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Overview of Invited Talks and Sessions
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Invited Talks

MO 1.1 Mon 11:00–11:30 f102 Infrared Spectroscopy of HHe+𝑛 and DHe+𝑛 Complexes — ∙Oskar As-
vany, Stephan Schlemmer

MO 3.1 Mon 14:00–14:30 f102 Enantio-selective controllability of asymmetric top molecules —
∙Monika Leibscher, Eugenio Pozzoli, Mario Sigalotti, Ugo Boscain,
Christiane P. Koch

MO 4.1 Mon 14:00–14:30 f142 Structure and dynamics of gas phase metal clusters — ∙Bernd von Is-
sendorff

MO 14.1 Wed 14:00–14:30 f142 Elucidating transition metal clusters and complexes in cryo isolation —
∙Gereon Niedner-Schatteburg

MO 14.2 Wed 14:30–15:00 f142 Rotational Studies of (chiral) Molecules/Complexes in Jets (& Flames)
— ∙Jens-Uwe Grabow

MO 21.1 Fri 14:00–14:30 f142 Laboratory experiments as tool to understand the infrared sky at high
spectral resolution — ∙Guido W. Fuchs

Invited talks of the joint symposium SYCU
See SYCU for the full program of the symposium.

SYCU 1.1 Mon 11:00–11:30 e415 Photoelectron circular dichroism in the light of resonance enhanced
multi-photon ionization — ∙Thomas Baumert

SYCU 1.2 Mon 11:30–12:00 e415 New strategies for controlled chirality from the rovibrational dynamics
of molecules — ∙Andrey Yachmenev

SYCU 1.3 Mon 12:00–12:30 e415 Time-dependency in Photoelectron Circular Dichroism: from fem-
tosecond scale to attosecond — ∙Valerie Blanchet

SYCU 1.4 Mon 12:30–13:00 e415 Synthetic chiral light for efficient control of chiral light-matter in-
teraction — ∙David Ayuso, Ofer Neufeld, Andres F. Ordonez, Piero
Decleva, Gavriel Lerner, Oren Cohen, Misha Ivanov, Olga Smirnova

Invited talks of the joint symposium SYAI
See SYAI for the full program of the symposium.

SYAI 1.1 Mon 14:00–14:30 e415 Atom interferometry and its applications for gravity sensing —
∙Franck Pereira dos Santos, Luc Absil, Romain Caldani, Xiaobing
Deng, Romain Karcher, Sébastien Merlet, Raphaël Piccon, Sumit
Sarkar

SYAI 1.2 Mon 14:30–15:00 e415 Atom interferometry for advanced geodesy and gravitational wave ob-
servation — ∙Philippe Bouyer

SYAI 1.3 Mon 15:00–15:30 e415 Fundamental physics with atom interferometry — ∙Paul Hamilton
SYAI 1.4 Mon 15:30–16:00 e415 Atoms and molecules interacting with light — ∙Lucia Hackermüller
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Invited talks of the joint symposium SYAD
See SYAD for the full program of the symposium.

SYAD 1.1 Tue 11:00–11:30 e415 Electron Pulse Control with Terahertz Fields — ∙Dominik Ehberger
SYAD 1.2 Tue 11:30–12:00 e415 Laser-Based High-Voltage Metrology with ppm Accuracy — ∙Kristian

König, Christopher Geppert, Phillip Imgram, Jörg Krämer, Bern-
hard Maaß, Johann Meisner, Ernst Otten, Stephan Passon, Tim
Ratajczyk, Johannes Ullmann, Wilfried Nörtershäuser

SYAD 1.3 Tue 12:00–12:30 e415 Structured singular light fields — ∙Eileen Otte
SYAD 1.4 Tue 12:30–13:00 e415 Coherent Coupling of a Single Molecule to a Fabry-Perot Microcavity

— ∙Daqing Wang

Invited talks of the joint symposium SYQL
See SYQL for the full program of the symposium.

SYQL 1.1 Thu 11:00–11:30 e415 The unity of physics: the beauty and power of spectroscopy — ∙Paul
Julienne

SYQL 1.2 Thu 11:30–12:00 e415 Using spectroscopy to explore the Rb2 molecule and its formation —
∙Johannes Hecker Denschlag

SYQL 1.3 Thu 12:00–12:30 e415 Cold molecules: a chemistry kitchen for physicists — ∙Olivier Dulieu
SYQL 1.4 Thu 12:30–13:00 e415 The birth of a degenerate Fermi gas of molecules — ∙Jun Ye

Invited talks of the joint symposium SYCM
See SYCM for the full program of the symposium.

SYCM 1.1 Fri 11:00–11:30 e415 Trapped Laser-cooled Molecules for Quantum Simulation, Particle
Physics, and Collisions — ∙John Doyle

SYCM 1.2 Fri 11:30–12:00 e415 Cold polyatomic molecules — ∙Gerhard Rempe
SYCM 1.3 Fri 12:00–12:30 e415 Collisions between laser-cooled molecules and atoms — ∙Michael Tar-

butt
SYCM 1.4 Fri 12:30–13:00 e415 Collisions between cold molecules in a superconducting magnetic trap

— ∙Edvardas Narevicius

Sessions

MO 1.1–1.8 Mon 11:00–13:15 f102 Clusters I (joint session MO/A)
MO 2.1–2.7 Mon 14:00–16:15 a320 Atomic Clusters (joint session A/MO)
MO 3.1–3.9 Mon 14:00–16:30 f102 Chiral Molecules
MO 4.1–4.9 Mon 14:00–16:30 f142 Electronic Spectroscopy I
MO 5.1–5.18 Mon 17:00–19:00 Empore Lichthof MO Poster 1
MO 6.1–6.10 Tue 14:00–16:30 f102 Electronic Spectroscopy II
MO 7.1–7.7 Tue 14:00–15:45 f142 Clusters II (joint session MO/A)
MO 8.1–8.16 Tue 17:00–19:00 Empore Lichthof MO Poster 2
MO 9.1–9.8 Wed 11:00–13:00 f102 Femtosecond Spectroscopy I
MO 10.1–10.10 Wed 11:00–13:30 f142 Collisions and Reactions
MO 11 Wed 13:30–14:00 f142 Annual General Meeting
MO 12.1–12.1 Wed 13:10–13:55 f303 Lunch talk: German Research Foundation (DFG)

(joint session A/K/P/MO/MS/Q)
MO 13.1–13.5 Wed 14:00–15:15 f102 Cold Molecules (joint session MO/Q)
MO 14.1–14.8 Wed 14:00–16:30 f142 Vibrational and Rotational Spectroscopy
MO 15.1–15.17 Wed 17:00–19:00 Empore Lichthof MO Poster 3
MO 16.1–16.9 Thu 14:00–16:15 f102 Femtosecond Spectroscopy II
MO 17.1–17.8 Thu 14:00–16:00 f142 Theory
MO 18.1–18.6 Thu 14:00–15:45 f442 Cold Molecules II (joint session Q/MO)
MO 19.1–19.23 Thu 17:00–19:00 Empore Lichthof MO Poster 4
MO 20.1–20.8 Fri 14:00–16:00 f102 Control (joint session MO/Q)
MO 21.1–21.7 Fri 14:00–16:00 f142 Astrophysics and Ions

Annual General Meeting of the Molecular Physics Division
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Wednesday 13:30–14:00 f142
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MO 1: Clusters I (joint session MO/A)

Time: Monday 11:00–13:15 Location: f102

Invited Talk MO 1.1 Mon 11:00 f102
Infrared Spectroscopy of HHe+𝑛 and DHe+𝑛 Complexes —
∙Oskar Asvany and Stephan Schlemmer — I. Physikalisches In-
stitut, Universität zu Köln, Zülpicher Str. 77, Köln
The combination of a cryogenic ion-trap machine, operated at 4.7 K,
with the free-electron-laser FELIX allowed the first experimental char-
acterization of the antisymmetric stretch (𝜈3) and bending (𝜈2) fun-
damentals of the linear He–X+–He (X =H, D) cores of the in situ
prepared HHe+𝑛 and DHe+𝑛 complexes for 𝑛 = 3− 6. The found band
origins, at around 1290 cm−1 for 𝜈3 and around 850 cm−1 for 𝜈2
(for HHe+𝑛 ), are fully supported by first-principles quantum-chemical
computations. These results are consistent with structures for the
species with 𝑛 = 3 and 6 being of T-shaped C2𝑣 and of D4ℎ symme-
try, respectively, while the species with 𝑛 = 4 are suggested to exhibit
interesting dynamical phenomena related to large-amplitude motions.
Future high-resolution measurements will give detailed insight into the
structure of these fundamental complexes.

MO 1.2 Mon 11:30 f102
Photon-energy dependent ionisation of isolated Xenon atoms
— Thomas Baumann1, Rebecca Boll1, Markus Ilchen1, Joakim
Laksman1, Tommaso Mazza1, Michael Meyer1, Valeria Musić1,
Daniel Rivas1, ∙Aljoscha Rörig1, Svitozar Serkez1, Philipp
Schmidt1, Sergey Usenko1, Julia Schäfer2, Robin Santra2,
Sang-Kil Son2, Shashank Pathak3, Daniel Rolles3, and Ben-
jamin Erk4 — 1European XFEL GmbH, Schenefeld, Germany —
2Center for Free-Electron Laser Science (CFEL), Hamburg, Ger-
many — 3Kansas State University, Manhattan, USA — 4Deutsches
Elektronen-Synchrotron (DESY), Hamburg, Germany
In October 2019 we investigated the photon-energy-dependence of the
ionisation process of isolated Xenon atoms exposed to extremely in-
tense soft X-ray radiation at the European XFEL free-electron laser
in Schenefeld, Germany. We were able to tune the photon energy
over a wide range (700 eV - 3000 eV) while maintaining constant high
pulse energy of several millijoule. As a function of photon energy, we
detected distinct variations of the ion yield in certain charge state re-
gions due to non-linear effects, and extreme-charge states up to +42
of Xenon. These variations are the result of transient resonances that
increase the photoionisation cross section at certain charge states and
photon energies, as the binding energies in the atomic orbitals shift as
a result of increasing charge state during a single FEL pulse. The ex-
perimentally obtained data is in good accordance with the calculated
charge state distributions, thus allowing us a detailed insight into the
transient electronic structure of highly excited atoms.

MO 1.3 Mon 11:45 f102
Oscillations in immiscible liquids due to persistent currents
— ∙Frederic Folz, Ayoub Elyaagoubi, Albrecht Ott, and Gio-
vanna Morigi — Universität des Saarlandes
Absorption spectroscopy exhibits a noisy absorption pattern in samples
of colloidal gold at marginal stability [1]. This might be the signature
of an oscillatory behavior. Here, we discuss a theoretical model that
traces these oscillations back to agglomeration and sedimentation pro-
cesses, given a persistent influx of molecules. We analyse the results
in relation to the experimental findings.

[1] Experiments carried out by Ayoub Elyaagoubi in the group of
Prof. Ott at Saarland University, unpublished

MO 1.4 Mon 12:00 f102
Geometry and Stability of Small Cationic Silicon Carbide
Clusters — ∙Robert Radloff, Lars Dahllöf, Kai Pollow,
Karim Ahmed Saroukh, Marko Förstel, and Otto Dopfer —
Technische Universität Berlin, Institut für Optik und Atomare Physik,
Germany
Ejecta of carbon-rich stars contribute significantly to interstellar dust.
The emitted particles are generally hot and consist of single atoms or
ions. With increasing distance from the star, this matter cools down
and starts to condense, eventually forming first molecules and creating
a rich chemistry. Observations suggest not only small molecules like
SiC [1], Si2C [2], SiC2 [3], etc. to be present in the circumstellar en-
vironment of carbon-rich stars but also solid silicon carbide grains [4].
Up to now, it has remained unclear how these dust grains are created.

It seems likely that they form from small SiC molecules via condensa-
tion but no intermediates have been detected so far.

In this contribution we present the energetic, geometric, and optical
properties of small cationic silicon carbide clusters obtained via pho-
todissociation spectroscopy, mass spectrometry, and quantum chemical
calculations. We show the first optical spectrum of a silicon carbide
cation and present hitherto unreported fragmentation channels and
ground state geometries of several cationic silicon carbide clusters.

[1] J. Cernicharo et. al., Astrophys. J. Lett. 341, L25 (1989)
[2] J. Cernicharo et. al., Astrophys. J. Lett. 806, L3 (2015)
[3] P. Thaddeus et. al., Astrophys. J. Lett. 283, L45-48 (1984)
[4] R. Treffers and M. Cohen, Astrophys. J. 188, 545-552 (1974)

MO 1.5 Mon 12:15 f102
N2 activation on size selected Tantalum clusters investi-
gated by cryo kinetics and IR spectroscopy — ∙Matthias
P. Klein1, Daniela V. Fries1, Annika Steiner1, Helmut
Schwarz2, and Gereon Niedner-Schatteburg1 — 1Fachbereich
Chemie and Forschungszentrum OPTIMAS, TU Kaiserslautern,
Erwin-Schrödinger-Straße 52, 67663 Kaiserslautern — 2Institut für
Chemie, Technische Universität Berlin, 10623 Berlin
Catalytic N2 activation by active transition metal surfaces is one of the
most important industrial processes. For a thorough understanding of
the activation steps, we need suitable model systems. By means of cryo
IR-PD spectroscopy and cryo adsorption kinetics supported by DFT
modelling, we are able to investigate the vibrational and kinetic behav-
ior of various transition-metal-cluster-N2/H2 complexes (Fe, Co, Ni,
Rh, Ru) and gain information about reaction precursors and intermedi-
ates. Small tantalum clusters have shown to activate N2 dissociatively
and even support the formation of ammonia. We chose to examine the
Ta4+ and Ta5+ clusters in more detail. We observe a rearrangement
of the adsorbate shell and activated N2 upon stepweise N2 adsorption.
In the Ta4+ case, the adsorption kinetics suggest a complex dynamics
for large adsorption shells. A pseudo-first-order kinetic fit fails in this
case. In contrast, the adsorption kinetics of the Ta5 cluster are repro-
ducible by such a fit. IR bands represent a range from weakly bound
N2 to actual N2 activation precursors.

MO 1.6 Mon 12:30 f102
Optimizing Aerodynamic Lens Geometries for Gold Nanopar-
ticle Beams — ∙Lena Worbs1,2, Jannik Lübke1,2,3, Armando
Estillore1, Amit K. Samanta1, Lourdu Xavier Paulraj1, Kar-
tik Ayyer1,4, and Jochen Küpper1,2,3 — 1Center for Free-Electron
Laser Science, Deutsches Elektronen-Synchrotron DESY, Hamburg —
2Fachbereich Physik, Universität Hamburg — 3Center for Ultrafast
Imaging, Hamburg — 4Max Planck Institute for the Structure and
Dynamics of Matter, Hamburg
Coherent diffractive imaging at free-electron lasers promises to allow
the reconstruction of the three-dimensional molecular structures of
isolated particles at atomic resolution [1]. However, because of the
typically low signal to noice ratio, this requires the collection of a
large amount of diffraction patterns. Since every intercepted particle
is destroyed by the intense x-ray pulse, a new and preferably identi-
cal sample particle has to be delivered into every pulse. One delivery
technique is an aerodynamic lens stack (ALS), providing collimated or
focused beams of nanoparticles. With the aid of numerical simulations
we optimized the geometry of an ALS to produce high-density beams
of nanoparticles, e.g., gold nanoparticles. Here, we present the simula-
tion result for an optimized ALS and its experimental characterization
using novel laser-based particle detection techniques [2]. We also show
an application of ALS for XFEL experiments on gold nanoparticles.

[1] M. M. Seibert, et al., Nature 470, 78 (2011).
[2] L. Worbs, et al., Opt. Expr., arXiv:1909.08922 [physics.optics]

MO 1.7 Mon 12:45 f102
Chemical dynamics in Argon clusters induced by in-
tense x-rays — ∙Zoltan Jurek1,2, Yoshiaki Kumagai3, Hi-
ronobu Fukuzawa3,4, Sang-Kil Son1,2, Beata Ziaja1,2,5, Robin
Santra1,2,6, and Kiyoshi Ueda3,4 — 1Center for Free-Electron Laser
Science, Deutsches Elektronen-Synchrotron, Notkestrasse 85, 22607
Hamburg, Germany — 2The Hamburg Centre for Ultrafast Imag-
ing, Luruper Chaussee 149, 22671 Hamburg, Germany — 3Institute of
Multidisciplinary Research for Advanced Materials, Tohoku University,
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Sendai 980-8577, Japan — 4RIKEN SPring-8 Center, Sayo, Hyogo 679-
5148, Japan — 5Institute of Nuclear Physics, PAS, Radzikowskiego
152, 31-342, Krakow, Poland — 6Department of Physics, University
of Hamburg, Jungiusstrasse 9, 20355 Hamburg, Germany
In this talk, we focus on the dynamics of rare gas clusters exposed to
ultrashort X-ray Free Electron Lasers (XFELs) pulses of intermediate
x-ray fluence. In this fluence regime the system is only partially ion-
ized. Therefore, chemical properties of the sample may still play an
important role in shaping the ionization dynamics beside the emerg-
ing Coulomb forces. As a result, complex fragmentation of the cluster
can occur. We show signatures of chemical effects in spectroscopy ob-
servables, and present our theoretical simulations, unraveling the time
evolution of irradiated Ar clusters in detail [1].This study addresses a
regime that is a very common scenario at current XFEL experiments.
[1] Y. Kumagai et al, Phys. Rev. Lett. 120, 223201 (2018)

MO 1.8 Mon 13:00 f102
The role of water in the photophysics of indole — ∙Lanhai
He1, Melby Johny1,2, Thomas Kierspel1,2, Jolijn Onvlee1,2,
Bernd Winter4, Sebastian Trippel1,2, and Jochen Küpper1,2,3

— 1Center for Free-Electron Laser Science, Deutsches Elektronen-
Synchrotron DESY, Hamburg — 2Center for Ultrafast Imaging, Uni-
versität Hamburg — 3Department of Physics, Universität Hamburg —
4Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin
Hydrogen bonds play an important role in biological processes and pro-
teins, e.g., protein folding and molecular recognition. The influence of
water in complex systems, such as a protein, can only be explained if
the cluster formation and the breaking of the micro-solvated molecular
clusters itself is understood. We studied the photo-fragmentation of
indole and indole-water1 upon x-ray absorption, which triggers inner-
shell ionization from nitrogen and carbon (1𝑠) orbitals. The generated
ions and electrons were measured with an angle-resolved coincidence
detection scheme, and the results revealed fragmentation-pathway-
dependent electron spectra, linking the structural fragmentation dy-
namics to different electronic excitations. On the other hand, the
photoelectron spectrum of an aqueous indole-water solution has been
measured through x-ray ionization of indole in a liquid microjet. Ana-
lyzing the chemical shifts for the characteristic photoelectron spectra,
the hydration of indole in water solutions is about to be identified.

MO 2: Atomic Clusters (joint session A/MO)

Time: Monday 14:00–16:15 Location: a320

Invited Talk MO 2.1 Mon 14:00 a320
Time-resolved X-ray Imaging of Anisotropic Nanoplasma Ex-
pansion — ∙Christian Peltz1, Christoph Bostedt2, Mathias
Kling3, Thomas Brabec4, Eckart Ruehl5, Artem Rudenko6,
Tais Gorkhover7, and Thomas Fennel1 — 1Institute of Physics,
University of Rostock, Germany — 2Paul Scherrer Institute, Villi-
gen, Switzerland — 3Faculty of Physics, LMU Munich, Germany —
4Department of Physics and Centre for Photonics Research, Univer-
sity of Ottawa, Canada — 5Physical Chemistry, FU Berlin, Germany
— 6Department of Physics, Kansas-State University, USA — 7LCLS,
SLAC National Accelerator Laboratory, Menlo Park, USA
We investigate the time-dependent evolution of laser-heated solid-
density nanoparticles via coherent diffractive x-ray imaging, theoreti-
cally and experimentally. Our microscopic particle-in-cell calculations
for R = 25 nm hydrogen clusters reveal that infrared laser excitation
induces continuous ion ablation on the cluster surface. This process
generates an anisotropic nanoplasma expansion that can be accurately
described by a simple self-similar radial density profile. It’s time evo-
lution can be reconstructed precisely by fitting the time-resolved scat-
tering images using a simplified scattering model in Born approxima-
tion [1]. Here we present the first successful high resolution recon-
struction of corresponding experimental results, obtained at the LCLS
facility with SiO2 nanoparticles (D=120 nm), giving unprecedented in-
sight into the spatio-temporal evolution of the nanoplasma expansion.

[1] C. Peltz, C. Varin, T. Brabec and T. Fennel , Phys. Rev. Lett.
113, 133401 (2014)

Invited Talk MO 2.2 Mon 14:30 a320
Imaging anisotropic dynamics in superfluid helium nan-
odroplets — ∙B. Langbehn1, K. Sander2, Y. Ovcharenko1,3, C.
Peltz2, A. Clark4, M. Coreno5, R. Cucini6, A. Demidovich6,
M. Drabbels4, P. Finetti6, M. Di Fraia6,5, L. Giannessi6, C.
Grazioli5, D. Iablonskyi7, A. C. LaForge8, T. Nishiyama9,
V. Oliver Álvarez de Lara4, P. Piseri10, O. Plekan6, K.
Ueda7, J. Zimmermann1,11, K. C. Prince6,12, F. Stienkemeier8,
C. Callegari6,5, T. Fennel2,11, D. Rupp1,11,13, and T. Möller1

— 1TU Berlin — 2Univ. Rostock — 3European XFEL — 4EPFL
Lausanne — 5ISM-CNR Trieste — 6Elettra-Sincrotrone Trieste —
7Tohoku Univ. Sendai — 8Univ. Freiburg — 9Kyoto Univ. — 10Univ.
di Milano — 11MBI Berlin — 12Swinburne Univ. of Tech. — 13ETH
Zürich
Intense short-wavelength light pulses from free-electron lasers (FELs)
enable the study of the structure and dynamics of nanometer-sized
particles in the gas phase using coherent diffraction imaging methods.
In our experiment, we explored the light induced dynamics of xenon
doped helium nanodroplets. We used intense near-infrared pulses to
ignite a nanoplasma inside the droplets. After a variable time delay
of up to 800 ps, we imaged the dynamics triggered by the nanoplasma
using extreme ultraviolet pulses from the FERMI FEL. The recorded

scattering patterns exhibit pronounced directionalities that can be at-
tributed to anisotropic changes of the droplet surface. A possible con-
nection of these directed dynamics to the droplet’s vortex structure
will be discussed.

MO 2.3 Mon 15:00 a320
Setup and characterization of a helium liquid jet for diffrac-
tion experiments — ∙K. Kolatzki1,2, R. M. P. Tanyag2, G.
Noffz2, A. Ulmer2, T. Möller2, and D. Rupp1,3 — 1LFKP,
ETH Zurich, Switzerland — 2IOAP, TU Berlin — 3Max-Born-Institut
Berlin
When conducting coherent diffractive imaging experiments at XUV
and X-ray facilities with atomic clusters as targets, it is desirable that
these targets are constant in size and spacing. Large helium droplets
produced via Rayleigh-type breakup of a liquid jet meet these require-
ments: Compared to other types of clusters or droplets, they can ex-
hibit very narrow size distributions and even spacing. Helium droplets
also have a simple electronic structure, show interesting properties like
superfluidity and can be used as a cooling matrix for embedded atoms
and molecules.

Recently, we have constructed and characterized a source for a he-
lium liquid jet and subsequent droplets, which is available for user
experiments at the European XFEL’s SQS endstation. Via shadowg-
raphy methods, we have analyzed the jet’s shape and the droplet size
distributions. Results from these measurements and an improved setup
will be presented.

MO 2.4 Mon 15:15 a320
Solvation and desorption dynamics of Cs atoms attached to
He nanodroplets — ∙Nicolas Rendler, Audrey Scognamiglio,
Lukas Bruder, Katrin Dulitz, and Frank Stienkemeier — Uni-
versity of Freiburg, Freiburg, Germany
Despite the low perturbative environment provided by the superfluid-
ity of helium nanodroplets, excited or charged dopants can be strongly
affected by the surrounding helium atoms. Numerous processes can be
triggered by the electronic excitation and ionization of the dopant. For
example, the repulsive electron-He interaction can result in the ejec-
tion of electronically excited dopants [1] which can be accompanied
by electronic relaxation induced by the He environment [2]. In some
cases, pairwise He-dopant interaction can also lead to the formation of
He-dopant exciplexes [2,3]. Desorption dynamics, electronic relaxation
as well as exciplex formation, strongly depend on the dopant species
and still lack a complete understanding. We present an experimental
study of the desorption dynamics of photo-excited Cs atoms attached
to He nanodroplets using femtosecond pump-probe spectroscopy in
combination with velocity-map imaging detection.

[1] M. Mudrich, F. Stienkemeier, Int. Rev. Phys. Chem. 33, 301-
339, (2014).

[2] E. Loginov, M. Drabbels, J. Phys. Chem. A 111, 7504-7515,
(2007).
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[3] J. von Vangerow et al., J. Phys. Chem. Lett. 8 (1), 307-312,
(2017).

MO 2.5 Mon 15:30 a320
Coherent diffractive imaging of excited state population
dynamics in a helium droplet — ∙Björn Kruse1, Benjamin
Liewehr1, Christian Peltz1, and Thomas Fennel1,2 — 1Institut
für Physik, Universität Rostock, Albert-Einstein-Str. 23, D-18059 Ro-
stock — 2Max-Born-Institut für Nichtlineare Optik und Kurzzeitspek-
troskopie, Max-Born-Str. 2A, D-12489 Berlin
Coherent diffractive imaging (CDI) of isolated helium nanodroplets has
been successfully demonstrated with a lab-based HHG source [1] oper-
ating in the vicinity of the 1s - 2p transition of helium. To reconstruct
the shape and orientation of nanoparticles, CDI experiments have so
far been analyzed in terms of a classical linear response description
[2]. However, for high intensities and especially for resonant excita-
tion, population dynamics of bound electrons and stimulated emissions
may become important, violating the assumptions underlying a linear
description. To what extend and how nonlinear processes influence
CDI scattering images is currently largely unknown. In our theoretical
analysis, we describe the quantum-mechanical few-level bound state
dynamics using a density matrix formalism and incorporate this into a
3D Maxwell solver based on the finite-difference time-domain method
(FDTD). We discuss the spatio-temporal population dynamics and its
impact on scattering images.

[1] D. Rupp et al., Nat. Commun. 8, 493 (2017)
[2] I. Barke et al., Nat. Commun. 6, 6187 (2015)

MO 2.6 Mon 15:45 a320
Development of core-level binding energies of mass-selected
lead clusters — ∙Klara Raspe1, Norman Iwe1, Fabian Bär2,
Kariman Elshimi2, Simon Dold2, Franklin Martinez1, Stef-
fen Palutke3, Marion Kuhlmann3, Sven Toleikis3, Josef
Tiggesbäumker1, Bernd von Issendorff2, and Karl-Heinz
Meiwes-Broer1 — 1Institut für Physik, Universität Rostock, Albert-
Einstein-Str. 23-24, 18059 Rostock, Germany — 2Fakultät für Physik,
Universität Freiburg, Hermann-Herder-Str. 3, 79104 Freiburg, Ger-

many — 3Deutsches Elektronen-Synchrotron (DESY), Notkestraße 85,
22607 Hamburg, Germany
The high photon flux and the photon energies of several tens of eV as
delivered by FLASH allow to conduct core-level photoemission studies
on size-selected metal clusters in the gas phase. Interesting aspects
are phenomena like core-hole screening and the subsequent dynam-
ics triggered by the core electron emission. However, probing these
nanometer-sized targets requires the preparation of a sufficiently high
target density in the FEL interaction region. This condition is met by
an experimental setup, which includes a high-current cluster source, a
quadrupole mass filter and a radio-frequency ion trap. Photoelectron
spectra of lead cluster anions have been recorded in the size range of
N = 3 up to 50 atoms. The spectra show a size-dependent shift of the
binding energies of the 5d electrons towards the bulk work function,
which is compared to the metallic sphere model.

MO 2.7 Mon 16:00 a320
Coulomb interaction in the photoemission of polyan-
ionic silver clusters — ∙Norman Iwe1, Franklin Martinez1,
Madlen Müller2, Klara Raspe1, Lutz Schweikhard2, Josef
Tiggesbäumker1, and Karl-Heinz Meiwes-Broer1 — 1Institut
für Physik, Universität Rostock, Rostock, Deutschland — 2Institut
für Physik, Universität Greifswald, Greifswald, Deutschland
Multiply negatively charged, nano-sized particles are characterized by
a barrier potential, given by the Coulomb interaction between the ex-
cess electrons. In order to extract details of this barrier with unprece-
dented quality, photoelectron spectroscopy is combined with tunable
laser pulse excitation. The emitted photoelectron interacts with the re-
maining negatively charged system, which leads to a specific Coulomb
cut-off in the photoelectron spectra, as known from molecular polyan-
ions.

In this contribution, we present experimental spectra of mass- and
charge-selected silver clusters, 𝐴𝑔𝑧−800 (z=2-6), which show a character-
istic dependence on the laser wavelength. The photoelectron spectra
are qualitatively described by electrons coming from a Fermi distribu-
tion in a jellium-like potential, while direct emission as well as tunnel-
ing through the Coulomb barrier are taken into account.

MO 3: Chiral Molecules

Time: Monday 14:00–16:30 Location: f102

Invited Talk MO 3.1 Mon 14:00 f102
Enantio-selective controllability of asymmetric top molecules
— ∙Monika Leibscher1, Eugenio Pozzoli2, Mario Sigalotti2,
Ugo Boscain3, and Christiane P. Koch4,1 — 1Theoretische
Physik, Universität Kassel, Kassel, Germany — 2Inria, Sorbonne Uni-
versité, Université de Paris, CNRS, Laboratoire Jacques-Louis Lions,
Paris, France — 3CNRS, Sorbonne Université, Inria, Université de
Paris, Laboratoire Jacques-Louis Lions, Paris, France — 4Theoretische
Physik, Freie Universität Berlin, Berlin, Germany
Three-wave mixing (3WM) spectroscopy of chiral molecules allows for
enantio-selective population transfer despite random orientation of the
molecules [1]. Three-wave mixing is usually regarded as a three-state
process [2]. However, due to the M-degeneracy of the rotational spec-
trum, the underlying rotational dynamics is far more complex and
the usual 3WM schemes do not reach complete selectivity. To inves-
tigate the prospects of complete enantio-selective population transfer
in systems with degenerate states, we extend a recent controllability
analysis of symmetric rotors [3] and introduce the concept of enantio-
selective controllability. Our analysis shows that an asymmetric top
is enantio-selective controllable despite the M-degeneracy. Moreover,
we demonstrate that 3WM schemes [2] have to be extended to at least
five different microwave pulses to achieve complete separation of the
enantiomers. [1] D. Patterson, M. Schnell, and J. M. Doyle, Nature
497, 475 (2013). [2] M. Leibscher, T. F. Giesen, C. P. Koch, J. Chem.
Phys. 151, 014302 (2019). [3] U. Boscain, E. Pozzoli, M. Sigalotti,
arXiv:1910.01924 (2019).

MO 3.2 Mon 14:30 f102
Enantiomer-specific state transfer between rotational levels
of cold, chiral molecules — ∙Johannes Bischoff, Alicia O.
Hernandez-Castillo, Ju Hyeon Lee, Marco De Pas, Gerard
Meijer, and Sandra Eibenberger-Arias — Fritz-Haber-Institut

der Max-Planck-Gesellschaft, Berlin, Germany
Chiral molecules are important in nature and exist in one of two mirror-
image versions (enantiomers), that cannot be transformed into each
other by mere rotation or translation. The understanding and con-
trol of chiral molecules plays a crucial role in many biological pro-
cesses in the human body and therefore in drug development. How-
ever, most physical properties of enantiomers are identical, making
chiral analysis challenging. The enantiomer-specific state transfer1
method was recently developed. It can selectively populate or de-
populate a rotational level of an enantiomer. This method builds
on microwave three-wave mixing2, which allows for detecting chiral
molecules enantiomer-specifically using microwave spectroscopy. We
have designed, built, and characterized a compact spectrometer ca-
pable of performing chirped-pulse Fourier transform microwave spec-
troscopy and electronic spectroscopy. By combining optical methods
with microwave spectroscopy, we seek to maximize the state-specific
enantiomeric enrichment. Recent experimental results and details on
the new spectrometer will be discussed.
1. Eibenberger et al 2017. Phys. Rev. Lett., 118(12), 123002.
2. Patterson et al 2013. Nature, 497(7450), 475.

MO 3.3 Mon 14:45 f102
Chiral resonant energy transfer in a medium — ∙Franz
Janine1, Bennett Robert1, Buhmann Stefan Yoshi1, and Salam
Akbar2 — 1Physikalische Institut, Albert-Ludwigs-Universitat
Freiburg, Hermann-Herder-Strasse 3, 79104 Freiburg , Germany —
2Department of Chemistry, Wake Forest University, Winston-Salem,
NC 27109, USA
It has been shown that resonance energy transfer (RET) between chiral
molecules can be used to discriminate enantiomers (1). The RET rate
between two molecules of the same handedness is slightly different than
between molecules with opposite chirality. By using macroscopic quan-
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tum electrodynamics we can study how to enhance this effect using an
intervening medium and hence propose a distinct but related way to
discriminate between enantiomers by using a medium with known chi-
rality. However, when embedding a donor or acceptor molecule in a
macroscopic medium, the microscopic structure of the medium close
to the embedded molecule needs to be taken into account, which can
be achieved using the so-called local-field correction. This turns out
to be quite challenging for a chiral medium where contributions from
light of opposite circular polarisation needs to be distinguished. In
this talk I will outline the challenges encountered and propose some
possible solutions. We also extend our theory to the related process of
interatomic Coulombic decay (ICD), which offers different possibilities
for the discrimantion compared to resonant energy transfer.
(1) D.P.Craig, T.Thirunamachandran, J. Chem. Phys. 109 (1998)

MO 3.4 Mon 15:00 f102
Spatio-temporally Resolved Probing of Chiral Near-Fields in
an Electron Microscope — ∙Jan-Wilke Henke, Tyler Harvey,
Ofer Kfir, and Claus Ropers — IV. Physical Institute: Solids and
Nanostructures, University of Göttingen, Germany
Chirality, the lack of symmetry under spatial inversion, is central to
many modern research topics, including the broken symmetry in bio-
chemistry or magnetism. Insight into these phenomena can be gained
by probing the optical response of the system with circular dichro-
ism spectroscopy, which, however, has a limited spatial resolution. In
scanning transmission electron microscopes, probes with a small spot
size are routinely achieved, while the inelastic scattering of ultrashort
electron pulses with the localised fields at the specimen (IELS) allows
for the characterisation of the optical response [1,2].

In this presentation, we demonstrate the employment of IELS for
probing chiral near-fields of a prototypical nanostructure. Similar
to optical circular dichroism, a dichroic signal is obtained from the
difference in coupling strength for incident illumination with left- or
right-handed circularly polarised light. As the near-field is probed by
femtosecond electron pulses [3], investigation of ultrafast phenomena
is readily possible, while exploiting a wavelength-tunable pulsed light
source enables recording dichroic spectra.

[1] B. Barwick et al., Nature 462 (2009)
[2] A. Feist et al., Nature 521 (2015)
[3] A. Feist et al, Ultramicroscopy 176 (2017)

MO 3.5 Mon 15:15 f102
Controlling the axis of rotation in polyatomic molecules with
the optical centrifuge — ∙Emil Zak1, Andrey Yachmenev1,2,
and Jochen Küpper1,2,3 — 1Center for Free-Electron Laser Science,
Deutsches Elektronen-Synchrotron DESY, Notkestrasse 85, Ham-
burg — 2Center for Ultrafast Imaging, Universität Hamburg —
3Department of Physics, Universität Hamburg
Due to their electronic polarizability, molecules can align with their
most polarizable axis along the direction of an electric field. We showed
that with the use of an optical centrifuge it is possible to control which
two principal polarizability axes of the molecule align in the plane of
the electric field. We computationally demonstrated concepts of con-
trolling the pathway of rotational excitation through robust modifica-
tions of the centrifuge field, without the need for modulations of the
field intensity, which was demonstrated before [1]. On the examples
of D2S and 2H-imidazole molecules we generated practically arbitrary
coherent superpositions of rotational states, in which the molecule ro-
tates simultaneously along the two different stable principal axes 𝑎 and
𝑐. The proposed new method of tailoring rotational wavepackets pro-
vides the possibility of steering the 3D probability density of atoms in
the molecule, e.g., to control the stereodynamics in reactive scattering
experiments or to customly align even complex molecules in 3D space.
[1] A. Owens, A. Yachmenev, J. Küpper, J. Chem. Phys. Lett. 9,
4206 (2018), *arXiv:1807.04016 [physics]

MO 3.6 Mon 15:30 f102
Multiphoton ionization of chiral molecules: what can we
control and where’s the button to control it? — ∙Andres
Ordonez1,2 and Olga Smirnova1,2 — 1Max-Born-Institut, Berlin,
Germany — 2Technische Universität Berlin, Berlin, Germany
We have developed a new approach to analyse the photoelectron
angular distribution (PAD) resulting from multiphoton ionization of
isotropic molecular samples. It reveals how the correlations encoded
in the tensor that describes the orientation averaged photoelectron an-
gular distribution can be cleanly written as a sum of products between
molecular tensor invariants (MTIs) and electric field tensor invariants

(ETIs). By explicitly determining this connection between MTIs and
ETIs we show which polarizations of the electric field must be used to
address specific MTIs. Our findings provide not only a solid basis for
the characterization of MTIs, but also allow a transparent application
of coherent control of the correlations in the PAD. Using our formalism
we have successfully identified the MTIs and ETIs responsible for the
enantiosensitive asymmetry observed in the photoionization of isotrop-
ically oriented chiral molecules via a phase-locked crossed-polarized 𝜔-
2𝜔 fields in Ref. [PRL 121, 253201]. Our results clearly reveal the role
of the chiral setup [PRA 98, 063428] in the absence of a well defined
rotation direction of the electric field, expose the fundamental connec-
tion between the chiral setup and the ETIs, and reveal the role of the
molecular phase in the formation of the asymmetry. This approach
vastly extends our previous ideas [PRA 98, 063428] into the realm of
multiphoton ionization and coherent control.

MO 3.7 Mon 15:45 f102
Photoelectron circular dichroism via multiphoton ionization
with varying pulse duration — ∙Han-gyeol Lee, Simon Ra-
necky, Sudheendran Vasudevan, Alexander Kastner, Nicolas
Ladda, Tom Ring, Constantin Witte, Hendrike Braun, Daniel
Reich, Arne Senftleben, and Thomas Baumert — Universität
Kassel, Institut für Physik und CINSaT, D-34132 Kassel, Germany
Photoelectrons from randomly oriented chiral molecules ionized by cir-
cularly polarized light can have an asymmetric momentum distribution
with respect to the propagation direction of the laser beam. This ef-
fect is called photoelectron circular dichroism (PECD). In this contri-
bution, we studied PECD of a few monoterpenes, such as fenchone,
thiofenchone and camphor, by using laser pulses with different time
durations from 50 fs to 5 ns. The laser pulses were centered at 380 nm
to induce 2+1 resonant-enhanced multiphoton ionization via B- and
C-band [1] and photoelectrons from each band were distiguished by
different photoelectron energies. As the pulse duration increases, the
effect of different relaxation dynamics of B- and C-band were clearly
observed as a change of the ratio between photoelectron contributions
from B- and C-band. We could model the observed behavior by sim-
plified quantum mechanical model using Lindblad formalism including
decoherence.
[1] A. Kastner et al., J. Chem. Phys. 147, 013926, (2017)

MO 3.8 Mon 16:00 f102
High-resolution resonance-enhanced multiphoton photoelec-
tron circular dichroism — Alexander Kastner1, Greta
Koumarianou2, Pavle Glodic2, Peter C. Samartzis2, Nicolas
Ladda1, Simon T. Ranecky1, Sudheendran Vasudevan1, Con-
stantin Witte1, Hendrike Braun1, Han-Gyeol Lee1, ∙Arne
Senftleben1, Robert Berger3, G. Barratt Park4,5, Tim
Schäfer4,5, and Thomas Baumert1 — 1Universität Kassel, D-34132
Kassel — 2Institute of Electronic Structure and Lasers, FORTH, 71110
Heraklion, Greece — 3Philipps-Universitat Marburg, D-35032 Mar-
burg — 4Georg-August-Universität Göttingen, D-37077 Göttingen —
5MPI for Biophysical Chemistry, D-37077 Göttingen
Photoelectron circular dichroism (PECD) is a highly sensitive enan-
tiospecific spectroscopy for studying chiral molecules in the gas phase
using either single-photon ionization or multiphoton ionization. In
the short pulse limit investigated with femtosecond lasers, resonance-
enhanced multiphoton ionization (REMPI) is rather instantaneous
while exciting several intermediate states simultaneously. In contrast,
vibrational resolution in the REMPI spectrum can be achieved us-
ing nanosecond lasers. In this work, we follow the high-resolution
approach using a tunable narrow-band nanosecond laser to measure
REMPI-PECD through distinct vibrational levels in the intermediate
3s and 3p Rydberg states of fenchone. We observe the PECD to be
largely independent of the vibrational level.

MO 3.9 Mon 16:15 f102
Controlling and optimising the circular dichroism in the
ion yield of chiral molecules using ultrashort laser pulses
in the IR, visible and UV — ∙Hendrike Braun, Tom Ring,
Constantin Witte, Nicolas Ladda, Cristian Sarpe, Simon Ra-
necky, Sudheendran Vasudevan, Han-gyeol Lee, Arne Sen-
ftleben, and Thomas Baumert — Universität Kassel, Institut für
Physik, Heinrich-Plett-Str. 40, 34132 Kassel, Germany
Circular dichroism, the difference of a system’s response to interaction
with left and right circularly polarized light, shows up in the absorption
spectra of chiral molecules or in the polarization of transmitted light.
CD was recently also observed in the ion yield of chiral molecules af-
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ter REMPI (resonance enhanced multiphoton ionisation) experiments
employing nano- and femtosecond laser pulses. The effect in the to-
tal ion yield is often related to the CD in absorption of the resonant
intermediate. Using ultrashort laser pulses of different wavelengths,
we can access the intermediate states of chiral molecules with different
photonicities, ranging from multiphoton absorption for 800 nm pulses
to one-photon absorption for 324 nm or 266 nm pulses. In combina-

tion with spectral phase shaping we are investigating the possibilities
to control and optimise the measured CD value in the ion yield. Es-
pecially non-perturbative light matter interaction control schemes like
Rabi oscillations and RAP are of interest as well as the potential use of
composite pulses, that are currently also under review from theoretical
side.

MO 4: Electronic Spectroscopy I

Time: Monday 14:00–16:30 Location: f142

Invited Talk MO 4.1 Mon 14:00 f142
Structure and dynamics of gas phase metal clusters — ∙Bernd
von Issendorff — Physikalisches Institut, Universität Freiburg, Ger-
many
One of the clearest examples of a quantum size effect is the electron
shell structure of simple (and not so simple) metal clusters, which has
been studied in detail since the beginning of cluster physics. Pho-
toelectron spectroscopy on size-selected clusters turned out to be an
ideal tool to monitor this special electronic structure. Angle resolved
photoelectron spectroscopy is even able to yield information about
the wavefunctions of the electrons, as well as on the dynamics of the
photoemission process [1]. The recent years have seen a constant im-
provement of the experimental techniques as well as of the theoretical
methods used to simulate the results, which yields a new quality of in-
sight, as was for example demonstrated for complex systems like zinc
clusters [2]. Additionally the rapid development of new light sources
like high intensity synchrotrons, free electron lasers and high harmonic
sources offers a huge potential for experiments on clusters. I will dis-
cuss a number of experiments which have been done recently or are
under development.

[1] C. Bartels et al., Science 323, 1323 (2009)
[2] A. Aguado, Nanoscale, 10, 19162 (2018)

MO 4.2 Mon 14:30 f142
Threshold Photoelectron Spectroscopy of IO and HOI
— ∙Domenik Schleier1, Engelbert Reusch1, Lisa Lummel1,
Patrick Hemberger2, and Ingo Fischer1 — 1Institute for physi-
cal and theoretical Chemistry, Würzburg, Germany — 2Paul-Scherrer-
Institute (PSI), Villigen, Switzerland
IO and HOI represent key intermediates and precursors in the for-
mation iodine oxide particles (IOPs). During their formation they
catalytically destroy ozone and ultimately influence cloud lifetimes,
contributing negatively to earths radiative balance. Both molecules
have been characterized using multiple spectroscopic techniques like
UV/Vis, IR, EPR, microwave spectroscopy and photoelectron detach-
ment. However, information on the cations and thermodynamic data
is still scarce. We therefore employ PEPICO (Photoelectron Photoion
Coincidence) spectroscopy to record mass-selected threshold photo-
electron spectra (ms-TPES). The CRF-PEPICO (Combustion Reac-
tions Followed by PEPICO) setup at the vacuum ultraviolet (VUV)
beamline of the Swiss Light Source (SLS) uses a slow-flow reactor in
which IO and HOI were produced from photolyzing an I2/O3 mixture
at 532 nm. The ionization energies were determined to be 9.71 +- 0.02
eV and 9.79 +- 0.02 eV for IO and HOI, respectively. While HOI+
shows a vibrational frequency of 660 cm-1, IO+ exhibits a spin-spin
splitting resulting in the separation the 3Σ- ground states. This split-
ting results in two different determined vibrational frequencies for the
cation of 810 cm-1 and 730 cm-1.

MO 4.3 Mon 14:45 f142
From wavelike dynamics to anomalous diffusion: Exci-
ton transport in polymers of varying length, observed by
EEI2D spectroscopy — ∙Pavel Malý1, Julian Lüttig1, Arthur
Turkin1, Jakub Dostál1,2, Christoph Lambert1, and Tobias
Brixner1 — 1Institut für Physikalische und TheoretischeChemie,
Universität Würzburg, Am Hubland, 97074 Würzburg — 2Faculty of
Mathematics and Physics, Charles University, Ke Karlovu 3, 12116
Prague, Czech Republic
Exciton transport and interaction in molecular aggregates and poly-
mers are key processes in solar light harvesting and organic electron-
ics. While the initial dynamics following photoexcitation proceeds in
a delocalized, wavelike fashion, the subsequent exciton transport has

diffusive character. In this work we use our newly-developed exciton-
exciton interaction two-dimensional (EEI2D) spectroscopy [1], in com-
bination with microscopic theoretical modelling, to study exciton dy-
namics and annihilation in squaraine copolymers of varying length [2].
By directly probing interacting exciton pairs, we observe the transi-
tion from wavelike to diffusive exciton motion, dependent on the ex-
citon delocalization length relative to the polymer size. Contrary to
the common assumption, we find that the exciton diffusion has anoma-
lous, sub-diffusive character, indicating trapped excitons. Our results
demonstrate the potential of high-order spectroscopy, such as EEI2D,
to provide new insights into exciton transport and interaction.
[1] J. Dostál et al., Nat. Commun. 2018, 9, 2466-2473
[2] P. Malý et al., Chem. Sci. 2020, DOI:10.1039/C9SC04367E

MO 4.4 Mon 15:00 f142
Time- and frequency-resolved TOF-MS and photoion imag-
ing on tetracene multimers — ∙Marco Flock and Ingo Fischer
— University of Wuerzburg, Institute of Physical Chemistry
Singlet fission (SF) describes the spin-allowed splitting of a photoex-
cited singlet state into two triplet states localized at two chromophores
in a molecular system. To enable SF, the triplet energy of the chro-
mophore must be half or lower than its singlet energy. This condition
is fulfilled by tetracene making it a promising model system for the
investigation of the SF process. The photophysical properties of the
tetracene dimer and trimer were investigated by time- and frequency-
resolved time of flight (TOF) photoionization and photoion imaging
experiments in a molecular beam. The latter ones allow the exclu-
sion of signals originating from fragmentation of higher order clus-
ters. Frequency-resolved measurements revealed an ongoing red-shift
of the dimer and trimer absorption compared to the monomeric species.
Time-resolved measurements offered a completely different behavior
for all three species: While monomeric tetracene shows no activity on
the ps timescale, the dimer signal decays monoexponentially on the
order of 100 ps and the trimer species shows a two-step relaxation
with time constants of around 50 ps and 1 ns. The observed dynamics
can be attributed to photophysical processes after photoexcitation and
thus might play a role in the SF process of tetracene multimers.

MO 4.5 Mon 15:15 f142
Dispersed fluorescence spectroscopy on Cyanoindoles —
∙Henrichs Christian and Schmitt Michael — Institute for Phys-
ical Chemistry I, Heinrich-Heine-University, Düsseldorf
The fluorescence of tryptophan and its derivatives is utilized for the
spectroscopy of proteins. Through the introduction of substituents
with different inductive (and mesomere) effects in different positions
of the indole chromophore, the polarity of the environment can be
affected. The energetic order of the two first electronically excited
singlet states of indole, 𝐿𝑎 and 𝐿𝑏 strongly depends on this polarity.
Different positions of the cyano group lead into different stabilization
of these two states. We used laser induced fluorescence and dispersed
fluorescence spectroscopy along with Franck-Condon theory in order to
determine the changes of the geometry in the cyanoindoles upon elec-
tronic excitation. We perform fits of the rotational constants from high
resolution laser induced spectroscopy and the Franck-Condon factors
of different 𝐿𝑎/𝐿𝑏 -> 𝑆0 transitions of cyanoindoles.

MO 4.6 Mon 15:30 f142
High resolution laser induced Stark spectroscopy: Position
dependent study on 3-, 4- and 5-Cyanoindole — ∙Marie-Luise
Hebestreit, Hilda Lartian, and Michael Schmitt — Institute for
Physical Chemistry I, Heinrich-Heine-University, Düsseldorf
In this contribution we present investigations of the electronic nature
of 3-, 4- and 5-cyanoindole [1-3]. Indole and most of its derivatives have
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two close lying electronically excited singlet states labeled 1𝐿𝑎 and 1𝐿𝑏

in the nomenclature of Platt, which can be distinguished by the orien-
tation of their transition dipole moment and by the magnitude and ori-
entation of the permanent dipole moment [4,5]. In combination with ab
initio calculations it is possible to determine the electronic nature for
the lowest excited states via rotationally resolved Stark spectroscopy.
The studies showed 1𝐿𝑎 character for the lowest excited state of 4- and
5-cyanoindole, while for 3-cyanoindole the lowest excited state was de-
termined to be an 1𝐿𝑏 state. Reasons for this behavior are given by
the influence of the inductive and mesomeric effect of the cyano group
and the resulting electron density flow in the chromophor, depending
if the cyano group is attached at the pyrrole ring or at the benzene
ring.

[1] Schneider et al, Phys. Chem. Chem. Phys., 2018, 20, 23441
[2] Hebestreit et al, Phys. Chem. Chem. Phys., 2019, 21, 14766
[3] Wilke et al, Chem. Phys. Chem., 2016, 17, 2736.
[4] Platt, J. Chem. Phys., 1949, 17, 484.
[5] Weber, Biochem. J., 1960, 75, 335.

MO 4.7 Mon 15:45 f142
Exciton Interaction and Exciton Diffusion in Artificial Light-
Harvesting Complexes Probed with High-Order Multidimen-
sional Spectroscopy — ∙Julian Lüttig1, Björn Kriete2, Ten-
zin Kunsel2, Pavel Malý1, Thomas L. C. Jansen2, Jasper
Knoester2, Maxim S. Pshenichnikov2, and Tobias Brixner1

— 1Institut für Physikalische und Theoretische Chemie, Universität
Würzburg, Am Hubland, 97074 Würzburg, Germany — 2Zernike In-
stitute for Advanced Materials, University of Groningen, Nijenborgh
4, 9747 AG, Groningen, Netherlands
Two-dimensional electronic spectroscopy (2DES) has become a pow-
erful tool for the investigation of single-exciton dynamics in various
molecular systems, e.g., self-assembled artificial light-harvesting com-
plexes. Here we use the recently developed technique of exciton–
exciton-interaction two-dimensional (EEI2D) spectroscopy to disen-
tangle the exciton dynamics in single-walled and double-walled tubu-
lar aggregates [1]. The technique of EEI2D spectroscopy allows us
to follow the transport of excitons through the different systems by
measuring exclusively exciton–exciton annihilation. We combine the
technique of EEI2D spectroscopy with a microfluidic system to iden-
tify the influence of the supramolecular structure on the single- and
double-exciton processes. EEI2D spectroscopy uncovers the different
processes of exciton diffusion, energy transfer and exciton–exciton an-
nihilation in these artificial-light harvesting complexes.

[1] B. Kriete et al., Nat. Commun. 10, 4651 (2019)

MO 4.8 Mon 16:00 f142
Direct measurement of multiexcitonic structure in colloidal
CdSeS/ZnS quantum dots by multiple-quantum 2D fluores-
cence spectroscopy — ∙Stefan Müller, Julian Lüttig, Luisa

Brenneis, and Tobias Brixner — Institut für Physikalische und
Theoretische Chemie, Universität Würzburg, Am Hubland, 97074
Würzburg, Germany
The multiexcitonic states of semiconductor quantum dots are of great
relevance for their optoelectronic applications such as lasers and pho-
tovoltaics. Especially hot multiexcitons are discussed to be involved in
the mechanism of carrier multiplication, a process that can significantly
enhance solar cell efficiencies [1]. However, it is difficult to observe
hot multiexcitons directly spectroscopically due to their short lifetime.
To address this, we demonstrate our recently developed method of
multiple-quantum two-dimensional (2D) fluorescence spectroscopy on
colloidal CdSeS/ZnS alloyed core/shell quantum dots. We report a
systematic measurement protocol that simultaneously probes biexci-
tonic and triexcitonic quantum coherences by fourth- and sixth-order
nonlinear processes. This is achieved by appropriate phase cycling
of fully collinear femtosecond multipulse trains in combination with
fluorescence detection, as previously demonstrated [2]. Our results di-
rectly reveal various hot multiexcitonic states, enabling to measure the
binding energies of these many-body species.

[1] R. D. Schaller et al., Nat. Phys. 1, 189-194 (2005).
[2] S. Mueller et al., Nat. Commun. 10, 4735 (2019).

MO 4.9 Mon 16:15 f142
Excited state lifetimes of indole, 3-,4-, and 5-cyanoindole and
pKa values of cyanoindoles in the ground and first excited
state. — ∙Hilda Lartian, Marie-Luise Hebestreit, Carolin
Borbeck, and Michael Schmitt — Institute for Physical Chemistry
I, Heinrich-Heine-University, Düsseldorf
In this contribution the excited state lifetimes of indole, 3-cyanoindole
(𝑑1), 4-cyanoindole (𝑑1) and 5-cyanoindole in 𝐷2𝑂 and ethylacetate
solution, obtained from time correlated single photon counting (TC-
SPC), are presented and compared to excited state lifetimes in the gas
phase. The excited state lifetime of 4-cyanoindole (𝑑1) in ethylacetate
and 𝐷2𝑂 solution is longer than of bare indole and the other cyanoin-
doles. 4-cyanoindole (𝑑1) shows a different behavior in the gas phase
and has a shorter lifetime than 3-cyanoindole (𝑑1), while 3-cyanoindol
has a shorter excited state lifetime than 4-cyanoindole. The different
behavior of 3-, 4-, and 5-cyanoindole is discussed on the basis of the
different electronic nature of the electronically excited singlet states.
Furthermore the pKa values of cyanoindoles in the ground and excited
state have been measured using UV/Vis absorption spectroscopy. 2-
and 3-cyanoindole have lower ground state pKa values (<13) than the
other cyanoindoles (>14). Only for 4- and 7-cyanoindole a significant
shift in pKa upon excitation can be detected which might be due to
low fluorescence lifetimes of the other cyanoindoles.

[1] Schneider et al, Phys. Chem. Chem. Phys., 2018, 20, 23441
[2] Hebestreit et al, Phys. Chem. Chem. Phys., 2019, 21, 14766
[3] Wilke et al, Chem. Phys. Chem., 2016, 17, 2736.

MO 5: MO Poster 1

Time: Monday 17:00–19:00 Location: Empore Lichthof

MO 5.1 Mon 17:00 Empore Lichthof
Data fusion for photoelectron spectroscopy @FLASH: a
GPU accelerated approach — ∙Fabiano Lever1, Dennis
Mayer1, Jan Metje1, Markus Braune2, Stefan Düsterer2, and
Markus Gühr1 — 1University of Potsdam, Germany — 2Deutsches
Elektronen- Synchrotron, Hamburg, Germany
We present a collection of data analysis techniques that are used to
extract information from the large amount of data produced at the
newly-built URSA-PQ instrument at the free electron laser FLASH.
Data fusion procedures are used to combine together information from
diverse sources, providing a more unified picture of the physical process
under study. Graphical processing units (GPU) accelerated computing
is used to increase the efficiency of the data processing algorithms.

MO 5.2 Mon 17:00 Empore Lichthof
Small waist multimode cavity design for spatially resolved
imaging of cold molecules — ∙Jannis Schnars1, Kai Voges1,
Philipp Gersema1, Torsten Hartmann1, Alessandro Zenesini1,
Klemens Hammerer2, and Silke Ospelkaus1 — 1Institut für Quan-
tenoptik, Universität Hannover — 2Institut für Theoretische Physik,
Universität Hannover

Ultracold polar molecules offer exciting research perspectives due to
strong dipole-dipole interactions. Pathways for the creation of ultra-
cold ground state molecules are nowadays well known, the most com-
mon is to cool two atomic species close to quantum degeneracy, to
associate atoms into loosely bound Feshbach molecules and transfer
the molecular ensemble to the ground state by a stimulated Raman
adiabatic passage. However, imaging techniques for atoms cannot be
applied to molecules due to their complex internal structure with rota-
tional and vibrational degrees of freedom, which often forbids optical
cycling on a closed transition. For imaging, the creation process is
therefore often reversed, dissociating molecules into atoms for conve-
nient fluorescence or absorption imaging. This technique is highly de-
structive. Here we present a technique that allows to directly observe
the molecules inside a 2D-optical lattice. The detection scheme relies
on a dispersive matter-light interaction in the low saturation regime.
The interaction is enhanced by a small-waist cavity. Furthermore the
cavity is pursued in the multimode regime facilitating spatial resolu-
tion of several lattice sites. We present possible resonator geometries
combing both requirements of a small waist and frequency degeneracy.

MO 5.3 Mon 17:00 Empore Lichthof
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Reconstructing Nanoclusters from Single Wide-Angle Scat-
tering Images with Neural Networks — ∙Thomas Stielow,
Thomas Fennel, and Stefan Scheel — Institut für Physik, Uni-
versität Rostock, Albert-Einstein-Straße 23, 18059 Rostock
Single-shot diffraction imaging by soft X-ray laser pulses is a valuable
tool for structural analyses of unsupported and short-lived nanosys-
tems, although inversion of the scattering patterns still prove chal-
lenging [1]. Deep learning, on the other hand, is widely used in data
sciences for the extraction of information from images and sees more
and more application in various sciences. Recently, several advances
have showcased how the predictive power of neural networks can be
harnessed for extracting certain features from wide angle X-ray scat-
tering patterns [2, 3]. We aim to solve the full inversion problem of
wide-angle X-ray scattering with neural networks. Our appraoch is
based on reconstructing the scatterer’s density based on a training set
of arbitrary convex bodies. We demonstrate the predicitve capability
of the trained networks by using real-world experimental data.

[1] I. Barke et al., Nat. Comm. 6, 6187 (2015).
[2] J. Zimmermann, et al., Phys. Rev. E, 063309 (2019).
[2] T. Stielow et al., arXiv:1906.06883 (2019).

MO 5.4 Mon 17:00 Empore Lichthof
Attosecond pulse induced ionization dynamics in a molec-
ular charge-transfer system with correlated electrons —
∙Karl Michael Ziems1,2, Friedrich Georg Fröbel1, Stefanie
Gräfe1,2, and Alexander Schubert1 — 1Institute of Physi-
cal Chemistry, Friedrich-Schiller-University Jena, Germany — 2Max
Planck School of Photonics, Germany
The attosecond ultrafast ionization dynamics of correlated two- or
many-electron systems have, so far, been mainly addressed investigat-
ing atomic systems. In the case of single ionization, it is well known
that electron- electron correlation modifies the ionization dynamics
and observables beyond the single active electron picture, resulting in
effects such as the Auger effect or shake-up and knock up processes.
Here, we extend these works by investigating the attosecond ionization
of a molecular system involving the correlated two-electron dynam-
ics, as well as the non-adiabatic nuclear dynamics. We demonstrate,
employing a charge-transfer molecular model system, how elastic and
inelastic correlation-driven processes can be observed. As the model
system investigated here involves two differently bound electrons, a
stronger and a weaker bound electron, we can distinguish different
pathways leading to ionization, be it direct ionization or ionization in-
volving elastic and inelastic electron scattering processes. We find that
different pathways result in a difference in the electronic population of
the parent molecular ion, which, in turn, involves different subsequent
(non-adiabatic) vibrational dynamics.

MO 5.5 Mon 17:00 Empore Lichthof
PhotoElectron Circular Dichroism (PECD) of Anionic Metal
Complexes — ∙Jenny Triptow, Gerard Meijer, and André
Fielicke — Fritz-Haber-Institut der Max Planck Gesellschaft, Berlin,
Deutschland
Experiments on PECD are typically done with neutral chiral molecules
and reveal asymmetries in the Photoelectron distribution of up to 10%.
To perform these experiments, fs-lasers or synchrotron beamlines have
to be used.

In our experiment, the PECD method is performed on anionic chi-
ral molecules where a tabletop ns-laser is sufficient to photo-detach the
relatively weakly-bound electron. Since a neutral chiral molecule and
an electron are left behind, the missing long range interaction of the
Coulomb potential can reveal the influence of short range interactions
between the electron and the dipole moments of the molecule on the
PECD effect.

Our initial approach to create chiral anions was to bind a neutral
chiral molecule to an atomic gold anion. Atomic gold anions are easily
produced in a laser ablation source. Our current procedure is deproto-
nation in a Plasma Entrainment Source followed by a supersonic expan-
sion. Both the production of the chiral molecules bound to gold anions
and the deprotonated molecules are verified by a Wiley-McLaren time-
of-flight mass spectrometer and a velocity map imaging spectrometer.

MO 5.6 Mon 17:00 Empore Lichthof
Finding molecules for consecutive photoinduced electron
transfer (conPET) — ∙Carina Allacher, Patrick Nuern-
berger, and Bernhard Dick — Institut für Physikalische und The-
oretische Chemie, Universität Regensburg, Germany

In photosynthesis, nature combines the energy of several photons to
perform a chemical reaction. In 2014 König et al. [1] proposed the con-
PET mechanism (consecutive photoinduced electron transfer) in order
to combine two photons in a photochemical reaction. The first photon
excites a photocatalyst molecule M to the excited state M* which ex-
tracts an electron from a donor molecule D. The resulting radical M∙

is excited by a second photon, and the excited radical M∙* transfers
the electron to an acceptor molecule A which is reduced and under-
goes further chemical reactions. In a search for such photocatalysts
we generate the radical M∙ electrochemically. This allows a study of
the photophysics of the conPET species M∙ separated from the pho-
tochemistry involved in generating the radical. Cyclic voltammetry
in combination with fs transient spectroscopy yields the reduction po-
tential of M∙ and the lifetime M∙*. First results obtained with the
photocatalyst R6G show that the properties and reactivities of the
electrochemically generated radical are the the same as those of the
photochemically generated radical.

[1] I. Gosh, T. Gosh, J. I. Bardagi, B. König, Science 2014, 346,
725–728.

MO 5.7 Mon 17:00 Empore Lichthof
Hydrogen Atom Transfer (HAT) between phenol and
phenoxy-radical — ∙Uwe Faltermeier and Bernhard Dick —
Institut für Physikalische und Theoretische Chemie, Universität Re-
gensburg, Germany
Hydrogen Atom Transfer (HAT) reactions involving phenoxy radicals
occur in various biological processes, like the breaking of free-radical
chain reactions by tocopherol (Vitamin E). The self-exchange of a hy-
drogen atom between phenol and its corresponding phenoxy radical is
the simplest-case scenario for such reactions. As such, it lends itself
as calibration point for theoretical models. Despite its seemingly sim-
ple nature, almost no experimental data exists for this reaction. We
present a method for determining the rate constant of this exchange
and its thermal behavior by looking at the pseudo-self-exchange be-
tween phenol and phenol-d5. The radicals are produced by photolysis
and the transient absorption of the samples in the 𝜇s range is recorded
with a streak camera. Measurements at temperatures ranging from -5∘
C to 35∘ C yield rate constants for the exchange of ≈ 4×105s−1mol−1.
Reversing the direction of the exchange, from phenol to phenoxy-d5,
we find the same rate constants. This shows that our system is a good
approximation to the phenoxy/phenol self-exchange reaction.

MO 5.8 Mon 17:00 Empore Lichthof
Study of the photophysics and photochemistry of the phenol-
ammonia complex — ∙Stefan Fuchs and Bernhard Dick — In-
stitut für Physikalische und Theoretische Chemie, Universität Regens-
burg, Germany
Excited-state hydrogen transfer (ESHT) reactions provide photosta-
bility of biomolecules and are applied for the photoprotection of com-
pounds (e.g. plastics) exposed to sunlight. Mechanistic proposals in-
clude hydrogen transfer and electron coupled proton transfer (ECPT).
Clusters of phenol with ammonia have been used as model systems
for the study of the mechanism. Previous studies on the dissocia-
tion of such clusters into a neutral phenoxy radical and the neutral
hydrated ammonia cluster have considered clusters containing 5 am-
monia molecules [1,2]. We use time-of-flight mass spectroscopy in com-
bination with quantum chemical calculations which yields data on the
phenol-ammonia(1) cluster.

[1] M. Miyazaki, R. Ohara, K. Daigoku, K. Hashimoto, J. R. Wood-
ward, C. Dedonder, Ch. Jouvet, M. Fujii, Angew. Chem. Int. Ed.
2015, 54, 15089–15093.

[2] M. Miyazaki, R. Ohara, C. Dedonder, Ch. Jouvet, M. Fujii Chem.
Eur. J. 2018, 24, 881 – 890.

MO 5.9 Mon 17:00 Empore Lichthof
Understanding Geometric and Electronic Properties of Small
Silicon Oxides Relevant in Interstellar Dust Formation Pro-
cesses — ∙Kai Pollow, Karim Saroukh, Robert Radloff, Lars
Dahllöf, Marko Förstel, and Otto Dopfer — Institut für Optik
und Atomare Physik, Technische Universität Berlin, Hardenbergstraße
36, D-10623 Berlin, Germany
Interstellar dust is an important ingredient in the formation of solar
systems like our own. Some properties of interstellar dust are known,
many questions, however, are still unanswered. Molecular SiO can
form in the atmospheres of oxygen-rich stars and interstellar dust con-
tains particles made of macroscopic silicates of various compositions.
Intermediates have been elusive to observations.
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We present fragmentation pathways, geometric structure and op-
tical properties of several possible intermediate species obtained via
photodissociation spectroscopy and quantum chemical calculations.
Knowledge of these parameters may help to model the complex forma-
tion processes and enable an observational search for these intermedi-
ate species.

MO 5.10 Mon 17:00 Empore Lichthof
Optical Properties of Diamondoid Cations and Their Astro-
chemical Relevance — ∙Parker Crandall, David Müller, Pe-
ter Meinhold, Marko Förstel, and Otto Dopfer — Institut für
Optik und Atomare Physik, Technische Universität Berlin, Germany
Diamondoids, also known as nanodiamonds, are a class of highly sta-
ble, aliphatic cycloalkanes arranged into cage-like structures by the
sp3 hybridization of the carbon atoms. Members of the astrochemi-
cal community have demonstrated similarities between the IR spectra
of diamondoids and unidentified infrared emission bands seen in the
spectra of young stars with circumstellar disks. A ubiquitous presence
of diamondoids is hypothesized, which could account for more than 5
% of cosmic and 40 % of tertiary carbon in interstellar environments.
Due to their low ionization energy, it is also suggested that the rad-
ical cations of these molecules, which are predicted to absorb in the
IR-UV/VIS range, are also present in high abundances and might be
responsible for features in the well-known diffuse interstellar bands.
However, optical spectra of these cations have not previously been re-
ported. In this contribution, we present the first optical spectra via
laser spectroscopy of the simplest diamondoid cation, the adamantane
radical cation, by ion trapping in a cryogenic 22-pole trap. Fragmen-
tation channels of the parent ion were also investigated by reflectron
time-of-flight mass spectrometry. The astrophysical implications and
future work are also described.

MO 5.11 Mon 17:00 Empore Lichthof
IR Photodissociation spectra of SixH4x-4+ (x=4-8): Evidence
for Si-H-Si proton bridges — ∙Martin Andreas Robert George
and Otto Dopfer — Institut für Optik und Atomare Physik, Tech-
nische Universität Berlin, Germany
Silicon hydride clusters (SixHy

+) play a significant role in plasma
chemistry and astrochemistry. Despite this importance their struc-
tural and energetic properties are largely unexplored. Building upon
our previous investigations of Si2H6

+ [1], Si2H7
+ [2], Si3H8

+ [3], we
present infrared photodissociation (IRPD) spectra of previously un-
known SixHy

+ ions of the form SixH4x-4
+ with x=4-8 (Si4H12

+-
Si8H24

+) [4]. Our spectral analysis, supported by dispersion-corrected
density functional calculations, reveals that all SixH4x-4

+ ions have
at least one Si-H-Si bridge. The characteristic fingerprint of these
three-center two-electron (3c-2e) bonds is the strongly IR active anti-
symmetric stretch fundamental of the Si-H-Si bridge. The frequency
of this vibration depends strongly on the structural and energetic de-
tails of the Si-H-Si bridge. Our investigations reveal the correlations
between the properties of the various Si-H-Si bridges (bond distances,
bond angles, binding energies, stretch frequencies). The bond strength
varies from strong symmetric 3c-2e chemical bonds to weak hydrogen
or van der Waals bonds. [1] M. Savoca et al. (2013), Phys. Chem.
Chem. Phys., 15, 2774 [2] M. Savoca et al., Angew. Chem. Int. Ed.
(2013), 52, 1568 [3] M.A.R. George et al., Chem. Eur. J. (2013),
19, 15315-15328 [4] M.A.R. George, O. Dopfer (2019), Int. J. Mass
Spectrom. (2019), 435, 51

MO 5.12 Mon 17:00 Empore Lichthof
High-resolution infrared study of carbon-rich clusters C3𝑋
and 𝑋C3𝑋 (𝑋 = Se, Te) — Sven Thorwirth1, ∙Thomas
Salomon1, John B. Dudek2, Yury Chernyak2, Sophia Burger3,
Jürgen Gauss3, and Stephan Schlemmer1 — 1I. Physikalisches In-
stitut, Universität zu Köln, Köln, Germany — 2Department of Chem-
istry, Hartwick College, Oneonta, NY, U.S.A. — 3Department Chemie,
Johannes Gutenberg-Universität Mainz, Mainz, Germany
To date, carbon-rich clusters harboring heavy elements have received
little attention from both experiment and quantum chemistry. Recent
high-resolution infrared survey scans of laser ablation products from
carbon-selenium and carbon-tellurium targets in the 5𝜇m wavelength
regime have revealed several vibration-rotation bands not observed
previously. On the basis of comparison with results from density-
functional theory (DFT) calculations and high-level quantum-chemical
calculations performed at the CCSD(T) level of theory these bands are
attributed to new linear chains of the form C3𝑋 and 𝑋C3𝑋 with 𝑋
being either Se or Te.

MO 5.13 Mon 17:00 Empore Lichthof
High-resolution infrared and millimeter-wave spectroscopy of
CNH+

𝑛 (n = 0,4,6) ions — ∙Sven Thorwirth1, Oskar Asvany1,
Charlie Markus2, Jose Domenech3, Thomas Salomon1, Philipp
Schmid1, Matthias Töpfer1, Philip Schreier1, and Stephan
Schlemmer1 — 1I. Physikalisches Institut, Universität zu Köln —
2Department of Chemistry, University of Illinois, Urbana, IL, U.S.A.
— 3Instituto de Estructura de la Materia (IEM-CSIC), Madrid, Spain
Molecular ions play crucial roles in the astrochemistry associated with
star formation and planetary atmospheres. In this project, we have
studied three fundamental cations CNH+

𝑛 (n = 0,4,6) using action
spectroscopic techniques in a 22-pole ion trap at a nominal temper-
ature of 4K [1]. The fundamental diatomic CN+ [2] as well as pro-
tonated methylene imine, H2C=NH+

2 , and protonated methyl amine,
H3C=NH+

3 , were all studied by their pure rotational spectra in the
millimeter-wave region employing the method of rotational state-
selective He-attachment [3]. CN+ and H2C=NH+

2 were also studied
at high spectral resolution in the infrared using LIICG (Laser Induced
Inhibition of Complex Growth) [1,4].

[1] O. Asvany, S. Brünken, L. Kluge, and S. Schlemmer 2014, Appl.
Phys. B 114, 203 [2] S. Thorwirth, P. Schreier, T. Salomon, S. Schlem-
mer, and O. Asvany 2019, Astrophys. J. Lett. 882, L6 [3] S. Brünken,
L. Kluge, A. Stoffels, J. Peres-Rios, and S. Schlemmer 2017, J. Mol.
Spectrosc. 322, 67 [4] S. Chakrabarty, M. Holz, E. K. Campbell, A.
Banerjee, D. Gerlich, and J. P. Maier 2013, J. Phys. Chem. Lett. 4,
4051

MO 5.14 Mon 17:00 Empore Lichthof
phase transitions of nanoconfined water in self-assembled
L,L-diphenylalanine peptides studied by vibrational spec-
troscopy — ∙Abuzer Orkun Aydin1, Ferid Salehli1, Svitlana
Kopyl2, and Andrei Kholkin2 — 1Physics Department, Istanbul
Technical University, Istanbul, Turkey — 2Physics Department and
CICECO, Aveiro Institute of Materials, University of Aveiro, Aveiro,
Portugal
Self-assembly of diphenylalanine (FF) molecules results in highly or-
ganised tubular nanostructures. Water molecules are confined in FF
rings with diameter about 1nm along these nanocavities. This work
is a fresh look into phase behavior of nanoconfined water in natural
synthetic biomacromolecule.

We obtained MIR spectra in the temperature range between 90K
and 330 K. Five OH-stretching modes were identified in absorbance
spectra as tetrahedral water in different confinements in FF rings, con-
sequently (k1=3105 𝑐𝑚−1, k2=3150 𝑐𝑚−1, k3=3200 𝑐𝑚−1,k4=3275
𝑐𝑚−1) and non-completed tetrahedral water molecules between rings
(k5=3375 𝑐𝑚−1). We found that these modes exhibit pronounced in-
tegral anomalies in the region of 195 K and 230 K, red shift and blue
shift around 20 𝑐𝑚−1, consequently. First anomaly indicates the onset
of long-range tetrahedral water order, whereas the second anomaly sig-
nifies the mentioned order. Three OH-bending modes at 1520 𝑐𝑚−1,
1515 𝑐𝑚−1 and 1620 𝑐𝑚−1 demonstrate redshift about 5 𝑐𝑚−1 around
230 K confirming the phase transition.

MO 5.15 Mon 17:00 Empore Lichthof
URSA-PQ@FLASH: A mobile, highly flexible endstation for
pump-probe electron spectroscopy at the FLASH free elec-
tron laser — ∙Jan Metje1, Dennis Mayer1, Fabiano Lever1,
Mario Niebuhr1, Matthew Robinson1, Axel Heuer1, Richard
Squibb2, Raimund Feifel2, Stefan Düsterer3, and Markus
Gühr1 — 1University of Potsdam, Potsdam, Germany — 2University
of Gothenburg, Gothenburg, Sweden — 3DESY, Hamburg, Germany
We designed and built a mobile, highly flexible endstation designated
for users at the free electron laser FLASH called URSA-PQ (Ultra-
schnelle Röntgenspektroskopie zur Abfrage der Photoenergiekonver-
sion in Quantensystemen). The main instrument consists of a vacuum
chamber with molecular capillary oven, a magnetic bottle time-of-flight
electron spectrometer, and various tools to perform pump-probe exper-
iments with optical laser pulses and x-ray pulses. The main chamber
body adheres to CAMP-standards and thus many different compatible
instruments may be incorporated.

We present the design of the vacuum apparatus and its mobile frame
together with the control system of the experiment. The performance
of the instrument was evaluated from commissioning at the beamline
FL24. We present static as well as time resolved data to show various
characteristics of the instrument.

MO 5.16 Mon 17:00 Empore Lichthof
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Electron imaging of noble gases clusters under MIR laser-
fields — ∙Cristian Medina1, Dominik Schomas1, Markus
Debatin1, Ltaif Ltaif2, Robert Moshammer3, Thomas Pfeifer3,
Frank Stienkemeier1, and Marcel Mudrich2 — 1Albert-Ludwigs-
Universität, Freiburg — 2Aarhus University, Aarhus — 3Max-Planck-
Institut für Kernphysik, Heidelberg
In this project, we studied the behavior of the nanoplasma explo-
sion of helium (He) and neon (Ne) droplets exposed to a strong and
short mid-infrared laser field. The nanoplasma is initiated by strong-
field ionization of the cluster or dopant atoms, creating an impact-
ionization avalanche in the cluster and ending in a Coulomb explosion
of the nanoplasma. Clusters provide a large variety of additional effects
compared to strong-field ionization in single atoms, such as enhanced
ionization due to electron impact ionization, or collective oscillations
of quasi-free electrons. He droplets are particularly interesting, due
to their extremely high ionization potential. Additionally, they offer
unique doping properties, which allows us to investigate the effect of
the dopant species and to design an optimal doping system to ignite the
process. The large number of charged particles emitted from a single
nanoplasma explosion allows us to collect both full electron energy dis-
tributions (VMI) and ion mass-over-charge distributions (TOF) from a
single hit. We can measure correlated single shot-single hit spectra and
we can assign features in the photoelectron spectra to certain charge
states of the cluster. We discuss the impact of doping with various
species (Xe and Ca) to trigger the nanoplasma formation.

MO 5.17 Mon 17:00 Empore Lichthof
Photoelectron circular dichroism using 1+1 resonance-
enhanced multi-photon ionization with UV laser pulses —
∙Nicolas Ladda, Constantin Witte, Tom Ring, Simon Ra-
necky, Sudheendran Vasudevan, Alexander Kastner, Han-
gyeol Lee, Christian Sarpe, Hendrike Braun, Arne Sen-
ftleben, and Thomas Baumert — Institut für Physik, Universität
Kassel, Heinrich-Plett-Straße 40, 34132 Kassel, Germany
The forward/backward asymmetry of the photoelectron angular dis-

tribution (PAD) with respect to the propagation direction of ionizing
circularly polarized light of a randomly orientated chiral molecule is
known as photoelectron circular dichroism (PECD). The measurement
of the PAD asymmetry can be performed using velocity-map imaging
(VMI) technique, where the gas phase provides a nearly collision and
interaction free environment. UV fs pulses from fourth harmonic gen-
eration (196 nm, 6.3 eV) of our Ti:Sa laser enable a 1+1 resonance-
enhanced multi-photon ionization (REMPI) process via energetically
higher lying intermediate states of molecules such as fenchone or cam-
phor. In the future, these pulses could also be used to invert the hand-
edness of a chiral molecule by pump-dump-probe experiment, where
the UV pulses are required to access an achiral excited state.

MO 5.18 Mon 17:00 Empore Lichthof
High Repetition Rate Studies of Laser-Driven Electron
Rescattering in Spatially Aligned Molecules — ∙Federico
Branchi, Horst Rottke, Mark Mero, Marc J.J. Vrakking, and
Jochen Mikosch — Max-Born-Institut, Berlin, Germany
In Laser-Induced Electron Diffraction (LIED), a valence electron in an
atom or molecule tunnels through the Coulomb potential dressed by
a strong laser field, is accelerated by the oscillating field of the laser
and driven back to its parent, from which it can elastically rescatter.
Structural information can be extracted from measured scattering an-
gle distributions. In particular for mid-infrared lasers the energy of
the returning electron can be sufficient to determine bond angles and
lengths with LIED. Importantly, since LIED is phase locked to the
cycle of the driving laser field, it has inherent time resolution and is
hence a promising probe for molecular dynamics studies.

We have recently combined a high repetition-rate (100kHz), mid-IR
(1550/3100nm), ultrashort (50fs pulse duration) laser system based on
optical parametrical chirped pulse amplification (OPCPA) with a re-
action microscope to investigate laser-driven electron rescattering in
polyatomic molecules. Current results on laser-aligned 1,3-butadiene
molecules are presented, for which coincidence measurements of elec-
tron and ion momenta allow to obtain ionization-channel resolved
molecular frame information.

MO 6: Electronic Spectroscopy II

Time: Tuesday 14:00–16:30 Location: f102

MO 6.1 Tue 14:00 f102
Determination of excited state dipole moments in solu-
tion via thermochromic methods - an overview — ∙Mirko
Lindic, Matthias Zajonz, and Michael Schmitt — Heinrich-
Heine-University, Düsseldorf
In the last years considerable effort has been invested to develop and
optimize excited state dipole determinations in solution with ther-
mochromic methods. The aim was to obtain a complete method, which
incorporates the measurement and evaluation of all necessary parame-
ters, which are the cavity volume which is occupied by the solute, the
refractive index and permittivity of the solution, and the temperature
dependence of the absorption and fluorescence spectra.

Additionally, all results are compared with results from quantum
chemical calculations at the SCS-CC2/cc-pVTZ (COSMO) level of the-
ory, and, if obtainable, to the results of Stark measurements from the
gas phase.

An overview of all used techniques and evaluation steps will be given,
including published results from the past as well as an outlook to future
plans with this project.

MO 6.2 Tue 14:15 f102
Determination of dipole moments in the electronically ex-
cited state of different constitutional isomers of cyanoin-
dole via thermochromic methods — ∙Matthias Zajonz, Mirko
Lindic, and Michael Schmitt — Institute for Physical Chemistry I,
Heinrich-Heine-University, Düsseldorf
In this contribution we present the determination of dipole moments
in the electronically excited state of different cyanoindoles via ther-
mochromic methods. These methods were introduced by Gryczynski
and Kawski due to their advantages over solvatochromic methods [1].
Their basic advantage is that the combination of solvent and solute is
kept constant and the required variation of the permittivity 𝜀 and index
of refraction 𝑛 to generate spectroscopic shifts of the absorption and

emission spectra is mediated through temperature changes. Our goal
is to improve the methods of dipole moment determination in solution
via thermochromic methods, since the superior Stark spectroscopy in
the gas phase is not feasible for all molecules. In addition, investiga-
tions are carried out to better understand the temperature dependence
of the variables 𝜀, 𝑛 and the cavity volume, which replaces the inac-
curate Onsager-Radius in thermochromic equations [2]. Cyanoindoles
were selected because they can be measured in gas phase using Stark
spectroscopy within the research group [3], so values can be compared
with gas phase values and ab initio calculations as well.

[1] Gryczynski et al, Zeit. f. Nat., 1975, 30
[2] Lindic et al, Spec. Acta Part A, 2019, in press
[3] Schneider et al, Phys. Chem. Chem. Phys., 2018, 20

MO 6.3 Tue 14:30 f102
Photoelectron spectroscopy of Boron containing reactive
intermediates using synchrotron radiation and photoelec-
tron/photoion coincidence (i2PEPICO) spectroscopy — ∙Deb
Pratim Mukhopadhyay1, Domenik Schleier1, Ingo Fischer1,
Jean-Christophe Loison2, Christian Alcaraz3, and Gustavo
Garcia4 — 1Institute for Physical and Theoretical Chemistry, Uni-
versity of Würzburg, Würzburg, Germany — 2Université de Bordeaux,
Talence, France. — 3Univ. Paris-Sud and Paris Saclay, Orsay, France.
— 4Synchrotron SOLEIL, Gif sur Yvette, France
Determination of accurate ionization and appearance energies, as well
as recording photoelectron spectra (PES), are always crucial for any
reactive intermediate as it permits to derive accurate binding energies,
standard heats of formation and nature of bonding. BH2, a simple
hydride and a free radical with only seven electrons but the IE, as well
as PES, was not measured yet. As the photoionization leads to a lin-
ear cation from a bent neutral molecule, recording of vibrationally
resolved PES, as well as spectral simulation, are both challenging.
In this study, we report the first recorded slow photoelectron spec-
trum (SPES) of BH2 and precisely determined its IE as about 8.12
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eV. Recorded SPES portrayed a long progression of bending vibration
indicating a large change of bond angle upon ionization. Spectral simu-
lation is also done by calculating Franck-Condon (FC) factors between
neutral and cationic states. Apart from that we also record SPES of
BH from both ground singlet and triplet states which allow us to first
experimentally determined the singlet/triplet gap of BH.

MO 6.4 Tue 14:45 f102
Ultrafast non-local decay of core vacancies: from noble gas
clusters to the suppression of radiation damage — ∙Andreas
Hans1, Catmarna Küstner-Wetekam1, Philipp Schmidt1,
Sascha Deinert2, Florian Trinter2, Gregor Hartmann1, Arno
Ehresmann1, Lorenz Cederbaum3, Nikolai Kryzhevoi3, and An-
dré Knie1 — 1Institut für Physik und CINSaT, Universität Kas-
sel, Heinrich-Plett-Straße 40, 34132 Kassel, Germany — 2Deutsches
Elektronen-Sychrotron (DESY), Notkestrasse 85, 22607 Hamburg,
Germany — 3Theoretische Chemie, Physikalisch-Chemisches Institut,
Universität Heidelberg, Im Neuenheimer Feld 229, 69120 Heidelberg,
Germany
We discuss the influence of an environment on the decay of core va-
cancies. In isolated atoms or molecules, core ionization is typically
followed by Auger decay into doubly ionized states. In molecules, the
severe consequence is the irreparable fragmentation. In an environ-
ment, charge and energy dissipation to the surrounding may protect
the dicationic molecule from fragmentation. Here, we present experi-
mental evidence that the protective effect of the environment sets in
even earlier, namely by direct intermolecular decay of the initial core
vacancy.

MO 6.5 Tue 15:00 f102
Investigation of the fragmentation of Isocyanic acid HNCO
after inner-shell excitation by soft x-ray radiation —
∙Marius Gerlach1, Fabian Holzmeier2, Markus Gühr3, John
Bozek4, Christophe Nicolas4, Engelbert Reusch1, Lilith
Wohlfart1, Dennis Mayer3, Karina Kopp1, and Ingo Fischer1

— 1Würzburg/De — 2Milan/It — 3Potsdam/De — 4St. Aubin/Fr
Hydrogen, oxygen, nitrogen, and carbon are the basic building blocks
of all organic life. Isocyanic acid, HNCO, is the smallest molecule that
consists of those elements. Isocyanic acid is also ubiquitous in inter-
stellar systems[1] and has been linked to the formation of formamide,
a potentially prebiotic molecule.[2]

Our group previously investigated the normal and resonant auger
electron spectra of isocyanic acid.[3] In order to further elucidate the
interaction of HNCO with cosmic x-ray radiation we investigated the
fragmentation after these auger processes. These experiments were car-
ried out at the PLÉIADES Beamline at the SOLEIL Synchrotron in St.
Aubin, France. The fragmentation was examined with the EPICEA
detector. With this setup we simultaneously recorded the auger elec-
trons and the time of flight of the created ions. This information
reveals detailed insights into the various fragmentation pathways.

Literature: [1] Nguyen-Q-Rieu et al., Astron. Astrophys. 1991, 241,
L33.

[2] M. Ferus et al., Astron. Astrophys. 2018, 616, A150.
[3] F. Holzmeier et al., J. Chem. Phys. 2018, 149, 034308.

MO 6.6 Tue 15:15 f102
Studying the dynamics and decay channels of C4O− in the
electrostatic Cryogenic Storage Ring — ∙V.C. Schmidt1, K.
Blaum1, P. Fischer2, S. George2, M. Grieser1, F. Grussie1, J.
Göck1, R. von Hahn1, Á. Kálosi1, H. Kreckel1, P.M. Mishra1,
D. Müll1, O. Novotný1, F. Nuesslein1, D. Paul1, S. Saurabh1,
C. Schumacher1, L. Schweikhard2, P. Wilhelm1, and A. Wolf1

— 1Max-Planck-Institut für Kernphysik, 69117 Heidelberg, Germany
— 2Institut für Physik, Universität Greifswald, 17489 Greifswald, Ger-
many
The electrostatic Cryogenic Storage Ring (CSR) at the Max Planck
Institute for Nuclear Physics in Heidelberg offers a variety of exper-
imental methods for the study of charged molecules. By cooling the
experimental vacuum chambers down to 6K, a unique environment
with nearly negligible blackbody radiation is created, allowing even
infrared-active systems to lower their internal energies down to a few
Kelvin through radiative cooling [1].

Photo-induced electron detachment and fragmentation of the astro-
physically relevant C4O− anion were studied as a benchmark system.
To this end, a tunable, pulsed OPO laser was used to induce resonant
fragmentation into the neutral CO and the charged C−

3 fragments.
The fragmentation process in dependence of photon energy as well as

its evolution with storage time in the CSR were studied. Preliminary
results will be presented and discussed.

[1] C. Meyer et al., Phys. Rev. Lett. 119, 023202 (2017)

MO 6.7 Tue 15:30 f102
Structural Properties of Small Silicon Oxide Cations — ∙Kai
Pollow, Karim Saroukh, Robert Radloff, Lars Dahllöf,
Marko Förstel, and Otto Dopfer — Institut für Optik und Atom-
are Physik, Technische Universität Berlin, Hardenbergstraße 36, D-
10623 Berlin, Germany
Interstellar dust is an important ingredient in the formation of solar
systems like our own. Some properties of interstellar dust are known,
many questions, however, are still unanswered. Molecular SiO can
form in the atmospheres of oxygen-rich stars and interstellar dust con-
tains particles made of macroscopic silicates of various compositions.
Intermediates have been elusive to observations.

We present fragmentation pathways, geometric structure and op-
tical properties of several possible intermediate species obtained via
photodissociation spectroscopy and quantum chemical calculations.
Knowledge of these parameters may help to model the complex forma-
tion processes and enable an observational search for these intermedi-
ate species.

MO 6.8 Tue 15:45 f102
Probing the Valence Electronic Structure of Aqueous Di-
azines Using Resonant X-ray Photoelectron Spectroscopy —
∙Md Sabbir Ahsan1,2 and Iain Wilkinson1 — 1Methods for Mate-
rial Development, Helmholtz-Zentrum Berlin, Hahn-Meitner-Platz 1,
14109 Berlin, Germany — 2Department of Physics, Freie Universität
Berlin, Arnimallee 14, 14195 Berlin, Germany
Aqueous diazines play important roles in the photophysicochemical
properties of bio-molecules such as DNA and RNA. We present liquid
microjet based soft x-ray resonant photoelectron spectroscopy (RPES)
measurements that probed the valence electronic structure of aqueous
diazines. A number of core-valence resonances were identified by RPES
scans over the diazine N K-edges and photoelectron spectra were sub-
sequently recorded at different resonances. The solute signal was selec-
tively enhanced in the RPES spectra with respect to solvent contribu-
tions. Moreover, by comparing the resonant Auger contributions with
the non-resonant Auger signals, participator and spectator features
were identified in the photoelectron spectra. Identification of partic-
ipator peaks allowed us to determine aqueous-phase binding energies
(BEs) associated with valence orbitals which are more generally hidden
in non-resonant experiments. The associated BE information allowed
us to map the valence electronic structure of the aqueous diazines and
yielded valuable information for the interpretation of ongoing valence
excited state time-resolved liquid-jet photoelectron spectroscopy ex-
periment.

MO 6.9 Tue 16:00 f102
Time-resolved soft x-ray photoelectron spectroscopy on 2-
thiouracil at FLASH2 — ∙Dennis Mayer1, Jan Metje1, Fabiano
Lever1, Axel Heuer1, Mario Niebuhr1, Matthew S. Robinson1,
Skirmantas Alisauskas2, Francesca Calegari2, Stefan
Duesterer2, Bastian Manschwetus2, Andrea Trabattoni2,
Tommaso Mazza3, Raimund Feifel4, Richard Squibb4, Måns
Wallner4, Thomas J. A. Wolf5, and Markus Gühr1 —
1University of Potsdam, Germany — 2Deutsches Elektronen-
Synchrotron, Hamburg, Germany — 3European XFEL GmbH, Ham-
burg, Germany — 4University of Gothenburg, Sweden — 5Stanford
PULSE Institute, Menlo Park, USA
Sulfur-substituted nucleobases show an interesting photophysical and
photochemical behavior attributed to their efficient relaxation to long
living triplet states [1,2].

We performed ultrafast UV pump - x-ray probe spectroscopy at the
FLASH 2 free electron laser in Hamburg to monitor the ultrafast relax-
ation processes of 2-thiouracil into the triplet states. In this talk, we
present delay-dependent core level photoelectron and Auger electron
spectra taken at and close to the sulfur L-edges. We use the spectra
to elucidate the dynamics from an element specific point of view.

We used the newly built URSA-PQ instrument, which is now open
for users and compatible with beamlines at FLASH1 and FLASH2 in
Hamburg.

[1] Arslancan et al. Molecules 22, 998 (2017)
[2] Ashwood et al. Photochem. Photobiol. 95, 33-58 (2019)
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MO 6.10 Tue 16:15 f102
Development of a software-based lock-in amplifier for non-
linear spectroscopy — ∙Daniel Uhl, Ulrich Bangert, Marcel
Binz, Lukas Bruder, Friedemann Landmesser, Andreas Wi-
tuschek, and Frank Stienkemeier — Institute of Physics, Univer-
sity of Freiburg, Hermann-Herder-Str. 3, 79104 Freiburg, Germany
Lock-in amplification of modulated signals is widely used to improve
detection sensitivity. We use this technique in phase-modulated wave
packet interferometry and two-dimensional spectroscopy, which dras-
tically improves the sensitivity [1,2].

To further improve our detection scheme, we*ve developed a
software-based lock-in amplifier that provides additional flexibility in
the data analysis and readily enables up-scaling of demodulation chan-
nels. With this approach, multiple signals can be demodulated simul-
taneously and custom demodulators and filters can be implemented.
As an application example, we have used this technique to improve the
phase noise characteristics in wave packet interferometry experiments
performed in the XUV spectral range.

[1] L. Bruder et al., Phys. Chem. Chem. Phys. 17, 23877 (2015).
[2] L. Bruder et al., Nat Commun 9, 4823 (2018).

MO 7: Clusters II (joint session MO/A)

Time: Tuesday 14:00–15:45 Location: f142

MO 7.1 Tue 14:00 f142
Molecular Rotation in floppy Molecules: He-H+

3 — Thomas
Salomon1, Igor Savic2, Oskar Asvany1, Dieter Gerlich3, Ad
van der Avoird4, Michael E. Harding5, Jürgen Gauss6, Fil-
ippo Lipparini7, and ∙Stephan Schlemmer1 — 1I. Physikalisches
Institut, Universität zu Köln — 2Department of Physics, University
of Novi Sad, Serbia — 3Institut für Physik, Technische Universität
Chemnitz — 4Theoretical Chemistry, Radboud University Nijmegen,
The Netherlands — 5Fakultät für Chemie und Biowissenschaften Karl-
sruher Institut für Technologie (KIT) — 6Department Chemie, Jo-
hannes Gutenberg-Universität Mainz — 7Dipartimento di Chimica e
Chimica Industriale, Universita di Pisa, Italy
The ro-vibrational predissociation spectrum of He-H+

3 has been
recorded via the 𝜈2 vibrational mode in a cold 22-pole ion trap. The
spectrum for the bare H+

3 consists of only a few ro-vibrational lines.
Instead, the spectrum of the complex is very rich (∼ 465 lines) even at
the low temperature (4 K) of the experiment. Part of this complexity is
associated with the (almost) free internal rotation of H+

3 . The experi-
mental results are compared to theoretical predictions of ro-vibrational
spectra on the basis of ab initio calculations of the He-H+

3 potential
energy surface. The energy levels result in transitions which agree in
many cases with experimental results within a few wavenumbers. In
addition, an experimental energy term diagram is reconstructed from
the observed transitions. The influence of the Coriolis interaction re-
sulting from the H+

3 internal rotation in a rotating He-H+
3 frame will

be discussed.

MO 7.2 Tue 14:15 f142
Competition between inter- and intra-atomic ionization phe-
nomena: Observation of Electron-Transfer-Mediated decay
and Auger decay in Xenon-doped water clusters — ∙Aaron
Ngai1, Rupert Michiels1, Nora Berrah2, Carlo Callegari3,
Edwin Chapman1, Raimund Feifel4, Michele Di Fraia3, Jakob
Krull1, Aaron C. LaForge2, Paolo Piseri5, Oksana Plekan3,
Kevin Prince3, Richard J. Squibb4, Vit Svoboda6, Daniel
Uhl1, Hans-Jakob Wörner6, Andreas Wituschek1, and Frank
Stienkemeier1 — 1Insititute of Physics, University of Freiburg
— 2Department of Physics, University of Connecticut — 3Elettra-
Sincrotrone Trieste — 4Department of Physics, University of Gothen-
burg — 5Dipartimento di Fisica and CIMaINa — 6Laboratorium für
Physikaliche Chemie, ETH Zürich
Electron-transfer-mediated decay (ETMD) is a subset of the more gen-
eral inter-coulombic decay (ICD). In condensed-matter or cluster sys-
tems, ETMD competes with other ionization processes such as au-
toionization (e.g. Auger decay). Using XUV-XUV pump-probe spec-
troscopy, we observe the competition between ETMD and Auger decay
of Xe+ (4d3/2 and 4d5/2) embedded in water clusters. In particular,
we can distinguish between these two similar processes by observing
the resulting Xe𝑁+ ions in addition to time-resolving their femtosecond
dynamics. In our experiment using the FERMI FEL at Elettra, two
main features differentiating these decays are expected: the charges of
the final Xe𝑁+ ions, and kinetic energy broadening of Auger electrons
through post-collision interactions (PCI).

MO 7.3 Tue 14:30 f142
Cryogenically Cooled Beams of Bio-Nanoparticles — ∙Lena
Worbs1,2, Jannik Lübke1,2,3, Armando Estillore1, Amit K.
Samanta1, and Jochen Küpper1,2,3 — 1Center for Free-Electron
Laser Science, Deutsches-Elektronen Synchrotron DESY, Hamburg —

2Fachbereich Physik, Universität Hamburg — 3Center for Ultrafast
Imaging, Hamburg
Coherent diffractive imaging at free-electron lasers promises to allow
the reconstruction of the three-dimensional molecular structures of
isolated particles at atomic resolution [1]. However, because of the
typically low signal to noice ratio, this requires the collection of a
large amount of diffraction patterns. Since every intercepted particle
is destroyed by the intense x-ray pulse, a new and preferably identical
sample particle has to be delivered into every pulse.

We present novel approaches for the production of high density par-
ticle beams of shock-frozen bio-nanoparticles using a cryogenic buffer-
gas cooling technique [2]. We have also developed a numerical simula-
tion infrastructure that allows quantitative simulation of isolated par-
ticle trajectories inside the buffer-gas cell. The cryogenically-cooled
nanoparticle beams are characterized using laboratory-based light-
scattering [3]. To further improve the resulting particle beam, an
aerodynamic lens is implemented to increase its density.

[1] M. M. Seibert, et al., Nature 470, 78 (2011).
[2] A. K. Samanta, et al., arXiv:1910.12606 [physics.bio-ph]
[3] L. Worbs, et al., Opt. Expr., arXiv:1909.08922 [physics.optics]

MO 7.4 Tue 14:45 f142
Ultrafast Spectroscopy of Perylene Derivative Nanopar-
ticles — ∙Chris Rehhagen1,2, Shahnawaz Rafiq2, Stefan
Lochbrunner1, and Gregory Scholes2 — 1Institute for Physics
and Department of Life, Light and Matter, University of Rostock,
18051 Rostock, Germany — 2Frick Laboratory, Princeton University,
08540 Princeton, USA
Organic dye nanoparticles and nanostructures are of increasing inter-
est in opto-electronic applications due to their potentially large exci-
ton mobilities. While as inorganic nanoparticles are already applied
in many scenarios, the properties of organic nanostructures are yet
to be explored. Among a breadth of organic systems available, Pery-
lene derivatives especially attract much interest as they provide a high
oscillator strength, photostability, and a tuneability of the transition
energy and supramolecular structure by changing the bay-substitutes.

We use flash precipitation to prepare nanoparticles of the Perylene
Red (PR) and Perylene Orange (PO) dyes and correlate their optical
spectra, quantum yields, emission lifetimes and their size. Ultrafast
pump-probe spectroscopy is then performed on samples of different size
classes to characterize their excited state dynamics. In PR nanopar-
ticles, a new electronic state, formed after photoexcitation, was ob-
served. Remarkably, no such intermediate state was observed in the
PR monomer. In PO nanoparticles, we observe an ultrafast excimer
formation. In both systems and for different size classes, we character-
ize the exciton diffusion in the nanoparticles by analyzing signatures
in the transient dynamics resulting from exciton-exciton annihilation.

MO 7.5 Tue 15:00 f142
Spectroscopic investigation of gas-phase silvercluster-
porphyrin hybrides — ∙Carl Frederic Ussling1, Tobias
Bischoff1, Andre Knecht1, Andrea Merli1, Merle I. S. Röhr2,
Polina G. Lisinetskaya2, Roland Mitrić2, and Thomas Möller1

— 1Institut für Optik und Atomare Physik, Technische Universität
Berlin — 2Institut für Physikalische und Theoretische Chemie, Uni-
versität Würzburg
In the last decades the size and structure-dependent optical properties
of noble metal clusters have been widely investigated [1][2].
In the smallest size regime, both the cluster geometry and optical
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properties turned out to be particularly effected by the number of
constituents [3]. Due to their strong UV and Vis absorption it has
been predicted, that small silver clusters could be useful to develop
new biomolecular sensors [4]. Hybrid systems consisting of small
metal clusters and small molecular units have been developed and
their optical behavior experimentally explored [5]. We investigated
the possibility to combine small cationic silver clusters with single
porphyrins in a collision cell and studied first the optical properties of
Ag3[Ag(OEP)]+ in the UV range.

[1] E. M. Fernández et al., Phys. Rev. B 70, 165403 (2004)
[2] C. Sönnichsen et al., New J. Phys. 4, 93 (2002)
[3] K. L. Kelly et al., J. Phys. Chem. B 107, 668 (2003)
[4] T. Tabarin et al., J. Chem. Phys. 127, 134301 (2007)
[5] V. Bonačić-Kouteckỳ et al., Phys. Chem. Chem. 14, 9282 (2012)

MO 7.6 Tue 15:15 f142
Investigation of isolated aggregates of coumarin derivatives in
the gas phase by applying combined IR/UV spectroscopy —
∙Pol Boden, Anke Stamm, Michael Borchers, Dominic Bern-
hard, Dominique Maué, and Markus Gerhards — TU Kaiser-
slautern and State Research Center OPTIMAS, Germany
Coumarin and its derivatives are well known for their photo-induced
reactivity leading to their importance as photobiological and photo-
chemical substances. Here we report on 7-Hydroxy-4-methylcoumarin
(7-H4MC) and its amino analogue 7-amino-4-methylcoumarin (7-
A4MC). The examination of 7-A4MC is of great interest because
aminocoumarins show an intramolecular charge-transfer (ICT) be-
tween the amino group and the benzopyrone unit in solvents of moder-

ate to high polarity. In order to investigate intrinsic effects with respect
to ICT and structure of the 7-A4MC dimer in the neutral and cationic
ground states as well as in the S1 state, combined IR/UV spectroscopy
is applied in molecular beam experiments. A comparison of the mea-
sured IR transitions with calculated frequencies and optimized struc-
tures allows clear structural assignments. Furthermore the 7H4MC
dimer and its mono- and dihydrate are investigated both in their neu-
tral and cationic ground state with regard to structural changes oc-
curing upon UV photoionization. The tendencies of coumarins for
self-aggregation observed in aqueous solution are investigated in detail
on isolated species giving (in combination with hydration) a closer look
on structure and function of coumarins.

MO 7.7 Tue 15:30 f142
Rayleigh scattering of a pulsed supersonic jet of Ar and CO2

at high particle densities — ∙Sara Fazli and Wolfgang Chris-
ten — Humboldt-Universität zu Berlin, Institut für Chemie, Brook-
Taylor-Straße 2, 12489 Berlin
We present an experimental setup for the investigation of Rayleigh
scattering of a pulsed supersonic jet and present first results for the
scattered light intensity as a function of cluster source conditions. A
jet of pure Ar or CO2, respectively, is expanded through a parabolic
nozzle at source temperatures between 230 K and 410 K and source
pressures between 2 MPa and 10 MPa. The change of the Rayleigh
scattering signal with source pressure and temperature is compared
with the prediction of Hagena’s scaling law (J. Chem. Phys. 56, 1793,
1972). Results show a pronounced dependence of the scaling parame-
ters on the aggregation state (gas versus liquid) of the expanding fluid.

MO 8: MO Poster 2

Time: Tuesday 17:00–19:00 Location: Empore Lichthof

MO 8.1 Tue 17:00 Empore Lichthof
Multidimensional electronic spectroscopy of a molecular
beam with mass-resolved ion detection — ∙Hans-Peter
Solowan, Sebastian Roeding, and Tobias Brixner — Institut für
Physikalische und Theoretische Chemie, Universität Würzburg, Am
Hubland, 97074 Würzburg
We report on the progress with a new technique, molecular-beam co-
herent two-dimensional (2D) electronic spectroscopy, enabling multi-
dimensional electronic spectroscopy of gas-phase samples with mass-
resolved ion detection. Using time-of-flight mass spectrometry, we have
introduced cations as a new observable in coherent 2D spectroscopy [1].
Using a pulse shaper based on an acousto-optic programmable disper-
sive filter and rapid scanning [2] we focus a train of four collinear pulses
in the visible regime into an interaction region with a molecular beam.
Via phase cycling [3] the signals of the time-of-flight mass spectrome-
ter can be disentangled to extract the different contributions, like the
photon-echo response. We have recently installed a preparation cham-
ber for a supersonic molecular beam with argon as a seed gas. This
allows us to investigate not only gaseous samples but also liquid and
solid ones that are evaporated by an oven.

[1] S. Roeding and T. Brixner, Nat. Commun. 9, 2519 (2018)
[2] S. Draeger, S. Roeding, and T. Brixner, Opt. Express 25, 3259

(2017)
[3] H.-S. Tan, J. Chem. Phys. 129, 124501 (2008).

MO 8.2 Tue 17:00 Empore Lichthof
Ultrafast photo-ion probing of the ring-opening process in
trans-stilbene oxide — ∙Matthew Scott Robinson, Mario
Niebuhr, Fabiano Levar, Dennis Mayer, Jan Metje, and
Markus Gühr — Universität Potsdam, Institut für Physik und As-
tronomie, Karl-Liebknecht-Straße 24/25, 14476 Potsdam-Golm, Ger-
many
We study the ultrafast photo-induced ring-opening processes of trans-
stilbene oxide through UV/UV pump-probe time-of-flight experiments
with photoion probing and synchrotron-based vacuum ultraviolet ion-
isation studies, before comparing these results to predictions derived
from Woodward-Hoffmann rules.[1]

We fit two major time-dependent features to the parent ion; one
sub-90 fs and another of ~260 fs, which match well to theory.[2] We
attribute these constants to the primary ring-opening process, likely

proceeding via a non-concerted pathway, starting with a sub-90 fs dis-
sociation of the C-C bond in the oxirane ring, followed by the rotation
of the phenyl groups to produce the ring-open carbonyl ylide 260 fs
after excitation.

We also investigate the appearance of fragment ions, with one in
particular (deprotonated diphenylmethane) suggesting an alternative
ring-opening pathway not predicted by Woodward-Hoffmann rules, in
which dissociation of one of the C-O bonds of the oxirane ring initiates
a 1,2-migration of a phenyl group to produce diphenylmethane.

1. Woodward & Hoffmann, Angew. Chemie 81, 797-870 (1969).
2. Friedrichs & Frank, Chem. - A Eur. J. 15, 10825-10829 (2009).

MO 8.3 Tue 17:00 Empore Lichthof
Accessing chiral dynamics via broadband time-resolved
circular dichroism spectroscopy — ∙Lea Ress1, Heiko
Hildenbrand1, Hope Bretscher2, Akshay Rao2, and Tobias
Brixner1 — 1Institut für Physikalische und Theoretische Chemie,
Universität Würzburg, Am Hubland, 97074 Würzburg — 2Department
of Physics, Cavendish Laboratory, University of Cambridge, 19 JJ
Thompson Avenue, Cambridge, United Kingdom
Time-resolved circular dichroism (TRCD) spectroscopy enables the in-
vestigation of the ultrafast dynamics of photoinduced chirality changes
on a sub-picosecond timescale. We use a pump-probe approach by ex-
citing the sample with a linearly or circularly polarized pump pulse
and detecting the difference in absorption of left- and right-circularly
polarized probe pulses on a shot-to-shot basis. For this, we devel-
oped a setup that is capable of mirroring the polarization state of an
ultrashort broadband laser pulse [1].

Here we demonstrate TRCD spectroscopy of monolayer MoS2 as a
proof-of-principle experiment, validating the setup with respect to lit-
erature results [2]. In addition to spectroscopy of surfaces, we also
investigate the change in chirality of a perylene bisimide folda-dimer
in solution [3]. Furthermore, we analyze the arrangement of chiral sur-
factants around the achiral dye Congo red and the ultrafast change in
chirality after excitation.

[1] A. Steinbacher, et al., Opt. Express 25, 21735 (2017)
[2] S. Dal Conte, et al., Phys. Rev. B 92, 235425 (2015)
[3] C. Kaufmann, et al., J. Am. Chem. Soc. 140, 31, 9986 (2018)

MO 8.4 Tue 17:00 Empore Lichthof
Ultrafast processes in Ru(II)-Au(I)-complexes bridged via
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paracyclophane with varying metal-metal-distances — ∙Lars
Schüßler1, Roumany Israil2, Marcel Schmitt2, Christoph
Zippel3, Daniel M. Knoll3, Stefan Bräse3, Christoph Riehn2,
and Rolf Diller1 — 1Dept. of Physics, TU Kaiserslautern, 67663
Kaiserslautern — 2Dept. of Chem., TU Kaiserslautern, 67663 Kaiser-
slautern — 3Dept. of Org. Chem., KIT, 76131 Karlsruhe
The novel complex [Ru(bpy)2(ppy)-PCP-(PPh2)AuCl]+ (1) (bpy =
2,2’-bipyridine, ppy = 2-phenylpyridine, PCP = paracyclophane, PPh2

= diphenylphosphine) [1] - where a Ru(II)-antenna-unit is bridged via
PCP to a catalytically active Au(I)-unit - is perfectly suited to sys-
tematically investigate the electronic communication between the two
metal centers by tuning their distance and the electronic coupling via
structurally diverse PCP-bridges (binding sites at the PCP unit, e.g.
pseudo-para-position with longer metal-metal-distance as compared
to pseudo-ortho-position). We employ fs transient absorption spec-
troscopy in the UV/Vis in solution combined with gas phase studies
by fs pump-probe fragmentation action spectroscopy [2] to elucidate
the underlying ultrafast photophysics and -chemistry as well as the
metal-metal-interaction. First results on (1) in dichloromethane with
lifetimes 𝜏1,2,3 = 1.3, 14.1, 590 ps suggest strongly altered kinetics
compared to results on [Ru(bpy)3]2+ [3].

[1] D. M. Knoll et al. Dalton Trans., 2019, DOI:
10.1039/C9DT04366G

[2] D. Imanbaew et al. Angew. Chem. Int. Ed., 2017, 56, 5471-5474
[3] Q. Sun et al. Coord. Chem. Rev., 2015, 282-283, 87-99

MO 8.5 Tue 17:00 Empore Lichthof
Ultrafast study of a systematically tuned Ru(II)-
polypyridine-series in gas phase and solution — ∙Lars
Schüßler1, Roumany Israil2, Patrick Hütchen2, Werner R.
Thiel2, Christoph Riehn2, and Rolf Diller1 — 1Dept. of Physics,
TU Kaiserslautern, 67663 Kaiserslautern — 2Dept. of Chem., TU
Kaiserslautern, 67663 Kaiserslautern
Ru(II)-polypyridine complexes are widely used in technology and
medicine in applications ranging from photovoltaics or catalysis to
photoactivatable prodrugs [1]. The respective photoinduced dynamics
strongly depend on the relative energies of the 3MLCT- and the 3MC-
excited states. Long living phosphorescence competes with photo-
dissociation and -substitution. According to the specific application, a
highest possible yield of one of the pathways is desirable and could be
controlled by rational ligand design.

Thus, we study a series of the type [Ru(X-bpy)2(pyr-na)2]2+ (bpy =
2,2’-bipyridine, pyr-na = N-nicotinoyl-pyrrolidine) where X is a vary-
ing substituent of different electron withdrawing / donating charac-
ter to systematically tune the energetics of the 3MLCT- and 3MC-
excited states. The photoinduced primary processes are investigated
in solution and gas phase by femtosecond transient UV/Vis absorption
spectroscopy and pump-probe fragmentation action spectroscopy [2],
respectively.

[1] S. E. Greenough et al. PCCP, 2014, 16, 19141-19155
[2] D. Imanbaew et al. Angew. Chem. Int. Ed., 2017, 56, 5471-5474

MO 8.6 Tue 17:00 Empore Lichthof
Investigation of the Nitrogen Release Mechanism of a Car-
benonitrene Precursor — ∙Niklas Gessner1, Julien Rowen2,
Wolfram Sander2, and Patrick Nuernberger1 — 1Institut
für Physikalische und Theoretische Chemie, Universität Regensburg,
93040 Regensburg — 2Lehrstuhl für Organische Chemie II, Ruhr-
Universität Bochum, 44780 Bochum
Carbenes and the closely related nitrenes are classes of highly reactive
molecules. They are commonly generated by photolysis of a diazo or an
azido functional group, respectively, releasing molecular nitrogen (N2).
This process is well understood e.g. for the carbene 9-fluorenylidene [1]
or the nitrene 2-fluorenylnitrene [2] that are both long-lived. However,
the release mechanism of the carbenonitrene 2-nitreno-9-fluorenylidene
(NFl) is still unknown due to the fact that its precursor needs to re-
lease in total two molecules of N2. This leads to the question whether
photochemically, the diazo-nitrene or the azido-carbene is generated
first and what happens in subsequent processes.

To address this issue, the generation of NFl in the aprotic solvent
acetonitrile has been studied with ultrafast transient absorption spec-
troscopy. Indications for both a carbene and a nitrene intermediate are
found on a picosecond time scale. These transient species can eventu-
ally lead to the formation of a carbenonitrene with a quintet ground
state, as we identified in separate studies where the compounds are
embedded in cryogenic rare-gas matrices.

[1] J. Wang et al., J. Am. Chem. Soc. 129, 13683-13690 (2007).

[2] J. Wang et al., Org. Lett. 25, 5211-5214 (2007).

MO 8.7 Tue 17:00 Empore Lichthof
Reaction pathways of a chiral salicylimine studied by ul-
trafast spectroscopy and vibrational circular dichroism —
∙Kevin Artmann1, Corina Pollok2, Christian Merten2, and
Patrick Nuernberger1 — 1Institut für Physikalische und Theoretis-
che Chemie, Universität Regensburg, 93040 Regensburg — 2Lehrstuhl
für Organische Chemie II, Ruhr-Universität Bochum, 44780 Bochum
Due to its prominent reaction mechanism and its simple molecular
structure, salicylimines were intensively investigated in the past. Upon
excitation, an excited-state intramolecular proton transfer (ESIPT)
leads to the formation of a keto conformer. In addition, the ESIPT
competes with a torsional angle rotation that produces a twisted enol
conformer. It has been therefore suggested that the excitation wave-
length can influence the population of the different conformers, but
there is still no experimental evidence available. In this study, we
combine the results from ultrafast transient absorption spectroscopy
and matrix-isolation vibrational circular dichroism spectroscopy (MI-
VCD) to elucidate the influence of the excitation energy and of the
solvent on the reaction mechanism. Besides unraveling the character-
istic time scales of the different reaction pathways, it is demonstrated
that a higher excitation energy correlates with a lower population of
the keto conformer. A higher excitation energy is needed to excite
molecules that are already twisted before excitation, therefore the ro-
tational pathway is preferred. Furthermore, we show that the con-
centration of the keto conformer increases if a solvent with a larger
dielectric constant is used.

MO 8.8 Tue 17:00 Empore Lichthof
Towards fs UV Measurements of Mass Selective Circular
Dichroism in the Gas Phase — ∙Constantin Witte, Tom Ring,
Nicolas Ladda, Alexander Kastner, Simon Ranecky, Sudheen-
dran Vasudevan, Han-gyeol Lee, Christian Sarpe, Hendrike
Braun, Arne Senftleben, and Thomas Baumert — Institut für
Physik, Universität Kassel, Heinrich-Plett-Straße 40, 34132 Kassel,
Germany
The difference in absorption of left and right circularly polarized light
is defined as Circular Dichroism (CD). Due to the ubiquity of chiral-
ity, its analysis is of great importance. Here, we attempt to measure
the CD in the gas phase in the ion yield of chiral showcase molecules
camphor and fenchone that have been ionized using a femtosecond
laser system. Mass selectivity is achieved via a Time of Flight Mass
Spectrometer in Wiley-McLaren Configuration. Generating the third
harmonic of our Ti:Sa laser system at 266 nm allows us to reach the
𝑛 → 𝜋* transition in ketones which promises a high CD according to
ns measurements [1]. Generally, a lot of chiral molecules have their
absorption bands in the UV. Accessing these with a single photon is
beneficial for reaching higher, energetically closer lying states. In the
future, this set-up is to be used to investigate and enhance CD ef-
fects, determine enantiomeric excess and potentially for enantiomeric
purification using coherent control techniques.

[1] Logé, C., Boesl, U.; Multiphoton Ionization and Circular Dichro-
ism: New Experimental Approach and Application to Natural Prod-
ucts, Chem. Phys. Chem. 12, 2011, 1940-1947

MO 8.9 Tue 17:00 Empore Lichthof
Photoelectron Circular Dichroism of different monoterpenes
and lifetime of their resonances — ∙Simon Ranecky, Han-gyeol
Lee, Sudheendran Vasudevan, Alexander Kastner, Nicolas
Ladda, Tom Ring, Constantin Witte, Hendrike Braun, Daniel
Reich, Arne Senftleben, and Thomas Baumert — Universität
Kassel, Institut für Physik und CINSaT, D-34132 Kassel, Germany
Short lightpulses of 380 nm are able to ionize monoterpenes like fen-
chone in a resonant 2+1 multi-photon scheme. The ionisation takes
place via resonances in the B- and C-Band [1], which can be distin-
guished by different photoelectron energies. Depending on the pulse
length of the laser, the time for relaxation dynamics changes, leading
to a different ratio between the photoelectrons from the B- and C-
band. By comparison of this pulse length dependence with a quantum-
mechanical model system, we estimate the lifetime of the resonances.

The photoelectrons of randomly oriented chiral molecules ionized
with circularly polarized light can have an asymmetric momentum
distribution in the direction of the laser beam. This effect is called
photoelectron circular dichroism (PECD). It can be found in single
photon [2], as well as multi-photon ionisation processes with pulse
lengths from femtoseconds [1] to nanoseconds [3].
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In this study, we examine fenchone, thiofenchone and camphor with
pulselengths from femtoseconds to nanoseconds.

[1] A. Kastner et al., J. Chem. Phys. 147, 013926, (2017)
[2] L. Nahon et al., J. El. Spectr. 204, 322-334, (2018)
[3] A. Kastner et al., Chem. Phys. Chem. 20, 1416-1419 (2019)

MO 8.10 Tue 17:00 Empore Lichthof
Unraveling the ultrafast dynamics in indole-water — ∙Jolijn
Onvlee1,2, Joss Wiese1,3, Jovana Petrovic1, Terry Mullins1,
Sebastian Trippel1,2, and Jochen Küpper1,2,3,4 — 1Center
for Free-Electron Laser Science, Deutsches Elektronen-Synchrotron
DESY, Hamburg — 2Center for Ultrafast Imaging, Universität
Hamburg — 3Department of Chemistry, Universität Hamburg —
4Department of Physics, Universität Hamburg
For a protein in water, hydrogen bonds between the protein and sur-
rounding water molecules strongly affect its folding and thereby also
its function. When hydrogen bonds between a protein and surrounding
water molecules break, for instance via absorption of UV radiation, the
protein structure changes and inactivation of the protein can occur.

We investigated the ultrafast dynamics of the hydrogen-bond break-
ing between proteins and water in a bottom-up approach by study-
ing the indole molecule – the chromophore of tryptophan, which is
the most strongly near-UV absorbing common amino acid – and the
indole-water complex, which serves as a model system for the interac-
tion between proteins and water. We produce pure samples of indole
and the indole-water complex in the gas phase using a molecular beam
and the electrostatic deflector, with which we spatially separate molec-
ular species. The ultrafast dynamics following UV absorption of these
molecular species were studied in a pump-probe ion-imaging approach.
We also performed laser-induced electron diffraction experiments, with
which we aim to record a molecular movie of the hydrogen-bond break-
ing in indole-water with high spatiotemporal resolution.

MO 8.11 Tue 17:00 Empore Lichthof
Photoelectron circular dichroism of chalcogene-substituted
fenchone molecules using near UV femtosecond laser pulses
— ∙Sudheendran Vasudevan, Han-gyeol Lee, Tom Ring, Simon
Ranecky, Constantin Witte, Nicolas Ladda, Hendrike Braun,
Arne Senftleben, and Thomas Baumert — Universität Kassel, In-
stitut für Physik und CINSaT, D-34132 Kassel, Germany
Photoelectron circular dichroism (PECD) is a technique used for sens-
ing molecular chirality with high sensitivity, which arises due to an
electric dipole effect [1]. PECD is an asymmetry of the photoelectron
emission from a chiral molecule in the forward/backward direction rel-
ative to the propagation direction of circularly polarized light field. In
this experimental work, we investigate PECD on fenchone molecules
where different chalcogene atoms have been substituted in the keto
group, e.g. fenchone (oxygen), thiofenchone (sulfur), selenofenchone
(selenium). Near ultraviolet laser pulses centred around wavelength
of 380 nm, with a pulse duration of around 250 fs and pulse energy
of approximately 5 𝜇J are used to probe these molecules in the gas
phase. In the future, a comparative study of the PECD will be done
on these molecules by using a wavelength-tunable femtosecond laser
source, since PECD is highly dependent on photon energies and en-
ergy levels of the molecules [3] which are expected to change by the
chemical substitution.
[1] C.Lux et al., Angewandte Chemie 51 (2012): 5001-5005.
[2] C.Lux et al., ChemPhysChem 16 (2015): 115-137.
[3] A.Kastner et al., J. Chem. Phys. 147, 013926 (2017).

MO 8.12 Tue 17:00 Empore Lichthof
Frequency-resolved optical gating of low energetic opti-
cal pulses — ∙Lars-Stephan Klein, Lukas Bruder, Ulrich
Bangert, Daniel Uhl, and Frank Stienkemeier — Institute
of Physics, University of Freiburg, Hermann-Herder-Str. 3, 79104
Freiburg, Germany
We are exploring methods to characterize sub-20 fs pulses with pulse
energies < 5nJ. To this end, we investigate the use of second harmonic
(SH) frequency-resolved optical gating (FROG), cross-correlation SH
FROG and an approach using phase-modulated optical pulses com-
bined with lock-in amplification. The latter is a specialized technique
used in two-dimensional electronic spectroscopy (2DES) to improve
sensitivity and would allow us to perform pulse characterization di-
rectly at the sample position of our 2DES setup. In this context, we
also explore the possibility to combine FROG measurements with pho-
toionization.

MO 8.13 Tue 17:00 Empore Lichthof
Effect of Chemical Modification and Oxygen Interaction on
the Singlet Fission in Azaacene Dimers — ∙Nicolò Alagna1,2,
Jose L.P. Lustres1,2, Sebastian Hahn3, Marcus Motzkus1,2,
Uwe H.F. Bunz3, and Tiago Buckup1,2 — 1Physikalisch Chemis-
ches Institut, Ruprecht-Karls University Heidelberg, Germany —
2Centre for Advanced Materials, University of Heidelberg, Germany
— 3Organisch Chemisches Institut, Ruprecht-Karls University, Ger-
many
The solar energy conversion in photovoltaics can be enhanced by sin-
glet fission (SF), a carrier multiplication process where two triplet
states T1 are generated from one absorbed photon. Studies of phe-
nozinothiadiazole derivatives have shown that morphology, packing
and chemical structure play a central role in the SF dynamics. Cova-
lently linked dimers can be employed as a model system to selectively
study the intramolecular SF. In this work, time-resolved spectroscopy
is used to investigate the effect of chemical modification on the in-
tramolecular singlet fission in three directly linked Azaacene-dimers.
The analysis of transient absorption and fluorescence dynamics reveals
a complex branching mechanism for the singlet (S1S0) and the corre-
lated triplet pair 1(TT) states. We show that the decay rate and the
evolution of the S1S0 and 1(TT) states are strongly dependent on the
chemical structure. Moreover, the analysis of deaerated solutions re-
veals the role of oxygen in altering the 1(TT) dynamics by introducing
new decay pathways.

MO 8.14 Tue 17:00 Empore Lichthof
Correlated Electronic Dynamics of Helium in a Chiral En-
vironment — ∙Manel Mondelo-Martell1,2, Christiane P.
Koch1,2, and Daniel M. Reich1,2 — 1Theoretische Physik„ Freie
Universität Berlin — 2Institut f̈r Physik, Universität Kassel
Chirality is the fundamental symmetry property defining an object
that cannot be superimposed on its mirror image by any translation
or rotation. Its relevance in different fields, from AMO physics to
drug design, originates in the importance of chiral interactions: while
both mirror images of a chiral object (enantiomers) will give the same
response in front of a non-chiral probe, this is not true when inter-
acting with another chiral system, such as circularly polarized light or
aminoacids. This difference allows for chiral discrimination of samples
using light, and determines the effects of drugs in our bodies.

In molecular systems, chirality is usually understood in terms of
the spacial arrangement of the nuclei. Nevertheless its imprint on the
electronic motion, made evident by the Photoelectron Circular Dichro-
ism (PECD) —the asymmetry in forward-backward scattering of the
photoelectrons emitted via irradiation with left and right circularly po-
larized light—, is still not fully understood. Hereby we present time–
resolved simulations of the electronic dynamics of the photoionization
process of the helium atom in a chiral environment. Through the use
of the MCTDHF method[2] we are able to include correlation effects,
and give more insight on the role of chirality in the electronic motion.

[1] I. Powis, in Adv. Chem. Phys. (2008), pp. 267-329. [2] J.
Zanghellini, et al., Laser Phys. 13, 1064 (2003)

MO 8.15 Tue 17:00 Empore Lichthof
TDCIS Simulations on Chiral Helium — ∙Marec W. Heger1,
Christiane P. Koch2, and Daniel M. Reich1,2 — 1Theoretische
Physik, Universität Kassel — 2Institut für Physik, Freie Universität
Berlin
Chirality is the property that defines systems that cannot be superim-
posed on their own mirror image. Current research explores methods
for chiral recognition, chiral separation and chiral conversion.

A prominent example for chiral recongnition is the photoelectron
circular dichroism (PECD). In PECD experiments a chiral molecule is
ionized by left and right circular polarized light and the photoelectron
angular distribution then yields a difference for the two polarization
directions. Changing the handedness of the chiral molecule inverts the
PECD signal which allows for recognition.

Whereas experimental setups for PECD measurements are fairly
widespread, theoretical predictions are still sparse. In particular, the
simultaneous representation of bound and continuum states for molec-
ular systems, which is necessary for the simulations of time dependent
ionization experiments, is still challenging.

Here we present results of the time depentent configuration interac-
tion singles (TDCIS) method performed on a PECD simulation setup.
Our approach features a discrete variable representation (DVR) as
a numerical basis to represent bound and continuum states and the
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physical system of interest is helium with an aritficial chiral poten-
tial. For helium, full configuration interaction can be performed and
consequently we identify the role of electron correlactions for PECD.

MO 8.16 Tue 17:00 Empore Lichthof
Exciton Dynamics in Squaraine-based Thin Films — ∙Steffen
Wolter1, Manuela Schiek2, and Stefan Lochbrunner1 —
1Institute of Physics, University of Rostock, 18051 Rostock, Germany
— 2Institute of Physics, Carl von Ossietzky University of Oldenburg,
26111 Oldenburg, Germany
Squaraine dyes are promising candidates for light harvesting electron
donor materials in small molecule solar cells, since they combine strong
absorption in the visible spectral region with a high stability com-
pared to other organic compounds like low bandgap polymers. Bulk-

heterojunction solar cells based on squaraine:fullerene blends have been
shown to suffer from low mobility and recombination losses [1]. In
depth understanding of the loss mechanism requires investigation of
fundamental processes upon light absorption on ultra-fast time scales.

In this contribution, the light induced processes in different
squaraine based thin films are investigated by femtosecond pump-
probe spectroscopy. The dynamics in pure films of 2,4-bis[4-(N,N-
diisobutylamino)-2,6-dihydroxyphenyl] squaraine (SQIB) is studied to
obtain a picture of the possible electronic relaxation pathways in the
donor material. In a next step, the results are compared to films of
SQIB blended with a fullerene acceptor (PCBM). Strong differences in
the kinetics and the spectral signatures are observed and attributed to
the population of charge separated states.

[1] Scheunemann, Kolloge, Wilken, Mack, Parisi, Schulz, Lützen,
Schiek. Appl. Phys. Lett. 111 (2017) 183502.

MO 9: Femtosecond Spectroscopy I

Time: Wednesday 11:00–13:00 Location: f102

MO 9.1 Wed 11:00 f102
Ultrafast 2D-Vis spectroelectrochemistry — ∙Julia
Heitmüller1, Klaus Eckstein1, Pascal Kunkel1, Karl
Thorley2, Rebecca Renner2, Tobias Hertel1, Frank
Würthner2 und Tobias Brixner1 — 1Institut für Physikalische
und Theoretische Chemie, Universität Würzburg, Am Hubland, 97074
Würzburg, Germany — 2Institut für Organische Chemie, Universität
Würzburg, Am Hubland, 97074 Würzburg, Germany
Coherent 2D spectroscopy is a well established method to investigate
dynamic processes with femtosecond time resolution and to observe
couplings between different energetic states. Electrochemistry, on the
other hand, can be used to generate different oxidized and reduced
molecular species in solution. The combination of these two techniques
leads to coherent 2D spectroelectrochemistry. For the infrared regime
different spectroelectrochemical cells were described and used for 2D
measurements in the literature [1,2], but not so far for the visible. We
developed a setup using a commercial electrochemical cell (HX-301,
Hokuto Denko), which we modified for the experimental requirements.
As a model system we investigate a tetraphenoxyperylene bisimide and
obtain 2D as well as other spectroscopic measurements of the different
redox states in situ without requiring oxidizing or reducing agents.

[1] Y. El Khoury, et al., Rev. Sci. Instrum. 86, 083102 (2015)
[2] D. Lotti, et al., J. Phys. Chem. C, 120, 2883 (2016)

MO 9.2 Wed 11:15 f102
Ultrafast excitation energy localization dynamics following
delocalized excitation — ∙Yang Li, Pavel Malý, Julian Lüttig,
Stefan Müller, and Tobias Brixner — Institut für Physikalische
und Theoretische Chemie, Universität Würzburg, Am Hubland, 97074
Würzburg
The efficiency of organic photovoltaic materials, such as conjugated
polymers, aggregates and dendrimers, depends on the interplay be-
tween molecular architecture and light-induced electronic energy re-
distribution. The spatial localization of the excitation energy is rele-
vant for conversion efficiency and has been a point of intense research
for artificial systems that are designed and synthesized to produce so-
lar fuels. While the delocalized excitation followed by localized emis-
sion universally appears in a variety of dendrimers [1], the localization
process itself has not yet been probed in real time. In this work,
polarization-controlled two-dimensional electronic spectroscopy is ap-
plied to track the excitation-wavelength-dependent anisotropy evolu-
tion of a molecular heterodimer upon broadband excitation with 11 fs
pulses. 2D anisotropy reveals a transient delocalization of the excited
-state wave function with Frenkel-exciton character at the moment of
excitation. The spatial localization of electronic excitation gives rise
to 2D anisotropy depolarization within 200 fs.

[1] D. Aulimer et al., J. Am. Chem. Soc. 16, 5742-5743 (2009).

MO 9.3 Wed 11:30 f102
Ultrafast photo-ion probing of the relaxation processes of 2-
Thiouracil. — ∙Matthew Scott Robinson, Mario Niebuhr, and
Markus Gühr — Universität Potsdam, Institut für Physik und As-
tronomie, Karl-Liebknecht-Straße 24/25, 14476 Potsdam-Golm, Ger-
many

We study the ultrafast relaxation process of 2-thiouracil after UV
photo-excitation with the use of multi-photon pump-probe time-
of-flight mass spectroscopy, supported by synchrotron-based single-
photon vacuum ultraviolet (VUV) photo-ionization studies performed
at the Swiss Light Source.

Here we show that most of the observable dynamics are completed 1
ps after excitation, and identify that the parent is primarily produced
through 2-photon processes (when using 266 nm photons), whilst all
fragments are 3-photon dependent. In addition, through the use of
pump and probe beams with different powers we are able to determine
if fragments are produced through [1+2] processes or [2+1] processes.

The VUV studies also suggest that the substitution of one of the
oxygen atoms of uracil with sulfur to produce 2-thiouracil, introduces
a new fragmentation route for the pyrimidine ring, with either CO or
HCNH being ejected to produce a 100 amu fragment; the equivalent
fragment in uracil (84 amu) is not observed in similar studies. [1]

1. H.W. Jochims, M. Schwell, H. Baumgärtel, and S. Leach, Chem.
Phys. 314, 263 (2005).

MO 9.4 Wed 11:45 f102
Effect of External Electric Field on Vibronic and Excitonic
Properties of P3HT Studied by Femtosecond Time-Resolved
Spectroscopy and Density Functional Theory — ∙Debkumar
Rana, Patrice Donfack, Vladislav Jovanov, Veit Wagner,
and Arnulf Materny — Jacobs University Bremen, Department of
Physics and Earth Sciences, Campus Ring 1, 28759 Bremen
Poly(3-hexylthiophene-2,5-diyl) (P3HT) is of interest for solar cell ap-
plications. However, important elementary processes under opera-
tional conditions, i.e., in the presence of applied electric fields, are
not yet completely understood. In our work, we have used density
functional theory (DFT) to evaluate the field-effect on the vibronic
properties of P3HT within and beyond the range of typical external
electric field strengths. We demonstrate that charge-phonon coupling
and hence charge localization increase with field strength. In parallel,
we have used femtosecond time-resolved spectroscopy to study the ex-
citonic properties of P3HT thin films in a model P3HT device under
operational conditions. We show that polaron-pair (PP) dissociation
into charge carriers occurs in the P3HT device more significantly with
increasing reverse bias, consistent with the electric field-induced disso-
ciation of oppositely charged species. Moreover, besides PPs directly
originating from hot excitons, we experimentally observe PP forma-
tion during exciton dissociation via a field-mediated generation pro-
cess resulting in a slower contribution to the overall decay dynamics.
Transient-absorption anisotropy measurements elucidate the excita-
tion polarization memory loss due to external electric fields.

MO 9.5 Wed 12:00 f102
Population of long-lived excited states in 7- and 9-
methylpurine probed by femtosecond transient vibrational
absorption spectroscopy — ∙Rebecca Holtmann, Amke Nimm-
rich, Hendrik Boehnke, and Friedrich Temps — Institute of Phys-
ical Chemistry, Christian-Albrechts-University Kiel, Germany
We investigated the photo-induced dynamics of 7- and 9-methylpurine
(7-MePur, 9-MePur) as model systems for purine-based DNA building
blocks. The ensuing processes upon photoexcitation at 𝜆 = 267 nm
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were probed by structure-sensitive time-resolved vibrational absorp-
tion spectroscopy. After excitation to the S2(𝜋𝜋*) state, the excited-
state population is transferred to the S1(n𝜋*) state by ultrafast internal
conversion within 𝜏1 ≈ 300 fs. Aided by ab initio calculations, our re-
sults reveal two parallel deactivation pathways from the 1n𝜋* state for
both isomers: Recovery of the ground state associated with vibrational
cooling within 𝜏2 ≈ 10 ps and intersystem crossing to a 3𝜋𝜋* state
with 𝜏3 = 250 ps for 7-MePur and 𝜏3 = 480 ps for 9-MePur, respec-
tively. Exclusively for 9-MePur, an additional deactivation pathway on
the nanosecond time scale from the initially populated S2(𝜋𝜋*) state
has been identified. In summary, canonical nucleobases like adenine
and guanine typically feature excited-state lifetimes of < 1 ps. Conse-
quently, the reported long-lived excited states involved in the electronic
deactivation after photoexcitation in 7-MePur and 9-MePur highlight
the crucial effects of structural modifications on the dynamics of the
purine related nucleobases.

MO 9.6 Wed 12:15 f102
Structural Changes in Metal-To-Ligand Charge Transfer
States Investigated by Time-Resolved Vibrational Spec-
troscopy — ∙F. Hainer1, N. Alagna1, E. Domenichini2, M.
Darari3, P. Gros3, S. Haacke2, and T. Buckup1 — 1Institute of
Physical Chemistry, Ruprecht-Karls University Heidelberg, Germany
— 2University of Strasbourg, CNRS, IPCMS, Strasbourg, France —
3University of Lorraine, CNRS, L2CM, Nancy, France
Iron(II) complexes with nitrogen-heterocyclic carbene (NHC) ligands
are about to become promising chromophores for solar energy appli-
cations. In spite of the great interest in these compounds, the assign-
ment of the electronic states involved in the excited state relaxation
dynamics is still an open question. In this work, we employed femtosec-
ond transient absorption as well as (pump-)impulsive vibrational spec-
troscopy to investigate the electronic and vibrational dynamics in the
relaxation pathway of such an iron(II)NHC complex. Three contribu-
tions are identified and the vibrational dynamics in the low-frequency
region is discussed. The photoexcitation of an 1MLCT state is followed
by ultrafast intersystem crossing (ISC), which is accompanied by an
intermolecular vibrational redistribution of 100cm−1 mode. The vibra-
tional modes appearing below 100cm−1 and at 150cm−1 correspond to
metal-ligand stretch vibrations and are assigned to the electronic ex-
cited state manifold. A deformation vibration of the ligand backbone
at 350cm−1 is found to survive the ISC, indicating that the charge
remains on the ligand. The results point to a ground state recovery
from a 3MLCT without a 3MC state taking part in the dynamics.

MO 9.7 Wed 12:30 f102
High-intensity effects in two-dimensional electronic spec-

troscopy — ∙Marcel Binz1, Lukas Bruder1, Lipeng
Chen2, Maxim F. Gelin3, Wolfgang Domcke4, and Frank
Stienkemeier1 — 1Institute of Physics, University of Freiburg,
Hermann-Herder-Str. 3, 79104 Freiburg, Germany — 2Institute of
Chemical Sciences and Engineering, EPFL Lausanne, 1015 Lausanne,
Switzerland — 3School of Science, Hangzhou Dianzi University, 310018
Hangzhou, China — 4Department of Chemistry, Technical University
of Munich, 85747 Garching, Germany
Usually, two-dimensional electronic spectroscopy (2DES) experiments
are performed in the regime where perturbation theory holds and the
signal can be described by the third-order polarization. However, to
measure nonlinear signals, higher laser intensities are generally of ad-
vantage as the signal scales with higher order of the incident light
fields. Non-perturbative theoretical description of 2DES experiments
indicate that compromising effects, such as peak shape distortions and
phase shifts, should occur at laser intensities beyond the perturbative
limit [1]. Here, we explore these high-intensity effects by studying a
simple, clean model system comprising of a rubidium atom vapor in
collinear 2DES experiments, supported by non-perturbative numerical
simulations.

[1] L. Chen et al., J. Chem. Phys. 147, 234104 (2017)

MO 9.8 Wed 12:45 f102
Revealing delocalized states using multiple-quantum two-
dimensional spectroscopy — ∙Friedemann Landmesser, Lukas
Bruder, Ulrich Bangert, Marcel Binz, Elena Leißler, Daniel
Uhl, and Frank Stienkemeier — Institute of Physics, University of
Freiburg, Hermann-Herder-Str. 3, 79104 Freiburg, Germany
Many-body quantum states are considered to play a crucial role in
atomic and molecular systems with respect to dissipation, excitation,
and energy transfer (cf. [1]). We aim at investigating collective effects
by multiple-quantum coherence experiments, where multiphoton pro-
cesses can be separated from one-photon transitions [2] and delocalized
excitons can be probed with extraordinary sensitivity [3]. We now
extend our detection scheme to phase-modulated multiple-quantum
two-dimensional coherent spectroscopy [4]. Our focus will lie on the
investigation of dilute alkali atom vapors, where we observe dipolar
couplings at extremely low densities [3], as well as molecular networks
formed on cold rare gas clusters. In the latter system, we previously
observed intriguing cooperative processes such as superradiance and
singlet fission [5].

[1] F. Fassioli et al., J. Royal Soc. Interface 11, 20130901 (2014).
[2] L. Bruder et al., Phys. Rev. A 92, 053412 (2015).
[3] L. Bruder et al., Phys. Chem. Chem. Phys. 21, 2276 (2019).
[4] S. Yu et al., Opt. Lett. 44, 2795 (2019).
[5] S. Izadnia et al., J. Phys. Chem. Lett. 8, 2068 (2017).

MO 10: Collisions and Reactions

Time: Wednesday 11:00–13:30 Location: f142

MO 10.1 Wed 11:00 f142
Electron emission asymmetry in multiphoton dissociation of
H2 — ∙Patrick Froß, Denhi Martinez, Nicolas Camus, Thomas
Pfeifer, and Robert Moshammer — Max-Planck-Institut für Kern-
physik, Heidelberg, Germany
When a diatomic molecule dissociates the released electron can either
propagate along the neutral or the ionized atom. Depending on the
dissociation pathways the electron is preferentially emitted in the direc-
tion of one or the other. This so-called electron localization asymmetry
can be measured and gives information on the underlying dissociation
pathways. We present results from multiphoton-dissociation of molec-
ular hydrogen using single 35fs pulses with a central wavelength of
400nm (I=1 · 1014 W/cm2) and a reaction microscope to image ions
and electrons in coincidence. We report and explain the characteristic
electron localization asymmetry behavior observed for the dissociation
of H2 depending on the nuclear electron correlation. To our knowledge
these results are the first of their kind in the regime of multiphoton-
ionization.

MO 10.2 Wed 11:15 f142
XUV-photoinduced addition reactions from ethene mea-
sured with a radio frequency ion trap — ∙Simon Reinwardt1,
Ivan Baev1, Julius Schwarz1, Fridtjof Kielgast1, Karolin

Mertens1, Florian Trinter2,3, and Michael Martins1 —
1Institut für Experimentalphysik, Universität Hamburg, Ham-
burg, Germany — 2FS-PETRA-S, DESY, Hamburg, Germany —
3Molecular Physics, Fritz-Haber-Institut, Berlin, Germany
The interstellar formation of larger hydrocarbons is not fully clarified
yet. There are different models in which the larger hydrocarbons are
formed by dehydrogenation and fragmentation as well as isomeriza-
tion of hydrocarbons [1]. In conventional experiments the formation
of larger hydrocarbon systems is investigated by their fragmentation
via X-rays. In contrast to that, the reverse path of generating larger
hydrocarbons by XUV-induced addition reactions is realized here. An
ideally suited setup for such experiments is the ion trap of the pho-
ton ion spectrometer (PIPE) [2] at the soft X-ray beamline P04 of the
synchrotron PETRA III in Hamburg. For these experiments ethene
(C2H4) was used as starting molecule. Consequently, photoactivation
was achieved by the absorption of XUV-photons in the carbon K-edge
region (∼ 290 eV). In this way it was possible to find reaction prod-
ucts such as C6H+

x and C5H+
x , which were generated from a double

collision.
[1] O. Berńe and A. G. G. M. Tielens, PNAS 109, 401 (2012).
[2] S. Schippers et al., J. Phys. B: At. Mol. Opt. Phys. 47, 115602

(2014).
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MO 10.3 Wed 11:30 f142
Excited state proton transfer in solvated molecules studied by
XUV time-resolved photoelectron spectroscopy — ∙Evgenii
Ikonnikov, Johan Hummert, and Oleg Kornilov — Max-Born-
Institute, Berlin
Photoelectron pump-probe time resolved spectroscopy is a power-
ful tool for studies of relaxation dynamics of electronically excited
states. There are many pump-probe techniques developed for the
gas phase but very few implementations for liquids. However, bi-
ological molecules in natural conditions, which often interact with
their environment and, due to protic and polar nature of water sol-
vent, besides intramolecular relaxation process there are additional
processes possible such as proton transfer and solvent rearrangement
upon photoexcitation. In this project we study ultrafast relaxation of
molecules dissolved in water. We combine visible pump/XUV probe
time-resolved photoelectron spectroscopy and the microliquid jet tech-
nique with high efficiency time-of-flight electron detector based on the
”magnetic bottle” design. This experimental setup allows us to mea-
sure ground state energy of dissolved molecules with concentrations
down to 500 uM and follow relaxation dynamics of excited states for
samples with molecular concentrations down to 2 mM. We investigate
relaxation of molecules exhibiting excited state proton transfer in sol-
vents with different pH values.

MO 10.4 Wed 11:45 f142
X-ray-induced ignition of a helium nanoplasma — ∙Cristian
Medina1, Dominik Schomas1, Markus Debatin1, Ltaif Ltaif2,
Robert Moshammer3, Thomas Pfeifer3, Frank Stienkemeier1,
and Marcel Mudrich2 — 1Albert-Ludwigs-Universität, Freiburg —
2Aarhus University, Aarhus — 3Max-Planck-Institut für Kernphysik,
Heidelberg
Helium Nanoplasmas are usually created by intense near-infrared laser
pulses. After tunnel-ionization of the cluster or some dopant atoms,
the cluster fully avalanche-ionizes as the electrons are driven back and
forth through the cluster by the laser field. Here, we demonstrate a
different scheme for igniting the nanoplasma on helium nanodroplets
doped with heavy rare gas atoms. An ultrashort x-ray pulse (FLASH-
1 at DESY, Hamburg) first inner-shell ionizes the dopant cluster, fol-
lowed by Auger decay and charge-transfer ionization of the helium
shell. A second near-infrared pulse then drives the nanoplasma at
variable delay with respect to the x-ray pulse. The yields of electrons
and helium ions are recorded for different dopant species (Ar, Kr, Xe),
helium droplet sizes, and laser pulse intensities.

MO 10.5 Wed 12:00 f142
Z → E and E → Z Photoisomerization Dynamics of
an Oxygen-Heterodiazocine upon S1(n𝜋*) Photoexcitation
— ∙Dennis Bank1, Birthe Behr1, Falk Renth1, Melanie
Hammerich2, Rainer Herges2, and Friedrich Temps1 —
1Institute of Physical Chemistry, Christian-Albrechts-University Kiel,
Germany — 2Institute of Organic Chemistry, Christian-Albrechts-
University Kiel, Germany
Heterodiazocines are a novel class of azobenzene-related photochromic
molecules with an intramolecular bridge consisting a CH2-heteroatom
linker group between their phenyl rings. This bridge initiates a steric
tension that results in superior photophysical properties. We inves-
tigated the very efficient photo-induced isomerization (Φ𝑍→𝐸 = 0.7
and Φ𝐸→𝑍 = 0.55) dynamics of 12H -dibenzo[b,f][1,4,5] oxadiazocine
(ODz) by a combination of femtosecond time-resolved electronic ab-
sorption spectroscopy and ab initio quantum chemical calculations.
After photoexcitation of the thermodynamically stable Zboat isomer
at 𝜆pump = 387 nm the populated S1 (n𝜋*) state deactivates within
𝜏 ≤ 150 fs. The subsequent complex ground-state dynamics of the
Zboat → E twist isomerization proceeds via formation of the vibra-
tionally hot intermediate Echair species with 𝜏 = 3 ps and crossing of
an energy barrier of E = 0.55 eV within 𝜏 = 15 ps. In contrast, the
E twist → Zboat photoisomerization upon excitation at 𝜆pump = 530
nm is completed after only 𝜏 = 230 fs followed by vibrational cooling
in the ground state with 𝜏 = 20 ps.

MO 10.6 Wed 12:15 f142
Consecutive photoinduced electron transfer: The mechanism
of the photocatalyst rhodamine-6G. — ∙Fabian Brandl, Se-
bastian Bergwinkl, Carina Allacher, and Bernhard Dick —
Institut für Physikalische und Theoretische Chemie, Universität Re-
gensburg, Universitätsstrasse 31, 93053 Regensburg, Germany.

The dye Rhodamine-6G (R6G) acts as photocatalyst via photoinduced
electron transfer by forming the R6G radical (reduction potential ca.
-0.90 V) after excitation with green light. König et al. proposed a strat-
egy, termed consecutive photoinduced electron transfer (conPET), that
adds the energy of two photons for a photoreduction, using a photogen-
erated radical as an intermediate [1]. Subseqently it has been reported
that photoexcitation of the R6G radical at 420 nm splits aryl bro-
mides, suggesting a conPET process [2]. Here we present a study of
the mechanism of the formation and photoreactions of the R6G radical
by using transient spectroscopy (femtoseconds to minutes) and quan-
tum chemical calculations. We conclude that one photon of 540 nm
light produces two R6G radicals. The photoexcited radical decays in
ca. 350 fs, either relaxing to the ground state or releasing an electron
to the solvent, which returns on a timescale of nanoseconds. Unless the
substrate is already attached to the radical, it is reduced by solvated
electrons. Vibrational cooling of hot R6G and hot R6G radical occurs
within 10ps.

[1] B. König et al. Science. 2014, 346, 725-728.
[2] B. König et al. Chem Commun. 2016, 52, 8695-8698.

MO 10.7 Wed 12:30 f142
Velocity map imaging of chlorine from photodissociation with
a [1+1]-REMPI scheme — ∙Christian Matthaei, Deb Pra-
tim Mukhopadhyay, and Ingo Fischer — Institut für Physikalische
und Theoretische Chemie, Universität Würzburg, Am Hubland, 97074
Würzburg, Germany
Velocity map imaging (VMI) is a well-established method for study-
ing the photodissociation dynamics of molecules [1]. When studying
chlorine fragments, a [2+1] resonance-enhanced multiphoton ioniza-
tion (REMPI) scheme is usually employed, requiring a laser with a
wavelength of around 235 nm. Since many molecules and radicals also
absorb light of this wavelength, the dissociation is generally performed
with the same laser. The major disadvantages of these one-colour ex-
periments are that a clean study of the molecules of interest is not
always feasible and the dissociation wavelength cannot be changed.

Here, we present a technique for first dissociating molecules with
one dye laser and then ionizing chlorine with a second dye laser via a
novel [1+1]-REMPI scheme. For the ionization the output of a dye-
laser is tripled in a noble gas-filled cell, generating 118 nm light in
order to directly promote the electron into the excited state. Follow-
ing ionization, the chlorine atoms are then detected via time-of-flight
mass spectrometry and VMI. First measurements on test systems are
shown.

Literature:
[1] M. N. R. Ashfold et al., Phys. Chem. Chem. Phys. 2006, 8,

26-53

MO 10.8 Wed 12:45 f142
Photochemical and spectroscopic investigation of highly solu-
ble fluorinated TADF copper complexes — ∙Sophie Steiger1,
Pit Boden1, Patrick Di Martino-Fumo1, Jasmin Busch2, Daniel
Zink2, Florian Rehak3, Stefan Bräse2, Wim Klopper3, and
Markus Gerhards1 — 1Physical Chemistry, TU Kaiserslautern,
Germany — 2Organic Chemistry, KIT, Germany — 3Physical and
Theoretical Chemistry, KIT, Germany
This contribution presents the investigation of fluorinated copper
complexes capable for TADF (Thermally Activated Delayed Fluores-
cence) analyzed by time-resolved FTIR and emission (luminescence)
spectroscopy. The highly soluble fluorinated complexes show good
(photo)chemical stability in common solvents. With the help of emis-
sion spectroscopy, the stability was investigated and the energetic posi-
tion of the excited states and their lifetime were determined. Further-
more, the TADF capability of the complexes in solids was investigated
using temperature-dependent, time-resolved FTIR and emission spec-
troscopy. The measured spectra are compared and interpreted with
(TD)DFT calculations, observing a clear TADF process at room tem-
perature for all structures. A strong lifetime extension and a distinct
redshift of the emission band around 20K confirm phosphorescence at
low temperatures in contrast to the TADF process observed at room
temperature.

MO 10.9 Wed 13:00 f142
Switching between proton vacancy and excess proton transfer
using a bifunctional photoacid with the help of a third reac-
tion partner — ∙Marius-Andrei Codescu, Oleg Kornilov, and
Erik T.J. Nibbering — Max-Born-Institut für Nichtlineare Optik
und Kurzzeitspektroskopie, Max-Born-Str. 2A, 12489 Berlin, DE
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Proton exchange between an acid and a base in protic solvents may in
general occur along two different pathways. Recent results obtained
on the bifunctional photoacid 7-hydroxyquinoline (7HQ) in water-
methanol mixtures has been concluded to take place via a methox-
ide/hydroxide transport mechanism between the proton-donating OH
group and the proton-accepting quinoline group on a timescale of tens
to hundreds of picoseconds [Ekimova et al., J. Am. Chem. Soc. 141,
14581 (2019)]. Here, we show that by using cesium formate (Cs+
HCOO-) as a third reaction partner, it is possible to steer the reaction
dynamics in such a fashion that the excess proton transfer pathway
takes over as a dominant reaction mechanism. We follow the reaction
kinetics by probing IR-active marker modes of different charged states
of 7HQ, and of formic acid, in methanol solution using femtosecond
UV-pump IR-probe spectroscopy. A dedicated analysis of the tran-
sient IR spectra results in a consistent and quantitative picture of the
reaction mechanism for the 7HQ-formate reaction pairs, where the for-
mate acts as an essential component in facilitating a full excess proton
transport pathway from the proton-donating OH group to the proton-
accepting quinoline group of 7HQ, before the regular proton vacancy
(methoxide) transfer pathway can come in full effect.

MO 10.10 Wed 13:15 f142

Femtosecond-resolved study of x-ray induced fragmenta-
tion of buckyballs — ∙Zoltan Jurek1, Nora Berrah2, Alvaro
Sanchez-Gonzalez3, Sang-Kil Son1, and Robin Santra1,4 —
1Center for Free-Electron Laser Science, DESY, Hamburg, Germany
— 2Physics Department, University of Connecticut, Storrs, CT, USA
— 3Department of Physics, Imperial College London, London, UK —
4Department of Physics, Universität Hamburg, Hamburg, Germany
In this talk we report on a joint experimental-theoretical time resolved
study of the dynamics of gas phase C60 molecules exposed to ultrashort
intense X-ray Free Electron Laser (XFEL) pulses [1]. In the experi-
ment two consecutive x-ray pulses were applied: the first (pump) pulse
initiated the time evolution by multiply ionizing the molecule, while
the second one (probe pulse) altered the system by further ionization,
creating pump-probe delay dependent spectroscopy signals. Our theo-
retical simulations reveal exciting details of the complex fragmentation,
such as the release of neutral atomic fragments. Moreover, the simula-
tions also connect delay times appearing in the observed pump-probe
data directly to real timescales of the dynamics initiated by a single
pulse. Our study is an important step in the understanding of XFEL-
matter interaction, crucial for high intensity XFEL applications.
[1] N. Berrah et al, Nat. Phys. (2019) doi:10.1038/s41567-019-0665-7

MO 11: Annual General Meeting

Time: Wednesday 13:30–14:00 Location: f142
Duration: 30 min.

MO 12: Lunch talk: German Research Foundation (DFG) (joint session A/K/P/MO/MS/Q)

Time: Wednesday 13:10–13:55 Location: f303

Lunch Talk MO 12.1 Wed 13:10 f303
Funding by the German Research Foundation (DFG) – a brief
overview — ∙Andreas Deschner — Deutsche Forschungsgemein-
schaft (DFG), Kennedyallee 40, 53175 Bonn, Germany
During the last 100 years, the German Research Foundation (DFG)
and its predecessors have been funding research in Germany. Today,
the DFG is the central third party funding organization for basic re-

search in Germany. It offers a broad spectrum of funding opportunities
from individual grants to larger coordinated programs.

This talk will give a brief outline of the financial framework, the
decision-making processes and the funding portfolio of the DFG. I will
mostly focus on the different programs that offer support to early ca-
reer scientists, e.g. the new Walter Benjamin for postdoctoral positions
and the Emmy Noether program for junior research groups.

MO 13: Cold Molecules (joint session MO/Q)

Time: Wednesday 14:00–15:15 Location: f102

MO 13.1 Wed 14:00 f102
Optical pumping of metastable helium: state purification
and spin-state selection — ∙J. Guan, T. Sixt, A. Tsoukala,
F. Stienkemeier, and K. Dulitz — Institute of Physics, University
of Freiburg, Herman-Herder-Str.3, 79104 Freiburg, Germany
Discharge and electron-impact excitation lead to the production of
metastable helium atoms in two metastable states, 23S1 and 21S0.
However, many applications require purified beams containing only
one of these species. For atom magnetometers and spin-controlled col-
lisions, even magnetic quantum state selection is required.

Recently, we have successfully applied optical quenching via the
41P1 ← 21S0 transition at 397 nm to fully deplete the 21S0 population
in a 4He gas beam.1 Equipped with a tunable laser at 1083 nm for ex-
citation of 23S1 → 23P transitions, we continue to make progresses on
preparing the spin-labelled 23S1 state after optical quenching. In this
talk, I will show our results on the optical quenching of He (21S0) and
on the optical pumping of He (23S1). The spin-controlled metastable
He atoms (23S1, m𝐽 = 1, 0 or -1) are an ideal source for studying cold
and controlled reactive collisions and I will outline possible experiments
using this setup.

Reference: 1. Guan et al., Phys. Rev. Appl. 11, 054073 (2019).

MO 13.2 Wed 14:15 f102
The diatomic molecular spectroscopy database for laser cool-
ing and trapping — ∙Xiangyue Liu, Stefan Truppe, Gerard
Meijer, and Jesus Perez-Rios — Fritz-Haber-Institut der Max-
Planck-Gesellschaft, Berlin, Germany

Convenient access to the spectroscopic constants of molecules is es-
sential for the screening of potential candidates for laser cooling and
trapping techniques. To this end, we present a user-friendly database-
driven website that provides the ground and excited states spec-
troscopy constants of polar diatomic molecules, implemented with
Linux, Apache, MySQL, and PHP (LAMP) on the back end. The
Franck-Condon factors, which directly determine the transition prob-
abilities between two vibrational states, are directly calculated from
the spectroscopic constants. In this website, the user can either search
for the spectroscopic constants from the web page user interface or
access freely to the data from the application programming interface
(API). In the API, the data is given in in lightweight data-interchange
formats, including JSON and CSV. The user, after registration, is also
allowed to contribute to the database. We believe that this database
may advance the research in molecular spectroscopy and, ultimately,
in ultracold molecules.

MO 13.3 Wed 14:30 f102
Suppression of Penning ionization by orbital angular momen-
tum conservation — ∙Tobias Sixt, Jiwen Guan, Jonas Grze-
siak, Markus Debatin, Frank Stienkemeier, and Katrin Dulitz
— Institute of Physics, University of Freiburg, Hermann-Herder-Str.
3, 79104 Freiburg im Breisgau, Germany
The efficient suppression of Penning-ionizing collisions is a stringent
requirement to achieve quantum degeneracy in metastable rare gases.
In our experiment, we study quantum-state-controlled Penning colli-
sions between laser-cooled lithium atoms (Li) and metastable helium
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atoms (He*) to investigate new ways of controlling the outcome of
Penning-ionizing collisions.

In this contribution, we report on the efficient suppression of He*-Li
Penning ionization by laser excitation of the Li atoms. The results
illustrate that not only the electron spin, but also Λ - the projection of
the total molecular orbital angular momentum along the internuclear
axis - is conserved during the ionization process. Our findings suggest
that Λ conservation can be used as a more general means of reaction
control, for example, to improve schemes for the simultaneous laser
cooling and trapping of He* and alkali atoms.

MO 13.4 Wed 14:45 f102
Line shape investigation of the electronic origin of ph-
thalocyanines, porphyrins and their clusters with H2O I:
Helium nanodroplet studies — ∙Johannes Fischer, Florian
Schlaghaufer, and Alkwin Slenczka — Institut für Physikalische
und Theoretische Chemie, Universität Regensburg, 93053 Regensburg,
Germany
Despite vanishing viscosity the spectral shape of the zero phonon line
at the electronic origin of molecules embedded into superfluid helium
nanodroplets does not reveal the band system of a free rotor. Ac-
cording to previous investigations, helium induced inhomogeneous line
broadening dominates the experimentally observed optical line shape.
To decipher pure molecular and helium induced contributions the line
shapes of various organic compounds and their clusters with H2O were
recorded by means of electronic spectroscopy as well as electronic
Stark spectroscopy. In order to learn about the dopant species its
spectroscopic response must be separated from the helium induced
spectral features. We present electronic spectra and Stark-spectra
of phthalocyanine-H2O clusters, dipolar chloroaluminiumphthalocya-
nine, and of chloroaluminiumphthalocyanine-H2O clusters. Thereby
we observe field induced optical anisotropy and spectral changes of the

line shape. A final analysis requires in addition high-level ab initio
calculations for the corresponding isolated species [1]. Moreover, the
helium droplet work is accompanied by corresponding investigations in
the gas phase, which are subject of a follow up talk (F. Schlaghaufer).

[1] J. Fischer et al., J. Phys. Chem., 123, 10057, (2019).

MO 13.5 Wed 15:00 f102
Line shape investigation of the electronic origin of phthalo-
cyanines, porphyrins and their clusters with H2O II: gas
phase studies — ∙Florian Schlaghaufer, Johannes Fischer,
and Alkwin Slenczka — Institut für Physikalische und Theoretis-
che Chemie, Universität Regensburg, 93053 Regensburg, Germany
The spectral shape of the zero-phonon-line in the electronic and Stark
spectra of organic molecules such as phthalocyanines [1] and porphine
[2] and their clusters with small molecules (e.g. H2O) recorded in
superfluid helium nanodroplets is determined by pure molecular con-
tributions and the influence of the helium environment. As discussed
in an accompanying talk (J. Fischer), the analysis of such line shapes
is not straightforward. Therefore, corresponding gas phase studies are
essential for dissecting helium induced spectral features from molecular
rotor fingerprints. The observed rotational band shapes of jet cooled
molecules and associated simulations give insight into the structure and
polarity of the molecular systems for both the ground and the electron-
ically excited state. By means of a rule of thumb for transition from
gas phase to helium droplet conditions we compare these simulations
with experimental spectra measured in helium droplets. Mismatches
reveal the influence of helium induced contributions to the line shapes.
Ultimately, this project heads for a better understanding of microsol-
vation and the dynamics of electronic excitation of molecules inside
superfluid helium nanodroplets.

[1] J. Chem. Phys. 2018, 148, 144301.
[2] J. Chem. Phys. 2018, 149, 244306.

MO 14: Vibrational and Rotational Spectroscopy

Time: Wednesday 14:00–16:30 Location: f142

Invited Talk MO 14.1 Wed 14:00 f142
Elucidating transition metal clusters and complexes in
cryo isolation — ∙Gereon Niedner-Schatteburg — Fachbereich
Chemie and State Research Center OPTIMAS, TU Kaiserslautern,
Germany
We utilize cryogenic ion trapping to record adsorption and activation
kinetics, normal vibrations and magnetic moments of isolated transi-
tion metal (TM) clusters and their coordination complexes when held
isolated void of environmental interferences. The characterization of
such intrinsic properties in combination allows for far fetching conclu-
sions on e.g. the morphologies and adsorbate induced reorganization of
TM clusters, and the magnetostructural correlations within oligomeric
TM complexes. We refer to published [1-7] as well as to most recent
yet unpublished results [8-9].

[1] S. Dillinger, J. Mohrbach, J. Hewer, M. Gaffga, GNS, PCCP 17,
10358 (2015). [2] J. Mohrbach, S. Dillinger, GNS, J. Phys. Chem.
C 121, 10907 (2017). [3] J. Mohrbach, S. Dillinger, GNS, J. Chem.
Phys. 147, 184304 (2017). [4] S. Dillinger, J. Mohrbach, GNS, J.
Chem. Phys. 147, 184305 (2017). [5] S. Dillinger, M. P. Klein, A.
Steiner, D. C. McDonald, M. A. Duncan, M. M. Kappes, GNS, J. Phys.
Chem. Lett. 9, 914 (2018). [6] M. P. Klein, A. Ehrhard, S. Dillinger,
J. Mohrbach, GNS, Topics in Catalysis 61, 106 (2018). [7] J. Lang,
J. M. Hewer, M. Klein, C. van Wüllen GNS, PCCP 20, 16673-16685
(2018). [8] D. V. Fries, M. P. Klein, A. Steiner, H. Schwarz, GNS,
work in progress [9] A. Steiner, M. P. Klein, C. Wiehn, M. Prosenc, P.
Armentrout, GNS, work in progress

Invited Talk MO 14.2 Wed 14:30 f142
Rotational Studies of (chiral) Molecules/Complexes in Jets
(& Flames) — ∙Jens-Uwe Grabow — Leibniz Universität, Han-
nover, Germany
Rotational spectroscopy is the most precise and unambiguous method
to detect and characterize molecular species important in environmen-
tal and astro-chemistry.

The dual excitation-emission propagation in-phase/quadrature-
phase modulation passage-acquired coherence technique (DEEP-
IMPACT) Fourier-transform microwave (FTMW) spectrometer deliv-

ers broadband spectra at a resolution similar to the resolving power
of the narrowband but more sensitive excitation pulse-induced coher-
ence coaxial orientation beamresonator arrangement (EPIC-COBRA)
FTMW spectroscopy.

Nevertheless, the single-horn feed used in the dual off-axis parabolic
reflector arrangement limits the applicable excitation power and there-
fore is severely reducing the polarization efficiency. Rotating of the
field vector direction of the linearly polarized microwave radiation al-
lows for a dual-feed horn. This novel setup prevails the high spectral
resolution but increases the sensitivity dramatically while allowing the
very high-power needed for less polar species. In this contribution
we present the apparatus in detail as well as experimental results ob-
tained with the EPIC-COBRA FT-MW spectrometer that also adopts
instrumental aspects of the DEEP-IMPACT FTMW technique. Fur-
thermore, we will try to elucidate the nature of double-quantum co-
herence and some of its recent applications towards chiral molecules
as well as jet-sources to observe more reactive intermediates produced
in combustion reactions.

MO 14.3 Wed 15:00 f142
IR Photodissociation spectra of SixH4x-4+ (x=4-8): Evidence
for Si-H-Si proton bridges — ∙Martin Andreas Robert George
and Otto Dopfer — Institut für Optik und Atomare Physik, Tech-
nische Universität Berlin, Germany
Silicon hydride clusters (SixHy

+) play a significant role in plasma
chemistry and astrochemistry. Despite this importance their struc-
tural and energetic properties are largely unexplored. Building upon
our previous investigations of Si2H6

+ [1], Si2H7
+ [2], Si3H8

+ [3], we
present infrared photodissociation (IRPD) spectra of previously un-
known SixHy

+ ions of the form SixH4x-4
+ with x=4-8 (Si4H12

+-
Si8H24

+) [4]. Our spectral analysis, supported by dispersion-corrected
density functional calculations, reveals that all SixH4x-4

+ ions have
at least one Si-H-Si bridge. The characteristic fingerprint of these
three-center two-electron (3c-2e) bonds is the strongly IR active anti-
symmetric stretch fundamental of the Si-H-Si bridge. The frequency
of this vibration depends strongly on the structural and energetic de-
tails of the Si-H-Si bridge. Our investigations reveal the correlations
between the properties of the various Si-H-Si bridges (bond distances,
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bond angles, binding energies, stretch frequencies). The bond strength
varies from strong symmetric 3c-2e chemical bonds to weak hydrogen
or van der Waals bonds. [1] M. Savoca et al. (2013), Phys. Chem.
Chem. Phys., 15, 2774 [2] M. Savoca et al., Angew. Chem. Int. Ed.
(2013), 52, 1568 [3] M.A.R. George et al., Chem. Eur. J. (2013),
19, 15315-15328 [4] M.A.R. George, O. Dopfer (2019), Int. J. Mass
Spectrom. (2019), 435, 51

MO 14.4 Wed 15:15 f142
Contact Ion Pairs of Phosphate Groups in Water — ∙Jakob
Schauss, Achintya Kundu, Benjamin P. Fingerhut, and Thomas
Elsaesser — Max-Born-Institut, Berlin, Deutschland
Negatively charged phosphate groups in the RNA backbone are key
to the formation of an ordered solvation shell around the molecule.
Interactions of these phosphate groups with alkali and alkaline earth
ions in the surrounding solvent strongly impact RNA structure and
folding dynamics. Dynamics of ionic arrangements as well as molecu-
lar coupling mechanisms of these interactions still escape our current
understanding.

In our investigations we employ 2D infrared spectroscopy and micro-
scopic density functional theory simulations on phosphate vibrations.
Using the model system dimethyl phosphate in water with an added
excess of Mg2+, Ca2+, and Na+ ions we were able to observe and
analyze the formation of contact ion pairs. [1]

[1] Schauss et al., J. Phys. Chem. Lett., 10, 6281-6286 (2019)

MO 14.5 Wed 15:30 f142
Dynamics of polar polarizable rotors acted upon by unipo-
lar electromagnetic pulses — ∙Mallikarjun Karra1, Marjan
Mirahmadi2, Burkhard Schmidt2, and Bretislav Friedrich1 —
1Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin, Germany
— 2Institut für Mathematik, Freie Universität Berlin, Berlin, Ger-
many
We study, analytically as well as numerically, the dynamics that arises
from the interaction of a polar polarizable rigid rotor with single unipo-
lar electromagnetic pulses of varying length with respect to the rota-
tional period of the rotor. In the sudden, non-adiabatic limit, we derive
analytic expressions for the rotor’s wavefunctions, kinetic energies, and
field-free evolution of orientation and alignment. The corresponding
time-dependent Schrödinger equation is solved numerically in the finite
pulse-width regime, extending all the way to the adiabatic limit where
general analytic solutions beyond the field-free case are no longer avail-
able. The effects of the orienting and aligning interactions as well as of
their combination on the post-pulse populations of the rotational states
are visualized as functions of the orienting and aligning kick strengths
in terms of population quilts, while the evolution of the wavepacket
itself is visualized in terms of space-time probability densities. In the
intermediate temporal regime, we find that the wavepackets as func-
tions of the orienting and aligning kick strengths show resonances that
correspond to diminished kinetic energies at particular values of the
pulse duration. Based on this surprising finding, we propose a scheme
for the rotational cooling of molecules via iterative ‘braking’.

MO 14.6 Wed 15:45 f142
Wide range, high resolution M-IR spectroscopy of C2H2
— ∙Ulrich Eismann1, David B. Foote2, Matt Cich2, Walter
Hurlbut2, Daniel J. Christensen3, Felix Rohde1, and Chris
Haimberger2 — 1TOPTICA Photonics AG, Lochhamer Schlag 19,
D-82166 Graefelfing, Germany — 2TOPTICA Photonics, Inc., 5847
County Rd. 41, Farmington, NY 14425, USA — 3now with Lumencor
Inc., 14940 NW Greenbrier Parkway, Beaverton, OR 97006 USA
Continuous-wave optical parametric oscillators are a flexible tool for

high-resolution spectroscopy, potentially covering from the D-UV to
the M-IR range, with tunable narrow-linewidth output powers exceed-
ing 10 W and versatile frequency referencing.

Here, we demonstrate more than 50 nm of automatic, effectively-
mode-hop-free idler tuning of our commercial source DLC TOPO by
using stand-off digital control. We achieve an absolute accuracy in the
low 10−3 cm−1 range (≈ 100MHz) at a scan speed of 2 cm−1/min. We
present continuous spectroscopy on C2H2 and CH4 near 3𝜇m . The
M-IR frequency referencing is established by monitoring the pump and
signal wavelengths in the N-IR using a wavelength meter, and our data
suggests an improvement of the HITRAN database.

Our scheme can be extended to fully automatic operation within the
entire 2.2 – 4.0𝜇m idler emission range. For demonstration, we obtain
similar performance at the minimum and maximum idler wavelengths.
Using a frequency frequency comb as a reference, ultimate accuracies
can be achieved, and we demonstrate measurements of the DLC TOPO
locked to a commercial comb system DFC CORE.

MO 14.7 Wed 16:00 f142
IR/UV Ion Dip Spectroscopy of the 2-Methyl-Allyl-Radical
and its High Temperature Bimolecular Reaction Products —
∙Tobias Preitschopf1, Florian Hirsch1, Alexander Lemmens2,
Anouk M. Rijs2, and Ingo Fischer1 — 1Institut für Physikalische
und Theoretische Chemie, Universität Würzburg, Am Hubland, 97074
Würzburg, Germany — 2FELIX Laboratory, Faculty of Science, Rad-
boud University, Toernooiveld 7, 6525 ED Nijmegen, The Netherlands
As recent studies suggest, small hydrocarbon radicals such as the 2-
methyl-allyl radical (2-MAR) are considered as highly reactive inter-
mediates in combustion processes [1]. Studies of these isolated radicals
are scarce but bear important information on their reactions for kinetic
modelling of combustion processes.

In this work we investigate the gas phase IR-spectra of the 2-MAR
and its high temperature bimolecular reaction products in a free jet
using IR/UV Ion-Dip-Spectroscopy. This double resonance spectro-
scopic method combines the structural sensitivity of mid-infrared spec-
troscopy with mass information from UV photoionization. The 2-MAR
is generated by flash pyrolysis from the corresponding bromide precur-
sor. Additionally, the pyrolysis-tube serves as a flow reactor to foster
bimolecular reactions. While a dye-laser ionizes the various products
in a one-color two-photon process, the mid-IR-radiation is provided
by the free electron laser FELIX, Nijmegen/NL. This intense IR light
source can be scanned over the fingerprint region for unambiguous
identification of the dilute reaction products.

[1] V. D. Knyazev et al., J. Phys. Chem. A. 1998, 102, 8932-8940

MO 14.8 Wed 16:15 f142
Millimeter Wave Spectrum of Styrene Oxide C8H8O —
∙Pascal Stahl1, Arenas Benjamin2, Sergio Domingos2, Guido
W. Fuchs1, Melanie Schnell2, and Thomas Giesen1 — 1Institute
of Physics, University Kassel, Heinrich-Plett Str. 40, 34132 Kas-
sel, Germany — 2Spectroscopy of Molecular Processes, DESY,
Notkestraße 85, 22607 Hamburg, Germany
We investigated the astrochemically-relevant, chiral molecule styrene
oxide C8H8O and analysed the rotational spectrum of its ground state.
Chirped-pulse Fourier-transform microwave and millimeter-wave spec-
troscopy and frequency modulation absorption spectroscopy was ap-
plied to record spectra in the region of 2 GHz to 330 GHz. Spectral
analysis produced a set of precise rotational constants and centrifugal
distortion constants up to the sextic order. Our accurate predictions
of styrene oxide into the (sub-)millimetre range are necessary for ra-
dio astronomy searches. In addition, we assigned the spectra of all
singly-substituted 13C and the 18O isotopologues, which allowed us to
investigate the gas-phase structure of the molecule.

MO 15: MO Poster 3

Time: Wednesday 17:00–19:00 Location: Empore Lichthof

MO 15.1 Wed 17:00 Empore Lichthof
Photochemical formation and photophysical properties of
photocatalyst radicals — ∙Sebastian Bergwinkl and Bernhard
Dick — Institut für Physikalische und Theoretische Chemie, Univer-
sität Regensburg, Germany
Recently, organic radicals have been proposed as photocatalysts. Al-

though such radicals are sensitive to oxygen, their electronic excitation
leads to potentially strong reducing species that may be used in pho-
toredox catalysis. When these radicals are themselves produced by a
photochemical reaction, the catalytic process uses the energy of two
photons [1]. Results of time-resolved spectroscopic measurements will
be presented that follow the kinetics of the photochemical formation
of the rhodamine radical.
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Transient absorption spectra obtained with a streak camera show
that a single photon absorbed by a rhodamine molecule produces two
radicals of this species. One is formed by direct photoinduced electron
transfer, the second by a dark reaction on a microsecond time scale,
allowing for a theoretical upper limit of the quantum yield of 2. The
rhodamine radical is stable for many minutes, but decomposes quickly
upon excitation with a second photon.

[1] I. Gosh, T. Gosh, J. I. Bardagi, B. König, Science 2014, 346,
725–728.

MO 15.2 Wed 17:00 Empore Lichthof
Monitoring the photochemistry of a formazan over 12 orders
of magnitude in time — ∙Svenja Wortmann, Roger Jan Kutta,
and Patrick Nuernberger — Institut für Physikalische und Theo-
retische Chemie, Universität Regensburg, 93040 Regensburg, Germany
Photoreaction of 2,3,5-triphenyltetrazolium chloride (TTC) in water
yields 1,3,5-triphenyltetrazolium formazan (TPF) [1,2], used in TTC
assays to indicate cellular respiration or cell growth [3]. From previous
studies of formazan analogues only stationary spectra were reported.
Exciting at 530 nm, the stable TPF conformer [4] performs an E-Z iso-
merization to a TPF-stereoisomer, observable by a hypsochromic shift
[5]. At least 10 more isomers exist. So far, two conflicting mechanisms
are suggested for the light-induced processes in TPF [6].

We studied the photochemistry of TPF in dependence on tempera-
ture, excitation wavelength, and solvent environment by time-resolved
spectroscopy over 12 orders of magnitude in time. Additionally, ver-
tical excitation energies for each potential TPF conformer were deter-
mined by time-dependent density functional theory for assignment of
all observed intermediates. Thus, it is shown that the phototriggered
dynamics have both ultrafast and very slow contributions with several
isomers being accessed along the reaction path.

[1] T. Bolze et al., ChemPhysChem, 2018, 19, 138. [2] J. Hausser
et al., Chem. Ber., 1949, 82, 195. [3] J. N. Eloff, Planta Medica,
1998, 64, 711. [4] F. Kanal et al., ChemPhysChem, 2015, 16, 3143.
[5] L. S. Atabekyan et al., High Energy Chem, 2011, 45, 52. [6] C.
Veas-Arancibia, Diss., Louisiana State University, 1986

MO 15.3 Wed 17:00 Empore Lichthof
Temperature and time dependent spectroscopy of tetranu-
clear d10-complexes with thermochromic emission —
∙Patrick Di Martino-Fumo1, Pit Boden1, Jasmin Busch2, Ste-
fan Bräse2, Wim Klopper3, and Markus Gerhards1 — 1Physical
Chemistry, TU Kaiserslautern and State Research Center OPTIMAS,
Germany — 2Organic Chemistry, KIT, Germany — 3Physical and
Theoretical Chemistry, KIT, Germany
In this contribution a multispectroscopic approach is presented. The
combination of spectroscopy with temperature controlled conditions
allow the investigation of electronically excited states with repect to
structure, energy and lifetimes. The influence of temperature is in-
vestigated by a stepwise cooling of the solid samples down to 20 K.
The presented molecular systems consist of a series of OLED relevant
tetranuclear Cu(I)-complexes in which four Cu(I) centers are bridged
by four halides (X- = I-, Br-, Cl-) and two N,P-units. The main fo-
cus is put here on a system with a Cu4I4 core and two 6-MePyrPhos
ligands, showing an unusual dual emission from two structurally differ-
ent excited states. The structural changes in the electronically excited
states are discussed on the basis of quantum chemical calculations.
The emission color is switchable from orange-red to blue by cooling
down the sample to 20 K.

MO 15.4 Wed 17:00 Empore Lichthof
Universal Pure Aromatic Hydrocarbon Hosts for High-
Efficiency Phosphorescent Organic Light-Emitting Diodes —
∙Qiang Wang2,3, Fabien Lucas1, Cassandre Quinton1, Liang-
Sheng Liao2, Zuo-Quan Jiang2, and Cyril Poriel1 — 1Univ
Rennes, CNRS, ISCR- UMR 6226 35000 Rennes, France — 2Institute
of Functional Nano & Soft Materials (FUNSOM), Jiangsu Key Lab-
oratory for Carbon-Based Functional Materials & Devices, Soochow
University, Suzhou, Jiangsu 215123, China. — 3Institut für Physik
& IRIS Adlershof Humboldt-Universität zu Berlin 12489 Berlin, Ger-
many
In the field of phosphorescent organic light-emitting diodes
(PhOLEDs), heteroatoms are prescriptively used to design host mate-
rials with controlled optoelectronic properties. To date, all the very
high efficiency universal hosts reported incorporate heteroatoms. How-
ever, one of the inherent issues of heteroatom-based hosts is the frag-
ile heteroatom bonds, which causes instability in device performance.

Here, we show that pure aromatic hydrocarbons hosts designed with
the spirobifluorene scaffold are highly efficient and versatile hosts for
PhOLEDs. With external quantum efficiencies of 27.1%, 26.0% and
27.3% for red, green and blue PhOLEDs respectively, this work not
only reports the first example of high efficiency pure hydrocarbon host
in RGB PhOLEDs but also among the highest performance reported
universal host. The overall performance demonstrates that pure aro-
matic hydrocarbons can provide new perspectives in the design of func-
tional materials for PhOLEDs.

MO 15.5 Wed 17:00 Empore Lichthof
pH-Dependence of Retinal Isomerization in Anabaena Sen-
sory Rhodopsin — ∙Oskar Kefer1, Rei Abe-Yoshizumi2,
Hideki Kandori2, and Tiago Buckup1 — 1Physikalisch-Chemisches
Institut, Ruprecht-Karls Universitat Heidelberg, Germany —
2OptoBioTechnology Research Center, Nagoya Institute of Technol-
ogy, Japan
Anabaena sensory rhodopsin (ASR) is an unique microbial retinal pro-
tein. In dark adaption the protein contains mostly AT- (all-trans,15-
anti) retinal and in photo-equilibrium (light adaptation) a combina-
tion of 13C- (13-cis,15-syn) or AT-isomers are present. This enables
the investigation of the ultrafast isomerization of these two isomeric
chromophores in the same protein environment. pH-Titration experi-
ments in acidic solution have shown two major pKa values (with 4.0
and 6.5) for protonation of residual amino acids, which are involved
in the retinal to protein hydrogen-bonding network and influence the
steady-state absorption. We use ultrafast transient absorption spec-
troscopy to investigate the photo-reaction of ASR until the formation
of photoproduct ”K” under dark and light adaptation. The investi-
gated pH values are chosen to give insight into the effect of the proto-
nation of these amino acids on the isomerization. Our findings indicate
a (i) significant acceleration of initial dynamics for AT only for pH 3
and deceleration of ”K”-Formation at more acidic solutions and (ii) a
monotonic acceleration of the isomerization dynamics of 13C-isomer
with increasing pH.

MO 15.6 Wed 17:00 Empore Lichthof
Optical and excitonic properties of molecular aggregates
on dielectric surfaces — ∙Fulu Zheng, Sidhartha Nayak, and
Alexander Eisfeld — Max-Planck-Institut für Physik komplexer
Systeme, Nöthnitzer Strasse 38, D-01187 Dresden, Germany
Aggregates of fluorescent dye molecules on dielectric surfaces are of
great interest for various technological applications. Due to strong
interactions between the molecular transition dipoles, the excitonic
eigenstates are coherently delocalized over many molecules [1]. These
eigenstates and the corresponding optical transitions are determined
by the molecular arrangement. We discuss the dependence of dark and
bright states on the molecular arrangement and the spatial shape of
the electromagnetic radiation used to probe the aggregate [2]. Strongly
inhomogeneous fields can be generated via radiation from the apex of
a metallic tip, which allows also scanning across the aggregate. Re-
sulting spatially resolved spectra provide extensive information on the
eigenenergies and wave functions [2, 3]. We also found that these de-
localized eigenfunctions can be directly reconstructed from spatially
resolved near field spectra using convolutional neural networks [3].

[1] A. Eisfeld, C. Marquardt, A. Paulheim, and M. Sokolowski, Phys.
Rev. Lett. 119, 097402 (2017). [2] X. Gao and A. Eisfeld, J. Phys.
Chem. Lett. 9, 6003 (2018). [3] F. Zheng, X. Gao and A. Eisfeld,
Phys. Rev. Lett. 123, 163202 (2019).

MO 15.7 Wed 17:00 Empore Lichthof
Ion-molecule reaction dynamics of atomic oxygen anions with
methane — ∙Atilay Ayasli, Björn Bastian, Tim Michaelsen,
Jennifer Meyer, and Roland Wester — Institut für Ionenphysik
und Angewandte Physik, Technikerstraße 25/3, 6020 Innsbruck, Aus-
tria
We study ion-molecule reactions using a crossed-beam setup with kine-
matically complete velocity map imaging (VMI) [1]. Currently, we aim
to investigate reactive scattering of methane with atomic oxygen an-
ions. The major product channel of the O− + CH4 reaction forms
OH− via hydrogen abstraction in an exothermic reaction [4]. Energy
dependent experiments ranging from 0.34 eV to 0.63 eV collision energy
by Carpenter and Farrar [2] revealed two atomistic mechanisms. The
major pathway leads to forward scattering at higher collision energies
and a significant backward contribution at the lowest collision energy.
Recent theoretical studies suggest a minor reaction pathway forming
OCH−

3 through an endothermic nucleophilic substitution (SN2) pro-
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cess at high collision energies [3]. The second pathway has not been
previously observed in experiments, as a high entry barrier of 2.54 eV
requires higher collision energies. Here, we report on our progress to-
wards O− + CH4 scattering at higher collision energies to investigate
the proposed new reaction pathway.

[1] Wester, Phys. Chem. Chem. Phys. 16, 396 (2014) [2] Car-
penter and Farrar, J. Chem. Phys. 106, 5951 (1997) [3] Wang et al.,
Molecules, 23(10), 2495 (2018) [4] Viggiano et al., J. Chem. Phys. 106,
8455 (1997)

MO 15.8 Wed 17:00 Empore Lichthof
Microsolvation and rotation of *large* molecular impu-
rities inside helium nanodroplets upon electronic excita-
tion — ∙Mallikarjun Karra1, Alexander A. Auer2, Mikhail
Lemeshko3, Giacomo Bighin3, Igor Cherepanov3, Giovanni
Bistoni2, Johannes Fischer4, Stefan Fuchs4, Eva-Maria
Lottner4, Alkwin Slenczka4, and Bretislav Friedrich4 —
1Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin, Germany
— 2Max-Planck-Institut für Kohlenforschung, Mülheim, Germany —
3Institute of Science and Technology Austria, Klosterneuburg, Ger-
many — 4Universität Regensburg, Regensburg, Germany
High-resolution electronic spectroscopy (Stark or field-free) of large
organic molecules and molecular complexes doped into superfluid he-
lium nanodroplets poses many intriguing questions at the interface of
physics and chemistry – especially with regard to solvation and rota-
tion. In our recent work, we have noted the apparent absence of the
predicted free rotation of phthalocyanine and porphine in He droplets
upon electronic excitation. Extending the study to clusters formed
and probed in helium droplets, we also present our surprising finding
of a lack of additional helium-stabilized phthalocyanine-water cluster
configurations as compared to the gas-phase. We further investigate
the absence of a rotational sub-structure in the electronic spectra of
dopants larger than glyoxal via a multi-pronged approach that involves
the study of the dopant-He PESs before and after electronic excita-
tion, and the invoking of the theory of the angulon quasiparticle in the
strong coupling regime.

MO 15.9 Wed 17:00 Empore Lichthof
Quantum chemical studies on chromone/alcohol aggregates -
a carbonyl balance for dispersion interactions — ∙Patrick H.
Strebert and Markus Gerhards — Physical Chemistry, TU Kaiser-
slautern and State Research Center OPTIMAS, Erwin-Schrödiger-
Straße 52, 67663 Kaiserslautern
Dispersion forces have often been underestimated in the description of
intra- and intermolecular interactions. It is one goal to probe disper-
sion interactions in dimers with two or more possible binding motifs
systematically. In this work, chromone was investigated by quantum
chemical methods to examine the binding preference of different ag-
gregating alcohols to the two free electron pairs of the carbonyl group.
The balance between dispersion and electrostatic forces can be the de-
ciding factor for the preference of a certain pocket and is difficult to
model with current methods. Furthermore, this system is designed
to probe weak C-H interactions which further influence the energetic
order. Results from different dispersion corrected density functional
theory approaches were compared to higher level theory leading to
interesting trends.

MO 15.10 Wed 17:00 Empore Lichthof
Investigating the vibronic structure of photosynthetic pig-
ments using screened range-separated hybrid functionals —
∙Alexander Schubert1,2,3, Yin Song2, Aksu Huseyin3, Jennifer
P. Ogilvie2, Eitan Geva2, and Barry D. Dunietz3 — 1Friedrich-
Schiller Universität Jena, Germany — 2University of Michigan, Ann
Arbor, USA — 3Kent State University, USA
Bacteriochlorophyll a (Bchl a) and chlorophyll a (Chl a) play an im-
portant role in the initial charge-separation steps in photosynthetic
reaction centers. We investigate the interplay of electronic and vibra-
tional states within the Q-band by means of time-dependent density
functional theory (TDDFT) employing a recently developed framework
based on a screened range-separated hybrid functional within a polar-
izable continuum model (SRSH-PCM). Our simulations support the
interpretation of polarized two-dimensional electronic spectroscopic
measurements. We find that in Bchl a, the Qx and Qy transitions
lead to two independent bands with a relative transition dipole angle
of 76∘, whereas in Chl a, three distinct peaks of different polarizations
are obtained which are traced back to a spectral overlap between two
electronic transitions and their vibrational replicas[1]. Furthermore,

employing the SRSH-PCM scheme to the pseudo-symmetric pigments
pairs in bacterial reaction centers reveals that spectral asymmetries
may result from locally different effective dielectric environments[2].

[1] Chem.Sci., 10, p.8143 (2019); [2] J.Phys.Chem.B., 123(42),
p.8970 (2019).

MO 15.11 Wed 17:00 Empore Lichthof
Linearized survival probability for revivals in a Morse oscilla-
tor — ∙Sreeja Loho Choudhury and Frank Grossmann — Insti-
tut für Theoretische Physik, Technische Universität Dresden, D-01062
Dresden, Germany
We extend the Husimi (coherent state) based version of linearized semi-
classical theories [1] for the calculation of correlation functions to the
case of survival probabilities. This is a case that could be dealt with
before only by use of the Wigner version of linearized semiclassical
theory [2, 3]. Numerical comparisons of the Husimi and the Wigner
case with full quantum results as well as with full semiclassical ones
will be given for the revival dynamics in a Morse oscillator with and
without coupling to an additional harmonic degree of freedom.

[1] S. V. Antipov, Z. Ye, and N. Ananth, J. Chem. Phys. 142,
184102 (2015)

[2] J. Cao and G. A. Voth, J. Chem. Phys. 104, 273 (1996)
[3] E. J. Heller, J. Chem. Phys. 65, 1289 (1976)

MO 15.12 Wed 17:00 Empore Lichthof
A modified approach for simulating nonadiabatic dynam-
ics via the generalized quantum master equation — Ellen
Mulvihill1, ∙Alexander Schubert1,2,3, Xiang Sun4, Xing Gao1,
Yudan Liu1, Barry D. Dunietz3, and Eitan Geva1 — 1University
of Michigan, Ann Arbor, USA — 2Friedrich-Schiller Universität Jena,
Germany — 3Kent State University, USA — 4New York University
Shanghai, China
An approach for simulating nonadiabatic dynamics based on the
Nakajima-Zwanzig generalized quantum master equation (GQME) is
presented. Unlike the most common GQME-based approaches, the
modified approach (M-GQME) does not require casting the overall
Hamiltonian in a system-bath form, which is neither natural nor con-
venient in the case of the molecular Hamiltonian that governs the nona-
diabatic dynamics. Within the M-GQME framework, the effect of the
degrees of freedom of the environment on the time evolution of the
reduced density operator is fully captured by a memory kernel super-
operator. Two numerical implementations are presented, where the
memory kernel is calculated either employing the Ehrenfest mean-field
method [1] or via a combination of the mapping Hamiltonian (MH)
approach and the linearized semi-classical (LSC) approximation [2].
Both approaches are demonstrated on a benchmark spin-boson model
and shown to lead to significantly more accurate results than a direct
application of the Ehrenfest method while being computationally more
robust than other GQME-based approaches. [1] J.Chem.Phys.150,
p.034101 (2019). [2] J.Chem.Phys.151, p.074103 (2019).

MO 15.13 Wed 17:00 Empore Lichthof
A compact UV/VUV spectrometer with fixed VLS gratings
for overview luminescence measurements — ∙Nils Kiefer,
Andreas Hans, Arno Ehresmann, and André Knie — 1Insti-
tut für Physik und Center for Interdisciplinary Nanostructure Science
and Technology (CINSaT), Universität Kassel,Heinrich-Plett-Straße
40, 34132 Kassel, Germany
We present a design study for the energy resolved photon detection in
the UV and XUV energy regime. A grating with Variable Line Spacing
(VLS) allows for dispersion of a wide spectral range onto flat detector
surfaces. With two VLS gratings on one substrate, spectra from 30nm
to 120nm and 120nm to 300nm can be imaged simultaneously, but
spatially separated. In order to achieve single photon detection, two
position and time resolving MCP-based detectors will be used. Exem-
plary showcase-applications at FAIR (Facility of Antiproton and Ion
Research) and synchrotron radiation facilities will be outlined. With
this compact spectrometer with high efficiency and high resolution
from 30nm to 300nm, it will be possible to collect time efficiently wide
range luminescence spectra in experiments for the characterization of
the highly charged ion beams or synchrotron radiation served AMO
experiments.

MO 15.14 Wed 17:00 Empore Lichthof
Chirped-Pulse Microwave Spectroscopy of Complex
Molecules — ∙Bettina Heyne1, Marius Hermanns1, Nadine
Wehres1, Christian Endres2, and Stephan Schlemmer1 — 1First
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Physics Institute, University of Cologne, Germany — 2Max Planck
Institute for Extraterrestrial Physics, Garching, Germany
The Cologne chirped-pulse microwave spectrometer for molecules rele-
vant for astrophysics is operational between 12 and 26.5 GHz and has
been described before [1]. Here, the basic principle and the experi-
mental setup will be presented [2]. First, noise measurements taken
with the hot-cold method will be discussed. Furthermore, the sensi-
tivity was determined by using a spectrum of OCS and its different
isotopologs. Moreover, a closer examination of OCS at different tem-
peratures will be shown and an intensity calibration will be performed.
In addition, a spectrum of 2-cyanobutane recorded with a heatable
nozzle will be presented.

References: [1] M. Hermanns, N. Wehres, F. Lewen, H.S.P. Müller,
S. Schlemmer, Journal of Molecular Spectroscopy, 358, 25-36 (2019)

[2] B. Heyne, Master Thesis ’Chirped-Pulse Fourier Transform Spec-
troscopy of Complex Molecules’ (2019)

MO 15.15 Wed 17:00 Empore Lichthof
Emission spectroscopy using heterodyne receivers — ∙Nadine
Wehres, Bettina Heyne, Marius Hermanns, Jakob Maßen,
Kirill Borisov, Katharina von Schoeler, Patrick Pütz, Cor-
nelia Noningh, Urs Graf, Frank Lewen, and Stephan Schlem-
mer — I. Physics Institute, University of Cologne, Cologne, Germany
Two laboratory emission spectrometers between 70-110 GHz (coinci-
dent with ALMA Band 3) and 300-400 GHz (coincident with ALMA
Band 7) have been described before [1,2] and will be discussed here with
special focus on its stability and sensitivity, as well as its prospects on
absolute intensity calibration [3]. Following-up on these recent ad-
vances towards heterodyne detection, we present preliminary results
using the SOFIA (Stratospheric Observatory for IR Astronomy) up-
GREAT laboratory setup, operational around 2 THz, for the spec-
troscopy of complex molecules. First spectra focus on pure rotational
transitions of vinyl cyanide (C2H3CN). These spectra are used to es-
timate intensities of ro-vibrational transitions coming from low-lying
vibrational bands of polycyclic aromatic hydrocarbons (PAHs). The
results are used as feasibility study to exploit future research directions
for the spectroscopy of the fingerprint-like ro-vibrational transitions of
PAHs at around 2 THz.

References:
[1] N. Wehres, et al. IAUS 332 (2018)
[2] N. Wehres, et al. PCCP 20, 5530 (2018)
[3] N. Wehres, et al. IAUS 350 (2019, accepted)

MO 15.16 Wed 17:00 Empore Lichthof
Novel sample delivery system for small nanoparticles and
biomolecules — ∙Lena Worbs1,2, Jannik Lübke1,2,3, Armando
Estillore1, Amit K. Samanta1, and Jochen Küpper1,2,3 —

1Center for Free-Electron Laser Science, Deutsches Elektronen-
Synchrotron DESY, Hamburg — 2Fachbereich Physik, Universität
Hamburg — 3Center for Ultrafast Imaging, Hamburg
Coherent diffractive imaging with free-electron lasers promises to al-
low the reconstruction of the three-dimensional molecular structures
of isolated particles at atomic resolution [1]. However, because of the
typically low signal-to-noice ratio, this requires the collection of a large
amount of diffraction patterns. Since every intercepted particle is de-
stroyed by the intense x-ray pulse, a new and preferably identical sam-
ple particle has to be delivered into every pulse.

We present a novel injection scheme, combining electrospray ioniza-
tion for aerosolization of the sample, followed by shock-freezing and
focusing techniques to produce a collimated or focused nanoparticle
beams of a broad variety of biological nanoparticles, ranging from
large nanoparticles to small single-domain proteins. These nanoparti-
cle beams can be further manipulated to separate, for instance, charge
states or conformational states, to allow pure samples to be delivered
into the x-ray focus.

[1] M. M. Seibert, et al, Nature 470, 78 (2011).

MO 15.17 Wed 17:00 Empore Lichthof
Efficient Ytterbium Near-Infrared Luminophore Based on a
Nondeuterated Ligand — ∙Pariya Nazari1, Christian Kruck2,
Carolin Dee2, Michael Seitz2, Ian Howard1,3, Bryce S.
Richards1,3, and Andrey Turshatov1 — 1Institute of Microstruc-
ture Technology (IMT), Karlsruhe Institute of Technology (KIT) —
2Institute of Inorganic Chemistry, University of Tübingen — 3Light
Technology Institute (LTI), Karlsruhe Institute of Technology (KIT)
Near-infrared lanthanoid(III) luminophores are highly interesting for
technological applications such as biomedical imaging, and spectral
conversion materials. The main challenge for the development of ef-
ficient, molecular, near-IR emitter complexes is the vibrational de-
activation of metal-centered states by multiphonon relaxation where
the energy is transferred from the lanthanoid to high-energy oscilla-
tors such as O-H and C-H in its vicinity. The two main strategies
to alleviate the problem in the ligands are removing these oscilla-
tors by either deuteration or halogenation. While the development
of deuterated/halogenated near-IR ytterbium luminophores has made
great progress, there is still a need for molecular emitters that are
relatively simple to prepare, yet still able to exhibit acceptable lu-
minescence efficiency. In this study, we comprehensively characterize
the photophysics of a novel molecular ytterbium complex with a new
tetradentate ligand based on the 2,2-bipyridine-6,6-dicarboxylic acid
scaffold. The ytterbium complex shows a rather high absolute lumi-
nescence quantum yield of 3.0% and a luminescence lifetime of 72 𝜇s
at room temperature in deuterated-methanol solution.

MO 16: Femtosecond Spectroscopy II

Time: Thursday 14:00–16:15 Location: f102

MO 16.1 Thu 14:00 f102
Sensitized photoswitching by ultrafast electronic energy
transfer in a benzimidazole-naphthopyran donor-acceptor
dyad — Shuangqing Wang, Sebastian Megow, Mats Bohnsack,
∙Falk Renth, and Friedrich Temps — Institut für Physikalische
Chemie, Christian-Albrechts-Universität zu Kiel, Olshausenstr. 40,
24098 Kiel, Deutschland
The excited-state dynamics of a molecular dyad with a benzimidazole
(PPBI) donor and a naphthopyrane (DPNP) photochromic switch as
acceptor was studied by static and femtosecond time-resolved spec-
troscopies and quantum chemical calculations. The static absorption
spectrum of the dyad and calculations indicate that the electronic cou-
pling between the donor and acceptor in the electronic ground state is
weak. Selective photoexcitation of the PPBI subunit at 310 nm shows
a strong quenching of the PPBI fluorescence in the dyad compared
to free PPBI. The corresponding transient absorption maps for the
dyad and its constituents and measurements of the transient absorp-
tion anisotropy decay reveal a quantitative electronic energy trans-
fer (EET) from the PPBI*-DPNP donor-excited state to the PPBI-
DPNP* acceptor-excited state with a time constant of 2.90± 0.60 ps.
This reduces the excited-state lifetime of PPBI from 1.4 ns to a few
ps and enables ultrafast ring-opening of the DPNP to the merocya-

nine form. Quantitative modeling assuming Förster resonance energy
transfer (FRET) provided an EET time estimate of 1.2−4.2 ps and con-
firmed FRET as EET mechanism. Our results highlight the feasibility
of functional devices utilizing FRET for sensitized photoswitching.

MO 16.2 Thu 14:15 f102
Ultrafast Triplet Formation and Molecular Vibrations in
Halogenated Tetraazaperopyrenes — ∙Nikolaus Wollscheid1,
Benjamin Benjamin2, Vaishnavi Rao1, Felix Berger1, Jose
L.P. Lustres1, Marcus Motzkus1, Sebastian Höfener3, Jana
Zaumseil1, Lutz H. Gade2, and Tiago Buckup1 — 1Institute of
Physical Chemistry, Ruprecht-Karls University Heidelberg, Germany
— 2Institute of Organic Chemistry, Ruprecht-Karls University Hei-
delberg, Germany — 3Institut für Physikalische Chemie, Karlsruher
Institut für Technologie, Germany
Tetraazaperopyrenes are air-stable n-type semiconductors which can
be used in organic field effect transistors. By introducing halogen sub-
stituents to the aromatic backbone, structure property relationships
such as energy levels can be tuned systematically. [1] This allows for a
methodical investigation of photodynamics via femtosecond transient
absorption in solution and zonecast thin films. In both cases, triplet
formation is observed, occurring on vastly different timescales and via
two different pathways: In solution, intersystem crossing is observed
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on the nanosecond timescale, correlating with substituent mass and
energy detuning. In thin films, the triplet states are formed by singlet
fission in a much faster time scale. Moreover, Raman activity of low
frequency vibrational modes during singlet fission is observed and cor-
related with the formation of the biexcitonic state. Quantum chemical
calculations of electronic states energy and spectra are presented. [1]
Hahn et al., Chem. Eur. J., 21, 17691, (2015).

MO 16.3 Thu 14:30 f102
Intramolecular Singlet Fission in Tetraaza-TIPS-Pentacene
Oligomers: Triplet formation via the Biexcitonic State
— ∙Nicolò Alagna1,2, Jose L.P. Lustres1,2, Nikolaus
Wollscheid1,2, Qingqing Luo1, Jie Han3, Andreas Dreuw2,3,
Florian Geyer4, Victor Brosius4, Uwe H.F. Bunz4, Tiago
Buckup1,2, and Marcus Motzkus1,2 — 1Physikalisch Chemisches
Institut, Ruprecht-Karls University, Germany — 2Centre for Advanced
Materials, University of Heidelberg, Germany — 3Interdisziplinäres
Zentrum für Wissenschaftliches Rechnen, Ruprecht-Karls University,
Germany — 4Organisch Chemisches Institut, Ruprecht-Karls Univer-
sity, Germany
Singlet fission (SF) is a photo-induced process where an excited singlet
exciton is converted into two triplet states of nearly half energy. It has
been shown for several systems in the liquid phase and in thin films.
In this work, we investigate SF in diethynylbenzene-linked tetraaza-
TIPS-pentacene dimers with different geometry configurations. Anal-
ysis of transient absorption and fluorescence measurements shows an
efficient SF (Φ𝑇 > 160%) in the ortho and meta dimer as well as in the
(1,3,5) trimer. Our results show that the formation of the long-lived
triplet state T1 takes place via an intermediate component, called the
correlated triplet pair or biexcitonic state. The long-lived triplet state
T1 formed by SF is, however, only a fraction compared to the total
amount of the triplet-pair generated. We show that the 1(TT) state
decays via annihilation and triplet fusion mechanisms.

MO 16.4 Thu 14:45 f102
Signatures of halogen-bond interactions in time-resolved flu-
orescence spectroscopy — ∙Bastian Geissler1, Sarah Khani2,
Elric Engelage3, Christof Haettig3, Stefan Huber3, and
Patrick Nuernberger1 — 1Institut für Physikalische und Theoretis-
che Chemie, Universität Regensburg, 93040 Regensburg — 2Center for
Theoretical Chemistry, Ruhr-Universität Bochum, 44780 Bochum —
3Organische Chemie I, Ruhr-Universität Bochum, 44780 Bochum
The formation of non-covalent halogen bonds between a halogenated
organic compound and a Lewis base in solution is an active field of
research with relevance to various chemical reactions and biological
processes. However, the complex spectroscopic behavior of such mix-
tures and the assignment of (transient) spectroscopic signatures to
halogen-bond formation in solution are still rather unexplored.

In this contribution, we focus on benzoimidazolium derivatives serv-
ing as halogen bond donors and pyridine derivatives as Lewis base
acceptors dissolved in acetonitrile. We identify the impact of addi-
tional counterions [OTf]- and [BArF4]- on the fluorescence properties
of these donor-acceptor pairs. In addition to ultrafast transient ab-
sorption measurements, we perform time-resolved fluorescence streak
imaging studies to scrutinize halogen bonding and competing com-
plex formations. Whereas transient absorption indicates an ultrafast
reversible halogen-bond cleavage upon illumination, the fluorescence
studies additionally reveal new insights concerning the role of com-
plexation with [OTf]- and [BArF4]-.

MO 16.5 Thu 15:00 f102
Understanding ring-closing and ring-opening reaction of pho-
tochromic molecule fulgide in bulk crystal — ∙Soumyajit
Mitra1, Simon.F Bittmann1, Scott Murphy2, Ajay Jha1, and
R.J.Dwayne Miller1,3 — 1Atomically Resolved Dynamics Group,
Max Planck Institute for the Structure and Dynamics of Mat-
ter, CFEL, Luruper Chaussee 149, 22761, Hamburg, Germany —
2Department of Chemistry and Biochemistry, Research and Innovation
Centre, University of Regina, 3737, Wascana Parkway, Regina, SK S4S
0A2, Canada — 3Departments of Chemistry and Physics, University
of Toronto, 80 St. George Street, Toronto, ON M5S3H6, Canada
Coupling of resonant light field with photochromic molecules (also
known as molecular photoswitches) changes the orientation within the
molecular structure, which gets manifested in differential optical or
mechanical properties. The structural understanding of this photo-
switching process holds the key to the rational design of next gen-
eration molecules. In this work, we are employing ultrafast transient

absorption measurements in fulgide crystals to study complex interplay
of different electronic states due to the presence of two possible reac-
tion pathways: isomerization and electrocyclization. The role of lat-
tice phonons in directing localized chemical reactions will be discussed.
Our work pave the way towards understanding and thereby controlling
of reaction pathways in complex molecules with multi-photoswitching
centers.

MO 16.6 Thu 15:15 f102
Simulating the XUV spectra of ultrafast dissociating vinyl
bromide — ∙Florian Rott1, Maurizio Reduzzi2,3, Thomas
Schnappinger1, Stephen R. Leone2,4,5, and Regina de Vivie-
Riedle1 — 1Department of Chemistry, LMU Munich, Germany —
2Department of Chemistry, University of California, Berkeley, USA
— 3ICFO - The Institute of Photonics Sciences, The Barcelona In-
stitute of Science and Technology, Spain — 4Chemical Sciences Divi-
sion, Lawrence Berkeley National Laboratory, USA — 5Department
of Physics, University of California, Berkeley, USA
The ultrafast dissociation of vinyl bromide after strong-field excitation
is characterized experimentally and theoretically. After a multipho-
ton excitation of the 𝜋𝜋* transition, the relaxation process is illu-
minated via Attosecond Transient Absorption Spectroscopy (ATAS)
using the bromine M-edge. Using non-adiabatic molecular dynamics
at the complete active space self-consistent field (CASSCF) level of
theory including singlet and triplet states we simulated the dissocia-
tion after excitation to the bright 𝜋𝜋* state. For the calculation of the
XUV absorption spectra the bromine 3d core-excited states as well
as the valence excited states of vinyl bromide were computed using
the restricted active space perturbation theory (RASPT2). Combin-
ing the structural information from the dynamics simulation with the
calculated XUV spectra we are able to simulate the corresponding
time-dependent transient absorption spectrum of vinyl bromide.
The simulated spectrum shows a good agreement with the experimen-
tal ATAS trace in the relevant energy range.

MO 16.7 Thu 15:30 f102
Ultrafast Dynamics of Fe(II)-based Photosensitizers —
∙Ayla Päpcke1, Jakob Steube2, Philipp Dierks2, Yannik
Vukadinovic2, Matthias Bauer2, and Stefan Lochbrunner1 —
1Institute of Physics and Department of Life, Light and Matter, Uni-
versity of Rostock, 18051 Rostock (Germany) — 2Institute of Inorganic
Chemistry and Center for Sustainable Systems Design (CSSD), Univer-
sity of Paderborn, Warburger Straße 100, 33098 Paderborn (Germany)
Water splitting systems are currently intensively investigated as a po-
tential source for renewable energy. In these systems metal complexes
are often used as photosensitizers for absorbing the sunlight. Most of
these complexes contain noble metals like iridium and ruthenium. To
replace these rare and expensive metals, iron is a promising candidate
since it is earth-abundant, inexpensive, environmentally benign, and
results in broad absorption bands in the visible spectral region. After
absorption of light a metal-to-ligand charge transfer state is populated
which should have a long lifetime in the ns-regime to allow for efficient
intermolecular interaction. However, in iron(II)-complexes this lifetime
is in the fs to ps-range and thereby relatively short. To extend the life-
time several approaches in the design of the complexes are pursued, e.g.
the use of strong 𝜎-donating N-heterocyclic carbene or cyclometalating
ligands. Here we present ultrafast pump-probe experiments on such
complexes. The electronic relaxation path is characterized by means of
the transient absorption spectra and the success of the chemical design
strategy is assessed on the basis of the observed lifetimes.

MO 16.8 Thu 15:45 f102
Point-Mutation (W76F) in Anabaena Sensory Rhodopsin
Investigated by Femtosecond Time-Resolved Spectroscopy
— ∙Oskar Kefer1, Rei Abe-Yoshizumi2, Nicoló Alagna1,
Hideki Kandori2, and Tiago Buckup1 — 1Physikalisch-Chemisches
Institut, Ruprecht-Karls Universitat Heidelberg, Germany —
2OptoBioTechnology Research Center, Nagoya Institute of Technol-
ogy, Japan
ASR is a microbial retinal protein (MRP) that contains two isomeric
chromophores, which can undergo ultrafast photo-isomerization. Point
mutation inside the retinal pocket of anabaena sensory rhodopsin
(ASR) is an efficient way to investigate the structural changes dur-
ing the isomerization of the retinal protonated Schiff-base (RPSB).
Pre-distortion of the conjugated 𝜋-framework of retinal is believed to
be a major factor in the acceleration of the isomerization rate. This
pre-distortion is observable in the ground-state vibrational Raman ac-
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tivity of the C14-H-out-of-plane (HOOP) mode (around 800cm−1)
and present in some ASR mutants with accelerated dynamics. Co-
herent time-resolved vibrational and femtosecond pump-probe exper-
iments were used to investigate the structural changes of RPSB in a
W76F point-mutated ASR derivative. By comparing resonant DFWM-
measurements with non-resonant DFWM-measurements the vibra-
tional modes of the excited-state manifold can be obtained. This mu-
tant shows no significant HOOP-mode activity in the ground state
vibrational Raman spectrum compared to wild-type ASR, further cor-
roborating the role of pre-distortion in the Retinal isomerization.

MO 16.9 Thu 16:00 f102
Generation of broad bandwidth sub-30 fs deep ultravi-
olet pulses at high repetition rates — ∙Lukas Bruder1,
Lukas Wittenbecher2, Pavel Kolesnichenko2, and Donatas
Zigmantas2 — 1Institute of Physics, University of Freiburg,

Hermann-Herder-Str. 3, 79104 Freiburg, Germany — 2Department of
Chemical Physics, Lund University, P.O. Box 124, 22100 Lund, Sweden
The generation of deep ultraviolet optical pulses featuring broad spec-
tral bandwidth and short pulse durations is a challenging task, espe-
cially when using high repetition rate (> 100 kHz) laser systems that
provide only low pulse energies (< 10𝜇J) to drive the nonlinear con-
version processes. Yet, high repetition rates are highly desirable in
spectroscopic applications to improve statistics. Based on achromatic
phase matching [1], we have recently accomplished the generation of
265 nm-pulses with 10-20 nm bandwidth using input pulse energies of
0.5𝜇J at a repetition rate of 200 kHz. Despite the low pulse energies,
we reach comparable conversion efficiencies (25%) than in [1]. We cur-
rently compress the pulses to 25 fs, but compression to the sub-10 fs
regime should be feasible.

[1] P. Baum, S. Lochbrunner, and E. Riedle, Opt. Lett. 29, 1686
(2004).

MO 17: Theory

Time: Thursday 14:00–16:00 Location: f142

MO 17.1 Thu 14:00 f142
Towards Machine-Learned Coordinate Grids for Wave Packet
Dynamics — ∙Sebastian Reiter, Thomas Schnappinger, and
Regina de Vivie-Riedle — Department of Chemistry, LMU Munich
The dynamics of ultrafast (photo)chemical processes are frequently
studied quantum mechanically by propagating wave packets on a
spatial grid of nuclear coordinates, thus solving the time-dependent
Schrödinger equation. Here, dimensionality reduction is imperative
for all but the smallest systems, as the number of grid points scales
exponentially with the number of dimensions. This issue is commonly
addressed by manually constructing a reduced-dimensional subspace
that describes the process in question, for example by employing a few
selected normal modes or a linear combination thereof as basis vectors.
However, finding such a subspace can prove challenging as it requires
a large amount of prior knowledge about the system.

We therefore present a semi-automatic technique to generate non-
linear coordinate grids for use in quantum dynamics. It relies on a
special type of artificial neural network, called autoencoder, which
is capable of learning a low-dimensional representation of trajectory
data. Starting from standard quantum chemical reaction path calcula-
tions, our software package is designed to assist the user in generating
a suitable data set of molecular geometries, setting up and training
the neural network and finally constructing the grid. We discuss the
advantages of using non-linear over linear coordinate subspaces and
present applications for our technique to quantum dynamics in both
the ground state and excited states.

MO 17.2 Thu 14:15 f142
The [H,C,N] dynamics project — ∙Georg Ch. Mellau1,
Vladimir Yu. Makhnev2, Nikolay F. Zobov2, Aleksandra A.
Kyuberis2, and Oleg L. Polyansky2,3 — 1University of Giessen,
Institute of Physical Chemistry, Giessen, Germany — 2Institute of Ap-
plied Physics, Russian Academy of Science, Nizhny Novgorod, Russia
— 3Department of Physics and Astronomy, University College London,
London, UK
A chemical reaction is a reorganization of particles in an complex
many-body quantum system. Within the frequency domain descrip-
tion, the eigenstates relevant for chemical dynamics are the highly
excited eigenstates. I started 20 years ago the [H,C,N] Chemical Dy-
namics project to get a model-free description of a chemical reaction
in the frequency domain. The [H,C,N] molecular system has two HCN
and HNC minima and the transition between the localized states corre-
sponds to a prototypical chemical reaction. With numerical methods
is not possible to calculate the exact eigenstates of a molecular sys-
tem, but we can use spectroscopic experiments to measure the com-
plete set of model-free exact eigenstates and thus solve the many-body
Schrödinger equation exactly. I will give an overview of this project
and the current results of the MAP Data Science project, where the
experimental and a vibrational assigned ab initio eigenenergy list are
correlated with new ab initio lists. Since the quality of a global PES
is determined by its ability to reproduce experimental rovibrational
energies this project gives an immediate automatic quality map of a
PES or any theoretical model of the molecule.

MO 17.3 Thu 14:30 f142
Charge Transfer Through Redox Molecular Junctions in
Non-Equilibrated Solvents — ∙Henning Kirchberg1, Michael
Thorwart1, and Abraham Nitzan2 — 1I. Institut für Theoretis-
che Physik, Universität Hamburg, Jungiusstraße 9, 20355 Hamburg,
Deutschland — 2Department of Chemistry, University of Pennsylva-
nia, 231 s 34th St. Philadelphia, PA 19104, USA
Charge transport in solvated molecular junctions is commonly de-
scribed by sequential electron hopping between molecular sites as well
as between the molecule and the metal leads. Each such hopping
event is accompanied by complete solvent relaxation and the process
is thus described by Marcus electron transfer theory, which accounts
for thermally activated processes under equilibrium conditions. When
the time scale of the solvent relaxation is finite, the thermal distribu-
tion determining the charge transfer rates needs to be replaced by a
time-dependent probability distribution. We determine this distribu-
tion by suitable diffusion equations in the high- and low-friction limits
and calculate the nonequilibrium charge current and the Fano factor
as a function of the solvent damping strength. The charge hopping
becomes correlated by a finite solvent relaxation. Moreover, we find a
Kramers-like turnover of the nonequilibrium current as a function of
the solvent induced damping.

MO 17.4 Thu 14:45 f142
Synthetic spin-orbit coupling mediated by a bosonic envi-
ronment — ∙Mikhail Maslov, Mikhail Lemeshko, and Ender-
alp Yakaboylu — Institute of Science and Technology Austria, 3400
Klosterneuburg, Austria
We study a mobile quantum impurity, possessing internal rotational
degrees of freedom, confined on a circular ring in the presence of a
many-particle bath. By considering the recently introduced rotating
polaron problem [1], we define the Hamiltonian and examine the en-
ergy spectrum. The weak-coupling regime is studied by means of a
variational ansatz in the truncated Fock space. The corresponding
spectrum, presented for selected angular quantum numbers of the im-
purity, indicates the emergence of a coupling between the angular mo-
menta of circular motion and internal impurity rotation due to the
phonon exchange mediated by the bosonic environment. We interpret
the arising coupling as a phonon-induced spin-orbit coupling, which is
quantified by the correlation function between the external and inter-
nal angular momentum operators. The same observation in the regime
of strong impurity-bath coupling is elaborated within the Pekar ap-
proach. The correlation function shows a kink at a critical coupling,
which is explained by a sharp transition between the ground state of
the system and the states maximizing the interaction with surround-
ings. This result is of particular interest for the related fields involving
the phenomena induced by spin-orbit interaction, such as spintronics
and topological insulators.

[1] E. Yakaboylu, et al., Physical Review B 98, 224506 (2018)

MO 17.5 Thu 15:00 f142
Efficient Charge Generation Via Hole Transfer in Dilute Or-
ganic Donor-Fullerene Blends: A High-Dimensional Multi-
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Step Kinetics Approach Based On Fermi’s Golden Rule
Rate Theory — ∙Alexander Schubert1,2,3, Yin Song2, Sri-
jana Bhandari3, Jennifer P. Ogilvie2, Barry D. Dunietz3, and
Eitan Geva2 — 1Friedrich-Schiller Universität Jena, Germany —
2University of Michigan, Ann Arbor, USA — 3Kent State University,
USA
For efficient organic photovoltaics a broadband photoabsorption that
exploits all charge generating pathways would be highly desirable.
Electron transfer from organic donors to acceptors has been well-
studied and is considered the primary path to charge photogenera-
tion in OPVs, whereas much less is known about the hole transfer
pathway. Here we study charge photogeneration in an archetypical
system comprising tetraphenyldibenzoperiflanthene(DBP):C70 blends
via time-dependent density functional theory (TDDFT) employing a
recently developed framework based on a screened range-separated hy-
brid functional within a polarizable continuum model (SRSH-PCM).
Based on such first principles calculations Fermi’s golden rule (FGR)
rate theory is applied to reveal the multi-state transition kinetics at
the donor-acceptor interface. Our simulations support the interpre-
tation of recent multispectral two-dimensional electronic spectroscopy
(M-2DES) measurements revealing charge transfer pathways originat-
ing in donor and acceptor excitons. We find that both electron and
hole transfer occur with comparable rates and efficiencies.

MO 17.6 Thu 15:15 f142
From spectral Lines to Energy Terms without a Model
— ∙Stefan Brackertz, Sven Kristkeitz, Oskar Asvany, and
Stephan Schlemmer — I. Physikalisches Institut, University of
Cologne, Cologne, Germany
The fundamental Ritz combination principle originally found in 1908
for atoms has also been applied to molecules as a method to recon-
struct the energy states from measured transitions without relying on
any model Hamiltonian. In 2006 Nesbitt and coworkers proposed to
apply it to protonated methane, CH+

5 , which was first done in 2015
and extended in 2017 by our group. Currently, we are elaborating this
method to a universal, easy to use tool which can be used for arbitrary
spectra as there is a broad field of potential applications:

∙ Preprocessing for the assignment of rich experimental spectra to
analytical models or numerical data

∙ First step of understanding of molecular spectra for which not even
a zeroth order Hamiltonian exists, as for CH+

5 in 2015

∙ Separation of mixed spectra consisting either of spectra of different
molecules, e.g., from an experiment in a discharge tube or spec-
tra consisting of subspectra originating from different nuclear spin
species, e.g., para- and ortho-He−H+

3

The challenges in generalizing the method and first results will be
discussed.

MO 17.7 Thu 15:30 f142

Is nuclear motion classical? The success of the Maxwell-
Boltzmann distribution — ∙Irmgard Frank — Theoretical
Chemistry, Leibniz University of Hannover, Callinstr. 3A, 30167 Han-
nover
The Born-Oppenheimer approximation can be replaced by a better ap-
proximation in a very simple way. The consideration starts from the
notion that it is problematic to describe the nuclear motion and the
electronic cloud in a similar way, hoping that the Schrödinger equa-
tion will generate meaningful results for both of these two completely
different types of objects. As the result of the simulation of a chemical
reaction one wants to obtain well localized nuclei which clearly define
the product state, not a nuclear cloud. The only consistent way to
achieve this is by treating the motion of the nuclei classically right
from the beginning. The immediate result is ab-initio molecular dy-
namics (AIMD). Movies of chemical reactions generated with AIMD
show clearly that this approach is working well at normal energies.
Tunneling is electronic tunneling in every case. Chemical reactions
are explained by outliers of the classical Maxwell-Boltzmann veloc-
ity distribution. The development of this distribution is guaranteed
in a molecular dynamics run as it is the most likely distribution and
defines the temperature of the system. In the present study we inves-
tigate some critical cases, namely the ammonia inversion and the heat
capacities of hydrogen and water.

MO 17.8 Thu 15:45 f142
On the Molecular Symmetry of Protonated Methane —
∙Stefan Brackertz1, Benjamin Nukic1, Thomas Salomon1, Per
Jensen2, and Stephan Schlemmer1 — 1I. Physikalisches Institut,
University of Cologne — 2Physikalische und theoretische Chemie, Uni-
versität Wuppertal
The energy term diagram of the lowest energy ro-vibrational states of
CH+

5 has eluded any analytical description until Schmiedt et al. pro-
posed a 5d superrotor model in 2015. In 2018 Fábri and Császár used
quantum graphs to describe the internal motions. Numerical results
have been published in 2016 by Wang et al. All of these approaches
describe the experimental energies resonably well but seem to be in-
compatible regarding molecular symmetry.

We present results on the relations between these approaches:

∙ Schmiedt et al. showed the non-existence of equivalent rotations
for the permutations of CH+

5 because S5 is not isomorphic to any
subgroup of SO(𝑛)×{E,E*} for 𝑛 < 5. This can also be understood
geometrically using the results of Fábri and Császár.

∙ Fábri and Császár do a splitting of S5 = S4×S2 associated with an
internal equivalent rotation for the S4 part. This approach gives
some clues to the interpretation of the 5d superrotor model.

These considerations are also used for the modeling of a simpler case
of a fluxional molecule, He−H+

3 , which is subject to internal as well as
end-over-end rotation.

MO 18: Cold Molecules II (joint session Q/MO)

Time: Thursday 14:00–15:45 Location: f442

Invited Talk MO 18.1 Thu 14:00 f442
Long-range interactions between polar molecules and Ryd-
berg atoms — ∙Martin Zeppenfeld — MPI für Quantenoptik,
Hans-Kopfermann Str. 1, 85748 Garching
Due to large dipole moments in polar molecules and huge dipole mo-
ments in Rydberg atoms, strong interactions between polar molecules
and Rydberg atoms persist for separations beyond 1𝜇m. This provides
exciting opportunities in quantum science, with applications such as
cooling of internal or motional molecular degrees of freedom, nonde-
structive molecule detection, and quantum information processing.

In my talk, I will provide an overview of these opportunities and
present my work on realizing such ideas experimentally. In particu-
larly, we have investigated Förster resonant energy transfer between
molecules and Rydberg atoms at room temperature in the past, ob-
serving huge interaction cross sections and electric-field-controlled col-
lisions. Currently we are setting up a new experiment to investigate in-
teractions between cold molecules and Rydberg atoms, providing many
new opportunities.

MO 18.2 Thu 14:30 f442
Heteronuclear long-range Rydberg molecules — ∙Michael
Peper1 and Johannes Deiglmayr2 — 1Laboratory of Physical
Chemistry, ETH Zürich — 2Felix-Bloch Institut, University of Leipzig
The binding of long-range Rydberg molecules is based on the low-
energy scattering of an Rydberg atom’s electron off a neutral ground-
state atom within its orbit. Improving the quantitative understand-
ing of this binding mechanism thus carries the potential to extract
electron-atom-scattering potentials, important quantities to bench-
mark ab-initio atomic structure calculations [1], from photoassociation
spectra of long-range Rydberg molecules. Current theoretical models
are, however, challenged by the necessity to accurately model the scat-
tering interaction while including all relevant spin couplings, such as
the hyperfine interaction [2].

We propose to rigourously test the modelling of long-range Rydberg
molecules by isoelectronic substitution, i.e., by systematically varying
isotopic variant and chemical species of both Rydberg and ground-state
atom. To this end we have completed the construction of a dual-species
ultracold atom experiment, which allows for simultaneous trapping of
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ultracold cesium and potassium atoms. We will present our current
progress towards performing photoassociation spectroscopy of homo-
and heteronuclear long-range Rydberg molecules in this setup.

[1] H. Saßmannshausen, F. Merkt, and J. Deiglmayr, PRL 114,
133201 (2015); F. Engel et al., PRL 123, 073003 (2019); J.L. MacLen-
nan, Y.-J. Chen, and G. Raithel, PRA 99, 033407 (2019) [2] C. Fey et
al., New J. Phys. 17, 055010 (2015)

MO 18.3 Thu 14:45 f442
Stability of quantum degenerate Fermi gases of tilted po-
lar molecules — ∙Vladimir Veljić1, Axel Pelster2, and Antun
Balaž1 — 1Center for the Study of Complex Systems, Institute of
Physics Belgrade, University of Belgrade, Serbia — 2Physics Depart-
ment and Research Center OPTIMAS, Technische Universität Kaiser-
slautern, Germany
A recent experimental realization of quantum degenerate gas of
40K87Rb molecules opens up prospects of exploring strongly dipolar
Fermi gases and many-body phenomena arising in that regime [1].
Here we derive a mean-field variational approach based on the Wigner
function for the description of ground-state properties of such systems
[2,3]. We show that the stability of dipolar fermions in a general har-
monic trap is universal as it only depends on the trap aspect ratios and
the dipoles orientation. We calculate the species-independent stability
diagram and the deformation of the Fermi surface (FS) for polarized
molecules, whose electric dipoles are oriented along a preferential di-
rection. Compared to atomic magnetic species [2], the stability of a
molecular electric system turns out to strongly depend on its geome-
try and the FS deformation significantly increases [3]. We also show
that tuning the trap frequencies appropriately reduces the 3D sytem
to a quasi-2D system of either a pancake- or a cigar-shaped gas cloud,
which turn out to have smaller stability regions.

[1] L. De Marco et al., Science 363, 853 (2019)
[2] V. Veljić et al., New J. Phys. 20, 093016 (2018)
[3] V. Veljić et al., Phys. Rev. Res. 1, 012009 (2019)

MO 18.4 Thu 15:00 f442
Progress on Zeeman slowing of CaF — ∙Mariia Stepanova,
Paul Kaebert, Timo Poll, Maurice Petzold, Supeng Xu, Mirco
Siercke, and Silke Ospelkaus — Institut für Quantenoptik, Leibniz
Universität Hannover, Germany
Experiments with ultracold molecules promise to have a large impact
on many fields of physics such as quantum simulations and computa-
tion, metrology and ultracold chemistry. Due to the complex energy
level structure of molecules, direct laser cooling yields a relatively low
number of particles that can be trapped. In this talk I will present
a novel method of direct slowing of molecules, reminiscent of Zeeman
slowing of atoms, which promises a significant increase in flux of slow
molecules. I will show data from a proof-of-principle experiment us-
ing the D1-line of 39K, demonstrating the efficiency of the method.
Comparing our proof-of-principle results shows a flux and slowing effi-
ciency comparable to traditional D2-line Zeeman slowing, and a factor
of ~20 increase in flux below 35m/s compared to white-light slowing.
I will also highlight the newest developments in our experiment such

as our efforts on implementing a chemical cell for molecule production
in reaction of ablated Ca and SF6 gas. This will be followed up by our
latest results in measurement of the CaF hyperfine structure as well
as the Zeeman splitting in CaF energy levels at high magnetic fields.

MO 18.5 Thu 15:15 f442
Towards Direct Laser Cooling of Barium Monofluoride —
∙Ralf Albrecht, Marian Rockenhäuser, and Tim Langen —
5. Physikalisches Institut and Center for Integrated Quantum Science
and Technology IQST, Universität Stuttgart
We report on the progress of our experiment for the direct laser cool-
ing and trapping of barium monofluoride molecules. Laser cooling of
molecules had long been considered impossible due to their complex
vibrational and rotational level structure. However, beneficial Franck-
Condon factors and selection rules allow for optical cycling in many
molecular species, including barium monofluoride. Hot molecules are
generated through laser ablation of a pressed pellet inside a cold cell
and precooled by collisions with a cold buffer gas of helium atoms. The
thermalized gas mixture exits the cell through a few-millimeter-sized
aperture and enters a high vacuum region as a cold and intense beam.
A careful characterization of this beam and demonstration of optical
cycling is presented in [1], which paves the way for the implementation
of transversal laser cooling of the beam. The current status of this
effort will be presented.

[1]R.Albrecht et. al., arXiv: 1906.08798 (2019)

MO 18.6 Thu 15:30 f442
Manipulation of molecular hydrogen in a Rydberg-Stark
state on a chip to study cold collisions — ∙Katharina
Höveler1, Johannes Deiglmayr2, Josef Agner1, Hansjürg
Schmutz1, and Frédéric Merkt1 — 1Laboratorium für Physikalis-
che Chemie, ETH Zürich, 8093 Zurich, Switzerland — 2Felix-Bloch
Institut, Universität Leipzig, Linnéstraße 5, 04103 Leipzig, Germany
The exothermic, barrierless H+

2 +H2 → H+
3 +H reaction has been stud-

ied in the collision-energy range 𝐸coll/𝑘b = 0.3− 50K. To reach such
low collision energies, we use a merged-beam approach and substitute
the H+

2 reactants by the ionic cores of H2 molecules in high-𝑛 Rydberg-
Stark states. The Rydberg electron does not influence the reaction but
shields the ion from heating by space-charge effects and stray electric
fields. A curved surface-electrode device is used to deflect a super-
sonic beam of H2 molecules excited to high-𝑛 Rydberg-Stark states
and to merge it with a supersonic beam containing ground-state H2

molecules. The collision energy is tuned by varying the temperature of
the valve generating the H2 ground-state beam for selected velocities
of the deflected H2 beam. The reaction cross section is found to follow
the classical Langevin capture model down to 𝐸coll/𝑘b = 5K. At lower
temperatures, a deviation is observed and attributed to ion-quadrupole
long-range interactions. An expected different cross section for a pure
para H2(J=0) neutral reactant will be tested. Investigation of the re-
actions H+

2 +D2 and H+
2 +HD enables us to distinguish between charge

transfer, D or H atom transfer and H+ ion transfer and to determine
the ratio of the two competing reaction channels.

MO 19: MO Poster 4

Time: Thursday 17:00–19:00 Location: Empore Lichthof

MO 19.1 Thu 17:00 Empore Lichthof
Coherent control of Lanthanides as molecular quantum bits
using shaped femtosecond laser pulses — ∙Mirali Gheibi,
Jayanta Ghosh, Cristian Sarpe, Bastian Zielinski, Tillman
Kalas, Ramela Ciobotea, Arne Senftleben, Hendrike Braun,
and Thomas Baumert — Universität Kassel, Institute of Physics,
Heinrich-Plett-Str. 40, 34132 Kassel, Germany
SMolBits - Scalable Molecular Quantum Bits - is a project in the frame-
work of LOEWE (Hessian Initiative for the Development of Scientific-
Economic Excellence). Its aim is the realization of ideal quantum
systems with long-lived levels, isolated from the environment to form
quantum bits as key building blocks for advanced quantum technolo-
gies. Lanthanides are particularly promising with respect to possible
applications in quantum-based information storage at the atomic and
molecular level. Their energy levels and electronic states are barely
influenced by the environment and their bonds to the ligands attached

to the lanthanides. Some of them show a prominent absorption fea-
ture around 800 nm, the central wavelength of typical Ti:Sapphire
laser systems. We have begun investigations of the electronic coher-
ences excited in lanthanide salts by interaction with IR femtosecond
laser pulses and their lifetimes using phase-locked double pulses and
fluorescence detection under a confocal microscope. As a next step
we will study the influence of spectrally phase shaped femtosecond
laser pulses in the non-pertubative regime onto the excitation and the
created electronic coherence.

MO 19.2 Thu 17:00 Empore Lichthof
Impact of ab initio data in simulations of coherent control
of bond making — ∙Archana Shukla1,3, Daniel M. Reich1,3,
Wojciech Skomorowski1, Zohar Amitay2, Robert Moszyński4,
Tatiana Korona4, and Christiane P. Koch1,3 — 1Theoretische
Physik, Universität Kassel, Heinrich-Plett-Straße 40, 34132 Kassel,
Germany — 2Schulich Faculty of Chemistry,Technion-Israel Institute
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of Technology, Haifa 32000, Israel — 3Theoretische Physik, Freie Uni-
versität Berlin, Arnimallee 14, 14195 Berlin, Germany — 4Faculty
of Chemistry, University of Warsaw, L. Pasteura 1, 02093 Warszawa,
Poland
Coherent control of photoassociation has been successfully achieved in
hot magnesium atoms [L. Levin et al., Phys. Rev. Lett. 114, 233003
(2015)] using strong femtosecond laser pulses. The yield of photoasso-
ciated magnesium dimers is detected by measuring the UV emission.
We study the emission signature of magnesium dimers by combining
ab initio electronic structure and molecular quantum dynamics calcu-
lations [S. Amaran et al., J. Chem. Phys. 139, 164124 (2013)]. It is
found numerically that the UV emission is highly sensitive to the ab
initio. In particular we find that enhancement/suppression of the UV
emission when using positively/negatively chirped pulses is heavily in-
fluenced by the polarisabilities of the excited electronic states which are
insufficiently converged in our current ab initio data sets. We present
new results for these polarisabilities obtained with the multireference
configuration interaction method (MRCI), with which we hope to ob-
tain a more accurate description of the photoassociation dynamics.

MO 19.3 Thu 17:00 Empore Lichthof
Role of coherence for photoelectron circular dichroism af-
ter multi-photon excitation in randomly oriented chiral
molecules — ∙Alexander Blech1, R. Esteban Goetz1, Timur
A. Isaev2, Behnam Nikoobakht2, Robert Berger2, Loren
Greenman3, and Christiane P. Koch1 — 1Universität Kas-
sel, Deutschland — 2Philipps-Universität Marburg, Deutschland —
3Kansas State University, Manhattan KS, USA
Photoelectron circular dichroism (PECD) refers to the for-
ward/backward asymmetry in the photoelectron angular distribution
with respect to the propagation axis of circularly polarized light. Our
existing model for PECD in resonantly enhanced multi-photon ioni-
sation of randomly oriented chiral molecules is based on perturbation
theory for the light-matter interaction and on ab initio calculations for
the multi-photon absorption, giving semi-quantitative agreement with
experimental data for fenchone and camphor.

Here we present an extended model that explicitly takes into account
the coherence between non-resonant multi-photon excitation and one-
photon ionisation as well as the chirality of the photoelectron contin-
uum by solving the scattering problem for the photoelectron. Our new
theoretical description allows us to distinguish the contributions of in-
termediate and final states to PECD. This will be a first step towards
refining our quantum optimal control approach in order to determine
the ultimate strength of the chiral response.

MO 19.4 Thu 17:00 Empore Lichthof
Towards molecular quantum bits — ∙Markus Debatin, Jos-
selin Bernardoff, Daqing Wang, Samuel T. Dawkins, and Kil-
ian T. T. Singer — Universität Kassel, Germany
Lanthanoides embedded into molecules are expected to show long co-
herence since transitions within the f-shell are expected to be reason-
ably unperturbed by the surrounding chemical bonds. Our experimen-
tal setup, which allows for implantation of ions [1,2,3], will be used to
study optical transitions in molecular ions as well as deposition of the
molecular ions onto surfaces. On the poster we present our experimen-
tal design and discuss possible roadmaps.

[1] W. Schnitzler et al. Phys. Rev. Let. 102, 070501 (2009). [2]
G. Jacob, et al. Phys. Rev. Lett. 117, 043001 (2016). [3] K. Groot-
Berning et al. Phys. Rev.Lett. 123, 106802 (2019)

MO 19.5 Thu 17:00 Empore Lichthof
Far Infrared Spectroscopy of neutral boron clusters us-
ing tunable VUV generated by 4-wave mixing — ∙Sascha
Schaller, Alan Günther, Gerard Meijer, and André Fielicke
— Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin, Germany
Previous experiments in combination with calculations [1,2] have
shown that Boron cluster are able to form versatile structures like
planar, ring-like and cages. To record far-infrared spectra for the neu-
tral clusters, a FIR-VUV two-color ionization scheme can be used [3].
In our first experiments, an F2 excimer laser (157 nm) has been used
for the ionization step [4]. As the ionization energy depends on clus-
ter size, there is access to only a limited number of cluster sizes for a
given VUV photon energy. To overcome the limitation in photon en-
ergy given by the fixed frequency F2 laser (7.9 eV), VUV photons are
generated by four-wave mixing in Xenon. In the present configuration,
which covers an energy range of 6.5 eV to 8.2 eV, two dye lasers (𝜔1,

𝜔2) interact in a static gas cell and the resulting (2𝜔1-𝜔2) difference
frequency is used for ionization. We verified that after creating 7.9
eV photons in this way, the spectra obtained via FIR-VUV ionization
reproduce the results obtained via F2 laser ionization.

[1]L. S. Wang, International Reviews in Physical Chemistry 35, 69
(2016). [2]H. J. Zhai et al., Nature Chemistry 6, 727 (2014). [3]M. Put-
ter, G. von Helden, and G. Meijer, Chem Phys Lett 258, 118 (1996).
[4]C. Romanescu, D. J. Harding, A. Fielicke, and L. S. Wang, Journal
of Chemical Physics 137 (2012).

MO 19.6 Thu 17:00 Empore Lichthof
Photoelectron spectroscopy of size-selected metal clusters at
FLASH 2 — ∙Fabian Bär1, Norman Iwe2, Kariman Elshimi1,
Klara Raspe2, Simon Dold1, Franklin Martinez2, Josef
Tiggesbäumker2, Karl-Heinz Meiwes-Broer2, and Bernd von
Issendorff1 — 1Fakultät für Physik, Universität Freiburg, Hermann-
Herder-Str. 3, 79104 Freiburg, Germany — 2Institut für Physik, Uni-
versität Rostock, Albert-Einstein-Str. 23-24, 18059 Rostock, Germany
A newly designed XUV magnetic bottle photoelectron spectrometer
(MBPES) has been tested at the free electron laser FLASH2 in Ham-
burg in combination with a cluster source and two time-of-flight spec-
trometers in order to address the core levels of metal clusters. The
high photon energy of 47 eV with decent bandwidth allowed us to in-
vestigate the 5𝑑 levels of lead and the 4𝑑 band of silver clusters with
a unique resolution and short measurement time. In this high inten-
sity regime, multiphoton absorption and therefore up to five different
charge states have been observed. The results provide a rather com-
prehensive characterization of the size dependence of the valence and
shallow core states density of lead cluster anions in the size range from
𝑛 = 3 to 𝑛 = 50 and silver cluster anions in the size range from 𝑛 = 8
to 𝑛 = 70.

MO 19.7 Thu 17:00 Empore Lichthof
Software adaptation of a quadrupol mass spectrometer for
the investigation of cluster fragmentation — ∙Rebecca Schaf,
Dana Bloß, Andreas Hans, Arno Ehresmann, and André Knie
— Institut für Physik und CINSaT, Universität Kassel, Heinrich-Plett-
Staße 40, 34132 Kassel, Germany
The exploration of the properties of weakly bound cluster is often
hampered by fragmentation as a consequence of ionization or other in-
teractions with light or matter. Therefore, many investigations bene*t
from a detailed understanding of the cluster fragmentation processes.
Here, we present the application of a quadrupol mass spectrometer
to analyze the fragmentation in dependency of different ionization pa-
rameters. Especially for heterogeneous cluster such investigations are
crucial for a reliable distinction of effects occurring in cluster formation
or fragmentation.

MO 19.8 Thu 17:00 Empore Lichthof
Experimental evidence for core-level intermolecular Coulom-
bic decay in hydrated pyrimidine — ∙Dana Bloß1, Catmarna
Küstner-Wetekam1, Philipp Schmidt1, Sascha Deinert2, Flo-
rian Trinter2, Gregor Hartmann1, Arno Ehresmann1, Lorenz
S. Cederbaum3, Nikolai V. Kryzhevoi3, André Knie1, and An-
dreas Hans1 — 1Institut für Physik und CINSaT, Universität Kas-
sel, Heinrich-Plett-Straße 40, 34132 Kassel, Germany — 2Deutsches
Elektronen-Sychrotron (DESY), Notkestrasse 85, 22607 Hamburg —
3Theoretische Chemie, Physikalisch-Chemisches Institut, Universität
Heidelberg, Im Neuenheimer Feld 229, 69120 Heidelberg, Germany
We investigated the effect of the presence or absence of an aqueous en-
vironment for bio-relevant molecules after their exposure to X-ray ir-
radiation in a photoelectron-ion-ion coincidence experiment performed
at the P04 at Petra III. In the decay of carbon inner-shell vacancies
of hydrated pyrimidine we found evidence for direct intermolecular
Coulombic decay. This process protects the molecule from reaching
dicationic states via Auger decay and the inevitable fragmentation.
The observations are compared with the results of theoretical calcula-
tions for a deeper understanding of the occurring effects.

MO 19.9 Thu 17:00 Empore Lichthof
Multi-electron coincidence study on inner-shell ionized wa-
ter clusters — ∙Christina Zindel1, Andreas Hans1, Arno
Ehresmann1, Uwe Hergenhahn2, and André Knie1 — 1Institut
für Physik und CINSaT, University of Kassel, Heinrich-Plett-Str.
40, 34132 Kassel, Germany — 2Fritz-Haber-Institut der Max-Planck-
Gesellschaft, Faradayweg 4-6, D-14195 Berlin, Germany
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Since the environment of a single atom or molecule plays an important
role regarding its decay behavior, new possible relaxation processes
emerge by changing from an isolated system to clusters of weakly
bound particles. An example is the Intermolecular or -atomic Coulom-
bic Decay (ICD), a non-local charge distribution process that recently
gained attention due to its possible role in radiation damage in biolog-
ical systems. In water clusters, ICD following inner valence ionization
has already been observed experimentally. However, that is not the
case for ICD following inner-shell ionization and subsequent Auger de-
cay as theoretically predicted about 20 years ago.

We used a magnetic bottle type time-of-flight spectrometer to re-
veal different de-excitation pathways and to extract the characteristic
electron signal. Three emitted electrons (expected to occur due to
1s-photoionization followed by Auger emission and subsequent Inter-
molecular Coulombic Decay) were detected in coincidence.

MO 19.10 Thu 17:00 Empore Lichthof
Optical properties of cationic gold clusters — ∙Marko
Förstel1, Kai Pollow1, Karim Saroukh1, Este A. Najib1, Al-
ice Green2, Stuart Mackenzie2, and Otto Dopfer1 — 1Institut
für Optik und Atomare Physik, Technische Universität Berlin, Ger-
many — 2Department of Chemistry, University of Oxford, Oxford,
UK
Gold is one of the most important model systems in catalysis research.
The catalytic properties are strongly dependent on local structure and
electronic properties and may change drastically by changing the num-
ber of atoms by only one [1]. Unfortunately, due to intrinsic properties
of Au, theoretical calculations are not straight forward and methods
still need to be improved.

Our newly enhanced setup allows measuring the optical absorption
spectra of small gold clusters in hitherto unprecedented quality [2, 3].
Here we present our latest results on small bare and substituted gold
clusters cations. We compare the experimentally obtained optical spec-
tra to TD-DFT calculations to draw conclusions about the structure
of the excited states, or, correspondingly, use the known structures to
benchmark theoretical methods.

[1] S. Lang et al., Angew. Chem. Int. Ed. 10, 2017
[2] M. Förstel et al., Rev. Sci. Instr. 88, 2017
[3] M. Förstel et al., Angew. Chem. Int. Ed. 131, 2019

MO 19.11 Thu 17:00 Empore Lichthof
Understanding the Geometric and Optical Properties of
Cationic Silicon Carbide Clusters — ∙Robert Radloff, Lars
Dahllöf, Kai Pollow, Karim Ahmed Saroukh, Marko Förs-
tel, and Otto Dopfer — Technische Universität Berlin, Institut für
Optik und Atomare Physik, Germany
Silicon carbide (SiC) possesses a unique set of properties that make it a
suitable material for high-temperature electronics applications: a wide
bandgap, high thermal stability, chemical inertness and high thermal
conductivity [1]. Additionally, small SiC molecules like SiC [2], Si2C
[3], etc. as well as SiC dust grains [4] have been observed in the cir-
cumstellar environment of carbon-rich stars.

We present the energetic, geometric, and optical properties of small
cationic SiC clusters obtained via photodissociation spectroscopy, mass
spectrometry, and quantum chemical calculations. We show the first
optical spectrum of a SiC cation and present hitherto unreported frag-
mentation channels and ground state geometries of some cationic SiC
clusters.

[1] J. B. Casady and R. W. Johnson, Solid State Electron, 39 (10),
1409-1422 (1996)

[2] J. Cernicharo et al., Astrophys. J. Lett. 341, L25 (1989)
[3] J. Cernicharo et al., Astrophys. J. Lett. 806, L3 (2015)
[4] R. Treffers and M. Cohen, Astrophys. J. 188, 545-552 (1974)

MO 19.12 Thu 17:00 Empore Lichthof
Angle resolved photoelectron spectra of small copper clus-
ters — ∙Lukas Weise and Bernd v. Issendorff — Physikalisches
Institut der Albert-Ludwigs-Universität Freiburg
Angle resolved spectra are an important test for the theoretical de-
scription of clusters since they carry more information than the bare
energy levels. The anisotropy of photoelectron spectra for example
depends on the angular momentum state.

The cluster anions are produced in a magnetron sputter source and
enter a time-of-flight spectrometer for mass measurement and selec-
tion. Afterwards electrons are detached by linear polarized laser light
and projected onto a MCP detector in a velocity map imaging setup.

Here the results for small copper cluster are presented. Although

copper clusters have been studied intensively, there are still undiscov-
ered features of their photoelectron spectra. For example Cu5 shows
a strong vibrational structure, which is in good agreement with DFT
calculations.

MO 19.13 Thu 17:00 Empore Lichthof
Quantum-state-controlled Penning collisions between lithium
and metastable helium atoms — ∙Alexandra Tsoukala, To-
bias Sixt, Jiwen Guan, Frank Stienkemeier, and Katrin Dulitz
— Institute of Physics, University of Freiburg, Hermann-Herder-Str.
3, 79104 Freiburg im Breisgau, Germany
Our research focuses on understanding the mechanistic details of reac-
tive collisions in order to enable control of their outcome. In our exper-
iment, we study quantum-state-controlled Penning collisions between
lithium (Li) and metastable helium (He*) atoms. For this purpose, a
supersonic beam source of He* atoms is combined with a target of ul-
tracold lithium (Li) atoms confined in a magneto-optical trap (MOT).
The full quantum-state control of the reaction partners is achieved by
producing a pure beam of He(23S1) via the optical depletion of the
He(21S0) state using a novel excitation scheme. Additionally, both Li
and He* atoms are optically pumped into selected electronically excited
or magnetic substates. By alternating the combination of quantum-
states for both He* and Li, we observe strong dependencies of the
reactivity on the mutual electron spin and angular momentum orien-
tation.

In this contribution, I will give an overview over the different tech-
niques used to achieve quantum-state control of the reaction partners
and I will discuss recent experimental results.

MO 19.14 Thu 17:00 Empore Lichthof
Analysis of the coupled states (2)2Σ+ and (1)2Π of LiCa —
∙Julia Gerschmann1,2, Erik Schwanke1,2, Horst Knöckel1,2,
Silke Ospelkaus1,2, and Eberhard Tiemann1,2 — 1Inst. f. Quan-
tenopik, Leibniz Universität Hannover — 2Laboratory for Nano- and
Quantum Engineering, Leibniz Universität Hannover
Molecules consisting of an alkaline and an alkaline earth atom have
permanent electric and magnetic dipole moments. This allows manip-
ulations of their states by external fields. Several ab initio calculations
have been published on various combinations of a group IA and a group
IIA atom. Experimentally, not so much is known about the molecular
electronic states.

In 2011, we reported on spectroscopic work on 7Li40Ca in a heat
pipe. Via high resolution Fourier transform spectroscopy some states
were investigated. Potential energy curve for the ground state (1)2Σ+

was described up to 𝑣 = 19. However, the transitions between the
states (1)2Σ+ and (2)2Σ+ provided at that time only the description
of 𝑣′ ≤ 1 and 𝑁 ′ up to 92 of the state (2)2Σ+. Now we extend the
experiment and analysis to include transitions from 𝑣′ ≤ 4 up to 𝑁 ′

= 120 of this state.
In addition, we see perturbations of (2)2Σ+ rotational levels indicat-

ing a coupling to the (1)2Π state, which will give molecular parameters
of the (1)2Π state.

We will report on the status of the investigations.

MO 19.15 Thu 17:00 Empore Lichthof
A Buffer Gas Beam Source for Barium Monofluoride and
Progress Towards Laser Cooling of the Molecular Beam
— ∙Marian Rockenhäuser, Ralf Albrecht, Michael Schar-
wächter, and Tim Langen — 5. Physikalisches Institut and Center
for Integrated Quantum Science and Technology IQST, Universität
Stuttgart, Germany
Cold molecular gases are the starting point for a large number of novel
and interdisciplinary applications ranging from few- and many-body
physics to cold chemistry and precision measurements. Especially
heavy polar molecules, such as barium monofluoride, are perfect candi-
dates for tests of fundamental symmetries and studies of complex quan-
tum systems with strong, long-range interactions. However, in com-
parison to atoms, the preparation of molecular gases in the sub-Kelvin
regime is complicated by their complex vibrational and rotational level
structure and the lack of closed transitions for optical cycling. Never-
theless, thanks to favorable Franck-Condon factors and selection rules,
quasi-cycling transitions can be identified for many molecular species,
including barium monofluoride. In this contribution, we will report
on our buffer-gas beam source for slow and internally cold barium
monofluoride molecules. Moreover, we will present our progress to-
wards one-dimensional Doppler cooling of the molecular beam.
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MO 19.16 Thu 17:00 Empore Lichthof
Towards photodissociation of cold OH+ in a 16-pole wire
trap — ∙Christine Maria Lochmann, Markus Nötzold, Robert
Wild, and Roland Wester — Institut für Ionenphysik und Ange-
wandte Physik, Technikerstraße 25/3, 6020 Innsbruck, Austria
The hydroxyl cation OH+ plays an important role in astrochemistry.
Its formation represents one of the first steps in the rich oxygen chem-
istry in the interstellar media, while its column density in these re-
gions could provide a successful tracer of cosmic ray and X-ray ion-
ization rates. The recently published photodissociation spectrum of
OH+ provides the transition frequencies to probe the system in the
UV regime [1]. Here we present our progress to probe the distribu-
tion of the rotational states of cold OH+ with a UV-photodissociation
scheme. Analogously state-selective photodetachment spectroscopy on
cold OH− has been done previously in our group [2].

The experiments will be carried out in our new multipole wire trap,
which can be cooled down to 6K. The trap consists of 16 wires, which
can be individually addressed. Accessibility perpendicular to the trap
axis allows for laser spectroscopy measurements.

[1] Hechtfischer U. et al., J. Chem. Phys. 151, 044303 (2019)
[2] Otto R. et al., Phys. Chem. Chem. Phys., 2013, 15, 612

MO 19.17 Thu 17:00 Empore Lichthof
Reaction studies of astrophysically relevant anions —
∙Markus Nötzold, Robert Wild, Christine Lochmann, and
Roland Wester — Universität Innsbruck, Inst. für Ionenphysik und
Angewandte Physik, A-6020 Innsbruck
After the radioastronomical discovery of the first interstellar anions,
interest has grown in understanding the formation and destruction
pathways of negative ions in the interstellar medium (ISM). The sim-
plest anion, H−, is expected to be present in the ISM, but its detection
is difficult as it possess only a single bound state. The most funda-
mental reaction of H− is the proton transfer reaction with H2, and
occurs via tunneling through the reaction barrier at low temperatures.
Starting with D−, we have studied the reaction D− + H2 → H− +
HD in a cryogenic 22-pole trap. Furthermore, we present results on
the reaction Cl− + H2+ H2 → H2Cl- + H2 and H− + C2H2 → C2H−

+ H2. The former reaction also serves as a temperature diagnostics
for our 22-pole trap and our newly developed multipole wire trap.

MO 19.18 Thu 17:00 Empore Lichthof
High−resolution infrared and millimeter-wave spectroscopy
of CNH𝑛

+ (n = 0,4,6) ions — ∙Philipp C. Schmid1, Sven
Thorwirth1, Oskar Asvany1, Charlie R. Markus1,2, José L.
Doménech3, Thomas Salomon1, Matthias Töpfer1, Philipp
Schreier1, and Stephan Schlemmer1 — 1I. Physikalisches Institut,
Universität zu Köln, Köln, Germany — 2Department of Chemistry,
University of Illinois, Urbana, IL, U.S.A. — 3Instituto de Estructura
de la Materia (IEM-CSIC), Madrid, Spain
Molecular ions play crucial roles in the astrochemistry associated with
star formation and planetary atmospheres. In this project we have
studied three fundamental cations CNH𝑛

+ (n = 9,4,6) using action
spectroscopic techniques in a 22−pole ion trap at a nominal tem-
perature of 4 K [1]. The fundamental diatomic CN+ [2] as well as
the protonated methylene imine, H2C=NH2

+, and protonated methyl
amine, H3C−NH3

+, were all studied by their pure rotational spec-
tra in the millimeter-wave region employing the method of rotational
state-selective He-attachment [3]. CN+ and H2C=NH2

+ were also
studied at high spectral resolution in the infrared using Laser Induced
Inhibition of Complex Growth (LIICG) [1,4].

[1] O.Asvany et al., Appl. Phys. B 114 (2014) 203.
[2] S. Thorwirth et al., Astrophys. J. Lett. 882 (2019) L6.
[3] S. Brünken et al., J. Mol. Spectrosc. 332 (2017) 67.
[4] S. Chakrabarty et al., J. Phys. Chem. Lett 4 (2013) 4051.

MO 19.19 Thu 17:00 Empore Lichthof
Improving and understanding a cryogenic buffer-gas cell
based on comparing Monte-Carlo simulations and experi-
ments — ∙Florian Jung, Thomas Gantner, Manuel Koller,
Jindaratsamee Phrompao, Isabel Rabey, Martin Zeppenfeld,
and Gerhard Rempe — Max-Planck-Institut für Quantenoptik,
Hans-Kopfermann-Straße 1, 85748 Garching bei München
Unlike atoms, molecules can exhibit a permanent electric dipole mo-
ment, which makes them amenable to guiding and trapping via elec-
tric fields and allows the study of anisotropic dipolar interactions. In
addition, they exhibit a rich internal structure that allows to envi-

sion applications of molecules in such diverse fields as cold chemistry,
quantum information science and quantum simulation. For all of these
applications the prerequisite is that molecules are cold. To produce
cold molecules at a temperature of a few Kelvin, buffer-gas cells are
now established workhorses, cooling molecules via thermalisation with
cold atomic gases independent of the molecule type. However, many
aspects of the physics of buffer-gas cells are still to be understood.

We here present a comprehensive study of buffer-gas cells in the
low-density regime, employing Monte-Carlo simulations and compar-
ing these to experimental data, finding a good agreement between the
simulated and measured data. We formulate design guidelines that we
employ in our set-up, reaching a signal increase of at least a factor
of 2. Combining the cryogenic buffer-gas source with a centrifuge de-
celerator and an electrostatic trap, collision studies on cold molecular
ensembles are now within reach.

MO 19.20 Thu 17:00 Empore Lichthof
Towards trapping ultracold polar molecules in a dark repul-
sive dipole trap — ∙Ren-Hao Tao — Max-PlanckInstitut für Quan-
tenoptik, Hans-Kopfermann-Str. 1, 85748 Garching, Germany
Ultra-cold molecules, by virtue of their rich ro-vibrational states and
significant dipolar moments, offer us an exciting platform to study
new quantum many-body physics. Ample experiments on molecules
reactive and nonreactive alike, however, all point to their short in-trap
lifetime (a few seconds) as one of the most immediate challenges before
we fully take advantage of them. A recent proposal suggests that the
trapping light in these experiments, despite being far-detuned from
molecule transitions, is still energetic enough to excite two-molecules
complexes in a so-called sticky state to higher energy states, the decays
from which might lead to losses. To test this theory, we trap molecules
using a far blue-detuned light away from the transition between ground
and the first rotational excited state of 23Na40K. Such a transition,
owing to its small linewidth (2𝜋 × 297Hz), allows us to effectively re-
duce trapping intensity without sacrificing trap depth. This leads to
trap depth of 4kB ·𝜇K and an intensity as low as 4W/cm2 seen by most
molecules. The molecule lifetime in such a trap is projected to increase
by a factor of 20. If observed, such a reduced trap loss might pave the
way for a deeper understanding of molecular collisional dynamics in
particular and the feasibility of using molecules as a potentially more
interesting alternative in simulating quantum many-body interaction
in the long run.

MO 19.21 Thu 17:00 Empore Lichthof
Towards enantiomer-specific spectroscopy and control of
cold, chiral molecules — ∙Ju Hyeon Lee, Johannes Bischoff,
A. O. Hernandez-Castillo, Marco De Pas, Gerard Meijer,
and Sandra Eibenberger-Arias — Fritz-Haber-Institut der Max-
Planck-Gesellschaft, Berlin, Germany
Chiral molecules are of paramount importance in the activity of bio-
logical molecules. Even though chemical and biological functionalities
of different enantiomers are significantly different, their energy levels
are equal, making detecting and quantifying them challenging. There-
fore, there is a need for fast and reliable methods that can differen-
tiate and/or separate enantiomers. Recently, the enantiomer-specific
state transfer (ESST) method was developed where three mutually
orthogonally polarized, resonant, phase-controlled microwave pulses
are used to drive connected rotational transitions, resulting in con-
trolled, enantiomer-specific population transfer [1]. We recently de-
signed, built, and characterized a compact spectroscopy setup. It is
capable of performing experiments in the 2-25 GHz regime, making
studies of a large variety of molecules possible. Furthermore, our setup
is equipped with a time-of-flight (TOF) mass spectrometer, and we
implemented a combination of optical methods and microwave spec-
troscopy. Here we present preliminary results towards ESST of chiral
molecules that are relatively rigid and simple, and have an aromatic
ring, for example: 1-indanol.

1. S. Eibenberger, J. Doyle, & D. Patterson, Phys. Rev. Lett. 118.
123002 (2017).

MO 19.22 Thu 17:00 Empore Lichthof
Isomer Selected Ion-Molecule Reactions of C2H2

+ + C3H4 —
∙Philipp C. Schmid1,2, James Greenberg1, Mikhail I. Miller1,
Thanh L. Nguyen3, James H. Thorpe3, John F. Stanton3, and
Heather J. Lewandowski1 — 1JILA and the Department of Physics,
University of Colorado, Boulder, Colorado, USA — 2I. Physikalisches
Institut, Universität zu Köln, Zülpicher Str. 77, 50937 Köln, Germany
— 3Quantum Theory Project, Departments of Chemistry and Physics,
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University of Florida, Gainesville, Florida, USA
One of the fundamental questions in molecular reactions is to deter-
mine how the structure of molecules governs the reaction and thus leads
to different reaction products. Studies of isomer resolved chemical re-
actions can shed light directly on the foundation of how form leads
to function. We present the results of gas-phase reactions between
acetylene cations C2H+

2 with two different isomers of C3H4: propyne
(HC3H3) and allene (H2C3H2). The highly controlled environment of
an ion trap allows us to precisely measure the reaction products and
branching ratios. The difference in observed reaction products from
the two different isomers points directly to the role molecular struc-
ture plays in these reactions. Through the synergy of experimental
results and quantum chemical potential energy surface calculations,
we are able to explicate the different reaction mechanisms for the two
isomers.

MO 19.23 Thu 17:00 Empore Lichthof
Progress on Zeeman slowing of CaF — ∙Mariia Stepanova,

Paul Kaebert, Timo Poll, Maurice Petzold, Supeng Xu, Mirco
Siercke, and Silke Ospelkaus — Institut für Quantenoptik, Leibniz
Universität Hannover
Ultracold molecules provide distinct advantages in research on preci-
sion measurements, ultracold chemistry and simulations of solid state
physics. Current experiments are, however, severely restricted by the
initial flux of slow and cold molecules, which limits the size of the
trappable ensembles. Our group has developed a novel slowing scheme
capable of improving this flux by orders of magnitude. We have al-
ready demonstrated the feasibility of our method in a proof of principle
experiment and are now in the process of combining our scheme with
an optimized buffer gas source to greatly enhance the flux of slow, cold
molecules. We present our results of the proof of principle experiment
on 39K D1-line and our buffer gas cell as a source of rotationally cold
molecules. We further show our recent results of mapping out the CaF
hyperfine structure in magnetic fields up to 500 Gauss, a necessary
step towards implementing Zeeman slowing, and give insights into the
future of our experiment.

MO 20: Control (joint session MO/Q)

Time: Friday 14:00–16:00 Location: f102

MO 20.1 Fri 14:00 f102
Control of molecular alignment using tailored picosecond
laser pulses — ∙Stefanie Kerbstadt1, Emil Zak1, Andrey
Yachmenev1, Sebastian Trippel1,2, and Jochen Küpper1,2,3

— 1Center for Free-Electron Laser Science, Deutsches Elektronen-
Synchrotron DESY, Hamburg — 2Center for Ultrafast Imaging, Uni-
versität Hamburg — 3Department of Physics, Universität Hamburg
The control of molecular axes is essential for fundamental studies of
molecular structure and of chemical reactions. Strong non-resonant
laser fields have been established as powerful tool to control and to
fix molecular axes in space, providing access to molecular-frame spec-
troscopy and imaging experiments. Here, we present experimental as
well as theoretical results on the refined control of field-free molecu-
lar alignment and angular-momentum alignment by employing shaped
picosecond pulses to a ground state-selected cold molecular beam of
carbonylsulfid (OCS).

MO 20.2 Fri 14:15 f102
A comparative study on ionization-induced dissociation of hy-
drogen, irradiated by 800 nm and 400 nm laser fields — ∙René
Wagner1, Saba Arife Bozpolat2, Patrik Grychtol1, Ilhan
Yavuz2, and Michael Meyer1 — 1Small Quantum Systems Group,
European XFEL GmbH, 22869 Schenefeld, Germany — 2Physics De-
partment, Marmara University, 34722 Ziverbey, Istanbul, Turkey
We present a two color investigation of the hydrogen molecule to
benchmark our tabletop experiment dedicated to ultrafast investiga-
tions of electronic correlations in atoms and molecules from the near
infrared (NIR) to the extreme ultraviolet (EUV) range. Our setup
focuses on the study of dissociating molecules by different pump-probe
techniques aiming to obtain invaluable and novel insights into atomic
and molecular dynamics. For this purpose, we have built a femtosecond
laser driven EUV source based on high harmonic generation (HHG)
combining it with a pulsed molecular jet, a delay-line based velocity
map imaging (VMI) detector and a time-of-flight (TOF) spectrometer.
We are going to show first experimental as well as theoretical results
quantifying the performance of our apparatus having captured and
analysed the angular ion momentum distribution of the photo-induced
dissociation process of hydrogen, irradiated by ultrafast 800 nm and
400 nm laser fields.

[1] Ibrahim 𝑒𝑡 𝑎𝑙., J. Phys B: At. Mol. Opt. Phys. 51 (2018) 042002.

MO 20.3 Fri 14:30 f102
Electron-vibrational coupling dynamics in SF6 — ∙Patrick
Rupprecht1, Lennart Aufleger1, Alexander Magunia1, Simon
Heinze2, Thomas Ding1, Marc Rebholz1, Stefano Amberg1,
Nikola Mollov1, Felix Henrich1, Maurits Haverkort2, Chris-
tian Ott1, and Thomas Pfeifer1 — 1Max-Planck-Institut für Kern-
physik, Heidelberg — 2Universität Heidelberg, Institut für Theoretis-
che Physik
Visible and infrared vibrational spectroscopy, probing non-localized

electronic molecular states, is commonly used in chemistry and biol-
ogy. In combination with core-level spectroscopy, studies of coher-
ently coupled electronic and vibrational dynamics with site and ele-
ment specificity are possible. We report on the investigation of sulfur
hexafluoride (SF6) using attosecond transient absorption spectroscopy
driven by mJ-level, few-cycle 15 fs FWHM pulses centered at 1550
nm in the short-wave infrared (SWIR) spectral region. The excited
6a1𝑔 , 2t2𝑔 and 4e𝑔 molecular states related to the sulfur L2,3 absorp-
tion edge were probed. First, altering the absorption spectrum in the
160 eV to 200 eV soft X-ray (SXR) region under the presence of a
strong SWIR field was demonstrated. Furthermore, varying the delay
between the SXR and SWIR pulses resulted in an oscillatory behavior
of the resonance lines’ intensities, with a leading SWIR pulse. The
extracted oscillation period of (773 ± 16) cm−1 matches the Raman-
active symmetric breathing mode 𝜈1 = 775 cm−1. This result implies
sensitivity to nonresonant impulsive stimulated Raman scattering via
probing electronic transitions to states localized near the sulfur atom.

MO 20.4 Fri 14:45 f102
Laser-induced alignment of nanoparticels — ∙Hakan
Akarsu1,2, Muhamed Amin1, Lena Worbs1,2, Jannik Lübke1,2,3,
Armando Estillore1, Amit K. Samanta1, and Jochen
Küpper1,2,3 — 1Center for Free-Electron Laser Science, Deutsches
Elektronen Synchrotron DESY, Hamburg — 2Fachbereich Physik,
Universität Hamburg — 3Center for Ultrafast Imaging, Universität
Hamburg
Single-particle imaging (SPI) experiments at free-electron lasers
(FELs) promise high-resolution-imaging of the structure and dynamics
of nanoparticles. By guiding sample molecules in the gas phase into the
x-ray focus of an FEL, diffraction patterns of individual particles can
be collected. Sufficient amounts of patterns of identical nanoparticles
are needed to overcome the inherently small signal-to-noise ratio and
reconstruct the underlying 3D structure [1]. Laser-induced alignment
of nanoparticles has potential to improve the achievable resolution and
to push it toward the atomic scale [2,3].

Here, we present simulation results on laser-induced alignment of
gold nanorods by integrating the Euler equation of rotational motion.
We have also tested different laser pulse profiles for improvement of
the alignment. In addition, we will present first experimental investi-
gations of the laser-induced alignment of gold nanorods.

[1] M. M. Seibert, et al., Nature 470, 78 (2011)
[2] J. C. H. Spence, et al., Phys. Rev. Lett. 92, 198102 (2004)
[3] J. Küpper, et al., Phys. Rev. Lett. 112, 083002 (2014)

MO 20.5 Fri 15:00 f102
Rotational spectroscopy of molecular superrotors: probing
high rotational states of 𝑂2 via REMPI technique combined
with an optical centrifuge. — ∙Audrey Scognamiglio1, Jor-
dan Fordyce2, Ian MacPhail-Bartley2, Katrin Dulitz1, Frank
Stienkemeier1, and Valery Milner2 — 1Institut of Physics, Univer-
sity of Freiburg, Germany — 2Department of Physics and Astronomy,
University of British Columbia, Canada
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To access highly excited rotational states (e.g. N=100 in 𝑂2), the use
of an optical centrifuge has been demonstrated to be a powerful and
unique experimental tool.

To start from a well-defined initial ro-vibrational state, oxygen
molecules are cooled to 10K by means of supersonic expansion. Due to
the relatively low density, spectroscopic techniques combining high fre-
quency resolution and high sensitivity are required. For this purpose,
resonance enhanced multiphoton ionization of oxygen is employed in
a "2+1" scheme with a two-photons transition from the ground state
𝑋3Σ−

𝑔 (𝜈 = 0) to the excited state 𝐶3Π𝑔 (𝜈 = 2) from which another
photon ionizes the molecule.

In this contribution, experimental results of REMPI spectroscopy
of oxygen superrotors, as well as their numerical analysis, will be pre-
sented.

MO 20.6 Fri 15:15 f102
Setting the basis for a good Carrier Envelope Phase con-
trol — ∙Franziska Schüppel, Thomas Schnappinger, and Regina
de Vivie-Riedle — Department Chemie, Ludwig-Maximilians-
Universität München
Controlling the process of photo reactions is a major goal in chemistry.
For synthetic application, for example, it is significant to have the de-
sired product in the best possible yield. To achieve this, one approach
is to apply a few-cycle IR laser pulse to a system in the vicinity of a
conical intersection (CoIn).[1] This influences the system in a way to
build a superposition between the states of interest. By changing the
CEP (Carrier Envelope Phase) of the laser pulse, the superposition
can be controlled to lead to the preferred transfer through the CoIn
and by that to the preferred product.

In this theoretical work, we want to investigate the effectiveness of
a CEP control on the basis of a dissociative model system. For that,
we use quantum dynamic simulations with two coupled states in the
adiabatic representation. We want to describe the interaction of the
laser pulse, the transition dipole moment and the non-adiabatic cou-
pling on the CEP control and find the basis needed for an effective
control of a system. By changing the shape of the CoIn of the model
system, we want to test the influence of a different topography on the
CEP control.

[1] P. von den Hoff et al., IEEE J SEL TOP QUANT, 18 (2012),
119-129.

MO 20.7 Fri 15:30 f102
Controlling the nuclear- and electron-dynamics at a conical
intersection — ∙Thomas Schnappinger, Franziska Schüppel,
and Regina de Vivie-Riedle — Department of Chemistry, LMU
Munich, Germany

The combination of ultra-fast optical techniques with quantum dynam-
ics simulations give extensive insights into the nuclear and electronic
dynamics of molecules and give rise to the possibility of modifying or
even controlling the dynamics.

In this theoretical work we aim to control the coupled nuclear- and
electron-dynamics in the vicinity of a conical intersection (CoIn). The
control scheme relies on the carrier envelope phase (CEP) of a few-cycle
IR pulse. The laser interaction creates an electronic superposition of
the involved states before the wavepacket reaches the CoIn and in-
fluences the population transfer through the CoIn. To simulate the
coupled nuclear- and electron-motion of this process we are using the
NEMol (coupled nuclear- and electron-dynamics in molecules) ansatz
developed in our group. In this purely quantum mechanical ansatz the
quantum-dynamical description of the nuclear motion is combined with
the calculation of the electron-dynamics in the eigenfunction basis.

We want to show two examples the molecule NO2 and the nucleobase
uracil. Both systems show relaxation dynamics back in the ground
state via a CoIn after photoexcitation. But the circumstances, e.g.
the transitional dipole moment and the localization of the wavepacket,
differ significantly in both systems. These facts should be reflected in
the controllability of the relaxation.

MO 20.8 Fri 15:45 f102
Laser induced electron diffraction in the molecular frame
— ∙Joss Wiese1,2, Jolijn Onvlee1,3, Andrea Trabattoni1,3,
Evangelos Karamatskos1,4, Sebastian Trippel1,3, and Jochen
Küpper1,2,3,4 — 1Center for Free-Electron Laser Science, Deutsches
Elektronen-Synchrotron DESY, Hamburg — 2Department of Chem-
istry, Universität Hamburg — 3The Hamburg Center for Ultrafast
Imaging, Universität Hamburg — 4Department of Physics, Universität
Hamburg
Laser-induced electron diffraction (LIED) has the potential to pro-
vide time-dependent images of molecules at sub-femtosecond and few-
picometer resolution and is therefore ideally suited to record quantum
molecular movies. Here we present our work on LIED and strong field
ionization off strongly aligned molecular samples. Our samples include
simple linear molecules like OCS as well as prototypical biomolecules
such as indole and its microsolvated clusters. Effects of the overall
strong-field recollision dynamics on the orientation of the molecules will
be presented and compared with time dependent density-functional
theory (TDDFT) simulations as well as with novel highly efficient
semiclassical simulations based on the adiabatic tunneling theory. Our
findings have strong impact on the interpretation of self-diffraction ex-
periments, where the photoelectron momentum distribution is used to
retrieve molecular structures.

MO 21: Astrophysics and Ions

Time: Friday 14:00–16:00 Location: f142

Invited Talk MO 21.1 Fri 14:00 f142
Laboratory experiments as tool to understand the infrared
sky at high spectral resolution — ∙Guido W. Fuchs — Labo-
rastrophysik, Physik Institut, Universität Kassel, Heinrich-Plett-Str.
40, 34132 Kassel
In the universe, chemistry starts when atoms are expelled from the
hot inner regions of evolved stars and form molecules in the cooler
outer atmospheres and stellar envelopes. Thus, at the end of their
lifetime low and intermediate mass asymptotic giant branch (AGB)
stars and the more massive red super giants, are building up strong
stellar winds which are major sources of small to intermediate sized
molecules and dust in the universe. Especially molecules composed of
refractory materials like metal atoms, carbon or silicon are crucial for
dust formation. To understand these formation processes these precur-
sor molecules need to be observed and identified which can be done at
infrared wavelengths using high resolution spectrographs. But in addi-
tion, high resolution gas-phase spectra of possible precursor molecules
are needed to compare with those from astronomical observations.
In our laboratories we study the gas-phase spectra of these kinds of
molecules via high resolution infrared spectroscopy. Our experimental
setups will be presented and examples of investigated molecules, like
TiO, Al2O and C3, will be given. In addition, recent observations using
the TEXES spectrograph on the infrared telescope IRTF observations
will be shown. Examples are the late-type stars, Canis Majoris, o-ceti

(Mira) and others. The observational and experimental results will be
related and discussed.

MO 21.2 Fri 14:30 f142
Rotational state selective electron recombination of CH+

molecules — ∙Daniel Paul1, Klaus Blaum1, Sebastian
George1,2, Jürgen Göck1, Manfred Grieser1, Florian
Grussie1, Robert von Hahn1, Naman Jain1, Ábel Kálosi1,
Claude Krantz1, Holger Kreckel1, Christian Meyer1, Damian
Müll1, Oldřich Novotný1, Felix Nuesslein1, Sunny Saurabh1,
Daniel W. Savin3, Viviane C. Schmidt1, Xavier Urbain4,
Patrick Wilhelm1, and Andreas Wolf1 — 1Max Planck Institute
for Nuclear Physics, Heidelberg, Germany — 2University of Greif-
swald, Germany — 3Columbia University, New York, NY, USA —
4Institute of Condensed Matter and Nanosciences, UCLouvain, Bel-
gium
Molecular cations in the interstellar medium (ISM) are used to trace
the properties of diffuse interstellar clouds, out of which stars and pla-
nets are formed. These cations can be destroyed by dissociative recom-
bination (DR) with electrons. Laboratory studies of DR are needed
to understand molecular evolution in space. Here we have studied DR
of CH+, which is of particular interest for diffuse cloud observations.
In the electrostatic cryogenic storage ring CSR, CH+ ions in lowest
rovibrational states can be stored for DR studies at ISM-relevant con-
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ditions. Using merged ion and electron beams with a recently imple-
mented electron cooler, low energy (meV) collisions can be studied.
Here, we report on rotational state selective DR rate coefficient mea-
surements of the CH+ ion. In addition, final state branching ratios
and angular fragmentation characteristics were observed.

MO 21.3 Fri 14:45 f142
Electron Recombination Studies of TiO+ molecules —
∙Naman Jain1, Klaus Blaum1, Sebastian George1,2, Jür-
gen Göck1, Manfred Grieser1, Florian Grussie1, Robert
von Hahn1, Ábel Kálosi1, Holger Kreckel1, Damian Müll1,
Oldřich Novotný1, Felix Nuesslein1, Daniel Paul1, Sunny
Saurabh1, Viviane C. Schmidt1, Albert A. Viggiano3, Patrick
Wilhelm1, and Andreas Wolf1 — 1Max Planck Institute for Nu-
clear Physics, Heidelberg, Germany — 2University of Greifswald,
Greifswald, Germany — 3AFR Laboratory, New Mexico, USA
The complex chemical processes observed in the gas-phase of interstel-
lar medium (ISM) are majorly based on ion reactions. Dissociative
recombination (DR) of molecular ions is a dominant process in such
environments that neutralizes the plasma and leads to the fragmenta-
tion of molecules. In the ISM, the titanium oxide (TiO+) cation can be
formed by the associative ionization process between atomic titanium
and oxygen. The process has been proposed to be responsible for the
production of free electrons and severe atomic depletion of Ti in gas
phase ISM. The inverse process, DR, is expected to be endothermic,
contrary to most other cases. Precise laboratory studies on the DR of
TiO+ are needed for a concrete proof of the reaction energetics, thus
elucidating the molecular reaction dynamics. Such experiments are
being conducted at the electrostatic Cryogenic Storage Ring (CSR) in
similar conditions as in the cold ISM. Here, we report on our initial
results of a TiO+ DR experiment with the electron cooler at CSR.

MO 21.4 Fri 15:00 f142
Direct detection of nuclear scattering of sub-Gev dark matter
using molecular excitations — ∙Jesús Pérez-Ríos1, Harikrish-
nan Ramani2, Oren Slone3, and Rouven Essig4 — 1Fritz-Haber-
Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, D-14195 Berlin,
Germany — 2Berkeley Center for Theoretical Physics, Department
of Physics, University of California, Berkeley, California 94720, USA
— 3Princeton Center for Theoretical Science, Princeton University,
Princeton, New Jersey 08544, USA — 4C. N. Yang Institute for The-
oretical Physics, Stony Brook University, New York 11794-384, USA
The evidence for the existence of dark matter, which makes up about
85% of the matter density in the Universe, is overwhelming. Efforts
to detect galactic dark matter particles in the laboratory are crucial
for developing a detailed understanding of the particle nature of dark
matter. The past decades have seen tremendous progress in direct-
detection searches for Weakly Interacting Massive Particles, which
have masses above the proton. However, dark matter with masses
below the proton is woefully underexplored, despite being theoreti-
cally well-motivated. We propose a novel direct detection concept to
search for dark matter with masses in the 100 keV to 100 MeV range.
Here, dark matter particles scatter off molecules in a gas and excit-
ing a vibrational and rotational state of the molecule. The excited
rovibrational mode relaxes rapidly and produces a spectacular signal
consisting of multiple infrared photons, which can be observed with
ultrasensitive photodetectors

MO 21.5 Fri 15:15 f142
Towards para-ortho conversion in ammonia — ∙Guang
Yang1,4, Dominic Laumer2,4, Christoph Heyl2, Andrey
Yachmenev1,3, Ingmar Hartl2, and Jochen Küpper1,3,4 —
1Center for Free-Electron Laser Science, DESY, Hamburg — 2DESY,
Hamburg — 3The Hamburg Center for Ultrafast Imaging, Hamburg
— 4Department of Physics, Universität of Hamburg, Hamburg
The spectrum of ammonia can be considered as the combination of
the spectra of two distint molecules, para and ortho, which have differ-
ent total-nuclear-spin number I=1/2 and I=3/2, respectively, of the

three hydrogen atoms. It is considered a good approximation that in-
terconversions of nuclear spin isomers are forbidden. However, weak
hyperfine couplings weakly allow the conversion happen.

We present a combined theoretical and experimental study of the
hyperfine-resolved spectrum of ammonia. The calculations have been
performed using the variational approach TROVE, a new spectroscop-
ically determined potential energy surface, and ab initio quadrupole,
spin-spin, and spin-rotation coupling surfaces. For the spectroscopic
observation of the para-ortho conversion, we utilized a mid-infrared
frequnecy-comb Fourier-transform spectrometer [2] to perfom first sur-
vey scans of the absorption spectrum in the 4 𝜇𝑚 region. We investi-
gated the self-broadening and self-shift. Currently, we are optimizing
the experimental setup to improve the resolution and sensitivity and
search the weak para-ortho conversion lines.

[1] S. N. Yurchenko, et al., J. Mol. Spectrosc., 245, 126 (2007)
[2] V. Silva de Oliveira, et al., arXiv:1904.02611, (2019)

MO 21.6 Fri 15:30 f142
Delayed electron detachment and fragmentation of laser-
excited Al−4 clusters — ∙Felix Nuesslein1, Klaus Blaum1,
Paul Fischer2, Sebastian George2, Jürgen Göck1, Manfred
Grieser1, Robert von Hahn1, Oded Heber3, Ábel Kálosi1,
Stav Knaffo4, Michael Lembach5, Yannick Mees5, Damian
Müll1, Gereon Niedner-Schatteburg5, Oldřich Novotný1,
Daniel Paul1, Hilel Rubinstein3, Sunny Saurabh1, Viviane
C. Schmidt1, Lutz Schweikhard2, Raj Singh3, Yoni Toker4,
Patrick Wilhelm1, Andreas Wolf1, and Yitzhak Yonas4 —
1Max-Planck-Institut für Kernphysik, 69117 Heidelberg, Germany —
2Universität Greifswald, Institut für Physik, 17487 Greifswald, Ger-
many — 3Weizmann Institute of Science, 76100 Rehovot, Israel —
4Bar-Ilan University, 5290002 Ramat-Gan, Israel — 5Technische Uni-
versität Kaiserslautern, 67663 Kaiserslautern, Germany
The Delayed Electron Detachment (DED) and fragmentation of Al−4
ions were studied in the Heidelberg electrostatic Cryogenic Storage
Ring (CSR) [1] by merging nanosecond OPO laser pulses with the
stored Al−4 ion beam in one of the four ∼2.6 m linear, field-free ex-
perimental sections. Up to 600 𝜇s after a laser pulse, neutrals due to
electron detachment were detected downstream with a MicroChannel
Plate (MCP) detector. With a second, movable MCP detector, we ob-
served prompt and delayed fragment events on a 300 𝜇s timescale. To
examine DED near the Adiabatic Electron Affinity (AEA∼2.2 eV) of
Al−4 , we varied the photon energy in 5 meV steps from 1.8–2.3 eV. For
up to 65 s, cooling of the ions in the extremely low blackbody radiation
field of CSR (𝑇eff ∼15 K [2]) was observed. The studies yield insight
into the cooling and AEA of the Al−4 clusters.

[1] von Hahn et al., Rev. Sci. Instrum. 87, 063115 (2016)
[2] Meyer et al., Phys. Rev. Lett. 119, 023202 (2017)

MO 21.7 Fri 15:45 f142
The electronic spectrum of Au+

3 and Au3N2O+ — ∙Marko
Förstel1, Karim Saroukh1, Kai Pollow1, Este A. Najib1, Al-
ice Green2, Stuart Mackenzie2, and Otto Dopfer1 — 1Institut
für Optik und Atomare Physik, Technische Universität Berlin, Ger-
many — 2Department of Chemistry, University of Oxford, Oxford,
UK
In this talk we present our latest findings on the optical spectra of
Au+

3 and Au3N2O+ clusters. By using our recently enhanced setup
we are able to record the optical spectra of very dilute targets in a
quality that is sufficient to resolve vibrational progressions [1,2]. This
allows comparisons to TD-DFT calculations on a hitherto unavailable
precision. This is especially interesting in the case of gold, where theo-
retical models tend to have difficulties due to relativistic effects, spin-
orbit coupling, and the participation of d electrons in bonding and
charge*transfer effects. Thus our results will lead to a better under-
standing of electronic structure and the resulting catalytic properties
of Au at a molecular level.

[1] M. Förstel et al., Rev. Sci. Instr. 88, 2017
[2] M. Förstel et al., Angew. Chem. Int. Ed. 131, 2019
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