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Abstract. Nonresonant multiphoton ionization at 193 nm wavelength was employed for effi-
cient detection of electron-stimulated neutral desorption from Al(l 11) dosed with methanol to
produce monolayer methoxide coverage. Velocity spectra were measured by the flight time
from the crystal surface to the focal region of the laser beam with a pulsed primary electron
beam of 3 keV and the sample at 300 K. Either the C+ or HCO+ photofragment indicated the
same non-Boltzmann velocity spectrum for the neutral parent precursor with a peak kinetic
energy of-0.1 eV. Identical distributions were obtained when the cleaned crystal was pre-
oxidized with O2 prior to methanol dosing. As the crystal temperature was raised, photoion
signal from the HCO+ fragment declined steadily, while C+ increased until -550 K. The total
cross section for loss of parent signal with dose of 3 keV electrons was measured to be
2±lxlO-17 cm2.

1. Introduction

Experimental velocity distributions provide a very discriminating probe of the dynamics of
electron- or photon-stimulated desorption (ESD OR PSD) of species from surfaces. In the case
of the neutral channel, which typically dominates the total desorption flux by orders of magni-
tude, relatively few velocity distributions have thus far been measured [1]. For monolayer
coverage on metal surfaces, the existing data on ESD/PSD of neutrals in the ground or low-
lying states is characterized by peak kinetic energies in the -0.1 eV region, thus translationally
much "colder" than either neutrals in electronically-excited metastable states [2] or desorbed
ions (for reviews, see [3,4]. The present paper reports measurements by nonresonant laser
ionization of the velocity spectrum of neutrals released by ESD from methanol-dosed Al( 111).
Nonresonant laser photoionization provides signal enhancement resulting from accessing
simultaneously a large number of quantum states of the probed species, believed to be the
CH3O (methoxy) radical in this case. The well-characterized methoxy A-X electronic spectrum
in the 316 nm region [5] provides the possibility of state-resolved neutral detection in future
studies.

2. Apparatus and Procedures

The basic experimental procedure employed in these experiments was nonresonant laser ioniza-
tion of neutrals, following their desorption from a sample surface by a pulsed electron beam.
The apparatus, depicted in Fig. la, also included a commercial (VSW model HA-100) concen-
tric hemispherical analyzer (CHA), operated here for positive ion transmission. For the acqui-
sition of velocity spectra, the sample was bombarded with electron pulses of-1 us, followed
after a variable delay time by ionization by a 15 ns pulse of laser radiation at 193 nm from an
ArF excimer (Questek model 2660, unstable resonator optics, focused into the ionization
volume by a 240 mm f lens, giving a beam waist -0.15x0.41 mm). Velocity spectra were
generated in this manner, using the known flight path of 2.5 mm. The energy analyzer
provided a bandpass of 1-2 eV, allowing for complete discrimination against signal due to direct
ion desorption from the sample in experiments studying neutral desorption by laser ionization.



As indicated in Fig. lb, the potential drop between sample (biased at -+92 volts) and the
photoionization volume provided the necessary energy separation. Residual signal from
background-gas ionization was subtracted by blanking the desorbing electron pulse on alternate
laser shots. In independent experiments, kinetic energy distributions for desorbed ions were
obtained by scanning the CHA energy window in the usual fashion. Tirne-of-flight mass
spectrometry of either direct ions or photoionized neutrals was performed using the electron or
laser pulse, respectively, as the initial timing mark. A more detailed experimental description
has been published [6]; also, a comprehensive paper OR the present studies is in preparation [7].
All of the ESD experiments reported here were performed with a primary electron energy of 3
keV (nominal gun voltage, referenced to ground). The aluminum crystal (99.999% ) was
oriented to (111) within 0.5° and cleaned by cycles of sputtering (1.5 keV Ar*") followed by
annealing at 700 K. Crystallinity was monitored by LEED analysis, and surface contamination
by C and O was established at less than 1%, using the CHA in Auger mode. Dosing with
degassed methanol followed standard procedures.

Although fragmentation occurs at the laser intensities employed for obtaining high photoion-
ization efficiency, considerable dynamical information from the initial desorption step is
retained. Mass spectrometry studies of the photoions from neutrals desorbed by long electron
pulses (-10 JJ.S duration, to avoid velocity discrimination effects) were performed as a function
of laser intensity in the range 30 to 650 MW/cm2. At low intensity, signal at mass 12 and 13
(C+ and a more intense CH+) and a mass group extending from 28 to 31 (CH3O+, CH2O"1",
HCO+,CO+) were observed. The C+ and HCO+ peaks showed comparable intensity at 60
MW/cm2, but beyond -300 MW/cm2 at the onset of saturation in both ion signals, the C" was
more intense by an order of magnitude.

3. Results and Discussion

3.1 Surface Initial Conditions

From various published evidence, it seems apparent that exposure of Al(l 11) to a saturation
dose of methanol at 300 K, as used in the work reported here, results in monolayer coverage of
the methoxide CH3O with the O atom adjacent to the metal. Surface vibrational spectroscopy,
via high resolution electron energy loss spectroscopy (HREELS), leads to this conclusion in a
study by Yates and co-workers [8], with deposition at 90 K followed by warming to 200 K.
The surface methoxide persisted to -450 K where decomposition to surface oxides and carbides
with release of methane occurred. Dosing at room temperature produced the same characteristic
methoxide vibrational spectrum in a study on Al(l 10) by Waddill and Kesmodel [9]. Room
temperature dosing was also employed in an XPS/UPS study on polycrystalline aluminum by
Rogers et al. [10], in which splitting of the bonding orbitals indicated a bent C-O-Al bond. The
decomposition path, as described above, was observed at -500 K. At lower temperatures, the
possible decompostion products, formic acid, formaldehyde, and CO were rejected on the basis
of the UPS data. The secondary ions CH3O" and A1CH3O+ were directly observed after
saturation dosing of polycrystalline Al with methanol at room temperature by Tindall and
Vickerman [11]. Evidence for the initial oxidation of the surface (at a few L exposure) prior to
methoxide formation was found. Heating to 373 K rendered the methoxy/methoxide ions
undetectable. Quite similar behavior was observed with a pre-oxidized surface (1000 L).

3.2 Velocity Distributions

Adequate signal for neutral velocity distribution determination required operation in the high
laser intensity regime where C" was the most intense photoion. Fig. 2a shows data at 650
MW/cm2 for the neutral desorbate, monitored via the C" fragment, for a saturation dose (55 L)
of CH3OH on Al(l 11). The detected photoion counts are taken to be proportional to the initial
density of adsorbed neutrals in the limit of arbitrarily short pulses of electrons and laser photons
[6, 12]. These assumptions are very good for the exhibited data, except that convolution over



the finite-duration electron pulse will tend to shift the highest velocity data points to somewhat
greater values. In Fig. 2, fits to both a Boltzmann distribution (dashed curve) and an empirical
"planar-barrier/power-law" form (solid curve) are displayed, The model distributions are u4

exp (-u2) and u4(l+u2)'3» respectively, with u = v/vb, v being the measured velocity and Vb =
(2ksT/m)1/2 (Boltzmann) or vb = (2Eb/m)1/2 (planar barrier) [6]. The data displayed
corresponds to a binding parameter Eb = 0.1 eV. Within experimental statistics, identical
behavior was observed irrespective of whether the C+ or HC0+photoixagment (Fig. 2b) was
used to monitor the TOF spectrum of the neutral desorbate. In a second set of experiments (not
shown), the cleaned Al(111) surface was oxidized through several cycles of O2 exposure
(several hundred L) and heating to 700 K [13] prior to saturation dosing with methanol. This
treatment is sufficient to produce at least an overlayer and underlayer pattern of oxygen in the
aluminum surface layer [14]. This level of pre-oxidation gave no significant change in the
neutral ESD velocity spectra. It is therefore likely that the two surface preparations produce
similar adsorbed methoxy layers, with an equivalent oxidation ocurring in the process of dosing
clean Al(l 11) with methanol.

3.3 Electron Irradiation Effects

Experiments were performed monitoring the dose dependence of both the HC0+ and C+
signals from the deposited CH3O/A1(111) monolayer films described above. Photoionization
mass spectra were measured under long-pulse (10 |J.s duration) conditions for the 3 keV
electron beam, interspersed with timed intervals of continuous bombardment. The data for the
pre-oxidized sample, shown in Fig.3, indicate a continuous decrease of the HCO+ signal with
dose, while the C+ signal levels off after the initial decrease. The former data can be interpreted
in terms of an exp (-Jot) dependence on the bombardment time t, with electron current density
J, and with a being the total cross section for removal of the surface species, which provides
the observed HCO+ signal. For the actual experimental parameters (2 |iA in -1 nun2), a value
of o = 2xlO"17 cm2 is obtained from the initial slope; the subsequent slowing of the HCO+

decay rate results from electron beam-profile effects. The results with the Al(l 11) surface were
very similar. The corresponding desorption yield would be -3xlO"2 if desorption were to
dominate the loss processes. Qualitatively, the neutral yield in the present experiments was
comparable to that estimated in the earlier studies on an aluminum alloy surface, i.e., >10*3 [6],
so other loss processes may be operative. For comparison, Yates and co-workers [15] have
employed HREELS to investigate the electron-induced destruction of the methoxy species
adsorbed on Al(l 11) at lower temperatures. Their sample was held at 95.K and bombarded
with 300 eV electrons, with the CH stretching frequency in the methyl group being monitored
as an indicator of the concentration of surface methoxy. A total cross section of ~5xlO~15 cm2,
ascribed to loss of CH3O, was measured at an electron dose of -1014 crrr2, as well as a cross

section of -4x10"^ cm2 at a dose of ~5xl017 cm"2, ascribed to the loss of a much more
desorption-resistant CHX- species created by the bombardment. The lower cross section
observed in the present work can be ascribed to the higher primary electron energy employed
(3000 vs. 300 eV), with possible influences from both lower excitation cross sections and
lower secondary electron yields at the higher energy.

3.4 Surface Temperature Effects

Figure 4 shows laser ionization mass spectrometry data taken as the sample temperature was
raised. Notable is the absence of any strong desorption peak. Methanol would give a strong
nonresonant ionization signal, for example [16]. The C+ signal actually tends to increase in the
high-temperature region (>500 K), where surface methoxide has been observed to decompose,
possibly due to the desorption of new species with higher probability for total
photofragmentation to C" ions or higher desorption yield. The steady decline in HCO+ signal



can be analyzed according to first-order kinetics to correspond to an activation energy of 1.9 eV
at 560 K for an assumed pre-exponential factor of 1013, indicating a species strongly bound to
the surface.

3.5 Conclusions

The combination of relatively high desorption yield and low kinetic energy of desorption in the
neutral channel creates difficulties for modeling in terms of familiar models [17,18] involving
excitation to a repulsive state. Gortel et al. [19] have pointed out the conflicting requirements of
rapid de-excitation from the upper state, to avoid the acquisition of too much kinetic energy and
the need for longer upper-state dwell times, to achieve high desorption yields. At present, a
detailed mechanism for these data has not been clearly established.
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Figure Captions

Fig. 1. Apparatus used in neutral detection experiments, (a) Physical configuration of
ultrahigh vacuum components, (b) ion-collection potentials and kinetic-energy analysis.
For neutral ESD experiments, the fixed analyzer energy window can be set to exclude
surface ions but transmit the entire narrow energy distribution of laser-ionized species.

Fig. 2. Velocity distributions for neutral desorption from saturation dosing of methanol on
clean Al(l 11) monitored by 193 nm photoionization, monitored via the O or HCO*"
photofragment

Fig. 3. Decrease of neutral desorption signal with total electron fluence. HCO+ signal
indicates a cross section of 2xlO"17 cm2 for all processes resulting in loss of parent
CH3O adsorbate, from the pre-oxidized Al(lll) surface.

Fig. 4. Temperature dependence of neutral desorption signal as monitored by the C+ or HCO+
photofragments from 193 nm laser ionization.
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