Using Time-Resolved FTIR-Spectroscopy for Tracing
Photoinduced Dynamics and Identifying Involved Intermediates
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Overview

Time-resolved IR-spectroscopy is a powerful and versatile tool for the investigation of photoinduced dynamics.[1] The existing variety of methods covers
the spectral range from NIR to FIR and time-ranges from hundreds of femtoseconds up to minutes. In contrast to spectra in the visible range, MIR-spectra
typically exhibit narrow spectral lines which are characteristic for the investigated system and can easily be compared to spectra calculated via DFT.
Therefore, it is helpful for the identification of the nature of the states involved in the time evolution of the system upon photoexcitation. Step-Scan FTIR
(ssFTIR) is used for the time range from tens of nanoseconds on, whereas low (=1ms) and high (=100fs) time resolution are achieved using Rapid-Scan
FTIR and Femtosecond-Pump-Probe spectroscopy, respectively. Here, a short overview on Step- and Rapid-Scan FTIR and its application is given.

Rapid- and Step-Scan FTIR
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Time-Resolved MIR-Absorption

resoltion and excitation pulse length

high initial pulse energy problematic:
— excitation pulse energy needs to be much lower
— dumping of very high pulse energy challenging

— low damage threshold of broadband optics

reduction of energy by detuning the laser system disadvantageous for
pulse-to-pulse stability ns-laser 532 or 355nm
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ssFTIR used in very different systems and fields:
— photosynthetic reactions [2] — light emitting molecules [3]
— retinal proteins [3] — photocatalysis [4]

— metal nanoparticles [5]

Zimmer et.al.[6]: Time-resolved IR spectroscopy of a trinuclear Pd complex
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— bleach at ground state
absorption, i.e. AOD<O0

— excited state absorption,
l.e. AOD>0

— long-living state
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figures taken from [6] and adapted for better visibility
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Guo et.al[7]:

time-dependent black-body
radiation of gold nanorods with
sSFTIR

— excitation of longitudinal plas-
monic resonance bands
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Scholz et.al.[8]: Carrier Recombi-
nation in Silicon Films

— sSFTIR reflection mode on
hydrogenated silicon thin films

— Increased absorption in the NIR
due to heating
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figures taken from [7] and [8] and adapted for better visibility

Summary
— time-resolved FTIR well-established method for characterization of
photoinduced dynamics with a time-resolution down to several ns

— MIR-spectra exhibit ,fingerprints’ of involved states; easy to compare
with DFT for identification of the nature of the state

— besides MIR-absorption also NIR-absorption or emission spectra are
measurable in transmission or reflection mode
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