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Report:

TiO2(110)-H2O has been the subject of significant recent activity, with much of the attention surrounding
whether or not H2O adsorbs dissociatively, hydroxylating the (110) surface.  It is now generally accepted that
dissociation can occur, but only at bridging oxygen vacancies (Obr-vac) under typical ultra high vacuum
(UHV) conditions, forming so called bridging hydroxyls, i.e. H2O + Obr-vac → 2OHbr [1].  At higher H2O
partial pressures it has long been presumed that there is more extensive surface hydroxylation.  Recent high
pressure photoelectron spectroscopy (PES) measurements [2] indicate, however, that this supposition is
incorrect.  It was determined that even at high relative humidity (close to 100 %) water still only dissociates
at oxygen vacancies, forming a submonolayer coverage of OHbr.  Furthermore, it was proposed that these
species nucleate the formation of an ordered bi-layer of molecular water.  The goal of this experiment was to
quantitatively determine the geometry of this TiO2(110)-H2O interface as a function of H2O partial pressure,
including confirmation, or otherwise of the ordered H2O bi-layer.

SXRD measurements were performed on ID32, employing a UHV Baby chamber [3] mounted on the
diffractometer in EH1 (N.B. The Baby chamber was modified to incorporate a turbo molecular pump to
enable data acquistion above UHV).  The sample was prepared in the ESRF’s Surface Characterisation
Laboratory (SCL), and then transferred to the Baby chamber under vacuum.  Substrate preparation involved
repeated cycles of Ar+ bombardment and annealing in UHV to approximately 700oC.  Sharp (1x1) patterns
were obtained with low energy electron diffraction (LEED)  and scanning tunneling microscope (STM)
images of the surface showed a well-ordered, single phase (1x1) termination.  Auger electron spectroscopy
(AES) showed no contamination within the detection limits.   We note that the Baby chamber employed
initially was severly contaminated (almost certainly with oil), and so unusable.  Thus we had to assemble a
second Baby chamber during the beam time.  This unforeseen setback significantly curtailed the amount of



beam time available for measurements; only 4.5 shifts were exploited for data acquistion.  Nevertheless, as
shown below, we were able to demonstrate the feasibiltiy of this study.

SXRD measurments were all performed with the sample at room temperature, employing a photon energy of
18 keV.  Initially, data were recorded from the TiO2(110)(1x1) substrate in UHV to ensure the integrity of the
surface through comparison with earlier results [4].  Diffraction intensity along three crytsal truncation rods
(CTRs) was acquired (i.e. (0,1,l), (2,1,l), (1,2,l)), using rocking scans in which the sample is rotated about its
surface normal while scattered X-ray intensity is measured.  Next H2O vapour was admitted to the chamber
and further diffraction data were recorded at a series of H2O partial pressures ranging from ~1x 10-6 mbar to
~10 mbar.  At each partial pressure, given the limited time, only l-scans along the three CTRs acquired in
UHV and two control reflections (rocking scans) were measured.  However, these data are sufficent to
demonstrate that the surface structure is modified by the pressence of H2O in the gas phase. Figure 1 shows
the (0,1,l), (1,1,l) and (2,1,l), l-scans measured for the TiO2(110) surface in UHV and at H2O partial pressures
of 1x10-3 mbar and 10 mbar, demonstrating that there is some variation in the diffracted profiles.  Further
beam time is required to obtain a more complete dataset to enable a quantitative assessment of the evolution
of the TiO2(110)-H2O interface as a function of H2O partial pressure.

Figure 1:  l-scans (0,1,l), (1,1,l) and (2,1,l) acquired from the
TiO2(110) surface in UHV (black) and the TiO2(110)-H2O
interface at H2O partial pressures of 1x10-3 mbar (red) and
10 mbar (blue).
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