TER/
MILANO 2026 \YS

Terahertz driven nanosecond dynamics of oxygen defect
state in anatase TiO2—

Paola Di Pietro', Johannes Schmidt', Nidhi Adhlakha'?, Sandeep Kumar
Chaluvadi?, Federico Mazzola?, Veronica Stopponi3, Luca Tomarchio®, Pasquale

Orgiani?, Stefano Lupi3, Andrea Perucchi’

'Elettra - Sincrotrone Trieste S.C.p.A, S.S. 14 km163.5 in AREA Science Park, 34012 Trieste, Italy
2Department of Physics, National Institute of Technology Karnataka, Surathkal, Mangalore, 575 025
Karnataka, India
SCNR-IOM — Istituto Officina dei Materiali, 34149 Trieste, Italy
“CNR-SPIN, c/o Complesso di Monte S. Angelo, 80126 Napoli, Italy
Dipartimento di Fisica, Universita di Roma Sapienza, P.le Aldo Moro 2, 00185 Roma, Italy

Abstract: Oxygen deficient TiO2 has tunable photocatalytic activity thanks to a
large defect state absorption band below the ultraviolet gap. Terahertz short
pulses explore the electrodynamics around the oxygen vacancies, where deeply
localized charges are converted into long-lived metastable states with potential
applications in electro-optic switching devices.

Ultrafast nonlinear terahertz (THz) spectroscopy is applied at the TeraFERMI beamline of
the Italian FERMI Free Electron Laser (FEL), where intense (multi MV/cm peak field),
broadband (up to 5 THz) and ultrashort (< ps) terahertz (THz) pulses are generated by
Coherent Transition Radiation from the relativistic electron bunches of the FEL [1].

The beamline allows addressing the THz nonlinear properties of materials, ranging from
quantum materials to bio-chemical samples, by measuring the single(two) color THz
pump-THz(infrared) probe response.

Here, we aim at showing an example on titanium dioxide, a largely available and naturally
occurring functional oxide, and a benchmark among photocatalytic materials.

Oxygen vacancies in titanium dioxide have a strong impact on its photoactivity, by
introducing band-gap states and consequently extending the photoresponse from the UV
to the visible light region [2].

We achieved control on the oxygen defect state in TiO2x, by modulating the infrared
response associated to photoexcitation of oxygen vacancies by employing the intense
terahertz short pulses delivered by TeraFERMI.

The signatures of the presence of the electronic states associated to oxygen in TiO2x
have been first identified by means of a multi-technique approach, including XRD
characterization and steady-state optical spectroscopy from the infrared to the ultraviolet.
The time-resolved THz pump/infrared probe measurements allow to explore the polaron-
like electron dynamics around these oxygen vacancies, by unveiling the conversion of
deeply localized defect states into long-lived metastable states, with a lifetime in the
nanosecond range [3].
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This approach is completely new, being based on a pump-probe experiment where a sub-
gap terahertz pump beam is used for the first time.

Our new finding impacts the exploitation of oxygen deficient titanium dioxide, a functional
material largely usable for solar energy conversion, as well as in novel opto-electronic
applications.
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