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words for each line of table including headings and horizontal rulings. Proof will be sent to
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COMMUNICATIONS

Ultraviolet-laser induced dissociation and desorption of water adsorbed

on Pd(111)

M. Wolf, S. Nettesheim, J. M. White,® E. Hasselbrink, and G. Erti
Fritz-Haber-Institut der Max-Planck-Gesellschaft, D-1000 Berlin 33, Faradayweg 4-6, West Germany

(Received 30 October 1989; accepted 9 November 1989)

An understanding of the basic photodriven processes at
the metal-water interface is of fundamental importance in
several areas, such as catalysis and photoelectrochemistry.
"We report on the observation of dissociation and desorption
of molecular water adsorbed on a Pd(111) surface stimulat-
ed by UV-laser light. In the wavelength region used gas
phase water and amorphous ice are practically transparent.'

The UHYV apparatus has been previously described.> A
Pd(111) crystal kept at 90 K was dosed using a molecular
beam of H,O. The coverage was typically kept below satura-
tion of the first monolayer. The sample was then irradiated
with pulsed excimer light (6.4 eV and 5.0 eV) at normal
incidence using fluences below 5 mJ/cm?. A rotatable qua-
drupole mass spectrometer (QMS) allowed thermal desorp-
tion spectroscopy (TDS) and time-of-flight (TOF) spec-
troscopy of desorbing molecules.

Water adsorbs molecularly on Pd(111). Up to satura-
tion of the first layer H,O desorbs in a single TDS peak at 170
K [Fig. 1(a)]. Presumably a bilayer structure is formed,*
even at submonolayer coverages. At higher coverages multi-
layers of ice are built up, which desorb with zero-order kinet-
ics above 150 K. UV irradiation of the bilayer leads to a shift
of the H,O desorption peak towards lower temperatures,
approaching the desorption temperature of multilayer ice,
and simultaneously to a new desorption feature which is ob-
served at higher temperatures (185 K). Conversion into this
new state is completed after irradiation with ~ 3 X 10'® pho-
tons/cm? [Fig. 1(b) ]. Further irradiation leads to progres-
sive depletion of the first water desorption state [Fig. 1(c) ],
due to laser induced desorption of H,O, which can be ob-
served using the QMS. No desorption of molecular frag-
ments was observed.

The TDS-feature at 185 K has also been observed when
H,O was dosed on a surface precovered with 0.05 ML of
atomic oxygen [Fig. 1(d) ]. The same TDS is obtained after
irradiation of the H,O bilayer with 3X10'® photons/cm?
(hv = 6.4 eV) and subsequent redosing of the amount of
desorbed water. It is well known from EELS studies of water
coadsorbed with oxygen on Pt(111) and Pd(100) that water
reacts with atomic oxygen above 150 K forming hydroxyl
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groups, which recombine at higher temperatures leading
again to desorption of water.* For this reason we attribute
the TDS peak at 185 K to recombination of dissociated H,O
formed photochemically by UV light. This interpretation is
further supported by the observation of thermal desorption
from atomic oxygen and hydrogen in TDS after irradiation.
Whether atomic oxygen or hydroxyl is the photolysis prod-
uct can not be decided, but the latter seems most likely from
energy considerations. '
From a series of TDS measurements we determined the
cross sections for the conversion and desorption process.
The number of converted H,O molecules N saturates expon-
entially with the number of photons 7., irradiating the sur-
face as N= N, [1 —exp( — 0, )] Evaluating the
area of the conversion peak in TDS (185 K)) as function of
photon fluence we obtain a cross section o, of 7X 10"
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FIG. 1. Thermal desorption spectra of the water bilayer (a), after irradia-
tion (b, ¢) and for coadsorption with atomic oxygen (d).
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FIG. 2. Desorption (l) and dissociation (1) yield vs H,O coverage. The
desorption yield has been multiplied by a factor of 10

cm?, for hv = 6.4 V. For 5.0 eV photon energy the cross
section drops by more than one order of magnitude to
Ooon = 4X 102 cm?. From the exponential decrease of the
total H,O-TDS area (after saturation of the conversion
peak) we obtain a desorption cross section g, of 5 10~2°
cm? and 1X 102! cm? for 6.4 eV and 5.0 eV excitation,
respectively. Observation of the desorbing flux with the
QMS indicates that the buildup of the conversion feature is
not a prerequisite, but rather a parallel reaction.

Starting with different H,O coverages the saturation
value of the conversion TDS peak increases first, but then
remains constant for initial H,O coverages above 60% of the
saturation of the bilayer (Fig. 2). Even for multilayer cover-
ages above 5 ML, dissociation in the first layer still proceeds.
Focusing on the yield of desorbing H,O molecules we ob-
serve a clear maximum at saturation of the first layer and a
rapid decrease with the formation of multilayers. Adsorp-

tion of a second layer of H,O already leads to a decrease of
the desorption yield by a factor of two, indicating that de-
sorption occurs only from the first layer and higher cover-
ages trap desorption.

At both wavelengths the TOF spectra of desorbing wa-
ter can be well represented by a Maxwell-Boltzmann distri-
bution with a mean translational energy (E,.,./2k) of
~600 K. The angular distribution is strongly peaked
towards the surface normal and can best be described by a
cos* dependence.

The observed TOF spectra together with the depen-
dence on photon energy clearly establish the photochemical
origin of the processes observed. These occur exclusively at
the metal/water interface, thereby illustrating that the ad-
sorbate-substrate interaction might open channels in sur-
face photochemistry which are not present in the gas phase.
Work is currently under way to characterize in more detail
the adsorbate layer after irradiation in order to establish the
photolysis products, and to study the isotope effect and po-
larization dependence which will give further insights into
the dynamics.

2 Humboldt Senior Scientist; permanent address: Department of Chemis-
try, University of Texas, Austin, Texas 78712.
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A new technique to calculate steepest descent paths in flexible polyatomic

systems
Alexander. Ulitsky and Ron Elber®

Department of Chemistry, The University of 1llinois at Chicago, Box 4348, Chicago, Illinois 60680
(Received 24 October 1989; accepted 15 November 1989)

Many algorithms are available for search of saddle
points and transition states on molecular energy surfaces.’
Nevertheless the calculation of steepest descent paths
(SDP) in flexible polyatomic systems (FPS) still presents a
significant challenge. The difficulties in calculating SDP for
FPS are the following: (a) A large number of minima and
steepest descent paths complicates the search for SDP
between two minima specified prior to the calculations. (b)
In large systems manipulations of second derivatives and
related matrices! 'Y commonly employed in small sys-
tems become too expensive.

Several studies addressed in the past the above
issues.!(®-1(®-2 Available computational techniques which
do not use second derivatives or prior knowledge on the posi-
tion of the transition state provide only approximate SDPs
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and the range of validity of these approximations is not al-
ways clear.

Here we present a new algorithm which uses first de-
rivatives only and is capable of calculating the SDP starting
with the coordinates of the minima to an arbitrary accuracy
specified by the setup conditions. In this Communication we
report the results of two test cases: (1) Muller potential,'®®
(2) conformational changes in a dipeptide.

The algorithm is based on discretizing the SDP by a grid
of M points {r* }, _ , 5, Each of the points is a replica of the
complete system. Let s* be a unit vector along the slope of
the path at r*. For r* to be on the steepest descent path, it is
required that V¥, = V¥V — (VV-s*) s* =0, where V'is
the potential energy. Hence the potential is minimized in all
directions except in the direction of the path. If {r; }, _, o
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