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MO 15.1 Wed 16:30 P
Multiple-Quantum Two-Dimensional Fluorescence Spec-
troscopy of a Squaraine Polymer — ∙Ajay Jayachandran, Ste-
fan Müller, and Tobias Brixner — Institut für Physikalische
und Theoretische Chemie, Universität Würzburg, Am Hubland, 97074
Würzburg
Molecular aggregates such as squaraine heteropolymers feature a man-
ifold of multiexcitonic states [1]. These multiexcitonic states are a
result of numerous electronically coupled heterochromophoric units.
However, it is challenging to investigate the correlations and spectral
properties of the states of a particular multiexciton manifold using
conventional spectroscopic tools due to convolution with spectral sig-
natures of singly excited states. Here we make use of advances in
fluorescence-based multidimensional spectroscopy to selectively mea-
sure multi-quantum correlations by using phase-cycled pulse sequences
in a collinear excitation geometry [2]. Spectrally resolved two-quantum
and three-quantum coherence signatures are captured through fourth-
order and sixth-order signals which are acquired using a 36-fold phase-
cycling scheme of a three-pulse excitation sequence. We also examine
the eighth-order signals which can be resolved by using 64-fold phase
cycling to observe correlations with four- quantum coherences without
signal aliasing.

[1] S. F. Völker et al., J. Phys. Chem. C. 118, 17467 (2014).
[2] S. Draeger et al., Opt. Express 25, 3259 (2017).

MO 15.2 Wed 16:30 P
Improved mass spectrometer for two-dimensional electronic
spectroscopy in the gas phase — ∙Arne Morlok, Ulrich
Bangert, Lukas Bruder, Yilin Li, Daniel Uhl, and Frank
Stienkemeier — Institute of Physics, University of Freiburg, Ger-
many
Two-dimensional electronic spectroscopy (2DES) is a very powerful
method to study the ultrafast dynamics of matter. In our group, we
apply the technique to molecules and cluster beams in the gas phase
and combine it with photoion mass-detection [1,2]. To increase the
flexibility of the mass spectrometer, we implement a pulsed electron
gun for electron impact ionization. This enables beam depletion mea-
surements and cluster beam characterization while avoiding the issue
of overcoming the high ionization potentials of most molecules. We
will present first characterization results.

[1] L. Bruder et al., Nat Commun 9, 4823 (2018).
[2] L. Bruder, U. Bangert, M. Binz, D. Uhl, and F. Stienkemeier, J.

Phys. B: At. Mol. Opt. Phys. 52, 183501 (2019)

MO 15.3 Wed 16:30 P
Femtosecond time-resolved pump-probe spectroscopy of ben-
zene isomers — ∙Lukas Faschingbauer1, Tobias Preitschopf1,
Lionel Poisson2, and Ingo Fischer1 — 1University of Wuerburg,
Institute for Physical and Theoretical Chemistry, Am Hubland, 97074
Wuerzburg, Germany — 2Universite Paris-Saclay, Institut des Sciences
Moléculaires d’Orsay, Rue André Rivière, Bâtiment 520, 91405 Orsay
Cedex, France
The excited state dynamics of the benzene isomers 3,4-
dimethylenecyclobutene and fulvene were investigated by femtosec-
ond time-resolved pump-probe spectroscopy at ISMO, Paris-Saclay,
France. Liefetimes of the exited states were obtained by time-of-
flight mass spectrometry, while photoelectron spectroscopy enabled
the identification of the states involved in the relaxation processes.
Preliminary results are presented.

MO 15.4 Wed 16:30 P
Coherent multidimensional spectroscopy of molecular and
cluster beam samples — ∙Yilin Li, Arne Morlok, Ulrich
Bangert, Daniel Uhl, Frank Stienkemeier, and Lukas Bruder
— Institute of Physics, University of Freiburg, Germany
Coherent multidimensional spectroscopy is a versatile technique en-
abling further insight into intra- and inter-molecular couplings on fem-
tosecond time scales. We have recently extended the method to molec-
ular and cluster beam samples in the gas phase [1] and combined it with
photoionization probes [2,3]. In preparation for further experiments,
we are currently characterizing the optical absorption, fluorescence,
and photoelectron/-ion yields of various molecular and cluster sam-

ples in the gas phase. We will give an overview of the optical setup
and first characterization results.

[1] L. Bruder et al., Nat Commun 9, 4823 (2018)
[2] L. Bruder et al., J. Phys. B: At. Mol. Opt. Phys. 52, 183501

(2019)
[3] D. Uhl et al., Optica 8, 1316 (2021).

MO 15.5 Wed 16:30 P
Studies on the Photocleavage Mechanism of the Manganese
Complex MnBr(CO)3(pytz-CH2C6H5) — ∙Niklas Gessner1,
Ulrich Schatzschneider2, and Patrick Nuernberger1 —
1Institut für Physikalische und Theoretische Chemie, Universität Re-
gensburg, 93040 Regensburg — 2Institut für Anorganische Chemie,
Universität Würzburg, Am Hubland, D-97074 Würzburg
Photoactivatable carbon monoxide (CO) releasing molecules (Photo-
CORMs) have promising applications in medicine and biology, e.g. as
cancer treatment agents [1]. In a common approach, one or more
CO molecules are bound to an inert transition metal complex that
comprises a multidentate organic ligand to control its physical and
(bio-)chemical properties [2] like photoexcitation energies or the en-
richment efficiency in cancerous tissue.

By using UV pump/mid-IR probe ultrafast transient absorption
spectroscopy, the PhotoCORM [MnBr(CO)3(pytz-CH2C6H5)], pytz
being 2-(1,2,3-triazol-4-yl)pyridine, has been investigated in order to
identify the ligand that is cleaved off and to elucidate the reaction
mechanism and the dynamics after photoexcitation. Results are com-
pared to density functional theory calculations of possible transient
intermediates and products, as well as to steady-state absorption mea-
surements. It is found that a ligand is cleaved off after photoexcitation
and that the dynamics are finished within 100 ps, so that either the
reactant complex is retrieved or a persistent photoproduct is formed.

[1] J. Niesel et al., Chem. Commun. 15, 1798–1800 (2008).
[2] M. A. Gonzalez et al., Inorg. Chem. 21, 11930–11940 (2012).

MO 15.6 Wed 16:30 P
Ultrafast dynamics of [Ru(bipyridine)2(nicotinamide)2]2+
and photoinduced formation of its water splitting adducts in
gas and liquid phase — ∙Roumany Israil1, Lars Schüssler2,
Patrick Hütchen1, Werner Thiel1, Rolf Diller2, and
Christoph Riehn1 — 1TU Kaiserslautern, FB Chemie, 52, 54 —
2TU Kaiserslautern, FB Physik, 46
A fundamental understanding of the kinetics of RuII polypyridyl
complexes is essential to exploit their photochemical applicability
in areas such as medicine (photoactivatable prodrugs) and mate-
rial science (photovoltaics/catalysis). In particular, the monoden-
tate ligand nicotinamide in [Ru(bpy)2(na)2]2+ (bpy = bipyridine) en-
ables the efficient population of the dissociative triplet metal-centered
(3MC) state on a sub-ps time scale, allowing for fast photosolvol-
ysis and subsequent reactions of the complex. Here, the photoac-
tive [Ru(bpy)2(na)2]2+ , including its related photoproducts such as
the penta-coordinate intermediate (PCI, [Ru(bpy)2(na)]2+) and the
monoaqua species [Ru(bpy)2(na)(H2O)]2+ were object to transient
ion action spectroscopy in gas phase and transient absorption spec-
troscopy in solution. In gas phase, dynamics (𝜏1 ∼0.6 ps, 𝜏2 ∼3 ps)
of [Ru(bpy)2(na)2]2+ is in line with the liquid phase. However, promi-
nent larger time components (∼10 ps, 100-400 ps) found in solution,
do not appear in gas phase, allowing their unequivocal assignment to
intermolecular processes. This study is an important step towards con-
trolling the efficiency and photoactivity of RuII polypyridyl complexes
by tailored ligands design.

MO 15.7 Wed 16:30 P
Chirp dependence of the Circular Dichroism in ion yield of
3-methylcyclopentanone — ∙Sagnik Das, Jayanta Ghosh, Sud-
heendran Vasudevan, Hangyeol Lee, Nicolas Ladda, Simon Ra-
necky, Tonio Rosen, Arne Senftleben, Thomas Baumert, and
Hendrike Braun — Institut für Physik, Universität Kassel, Heinrich-
Plett-Strasse 40, 34132 Kassel, Germany
One of the methods to differentiate between the two enantiomers of
a chiral molecule is Circular Dichroism (CD). It arises due to the dif-
ference in absorption of left and right circularly polarised light. The
difference in absorption can also be mapped to the difference in ioni-
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sation of the enantiomers and is known as CD in ion yield [1,2]. We
use our home-built Time of Flight (ToF) mass spectrometer with our
recently established twin peak [3] measurement setup to study the ef-
fect of linear chirp (GDD) on the anisotropy. The candidate molecule
for this experiment is 3-methylcyclopentanone (3-MCP). The exper-
iments are done at 309 nm and 322 nm, where 3-MCP is known to
have anisotropies of up to 4% and 1%, respectively, for bandwidth lim-
ited pulse. At these wavelengths, a 1+1+1 resonance-enhanced multi-
photon ionisation (REMPI) takes place in 3-MCP through the 𝜋* ← 𝑛
transition. We observe an asymmetric enhancement of anisotropy for
chirped pulses, which we compare to bandwidth limited pulses of equal
peak intensity.

[1] U. Boesl and A. Bornschlegl, ChemPhysChem, 7, 2085, 2006
[2] H. G. Breunig et al., ChemPhysChem, 10, 1199, 2009
[3] T. Ring et al., Rev. Sci. Instrum., 92, 033001, 2021

MO 15.8 Wed 16:30 P
Probing vibrational wave packets in the electronic ground
state of methyl p-tolyl sulfoxide via time-resolved PECD
— ∙Nicolas Ladda1, Max Waters2, Vít Svoboda2, Mikhail
Belozertsov2, Sudheendran Vasudevan1, Simon Ranecky1, To-
nio Rosen1, Sagnik Das1, Jayanta Ghosh1, Hangyeol Lee1,
Hendrike Braun1, Thomas Baumert1, Hans Jakob Wörner2,
and Arne Senftleben1 — 1Institut für Physik, Universität Kassel,
34132 Kassel, Germany — 2Laboratorium für Physikalische Chemie,
ETH Zürich, 8093Zürich, Switzerland
The dynamic change of the chiral character upon the laser-induced vi-
brational motion in the electronic ground state of methyl p-tolyl sulfox-
ide (MTSO) is investigated. For this purpose, the forward/backward
asymmetry of the photoelectron angular distribution (PAD) with re-
spect to the propagation direction of ionising circularly polarised light
of the randomly oriented chiral molecule, known as photoelectron cir-
cular dichroism (PECD), was measured. Geometry dependent ioni-
sation rates of a molecule when interacting with an ultrashort laser
pulse causes the formation of a coherent oscillating wave packet in the
electronic ground state. The vibrational motion - umbrella motion of
the sulfoxide molecule - changes the chiral character of the molecule,
which can be studied by probing the time-resolved PECD with a VUV
femtosecond laser pulse.

MO 15.9 Wed 16:30 P
Spectroscopic investigation of the light-induced rearrange-
ment of a Xanthine derivative — ∙Karina Heilmeier1, Thomas
Rittner1, Rafael E. Rodríguez-Lugo2, Robert Wolf2, and
Patrick Nuernberger1 — 1Institut für Physikalische und Theoreti-
sche Chemie, Universität Regensburg, 93040 Regensburg — 2Institut
für Anorganische Chemie, Universität Regensburg, 93040 Regensburg
The Xanthine derivative 7-(4-methoxyphenyl)-1,3-dimethyl-8-
(pyridin-2-yl)-3,7,8,9-tetrahydro-1H -purine-2,6-dione possesses a char-
acteristic purine skeleton additionally modified with pyridine and
anisole moieties bound to the five-membered ring. Our studies reveal
that ultraviolet light induces the migration of the anisole group from
the 7-nitrogen of the purine skeleton to the nitrogen of the pyridine
moiety. The isomer emerging as rearrangement product could even
be isolated, and the structure was determined by single-crystal X-ray
diffraction.

For obtaining a comprehensive picture of the light-induced mecha-
nism leading to the rearrangement, results from stationary measure-
ments are compared to those from ultrafast transient absorption and
fluorescence upconversion spectroscopy. In addition, we contrast the
photodynamics of the in-situ generated isomer with that of the synthet-
ically isolated one. In further systematic studies, we explore whether
photoinduced back-isomerization is achievable as well, and address the
role of the solvent’s polarity on the rearrangement.

MO 15.10 Wed 16:30 P
Low dispersive phase modulation scheme for interferomet-
ric XUV experiments — ∙Fabian Richter, Sarang Dev Gane-
shamandiram, Ianina Kosse, Ronak Shah, Giuseppe Sansone,
Frank Stienkemeier, and Lukas Bruder — Institute of Physics,
University of Freiburg, Hermann-Herder-Str. 3, 79104 Freiburg, Ger-
many
Quantum interference spectroscopy schemes are well established in the
visible range to control and resolve the static properties and dynam-
ics of quantum systems. Recently these principles got extended into
the XUV regime [1,2]. Here acousto-optical modulators are used to
achieve interferometric measurements supported by a phase cycling

scheme. However, in this setup a significant amount of material is in-
troduced in the optical beam path at the fundamental frequency which
prohibits using ultrashort pulses and high laser intensities. We present
a new approach to achieve phase cycling while minimizing the amount
of material dispersion by an order of magnitude. We will present the
basic concept of this approach and first characterization results.

[1] Wituschek, A., Bruder, L., Allaria, E. et al. Tracking attosec-
ond electronic coherences using phase-manipulated extreme ultraviolet
pulses. Nature Communications 11, 883 (2020).

[2] Wituschek, A., Kornilov, O., Witting, T., et al. Phase Cycling of
Extreme Ultraviolet Pulse Sequences Generated in Rare Gases. New
Journal of Physics 22, Nr. 9 (September 2020): 092001.

MO 15.11 Wed 16:30 P
A setup for extreme ultraviolet wave packet interferome-
try using tabletop high harmonic generation — ∙Sarang Dev
Ganeshamandiram, Fabian Richter, Ianina Kosse, Ronak Shah,
Lukas Bruder, Giuseppe Sansone, and Frank Stienkemeier —
Institute of Physics, University of Freiburg, Hermann-Herder-Str. 3,
79104 Freiburg, Germany
Quantum interference techniques such as wave packet interferome-
try (WPI) in the extreme ultraviolet (XUV) regime set the basis for
advanced nonlinear spectroscopy methods, such as multidimensional
spectroscopy. These methods are however very difficult to implement
at short wavelengths due to the required high phase stability and sen-
sitivity. Recently, we have overcome these difficulties and have in-
troduced a concept to implement such experiments with XUV free-
electron lasers [1]. We are now developing a new setup optimized for
seeding tabletop high-harmonic generation sources which is based on
acousto-optic modulation of intense near infrared pulses. In the initial
experiments, photons around 30 eV (19th harmonic) are generated and
the effect of temporal and spatial dispersion were studied. Here, we
will present the concept of the setup along with first characterization
results. 1. A. Wituschek et al., Tracking attosecond electronic co-
herences using phase-manipulated extreme ultraviolet pulses, Nature
Communications, 11:883 (2020).

MO 15.12 Wed 16:30 P
EUV absorption and recombination dynamics in atmospheric
gas species — ∙Steffen Wolter1, Erik Schmölter2, Jens
Berdermann2, and Stefan Lochbrunner1 — 1Institute of Physics,
University of Rostock, 18051 Rostock, Germany — 2Department
for Space Weather Impact, Institute for Solar-Terrestrial Physics,
Kalkhorstweg 53, 17235 Neustrelitz, Germany
Ground- and space-based measurements show that the extreme ultra-
violet (EUV) part of the solar spectrum changes continuously and can
be very dynamic, especially during solar flares. The ionospheric plasma
in the upper atmosphere is created by the absorption of this radiation
and affected by the related variations. Therefore, exact knowledge of
the ionization and recombination rates of the atmospheric gas species,
mainly oxygen, nitrogen and their ions, is needed to model the iono-
spheric response to the EUV variations.
To this end, a high harmonic generation (HHG) setup driven by a
femtosecond laser combined with an EUV spectrometer is applied to
investigate the ionization cross-sections. The setup and first results for
different gas species as well as the approach to measure recombination
rates are presented in this contribution.

MO 15.13 Wed 16:30 P
Isosteric molecules in the time-domain — ∙Maximilian
Pollanka, Christian Schröder, Pascal Scigalla, Andreas
Duensing, Michael Mittermair, and Reinhard Kienberger —
Chair for laser and x-ray physics E11, Technische Universität München,
Germany
In this work, we report on photoemission timing measurements per-
formed on small isosteric molecules in the gas phase. By comparing the
photoemission time delay between the respective 𝜎 and 𝜋 orbitals in
the valence band of CO2 and N2O we expect to find deeper insight in
the characteristics of isosterism in the time-domain. Furthermore, the
isoelectronicity of CO and N2 is investigated in detail as a complemen-
tary study. Due to the similarities in molecular structure (isostericity)
and electronic configurations (isoelectronicity), the pure effect of the
specific element’s characteristics is expected to be probed. The re-
sults regarding similarities and differences in photoemission dynamics
in these molecules can serve as a stepping stone for gaining deeper in-
sight into isosteric characteristics in these molecules and may bear the
potential to draw conclusions from these simple systems to unknown
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or unexplored isosteric molecular bonds in general.
Scattering calculations help us to gain a greater understanding of

the correlations between molecular geometry and photoemission time
and therefore the isosteric influence, with the focus on assessing the
differences between modeling and experimental findings.

MO 15.14 Wed 16:30 P
Probing well aligned molecular enviroments on surfaces in the
time-domain — ∙Pascal Scigalla, Christian Schröder, Peter
Feulner, and Reinhard Kienberger — Chair for laser and x-ray
physics, E11, Technische Universität München, Germany
We report on the photoemission timing measurements of well-aligned
ethyl iodine molecules on a platinum crystal surface. The 4𝑑 photoe-
mission of iodine is clocked against the Pt5𝑝 photoemission, allowing
the extraction of an relative photemission delay. As the iodines pho-
toemission in the chosen energy region stems from a giant resonance
in the 𝐼4𝑑→ 𝜖𝑓 transition its photoemission time is mostly unaffected
by its chemical enviroment. Thus any observed change in the photoe-
mission delay can be attributed to changes in the traversed potential
landscape of the molecule.

By carefully selecting the detection angle and coverage of the crystal
we can reliably change which parts of the molecular potential landscape
were traversed by the detected photoelectron wavepackets.

Complementary scattering simulations are then used in order to gain
deeper insight into the observations in order to establish photoemis-
sion timing experiments as an efficient and accurate means to study
molecular environments on surfaces.

MO 15.15 Wed 16:30 P
Strong-field effects on singly excited vibronic resonances in
the hydrogen molecule — ∙Paula Barber Belda1, Gergana D.
Borisova1, Daniel Fan1, Shuyuan Hu1, Maximilian Hartmann1,
Paul Birk1, Alejandro Saenz2, Christian Ott1, and Thomas
Pfeifer1 — 1Max-Planck-Insititut für Kernphysik, 69117 Heidelberg,
Germany — 2Institut für Physik, Humboldt-Universität zu Berlin,
12489 Berlin, Germany
Studies of the hydrogen molecule and its interaction with ultrashort
light pulses allow for the understanding of many quantum molecular
phenomena in the simplest possible case of a molecule with only two
nuclei and two electrons. In a transient absorption experiment with H2

in the spectral range 13-17eV we drive transitions from the molecular
ground state to the electronically excited B, C and D states. The in-
cluded energy levels of the eigenstates of H2 are calculated numerically,
as well as the dipole matrix elements for the considered transitions.
We observe intensity-dependent changes in the XUV absorption spec-
trum in the presence of moderately strong NIR field, coupling different
excited states. In a few-level simulation, where we can consciously in-
clude and exclude states in the model system, we use numerically cal-
culated energy levels of the eigenstates of H2, as well as dipole matrix
elements for the considered transitions. We aim to understand with it
the importance of different couplings to the changing absorption lines
and the corresponding time-dependent dipole we reconstruct from the
measurement.

MO 15.16 Wed 16:30 P
Channel-Resolved Laser-Driven Electron Rescattering in
the Molecular-Frame — ∙Federico Branchi1, Felix Schell1,
Tilmann Ehrlich1, Mark Mero1, Horst Rottke1, Serguei
Patchkovskii1, Varun Makhija2, Marc J.J. Vrakking1, and
Jochen Mikosch1 — 1Max-Born-Institut, Berlin, Germany —
2University of Mary Washington, Fredericksburg, USA
A series of reaction microscope experiments on strong-field ionization
and laser-driven electron rescattering of the asymmetric top molecule
1,3-butadiene is presented. Importantly, by virtue of the ion-electron
coincidence detection, these experiments separate the ground-state
(D0) and first excited state (D1) ionization channel. By analyzing
coherent rotational wavepacket evolution we extract the polar and
azimuthal angle-resolved molecular frame ionization and rescatter-
ing probability. By extracting the differential scattering cross section
(DCS) for near- to mid-infrared wavelengths we explore the role of dif-
ferent continuum wavepackets for molecular structure determination.
By measuring the ellipticity dependence of the return-energy depen-
dent rescattering probability we explore the role of short versus long
trajectories. A multi-faceted picture of molecular effects in strong-field
ionization and laser-induced electron diffraction ensues.

MO 15.17 Wed 16:30 P

Experimental study of the laser-induced ionization of heavy
metal and metalloid ions: Au+ and Si2+ — ∙Bo Ying1,2,3,
Frank Machalett1,2,3, Vanessa Huth1, Matthias Kübel1,2, A
Max Sayler1,2,4, Thomas Stöhlker1,2,3, Gerhard G Paulus1,2,3,
and Philipp Wustelt1,2 — 1Institute of Optics and Quantum Elec-
tronics, Friedrich Schiller University Jena, Max-Wien-Platz 1, 07743
Jena, Germany — 2Helmholtz Institute Jena, Fröbelstieg 3, 07743
Jena, Germany — 3GSI Helmholtzzentrum für Schwerionenforschung,
Planckstraße 1, 64291 Darmstadt, Germany — 4Benedictine College,
Atchison, KS 66002, USA
We implement a liquid metal ion source in a 3D coincidence momentum
spectroscopy setup for studying the interaction of ionic targets with
intense laser pulses. Laser intensities of up to 4x1016 W cm−2 allow
for the observation of up to ten-fold ionization of Au+-ions and double
ionization of Si2+-ions. Further, by utilizing two-color sculpted laser
fields to control the ionization process on the attosecond time scale,
we demonstrate the capability to resolve the recoil ion momenta of
heavy metal atoms. Simulations based on a semiclassical model as-
suming purely sequential ionization reproduce the experimental data
well. This work opens up the use of a range of metallic and metalloid
ions, which have hardly been investigated in strong-field laser physics
so far.

MO 15.18 Wed 16:30 P
Design and implementation of XUV setup for time re-
solved photoelectron spectrometry — ∙Marta Luisa Murillo-
Sánchez, Constantin Walz, Dennis Mayer, and Markus Gühr
— Institut für Physik und Astronomie, Universität Potsdam, Karl-
Liebknecht-Straße 24/25, 14476 Potsdam-Golm Germany
To investigate photoinduced ultrafast relaxation processes in gas phase
isolated molecules, a tabletop setup for time-resolved photoelectron
spectroscopy employing ultrashort extreme ultraviolet pulses (XUV)
is currently under construction in the laboratory of the Experimen-
tal Quantum Physics group at Potsdam University. High-energy XUV
pulses obtained by high order generation are achieved by focusing a
fraction of the output pulses from an amplified laser system into a cell
filled with a rare gas, under proper phase matching conditions. The
odd frequency comb constituted by several harmonics is two-step fil-
tered by a silicon wafer and an aluminium bandpass metallic filter to
remove the residual infrared radiation. Afterwards, the beam is sent
to a toroidal mirror to focus the beam. The different harmonics are
spatially separated by a diffraction grating allowing to individually se-
lect them by means of a slit. This system for obtaining monochromatic
XUV pulses is perhaps the simplest possible nevertheless compromis-
ing the optimum temporal duration of the pulses. Focused XUV laser
pulses interact with an evaporated sample by an oven in the interaction
region of a magnetic bottle spectrometer through which photoelectrons
are detected with increased efficiency. XUV pulses can also be recom-
bined with UV pulses in order to perform pump-probe experiments.

MO 15.19 Wed 16:30 P
Development of a glass based supersonic molecular beam
source for organic molecules — ∙Brendan Wouterlood, Se-
bastian Hartweg, Lukas Bruder, and Frank Stienkemeier —
Institute of Physics, University of Freiburg, Germany
Two-dimensional electronic spectroscopy (2DES) is a powerful spec-
troscopic tool which allows for the probing of atomic and molecular
dynamics on ultra-fast timescales [1]. Application of this spectro-
scopic technique to polycyclic aromatic hydrocarbons (PAHs), such
as acenes and porphyrins, promises a detailed understanding of their
electronic structure and excited state dynamics. These electronic prop-
erties make some of these molecules interesting candidates for appli-
cation in organic photovoltaics and motivate much past and present
research [2]. One challenge of these studies has been the generation
of high gas-phase target densities of these molecules due to their low
vapour pressure and thermal decomposition by excessive heating.

In order to provide large target densities, since these molecules have
relatively low vapour pressures, the supersonic nozzle will need to be
heated to around 500∘C. A quartz glass nozzle system will thus be
developed in order to allow us to heat the molecules to these high tem-
peratures while minimising the risk of thermal decomposition of the
sample that can be catalysed by hot metal surfaces. We will present
the nozzle design and initial characterisation results.

[1] L. Bruder et al., Nat Commun 9, 4823 (2018).
[2] O. Ostroverkhova, Chemical Reviews 116 (22), 13279-13412

(2016).

3



Erlangen 2022 – MO Wednesday

MO 15.20 Wed 16:30 P
Setup Of A Spectrometer To Detect Raman Optical Ac-
tivity — ∙Klaus Hofmann — Universität Würzburg, Institut für
Physikalische und Theoretische Chemie
A custom-built Raman spectrometer was modified to detect Raman
optical activity (ROA), a type of vibrational circular dichroism. A
modulation scheme was implemented to repeatedly convert linear to
right and left circular polarized light for excitation. Python was used
to automate the experiment, data acquisition and post-processing. Ex-
perimental challenges and their influences on the resulting ROA signal
as well as the margins of error are presented. The recorded ROA spec-
trum of (-)-𝛼-pinene was acquired by subtracting the spectra of both
enantiomers and shows good agreement with literature.

MO 15.21 Wed 16:30 P
Towards laser ionisation of H-atoms for kinematically com-
plete coincidence imaging of ion-molecule reactions —
∙Florian Trummer, Dasarath Swaraj, Tim Michaelsen, Arnab
Khan, and Roland Wester — Institut für Ionenphysik und Ange-
wandte Physik, Universität Innsbruck, Innsbruck, Austria
Crossed-beam velocity map imaging (VMI) has proven to be a power-
ful tool to gain insight into atomistic reaction mechanisms [1-3]. Here
we will present concepts and simulations for a new experimental setup
that uses coincidence detection of reaction products for a kinematically
complete VMI study of certain reaction types, involving neutral hydro-
gen products. Instead of solely detecting the charged initial product of
the reactive encounter, a high power and high repetition rate Lyman-
alpha source in combination with a UV laser will be used to ionise the
neutral H-atoms, which are a product of the chemical reactions under
study (e.g., O−+ H2 → OH−+ H). We will present the planned laser
setup for our upcoming project which is currently under construction.
The search for quantum resonances in vibrational state-resolved spec-
troscopic studies of ion-neutral reactions is among the goals that shall
be explored in the future.

[1] R. Wester, Phys. Chem. Chem. Phys. 16, 396 (2014)
[2] M. Stei et al., Nature Chemistry 8.2, 151-156 (2016)
[3] T. Michaelsen et al., J. Phys. Chem. Lett. 11.11, 4331-4336

(2020)

MO 15.22 Wed 16:30 P
eCOMO - A new endstation for controlled molecule ex-
periments — ∙Wuwei Jin1, Sebastian Trippel1,3, Hubertus
Bromberger1,3, Tobias Röhling1, Karol Dlugolecki1, Sergey

Ryabchuk1, Erik Månsson1, Andrea Trabattoni1, Vincent
Wanie1, Ivo Vinklárek4, Francesca Calegari1, and Jochen
Küpper1,2,3 — 1Center for Free-Electron Laser Science, Deutsches
Elektronen-Synchrotron DESY, Hamburg — 2Department of Physics,
Universität Hamburg — 3Center for Ultrafast Imaging, Universität
Hamburg — 4Department of Chemical Physics and Optics, Faculty of
Mathematics and Physics, Charles University, Prague, Czech Republic
We present details on our newly established transportable endstation
eCOMO (Endstation for Controlled Molecules) for investigating the
dynamics of small molecules in the gas phase [1]. The endstation con-
sists of three main parts: 1) An Even-Lavie-valve-based gas source. 2)
An electrostatic deflector for the generation of pure molecular samples
[2-3]. 3) A double-sided VMI spectrometer coupled with two time- and
position-sensitive Timepix3 cameras and the PymePix software [4-5].
We found a novel damped oscillation dynamics in the UV-IR(pulse
duration are both 6 fs) ionization dynamics of carbonyl sulfide (OCS).

[1]M Johny, J Onvlee, et al.,Chem. Phys. Lett.,721,149(2019)
[2]S Trippel, M Johny, et al.,Rev. Sci. Instrum.,89,096110(2018)
[3]Y P Chang, D A Horke, et al.,Int. Rev. Phys.

Chem.,557,34(2015)
[4]A.F Al-Refaie, M Johny, et al., J. Instrum.,14,P10003(2019)
[5]A Zhao, M van Beuzekom, et al.,Rev. Sci. In-

strum.,88,113104(2017)
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Molecule-surface interaction is key to many physical and chemical
processes at interfaces. Here, we show that the dynamics of single
molecules on a surface under ultrahigh vacuum can be resolved using
fluorescence imaging. By adapting oil-immersion microscopy to a thin
vacuum window, we measure the surface adsorption and translational
and rotational diffusion of single perylene molecules on a fused silica
surface with high spatial and temporal resolutions. Time-dependent
measurements of the fluorescence signal allow us to deduce two charac-
teristic decay time scales, which can be explained through a simplified
model involving two adsorption states and five energy levels. The sys-
tem presented in this work combines fluorescence imaging with essen-
tial ingredients for surface science and promises a platform for probing
single-molecule–surface interactions in highly defined conditions.
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