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Scientific description:

Although titanium dioxide (TiO,) is widely used and studied, its electronic properties are still highly debated.
In particular, the band bending profile at its surface is a key parameter of numerous applications in
photochemistry!. Its magnitude and longitudinal extension control the charge separation of excitons and
therefore the photoinduced process efficiency. Its origin is linked to the occurrence of defective sites
including surface O vacancies (Ovac) and sub-surface Ti interstitials (Tiint) which give rise to excess electrons
whose localization on Ti cations distorts the lattice and creates polaronic deep band gap states. However,
the relative contribution of these defects to the electronic density, and hence the band bending profile, is
still a matter of debate. A clear consensus has not yet been reached both due to the difficulty in distinguishing
Ovac- from Tiint -induced free charges and their sensitivity to the sample redox history>™.

t Figure 2. STM image of TiO> (110)
Energy surface with evidences of Ovac.
(a) Depthz .
D | hL i .
el Con:aurf;'on In a recent experiment

performed at DIAMOND
synchrotron facility using

Fermi level E.

(= Accumulation ] )
layer HAXPES diagnostic (hard
Band gap E,=3eV X-ray photoelectron
L spectroscopy), we have

characterized the band bending profile at the rutile TiO,(110)
Band Vab'::Ze 2 for different redox states using a specific preparation
bending procedure. The interpretation of these data must be
eV, completed with additional XPS measurements using
laboratory UV and Ky x-ray sources in correlation with
surface microscopy at atomic resolution (scanning tunneling
ch‘;’:tsll;n?:;r’g’:: sgc”:md;‘l’iz:/f;‘;re‘:‘;’;‘;’;‘;Z:;eward microscopy - STM) to diagnose the surface density of defects
(Ovac and eventually Tiint). This internship will be dedicated to
these data analysis and experimental measurements in order to characterize the band bending profile and
disentangle the Ovac and Tiine contributions. The experiment (XPS/STM) will be performed in an ultra-high
vacuum setup of INSP.
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Techniques/methods in use: x-ray photoelectron spectroscopy (XPS), scanning tunnelling microscopy (STM),
low energy electron diffraction (LEED)

Applicant skills: Good background in material science and solid-state physics. Strong appetite for
experiments.
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