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P1.6 Mechanistic operando IR studies of oxalate formation with transition metal
complexes

Topic and overall goal. The aim of this PhD project is the elucidation of mechanistic and kinetic
aspects of the formation of oxalate via CO; coupling with transition metal complexes by in-
situ/operando infrared spectroscopy under ambient and high-pressure. The combination of
spectroscopic experiments and chemometrics will be used to identify and quantify relevant
organometallic species. Extensive characterizations of complexes by multiple spectroscopic
methods and kinetic investigations will provide in-depth structure-reactivity relationships.

Specific aims and work plan. The formation of oxalate complexes from the reductive coupling of
CO, with early and late transition metal complexes in the presence of a reductant will be studied in
a time-resolved manner (time intervals in the msec — min range) by in-situ/operando FTIR
spectroscopy.'?34 With the help of advanced numeric tools for chemometric data analysis,
developed by the Neymeyr group, pure component spectra of involved species and concentration
profiles will be extracted from the spectral-time series. The interpretation of experimental spectra
for resting states as well as intermediates and assignment to molecular structures will be supported
by vibrational analyses via DFT-methods and isotopic labelling using *C0,.5¢ Complemental
methods such as NMR, UV-vis and Raman spectroscopy will be used for a comprehensive
structural characterization. Model compounds prepared from transition metal halides with
respective oxalate salts will be used as reference materials. Within extended kinetic studies the
influence of crucial parameters (temperature, pressure, concentrations) on the reaction rate will be
explored in detail with respect to the conformation of a mechanistic hypothesis. Kinetic modelling
to derive rate and equilibrium constants will be conducted, supported by model simulations. This
approach will be applied to study the coordination mode of CO; at the metal centre, the reductive
coupling to oxalate as well as its removal in the presence of reduction equivalents and electrophiles
for a selected variety of early transition metal complexes (e.g., Ti, Zr, V) developed by the Beweries
group in P1.3.7 The effect of different reductants, additives and solvents will be explored. Reductive
coupling towards oxalate will be monitored using model methoxycarbonyl and hydroxylcarbonyl
complexes of late transition metals (e.g., Mn, Fe, Ru, Pd, Pt) provided by the Beller group in P1.1
and P1.2. Operando IR will be used to monitor molecular structure and reactivity within individual
steps of insertion and oxidative addition followed by reductive coupling.

The PhD student will be trained handling of sensitive organometallic compounds during
spectroscopic investigations and time-resolved reaction monitoring using mainly operando FTIR,
supported in selected cases also by Raman, NMR and UV-Vis spectroscopy, chemometric data
analysis, kinetic modelling and DFT calculations.

Connection within the RTG. The PhD student will be jointly supervised by Prof. Angelika Brickner
and Prof. Ralf Ludwig. Strong collaborations will take place within the RTG between the groups of
Prof. Beller (late transition metals complexes), Prof. Beweries (early transition metal complexes)
and Prof. Neymeyr (chemometrics, MCR methods).
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