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P4.2 Time-Resolved IR Spectroscopy

Topic and overall goal. The time-resolved infrared (TR-IR) spectroscopy will be used for
unravelling the structure and character of transition metal (TM) complexes in transiently populated
states. In photochemical reaction chains short lived species such as molecules in electronically
excited states or energy rich ground state configurations are of particular interest to understand the
underlying reaction mechanisms. However, their limited lifetime calls for methods with a high time
resolution. We plan to build a vibrational spectroscopy setup with nanosecond resolution to address
this point and to explore for the systems studied in TP3, the structure and dynamics of electronically
excited and transient ground state TM complexes as it was demonstrated earlier."

Specific aims and work plan. The aim of the PhD project is to develop a setup for time resolved
FTIR (TR-FTIR) spectroscopy with a time resolution of about ten nanoseconds and to apply it for
investigating the reaction dynamics in photocatalytic CO; reduction systems. In the setup, an
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General aims:
Understanding the structure of TM complexes
in transiently populated states
Reaching out for nanosecond resolution

— Appearance and life-time of reactions intermediates
Solvent interaction, environmental change,
redistribution of vibrational energy
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Figure P4.2. Summary of the time-resolved Fourier-transform infrared (TR-FTIR) spectroscopy. Changes' Accordlngly, the

mid-IR region is of special
interest. The time-resolved step-scan FTIR technique is applicable for investigations of TM
complexes with 2 to 4 metal centers in the time interval from nanoseconds to milliseconds. It is
suitable for investigations in solution, which enables us to reveal solvent effects. The evolution of
the educts, longer living intermediates and products we will be measured by the rapid-scan FTIR
spectroscopy available in our groups.?
Connection within the RTG. This PhD project will be jointly supervised by Ralf Ludwig and Stefan
Lochbrunner. The data will be analyzed in collaboration with P4.3 and P4.4 to extract the reaction
dynamics and the spectral signatures of specific intermediates. Together with P4.4 and P4.5 the
structure sensitive IR technique will be combined with high level DFT and TDDFT calculations for
providing a detailed analysis on the structural changes in the TM complexes. Furthermore, TR-
FTIR is also suitable to study the processes occurring in the CO; photo release described in P4.6.
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