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 Tracking related mechanisms utilizing
both shallow trapped photoelectrons
and photoholes in a time resolved mode
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system at KIT, which is called as THEO!

Ultraviolet photoelectron spectroscopy (UPS) provides to us a directly monitoring
of the defect state density at the crystal surface by pursuing the Ti3d level
appearing around 0.9 eV. Additionally, in the future this capability will be utilized
UPS: defect state to conduct in-situ type measurement with UPS.
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Low energy electron diffraction (LEED) can tell
us that whether a good quality surface
crystallography of single crystals was achieved or
keep continuing sputtering and annealing cycles.
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Atomic hydrogen treatment on powders of TiO2 rutile and anatase samples
yield a broad IR absorption from specifically 900 to 2000 cm-1 corresponding to
mostly electron excitation from the shallow state to the conduction band as
described in literature.2-4
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oxidation state Powder TiO2 samples were annealed at 600 K for 30
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minutes in UHV condition, but never sputtered.
Single crystals were prepared a few cycles of Ar+ ion
sputtering and annealing in UHV condition for
various durations until reach a satisfactory quality
level. The quality of single crystals were qualified by
different
techniques.
For
example,
x-ray
photoelectron spectroscopy (XPS) survey allows to
us to check surface cleanness and oxidation state of
titania.

KIT – Universität des Landes Baden-Württemberg und
nationales Forschungszentrum in der Helmholtz-Gemeinschaft



472
464
Binding Energy (eV)

Before
After

3000
2000
1000
Wavenumber (cm^-1)
Wavenumber (cm^-1)
The titania single crystals gives similar responses to atomic hydrogen
treatment, but much less IR absorption intensities and different attributes than
powders. The duration and power parameters of the atomic hydrogen
treatment process was carefully adjusted by accompanying XPS survey due to
possibility of reduction. The results presenting here were acquired from nonreduced titania samples for both powders and single crystals.
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UHV-IRRAS technique can probe shallow state electron populations providing
from the atomic hydrogen treatment on both powder and single crystal of TiO2
for different crystal morphologies; rutile and anatase. While the powder results
are in good agreement with previous works,2-4 the single crystal results are
reporting the first time here.
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• UV treatment on both powder and single crystal TiO2 rutile and anatase
samples is still a going on project with Theo.
• Time resolved UHV-IRRAS measurements will be integrated to this work to
follow related chemical mechanisms dealing with photogenerated electrons
and holes on the titania single crystals after accomplishment about the UV
treatment.
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