functions are observed for CH3
CH2, and CH ions, in order of decreasing intensity.
These anions are also believed to arise from the decay of
transitory (C„H2„+q) states. All yield functions have
their line shapes practically unchanged when the hydro-
carbons are condensed, at monolayer or submonolayer
coverages, on multilayer 02 films.

Reaction of 0 with hydrocarbons deposited on 02
Plms. —Curves c to g in Fig. I represent the energy
dependence of the OH yields produced by electron im-

pact on a three-layer oxygen film covered by a "mono-
layer" of C„H2„~q molecules. At submonolayer cover-
ages, these OH yield functions exhibit the same
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FIG. 3. Current of OH ions desorbed by 8.5-eV electrons
as a function of the pentane (CsH|2) coverage of a three-layer

02 film deposited on Pt. A similar behavior is observed for the
other C„H2 +2 molecules investigated (i.e. , n =1, 2, 4, and 6).

characteristics but the signal is lower. In fact, in the
submonolayer regime the magnitude of the OH signal
is found to be directly proportional to the number of con-
densed hydrocarbon molecules. We illustrate this be-
havior in Fig. 3 with the results for submonolayer
pentane/three-layer-Oq/Pt targets bombarded with 8.5-

eV electrons. The remaining "background" intensity at
zero coverage in this figure can be attributed to isotopic
oxygen-17 current. Results similar to those in Figs. 1

and 3 were obtained for submonolayer coverages of Oz
on three-layer hydrocarbon films. In this case, however,
the OH signal was found to be linear with 02 coverage

up to half of an 02 layer.
Since no compound at the film surface contains both

hydrogen and oxygen, OH ions cannot be produced by
direct electron impact. However, they can result from
surface reactions between ground-state molecules (i.e.,

02 and C„H2„+2) and anions produced directly by the
electron beam (i.e. , 0, H, and CH„, n= 1 —3).
priori, OH can be formed via reaction (1) or the reac-
tions

H +Op~ OH +0,
CH„+02~ OH +CH„)O.

The possibility of higher-order reactions among the film

constituents and bombardment products can be eliminat-

ed from the observed linearity of the OH signal as a
function of hydrocarbon coverage on multilayer 02 films

(e.g. , Fig. 3) and as a function of 02 coverage on hydro-

carbon multilayer films.

Any OH formed by reactions (4) and (5) would

bear the "signature" of the yield functions for H pro-
duction shown in Fig. 2. In other words, the energy
dependence of the OH yield would exhibit a single
peak around 10 eV since reactions (4) and (5) depend on
the primary formation of H or CH„via reaction (3).
As seen in Fig. 1, the OH yield functions are similar to
the 0 /02 yield curves a and b indicating that OH
formation at the surface is governed by reaction (I).
This conclusion is reinforced from measurements of the
relative magnitudes of the OH, H, and CH„sig-
nals in the 8-15-eV range which indicate that the
energy-integrated intensity is larger for OH ions than
that for H and CH„ ions. Hence, any reaction in-

volving H or CH„should necessarily result in OH
magnitudes lower than those observed experimentally.
Finally, we point out that the relative magnitude be-
tween the two structures in each curve c to g in Fig. 1 in-

dicates that higher energy 0 ions have increased prob-
ability to be involved in reaction (I). Since only ions
having enough kinetic energy to overcome the film polar-
ization energy (—1 eV) ' can escape the film, we expect
most ions produced by reaction (1) to have energies in

excess of 1 eV.
Even though we could not establish experimentally the

existence of an intermediate C„H2„+20 state leading
to the products of reaction (1), this possibility is suggest-
ed by gas-phase results. By measuring the energy of
electrons emitted from the collision 0 with CH4 mole-
cules, Comer and Schulz' demonstrated that existence
of the associative detachment reaction 0 +CH4

CH40 CH40+ e and thereby that of an inter-
mediate stage involving the anion CH40

Conclusion —The a. bility of energetic (i.e. , kiloelec-
tronvolt) electron bombardment to enhance the chemical
reactivity of surfaces has been previously established for
such diverse processes as semiconductor etching, ' silicon
oxidation, ' and hydrocarbon formation from graphite.
We have shown in this Letter that, via the formation of
transient anions and their decay by dissociative attach-
ment, much lower energy (5-20 eV) electrons can in
duce and control a specific abstraction reaction near a
platinum surface covered with oxygen and hydrocarbon
layers.
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