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Multiscale transient absorption spectroscopy for global
transport modelling of strongly-coupled carriers in oxide
(nano-)materials — ∙Jörg Rischmüller, Juliane Eggert, Sven
Hochheim, Simon Messerschmidt, and Mirco Imlau — School of
Physics, University of Osnabrück, Germany
Strongly-coupled carriers - electron or hole small polarons, bipo-
larons or self-trapped excitons - are of increasing importance in oxide
(nano-)materials due to their exceptional impact on photocatalysis
and photovoltaics in the framework of carrier separation. The respec-
tive carrier transport dynamics are commonly accessed by means of
transient absorption, transient luminescence and/or transient current
spectroscopy using pump-probe techniques and ultrashort laser pulses.

To access relaxation lifetimes typically in the 10 - 100 nanosecond time
regime, however, samples need to be cooled; thus, important insight
to the room temperature photofunctionality is prohibited. We have
addressed this problem by an extension of the classical optical pump-
probe-technique by an electronic detection system together with a
unique optical delay line covering the time regime from 100 fs to
40 ns. With rutile, TiO2, single crystal as an example we demonstrate
the possibility to investigate decay mechanisms over 14 orders of
magnitude on the timescale, that enables global modelling of strongly-
coupled carrier transport even at room temperature. Furthermore,
we show the possibility to investigate oxide nanopowders introducing
transient reflectance spectroscopy.
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