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There are several reasons to study laser induced
desorption. The energy redistribution processes after
laser excitation are very fast. On metals the electronic
excitation of the adsorbate may only last a
few femtoseconds. However, the energy partitioning is
very sensitive to the potential energy surfaces
involved and the lifetimes of the excited states. Thus
by monitoring the final state distributions one is able
to get an insight into the relevant processes when
experiments are connected with theoretical
calculations. The highest sensitivity is obtained when
looking at. desorbing molecules. We use REMPI
(resonance enhanced multi photon ionization) and are
able to detect easily 105 molecules per cm3 per
molecular state. This is many orders of
magnitude better then the detection limit of
measurements of the energy partitioning at the
surface.

the 02p-orbitals of the substrate to the NO 27t-orbitals
leads to potential energy surfaces different in shape to
the molecular ground state. Strong electrostatic
interactions due to this ion pair formati~n have as a
consequence a deepening of the potential energy
surface by a factor of about ten with respect to the
ground state and a shortening of the molecule-surface
distance. This is depicted in Fig.I. Such a finding
is likely to be quite general for systems in which the
electrostatic interaction between a molecule and a
substrate is dominant. Final state measurements
revealed that there is a strong rotational to
translational coupling of NO to the substrates
NiO(lOO) and Cr203(OOOl). This is indicative for a
geometry change within the excited state. Our ab
initio calculations confirmed that the strong Pauli
repulsion between the 02p-orbitals of the substrate
and the 27t -orbital of the excited NO- pushes the
molecule from a bent into an upright position when
being accelerated towards the surface.Our experiments are complemented by ab iijiitio.

calculations using CASSCF-CI (complete active space
self-consistent field and configuration interaction)
methods in order to obtain the electronically excited
state potential energy surfaces. The dynamics of the
desorption process is simulated employing
wavepacket calculations with up to three degrees
of freedom.

10

>
Q)

w
The model systems

In our photodesorption work we have studied the
laser induced desorption from epitaxially grown fihns
of transition metal oxide surfaces such as NiO with the
two crystallographic orientations (100) and (111)
'and CQO3(OOOl) [1]. As adsorbates we used NO, CO
and K. Those systems have been well characterised
with a variety of different electron spectroscopic
methods [2-4]. Oxidic surfaces are particular
interesting in photocatalysis. Oxides show large
desorption efficiencies and are very suitable for state
selective experiments. The rather local character of the
metal d-bands and the simple fcc structure in case
of NiO allows to use small clusters to calculate the
excited electronic sta tes in ab intio calculations. With
coadsorption of potassium we manipulated the
electronic structure of Cr203(OOOl).

0.- II I I I I I I I I i I

2 5 10 15
R(Ni-N)/a.u.

The laser induced desorption of simple molecules

Figure 1: Ab initio potentials of electronically excited states

of NO/NiO(100) (from [6J) Plot of the manifold potential

curves of the different types of excited states of a cluster

modelling (NO/NiO(100): NO-NiOS8- embedded in an

unmodified Madelung field, calculations obtained with

CASSCF-ci ab initio calculations

1) ground state and d-d excitations

2) 02p-Ni3d charge transfer states

3) cluster NO-charge transfer states (potential energy

sllrface donJinated by a strong Coulomb attraction,

electronic states relevant for the phtodesorption process.

We found that the desorption from our systems is due
to an excitation process within the substrate when
exciting the systems above the band gaps of the
substrates. This i$ apparent from the energy
dependence of the desorption cross sections. We
detected a high vibrational excitation which is
indicative for a charge transfer from substrate to
adsorbate followed by a stretching of the NO or CO
bond. Verification of our experimental results were
obtained from ab initio calculations on the system
NOjNiO(lOO) [5+6]. A complete charge transfer from

We observed mainly desorption of neutrals. This
means that the charge carrier is transferred back to the
substrate before desorption. The excited state lasts a
few tens of femtoseconds as was obtained from early
two dimensional trajectory calculations [7] and later
wavepacket calculations [5]. The strong difference in
potential energy surfaces and the lifetimes explain
why the desorption efficiency from oxidic surfaces are

I Page 3
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excitation to a nearly pure cartwheel motion for high
rotational excitation. We interpret this surprisingly
strong change as being due to a change of the
bonding geometry from flat to bent in the
intermediate, excited state.

shift when alkali atoms are adsorbed as is known from
EEL spectroscopy [13]. Fig.3 clearly shows that these
surface states influence ilie photodesorption behaviour
of NO. The picture shows the velocity distribution of
NO in a single rovibrational state as a function of
desorption energy for both cases, the pure
Cf203(OOO1) substrate and a substrate covered with a
low coverage of potassium. The desorption energy of
6.4 eV lies above the bulk 02p-Cr-3d charge transfer
states starting at 6.2 eV. It is thought that those
transitions are dominating and any surface state
effects are strongly masked by the desorption feature
resulting from charge carriers diffusing from ilie bulk
to the surface. The two oilier desorption energies are
situated at the low and high energy flank respectively
from the mentioned surface states of the pure
substrate. Apparently the high velocity component of
the bimodal distribution is strongly influenced by the
surface states. Shifting" of the surface states by
coadsorption of potassium leads to a change in
intensity of the fast desorption channel. There are only
very few examples in the literature in which a
clear influence of surface states onto photoreaction
processes have been demonstrated [14]. However,
these are of particular interest as they are directly
related to the surface molecule bond and thus are
interesting concerning molecule specific
photochemistry at surfaces.

Modification of electronic states

The goal of fundamental investigations like our
photodesorption work is to learn how one can
systematically tailor an adsorbate/substrate system to
obtain a wished photoreaction. Our next interest was
how one can use surface dopants to modify the
electronic surface states for promoting a desired
reactivity. Well known promoters on metals in
heterogenous catalysis are alkali metals. While the
knowledge about the influence of alkali metals on
metals is quite detailed [12], little is known about the
behaviour on insulator single crystal surfaces,
particular about their photoactivity.

Future activities concerning electronic structure
modifications via metal deposition are planned.

We studied the coadsorbate system
NO/K/Cr203(OOOl). Cr203(OOOl) has pronounced,
optically active charge transfer surface states
peaking around 4.5 eV. These surface states strongly
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