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Report: 
Reports of the higher photo-activity of {011} oriented surfaces of rutile TiO2 (e.g. Refs. 1,2) have motivated 
researchers to investigate the atomic scale origin of this phenomenon.  Diebold et al have been at the 
forefront of this effort, conducting fundamental surface studies to probe the geometric structure and reactivity 
of TiO2(011) [3-6].  They have found that this surface exhibits a (2x1) reconstruction, which ab initio 
calculations predict to consist of added rows decorated with one-fold coordinated oxygen atoms, forming 
titanyl groups (Ti=O) [3].  These species have not been observed on other model TiO2 surfaces, and it is 
hypothesised that they may be the source of the enhanced photo-activity.  Currently, however, evidence for 
these titanyl groups is far from definitive, and a very recent study [7] has proposed an entirely different 
structure for TiO2(011)(2x1), involving microfacets of {111} orientation rather than a 2D array of Ti=O 
moieties.  Given this uncertainty, we have undertaken a surface X-ray diffraction (SXRD) study to directly 
determine the atomic scale geometry of the TiO2(011)(2x1) surface.  
 
SXRD measurements were performed on ID32, employing a UHV Baby chamber mounted on the 
diffractometer in EH1.  The sample was prepared in the ESRF’s Surface Characterisation Laboratory (SCL), 
and then transferred to the Baby chamber under vacuum.  Preparation involved repeated cycles of Ar+ 
bombardment and annealing in UHV to approximately 1150 K.  A UHV-scanning tunnelling microscope 
(STM) facility, together with low energy electron diffraction (LEED) and Auger electron spectroscopy (AES),  
were exploited to ensure that the sample was prepared correctly.  Typical STM images of the surface, 
following preparation, are displayed in Fig. 1.  They clearly show a well-ordered, single phase (2x1) 
termination.  Essentially identical images were also acquired subsequent to completion of the SXRD 
measurements, indicating that there was no appreciable degradation of the surface during data acquisition. 
 
SXRD data were collected at room temperature (hν = 17.7 keV), using rocking scans in which the sample is 
rotated about its surface normal while scattered X-ray intensity is measured.  For a given (h,k)-integer these 
rocking scans were performed at different l, enabling profiles of scattered intensity versus perpendicular 



momentum transfer, known as crystal truncation rods (CTR’s), to be compiled.  Fractional-order rods 
(FOR’s) were also acquired similarly.  Two reflections, namely (1,0,4) and (1/2,0,3), were recorded at regular 
intervals to monitor sample degradation.  No significant changes were observed throughout the duration of 
the experiment. 
 

 

 
 

 
 

 

Figure 1.  STM images of the TiO2(011)(2x1) 
surface prior to transfer into the Baby chamber. 
Top: 50 x 50 nm. Bottom: 200 x 107 nm. 

Figure 2. (10L), (11L) and (02L) CTR’s acquired 
from TiO2(011)(2x1). 

 
A large amount of data was acquired during the beam time, comprising 26 non-equivalent CTR’s, and 50 
non-equivalent FOR’s.  Example CTR’s are displayed in Fig. 2.  Currently, structure determination is 
proceeding, employing the usual trial and error approach.  It is expected that the large dataset will enable a 
reliable, high precision solution to be obtained, resolving the uncertainty about the geometry of 
TiO2(011)(2x1).  
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