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Pyridine adsorption on the polar ZnO
O termination
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The interaction of pyridine (C5H5N) with the two d
been investigated using thermal desorption spec
~XPS!, and x-ray absorption spectroscopy~NEXAF
O-terminated ZnO~000-1! surface amounts to 57
small modifications of the pyridine electronic str
species. On the Zn-terminated ZnO~0001! surface, t
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kJ/mol, and the N1s NEXAFS data for the pyridinep*
higher binding energies. This observation indicate
lone pair and Zn, as is confirmed by preciseab initi
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INTRODUCTION

Chemical processes at solid surfaces, in particular
case of oxides, are frequently discussed using the concept
surface active sites. At ZnO surfaces, according to gener
wisdom, the Zn ions act as electron acceptors and shou
thus—in the framework of the Lewis acid-base concept—b
described as acidic sites. In order to demonstrate the diffe
ence in the chemical activity as compared to, e.g., the O ion
it would be most convenient to prepare a surface with th
same geometric structure but with two different terminations
e.g., a Zn-terminated surface and an O-terminated surface

Such a surface terminated by only one atomic specie
would, however, in case of an ionic crystal, correspond to
polar surface, which are found to be unstable for mos
systems.1 The experimentally accessible surfaces of ionic
crystals are thus limited to those of mixed type, where
number of different surface sites is present. A unique assig
ment of adsorption properties to a particular surface site
severely hampered.

In the case of ZnO, however, the two~0001! and~000-1!
oriented polar surfaces have been found to be stable, pos
bly because the zinc-oxide bond exhibits a pronounced c
valent character. There is evidence for a moderate surfa
relaxation on the Zn-terminated surface, whereas on th
O-terminated surface the atomic positions do not deviate si
nificantly from those expected from the bulk structure.2–4
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ferently terminated ZnO~0001! surfaces has
oscopy~TDS!, x-ray photoelectron spectroscopy
!. The binding energy of pyridine on the
J/mol and the spectroscopic data reveal only
ture, indicating the presence of a physisorbed
binding energy is substantially higher, 112
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resonance shows a shift of 0.6 eV toward
s a substantial interaction between the nitrogen
o calculations of the core-level excitation.
!71106-8#
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In the present paper we have prepared the two differ-
ently terminated ZnO~0001! surfaces and have subsequently
studied the adsorption of pyridine. In addition to a determi-
nation of the binding energy via thermal desorption spectros-
copy ~TDS! we have determined the orientation of the mol-
ecule by means of x-ray absorption spectroscopy~XAS!.
Using the same technique, we were also able to demonstrate
differences in electronic structure between pyridine mol-
ecules adsorbed on the two different surfaces.Ab initio elec-
tronic structure calculations explicitly considering the pres-
ence of the N1s and C1s core-holes were used to further
analyze these differences.

EXPERIMENTAL SETUP

Two different UHV systems have been used for the ex-
periments. One system, a modified Leybold XPS~x-ray pho-
toelectron spectroscopy! system, was equipped with an
EA11 hemispherical electron energy analyzer. A standard
twin x-ray source for the radiation from AlKa and MgKa

and a monochromatic x-ray source for the radiation from Al
Ka could be used. A LEED system~low-energy electron
diffraction! and a QMS~quadrupole mass spectrometer! with
a Feulner cup5 was connected to the chamber. This UHV
system has been used for recording the TDS~thermal desorp-
tion spectroscopy! and the XPS data.

The NEXAFS experiments~near edge x-ray absorption
fine structure! were carried out using the beamline
HE-TGM26 at the synchrotron radiation facility BESSY in
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