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概 要 
 

Electron polarons are thought to play an important role in energy related processes at TiO2 
interfaces. In particular, small electron polarons initially associated with bridging oxygen 
vacancies on TiO2(110) have been shown to be involved in key physical and chemical 
properties. Here we look at the hopping behaviour of these polarons using STM and show that 
they can be manipulated with an STM tip [1]. The polarons are still present after the surface is 
hydroxylated. For this termination we have investigated the electron hole recombination 
processes using time-resolved femtosecond pump-probe photoemission spectroscopy (TRPES) 
[2,3]. This employed an XUV probe following an infra-red or UV pump. When an infra-red 
pump is employed, electrons in polaronic band gap states (BGS) are excited to the bottom of the 
conduction band. The subsequent recapture time of 50±10 fs is determined by directly 
monitoring the intensity change of the BGS and hot electrons in TRPES spectra. When a UV 
pump is employed, electrons are excited either from the BGS to a resonance in the CB, or from 
the top of the valence band (VB) to the bottom of the CB. The same trapping of hot electrons is 
observed as for infra-red excitation. In addition, a long lifetime component (>1 ps) of the hot 
electron decay and the BGS recovery are observed, pointing to trap assisted electron-hole 
recombination. Finally, the interaction of water with the polarons is described. Water-oxide 
surfaces are ubiquitous in nature and of widespread importance to phenomena like corrosion as 
well as contemporary industrial challenges such as energy production through water splitting 
[4]. So far a reasonably robust understanding of the structure of such interfaces under certain 
conditions has been obtained. Considerably less is known about how overlayer water modifies 
the inherent reactivity of oxide surfaces. Here we address this issue experimentally for rutile 
TiO2(110) using STM and photoemission, with complementary density functional theory 
calculations. Through detailed studies of adsorbed water nanoclusters and continuous water 
overlayers, we determine that excess electrons in TiO2 are attracted to the top surface layer by 
water molecules. Our results suggest that adsorbate-induced surface segregation of polarons 
could be a general phenomenon for technologically relevant oxide materials, with consequences 
for surface chemistry and the associated catalytic activity [5]. 
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