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The adsorption of benzene, naphthalene, and anthracene on the TiO2 (110) surface has been
investigated using near edge x-ray absorption spectroscopy 共NEXAFS兲, x-ray photoelectron
spectroscopy, and thermal programmed desorption. For all three adsorbates a planar adsorption
geometry is found. In contrast to the bonding of benzene and larger acenes to metal surfaces, we find
that the interaction is dominated by electrostatic forces between the adsorbed molecules and the
TiO2 (110) substrate. The fact that the average tilt angle between molecular and surface plane as
determined by NEXAFS is substantially different from zero indicates the presence of defect species.
© 2002 American Institute of Physics. 关DOI: 10.1063/1.1460855兴

I. INTRODUCTION

most metal surfaces, e.g., Au共111兲, Rh共111兲, Pt共111兲,
Ru共0001兲,14 Ag共110兲, Mo共110兲,15 Ni共111兲,16 Ag共111兲,
Cu共100兲17 in a planar geometry. Similar adsorption geometries are observed for acenes with a larger number of aromatic rings, e.g., naphthalene and anthracene deposited on
Cu共111兲.18 In a recent work19 Sosa et al. determined the adsorption geometry of benzene on the Zn-terminated
ZnO共0001兲 surface. Similar to the pure metal surfaces benzene adsorbs on the ZnO共0001兲–Zn surface in a planar geometry. In the present study the interactions of benzene with
the TiO2 (110) surface are compared to these other surfaces.
In addition to benzene, the adsorption of larger aromatic
molecules, namely naphthalene and anthracene, was studied.
The nature of the chemical bond of naphthalene and anthracene to the TiO2 surface is expected to be similar to benzene,
but because of the larger size of these molecules steric requirements might cause substantial differences.
Parallel to the present experimental investigations we
have performed a series of quantum-chemical ab initio calculations for the interaction of benzene and the TiO2 (110)
surface which will be described in detail in a forthcoming
paper.20 Some of the results of these calculations will be used
here for the analysis of the present experimental data.

The investigation of metal oxides is currently attracting a
considerable amount of interest. This interest stems to a large
part from the desire to understand the fundamental processes
occurring in heterogeneous catalysis using metal-oxide supported metal particles.1–3 Therefore, the adsorption of molecular compounds on metal oxides is of great interest. In
addition to the use as support in heterogeneous catalysis
TiO2 has found important applications in the field of photoelectrochemical cells,4,5 photochemical removal of contaminants in water and air,6 – 8 and gas sensors.9 However, there is
still a lack of detailed knowledge about the adsorption
mechanisms of the relevant molecular educts and products.
Particularly little is known about the interaction of organic
molecules with TiO2 surfaces. Here, we present the results of
a multitechnique investigation of the adsorption of aromatic
compounds on titania.
TiO2 exists in three modifications: rutile, anatase, and
brookite. The present investigations have concentrated on the
rutile 共110兲 surface which is the most stable surface of this
modification.2,10 The ideal, perfect surface consists of alternating fivefold-coordinated Ti4⫹ rows and bridging oxygen
rows as shown in Fig. 1.
The main technique used here for a detailed characterization of aromatic adsorbates is NEXAFS, a powerful tool
for studies on the orientation and electronic properties of
adsorbates on surfaces. The combination of NEXAFS, XPS,
and TPD allows for a detailed insight in the nature of the
adsorbed species.
Although the interaction of TiO2 with a number of small
molecules has been studied before,11–13 relatively little work
has been carried out in the connection with aromatic adsorbates. Here, we report the first results obtained for benzene,
the most simple aromatic molecule. Benzene adsorbs on
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II. EXPERIMENT

All NEXAFS experiments related to benzene and naphthalene were carried out at the synchrotron facility BESSY I
in Berlin using beamline HE-TGM2 共resolution E/⌬E
⫽580 at 300 eV兲.21 The NEXAFS measurements for anthracene were performed at the new third-generation synchrotron
facility BESSY II at beam-line PM1 共resolution E/⌬E
⫽200 at 300 eV兲. The main chamber 共base pressure better
than 3⫻10⫺10 mbar兲 was equipped with a sputter gun for ion
bombardment, a gas dosing line for argon and oxygen, a
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