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Report: 
It is well established that under ambient atmospheric conditions UV irradiation induces a reversible 
hydrophobic to hydrophilic transition on the surface of titania [1-5].  However, rigorous mechanistic 
understanding of this phenomenon is lacking.  Many pertinent details remain uncertain, including knowledge 
of the impact of UV-light on the nanoscale surface structure of titania.  The aim this experiment was to 
address this key issue through determining the structure of a model titania surface, TiO2(110), in 
presence/absence of UV radiation.  Surface X-ray diffraction (SXRD) was employed for this study, as this 
approach facilitates quantitative surface structure determination without the need for an ultra high vacuum 
(UHV) sample environment. 
 
The TiO2(110)(1x1) surface was  prepared using a wet-chemical approach, involving annealing in air (~1000 
K) and chemical cleaning through immersion in acid (HCl/HNO3 mixture).  This procedure has been 
developed in Manchester, and is known to produce a well-ordered surface, as characterised by both low 
energy electron diffraction (sharp (1x1) pattern) and atomic force microscopy (> 200 nm terrace widths) [6].  
Such a surface is known to be hydrophobic from contact angle measurements, but can easily be switched to 
hydrophilic through exposure to UV-light (contact angle tends to 0°).   
 
For the SXRD measurements the sample was inserted into a simple environmental chamber, in which the 
gaseous atmosphere can be controlled, and both UV-light and X-rays can enter.  This chamber was mounted 
on the diffractometer in the XMaS experimental hutch.  Diffraction data were collected (hν = 15 keV) using a 
2D photon detector to acquire scattered X-ray intensity.  For a given (h,k)-integer, data were measured as a 
function of l, enabling profiles of scattered intensity versus perpendicular momentum transfer, known as 
crystal truncation rods (CTRs), to be compiled.  In addition, reciprocal space was searched further at low 
values of l to look for fractional order reflections.   



 
Initially, diffraction data were collected in the absence of UV-light to assess the structure of the 
‘hydrophobic’ surface.  These measurements were performed with the sample in a He atmosphere to avoid 
any surface damage due to X-ray induced ozone.  Unfortunately, due to a technical problem with the 
diffractometer, three days were spent trying to align the sample correctly, as no diffracted intensity was 
apparent away from the Bragg peaks along the CTRs.  Following resolution of this issue by beam line staff, 
we were able to pursue our measurement programme.  However, given the limited amount of beam time 
remaining, it did not prove possible to acquire data with sufficient signal-to-noise ratios to be useful for 
analysis.  Swapping to another TiO2(110) sample did not improve the data quality.   
 
Subsequently, similar measurements have been performed at I07 on the Diamond Light Source.  The 
increased flux enabled suitable data to be acquired, which is currently undergoing analysis.  It is interesting 
to note that even in a flow of He in the environmental cell, the X-ray beam switches the TiO2(110) surface 
into a hydrophilic state, without the need for UV irradiation. 
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