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Abstract

TiO2 has many attractive applications such as solar water-splitting, photo-degradation of harmful
organics, gas sensors or dye-sensitized solar cells. Behind those functions is an electron transfer
to/from molecules at the surface. Thus, it is essential to know the electronic structure of the
model surface in order to systematically improve the efficiency of these applications. To date,
the most studied surface is reduced rutile TiO2 (110). Its reactivity is usually described by the
so-called “oxygen-vacancy model”. In this model the surface states are associated with excess
electrons introduced by surface bridging oxygen vacancies (Vo), and they are assumed to exist
near Vo at the first layer. However, recently doubt has been cast on the validity of this model due
to seemingly inconsistent reports of Oz chemisorption. Although scanning tunneling microscopy
(STM) can solve this problem by directly imaging those states, a unified interpretation of STM
images is missing due to complexities in density functional theory (DFT) calculations for this
system.

In this study it is shown that both hybrid DFT and DFT+U give identical results if the same
initial structures in surface relaxations and sufficiently big calculation cells are used. In the stable
structure, an excess electron introduced by Vo localizes at the second layer Ti below the
five-fold coordinated Ti (Tisc-2nd), forming Ti®*. One Ti** has an extension along the (001)
direction, effectively occupying three Tisc-2ng Sites. Through a total energy analysis, Ti** ions are
shown to be stable near the Vo rather than far from it. It is also shown when Tisc.ong Sites are
effectively fully occupied shallow donor states are formed. Based on these results, STM images
reported in other works can be interpreted consistently. Particularly, from the difference between
a 5 K image and two 78 K images, it is concluded that at least above 78 K the contribution from
Ti interstitials is non-negligible. Finally, it is shown that this view can explain the seemingly
contradictory O> chemisorption experiments. This suggests that the oxygen-vacancy model needs
to be modified at least above this temperature.




