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Current state of the art

Electronic coherences in molecular systems have become recognized as a ”grand challenge” in Molecular Physics
since they will allow for novel ultrafast switching and transport processes [1]. As long as electronic coherences
persist, an electronic wavepacket can be formed and coherent motion of an electronic excitation corresponding
to the propagation of the wavepacket is feasible. At the same time nuclear motions can modify electronic
coherences and induce electronic changes via vibronic coupling [2]. In several systems indications for electronic
coherences have been already found [1, 3, 4]. However, a clear assignment to electronic or nuclear coherences is
not straight forward and currently subject of an intense research and debate [5, 6, 7]. The present project will
therefore deal with the challenge to find observables which are in an unique way sensitive to electronic coherences
and allow to disentangle electronic from nuclear contributions. The understanding of this fundamental process
will lead to new strategies for controlling electronic processes in complex molecular systems.

Research goals and working program

The central goal of the present project is to implement ultrafast spectroscopic experiments which provide ob-
servables and signatures that can unambiguously be linked to electronic coherences in molecules. To this end,
we will focus in the orientation of electronic transition dipole moments and the polarisation of the associated
transient absorption signals. In this case, the coherent electronic dynamics can be disentangled from signatures
due to nuclear motions and its characteristic features and temporal evolution can be analysed in depth. Under-
standing these dynamics is of crucial importance in designing future quantum technologies involving efficient
switching processes and transport of charges and excitation energy.

Figure 1: Coherences observed by femtosecond transient absorption spectroscopy in ultrafast proton transfer:
The very fast transfer process induces vibrational coherences which are dominated by the vibrational modes
shown on the right.
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The experiments will be performed on molecular chromophores exhibiting a pair of optically addressable,
electronically excited states. By means of an ultrashort pump pulse, a superposition of these states will be
prepared. In polarisation sensitive ultrafast pump-probe experiments the orientation of the transition dipole
to other electronic states will be monitored in time. As long as a coherence between the two excited electronic
states exists, the transition dipole should change its direction periodically. In contrast to oscillations in the signal
intensity or spectral position of absorption and emission bands, the orientation of the electronic transition dipole
is a unique feature of the electronic part of the molecular wavefunction and not affected by vibrations. One
challenge will be the vibronic coupling between the two excited states and the associated ultrafast non-Born-
Oppenheimer dynamics calling for experiments with a very high time resolution. However, its understanding is
crucial for the design of processes and applications based on electronic coherences in molecules.

The actual experiments are pump-probe measurements on porphyrines in solution using different polari-
sations for the excitation and the probe pulses. This polarisation sensitive transient absorption spectroscopy
should reveal oscillatory signatures in the anisotropy reflecting the electronic coherences. The experimental
setup is based on non-collinear optical parametric amplifiers providing tunable ultrashort laser pulses with a
duration of about 20 fs allowing for the necessary high time resolution. We applied this kind of setup already to
investigate by femtosecond transient absorption spectroscopy vibrational coherences in ultrafast excited state
proton transfer and were able to reconstructed from the analysis of the observed wavepacket motion the reac-
tion path, see Fig.1[8]. Furthermore, we have also experience in studying the time dependent anisotropy of the
absorption signal in a similar way as proposed here. E.g., we uncovered by this approach an interligand electron
transfer process in an iridium complex [9].

The design and analysis of the experiments will be guided by advanced quantum dynamics simulations
which are conducted in close collaboration in a partner project of Oliver Kühn and in which the time-dependent
observables are directly simulated. In addition, we combine our own expertise in femtosecond absorption spec-
troscopy of ultrafast molecular processes with that of Albert Stolow on time-resolved photoelectron spectroscopy
to study related processes in the gas phase where dephasing processes are strongly reduced.
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