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Overview of Invited Talks and Sessions
(Lecture rooms S HS 001 Biologie and S HS 002 Biologie; Poster S Foyer LLM)

Invited Talks

MO 3.1 Mon 10:30–11:00 S HS 001 Biologie Solvent-Specific Facets in the Ultrafast Photochemistry
of Reactive Intermediates — Johannes Knorr, Pandian
Sokkar, Svenja Wortmann, Paolo Costa, Niklas Gessner,
Julien Rowen, Wolfram Sander, Elsa Sanchez-Garcia,
∙Patrick Nuernberger

MO 4.1 Mon 10:30–11:00 S HS 002 Biologie Determination of Excited State Dipole Moments for Com-
plex Systems - From Gas to the Condensed Phase —
∙Michael Schmitt, Marie-Luise Hebestreit, Mirko Lindic,
Matthias Zajonz, Michael Schneider

MO 6.1 Mon 14:00–14:30 S HS 001 Biologie Investigation of structures and electronic states of transi-
tion metal containing complexes via transient FTIR spec-
troscopy — Patrick Di Martino-Fumo, Pit Boden, Jasmin
Busch, Sven Otto, Katja Heinze, Stefan Bräse, ∙Markus
Gerhards

MO 11.1 Wed 10:30–11:00 S HS 001 Biologie Properties of multiazobenzene systems - old dogs and
new tricks — ∙Chavdar Slavov, Chong Yang, Luca
Schweighauser, Andreas H. Heindl, Tim Stauch, Hermann
A. Wegner, Andreas Dreuw, Josef Wachtveitl

MO 19.1 Thu 10:30–11:00 S HS 001 Biologie Optical spectroscopy of small metal clusters: a deeper
look at Au+

4 — ∙Marko Förstel, Wolfgang Schewe, Otto
Dopfer

MO 21.1 Thu 14:00–14:30 S HS 001 Biologie Influence of Local and External Electric Fields on the Ultra-
fast Dynamics of Charge Pairs Photo-Generated in Poly-
[3-Hexylthiophene] (P3HT) — Debkumar Rana, Tahirzeb
Khan, Patrice Donfack, Vladislav Jovanov, Veit Wagner,
∙Arnulf Materny

MO 23.1 Fri 10:30–11:00 S HS 001 Biologie Efficient charge transfer by electron transfer mediated de-
cay mechanism — ∙Kirill Gokhberg

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

SYPS 1.1 Mon 14:00–14:30 U Audimax Optimal control of many-body quantum systems — ∙Simone
Montangero

SYPS 1.2 Mon 14:30–15:00 U Audimax Light matter quantum interface based on single colour centres
in diamond — ∙Fedor Jelezko

SYPS 1.3 Mon 15:00–15:30 U Audimax Principles of Quantum Systems Theory and Control Engineering
— ∙Thomas Schulte-Herbrüggen

SYPS 1.4 Mon 15:30–16:00 U Audimax Quantum metrology with Rydberg atoms — ∙Sebastien
Gleyzes, Arthur Larrouy, Remi Richaud, Sabrina Patsch,
Jean-Michel Raimond, Michel Brune, Christiane Koch
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Invited talks of the joint symposium SYAD
See SYAD for the full program of the symposium.

SYAD 1.1 Tue 10:30–11:00 U Audimax Quantum States and their Marginals: from Multipartite Entan-
glement to Quantum Error-Correcting Codes — ∙Felix Huber

SYAD 1.2 Tue 11:00–11:30 U Audimax The Uniform Electron Gas at Warm Dense Matter Conditions
— ∙Simon Groth

SYAD 1.3 Tue 11:30–12:00 U Audimax Relativistically intense laser-microplasma interactions (and po-
tential applications) — ∙Tobias Ostermayer

SYAD 1.4 Tue 12:00–12:30 U Audimax Motional quantum state engineering for quantum logic spec-
troscopy of molecular ions — ∙Fabian Wolf

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

SYXR 1.1 Thu 14:00–14:30 U Audimax Superradiance of an ensemble of nuclei excited by a free electron
laser — ∙Aleksandr Chumakov

SYXR 1.2 Thu 14:30–15:00 U Audimax Quantum imaging with incoherently scattered light from a Free-
Electron Laser — ∙Joachim von Zanthier

SYXR 1.3 Thu 15:00–15:30 U Audimax Stimulated X-Ray Emission Spectroscopy for Chemical Analysis
— ∙Nina Rohringer

SYXR 1.4 Thu 15:30–16:00 U Audimax X-Ray Multiphoton Ionization of Atoms and Molecules —
∙Daniel Rolles

Sessions

MO 1.1–1.2 Sun 16:00–18:00 U HS 224 Tutorial Molecular Spectroscopy (joint session
AKjDPG/MO)

MO 2.1–2.7 Mon 10:30–12:15 S HS 1 Physik Ultra-cold atoms and molecules I (joint session
A/MO/Q)

MO 3.1–3.7 Mon 10:30–12:30 S HS 001 Biologie Ultrafast Processes in Solution
MO 4.1–4.7 Mon 10:30–12:30 S HS 002 Biologie Electronic Spectroscopy
MO 5.1–5.8 Mon 14:00–16:00 S HS 1 Physik Ultra-cold atoms and molecules II (joint session

A/MO/Q)
MO 6.1–6.7 Mon 14:00–16:00 S HS 001 Biologie Metal Complexes
MO 7.1–7.8 Mon 14:00–16:00 S HS 002 Biologie Experimental Techniques
MO 8.1–8.6 Mon 16:15–17:45 S HS 001 Biologie XUV and X-ray Excitation and Spectroscopy
MO 9.1–9.6 Mon 16:15–17:45 S HS 002 Biologie Molecules in Intense Laser Fields
MO 10.1–10.20 Tue 16:30–18:30 S Foyer LLM Posters 1: Cold Molecules, High Resolution Spec-

troscopy, and Theory
MO 11.1–11.7 Wed 10:30–12:30 S HS 001 Biologie Photochemistry
MO 12.1–12.8 Wed 10:30–12:30 S HS 002 Biologie High Resolution Spectroscopy and Precision Experi-

ments
MO 13 Wed 12:45–13:45 S HS 001 Biologie Annual General Meeting of the Molecular Physics De-

vision
MO 14.1–14.8 Wed 14:00–16:00 S HS 001 Biologie Ultrafast Multidimensional and Control Approaches
MO 15.1–15.8 Wed 14:00–16:00 S HS 002 Biologie Cold Molecules (joint session MO/A)
MO 16.1–16.7 Wed 14:00–16:15 S HS 3 Physik Cluster I (joint session A/MO)
MO 17.1–17.10 Wed 16:15–18:15 S Fobau Physik Cluster II (joint session A/MO)
MO 18.1–18.20 Wed 16:15–18:15 S Foyer LLM Posters 2: Time Resolved Spectroscopy
MO 19.1–19.7 Thu 10:30–12:30 S HS 001 Biologie Cluster III (joint session MO/A)
MO 20.1–20.8 Thu 10:30–12:30 S HS 002 Biologie Atomic Physics, Molecular Physics, and Quantum

Optics with X-ray FELs (joint session MO/A)
MO 21.1–21.7 Thu 14:00–16:00 S HS 001 Biologie Coupled Systems
MO 22.1–22.20 Thu 16:15–18:15 S Foyer LLM Posters 3: Cluster, Strong Field Physics, and Exper-

imental Techniques
MO 23.1–23.7 Fri 10:30–12:30 S HS 001 Biologie Molecular Theory
MO 24.1–24.8 Fri 10:30–12:30 S HS 002 Biologie Large and Reactive Systems
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Annual General Meeting of the Molecular Physics Division

Wednesday 12:45–13:45 S HS 001 Biologie
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MO 1: Tutorial Molecular Spectroscopy (joint session AKjDPG/MO)

Time: Sunday 16:00–18:00 Location: U HS 224

Tutorial MO 1.1 Sun 16:00 U HS 224
How Ultrafast Spectroscopy Can Follow Molecular Reaction
Dynamics in Real Time — ∙Patrick Nuernberger — Physikalis-
che Chemie II, Ruhr-Universität Bochum, 44780 Bochum
Physicists and chemists are usually very familiar with absorption spec-
trometers. The obtained spectra provide information on energy levels
and further properties of the substance at hand. Whereas one directly
determines which photon is absorbed and how well, some of the most
interesting information is not accessible in this way: what happens
directly after the photon has interacted with the molecules?

Quite intuitively, one needs to measure at a later time to find out.
Instead of looking only at the reaction’s start and finish, a comprehen-
sive approach has to follow the dynamics in real time in order to iden-
tify intermediates and decipher the underlying reaction mechanisms.
For this, laser pulses in the femtosecond range are required, since pho-
tophysical processes and photochemical reactions (where bonds are
cleaved and formed) may occur on an ultrafast time scale.

In this tutorial, the basics of ultrafast molecular spectroscopy are in-
troduced. Different experimental implementations and the applicabil-
ity to systems ranging from diatomic molecules to large biosystems are
discussed. Two versatile approaches, transient absorption and coherent
two-dimensional spectroscopy, are analyzed in detail with illustrative
examples.

Tutorial MO 1.2 Sun 17:00 U HS 224

Theoretical Perspective on Time-resolved Spectroscopy of
Molecular Systems — ∙Oliver Kühn — University of Rostock,
Institute of Physics, 18059 Rostock, Germany
Experiments in ultrafast spectroscopy have advanced to an unprece-
dented level of sophistication, being able to unravel even the finest
details of molecular dynamics. Applications range from gas phase dy-
namics to the initial steps of photosynthesis, thereby encompassing
many orders of magnitude as far as time and frequency scales are con-
cerned. The analysis and interpretation requires advanced theoretical
methods that can cope with the challenges provided by the experimen-
tal data. Here, ideas from electronic structure theory and quantum
dynamics meet, areas which evolved separately so far.

In this tutorial, basic concepts of theoretical time-resolved spec-
troscopy will be discussed using applications from recent literature.
In particular it will be shown that in the weak-field limit a rigorous
and practical formulation of (non-)linear signals in terms of multi-time
response functions can be given. Their information content is fully
explored within two-dimensional spectroscopies, which have been de-
veloped to probe vibrational as well as electronic excitation dynamics.

[1] V. May and O. Kühn, Charge and Energy Transfer Dynamics in
Molecular Systems, Wiley-VCH, 2011; [2] P. Hamm and M. T. Zanni,
Concepts and Methods of 2D Infrared Spectroscopy, Cambridge, 2011;
[3] M. Schröter, S. D. Ivanov, J. Schulze, S. P. Polyutov, Y. Yan, T.
Pullerits, O. Kühn, Phys. Rep. 567, 1 (2015).

MO 2: Ultra-cold atoms and molecules I (joint session A/MO/Q)

Time: Monday 10:30–12:15 Location: S HS 1 Physik

MO 2.1 Mon 10:30 S HS 1 Physik
Quantum state-dependent reactive collisions of OH− with ul-
tracold Rubidium in a hybrid trap — ∙Saba Zia Hassan1,
Jonas Tauch1, Eric Endres1, Markus Nötzold2, Henry
Lopez1, Bastian Höltkemeier1, Roland Wester2, and Matthias
Weidemüller1 — 1Physikalisches Institut Heidelberg, INF 226,
69120 Heidelberg — 2Institut für Ionenphysik und Angewandte
Physik, Universität Innsbruck, 6020 Innsbruck
The study of ion-molecule reactions plays a vital role in cold chemistry,
implying the need of well-controlled ion ensembles in a cold environ-
ment. The internal and external degrees of freedom of molecular ions,
trapped in multipole radio frequency ion traps, can be cooled via col-
lisions, with pre-cooled neutral atoms, to cryogenic temperatures of
about 4 K. This lower temperature limit can be overcome using a
laser-cooled buffer-gas localized at the center of the ion cloud.
In our hybrid atom-ion trap, the hydroxyl anions are stored in a 8-pole
radio frequency wire trap and a dense cloud of ultracold rubidium is
confined in a dark spontaneous-force optical trap (Dark-SPOT). The
overlap of atoms and anions leads to elastic and inelastic collisions,
cooling the external and internal degrees of freedom respectively. How-
ever, losses via associative detachment between OH− and rubidium
also occur, as predicted by ab-initio calculations. By varying the ratio
of excited to ground state atoms, quantum state-dependent reactive
collisions can be studied. Accurate measurements of these reactions
can allow us to probe into the effective core potentials used in theoret-
ical studies. In this contribution the latest results will be presented.

MO 2.2 Mon 10:45 S HS 1 Physik
State-to-state chemistry in a magnetic field — ∙Joschka Wolf,
Markus Deiß, Shinsuke Haze, and Johannes Hecker Denschlag
— Institut für Quantenmaterie and Center for Integrated Quantum
Science and Technology IQST, Universität Ulm, 89069 Ulm, Germany
State-to-state chemistry describes the determination of the quantum
states of the final products given the quantum state of reactants. We
have developed and demonstrated a method to probe diatomic molec-
ular product states of reactive processes both qualitatively and quan-
titatively [1]. Using the given method, we have investigated the re-
combination of three neutral rubidium atoms in an ultracold atomic
gas. We have extended the scheme of [1], to also resolve the magnetic
quantum number of molecular product states. In this talk, we present

the measurements of product molecules for different reactant states as
a function of the magnetic field. We find a propensity rule that the
magnetic quantum number of the two reactants forming the molecule
is conserved.

J. Wolf et al., Science 358, 921 (2017)

MO 2.3 Mon 11:00 S HS 1 Physik
Sisyphus Optical Lattice Decelerator (SOLD) — ∙Rodrigo
Gonzalez Escudero, Chun-Chia Chen, Shayne Bennetts, Ben-
jamin Pasquiou, and Florian Schreck — Van der Waals - Zeeman
Institute, Institute of Physics, University of Amsterdam
In this talk, we present our implementation of a novel deceleration
scheme that slows and cools atoms without using radiation pressure
[1]. This scheme can enhance the efficiency of standard laser cooling
techniques, requiring fewer photons to bring fast atoms to rest, making
it a good decelerator candidate for exotic species [2] and molecules.

The SOLD works by having atoms selectively excited to an elec-
tronic state whose energy is spatially modulated by an optical lattice.
Excited Atoms decelerate solely by climbing the conservative poten-
tial landscape created by the lattice. The ensuing spontaneous decay
brings atoms to the ground state, and completes one Sisyphus cooling
cycle.

This deceleration method might prove useful for our attempt to cre-
ate a steady-state strontium atom laser machine [3], breaching the gap
from the currently achieved, and unprecedented steady-state phase-
space density of near unity to the first steady-state Bose-Einstein con-
densate from which a continuous atom laser can be outcoupled.

[1] C-C.Chen et al., arXiv:1810.07157 (2018).
[2] S. Wu et al., Phys. Rev. Lett. 106, 213001 (2011).
[3] S. Bennetts et al., Phys. Rev. Lett. 119, 223202 (2017).

MO 2.4 Mon 11:15 S HS 1 Physik
Sympathetic cooling of molecular anions by a localized
laser-cooled buffer gas — ∙Jonas Tauch1, Saba Zia Hassan1,
Eric Endres1, Markus Nötzold3, Henry López1, Bastian
Höltkemeier1, Roland Wester3, and Matthias Weidemüller1,2

— 1Physikalisches Institut Heidelberg, INF 226, 69120 Heidelberg —
2University of Science and Technology of China, Shanghai Branch,
Shanghai, China — 3Institut für Ionenphysik und Angewandte Physik,
Technikerstrasse 25/3, 6020 Innsbruck
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Sympathetic cooling has become a powerful and universal method
for preparing ultracold ions confined in radio frequency traps. This
technique enables the study of cold molecular ions, as precision spec-
troscopy and chemistry at temperatures near to the absolute zero. In
the past few years there has been a large debate about the limita-
tions of this method, due to the mass ratio between the ions and the
coolant. We developed a theoretical description which predicts that
this limitations can be overcome by a localized buffer gas cloud and/or
a higher order radio frequency trap. In this contribution I will present
recent results of our hybrid atom-ion trap system, consisting of an 8-
pole radio frequency wire trap and a dark spontaneous-force optical
Rubidium trap. First signs of translational and rotational cooling of
the trapped hydroxyl anions are observed. To probe the translational
energy distributions of the anions, their time-of-flight is measured after
extraction from the trap. The internal degrees of freedom are probed
via near threshold photodetachment, revealing an increase of the pop-
ulation in lower rotational states. Thus cooling of the internal degrees
of freedom.

MO 2.5 Mon 11:30 S HS 1 Physik
Using a Quartz Crystal Micro-Balance for the character-
ization of a Zeeman Slower — ∙A. Chavarria Sibaja1,2,
A. Godinez Sandi1,2, K. Hernandez Jimenez1,2, S. Thiel
Pizarro1,2, M. Guevara Bertsh3, and O.A. Herrera Sancho1,2,4

— 1Escuela de Física. University of Costa Rica — 2CICIMA. Univer-
sity of Costa Rica — 3Institut fur Quantenoptik und Quanteninfor-
mation. University of Innsbruck — 4CICANUM. University of Costa
Rica
We present here the developement of an experimental apparatus that
consists of a Gd atoms source and 1 m-long multi-layer solenoidal
Spin-Flip Zeeman Slower, and the propose of an alternative method
to measure the atoms velocity, based on using of a Quartz Crystal
micro-balance (QCM), which is normally used in thin film deposition
process in solid-state physics. We observed that the measurement of
the perturbations induced in the natural frequency of the QCM by the
deposition mass process and the momentum exchange of the particles
when they hit the crystal surface, allow to determine the change in the
kinetic energy of Gd atoms. In this experiment, we focus a 447,2 nm
laser into a counter-propagating beam of Gd atoms in order to drive
the strongest dipole atomic transition from the ground 9D 0 state to
the exited state 9D. Additionally we measure the variations of velocity
of the atoms at the end of our Zeeman-Slower with a QCM,in order
to characterize the effectiveness of our apparatus, as part of the future
developement of magneto-optical trap system. We obtain preliminary
results of 39% of reduction of the velocity of the Gd atoms respect to
their initial velocity using a current of 3 A.

MO 2.6 Mon 11:45 S HS 1 Physik
Locking of multiple Lasers to a Frequency Comb — ∙Benjamin
Sprenger1, Dag Schmidt1, Ronald Holzwarth1,2, Bastian
Hacker2, Dominik Niemietz2, and Gerhard Rempe2 — 1Menlo
Systems GmbH, Am Klopferspitz 19a, 82152 Martinsried — 2Max-
Planck Institut für Quantenoptik, Hans-Kopfermann-Straße 1, 85748
Garching bei München
Cold atom experiments usually require a whole set of lasers with differ-
ent and precisely defined optical frequencies. A frequency comb offers
the possibility to stabilize all lasers in the visible and near IR part of
the spectrum (and even far beyond in the IR regime if needed) to the
same reference, thereby providing the same stability and accuracy as
well as mutual coherence to all lasers. We present a setup in which
a frequency comb is used to stabilize more than 20 CW Lasers in 7
different laboratories. The comb light is distributed via optical fibers
from the central comb laboratory to all other labs. Many applications,
like quantum information experiments with single atoms and photons
or molecular spectroscopy can be simplified with this setup and allows
for reliable operations with improved accuracy.

MO 2.7 Mon 12:00 S HS 1 Physik
Improved Setup for Optoelectric Sisyphus Cooling of
Formaldehyde Using a Detection Scheme Based on Laser
Induced Fluorescence — ∙Martin Ibrügger, Maximilian Löw,
Alexander Prehn, Martin Zeppenfeld, and Gerhard Rempe —
Max-Planck-Institut für Quantenoptik, Hans-Kopfermannstr. 1, 85748
Garching
Ultracold molecules are ideal systems for the investigation of funda-
mental physics with applications ranging from quantum simulation
over high-precision spectroscopy to ultracold chemistry. We showed
in the past that optoelectrical Sisyphus cooling is one of the most
promising techniques to provide the high number of molecules and the
temperatures required for those applications [1]. We now implemented
a new detection scheme for formaldehyde based on laser induced flu-
orescence (LIF), thereby increasing the signal by up to a factor of 30
compared to the previously used quadrupole mass spectrometer, and
furthermore allowing state selective detection of the molecules.

Here, we present the current status of the experiment. In particu-
lar, we investigate trap dynamics of individual rotational M-sublevels
which were previously hard to resolve. Results are very promising for
the development of an improved cooling sequence which will pave the
way for exciting applications such as high-precision spectroscopy and
collisional studies of trapped formaldehyde.
[1] A. Prehn et al., Phys. Rev. Lett. 116, 063005 (2016).

MO 3: Ultrafast Processes in Solution

Time: Monday 10:30–12:30 Location: S HS 001 Biologie

Invited Talk MO 3.1 Mon 10:30 S HS 001 Biologie
Solvent-Specific Facets in the Ultrafast Photochemistry
of Reactive Intermediates — Johannes Knorr1, Pandian
Sokkar2, Svenja Wortmann1, Paolo Costa3, Niklas Gessner1,
Julien Rowen3, Wolfram Sander3, Elsa Sanchez-Garcia2,
and ∙Patrick Nuernberger1 — 1Physikalische Chemie II, Ruhr-
Universität Bochum, 44780 Bochum — 2Computational Biochemistry,
Universität Duisburg-Essen, 45141 Essen — 3Organische Chemie II,
Ruhr-Universität Bochum, 44780 Bochum
Organic diazo compounds can release a nitrogen molecule upon pho-
toexcitation, yielding very reactive species that will further pursue
different reaction pathways on an ultrafast time scale. Among those
pathways are rearrangement, intersystem crossing, intermolecular pro-
ton uptake, or complexation with a solvent molecule, giving rise to
variable product distributions. The underlying processes strongly de-
pend on the solvent environment and are accompanied by processes
like solvation, vibrational cooling, and ion separation.

We will present an overview of recent femtosecond studies on diazo
precursors excited in protic and aprotic solvents as well as in binary
solvent mixtures. In combination with multiscale molecular dynamics
simulations, we elucidate the reactivity of nascent intermediate car-
benes and carbocations and the remarkable sensitivity to hydrogen-
bonding among adjacent solvent molecules which take the role of key
abettors rather than bystanders for the fate of the reactive intermedi-

ate. Variation of solvent mixing ratios thus provides a means to control
the time scales and also the pursued pathways of the reaction.

MO 3.2 Mon 11:00 S HS 001 Biologie
Spectroscopic signatures of the dynamical hydration shell for-
mation — ∙Henning Kirchberg1, Peter Nalbach2, and Michael
Thorwart1 — 1Universität Hamburg, I. Institut für Theoretische
Physik, Jungiusstr. 9, 20355 Hamburg — 2Westfälische Hochschule,
Münsterstr. 265, 46397 Bocholt
The hydration shell, a specific formed water molecule network with
hydrogen bonds near a solute, strongly influences the energetic and
electronic properties of the solute and its (non-) solubility in a polar
environment. The dynamical formation of a hydration shell is a pro-
cess of central interest in many physical and chemical systems. We
generalize the Onsager model of a static spherical cavity with a point
dipole placed in a dielectric continuum solvent towards a dynamically
varying Onsager sphere. In particular, we assume a dynamical growing
layer of water around the central sphere. We calculate the response of
the central molecular dipole to an external electric field in the presence
of the dynamically growing layer. By this, we determine the energy
cost for the solvation shell formation, which is responsible for the low
solubility of hydrophobic agents in water. We find a frequency up-
shift in the absorptive part of the response. Moreover, we are able to
connect time-dependent spectroscopy signatures, i.e. the line width
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of the absorption spectrum, to dynamical time scales of the hydration
shell formation and to the characteristic fluctuations of the structured
water within the hydration shell.

MO 3.3 Mon 11:15 S HS 001 Biologie
Broadband Ultrafast Transient Absorption Spectroscopy of
Triplet Phenylpentadiynylidene and Diphenylpropynylidene
— ∙Lea Ress, Engelbert Reusch, Hans-Christian Schmitt,
Ingo Fischer, and Tobias Brixner — Institut für Physikalische
und Theoretische Chemie, Universität Würzburg, Am Hubland, 97074
Würzburg
The chemical and physical properties of unsaturated carbon-rich chain
molecules like phenylpentadiynylidene (PhC5H) and diphenylpropy-
nylidene (PhC3Ph) are of significance in research areas such as as-
trochemistry and combustion processes, wherein biradical or rather
carbenic structures and their electronic characteristics play an im-
portant role. Those molecules were previously generated by photol-
ysis and characterized by matrix isolated EPR, IR and UV/Vis spec-
troscopy [1],[2]. Their precursors (5-diazopenta-1,3-diyn-1-yl)benzene
(PhC5N2H) and (3-diazoprop-1-yne-1,3-diyl)dibenzene (PhC3N2Ph)
have not been characterized via ultrafast transient absorption spec-
troscopy in liquid phase at room temperature. In this contribution,
we investigate the photolysis of the diazo group with ultrashort laser
pulses by excitation at 260 nm to generate triplet PhC5H and PhC3Ph.
We study the ultrafast photochemistry of these triplet species in
dichloromethane and ethanol as aprotic and protic solvents, respec-
tively, and further discuss reaction pathways and ultrafast dynamics
up to three nanoseconds within these solvents.

[1] S. N. Knezz et al., J. Am. Chem. Soc., 138, 12596-12604 (2016)
[2] P. S. Thomas et al., J. Org. Chem., 75, 6372-6381 (2010)

MO 3.4 Mon 11:30 S HS 001 Biologie
Microsolvation vs. Acid Dissociation at 0.4 K: Sequence Mat-
ters — ∙Devendra Mani1, Ricardo Pérez de Tudela2, Raf-
fael Schwan1, Nitish Pal1, Saskia Körning2, Harald Forbert2,
Britta Redlich3, Lex van der Meer3, Gerhard Schwaab1, Do-
minik Marx2, and Martina Havenith1 — 1Lehrstuhl für Physikalis-
che Chemie II, Ruhr-Universität Bochum, 44801 Bochum, Germany.
— 2Lehrstuhl für Theoretische Chemie, Ruhr-Universität Bochum,
44780 Bochum, Germany. — 3FELIX laboratory, Institute for
Molecules and Materials, Radboud University, 6325 ED Nijmegen, The
Netherlands.
Acid dissociation in the aqueous medium is of fundamental impor-
tance. In order to understand the fundamental steps of this reaction,
many experimental and theoretical studies have been carried out on
small HCl-H2O clusters, in the past.[1-3]

We have studied the dissociation of HCl on stepwise addition of H2O
molecules, in helium droplets. Ultrabright pulsed-free electron lasers,
at FELIX laboratory in Nijmegen, were used to measure the umbrella
motion of the H3O+ moiety of the dissociated H3O+(H2O)3Cl− clus-
ter, in the frequency range of 1000-1700 cm−1. Our experiments along
with high-level ab initio MD simulations show that the dissociation of
HCl is highly specific of the sequence in which molecular aggregation
takes place. Details will be presented in the talk.

References: 1. H. Forbert, et al. J. Am. Chem. Soc., 2011, 133,
4062-4072. 2. A. Gutberlet et al.,2009, 324, 1545-1548. 3. J. S.
Mancini and J. M. Bowman, Phys. Chem. Chem. Phys., 2015, 17,
6222-6226.

MO 3.5 Mon 11:45 S HS 001 Biologie
Solvent-dependent time-resolved photoelectron spectroscopy
study of relaxation dynamics in Quinoline Yellow — ∙Evgenii

Ikonnikov, Johan Hummert, and Oleg Kornilov — Max-Born-
Institute, Max-Born-Strasse 2A, Berlin, Germany
Relaxation dynamics of molecules often depends on their environment.
In water, next to intramolecular relaxation processes, additional pro-
cesses like solvent rearrangement and proton transfer upon photon ab-
sorption are possible. Recently we demonstrated pump-probe photo-
electron spectroscopy in solution, which is a powerful tool for obtaining
binding energies and lifetimes of molecular excited states of solvated
molecules [1]. In our experiments we use a short XUV pulse as a probe
pulse and 800/400 nm pulse as a pump pulse with pulse duration of
30 fs. In this contribution we will present measurements of relaxation
dynamics of Quinoline Yellow (QY) in different solvents. In Ref. [1]
we studied QY in water and observed three relaxation times: 250 ±
70 fs, 1.3 ± 0.4 ps and 90 ± 20 ps. We proposed that the two latter
timescales may represent intramolecular proton transfer, while the fast
timecale corresponds to solvent rearrangment. To clarify the nature of
these processes we measure relaxation dynamics of QY in water with
pH=9 and in heavy water to investigate the role of intermolecular pro-
ton transfer processes, which are expected to be slower for D2O. [1] J.
Hummert, G. Reitsma, N. Mayer, E. Ikonnikov, M. Eckstein and O.
Kornilov, J. Phys. Chem. Lett., 6649-6655, 9 (22), 2018.

MO 3.6 Mon 12:00 S HS 001 Biologie
(Time-resolved) Photoelectron circular dichroism in solution
— Janina Lebendig-Kuhla, Pascal Engl, Hans-Hermann Ritze,
and ∙Andrea Lübcke — Max Born Institute for Nonlinear Optics and
Short Pulse Spectroscopy, Max-Born Strasse 2A, 12489 Berlin
Chiral systems play a very important role in nature, in particular in bi-
ology. Among the most widely spread chiral systems are DNA, amino
acids, sugars, and peptides. We will investigate the role of chirality for
the function of those molecules by the newly developed technique of
(time-resolved) photoelectron circular dichroism in solution and pro-
vide new insights into the excited state dynamics of chiral systems.
First results are presented for the model system fenchone, for trypto-
phan and a DNA nucleotide.

MO 3.7 Mon 12:15 S HS 001 Biologie
Experimental traces for ultrafast halogen-bond breaking in
solution — ∙Bastian Geissler1, Christin Pflieger1, Clau-
dio Beakovic1, Elric Engelage2, Stefan Huber2, and Patrick
Nuernberger1 — 1Physikalische Chemie II, Ruhr-Universität
Bochum, 44780 Bochum — 2Organische Chemie I, Ruhr-Universität
Bochum, 44780 Bochum
Non-covalent halogen bonds between an iodine substituted organic
compound and a Lewis base can play key roles in various chemical
and biological processes. For instance, halogen bonds are already com-
monly used for crystal engineering. In the liquid phase, deciphering
and exploiting the complex behavior of halogen bonds between solutes
is an emerging area of research, still mostly focused on organic syn-
thesis, catalysis, supramolecular self-assembly or molecular recognition
processes.

In this study, we address the photophysical properties of compounds
capable of halogen bonding by employing ultrafast time-resolved fluo-
rescence upconversion and transient absorption techniques. Benzoim-
idazole derivates serve as halogen bond donors and pyridine derivates
as Lewis base acceptors. Absorption studies suggest the existence of
iodine halogen bonds in acetonitrile solution, indicative of a modified
charge distribution along the halogen bond which is only observable
in the presence of the donor-acceptor pair. Upon excitation, signals
assigned to the halogen bond rapidly disappear, suggesting that the
halogen bond breaks reversibly within a few picoseconds.

MO 4: Electronic Spectroscopy

Time: Monday 10:30–12:30 Location: S HS 002 Biologie

Invited Talk MO 4.1 Mon 10:30 S HS 002 Biologie
Determination of Excited State Dipole Moments for Complex
Systems - From Gas to the Condensed Phase — ∙Michael
Schmitt, Marie-Luise Hebestreit, Mirko Lindic, Matthias Za-
jonz, and Michael Schneider — Heinreich-Heine-Universität, Insi-
tut für Physikalische Chemie I, 40225 Düsseldorf, Germany
While in the gas phase, rotationally resolved electronic Stark spec-

troscopy is a versatile tool for the accurate determination of the per-
manent dipole moments in both states connected by the electronic
transition, the situation in solution is less favorable. Although con-
ceptionally simple and broadly applied, solvatochromic shifts for the
determination of excited state dipole moments are inaccurate and lead
sometimes to completely false results.

A variant, using thermochromic shifts, leads to more reliable re-
sults, but still has some pitfalls. On the other hand many molecules
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are thermally labile and cannot be brought into the gas phase without
decomposition. In this contribution, we compare the values of excited
state dipole moments from Stark spectroscopy with those from ther-
mochromic shifts, and show some improvements to the method. The
range of small (20 atoms) to large (more than 100 atoms) is covered,
hereby.

MO 4.2 Mon 11:00 S HS 002 Biologie
Photoelectron circular dichroism observed on the nanosec-
ond timescale — ∙Alexander Kastner, Tom Ring, Roxana
Savulea, Han-gyeol Lee, Hendrike Braun, Arne Senftleben,
and Thomas Baumert — Universität Kassel, Institut für Physik und
CINSaT, D-34132 Kassel, Germany
The asymmetry of photoelectron angular distributions from randomly
oriented enantiomers of chiral molecules in the ionization with circu-
larly polarized light arises in forward/backward direction with respect
to the light propagation direction. This effect is known as photoelec-
tron circular dichroism (PECD) and has been investigated by single-
photon [1, 2] as well as resonance-enhanced multi-photon ionization
using a femtosecond laser [3, 4]. Highly structured asymmetries in
the range of ± 10% on bicyclic Ketones were observed featuring pro-
nounced dependence on photoelectron energy and electronic character
of intermediate state for fenchone [5]. In addition, we were able to
generalize the idea of a chiro-optical response to rotationally tailored
fields [6].
Here we report on observation of PECD when using a Nd:YAG
nanosecond laser. The possibility to use an ordinary nanosecond laser
reduces the technical requirements to apply PECD in analytics.
[1] I. Powis, Adv. Chem. Phys. 138, 267-329, (2008)
[2] L. Nahon et al., J. El. Spectr. 204, 322-334, (2015)
[3] C. Lux et al., Chem. Phys. Chem. 16, 115-137, (2015)
[4] A. Kastner et al., Chem. Phys. Chem. 17, 1119-1122, (2016)
[5] A. Kastner et al., J. Chem. Phys. 147, 013926, (2017)
[6] P. V. Demekhin et al., PRL, accepted, (2018)

MO 4.3 Mon 11:15 S HS 002 Biologie
Simulation of molecular photoelectron spectra within the
Dyson orbital formalism — ∙Tobias Möhle, Sergey I.
Bokarev, and Oliver Kühn — Universität Rostock, Inst. f. Phys.
Photoelectron spectroscopy is an important tool for studying the elec-
tronic structure of molecular systems, but reliable predictions challenge
theoretical models to date. In the weak-field limit, using a perturba-
tive approach and neglecting inter-channel-interactions, the difficulties
are two-fold: First, the bound electrons must be described accurately
enough to obtain reasonable excitation energies in a wide range. Sec-
ond, accurate intensities require a proper representation of the photo-
electron wave function.

For the bound part we use time-dependent density-functional theory
in combination with optimally tuned range-separated hybrid function-
als. This leads to fairly good energetics in the valence region of water,
benzene, Cu−

4 and S8. The level of approximation for the photoelec-
tron spectrum influences the outcome strongly: The popular frozen-
orbital approximation, where the transition energies correspond to the
(Kohn-Sham) orbital energies, is outperformed by Dyson-orbital based
simulations by far. Using the latter, the sudden approximation gives
reasonable results in many cases. However, to account for the kinetic-
energy-dependence of intensities, the photoelectron must be taken into
account explicitly. While it is often described on a very approximate
level, a route towards a more reliable description is presented, using
a finite element scheme amended by infinite elements to ensure the
correct asymptotic behaviour of the wave function.

MO 4.4 Mon 11:30 S HS 002 Biologie
Excited state dipole moment of 2-((4-methoxyphenyl)ethynyl)-
3-(1-methyl-1H-indol-3-yl)quinoxaline via condensed phase
thermochromic spectroscopy — ∙Mirko Lindic, Matthias Za-
jonz, Tim Oberkirch, and Michael Schmitt — Institute for Phys-
ical Chemistry I, Heinrich-Heine-University, Düsseldorf
The dipole moment of 2-((4-methoxyphenyl)ethynyl)-3-(1-methyl-1H-
indol-3-yl)quinoxaline in the first excited singlet state was investigated
using the method of thermochromic shifts of the fluorescence emission
and absorption spectra.

Using the mentioned molecule as example some questions about the
determination of excited state dipole moments in solution will be dis-
cussed: Which influence does the solvent cavity have dealing with large
molecules? How is the dipole moment composed in a dye with multiple
chromophores? How could quadrupole effects play a role in condensed

phase measurements?
The measurements results will also be compared with values from

ab initio calculations to allow a critical view on the effects of solvent
molecules in spectroscopic methods.

MO 4.5 Mon 11:45 S HS 002 Biologie
Λ-doubling and Zeeman effect of 2Π3/2 molecules in helium
nanodroplets — ∙Wojciech Rzadkowski and Mikhail Lemeshko
— Institute of Science and Technology Austria (IST Austria), Am
Campus 1, 3400 Klosterneuburg, Austria
Fine-structure levels of 2Π3/2 electronic state of diatomic molecules
in the absence of external fields split into so-called Λ-doublets. In
the presence of a magnetic field they split further, forming separate
Zeeman levels. Both effects get strongly enhanced when the molecule
is immersed into superfluid helium nanodroplets. This behavior lacks
microscopic explanation, with only limited phenomenological models
available.

We use the angulon quasiparticle [1] to build a joint microscopic
model explaining both anomalous Λ− and Zeeman splittings. Our ap-
proach does not use extensive numerical calculations. Instead, a physi-
cally intuitive picture of bath-induced couplings between fine-structure
levels of the molecule is introduced. The theory can be verified against
experimental data readily available for OH molecule [2].

[1] M. Lemeshko, Quasiparticle Approach to Molecules Interacting
with Quantum Solvents, Phys. Rev. Lett. 118, 095301 (2017)

[2] P. Raston, T. Liang, G. Douberly, Anomalous Λ doubling in the
Infrared Spectrum of the Hydroxyl Radical in Helium Nanodroplets,
J. Phys. Chem. A 117 (2013)

MO 4.6 Mon 12:00 S HS 002 Biologie
Optically-induced collapse of Mg foam in helium nan-
odroplets — ∙Lev Kazak1, Sebastian Göde2, Josef
Tiggesbäumker1, and Karl-Heinz Meiwes-Broer1 — 1Institute
of Physics, University of Rostock, Albert-Einstein-Str. 23-24, 18059
Rostock, Germany — 2European XFEL GmbH, Holzkoppel 4, 22869
Schenefeld, Germany
Magnesium embedded in helium droplets exist in form of metastable
network of atoms surrounded by the layer of helium or so-called
foam. At the conditions where only one Mg atom is presented in
droplet, resonant two-photon ionization spectroscopy in the vicinity
of 31𝑃1 ← 31𝑆0 atomic transition reveals a narrow peak at 279 nm,
blue-shifted relative to free atom. When the number of Mg atoms
increases, a second peak at 282 nm arise and independent on further
change of number of atoms. The presence of this feature, indicates that
Mg atoms in He droplet have a interatomic distance of about 10 Å. In
present work, the results on photoelectron spectroscopy of activated
Mg foam are present. Instead of a single photoemission line, complex
photoelectron spectra are obtained when several magnesium atom are
present in the droplet, but almost no specific doping dependence is
observed. New photoelectron peaks are attributed to highly excited
states of Mg atoms. Analysis of electron yield with respect to pick-up
statistics reveals the maximum number of Mg atoms which could be
stabilized in foam. The behavior of photoelectron spectra indicates a
foam collapse. The excess of energy during this process is transferred
to single Mg atoms, leading to population of highly excited states.

MO 4.7 Mon 12:15 S HS 002 Biologie
Photo-dissociation of size and charge-state selected poly-
anionic tin clusters — ∙Markus Wolfram, Steffi Bandelow,
Alexander Jankowski, Stephan König, Gerrit Marx, and Lutz
Schweikhard — Felix-Hausdorff-Straße 6, Institut für Physik, Greif-
swald, Deutschland
In contrast to various other metals that dissociate by monomer evapo-
ration [1, 2], excited tin clusters offer a broad range of decay products,
as observed after electron-cluster interactions [3]. To get further in-
sight into their decay pathways, size and charge-state selected clusters
Sn

1−/2−
𝑛 were photo-excited at the ClusterTrap-setup [4] by 532-nm

Nd:YAG laser pulses.
For small mono-anionic precursor clusters containing up to about

n = 50 atoms, Sn1−𝑛−7, Sn1−𝑛−10 or Sn1−𝑛−15 are observed as preferred
fragments. For the bigger clusters (between ca. n = 50 to 70) there is
a transition to monomer evaporation. In the case of di-anionic precur-
sors, clusters Sn1−𝑛−10 come along with Sn1−10 , probably due to fission
as in the case of the group-14 neighbor-element lead [5]. Furthermore,
doubly charged fragment clusters as Sn2−𝑛−7 appear - a special feature
not observed previously for di-anionic clusters.
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[1] L. Schweikhard et al.,Eur. Phys. J. D 36, 179 (2005)
[2] A. Herlert et al., Int. J. MassSpectrom. 249-250,215 (2006)
[3] S. König et al., Eur. Phys. J. D 72, 153 (2018)

[4] F. Martinez et al., Int. J. Mass Spectrom. 365-366, 266 (2014)
[5] S. König et al., Phys. Rev. Lett. 120, 163001 (2018)

MO 5: Ultra-cold atoms and molecules II (joint session A/MO/Q)

Time: Monday 14:00–16:00 Location: S HS 1 Physik

MO 5.1 Mon 14:00 S HS 1 Physik
Spectroscopic studies on bosonic NaK — ∙Kai K. Voges,
Philipp Gersema, Jannis Schnars, Torsten Hartmann, Torben
A. Schulze, Alessandro Zenesini, Eberhard Tiemann, and Silke
Ospelkaus — Institut für Quantenoptik, Universität Hannover
With their large electric dipole moments and their rich internal level
structures heteronuclear polar ground state molecules yield a rich test
bed for a variety of dipolar quantum phenomena.

In our experiment, we aim at the creation of ultracold bosonic en-
sembles of ground state polar 23Na39K molecules by means of Feshbach
molecule association and subsequent two-photon transfer to rovibra-
tional ground state polar molecules. This is a challenging task which
requires detailed knowledge of the molecular level structure both at
atomic threshold and at the bottom of the molecular potential.

In this talk we present our spectroscopic investigations on bosonic
23Na39K molecules. We perform microwave and radio frequency spec-
troscopy on bound Feshbach states identifying promising candidates
for the initial association into shallow-bound states. Furthermore, we
perform laser spectroscopy of the electronic excited 𝐵1Π(𝑣 = 8) and
𝑐3Σ(𝑣 = 30) coupled states. These data allow us to model the excited
state manifold and determine the singlet-triplet mixing between these
states. Moreover, we perform dark-resonance spectroscopy locating the
two lowest lying rotational states in the molecular ground state poten-
tial. Finally, we will report on our progress to combine the different
spectroscopic results for the creation of an ensemble of rovibrational
ground state polar molecules.

MO 5.2 Mon 14:15 S HS 1 Physik
Pair superfluid phases in quasi one dimensional dipo-
lar gases — ∙Rebecca Kraus1, Krzysztof Biedroń2, Jakub
Zakrzewski2,3, and Giovanna Morigi1 — 1Theoretische Physik,
Universität des Saarlandes, D-66123 Saarbrücken, Germany —
2Instytut Fizyki imienia Mariana Smoluchowskiego, Uniwersytet
Jagielloński, Łojasiewicza 11, 30-048 Kraków, Poland — 3Mark
Kac Complex Systems Research Center, Jagiellonian University, Ło-
jasiewicza 11, 30-348 Kraków, Poland
We consider ultracold dipolar bosons in an optical lattice in a quasi-one
dimensional geometry. We focus on the stability of pair superfluidity
[1,2] as a function of the dipole interaction strength. We discuss the
phases also for different power laws, such as van der waals interaction
between Rydberg dressed atoms.

[1] K. Biedroń et al., PRB 97, 245102 (2018) [2] T. Sowiński et al.,
PRL 108, 115301 (2012)

MO 5.3 Mon 14:30 S HS 1 Physik
Dipolar quantum droplets — ∙Fabian Böttcher, Jan-Niklas
Schmidt, Matthias Wenzel, Julian Kluge, Viraatt Sai, Jens
Hertkorn, Tim Langen, Arup Bhowmick, Mingyang Guo, and
Tilman Pfau — 5. Physikalisches Institut and Center for Integrated
Quantum Science and Technology IQST, Universität Stuttgart
The interplay of the short-range and isotropic contact interaction and
the long-range and anisotropic dipolar interaction, allows for many in-
teresting phenomena. In the case of the interactions competing with
each other the mean-field contribution can get very small so that be-
yond mean-field effects start to play an important role and can actually
stabilize an otherwise collapsing system. In our experiment with dys-
prosium atoms we observed a phase-transition between a gas and a
liquid, characterized by the formation of self-bound droplets. These
droplets show a saturation of the peak density with higher number of
atoms like other liquids, even though they are 100 million times less
dense than liquid helium droplets. The self-bound character of them
opens up the mew perspective of a truly isolated quantum system.

With our experiment we can study a single self-bound droplet and
measure the critical atom number for the phase transition between liq-
uid droplet and expanding gas for more than an order of magnitude.

For a single droplet we can also observe its anisotropic density distri-
bution in-situ, as well as study the collective excitations. Furthermore
the tendency of the system to form self-organized structures opens the
possibility to reach a supersolid ground state.

MO 5.4 Mon 14:45 S HS 1 Physik
Anisotropic Superfluid Behavior of a Dipolar Bose-Einstein
Condensate — ∙Jan-Niklas Schmidt, Matthias Wenzel, Fabian
Böttcher, Tim Langen, Igor Ferrier-Barbut, and Tilman Pfau
— 5. Physikalisches Institut and Center for Integrated Quantum Sci-
ence and Technology IQST, Universität Stuttgart
Superfluidity still represents a hallmark of quantum physics. Its dis-
covery in liquid helium was one of the first proofs for the influence of
quantum effects at the macroscopic scale. The famous Landau criterion
connects the maximal velocity for fritionless flow, mainly a transport
property of such a superfluid, and its spectrum of elementary excita-
tions. Later various transport measurements could show that also a
Bose-Einstein condensate (BEC) features these properties, where the
breakdown of superfluid flow can be probed by moving a microscopic
impurity through the condensate. In case of a BEC of atoms with
strong magnetic dipole-dipole interaction the breakdown of superfluid
flow becomes directional, which directly can be seen as a probe of the
anisotropic dipolar excitation spectrum.

During this talk we present transport measurements using a dipolar
BEC of highly magnetic 162Dy atoms, where we move an attractive
laser beam through the condensate and observe an anisotropic super-
fluid flow. The critical velocity and the above starting heating rate is
in excellent agreement with fully numerical simulations of the extended
Gross-Pitaevskii equations that mimic our particular system.

MO 5.5 Mon 15:00 S HS 1 Physik
Self-bound ultracold Bose mixtures — ∙Clemens Staudinger1,
Ferran Mazzanti2, and Robert E. Zillich1 — 1Institute for
Theoretical Physics, Johannes Kepler University Linz, Austria —
2Departament de Física i Enginyeria Nuclear, Universitat Politècnica
de Catalunya, Spain
Recent experiments confirmed that fluctuations beyond the mean-field
approximation can lead to self-bound liquid droplets of ultradilute bi-
nary Bose mixtures at very low temperatures. We study liquid Bose
mixtures by using the variational hypernetted-chain Euler–Lagrange
method, which accounts for correlations nonperturbatively. For the
case of a uniform mixture, as it is found in the center of large droplets at
saturation density, we study the conditions for stability against evap-
oration of one of the components (both chemical potentials need to
be negative) and against liquid-gas phase separation, the spinodal in-
stability. We discover that dilute Bose mixtures are stable only in a
narrow range near an optimal ratio 𝜌1/𝜌2 and in the vicinity of the
total energy minimum. Despite the low density, deviations from a uni-
versal dependence on the s-wave scattering lengths are significant. We
show how our results for uniform Bose mixtures can be extended to
finite liquid droplets based on local density approximations.

MO 5.6 Mon 15:15 S HS 1 Physik
Bose polaron scenario in an ultracold Fermi-Bose mix-
ture of 6Li and 133Cs — ∙Eleonora Lippi1, Binh Tran1,
Manuel Gerken1, Lauritz Klaus1, Bing Zhu1,2, Moritz
Drescher3, Manfred Salmhofer3, Tilman Enss3, and Matthias
Weidemüller1,2 — 1Physikalisches Institut, Ruprecht-Karls-
Universität Heidelberg, Im Neuenheimer Feld 226, 69120 Heidelberg,
Germany — 2Shanghai Branch, University of Science and Technol-
ogy of China, Shanghai 201315, China — 3Institut für Theoretische
Physik, Ruprecht-Karls-Universität Heidelberg, Philosophenweg 19,
69120, Heidelberg, Germany
An ultracold Fermi-Bose mixture of 6Li and 133Cs is an appealing play-
ground to investigate the Bose polaron, a quasi-particle describing a
single fermionic Li impurity immersed into a Bose-Einstein condensate
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(BEC) of Cs and dressed by the phononic excitations of the condensate.
The well-suited Feshbach resonances at high magnetic field provide a
great degree of tunability of intra- and inter-species interactions, en-
abling us to explore both the repulsive and the attractive regime of the
polaron. Due to the large Li-Cs mass ratio, signatures of 3-body Efi-
mov physics in the energy spectrum of the polaron are expected. The
observation of different polaron states from the Landau-Pekar polaron
to the bubble polaron is also predicted for a Li-Cs mixture [1].

I will discuss how to combine a large BEC of Cs with Li impuri-
ties trapped into a microtrap, and our strategy for investigating Bose
polaron’s properties by means of radio-frequency spectroscopy.

[1] M.Drescher et al., arXiv:1810.11296 (2018)

MO 5.7 Mon 15:30 S HS 1 Physik
Exploring Fermi polarons across an orbital Feshbach reso-
nance — ∙Nelson Darkwah Oppong1,2, Luis Riegger1,2, Oscar
Bettermann1,2, Moritz Höfer1,2, Jesper Levinsen3, Meera M.
Parish3, Immanuel Bloch1,2, and Simon Fölling1,2 — 1Ludwig-
Maximilians-Universität, München, Germany — 2Max-Planck-Institut
für Quantenoptik, Garching, Germany — 3School of Physics and As-
tronomy, Monash University, Victoria, Australia
Ultracold atoms are a particularly clean system for probing polaronic
states of interacting particles. Fermi polarons in particular have been
studied with several realizations, all of which were using alkali atoms.
Here, we report on the observation of attractive and repulsive Fermi

polarons across the orbital Feshbach resonance (OFR) in a two di-
mensional gas of 173Yb. This novel type of Feshbach resonance allows
tuning the s-wave scattering length of atoms in the 1S0 ground state
and the metastable 3P0 state. In our experiment, we prepare a spin-
imbalanced Fermi gas for various interaction parameters ln(𝑘𝐹 𝑎2𝐷)
in the vicinity of the OFR. We spectroscopically identify two distinct
energy branches corresponding to attractive and repulsive Fermi po-
larons. In addition, we probe the quasiparticle properties, namely the
quasiparticle residue and the lifetime of the repulsive polaron. We find
good agreement between the experimental results and the predictions
from our many-body theory.

MO 5.8 Mon 15:45 S HS 1 Physik
Quantum Zeno-based Detection and State Engineering of Ul-
tracold Polar Molecules — ∙Amit Jamadagni Gangapuram and
Hendrik Weimer — Institut für Theoretische Physik, Leibniz Uni-
versität Hannover, Hannover, Germany.
We present a toolbox for the controlled manipulation of ultracold po-
lar molecules, consisting of detection of molecules, atom-molecule en-
tanglement and engineering disspative dynamics. Our setup is based
on fast chemical reactions between molecules and atoms leading to a
quantum zeno based collisional blockade in the system. We discuss the
optimization of the relevant parameters as well as the consequences of
residual imperfections.

MO 6: Metal Complexes

Time: Monday 14:00–16:00 Location: S HS 001 Biologie

Invited Talk MO 6.1 Mon 14:00 S HS 001 Biologie
Investigation of structures and electronic states of transition
metal containing complexes via transient FTIR spectroscopy
— Patrick Di Martino-Fumo1, Pit Boden1, Jasmin Busch2,
Sven Otto3, Katja Heinze3, Stefan Bräse2, and ∙Markus
Gerhards1 — 1Physical Chemistry, TU Kaiserslautern, Germany —
2Organic Chemistry, KIT, Germany — 3Inorganic Chemistry and An-
alytical Chemistry, JGU Mainz, Germany
In order to analyze structures, electronic properties and lifetimes of
transition metal complexes in their electronically excited states tran-
sient step-scan FTIR spectroscopy in the nanosecond and microsecond
regime turns out to be a very efficient tool. We combine transient
FTIR-spectroscopy with powerful tunable ns laser systems from the
IR to the UV at different repetition rates which are used for spe-
cific electronic excitations. For investigation of temperature depen-
dent effects samples can be cooled down to about 10 K. Furthermore
different samples (solution, pellets, films) offer the possibility to ana-
lyze e.g. the influence of environment, aggregation state or electronic
properties. The presented molecular systems include a series of bi- and
tetranuclear Cu(I)-complexes relevant for the development of Iridium
free OLEDs. Additionally Cr3+-containing complexes are mentioned
which are efficient NIR emitters. Here newly developed double reso-
nance techniques are presented, which are applied to specifically influ-
ence the relative population of two energetically similar electronically
excited states.

MO 6.2 Mon 14:30 S HS 001 Biologie
Iron complexes as photosensitizers for hydrogen production
— ∙Björn Altenburger1, Ayla Päpcke1, Aleksej Friedrich1,
Stefan Lochbrunner1, Philipp Dierks2, Peter Zimmer2, and
Matthias Bauer2 — 1Institute of Physics, University of Rostock
— 2Department of Chemistry, University of Paderborn
Iron is a promising candidate to replace rare transition metals in pho-
tosensitizer complexes used for light harvesting and photocatalytic ap-
plications. Even though its electronic properties are a severe obstacle
to obtain a long living metal-to-ligand charge transfer (MLCT) state,
the availability and environmental aspects make it worthwhile to inves-
tigate these complexes. In our research the focus is on Fe(II) complexes
with N-heterocyclic carbene ligands which result in an enhanced lig-
and field. Our investigations using ultrafast transient absorption spec-
troscopy show that the lifetime of the MLCT state can be increased
to several picoseconds utilizing these ligands [1]. Modifying them by
adding electron withdrawing groups can prolong the lifetime even fur-
ther. Recently, along this route developed iron complexes show even

fluorescence. Pump-probe measurements are combined with time re-
solved fluorescence spectroscopy to identify the relaxation pathways
and to determine the lifetime of the involved states.

[1] P. Zimmer et al., Inorg. Chem. 2018, 57, 360-373

MO 6.3 Mon 14:45 S HS 001 Biologie
Optimally-tuned long-range corrected density functional for
modeling excited stated of spin-crossover iron complexes —
∙Olga Bokareva, Sergey Bokarev, and Oliver Kühn — Institute
of Physics, Rostock University, Albert Einstein Straße 23-24, 18059
Rostock
Transition metal complexes play an essential role as photosensitiz-
ers, photoemitters, and dyes. Although notable progress has been
achieved with iridium(III) and ruthenium (III) complexes, the sub-
stitution of noble metals with earth-abundant and biocompatible ele-
ments is highly desirable from the viewpoint of overall costs and ecolog-
ical impact. Iron compounds and especially spin-crossover complexes
represent a convenient alternative but before going to real applications,
profound mechanistic studies of excited state structure and dynamics,
as well as the influence of chemical ”tuning” on excited state order,
should be performed. To this end, high-level theoretical studies are
required to complement experiments.

In this work, we have applied optimally-tuned long-range corrected
density functional theory for the modeling of ground- and excited state
properties of a series of iron (III) spin-crossover complexes. The choice
of the method is dictated by the objective to describe accurately long-
range metal-to-ligand charge-transfer (MLCT) states which are of cru-
cial importance for creating long-living excited states involved in fur-
ther photocatalytic reactions. The character of singlet and triplet ex-
cited states is carefully analyzed and shown to be very sensitive to the
applied computational scheme.

MO 6.4 Mon 15:00 S HS 001 Biologie
Singlet Oxygen Reactivity with Carbonate Solvents Used
for Li-ion Battery Electrolytes — ∙Matthias K. Roos1, Anna
T. S. Freiberg2, Johannes Wandt2, Hubert A. Gasteiger2,
and Regina de Vivie-Riedle1 — 1Department Chemie, Ludwig-
Maximilians-Universität München, München — 2Lehrstuhl für Tech-
nische Elektrochemie, Technische Universität München, Garching
Increasing the energy density of modern Li-ion batteries is essential
for their future widespread use in the automotive sector. To achieve
this goal, new cathode active materials are required, for which mixed
transition metal layered oxides are promising candidates. However,
for high state of charge, the release of singlet oxygen was observed
from these cathode materials, resulting in drastically reduced battery

9



Rostock 2019 – MO Monday

lifetimes. In this joint experimental and theoretical work, we investi-
gate the reactivity of the commonly used battery electrolytes ethylene
carbonate (EC) and dimethyl carbonate (DMC) towards singlet oxy-
gen [1]. Employing Rose Bengal to photochemically generate singlet
oxygen in the bare electrolyte solutions, gaseous products are detected
and quantified by on-line mass spectrometry. With quantum chemical
and on-the-fly dynamical calculations a two-step reaction cascade is
proposed, leading to the same products as found in the experiment.
The uncommon reaction of an alkane with singlet oxygen in the first
step constitutes the key element, activating the molecules for their fur-
ther decay. The reaction mechanism is verified by colorimetric product
detection in solution.

[1] J. Phys. Chem. A 122 (2018), 8828–8839.

MO 6.5 Mon 15:15 S HS 001 Biologie
Ultrafast processes in a luminescent mononuclear Cu(I) com-
plex in liquid and solid phase — ∙Merten Grupe1, Flo-
rian Bäppler1, Maximilian Theiß1, Fabian Dietrich2, Stefan
Bräse3, Markus Gerhards2, and Rolf Diller1 — 1Dept. of
Physics, TU Kaiserslautern, 67663 Kaiserslautern — 2Dept. of Chem.,
TU Kaiserslautern, 67663 Kaiserslautern — 3Dept. of Org. Chem.,
KIT, 76131 Karlsruhe
The primary photo induced processes in the OLED-usable mononu-
clear, heteroleptic Cu(I) complex ([DPEPhos]Cu[PyrTet][1]) were in-
vestigated in various solvents and solid state samples via femtosecond
(fs) time resolved UV/Vis and fs time resolved mid-IR transient ab-
sorption spectroscopy (TA). Vibrational dynamics by mid-IR fs-TA are
best described by a tri-exponential fit with 𝜏1 ≈ 0.85 ps, 𝜏2 ≈ 5 ps,
𝜏3 ≈ 37 ps. The UV/Vis data exhibit basically the same dynamics,
however, dependent on the solvent a tri- or tetra-exponential fit is re-
quired. UV/Vis TA in solid phase leads to a tetra-exponential fit (𝜏1 ≈
0.5 ps, 𝜏2 ≈ 2.6 ps, 𝜏3 ≈ 20 ps, 𝜏4 ≈ 200 ps) as well, interestingly, with
spectral dynamics significantly differing from that in solution. Based
on our results we suggest that flattening distortion and/or a ligand
twist (TD-DFT) occur on the time scale of 𝜏2 in solution and that, in
contrast to literature on another mononuclear Cu(I) complex[2], ISC
(𝜏3) is not necessarily associated with a spectral blue shift.

[1] Bergmann et al. Chem. Commun., 2013, 49 6501
[2] Iwamura et al. Acc. Chem. Res. 2015, 48 782

MO 6.6 Mon 15:30 S HS 001 Biologie
Time-resolved spectroscopy of the charge separation in
Zn(III)-Au(III)-porphyrin dyads — ∙Ayla Päpcke1, Sebastian
Preiß2, Katja Heinze2, and Stefan Lochbrunner1 — 1Institut
für Physik, Universität Rostock, Albert-Einstein-Str. 23, 18059 Ros-
tock — 2Institut für Anorganische und Analytische Chemie, Johannes
Gutenberg Universität Mainz, Duesbergweg 10-14, 55128 Mainz
To convert sunlight into chemical energy photoinduced energy transfer
and electron transfer processes within the photosynthetic components
are essential. Bioinspired systems contain porphyrins to mimic the
role of chlorophyll in natural photosynthesis. Porphyrins are desired
photosensitizers because of the easy functionalization, the strong ab-
sorption in the visible region, the often high fluorescence yield and the
easy tunable redox properties [1].

Recently, gold(III) porphyrin cations have been used as electron
acceptors in photosynthetic charge-separation [2]. Applying ultra-
fast transient absorption and time resolved photoluminescence spec-
troscopy we investigated the photoinduced electron transfer process of
Zn(III)-Au(III)-porphyrin dyads and the dynamics of the formation of
the Au(II) species.

[1] P. K. Poddutoori, et al., Phys. Chem. Chem. Phys. 17, 26346-
26358 (2015)

[2] S. Preiß, et al., Nat. Chem. 9, 1249-1255 (2017)

MO 6.7 Mon 15:45 S HS 001 Biologie
Soft x-ray beam damage of a solid transition-metal com-
plex — ∙Jan Ludwig1, Markus Kubin2, Rolf Mitzner2, Chris-
tian Weniger2, Alexander Föhlisch2, Jan Kern3, Vittal
Yachandra3, Junko Yano3, and Philippe Wernet2 — 1Max-Born-
Institut für Nichtlineare Optik und Kurzzeitspektroskopie, Berlin, Ger-
many — 2Helmholtz-Zentrum Berlin, Berlin, Germany — 3Lawrence
Berkeley National Laboratory, Berkeley, USA
Soft x-rays are widely used for L-edge spectroscopy on transition-
metal compounds, but also cause beam damage due to photoreduction.
Here we determine the acceptable threshold of x-ray dose tolerable for
L-edge absorption spectroscopy of a Mn(III) compound and discuss
the underlying mechanisms. The results are important for acquiring
damage-free L-edge spectra of transition-metal compounds in general.

MO 7: Experimental Techniques

Time: Monday 14:00–16:00 Location: S HS 002 Biologie

MO 7.1 Mon 14:00 S HS 002 Biologie
Enabling efficient coincident measurements of electrons and
photons in the wavelength regime of 120 nm to 300 nm by
a drastically increased solid angle for the photon detection
— ∙Christian Ozga1, Philipp Schmidt1, Andreas Nehls1, Gre-
gor Hartmann1, Xaver Holzapfel1, Clemens Richter2,3, Jo-
hannes Viehmann1, Philip Wenzel1, Uwe Hergenhahn2,4, Arno
Ehresmann1, André Knie1, and Andreas Hans1 — 1Institute of
Physics and Center for Interdisciplinary Nanostructure Science and
Technology (CINSaT) University of Kassel Heinrich-Plett-Straße 40,
34132, Kassel, Germany — 2Leibniz Institute of Surface Modification
Permoserstr. 15, 04318 Leipzig, Germany — 3Department pf Physics,
Freie Universität Berlin, Arnimallee 14, 14195 Berlin, Germany —
4Max Planck Institute for Plasma Physics Wendelsteinstr. 1, 17491
Greifswald, Germany
The coincident measurement of particles is a powerful tool for reveal-
ing and discriminating different de-excitation pathways. However, only
few experiments detect photons due to the comparable small solid an-
gle for their detection and therefore a low coincidence detection effi-
ciency. We conceived a method for efficient coincident measurements
of electrons and photons by a drastically increased solid angle for the
photon detection. This set-up combined with a magnetic bottle time of
flight spectrometer results in electron photon coincidence count rates
appropriate for experiments at synchrotron radiation facilities, where
beamtime is limited. Here we present measurements on atomic noble
gases as prototypical samples to show the capabilities of the method.

MO 7.2 Mon 14:15 S HS 002 Biologie
Modeling the response of piezoelectric sensors used for
detecting pulsed supersonic beams — ∙Paul Saftien1,
Karsten Lange2, and Wolfgang Christen1 — 1Humboldt-

Universität zu Berlin, Institut für Chemie, Brook-Taylor-Str. 2, 12489
Berlin, http://clusterlab.de — 2SLT Sensor- und Lasertechnik GmbH,
Freiheitstr. 124-126, 15745 Wildau
In our studies [1] a piezoelectric polyvinylidene fluoride (PVDF) foil
is used for the detection of pulsed supersonic beams [2]. Benefits of
this method are a fast detector response, a ruggedized setup and the
fact that no ionization is required. Experimental results performed
in a wide range of source conditions (source pressures between 3 bar
and 20 bar, source temperatures between -40 ∘C and 70 ∘C) show
that the detector response is proportional to the momentum flux of
scattered particles. A simultaneous measurement and evaluation of
the background pressure in the vacuum chamber allows a calibration
of the detector to the amount of atoms per pulse. The evaluation of
the signal can be performed either numerically or analytically with a
model function considering the electrical and mechanical properties of
the piezoelectric detector.
[1] P. Saftien, K. Lange, W. Christen, to be submitted.
[2] Z. Phys. Chem. 228(4-5), 369 (2014), J. Chem. Phys. 139(15),
154202 (2013), J. Chem. Phys. 139(2), 024202 (2013).

MO 7.3 Mon 14:30 S HS 002 Biologie
Poly-Anion Production of Gas-Phase Clusters — ∙Steffi
Bandelow1, Franklin Martinez2, Stephan König1, Gerrit
Marx1, and Lutz Schweikhard1 — 1Institute for Physics, Uni-
versity of Greifswald, 17487 Greifswald, Germany — 2Institute for
Physics, University of Rostock, 18059 Rostock, Germany
While there is a long tradition in investigating cluster properties as
function of the cluster size, varying the charge state opens another
dimension. But especially for negative charge states, the production
process often changes the cluster itself, e.g. when stabilising ligands
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[1-2] or deprotonation [3] are used.
In an alternative approach, size selected aluminium gas-phase clus-

ters are stored in a Penning trap simultaneously with electrons [4-5].
After an interaction time of 1s, the clusters are analysed with respect
to the maximum number of excess electrons that have been attached.
For the production of higher charge states, bigger clusters are required.
Using clusters with up to 1950 atoms, gas-phase systems with up to
10 surplus electrons are produced and a quadratic dependence of the
appearance size on the charge state is observed. This behaviour can be
explained by considering the lifetimes of the meta-stable poly-anions.

[1] M. K. Scheller et al., J. Chem. Phys. 100, 8943 (1994).
[2] X.-B. Wang et al., J. Chem. Phys. 113, 10837 (2000).
[3] S. Banerjee et al., Int J Anal Chem 2012, 282574 (2012).
[4] F. Martinez et al., Int. J. Mass Spectrom. 266, 365 (2014).
[5] F. Martinez et al., J. Phys. Chem. C 119, 10949 (2015).

MO 7.4 Mon 14:45 S HS 002 Biologie
Autofragmentation of rovibrationally excited anionic metal
dimers on hours time scale — ∙Jürgen Göck1, Arno
Becker1, Klaus Blaum1, Christian Breitenfeldt1,2, Sebastian
George1,2, Manfred Grieser1, Florian Grussie1, Robert von
Hahn1, Philipp Herwig1, Jonas Karthein1, Claude Krantz1,
Holger Kreckel1, Sunil Kumar1, Jorrit Lion1, Svenja
Lohmann1, Christian Meyer1, Preeti M. Mishra1, Oldřich
Novotný1, Aodh P. O’Connor1, Roland Repnow1, Kaija
Spruck1,3, Stefan Schippers3, Lutz Schweikhard2, Stephen
Vogel1, and Andreas Wolf1 — 1Max-Planck-Institut für Kern-
physik (MPIK), Saupfercheckweg 1, 69117 Heidelberg, Germany —
2Institut für Physik, Ernst Moritz Arndt Universität Greifswald, 17487
Greifswald, Germany — 3I. Physikalisches Institut, Justus-Liebig-
Universität Gießen, 35392 Gießen, Germany
The tunneling dissociation of ro-vibrationally excited Ag−2 and Co−2
was studied for up to 1000 s in the Cryogenic Storage Ring (CSR) [1]
at the MPIK. The cryogenic environment below 6 K leads to a residual
gas pressure of less than 10−14 mbar (room-temperature equivalent)-
ideal conditions for background-free gas-phase spectroscopy. The an-
ions were produced in a metal-ion sputter source, accelerated up to
60 keV and stored in the CSR. The neutral and charged fragments
of the reaction X*−

2 → X+X− were recorded by micro-channel-plate
based detectors [2].The data include coincidence signals from autodis-
sociation of the anions as function of the storage time. The observed
non-exponential nature of the decay will be discussed.
[1] R. von Hahn et al., Rev. Sci. Instrum. 87, 063115 (2016)
[2] K. Spruck et al., Rev. Sci. Instrum. 86, 023303 (2015)

MO 7.5 Mon 15:00 S HS 002 Biologie
Distinction of ortho-, meta- and para-benzene derivatives
by means of chirped femtosecond laser ionization — ∙Viola
Schäfer and Karl-Michael Weitzel — Philipps-Universität Mar-
burg, Fachbereich Chemie, Germany
The distinction of structural isomers, in particular ortho-, meta-, para-
isomers of benzene derivatives poses a considerable challenge in situa-
tions, where chromatographic separation is not the method of choice.
Distinction by means of electron impact mass spectrometry is in gen-
eral not possible. Here, the combination of femtosecond laser ionization
with time-of-flight mass spectrometry (fs-LIMS) constitutes an alter-
native, multi-dimensional technique with high analytical power. The
variation of laser pulse parameters, e.g. the spectral phase, allows the
distinction of structural isomers.[1] In the current work we present a
systematic chirped fs-LIMS investigation of ortho-, meta- and para-
isomers of fluorotoluene and fluorobenzyl bromide. The mass spectra
for the isomers of the respective compound look similar for transform
limited laser pulses. By variation of linear and quadratic chirp we
are able to enhance small differences between the isomers for specific

fragmentation channels. We demonstrate, that we are able to distin-
guish the structural isomers of both compounds. In this context we
will address the mechanism for the formation of common intermedi-
ates and the dynamics involved. The influence of the substituents and
their positions at the benzene ring, as well as the relevance of specific
fragments, e.g. tropylium and benzylium ions, will be discussed. [1]
N. Reusch, V. Krein, N. Wollscheid, K.-M. Weitzel, Z.f.Phys.Chem.,
232, 689, (2018)

MO 7.6 Mon 15:15 S HS 002 Biologie
Setting up an experiment for electron-impact induced flu-
orescence spectroscopy of liquids — ∙Dana Bloß, Andreas
Hans, Philipp Schmidt, Christian Ozga, Arno Ehresmann, and
André Knie — Institut für Physik und CINSaT, Universität Kassel,
Heinrich-Plett-Straße 40, 34132 Kassel
The investigation of liquids is a wide and interdisciplinary research
field due to the fact that liquid water and aqueous solutions are the
natural environment for many chemical and biological systems. How-
ever, the investigation of liquids with established experimental meth-
ods of atomic and molecular physics are challenging because of the
typically required high vacuum conditions. With the development of
the liquid microjet technique the investigation of volatile liquids in
vacuum became possible. We already combined the liquid microjet
with photon-impact induced fluorescence spectroscopy and observed a
so far unknown broad emission between 170 - 340 nm which could be
assigned to the liquid phase of the waterjet. For a better understanding
of this emission feature we present an experiment for electron-impact
induced fluorescence spectroscopy on liquid microjets. With this set-
up secondary processes can be investigated by direct excitation of the
liquid with electrons of kinetic energies ranging from 400 eV to 3 keV.

MO 7.7 Mon 15:30 S HS 002 Biologie
Phase-space imaging of nanoparticle beams — ∙Lena
Worbs1,2, Jannik Lübke1,3, Nils Roth1,2, Amit K. Samanta1,
Daniel A. Horke1,4, and Jochen Küpper1,2,3,4 — 1Center for Free-
Electron Laser Science (CFEL), Deutsches Elektronen-Synchrotron
DESY, Hamburg, Germany — 2Department of Physics, Universität
Hamburg, Germany — 3Department of Chemistry, Universität Ham-
burg, Germany — 4The Hamburg Center for Ultrafast Imaging (CUI),
Universität Hamburg, Germany
The generation and control of beams of internally cold biomolecules
and nanoparticles is necessary for the production of reproducible sam-
ples, e.g., for single particle imaging experiments at x-ray free-electron
lasers. The generation of those beams requires novel sample delivery
methods and full characterization tools for nanometer sized particles in
vacuum. Here, we present characterization methods that reconstruct
the full 6D phase-space density of the beam for the optimization of
nanoparticle beam sources.

MO 7.8 Mon 15:45 S HS 002 Biologie
Progress towards a molecular Zeeman slower — ∙Paul Kae-
bert, Mariia Stepanova, Maurice Petzold, Mirco Siercke, and
Silke Ospelkaus — Institut für Quantenoptik, Leibniz Universität
Hannover
The generation of large ultracold molecular ensembles is currently a
challenge for researchers, due to the inefficient slowing methods avail-
able to them. In this talk I will summarize our efforts towards using
our recently demonstrated Type-II Zeeman slowing technique to slow
Calcium monofluoride (CaF) molecules. I will discuss the scheme and
its implementation, as well as our approach for generating the laser
light needed in the slowing process. Finally, I will discuss potential
improvements to the design of our initial buffer gas beam source by
comparing computational fluid dynamics simulations with flux and ve-
locity profiles measured in the experiment.

MO 8: XUV and X-ray Excitation and Spectroscopy

Time: Monday 16:15–17:45 Location: S HS 001 Biologie

MO 8.1 Mon 16:15 S HS 001 Biologie
Time domain measurement of the ultrafast electronic de-
cay of core excited HCl molecules by THz streaking
— ∙Katharina Wenig1, Marek Wieland1, Sophie Walther1,
Arne Baumann1, Anastasios Dimitriou1, Mark Prandolini1,

Oliver Schepp1, Ivette Bermùdez Macias1, Malte Sumfleth1,
Nikola Stojanovic2, Stefan Düsterer2, Juliane Röntsch-
Schulenburg2, Markus Drescher1, and Ulrike Frühling1 —
1Institut für Experimentalphysik, Universität Hamburg, Deutschand
— 2Deutsches Elektron-Synchrotron DESY, Hamburg, Deutschalnd
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After excitation of 2p core electrons to the antibonding 𝜎* orbital the
HCl molecules dissociate and the electronic excitation relaxes via an
Auger decay. We have measured the ultrafast electronic decay of HCl
molecules in the time domain.
In the experiment we adressed the 2p core electrons with 40 fs
(FWHM) soft x-ray pulses from the free-electron laser in Hamburg
(FLASH). Superimposing the pump pulse with intense THz light elec-
trons emitted from the molecules are accelerated (streaked) by the THz
electric field. Thereby, the resulting momentum change of the electron
depends on the THz phase at the instant of ionization. We were able
to measure the phase shift between the photo- and Auger electrons in
the THz streak spectrograms and determine the Auger decay constant
of the HCl molecule. In order to verify the resolution of our experiment
the MNN Auger decay of Krypton atoms was investigated as well. The
accuracy of the extraced value is on the order of two femtoseconds and
therefore much below the duration of the exciting pump pulse.

MO 8.2 Mon 16:30 S HS 001 Biologie
Delayed relaxation of highly excited cationic states in naph-
thalene — Geert Reitsma1, Johan Hummert1, Judith Dura1,
Vincent Loriot2, Marc J. J. Vrakking1, Franck Lépine2, and
∙Oleg Kornilov1 — 1Max Born Institute, Berlin, Germany —
2Institut Lumière Matière, Université Lyon 1, CNRS, France
The efficiency of energy transfer in ultrafast electronic relaxation of
molecules depends strongly on the complex interplay between elec-
tronic and nuclear motion. Modern tools of time-resolved spectroscopy
allow investigation of these processes in ”real” time. In this study we
report two-color pump-probe experiments that probe the relaxation
dynamics of highly excited cationic states of naphthalene, a prototyp-
ical polycyclic aromatic hydrocarbon molecule. The cations are pro-
duced using wavelength-selected, ultrashort extreme ultraviolet pulses
and probed by subsequent ionization with a moderately-strong NIR
pulses. Surprisingly, the observed relaxation lifetimes increase with
the cationic excitation energy. We postulate that the observed effect
is the result of a quantum mechanical population trapping that leads
to delayed relaxation of molecules in the regions with high density of
excited states. Comparison with previous results on relaxation dynam-
ics of larger polyaromatic hydrocarbons suggests that this may be a
general phenomenon in relaxation of PAH molecules.

MO 8.3 Mon 16:45 S HS 001 Biologie
Femtosecond dynamics in highly excited neutral CO2: an ex-
perimental and theoretical study — ∙Thomas Schnappinger1,
Matteo Lucchini2, Mario Murari2, Giacinto D. Lucarelli2,
Luca Poletto2, Fabio Frassetto2, Mauro Nisoli2, and Regina
de Vivie-Riedle1 — 1Department of Chemistry, LMU Munich, Ger-
many — 2Physics Department, Politecnico di Milan, Italy
The idea of this work is to combine an extreme UV (XUV) pulse and a
few-femtosecond IR pulse in a pump-probe approach on carbon diox-
ide molecules. Here we want to present the first theoretical results
obtained to interpret the experimental findings.

The dominant, almost constant, signal in the time dependent pho-
toelectron spectrum arises from the direct ionization of the molecule
just by the XUV pulse. A weaker oscillating signal with lower kinetic
energy is also detected. The fastest observed period is around 28 fs.

Using high-level multi-reference methods (CASSCF and CASPT2)
we are able to determine the electronic states of carbon dioxide in an
energy range from 0 to 20 eV. Calculating the potential energy sur-
faces of various states it is possible to locate bound neutral states in
the vicinity of the ionization threshold. The information of the static
calculations in combination with the experimental results offers an in-
terpretation of the weaker oscillating signal. The observed oscillation
can be attributed to the vibrational motion of the nuclear wave packet
in highly excited states around 1 eV below the ionization threshold.

MO 8.4 Mon 17:00 S HS 001 Biologie
XUV-photoion spectra from neutral gases measured with a
radio frequency ion trap — ∙Simon Reinwardt1, Ivan Baev1,
Karolin Mertens1, Florian Trinter2,3, and Michael Martins1

— 1Institut für Experimentalphysik, Universität Hamburg, Ham-
burg, Germany — 2FS-PE, DESY, Hamburg, Germany — 3Molecular
Physics, Fritz-Haber-Institut, Berlin, Germany

Photoion spectra of the neutral gases CO2 and CH4 were measured
using a radio frequency ion trap at the soft X-ray beamline P04 of
the synchrotron PETRA III at DESY in Hamburg. The used ion trap
is part of the stationary Photon-Ion-Spectrometer (PIPE) [1]. In this
experiment the neutral gas was photo ionized with monochromatized
synchrotron light and the generated photoions were trapped in the ra-
dio frequency potential of the ion trap. In this way it was possible to
measure a photoion NEXAFS spectrum at the carbon K-edge (290 eV)
and for CO2 also at the oxygen K-edge (535 eV).

Besides that we could show that the trapped ionized gas molecules
are able to react with neutral gas to form larger molecular ions. At CO2

we observed a small amount of CO+
3 and at CH4 we found products

with up to two carbon atoms. Depending on the resonant excitation,
it is possible to change the generated ion as well as the electronic state
of the ion so that the subsequent reaction is influenced. In addition
similar measurements could be performed on ethene. Possible channels
for these photochemical reactions will be discussed.

[1] S. Schippers et al., J. Phys. B: At. Mol. Opt. Phys 47, 115602,
2014.

MO 8.5 Mon 17:15 S HS 001 Biologie
Interrogating the Electronic Structure of Aqueous Diazines
Using Non-Resonant and Resonant Soft X-ray Photoelectron
Spectroscopy — ∙Md Sabbir Ahsan1,2 and Iain Wilkinson1 —
1Methods for Material Development, Helmholtz-Zentrum Berlin, Hahn
Meitner platz 1, 14109 Berlin, Germany — 2Department of Physics,
Freie Universität Berlin, Arnimallee 14, 14195 Berlin, Germany
Diazines play important roles in determining the photophysicochemi-
cal properties of bio-molecules such as DNA and RNA. We will present
the electronic structure study of aqueous (aq.) diazines using liquid-
microjet-based x-ray photoelectron spectroscopy (XPS). Valence band
(HOMO) and core level C 1s and N 1s BE’s are red shifted in aq.
solution in comparison to the gas-phase. Preliminary surface- and
bulk-sensitive studies on pyrimidine highlight an increase of N 1s BE’s
in the bulk compared to at the vacuum/liquid interface, whereas the
C 1s spectra show the opposite behavior. Pyrimidine shows the lowest
N 1s BE among the diazines in the surface-sensitive measurements.
Moreover, resonant photoelectron spectroscopy (RPES) scans over the
diazine N K-edges were recorded to study local and non-local relax-
ation processes in aq. solution. A number of core-valence resonances
were identified and were found to be blue shifted compared to iso-
lated gas phase molecules. Our study highlights solvent-induced elec-
tronic structure perturbations which are expected to provide informa-
tion about the intra and intermolecular energy and proton transfer
processes occurring in aq. diazine solutions following x-ray excitation.

MO 8.6 Mon 17:30 S HS 001 Biologie
Soft X-ray Absorption Spectroscopy of Aqueous Solutions
Using a Table-Top Femtosecond Soft X-ray Source — ∙Carlo
Kleine, Maria Ekimova, Gildas Goldsztejn, Sebastian Raabe,
Christian Strüber, Jan Ludwig, Suresh Yarlagadda, Stefan
Eisebitt, Marc Vrakking, Thomas Elsaesser, Erik Nibbering,
and Arnaud Rouzée — Max-Born-Institut
The advent of novel light sources like free electron lasers and high-
harmonic generation (HHG) sources that offer the possibility to gen-
erate radiation in the soft X-ray wavelength range with femtosecond
pulse durations has sparked widespread interest in the development
of various forms of ultrafast, element-specific core-level spectroscopy.
Here, we demonstrate the feasibility of soft X-ray absorption spec-
troscopy in the water window on organic molecules and inorganic salts
in aqueous solution using a table-top laser-based approach. Using a
high-order harmonic source that delivers femtosecond pulses of short
wavelength radiation in the photon energy range from 220 eV to 450
eV, we report static soft X-ray absorption measurements in transmis-
sion mode on a series of solvated compounds using flatjet technology.
We monitor the absorption of the molecular samples between the car-
bon (280 eV) and nitrogen (400 eV) K-edges and compare our results
with previous measurements performed at the BESSYII facility. We
discuss the roles of pulse stability and photon flux in the outcome of
our experiments. Our experiment paves the way towards table-top
femtosecond, solution phase soft X-ray absorption spectroscopy in the
water window.
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MO 9: Molecules in Intense Laser Fields

Time: Monday 16:15–17:45 Location: S HS 002 Biologie

MO 9.1 Mon 16:15 S HS 002 Biologie
Imaging experiments in the molecular frame — ∙Evangelos T.
Karamatskos1,2,3, Sebastian Raabe4, Terry Mullins1, Andrea
Trabattoni1, Philipp Stammer4, Gildas Goldsztejn4, Rasmus
R. Johansen5, Karol Dlugolecki1, Henrik Stapelfeldt5, Marc
J.J. Vrakking4, Sebastian Trippel1,3, Arnaud Rouzée4, and
Jochen Küpper1,2,3 — 1CFEL, DESY, Hamburg, Germany —
2Departments of Physics and Chemistry, Universität Hamburg, Ger-
many — 3CUI, Universität Hamburg, Germany — 4Max-Born Insti-
tute, Berlin, Germany — 5Department of Chemistry, Aarhus Univer-
sity, Denmark
Imaging the ultrafast dynamics of molecules requires experimental
methods, that offer atomic spatial and (sub-)femtosecond temporal
resolution. The possibility to prepare cold, controlled molecular sam-
ples in the gas phase, combined with elaborate methods to fix the
molecules in space, are important prerequisites to image molecular
dynamics directly in the molecule-fixed frame. We present results
on strong field-free alignment, achieved for the linear carbonyl sul-
fide (OCS) molecule and the complex, asymmetric top rotor indole.
Furthermore, employing the laser-induced electron diffraction (LIED)
method, the molecular structure of OCS could be retrieved with atomic
resolution. Molecular-frame angularly-resolved photoelectron spectra
show clear signatures of strong field photoelectron holography, which
differ, depending on the orientation of the molecules with respect to the
laser polarization of the ionizing field. A discussion of the observed in-
terference patterns will be presented. References: Karamatskos et al.,
arXiv:1807.01034

MO 9.2 Mon 16:30 S HS 002 Biologie
A comparative study on ionization-induced dissociation of
Methane, irradiated by 800 nm and 400 nm laser fields —
Lazaros Varvarezos1, Alexander Achner2, ∙René Wagner2,
John Costello1, Michael Meyer2, and Patrik Grychtol2 —
1School of Physical Sciences and NCPST, Dublin City University,
Dublin 9, Ireland — 2Small Quantum Systems Group, European
XFEL GmbH, 22869 Schenefeld, Germany
Irradiation of methane by intense laser fields leads to the production
of several molecular ions 𝐶𝐻𝑚+

𝑛 (𝑚 = 1, 2 𝑤𝑖𝑡ℎ 𝑛 = 0 − 4) and
atomic fragments, such as 𝐻𝑚+

𝑛 (𝑚 = 0, 1 𝑤𝑖𝑡ℎ 𝑛 = 1, 2) as a result
of dissociation [1]. Previous studies on methane ionization irradiated
by pulses of nanosecond duration showed an absence of the parent
fragment 𝐶𝐻+

4 . This was explained as a result of the dissociation into
the 𝐶𝐻+

3 and a hydrogen atom. On the other hand, when the pulse
duration was decreased down to a few femtoseconds all the fragment
ions disappeared except for the 𝐶𝐻+

4 and 𝐶𝐻+
3 molecular ions indi-

cating that methane did not have enough time to dissociate after the
ionization step. All the aforementioned studies were confined to the
fundamental wavelength of 800 nm. In the present work, we extend
the study to include the second harmonic field at 400 nm.

[1] Mathur and Rajgara, Journal of Chemical Physics 124 (2006).

MO 9.3 Mon 16:45 S HS 002 Biologie
Static coherent states method: one and two electron
laser-induced systems with classical nuclear dynamics —
∙Mohammad Reza Eidi1, Mohsen Vafaee2, and Alexandra
Landsman1,3 — 1Max Planck Institute for the Physics of Complex
Systems, Dresden, Germany — 2Department of Chemistry, Tarbiat
Modares University, Tehran, Iran — 3Max Planck Korea, Department
of Physics, Postech, Pohang, Gyeongbuk 37673, Republic of Korea
In the presented work, the static coherent states method (SCS) is in-
troduced to investigate quantum electron dynamics in a one or two-
electron laser-induced system. The SCS method solves the time-
dependent Schrödinger equation (TDSE) both in imaginary and real
times on the base of a static grid of coherent states. Moreover, clas-
sical dynamics is considered for the nuclei by solving their Newtonian
equation of motion. Implementing classical nuclear dynamics, the elec-
tronic state potential energy curves of H+

2 in the absence and presence

of an ultra-short intense laser field is computed. We use this method
to investigate charge migration in H+

2 . In particular, we find that the
charge migration time increases exponentially with internuclear dis-
tance. We also observe substantial charge localization for sufficiently
long molecular bonds.

MO 9.4 Mon 17:00 S HS 002 Biologie
Probing electronic structure via molecular-frame photoelec-
tron imaging — ∙Joss Wiese1,2, Sebastian Trippel1,3, and
Jochen Küpper1,3,4 — 1Center for Free-Electron Laser Science,
Deutsches Elektronen-Synchrotron DESY, Hamburg — 2Department
of Chemistry, Universität Hamburg — 3The Hamburg Center for Ul-
trafast Imaging, Universität Hamburg — 4Department of Physics, Uni-
versität Hamburg
Chemical function arises from the interplay among valence electrons.
Thus, a view at the evolution of the highest occupied molecular or-
bitals (HOMOs) during a chemical reaction promises direct insight
into the fundamentals of chemistry. For this purpose we employ tomo-
graphic molecular-frame photoelectron imaging of spatially confined
ensembles of indole strong-field ionised by intense near-infrared laser
pulses. Reconstructed static three-dimensional photoelectron distri-
butions in molecular-frame momentum space (MF-ARPES) will be
presented. The evaluation of the intensity differentials of these MF-
ARPES allows for the mapping of the molecule’s valence electronic
structure and enables the investigation of strong-field ionisation phe-
nomena in the intermediate regime between multi-photon and tunnel-
ing ionisation.

MO 9.5 Mon 17:15 S HS 002 Biologie
On the Role of singly-excited Rydberg states in Sequential H2
Multiphoton Ionization — ∙Patrick Froß, Denhi Martinez,
Nicolas Camus, Thomas Pfeifer, and Robert Moshammer —
Max-Planck-Institut für Kernphysik, Heidelberg, Germany
Nowadays Sequential Multiphoton Ionization of H2 is mainly under-
stood in terms of a stepwise mechanism. First the ground state
molecule is ionized by removing one electron. Then eventually dissoci-
ation takes place and finally there is a chance of removing the second
and last electron. We present COLTRIMS results that show that this
mechanism is not correct for 35fs laser pulses with a central wave-
length of 400nm (I=1 · 1014 W/cm2). Our observations demonstrate
that singly-excited Rydberg states play a major role in the dynamics
of photoionization. In addition the underlying ionization pathway is
explained.

MO 9.6 Mon 17:30 S HS 002 Biologie
An alternative dissociation pathway of 𝑁2+

2 — Lazaros
Varvarezos1, ∙Alexander Achner2, René Wagner2, John
Costello1, Michael Meyer2, and Patrik Grychtol2 — 1School
of Physical Sciences and NCPST, Dublin City University, Dublin 9,
Ireland — 2Small Quantum Systems Group, European XFEL GmbH,
22869 Schenefeld, Germany
Since the advent of lasers as spectroscopic tools, 𝑁2 has served as a
benchmark system to shed light on the phenomena induced by intense
laser fields. In our study, we focus on the dissociation mechanism of
the molecular dication 𝑁2+

2 . Our interest in the dication was stimu-
lated by a study that revealed the presence of two different 𝑁+ +𝑁+

states, energetically separated by about 4 eV for the first time [1]. Our
findings suggest the presence of two ion pairs, separated by approxi-
mately 2 eV originating from fast and slow decay channels. Most likely,
the fast pair of ions stems from the 1Σ+

𝑔 state after the removal of
two 3𝜎𝑔 electrons, while the slow ion pair results from the 3Π𝑢 state
of the molecular ion after the removal of one 3𝜎𝑔 electron and one
1𝜋𝑢 electron. Furthermore, we reach to the very important conclusion
that the slow channel is the precursor for the 𝑁2+

2 ions, due to the
existence of a strong intensity dependence, which is not present in the
case of the faster ions.

[1] Lai et al., Physical Review A 84, 043413 (2011).
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MO 10: Posters 1: Cold Molecules, High Resolution Spectroscopy, and Theory

Time: Tuesday 16:30–18:30 Location: S Foyer LLM

MO 10.1 Tue 16:30 S Foyer LLM
A narrow-line rotational-state-dependent dipole trap for
ultracold polar molecules — ∙Xing-Yan Chen1, Roman
Bause1, Ming Li2, Scott Eustice1, Marcel Duda1, Frauke
Seeßelberg1, Svetlana Kotochigova2, Immanuel Bloch1,3,
and Xin-Yu Luo1 — 1Max-PlanckInstitut für Quantenoptik, Hans-
Kopfermann-Str. 1, 85748 Garching, Germany — 2Department of
Physics, Temple University, Philadelphia, PA 19122-6082, USA —
3Ludwig-Maximilians-Universität, Schellingstraße 4, 80799 München,
Germany
Ultracold polar molecules in rotational states with opposite parities
offer strong dipole-dipole interaction, thus can be used to encode
pseudo-spin and simulate spin models with long-range interactions.
We demonstrate a rotational-state-dependent dipole trap for ultra-
cold 23Na40K molecules by utilizing a narrow-line rotational transition
manifold |𝑋1Σ+, 𝑣 = 0, 𝐽 = 0, 1⟩ → |𝑏3Π, 𝑣 = 0, 𝐽 = 0, 1, 2⟩. By se-
lecting an appropriate laser detuning, we are able to make a "magic"
trap where the polarizabilities of |𝐽 = 0, 1⟩ states are the same, an
"anti-magic" trap where the polarizabilities are exactly opposite, or a
tune-out trap where the polarizability of one of the rotational states
vanishes. Further more, thanks to the narrow natural linewidth of
the excited |𝑏3Π0+ , 𝑣 = 0⟩ state, the photon-scattering of the tune-
out trap is negligible. A long-lived universal spin-dependent dipole
potential will facilitate novel studies of spin models and many-body
localization with ultracold polar molecules.

MO 10.2 Tue 16:30 S Foyer LLM
Spectroscopic characterization of the a3Π ←X1Σ+ and
A1Π ←a3Π transitions of aluminium monofluoride — Ste-
fan Truppe1, Silvio Marx1, Sebastian Kray1, ∙Maximilian
Doppelbauer1, Simon Hofsäss1, Hanns Christian Schewe1,
Boris Sartakov2, and Gerard Meijer1 — 1Fritz-Haber-Institut
der Max-Planck-Gesellschaft, Faradayweg 4-6, D-14195 Berlin, Ger-
many — 2General Physics Institute, Russian Academy of Sciences,
Vavilostreet 38, 119991 Moscow, Russia
Aluminium monofluoride is proposed as an excellent candidate
molecule for laser cooling and trapping. For this, detailed knowledge
of the low-lying rotational levels in the involved X1Σ+, A1Π and a3Π
states is necessary.

The energy levels in the X1Σ+, 𝑣 = 0 state and within each Ω-
manifold in the a3Π, 𝑣 = 0 state are determined with a relative ac-
curacy of a few kHz, using laser - radio-frequency multiple resonance
ionization detection schemes in a jet-cooled, pulsed molecular beam.

The strength of the spin-forbidden A1Π, 𝑣 = 0 ← a3Π, 𝑣 = 0 tran-
sition is measured to be between six and seven orders of magnitude
lower than that of the A1Π, 𝑣 = 0 ← X1Σ+, 𝑣 = 0 transition.

MO 10.3 Tue 16:30 S Foyer LLM
State selective laser induced fluorescence detection of cold
formaldehyde — ∙Maximilian Löw, Martin Ibrügger, Alexan-
der Prehn, Martin Zeppenfeld, and Gerhard Rempe — Max-
Planck-Institut für Quantenoptik, Hans-Kopfermann-Str. 1, 85748
Garching
Because of their rich internal structure and long-range dipole-dipole
interactions, cold polar molecules have great potential for a wide va-
riety of different applications. In our experiment, we are able to cool
formaldehyde (H2CO) down to sub-millikelvin temperatures by apply-
ing optoelectrical Sisyphus cooling [1]. In the past, the molecules were
detected in a robust and reliable way using a quadrupole mass spec-
trometer. However, the low detection efficiency of ∼ 10−4 led to long
measurement times thereby severly limiting the experiment.

Here, we present a new detection setup based on laser-induced flu-
orescence (LIF) of formaldehyde. A quantum yield of up to 30% for
radiative decay from the excited state and light collection optics cover-
ing a solid angle of ∼ 70% lead to an increase in detection efficiency of
up to a factor of 30. A high signal to noise ratio was achieved by reduc-
ing background light by many orders of magnitude. Additionally, we
can now detect molecules state selectively, including discrimination of
different rotational M-sublevels. This makes LIF detection a powerful
tool which will enable us to substantially improve our understanding
of our experiment and promises exciting future prospects.
[1] A. Prehn et al., Phys. Rev. Lett. 116, 063005 (2016).

MO 10.4 Tue 16:30 S Foyer LLM
Building a Zeeman slower for CaF molecules — ∙Mariia
Stepanova, Paul Kaebert, Maurice Petzold, Mirco Siercke,
and Silke Ospelkaus — Institut für Quantenoptik, Leibniz Univer-
sität Hannover
We will report on our progress towards realizing a large flux source
of ultracold Calcium monofluoride (CaF) molecules using molecular
Zeeman slowing. We will give details of our test experiment, demon-
strating the feasibility of the technique using 39K. As a first step to
implementing our method in molecules we have constructed and char-
acterized a cryogenic buffer gas source, capable of producing molecules
with a mean velocity of 150m/s. By comparing our results to simula-
tions using computational fluid dynamics we will discuss several ways
to improve on our initial buffer gas cell design, and present data on
the molecular flux using our improved cell geometry. Because suffi-
cient laser power is essential for efficient Zeeman slowing of molecules,
we will also present data on generating a high power beam of 606nm
Laser light through sum frequency generation. By combining all these
systems, we hope to finally give current experiments the source they
need to produce a quantum degenerate gas of ultracold molecules.

MO 10.5 Tue 16:30 S Foyer LLM
Sympathectic cooling and quatum state dependant reac-
tions of molecular anions by a localized laser-cooled buffer
gas — ∙Eric Endres1, Jonas Tauch1, Saba Hassan1, Markus
Nötzold2, Bastian Höltkemeier1, Henry Lopez1, Roland
Wester2, and Matthias Weidemüller1 — 1Physikalisches Institut
Heidelberg, INF 226, 69120 Heidelberg — 2Institut für Ionenphysik
und Angewandte Physik, Technikerstrasse 25/3, 6020 Innsbruck
Buffer gas cooling is a versatile technique to cool ions confined in a
cryogenic radiofrequency ion traps[1]. However, it is limited to tem-
perature of the coolant, typically being about 4K. By using a laser
cold atom cloud, this limitation can be overcome. Furthermore, by
localizing the atom cloud and/or a higher order radio frequency trap,
theoretical description predicts cooling beyond the critical atom to ion
mass ratio [2, 3].

In this contribution I will present recent results of our hybrid atom-
ion trap system [4], consisting of an 8-pole radio frequency wire trap
confining OH− and a dark spontaneous-force optical Rubidium trap
[5]. By embedding ultra cold atoms in an ion cloud, three kind of
collisions can occur. First, elastic collisions leading to cooling of the
external degrees of freedom from the hydroxy anion, second inelastic
collisions leading to cooling of the internal degrees of freedom. Finally,
reactive collisions, namely associative detachment reactions, leading to
a loss of the trapped anion.

First sings of sympathetic cooling will be shown, as well as, reactive
collisions depending on the quantum state of the Rubidium atoms.

MO 10.6 Tue 16:30 S Foyer LLM
Spectroscopic characterization of aluminium monofluoride
with relevance to laser cooling and trapping — Ste-
fan Truppe1, Silvio Marx1, Sebastian Kray1, Maximilian
Doppelbauer1, ∙Simon Hofsäss1, Christian Schewe1, Boris
Sartakov2, and Gerard Meijer1 — 1Fritz-Haber-Institut der
Max-Planck-Gesellschaft, Faradayweg 4-6, D-14195 Berlin, Germany
— 2General Physics Institute, Russian Academy of Sciences, Vav-
ilovstreet 38, 119991 Moscow, Russia
The aluminium monofluoride molecule (AlF) is an excellent candidate
for laser cooling and trapping. Prior to this, it is necessary to mea-
sure the detailed energy level structure in the X1Σ+ electronic ground
state, in the A1Π state and in the metastable a3Π state as well as the
strength of the transitions between these states. We here report the
results of spectroscopic measurements between the X1Σ+ and the A1Π
state.

MO 10.7 Tue 16:30 S Foyer LLM
Observation of cold dipolar collisions and electrostatic trap-
ping of centrifuge decelerated molecules — ∙Manuel Koller,
Thomas Gantner, Florian Jung, Isabel Rabey, Martin Zep-
penfeld, and Gerhard Rempe — Max-Planck-Institute of Quantum
Optics, Garching, Germany
Dense samples of cold polar molecules provide fascinating research pos-
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sibilities in physics and chemistry. By combining cryogenic buffer gas
cooling and centrifuge deceleration we recently demonstrated a record
high flux exceeding 1010s−1 and densities up to 109cm−3 of cold polar
molecules at kinetic energies corresponding to less than 1K [1]. This al-
lows the observation of cold molecule-molecule collisions for CH3F and
ND3. The low absolute velocity enables the straightforward loading
of molecules into an electrostatic trap [2], making much more detailed
collision studies possible due to longer interaction times. Beyond the
observation of inelastic collisions, the creation of highly nonthermal
energy distributions by sharply cutting away hotter molecules with a
radio frequency knife should allow the investigation of rethermalization
via elastic collisions.

[1] X. Wu et al., Science 2017, 358, 645-648
[2] B.Englert et al., Physical Review Letters 2011, 106, 263003

MO 10.8 Tue 16:30 S Foyer LLM
Modifications and simulations for a Velocity Map Imag-
ing device aiming for methane activation by transition
metal cations — ∙Lisa-Medarda Retter, Jennifer Meyer, Tim
Michaelsen, Björn Bastian, Franziska Krammer, and Roland
Wester — Institut für Ionenphysik und Angewandte Physik, Univer-
sität Innsbruck, 6020 Innsbruck, Austria
Our aim is to image the dynamics of transition metal cations with small
hydrocarbons, namely the system of tantalum ions with methane [1,2].
In order to study elementary reaction dynamics and energy distribu-
tions into different products we operate our experiment under single
collision conditions. This is achieved by crossing a neutral molecu-
lar beam with an ion beam produced by a laser vaporization source.
Detection is managed via velocity map imaging, which allows for the
measurement of differential cross sections [3]. We have recently en-
hanced the experimental setup with alterations in the form of a con-
ductance limiter as well as a supplementary detector for the ion beam.
Simulations in SIMION for these modifications as well as currently
planned ones are shown for the system of tantalum cations reacting
with methane. [1] H. Schwarz. Angew. Chem. Int. Ed. Engl., 1991,
7, 30 [2] L.G. Parke, C.S. Hinton, P. B. Armentrout. J. Phys. Chem.
C 2007, 111, 17773-17787. [3] R. Wester, PCCP, 2014, 16, 396

MO 10.9 Tue 16:30 S Foyer LLM
Monte Carlo simulation of a cryogenic buffer gas cell —
∙Thomas Gantner, Manuel Koller, Martin Zeppenfeld, and
Gerhard Rempe — Max-Planck-Institut für Quantenoptik, 85748
Garching, Deutschland
Cryogenic buffer gas cells have been a workhorse for the cooling of
molecules for more than 20 years. The straightforward sympathetic
cooling principle makes it applicable for a huge variety of different
species. Notwithstanding this success, detailed simulations of buffer
gas cells are rare, and limited to high buffer gas density regimes, when
the mean free path of a molecule is small compared to all dimensions
of the cell. Here, we present a new numerical approach based on a
molecule trajectory analysis. The implementation following the Monte
Carlo method can reproduce the flux of molecules emerging from the
buffer gas cell for varying buffer gas densities. Furthermore, it can re-
produce the velocity distribution of the resulting molecule beam. This
includes the so-called boosting effect, when buffer gas atoms accelerate
the molecules after leaving the cell. The simulations provide various
insights which could substantially improve buffer-gas cell design.

MO 10.10 Tue 16:30 S Foyer LLM
Cavity design for spatial resolved detection of cold molecules
— ∙Jannis Schnars1,2, Alessandro Zenesini2, Silke Ospelkaus2,
and Klemens Hammerer1 — 1Leibniz Universität Hannover, Insti-
tut für Theoretische Physik, 30167 Hannover — 2Leibniz Universität
Hannover, Institut für Quantenoptik, 30167 Hannover
Ultracold polar molecules offer promising research perspectives in par-
ticular due to their strong dipole-dipole interactions. Recently there
has been tremendous progress in the creation and manipulation of ul-
tracold polar molecules. The highest phase space densities have been
achieved by associating molecules from ultracold ensembles of atoms
in a controlled way. However, when it comes to imaging, established
techniques for the destructive and non-destructive imaging of atoms
fail for molecules due to the complex structure of molecules with vi-
brational and rotational degrees of freedom. Typically, imaging of
ultracold molecules is therefore achieved by reversing the creation pro-
cess of ultracold molecules and subsequently image atoms on an atomic
cycling transition. However, it would be desirable to directly imaging
molecules, ideally non-destructively and with high spatial resolution.

Here we present a scheme to detect molecules inside a 2D-optical lat-
tice. The detection relies on an induced phase shift due to off-resonant
light matter interaction. The phase shift is enhanced by a small-waist
multimode cavity. We identify possible resonator geometries which
balance the requirements for a small beam waist and the need to sup-
port several frequency degenerate transverse mode facilitating spatial
resolution of several lattice sites.

MO 10.11 Tue 16:30 S Foyer LLM
IR spectroscopy of glycine-water in helium nanodroplets —
∙Nitish Pal1, Devendra Mani1, Raffael Schwan1, Gerhard
Schwaab1, Britta Redlich2, Lex Van Der Meer2 und Martina
Havenith1 — 1Physikalische Chemie II, Ruhr-Universität Bochum,
Germany — 2Institute for Molecules and Materials (IMM), Radboud
University Nijmegen, Nijmegen, Netherlands
We have studied the microsolvation of glycine with water molecules
using helium droplet isolation infrared spectroscopy. Glycine exists in
neutral form in gaseous state and in zwitterionic form in aqueous solu-
tions. We address the question: "what is the minimum number of water
molecules required to convert a neutral glycine molecule to its zwitte-
rionic form?"The stepwise addition of water molecules to one glycine
molecule was achieved using helium droplets isolation technique. The
superfluid helium droplets allow a barrier free diffusion of the dopant
molecules and enable the formation of large molecular clusters. The
infrared spectra were recorded in the range of 1000-1850 cm−1, using
the free electron lasers (FELs) at FELIX laboratory in Nijmegen.

MO 10.12 Tue 16:30 S Foyer LLM
Analysis of the coupled (2)2Σ+ and (1)2Π of LiSr — ∙Erik
Schwanke, Julia Gerschmann, Horst Knöckel, Silke Os-
pelkaus, and Eberhard Tiemann — QUEST und Inst. f. Quan-
tenopik, Leibniz Universität Hannover
We present a description of several vibrational states of the (1)2Π
state of LiSr. Although the (1)2Π state is not directly visible in our
recorded infrared spectra due to a weak transition dipole moment to
the 𝑋(1)2Σ+ state, we could use observed perturbations in the (2)2Σ+

state to model the coupling between the spectroscopically observed
(2)2Σ+ state and the (1)2Π state.

The coupling model leads to a description of the rotational ladders of
the coupled 𝑣′ = 0 and 𝑣′ = 1 states of (2)2Σ+ and several vibrational
states of both (1)2Π1/2 and (1)2Π3/2, thus giving local rotational and
vibrational constants, as well as the spin-orbit coupling constant for
the (1)2Π states. Relative overlap integrals for the involved vibrational
states of (1)2Π and (2)2Σ are derived. Furthermore, the perturbation
reveals the correct assignment of the F1 and F2 levels in the (2)2Σ+ –
(1)2Σ+ system.

We will report on the status of the investigations.

MO 10.13 Tue 16:30 S Foyer LLM
Investigation of quadrupole moment effects on the determina-
tion of excited state dipole moments in solution — ∙Matthias
Zajonz, Tim Oberkirch, Mirko Lindic, and Michael Schmitt —
Institute for Physical Chemistry I, Heinrich-Heine-University Düssel-
dorf
The molecule under investigation, 2,5-cyclohexadiene-1,4-dione (p-
benzoquinone), is highly symmetric and by looking at its structure
it is obviuos that it has a quadrupole moment instead of a dipole mo-
ment.

To improve thermochromic methods for determination of excited
state dipole moments in solution the effects of quadrupole moments
have to be investigated.

For the molecule under investigation we measured thermochromic
shifts, in order to asses the influence of quadrupole moments on the
dipole moment determination in electronically excited states.

MO 10.14 Tue 16:30 S Foyer LLM
The influence of vibrational excitation on the reaction of
F− with CH3I — ∙Tim Michaelsen, Björn Bastian, Jennifer
Meyer, and Roland Wester — Institut f. Ionenphysik und Ange-
wandte Physik, Universität Innsbruck
We study ion molecule reaction dynamics in a crossed beam setup us-
ing velocity map imaging [1]. One focus of our research are reactions of
halide anions with methylhalides, which represent an interesting model
system to study bimolecular nucleophilic substitution reactions (SN2).
In recent years we have extended our investigations of such systems
to study microsolvation effects as well as the influence of vibrational
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excitation on branching ratios and reaction dynamics [2].
Here we report on recent results investigating the influence of C-H

stretch excitation on the reaction of F− with CH3I at various collision
energies. The CH3I is excited by a broadband OPO/OPA laser prior
to collision and the excited fraction is probed using a photodissociation
and state selective REMPI scheme. The experimental results are com-
pared with recently published quasiclassical trajectory calculations for
the same system [3].

[1] R. Wester, Phys. Chem. Chem. Phys. 16, 396 (2014)
[2] M. Stei, et al., Sci. Adv. 4, 7, eaas9544 (2018)
[3] B. Olasz and G. Czakó, J. Phys. Chem. A , 122, 41, 8143-8151

(2018)

MO 10.15 Tue 16:30 S Foyer LLM
Intramolecular scattering: Simulation of coupled electron-
nuclear motion upon photoionization — Friedrich Georg Frö-
bel, ∙Alexander Schubert, and Stefanie Gräfe — Friedrich-
Schiller-Universität Jena, Jena, Germany.
We theoretically investigate intramolecular scattering and energy re-
distribution during photoionization of molecular systems in intense
few-cycle XUV laser fields. The molecular model system is described
by the extended Shin-Metiu model consisting of two position-fixed
nuclei with one movable nucleus in between and two electrons in a
single dimension. Dynamics simulations are performed by integrating
the time-dependent Schrödinger equation numerically using grid-based
methods. Spectral signatures in the photoelectron spectra are shown
to contain sensitive information about different ionization pathways
revealing the ionization-induced electron and nuclear dynamics and
subsequent non-adiabatic effects.

MO 10.16 Tue 16:30 S Foyer LLM
A modified approach for simulating nonadiabatic dynam-
ics via the generalized quantum master equation — Ellen
Mulvihill1, ∙Alexander Schubert1,2,3, Xiang Sun1,4, Barry D.
Dunietz2, and Eitan Geva1 — 1University of Michigan, Ann Arbor,
MI, United States — 2Kent State Univeristy, Kent, OH, United States
— 3Friedrich-Schiller Universität Jena, Jena, Germany — 4New York
University Shanghai, Shanghai, China
A modified 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 (not uniquely defined) system-bath form, which is
neither natural nor convenient in the case of the molecular Hamilto-
nian that governs the nonadiabatic 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 superoperator. In the presented numerical implemen-
tation, the memory kernel is calculated employing the Ehrenfest mean-
field method. The modified approach is demonstrated on a benchmark
spin-boson model and shown to lead to significantly more accurate re-
sults than a direct application of the Ehrenfest method while being
computationally more robust than other GQME-based approaches.

MO 10.17 Tue 16:30 S Foyer LLM
A classical ride through a conical intersection — ∙Thomas
Schaupp and Volker Engel — Institut für Physikalische und The-
oretische Chemie, Emil-Fischer-Str. 42, 97074 Würzburg, Germany
Regarding the correlated electron-nuclear motion in a model system,
we investigate the dynamics in the vicinity of a conical intersection
(CoIn) between two excited state potential surfaces. It is documented
that an ensemble of classical trajectories which move in the complete
electronic-nuclear phase space tracks the quantum wave-packet motion
through the CoIn which is accompanied by a strong non-adiabatic
population transfer. On the contrary, for an adiabatic circular mo-
tion around the position of the CoIn, the quantum mechanical and
classical densities deviate substantially. In the latter case, the Born-
Oppenheimer classical nuclear motion on a single potential surface is
able to track the quantum dynamics.

MO 10.18 Tue 16:30 S Foyer LLM
First principles calculation of molecular partial autoion-

ization rates — ∙Gilbert Grell, Oliver Kühn, and Sergey
Bokarev — Universität Rostock, Rostock, Deutschland
Autoionization processes such as Auger and interatomic coulombic de-
cay play a key role in the radiation matter interaction on atomic and
molecular scales. For instance, the lifetime of a core excited state is
primarily defined by its autoionization rate. Further, autoionization
cascades after initial ionization or excitation determine the resulting
ion and electron yields. First principles calculations of partial au-
toionization rates are demanding due to the necessary description of
continuum states. Standard quantum chemistry (QC) codes usually
employ Gaussian basis sets, which describe bound states and orbitals
very well. Continuum orbitals, however, are poorly described by these
basis sets, prohibiting a simple extension of standard QC methods to
include continuum states. We present a protocol that aims at estimat-
ing autoionization energies and partial rates, based on standard QC
calculations for the bound states that are supplemented with contin-
uum orbitals. A single center model is used to reduce the continuum
orbital problem to the solution of a radial Schrödinger equation in the
potential of the remaining ion. In this framework we assess the impact
of different approximations to the radial potential on the continuum
orbitals and resulting partial autoionization rates. Finally, the general
applicability of the single center model for the calculation of molecular
autoionzation rates is analyzed.

MO 10.19 Tue 16:30 S Foyer LLM
Optimized Sampling of Mixed-State Observables — ∙Marec
W. Heger, Christiane P. Koch, and Daniel M. Reich — The-
oretische Physik, Universität Kassel, Heinrich Plett-Straße 40, 34132
Kassel, Germany
Quantum dynamical simulations of statistical ensembles pose a signifi-
cant computational challenge due to the fact that mixed states need to
be represented by a density matrix instead of a wave function. If the
underlying dynamics are fully unitary, for example in coherent control
at finite temperatures, one approach to approximate time-dependent
observables in this context is to sample the density matrix by solving
the Schrödinger equation for a set of wave functions with randomized
phases.

We present an in-depth analysis of the average performance for the
random-phase wave functions and compare them to deterministic sam-
pling of the energetically lowest-lying eigenstates. In particular, the
performance crossing point between these two approaches allows an
estimation of the more efficient sampling scheme for an average ob-
servable. Moreover, we prove that minimization of the worst-case error
among arbitrary observables is uniquely attained by eigenstate-based
sampling. Finally, we point out how the structure of low-rank observ-
ables can be exploited to further improve eigenstate-based sampling
schemes.

MO 10.20 Tue 16:30 S Foyer LLM
Comparison of two different ways to calculate expectation
values — ∙Klaus Renziehausen and Ingo Barth — Max Planck
Institute of Microstructure Physics, Weinberg 2, D-06120 Halle (Saale),
Germany
We analyze two different ways to calculate quantum mechanical ex-
pectation values for several observables. The first ansatz is just the
direct calculation of the quantum mechanical expectation value, the
second ansatz is to calculate this expectation value using the Ehren-
fest theorem. We have performed those calculations for the temporal
mass change, the momentum, the force, the torque, and the angu-
lar velocity of a particle in three dimensions. As a result, we found
for each of these observables an integral equation. On one side of
this equation an integrand depending on the mass density appears,
while we find on the other side an integrand depending on the mass
current density. So, we can calculate these expectation values either
using the mass density or the mass current density (as an exception
the analysis for the expectation value of the azimuth angular velocity
is more complicated). This has application possibilities for molecular
systems where electronic current densities cannot be calculated within
the Born-Oppenheimer approximation. The papers [I. Barth et al.,
Chem. Phys. Lett. 481, 118-123 (2009)] and [T. Schaupp, J. Al-
bert, V. Engel, Eur. Phys. J. B 91, 97 (2018)] can be interpreted as
examples for such applications.
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MO 11: Photochemistry

Time: Wednesday 10:30–12:30 Location: S HS 001 Biologie

Invited Talk MO 11.1 Wed 10:30 S HS 001 Biologie
Properties of multiazobenzene systems - old dogs and
new tricks — ∙Chavdar Slavov1, Chong Yang2, Luca
Schweighauser3, Andreas H. Heindl3, Tim Stauch2, Hermann
A. Wegner3, Andreas Dreuw2, and Josef Wachtveitl1 —
1IPTC, Goethe University, Frankfurt, Germany — 2IWR, University
of Heidelberg, Heidelberg, Germany — 3IOC, Justus Liebig University,
Giessen, Germany
Azobenzenes (AB) are extensively used in the development of photo-
switchable nanostructures. While the photochromism of single ABs is
studied in detail, the behavior of connected ABs is not well understood.
We combine ultrafast spectroscopy and quantum chemical calculations
to explore the properties of different multi-AB constructs [1-4]. The
arrangement and the interactions of the individual photoswitch units
alter the photochemistry of these systems and give rise to a variety
of new molecular properties - intramolecular excitonic coupling, ex-
tended 𝜋-delocalization, molecular strain, etc. Based on our results,
we conceptualize a single-molecule triple photoswitch, with selectively
addressable units [4]. Such a system can be used in functional nano-
materials as a hub integrating the response to different signals. In the
light of the wide spread construction and utilization of photoresponsive
compounds, our studies bring new and important insights.

[1] C. Slavov, et al., PCCP, 18, 14795 (2016)
[2] C. Slavov, et al., ChemPhysChem, 18, 2137 (2017)
[3] C. Slavov, et al., JPC Lett., 9, 4776 (2018)
[4] C. Yang, et al., Chem. Sci, DOI: 10.1021/acs.jpclett.8b02159

MO 11.2 Wed 11:00 S HS 001 Biologie
Azobenzene isomerization probed by photon spectroscopy —
∙Mario Niebuhr1, András Bödi2, Patrick Hemberger2, Fabi-
ano Lever1, Dennis Mayer1, Jan Metje1, Matthew Robinson1,
Domenik Schleier3, Ingo Fischer3, and Markus Gühr1 —
1Institute for Physics and Astronomy, Uni Potsdam, Germany —
2VUV Spectroscopy Group, PSI, Switzerland — 3Institute for Physical
and Theoretical Chemistry, Uni Würzburg, Germany
Azobenzene’s characteristic trans-cis isomerization, a fully reversible
and esp. UV/Vis excitable process, is a good model system for photo-
addressable molecular switches. While the molecule itself and its
derivatives are well on their way from purely scientific interest to-
wards real-world applications, the underlying isomerization mechanics
are still being researched. Prominent examples are the intermediate
molecular geometries while switching between the two isomeric states
or in our case the Kasha rule violation observable in the trans and cis
isomerization yield after excitation to the S1 resp. S2 state.

We will present first findings from combining ultra-fast UV pump-
probe ion time-of-flight spectroscopy with quasi-cw, synchrotron based
VUV fragmentation studies on isolated azobenzene molecules in the
gas phase. Former yields time dependent information on form and
distance between electronic levels while the later allows us to deduce
the initial excited state of the parent molecule from the observed frag-
ments. Thus, we get a better image of the ionic states involved in the
itof experiment to characterize and understand the relaxation pathway
during the isomerizaton process.

MO 11.3 Wed 11:15 S HS 001 Biologie
Time-dependent mass spectra studies of gas-phase trans-
stilbene oxide as probed by ultrafast UV pump-probe laser
techniques — ∙Matthew S. Robinson, Mario Niebuhr, and
Markus Gühr — Institut für Physik und Astronomie, Universität
Potsdam, Potsdam, Germany.
The photo-chemical ring-opening mechanisms of oxirane-based
molecules are heavily dependent on the substituent groups attached
to the molecule. Photo-excited unsubstituted and alkyl-substituted
oxiranes favor cleavage of the C-O bond, whilst cyano- and aryl-
substituted oxiranes cleave at the C-C bond and open in disrotary
fashion, in agreement with Woodward-Hoffman rules. [1]

However, in direct contrast to these rules, theory predicts that there
is no favored route between the conrotary and disrotary opening paths
of photo-excited aryl-substituted oxiranes, despite the conrotary mo-
tion rarely being observed. [2] In order to better understand these sys-
tems we have performed time-resolved UV pump-probe mass spectra
studies on gas-phase trans-stilbene oxide (trans-2,3-diphenyloxirane).

Here we present the results from these experiments, detailing informa-
tion on the lifetimes of the observed fragments, as well as what this
informs us about the photo-excited state of stilbene oxide.

1. Woodward, R. B. & Hoffmann, R., Angew. Chemie 81, 797-870
(1969).

2. Friedrichs, J. & Frank, I. Chem. - A Eur. J. 15, 10825-10829
(2009).

MO 11.4 Wed 11:30 S HS 001 Biologie
Tuning Excited-State Proton Transfer of a Super-Photoacid
— ∙Niklas Suelzner1, Bastian Geissler1, Alexander
Grandjean2, Gregor Jung2, and Patrick Nuernberger1 —
1Physikalische Chemie II, Ruhr-Universität Bochum, 44780 Bochum
— 2Biophysikalische Chemie, Universität des Saarlandes, 66123 Saar-
brücken
Special molecules, referred to as photoacids, exhibit an acidity in-
crease upon irradiation. Triggered by photoexcitation, such molecules
perform an excited-state proton transfer (ESPT) if suitable proton
acceptors are present. Moreover, super-photoacids, i.e. with a nega-
tive p𝐾𝑎 value in the excited-state, are even strong enough for ESPT
in non-aqueous solution. In previous studies, we observed ESPT
from the neutral, super-photoacidic HPTS-derivative hydroxypyrene-
tris(hexafluoropropanylsulfonate) to acetone. However, the influence
of water on ESPT in this aprotic environment remained unresolved.

The present study investigates the ESPT kinetics of this photoacid
in binary acetone-water mixtures by time-resolved fluorescence spec-
troscopy on the picosecond timescale. Owing to the fluorescence of
both the protonated and deprotonated species, information on ESPT
is hereby directly accessible through the fluorescence dynamics. First,
we reveal the severe effect of water in the mixtures constituting in an
acceleration of ESPT with increasing concentration. Afterward, we
demonstrate that the water-driven acceleration can be antagonized by
adding an excess of strong acid. Based on this, we infer that strong
acids can be used to effectively deactivate water towards ESPT.

MO 11.5 Wed 11:45 S HS 001 Biologie
Steering proton transfer pathways of the bifunctional pho-
toacid 7-hydroxyquinoline — ∙Marius-Andrei Codescu and
Erik T. J. Nibbering — Max-Born-Institut für Nichtlineare Optik
und Kurzzeitspektroskopie, Max-Born-Str. 2A, 12489 Berlin
Acid-base neutralization reactions in protic solvents typically occur
through proton exchange pathways consisting of a solvent bridge con-
necting acid and base. Bifunctional photoacids have both proton do-
nating and accepting sites, enabling real-time probing of proton ex-
change through a well-defined number of solvent molecules. For 7-
hydroxyquinoline (7HQ), compelling evidence pointed to initial pro-
ton abstraction by the quinoline N site from the methanol solvent,
followed by methoxide transport to the OH-site, making it an proton
hole transport [Hoffmann et al., J. Phys. Chem. A 120, 9378 (2016)].
This strongly contrasts to the generally accepted picture of an excess
proton transport pathway initiated at the OH-site. Here we show that
by adding formate anion to 7HQ in methanol, the dominant proton
transport pathway of 7HQ changes from a transmission of proton holes
to that of excess protons. We follow the reaction dynamics by probing
IR-active marker modes of 7HQ and of formic acid with femtosecond
time resolution, and determine the local parameters that open up the
excess proton transport route. Our findings may provide insight into
proton transport pathways of transmembrane proton channel proteins.

MO 11.6 Wed 12:00 S HS 001 Biologie
Ultrafast dissociation of vinyl bromide after passage through
a conical intersection: an experimental and theoreti-
cal study — 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 multiphoton
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excitation of the 𝜋𝜋* transition, the relaxation process is illuminated
via Attosecond Transient Absorption Spectroscopy (ATAS) using the
bromine M-edge. This method allows to monitor the evolution of the
nuclear wave packet during the dissociation of bromine within 100 fs.

Using non-adiabatic molecular dynamics in combination with high-
level multi-reference methods we are able to simulate the corresponding
time-dependent transient absorption spectrum of vinyl bromide. The
simulated spectrum shows a good agreement with the experimental
ATAS trace in the relevant energy range.

This joint experimental and theoretical work provides insight into
the nuclear dynamics of dissociating vinyl bromide.

MO 11.7 Wed 12:15 S HS 001 Biologie
Controlling the dynamics of the photodissociation of
diphenylmethyl bromide — ∙Franziska Schüppel, Matthias K.
Roos, and Regina de Vivie-Riedle — Department Chemie, Ludwig-
Maximilians-Universität München

Carboradicals and -cations are key intermediates for many chemical
reactions and can be generated by UV-laser excitation from certain
precursor molecules. Recently, we investigated the photodissociation
of diphenylmethyl bromide using quantum dynamics simulations. [1]
The dynamics is characterized by two consecutive conical intersections
(CoIns) with the first one leading to the favored homolytic dissociation
channel.

The control of the ratio of homolytic and heterolytic bond cleavage
is of major interest for chemical applications. By using a second few-
cycle IR laser pulse it is possible to create a superposition of a wave
packet at a CoIn and by that control the population transfer through
that CoIn. [2] We want to apply such a laser pulse to diphenylmethyl
bromide to explore to which extend the population transfer of the wave
packet through the first CoIn can be disabled. By that we want to reg-
ulate the branching between carbocation and carboradical formation.

[1] F. Schüppel et al., PCCP 20 (2018), 22753-22761.
[2] P. von den Hoff et al., PCCP 14 (2012), 14460-14485.

MO 12: High Resolution Spectroscopy and Precision Experiments

Time: Wednesday 10:30–12:30 Location: S HS 002 Biologie

MO 12.1 Wed 10:30 S HS 002 Biologie
Rotationally Resolved Electronic Stark Spectroscopy of 2,3-
Benzofurane — ∙Marie-Luise Hebestreit, Michael Schneider,
Hilda Lartian, and Michael Schmitt — Institute for Physical
Chemistry I, Heinrich-Heine-University, Düsseldorf
The electronic origin of 2,3-benzofurane has been investigated using
high resolution laser induced fluorescence spectroscopy (HRLIF) to an-
alyze its electronic nature. The obtained molecular parameters from
evolutionary algorithms were compared to the results of ab initio cal-
culations. To investigate the permanent dipole moments in the ground
and first excited state a homogeneous field was applied, which lifts the
M degeneracy due to the Stark effect. Finally, the orientation of the
transition dipole moment for the monomer is discussed and compared
to that of indole in particular.

MO 12.2 Wed 10:45 S HS 002 Biologie
Rotationally Resolved Electronic Stark Spectroscopy of 4-
cyanoindole — ∙Marie-Luise Hebestreit, Michael Schneider,
Hilda Lartian, and Michael Schmitt — Institute for Physical
Chemistry I, Heinrich-Heine-University, Düsseldorf
High resolution electronic Stark spectroscopy is a valuable tool to de-
termine the electronic nature of substituted indoles. Both, 3- and 5-
cyanoindole were already investigated via high resolution spectroscopy
and the electronic nature of their first excited states were identified as
𝐿𝑏-state for 3-cyanoindole and 𝐿𝑎-state for 5-cyanoindole, respectively.
Now, 4-cyanoindole and its N-deuterated analogon were studied, evalu-
ated via evolutionary algorithms and compared to the results of ab ini-
tio calculations. The rotational constants, permanent dipole moments
in the ground and first excited state, the orientation of the transition
dipole moment and the fluorescence lifetime were determined and used
to indentify the lowest excited singlet state as a 𝐿𝑎-state. Finally a
view on the diverging fluorescence lifetimes of different cyanoindoles is
given in this talk.

MO 12.3 Wed 11:00 S HS 002 Biologie
Predicting para-ortho conversion in ammonia — ∙Guang
Yang1,4, Vinicius Silva de Oliveira2,4, Christoph Heyl2, An-
drey Yachmenev1,3, Ingmar Hartl2, and Jochen Küpper1,3,4

— 1Center for Free-Electron Laser Science, DESY, Notkestrasse 85,
Hamburg — 2DESY, Notkestrasse 85, Hamburg — 3The Hamburg
Center for Ultrafast Imaging, Luruper Chaussee 149, Hamburg —
4Department of Physics, University of Hamburg, Luruper Chaussee
149, Hamburg
We present a combined theoretical and experimental study of the
hyperfine-resolved spectrum of ammonia and its deuterated isotopo-
logues. The calculations have been performed using the variational
approach TROVE, a new spectroscopically determined potential en-
ergy surface, and ab initio quadrupole, spin-spin, and spin-rotation
coupling surfaces. The computed spectroscopic line lists cover tran-
sitions between levels with rotational excitations up to 𝐽 = 20 and
vibrational band centers with up to 8000 cm−1 above the zero-point-
energy level.

For the spectroscopic observation of the para-ortho interconversion
we use mid-infrared frequency comb spectroscopy in both ammonia
vapour and a cold molecular beam. Furthermore, its modulation by
external electric field is discussed. Our theoretical model, i.e., the
underlying potential energy surface will be refined using the experi-
mentally observed transitions.

MO 12.4 Wed 11:15 S HS 002 Biologie
Triphenylmethane and all-meta tert-butyl triphenylmethane
dimers: Observation of an unusual C-H· · ·H-C distance
in the gas phase via stimulated Raman spectroscopy —
∙Dominique Maué1, Dominic Bernhard1, Patrick H. Strebert1,
Sören Rösel2, Peter R. Schreiner2, and Markus Gerhards1 —
1Physical Chemistry, TU Kaiserslautern, Germany — 2Organic Chem-
istry, JLU Gießen, Germany
Recently a dimerization of triphenylmethane (TPM) and all-meta tert-
butyl triphenylmethane (T𝑡BuPM) has been observed in crystals which
leads in the case of T𝑡BuPM to an unusually short C-H· · ·H-C contact.
In order to find out if this is a pure intrinsic behavior of the molecules,
we report here on molecular beam investigations on isolated dimers
by applying stimulated Raman spectroscopy with our new Raman set-
up. In combination with DFT calculations (including dispersion cor-
rections) the formation of the head-to-head motif in T𝑡BuPM under
isolated conditions has been proven by selectively probing the Raman-
active central aliphatic C-D vibration within the dimer of the singly
deuterated monomers. This arrangement is driven by London dis-
persion involving the tert-butyl groups which outbalances their steric
repulsion. It is a first example of this binding motif investigated in an
isolated dimer in the gas phase. In the unsubstituted TPM dimer no
such dispersion interaction is possible, thus a tail-to-tail structure is
identified as the most stable arrangement.

MO 12.5 Wed 11:30 S HS 002 Biologie
Nuclear-quadrupole coupling effects in laser alignment of
asymmetric top molecules — ∙Linda V. Thesing1,2,3, Andrei
Duchko1,3, Andrey Yachmenev1,2, Rosario González-Férez4,
and Jochen Küpper1,2,3,5 — 1Center for Free-Electron Laser Sci-
ence, DESY, Hamburg, Germany — 2Center for Ultrafast Imaging,
Universität Hamburg, Germany — 3Department of Physics, Univer-
sität Hamburg, Germany — 4Instituto Carlos I and Departamento de
Física Atómica, Molecular y Nuclear, Universidad de Granada, Spain
— 5Department of Chemistry, Universität Hamburg, Germany
We present a theoretical time-dependent study of the field-free align-
ment of asymmetric top molecules taking into account the hyperfine
coupling due to nuclear-quadrupole interactions. It was recently shown
that the nuclear-quadrupole coupling influences the impulsive align-
ment of linear I2 molecules on an experimentally relevant timescale [1].
Here, we analyze the field-free alignment dynamics, induced by a trun-
cated laser pulse, for the prototypical iodobenzene and diiodobenzene
molecules, unraveling the effects of the nuclear-quadrupole coupling.
These theoretical studies illustrate how the coupling strength, the num-
ber of strongly coupled nuclei and rotational constants affect the align-
ment revival structure obtained for the different molecules.
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[1] Thomas et al., Phys. Rev. Lett. 120, 163202 (2018)

MO 12.6 Wed 11:45 S HS 002 Biologie
Rotational spectroscopy of molecular ions with 3 × 10−12

resolution and 1 × 10−10 precision — Soroosh Alighanbari1,
Gouri Giri1, Florin Constantin1,2, Michael Hansen1, Vladimir
Korobov3, and ∙Stephan Schiller1 — 1Heinrich-Heine-Univ. Düs-
seldorf — 2PhLAM, Univ. Lille, Villeneuve d’Ascq — 3Joint Inst. for
Nucl. Research, Dubna
Trapped and sympathetically laser cooled molecular ions can be spec-
troscopied with high spectral resolution. So far, however, the achieved
linewidths were limited by the residual Doppler broadening present
even at the mK - level temperatures reached in traps. In the case of
rotational spectroscopy, with its large transition wavelengths, it is pos-
sible to take advantage of the confinement of the trapped ion ensemble
in the directions transverse to the trap axis. It is then possible to reach
the Lamb-Dicke regime, with a strong reduction in linewidth.

We demonstrate this on the molecular hydrogen ions HD+, whose
fundamental rotational transition frequency is at 1.3 THz. We observe
transition linewidths as small as 4 Hz. We fully resolve the hyper-
fine spectrum. We also measure the transition frequencies in absolute
terms. We are then able to determine the precision of our technique
by comparing the measured frequencies with the predictions from very
accurate ab initio theory. We find agreement at the fractional level of
1×10−10. This represents the most accurate comparison of a molecular
physics prediction with experiment.

Finally, we measure some hyperfine energies with lower experimental
uncertainty than the theoretical prediction.

MO 12.7 Wed 12:00 S HS 002 Biologie
Electronic Structure Theory for Molecular Precision Tests of
New Physics — ∙Konstantin Gaul and Robert Berger — Fach-
bereich Chemie, Philipps-Universität Marburg, Hans-Meerwein-Straße
4, 35032 Marburg, Germany
Detection of simultaneous violation of parity (𝒫) and time-reversal

(𝒯 ) symmetry can imply physics beyond the Standard Model of parti-
cle physics. Permanent electric dipole moments (EDMs) violate both
𝒫- and 𝒯 -symmetry. EDMs of elementary particles or nuclei and
𝒫, 𝒯 -odd electron-nucleus current interactions can induce a permanent
EDM in atoms and molecules. Due to enormous electronic structure
enhancements of 𝒫, 𝒯 -odd effects in polar molecules, low-energy high-
precision experiments on these molecules can give access to the TeV
energy-regime. These precision tests are the most promising experi-
ments for a first measurement of a permanent EDM the electron[1].

We discuss requirements of molecules for those high-precision mea-
surements that aim to find new physics. Trends of 𝒫, 𝒯 -violation
within the periodic system of elements determined with quasi-
relativistic calculations[2] are discussed and measurement models for
disentanglement of sources of 𝒫, 𝒯 -violation in molecules are pre-
sented[3]. Simple analytical models, which are gauged by ab initio cal-
culations, help to choose promising molecules for future experiments.
[1] ACME collaboration, Nature 562, 355 (2018).
[2] K. Gaul et. al., J. Chem. Phys. 147, 014109 (2017).
[3] K. Gaul et. al., arXiv:1805.05494, arXiv:1811.05749.

MO 12.8 Wed 12:15 S HS 002 Biologie
The observation of non-adiabatic alignment of gas-phase
molecules via an adapted opto-galvanic technique. — Chris-
tian Matthaei1,2, ∙Matthew S. Robinson1, and Markus Gühr1

— 1Institut für Physik und Astronomie, Universität Potsdam, Pots-
dam, Germany — 2Current Address: Institut für Physikalische und
Theoretische Chemie, Julius-Maximilians-Universität Würzburg, Ger-
many
We have developed a new method for observing the non-adiabatic
alignment of gas-phase molecules via an adapted opto-galvanic tech-
nique, in which the critical components of the detector are an oscillo-
scope and a 9V battery. In this talk I will discuss how we were able to
observe the rotational wavepacket revivals of N2 and O2 molecules in a
near-atmospheric pressure air mixture, after excitation by an ultrafast
laser pulse, with high precision using this technique.

MO 13: Annual General Meeting of the Molecular Physics Devision

Time: Wednesday 12:45–13:45 Location: S HS 001 Biologie
Annual General Meeting of the Molecular Physics Devision

MO 14: Ultrafast Multidimensional and Control Approaches

Time: Wednesday 14:00–16:00 Location: S HS 001 Biologie

MO 14.1 Wed 14:00 S HS 001 Biologie
Probing Phosphate-Magnesium Ion Interactions in Water us-
ing Ultrafast 2D-IR spectroscopy — ∙Jakob Schauss, Fabian
Dahms, Benjamin P. Fingerhut, and Thomas Elsaesser — Max
Born Institute for Nonlinear Optics and Short-Pulse Spectroscopy,
Berlin, Germany
Biomolecules are fundamentally affected by electric interactions with
their surrounding solvent shell and the embedded ions. Mg2+-ions are
known to play a vital role in stabilizing RNA geometries, yet the un-
derlying interactions are mainly unresolved. To unravel microscopic
couplings and dynamics, non-invasive molecular probes are required,
such as the phosphate vibrations of the nucleic acid backbone.

We used femtosecond 2D-IR spectroscopy on the dimethylphosphate
anion DMP−, an established model system of the DNA/RNA back-
bone, and were able to observe a distinct blue shift of the asymmetric
stretch vibration 𝜈𝑎𝑠(PO2)− when magnesium ions were added. Con-
comitant theoretical ab-initio simulations attribute this frequency shift
to the formation of contact DMP−/Mg2+ ion pairs, providing a handle
to distinguish site-bound and diffuse ions in biomolecular systems in
future research.

MO 14.2 Wed 14:15 S HS 001 Biologie
Rapid coherent three-dimensional fluorescence spectroscopy
disentangles quantum pathways of a molecular dianion —
∙Stefan Müller1, Julian Lüttig1, Lei Ji2, Jie Han3, Michael
Moos5, Todd B. Marder2, Uwe H. F. Bunz4, Andreas Dreuw3,
Christoph Lambert5, and Tobias Brixner1 — 1Institut für
Physikalische und Theoretische Chemie, Universität Würzburg, Am

Hubland, 97074 Würzburg — 2Institut für Anorganische Chemie, Uni-
versität Würzburg, Am Hubland, 97074 Würzburg — 3Physikalisch-
Chemisches Institut, Universität Heidelberg, Im Neuenheimer Feld
205, 69120 Heidelberg — 4Organisch-Chemisches Institut, Universität
Heidelberg, Im Neuenheimer Feld 270, 69120 Heidelberg — 5Institut
für Organische Chemie, Universität Würzburg, Am Hubland, 97074
Würzburg
We developed a rapid shot-to-shot operating single-beam setup for
electronic three-dimensional (3D) spectroscopy that uses fluorescence
as an observable [1]. With this, we systematically acquire various types
of 3D spectra, including multiple-quantum coherences, simultaneously,
background free, inherently phased and within a few minutes. This al-
lows us to study systems of limited chemical stability, such as the
dianion of TIPS-tetraazapentacene [2]. Using a 125-fold phase cycling
scheme, we isolate multiple 3D spectra that provide rich information
up to sixth order in perturbation theory, revealing electronic coupling,
nuclear wavepacket dynamics, highly-excited states, and more.

[1] S. Draeger et al., Opt. Express 25, 3259 (2017).
[2] L. Ji et al., J. Am. Chem. Soc. 139, 15968-15976 (2017).

MO 14.3 Wed 14:30 S HS 001 Biologie
Signatures of dipole-dipole interaction in 2D-spectroscopic
signals of atomic gases — ∙Benedikt Ames, Edoardo Carnio,
Vyacheslav Shatokhin, and Andreas Buchleitner — Physikalis-
ches Institut, Albert-Ludwigs-Universität Freiburg
Recent experimental studies have revealed collective effects in 2D flu-
orescence spectra of dilute atomic gases. These signals persist
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down to the lowest experimentally accessible densities on the order
of 107 cm−3 [1]. Given the large interatomic distances in this regime,
the exchange of transverse photons is expected to play a significant
role in the dipole-dipole interaction.

In order to identify the dominant contributions to the latter, we in-
vestigate a model that includes the retarded interaction as mediated
by the quantized field and as such is valid across all length scales. In
a first approach, we study the time evolution of the system in a mas-
ter equation formulation that has previously been applied to coherent
backscattering in the double scattering regime [2]. Secondly, we treat
the same system perturbatively in the atom-laser coupling. By varying
the strength of the coupling, we establish conditions under which the
master equation approach yields the same results as the perturbative
calculation.
[1] L. Bruder, M. Binz, F. Stienkemeier, Phys. Rev. A 92, 053412
(2015)
[2] V. Shatokhin, C. Müller, A. Buchleitner, Phys. Rev. A 73, 063813
(2006)

MO 14.4 Wed 14:45 S HS 001 Biologie
Theoretical treatment of many-body signals in nonlinear
phase-modulated spectroscopy — ∙Ghassan Abumwis and
Alexander Eisfeld — MPIPKS, Dresden, Germany
Using nonlinear phase-modulated spectroscopy, strong many-body sig-
nals have been observed in very dilute atomic gases [1,2]. So far, a the-
oretical explanation of these unexpected strong signals is missing. By
extending the theoretical treatment of [3] we provide a possible expla-
nation of the measurements.

[1]Bruder et al, Phys. Rev. A 92, 053412 (2015)
[2]Bruder et al, Phys Chem Chem Phys,(2018)DOI:10.1039/c8cp05851b
[3]Li et al, Phys. Rev. A 95, 052509 (2017)

MO 14.5 Wed 15:00 S HS 001 Biologie
Excited state Rabi-cycling near the ionization threshold after
multiphoton excitation - a general concept? — ∙Tom Ring,
Hendrike Braun, Alexander Kastner, Constantin Witte,
Han-gyeol Lee, Arne Senftleben, and Thomas Baumert — Uni-
versität Kassel, Institut für Physik und CINSaT, 34132 Kassel, Ger-
many
Control schemes using ultrashort laser pulses in the weak field regime
such as the basic 𝐼𝑛 behaviour and spectral interference as well as in
the strong field regime such as Rabi-cycling, rapid adiabatic passage,
photon locking or selective polpulation of dressed states are well es-
tablished. The excitation of molecules and atoms with near infrared
femtosecond laser pulses can merge these regimes: In many cases the
first excitation step is predominantly non-resonant (weak field interac-
tion) while the increasing density of states near the ionization threshold
results in the possibility of subsequent one-photon absorptions which
can lead to excited state Rabi-cycling (strong field interaction).
To investigate coherent dynamics of atoms and molecules in this com-
bination region we employ 2d strong field spectroscopy using sequences
of phase modulated femtosecond laser pulses. Varying the relative op-
tical phase and the temporal separation between adjacent pulses allows
to look at the coherent response of the atomic level as well as molec-
ular systems in the form of electronic coherences. Comparison of our
experimental results with simulations confirms the subsequent weak
and strong field behaviour.

MO 14.6 Wed 15:15 S HS 001 Biologie
Coherent control of two-photon absorption via entangled
photons — ∙Edoardo Carnio1, Frank Schlawin2, and Andreas
Buchleitner1 — 1Physikalisches Institut, Albert-Ludwigs Univer-
sität Freiburg, Germany — 2Clarendon Laboratory, University of Ox-

ford, United Kingdom
Coherent control exploits the coherence of classical light to drive an
initial quantum state to a desired final state. In two-photon absorption
(TPA), in particular, two photons are used to excite a molecule from
the ground to an excited state. Under certain conditions, frequency-
entangled photons drive the transition more efficiently than in the
classical case [1]. We first show how this enhancement correlates with
the entropy of entanglement of the two-photon state, both in the tran-
sient and in the steady states. We then extend our analysis to the case
of a manifold of intermediate states, where we aim to control specific
excitation pathways with the appropriate design of the two-photon
states.
[1] Schlawin, F. & Buchleitner, A. Theory of coherent control with
quantum light. New J. Phys. 19, 013009 (2017).

MO 14.7 Wed 15:30 S HS 001 Biologie
Phase control of complex Fano resonances — ∙Nicola Mayer,
Misha Ivanov, and Oleg Kornilov — Max Born Institute, Max-
Born-Stra𝛽e 2A, 12489 Berlin, Germany.
Complex Fano resonances are quantum mechanical systems consist-
ing of two or more discrete states coupled to one or more common
continua. If the coupling strength to the continuum is comparable to
the energy separation between discrete states, an increase of coupling
strength leads to a counterintuitive increase of lifetime of one of the
discrete states, while the lifetime of the other becomes shorter. This
phenomenon is known as interference stabilization [1]. In a previous
publication, we showed that this effect may occur in a complex au-
toionizing resonance in molecular nitrogen [2]. In this contribution,
we explore the possibility of controlling the autoionization and pop-
ulation dynamics by using an auxiliary laser pulse. We develop a
model for photoelectron experiments employing a three pulse scheme:
an XUV pulse is used to excite the autoionizing states, a concomi-
tant control NIR/VIS/UV pulse induces a relative phase shift between
the autoionizing amplitudes and the resulting population dynamics is
probed by a delayed NIR pulse. We show that depending on the rel-
ative phase induced by the control pulse, it is possible to selectively
excite the long- or short-lived autoionizing states. Our results pave
the way for future experiments where the control pulse sequences can
be used both to steer the autoionization dynamics in the well-studied
systems and applied as a spectroscopic tool to retrieve the intrinsic
electron configuration interaction in unexplored systems.

MO 14.8 Wed 15:45 S HS 001 Biologie
Quantum Control with Quantum Light of Non-Adiabaticity
in Molecules — András Csehi1, Gábor J. Halász1, Ágnes
Vibók1 und ∙Markus Kowalewski2 — 1Department of Theoretical
Physics, University of Debrecen, H-40410 Debrecen, PO Box 5, Hunga-
ry — 2Department of Physics, AlbaNova University Center, Stockholm
University, 10691 Stockholm, Sweden
Coherent control in molecules is usually done with laser fields. The
electric field is described classically and control over the time evoluti-
on of the system is achieved by shaping the phase and amplitude of
laser pulses in the time or frequency domain. Moving on from a clas-
sical description to a quantum description of the light field enables us
to engineer the quantum state of light and allows to manipulate the
light-matter interaction in phase space instead. In this paper we will
demonstrate the different principles of control with quantum light on
the avoided crossing in lithium fluoride. Using a quantum description
of light together with the non-adiabatic couplings and vibronic degrees
of freedoms opens up new ways to look at quantum control. We will
show the deviations from control with purely classical light field and
how back action of the light field becomes important in a few photon
regime.

MO 15: Cold Molecules (joint session MO/A)

Time: Wednesday 14:00–16:00 Location: S HS 002 Biologie

MO 15.1 Wed 14:00 S HS 002 Biologie
Progress towards ultracold RbSr molecules in an opti-
cal lattice — ∙Vincent Barbé, Lukas Reichsöllner, Séverin
Charpignon, Klaasjan van Druten, and Florian Schreck —
University van Amsterdam, Amsterdam, Netherlands
Our group recently reported on the observation of Feshbach resonances

between Rb and Sr atoms in an optical dipole trap [1], and on the ex-
perimental investigation of the Rb-Sr electronic ground-state interac-
tion potential [2]. We will present our current efforts aimed at building
an optical lattice system that supports a Rb-Sr double-Mott insulator
with a high filling fraction, and a high magnetic-field stabilization sys-
tem for magnetoassociation.
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[1] V. Barbé, A. Ciamei, B. Pasquiou, L. Reichsöllner, F, Schreck,
P. Zuchowski, and J. Hutson, Nature Physics 14, 881-884 (2017)

[2] A. Ciamei, J. Szczepkowski, A. Bayerle, V. Barbé,L. Reichsöllner,
S. M. Tzanova, C.C. Chen, B. Pasquiou, A. Grochola, P. Kowalczyk,
W. Jastrzebskib and F. Schreck, Phys. Chem. Chem. Phys., 20,
26221-26240 (2018)

MO 15.2 Wed 14:15 S HS 002 Biologie
Phase protection of Fano-Feshbach resonances — Alexan-
der Blech1, Yuval Shagam2, Nicolas J. Hölsch2, Prerna
Paliwal2, Wojciech Skomorowski1, John W. Rosenberg2,
Daniel Zajfman3, Oded Heber3, ∙Daniel M. Reich1, Edvardas
Narevicius2, and Christiane P. Koch1,2 — 1Theoretische Physik,
Universität Kassel, Heinrich-Plett-Straße 40, 34132 Kassel, Germany
— 2Department of Chemical Physics, Weizmann Institute of Science,
Rehovot 76100, Israel — 3Department of Particle Physics and Astro-
physics, Weizmann Institute of Science, Rehovot 76100, Israel
Fano-Feshbach resonances (FFR) describe the decay of a quantum sys-
tem due to coupling of quantum-mechanical bound states to a contin-
uum of scattering states. They serve as a key mechanism to controlling
interactions in ultracold atomic gases. The position of FFR was shown
to follow quantum chaotic statistics. In contrast, their lifetimes have
so far escaped a similarly comprehensive understanding, despite the
intriguing observation of spanning many orders of magnitude. We at-
tribute this phenomenon, which has also been observed in predissocia-
tion FFR, to phase protection: For each scattering energy, there exists
a phase for which the lifetime becomes infinite. Any bound state which
is resonantly coupled to the scattering state with exactly this phase is
phase protected. Supported by lifetime measurements of rovibrational
FFR, we demonstrate that both the reduced mass and the shape of the
potential can significantly influence the occurence of phase-protected
resonances. Our results provide a blueprint for identifying naturally
long-lived states in a decaying quantum system.

MO 15.3 Wed 14:30 S HS 002 Biologie
The Dipolar Ground State of Ultracold LiK Molecules
— ∙Sofia Botsi1, Anbang Yang1, Sunil Kumar1, and Kai
Dieckmann1,2 — 1Centre for Quantum Technologies, 3 Science Drive
2, 117543 Singapore — 2Depatment of Physics, National University of
Singapore, 2 Science Drive 3, 117542 Singapore
Ultracold polar molecules are an ideal tool for the quantum simula-
tion of a large class of many-body effects, for quantum information
processing, controlled ultracold chemistry, and quantum metrological
applications. We report on our experiments that identified the ground
state of bosonic heteronuclear dimers of 6Li and 40K. In the ground
state these molecules possess a large permanent electric dipole moment
of 3.6 Debye, which makes them a suitable candidate for a quantum
gas with long-range anisotropic dipole interaction. Starting from closed
channel dominated Feshbach molecules we describe a new spectroscopy
route to the ground state that is different from schemes previously used
for other alkali heteronuclear dimers. Only strong transitions between
molecular spin singlet states are involved avoiding the need to iden-
tify suitable perturbed triplet states. We demonstrate how only a sole
hyperfine component can be addressed, even if the hyperfine structure
is not resolved. Effectively creating a three level system the resulting
scheme is the most straight forward to date and takes full advantage
of the closed molecular channel that can be discussed by means of the
simple asymptotic bound state model for our case. Further, we present
results from rotational spectroscopy that facilitates to exploit the high
electric dipole moment for use of the molecules as a quantum bit.

MO 15.4 Wed 14:45 S HS 002 Biologie
Ultracold 23𝑁𝑎40𝐾 Ground-State Molecules in a 3D Opti-
cal Lattice — ∙Marcel Duda1, Roman Bause1, Scott Eustice1,
Frauke Seeßelberg1, Xing-Yan Chen1, Christoph Gohle1, Im-
manuel Bloch1,2, and Xin-Yu Luo1 — 1Max-Planck Institut für
Quantenoptik, Hans-Kopfermann-Str. 1, 85748 Garching, Germany —
2Ludwig-Maximilians-Universität, Schellingstraße 4, 80799 München,
Germany
Ultracold polar molecules represent an interesting platform to study
quantum many-body physics. In contrast to atoms, molecules exhibit
a rich rotational and vibrational structure. Additionally, ground-state
molecules have a strong permanent electric dipole moment which al-
lows the investigation of spin models beyond nearest-neighbor inter-
actions. In this talk, we will report on the progress of creating a
fermionic low entropy gas of 23𝑁𝑎40𝐾 ground-state molecules in a
three-dimensional optical lattice.

After loading an ultracold mixture of 23𝑁𝑎 and 40𝐾 atoms into the
3D lattice, we produce 𝑁𝑎𝐾 molecules in the rotational-vibrational
ground-state by associating Feshbach molecules from atoms followed
by stimulated Raman adiabatic passage. We observe a significantly
extended lifetime of 𝑁𝑎𝐾 molecules in the 3D optical lattice and an-
ticipate an improved Feshbach molecule association efficiency.

With sufficiently high filling and lifetimes of the ground-state 𝑁𝑎𝐾
molecules in the 3D lattice, it is possible to observe intriguing spin
dynamics such as condensate of rotational excitations or anisotropic
propagation of spin waves.

MO 15.5 Wed 15:00 S HS 002 Biologie
Reaction and Spectroscopy Studies of Astrophysically rele-
vant Anions in Multipole Traps — ∙Markus Nötzold, Robert
Wild, Malcolm Simpson, Thomas Zurin, and Roland Wester
— Institut für Ionenphysik und Angewandte Physik, Universität Inns-
bruck, Austria
Multipole ion traps are versatile tools for the study of cold molecu-
lar ions. After the radioastronomical discovery of the first interstellar
anions, interest has grown in understanding the formation and destruc-
tion pathways of negative ions in the interstellar medium (ISM). Our
group has previously performed photodetachment studies on C𝑛H− [1],
CN− and C3N− anions [2], and recently begun to study the three-body
recombination mechanism H2 + H− + X ⇒ H3

− + X. We report on
progress and the current status of these experiments. In addition to
the foregoing, our group is currently developing a new multipole wire
trap for our setup. We present the main features of this improvement
compared to our existing 22-pole trap.

[1] T. Best, R. Otto, S. Trippel, P. Hlavenka, A. von Zastrow, S.
Eisenbach, S. Jézouin, R. Wester, E. Vigren, M. Hamberg, Astrophys.
J. 742, (2011).

[2] S. S. Kumar, D. Hauser, R. Jindra, T. Best, Š. Roučka, W. D.
Geppert, T. J. Millar, and R. Wester, Astrophys. J. 776, (2013).

MO 15.6 Wed 15:15 S HS 002 Biologie
A Cold and Slow Molecular Beam of Barium Monofluoride
— ∙Ralf Albrecht, Michael Scharwaechter, Tobias Sixt, and
Tim Langen — 5. Physikalisches Institut and Center for Integrated
Quantum Science and Technology IQST, Universität Stuttgart
We report on our progress towards the direct laser cooling 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.

In our experiment, molecules are generated through laser ablation
of a sintered precursor target inside a cryogenic cell. Subsequently,
the initially ∼ 104 K hot molecules are precooled to the few Kelvin
regime by collisions with a cold buffer gas of helium atoms. The pre-
cooled molecules exit the cell through a millimeter-sized aperture and
enter a room-temperature high-vacuum region, where they form a cold
and intense molecular beam. We present measurements characterizing
this beam using laser-induced fluorescence and outline our strategy for
future laser cooling.

MO 15.7 Wed 15:30 S HS 002 Biologie
Cold beam of water dimer — ∙Helen Bieker1,2,4, Jolijn
Onvlee1, Melby Johny1, Lanhai He1,5, Thomas Kierspel1,2,4,
Boris Sartakov3, Andrey Yachemenev1, Sebastian Trippel1,3,
Daniel A. Horke1,2, and Jochen Küpper1,2,4 — 1Center for Free-
Electron Laser Science, DESY — 2The Hamburg Center for Ultrafast
Imaging, University Hamburg — 3General Physics Institute, Russian
Academy of Sciences — 4Department of Physics, University of Ham-
burg — 5Institute of Atomic and Molecular Physics, Jilin University,
Changchun, China
To unravel the microscopic details of intermolecular interactions in
water, we prepared controlled samples of size- and isomer-selected wa-
ter clusters. Inhomogeneous electric fields allowed us to create pure
samples of individual structural isomers or of size-selected molecular
clusters and to disperse molecules in a beam according to their quan-
tum states [1].

Here, we aim to develop an understanding of the structures of water
clusters containing a few monomer units. We present our first results
on the production of size-selected samples using supersonic expansions
- subsequent separation of water dimer, extending previous studies.

[1] Y.P. Chang, D. A. Horke, S. Trippel and J. Küpper, Int. Rev.
Phys Chem. 34, 557-590 (2015)
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MO 15.8 Wed 15:45 S HS 002 Biologie
Manipulation of molecular hydrogen on a chip to study
cold collisions with a merged beam apparatus — ∙Katharina
Höveler1, Johannes Deiglmayr2, Pitt Allmendinger1, Josef
Agner1, Hansjürg Schmutz1, and Frédéric Merkt1 —
1Laboratorium für Physikalische 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. Investigation of the reaction H+

2 +D2 enables
us to distinguish between charge transfer, D atom transfer and H+

ion transfer and to determine the ratio of the two competing reaction
channels leading to the product ions H2D+ and D2H+.

MO 16: Cluster I (joint session A/MO)

Time: Wednesday 14:00–16:15 Location: S HS 3 Physik

Invited Talk MO 16.1 Wed 14:00 S HS 3 Physik
Imaging ultrafast dynamics in nanoparticles with reso-
nant multicolor XUV pulses — L Hecht2, B Langbehn2,
J Zimmermann1, J Jordan2, K Kolatzki1, N Monserud1, Y
Ovcharenko3, M Sauppe1, B Schütte1, R Tanyag1, A Ulmer2,
B Kruse4, K Sander4, C Peltz4, A Colombo5, A D’Elia6, M
diFraia7, L Giannessi7, P Piseri5, O Plekan7, K Prince7, M
Zangrando7, C Callegari7, MJJ Vrakking1, A Rouzée1, T
Möller2, T Fennel2, and ∙D Rupp1 — 1MBI Berlin, Germany
— 2TU Berlin, Germany — 3E-XFEL, Schenefeld, Germany — 4Uni
Rostock, Germany — 5Uni Milano, Italy — 6Uni Trieste, Italy —
7Elettra, Trieste, Italy
Diffraction imaging with intense, coherent, short-wavelength light
pulses is a unique method to determine the structure of individual
nanometer-sized objects such as viruses or fragile superfluid helium
nanodroplets. In addition, diffraction imaging can be also used as a
probe for ultrafast electronic processes within the particle. As the pho-
tons are elastically scattered by the electrons bound to the particle,
the scattering response will be altered if the particle’s electronic struc-
ture changes, with particularly strong effects at electronic resonances.
In two experiments we employed this concept using extreme ultravio-
let (XUV) multicolor pulses from an intense high-harmonic generation
source and two-color pulses from the FERMI free-electron laser, re-
spectively, to resonantly image helium nanodroplets and trace light
induced excitation and ionization processes within them.

Invited Talk MO 16.2 Wed 14:30 S HS 3 Physik
Multi-coincidence experiments on electron and photon emis-
sion — ∙Andre Knie — Institut für Physik und CINSaT, Universität
Kassel
The coincident detection of particles is a powerful method in experi-
mental physics, enabling the reconstruction of diverse projectile-target
interactions. The overwhelming majority of coincidence experiments
is performed detecting exclusively charged particles. When neutrals or
photons are of interest, experiments typically suffer from small solid
angles. Here, a new approach is shown maximizing the available solid
angle for photon detection, confining the interaction volume within fo-
cusing optics. With it a series of experiments was performed on atomic
and cluster samples to underline its capabilities. With this technique
it was possible to disentangle Auger processes in argon otherwise unre-
solvable by spectroscopic means. Additionally, the coincident detection
was used to circumvent the typical signal to noise ratio of an ultra low
cross section process, e.g. luminescent shake up satellites in helium.
The final example shows that completely new processes can be un-
raveled with this technique: A new energy transfer process in weakly
bound heterogeneous noble gas clusters will be presented.

MO 16.3 Wed 15:00 S HS 3 Physik
Auger Emission from the Coulomb Explosion of Helium
Nanoplasmas — ∙Michael Zabel, Michael Kelbg, Bennet
Krebs, Josef Tiggesbäümker, and Karl-Heinz Meiwes-Broer
— Universität Rostock, Institut für Physik, Albert-Einstein-Strasse
23-24, 18059 Rostock
The long-time correlated decay dynamics of strong-field exposed he-
lium nanodroplets is studied by means of angular resolved electron
spectroscopy. As a result of the adiabatic expansion of the fully in-

nerionized plasma, delocalized electrons in the laser-produced deep
confining mean field potential are shifted towards the vacuum level,
whereas some electrons may localize in bound levels of the helium
ion. The simple hydrogen-like electronic structure of He+ results in
clear signatures in the experimental electron spectra. The pronounced
features in the electron yields can be traced back to bound-free and
bound-bound transitions in He+. Auger electron emission takes place
as a result of the transfer of the excess energy to weakly bound elec-
trons in the quasifree electron band. Hence, the spacial and temporal
development of the nanoplasma cloud is encoded in the experimental
spectra, whereas the special electronic properties of helium helps to
clearly resolve the different contributions.

MO 16.4 Wed 15:15 S HS 3 Physik
Plasmon resonances of polyanionic metal clusters — ∙Klara
Raspe1, Norman Iwe1, Madlen Müller2, Franklin Martinez1,
Josef Tiggesbäumker1, Lutz Schweikhard2, and Karl-Heinz
Meiwes-Broer1 — 1Institut für Physik, Universität Rostock, Albert-
Einstein-Str. 23-24, 18059 Rostock — 2Institut für Physik, Universität
Greifswald, Felix-Hausdorff-Str. 6, 17489 Greifswald
In the interaction of metal clusters with light the occurrence of plasmon
resonances is a well known effect. We present photoelectron spectra of
negatively charged silver clusters which indicate such a plasmon reso-
nance, and - in the case of higher charge states - show also the Coulomb
Cut-Off. In this contribution we discuss the plasmon energies with re-
spect to well-defined cluster sizes and charge states and compare them
to literature values of smaller silver clusters. The project has been
supported by the collaborative research center SFB 652 of the DFG.

MO 16.5 Wed 15:30 S HS 3 Physik
Time-resolved coherent diffraction imaging of helium nan-
odroplets in free flight with intense high-harmonic XUV-
pulses — ∙J Zimmermann1, K. Kolatzki1, N. Monserud1, M.
Sauppe1, B. Schütte1, R. M. Tanyag1, M.J.J. Vrakking1, A.
Rouzee1, J. Jordan2, B. Langbehn2, A. Ulmer2, T. Möller2,
B. Kruse3, T. Fennel3, and D. Rupp1 — 1MBI Berlin — 2IOAP,
TU Berlin — 3Univ. Rostock
Coherent diffraction imaging (CDI) of single particles in free flight en-
ables studying the structural composition of fragile nano-scaled matter.
Such experiments demand high-intensity extreme ultraviolet or X-ray
light pulses, until recently only achievable at large-scale free-electron
laser (FEL) facilities. We have demonstrated [1] that high harmonic
generation (HHG) sources can be used for single-shot single-particle
CDI with great prospects for time-resolved experiments due to high
stability and extremely short pulse durations. Here we report on the
first time-resolved CDI measurements using a HHG laser system on he-
lium nanodroplets in an IR pump - XUV probe scheme. We obtained
bright multicolor diffraction patterns in a setup that allowed for few
femtoseconds time-resolution. First results of the ongoing analysis will
be presented and discussed. [1] Rupp et al., Nat.Com.8,493(2017)

MO 16.6 Wed 15:45 S HS 3 Physik
Investigation of polyanionic metal clusters by photoelec-
tron spectroscopy — ∙Madlen Müller1, Franklin Martinez2,
Norman Iwe2, Klara Raspe2, Steffi Bandelow1, Josef
Tiggesbäumker2, Lutz Schweikhard1, and Karl-Heinz Meiwes-
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Broer2 — 1Institute of Physics, University of Greifswald, Germany
— 2Institute of Physics, University of Rostock, Germany
One of the most prominent features of polyanionic systems is the
Coulomb barrier (CB), already confirmed by photoelectron spec-
troscopy (PES) on molecules and fullerenes. Recently such studies
have been extended to the field of polyanionic metal clusters. While
offering a variety of sizes and charge states to analyze, metal clusters
also serve as model systems with a simplified access e.g. by the liquid
drop model (LDM).

The contribution presents an overview of our measurements on
polyanionic metal clusters. The study includes the determination of
threshold binding energies, that support the LDM along a wide range of
cluster sizes and extending to negative binding energies. Furthermore,
multiphoton processes and the Coulomb cut-off dominate the struc-
ture of the PE spectra. In particular, the evolution of the Coulomb
cut-off with charge state and cluster size leads to further insights into
the nature of the Coulomb barrier. The project has been funded by
the collaborative research center SFB 652 of DFG.

MO 16.7 Wed 16:00 S HS 3 Physik
Ultrafast Ionization Dynamics of Methane Clusters — ∙A.
Heilrath1, M. Sauppe1,2, K. Kolatzki1,2, B. Langbehn1, B.

Senfftleben2, A. Ulmer1, J. Zimmermann1,2, L. Flückiger3,
T. Gorkhover4, C. Bostedt5, Y. Kumagai6, S. Düsterer7, B.
Erk7, C. Passow7, D. Ramm7, D. Rolles7,8, D. Rompotis7, R.
Treusch7, T. Feigl9, T. Möller1, and D. Rupp1,2 — 1Technische
Universität Berlin — 2Max-Born-Institut, Berlin — 3La Trobe Univer-
sity, Australia — 4SLAC Menlo Park, USA — 5Paul Scherrer Institut,
Switzerland — 6Argonne National Lab, USA — 7FLASH@DESY —
8Kansas State University, USA — 9optiX fab, Jena
Intense short wavelength femtosecond pulses from free-electron lasers
(FELs) allow to study individual nanoparticles with high resolution
in time and space. Exposing samples to intense extreme ultraviolet
(XUV) pulses is inevitably linked to ionization and subsequent dis-
integration of the sample, limiting the accuracy of diffraction imag-
ing. Molecular clusters are an ideal sample system to approach light-
induced dynamics of large heteronuclear systems. We studied methane
clusters in an XUV pump - XUV probe experiment with 90 eV photon
energy at CAMP@FLASH with delays up to 650 ps. Ionic fragments
were measured with a time-of-flight spectrometer and diffraction im-
ages were taken simultaneously. The ion spectra exhibit a variety of
fragments, including higher adducts forming in molecular recombina-
tion processes. A general increase of the ion yield with delay as well
as the delay-dependencies of fragments will be discussed.

MO 17: Cluster II (joint session A/MO)

Time: Wednesday 16:15–18:15 Location: S Fobau Physik

MO 17.1 Wed 16:15 S Fobau Physik
Investigation of 2p Auger decay in argon clusters by electron-
electron and electron-photon coincidences — ∙Catmarna
Küstner-Wetekam1, Philipp Schmidt1, Christian Ozga1, Huda
Otto1, Arno Ehresmann1, Uwe Hergenhahn2,3, André Knie1,
and Andreas Hans1 — 1Institut für Physik und CINSaT, Universität
Kassel, Heinrich-Plett-Str. 40, 34132 Kassel, Germany — 2Max Planck
Institute for Plasma Physics Wendelsteinstr. 1, 17491 Greifswald, Ger-
many — 3Leibniz Institute of Surface Modification, Permoserstr. 15,
04318 Leipzig, Germany
The response of prototype systems to ionizing soft X-ray irradiation is
of crucial interest for the study of fundamental processes in radiation
chemistry. Here we investigate Auger processes following 2p inner-shell
ionization of argon atoms and clusters and discuss differences in the
spectra of the atomic and the condensed sample. These Auger pro-
cesses are important for the population of the initial states of various
interatomic processes such as the Interatomic Coulombic Decay (ICD)
and Radiative Charge Transfer (RCT). The coincident measurement
of two electrons or one electron and one photon makes it possible to
gain new insights into these processes.

MO 17.2 Wed 16:15 S Fobau Physik
Modular He nanodroplet source and doping setup for the SQS
instrument at the European XFEL — ∙Anatoli Ulmer1, Rico
Mayro P. Tanyag1,2, Katharina Kolatzki1,2, Georg Noffz1,
Patrick Behrens1, Fabian Seel1, Bruno Langbehn1, Mario
Sauppe2, Yevheniy Ovcharenko3, Daniela Rupp2, and Thomas
Möller1 — 1Technische Universität Berlin — 2Max-Born-Institut
Berlin — 3European XFEL GmbH
Ultra-cold helium nanodroplets gain growing attention in many fields,
which can be attributed to their fascinating properties: they are super-
fluid, form quantized vortices and can be doped with various atomic or
molecular samples. With the advance of Free-Electron Lasers (FEL),
it has become feasible to determine the outer shapes as well as the
structures of embedded nanometer-sized samples by using flash X-ray
imaging. This opens a variety of experimental roads, such as clus-
ter growth in a superfluid environment, using different droplet sizes,
shapes and dopants. We developed a modular source and doping setup,
which will be permanently available for user experiments at the SQS
instrument of the European XFEL. A wide range of experiments will
be enabled by using either an Even-Lavie Valve, a commercial Parker
Valve, or a continuous jet nozzle. Furthermore, a doping system, con-
sisting of a gas cell and two metal ovens, was designed to explore
the formation and interaction of structures nested inside superfluid He
droplets. The layout and characterization measurements of the setup
will be presented.

MO 17.3 Wed 16:15 S Fobau Physik
Time-resolved imaging of the dynamics of free metal clusters
and nanocrystals — I. Barke3, N. Bernhardt2, P. Behrens2,
∙S. Dold1, S. Düsterer4, B. Erk4, T. Fennel3,5, H. Hartmann3,
L. Hecht2, A. Heilrath2, R. Irsig3, B. v. Issendorff1, N. Iwe3,
J. Jordan2, B. Kruse3, B. Langbehn2, B. Manschwetus4, F.
Martinez3, K.-H. Meiwes-Broer3, T. Möller2, K. Oldenburg3,
C. Passow4, C. Peltz3, D. Rupp2,5, F. Seel2,5, R. Tanyag5, R.
Treusch4, A. Ulmer2, and S. Walz2 — 1Univ. Freiburg — 2TU
Berlin — 3Univ. Rostock — 4FLASH@DESY — 5MBI Berlin
Wide angle X-Ray diffraction has been proven a viable tool to de-
termine the 3D structure of single metal clusters in gas phase with
a single X-Ray Pulse. We utilize the fs X-Ray pulses at the FLASH
Free-Electron Laser in Hamburg to resolve ultrafast processes in metal
clusters by reconstructing their shape in a time-dependent manner
and simultaneous time-of-fight spectrometry of the ionic fragments.
Exploiting the plasmon resonance of silver nanoparticles we use opti-
cal picosecond-second laser pulses to efficiently pump their electronic
system. Picoseconds later we retrieve the resulting shape of the clus-
ter. For moderate pumping energies (0.5 eV/Atom) we expect so see
melting effects, whereas high energy input leads to the formation of a
nanoplasma and disintegration of the cluster. To meet the demand-
ing requirements for such experiments a carefully taylored source for
clusters was developed. This source as well as a novel optical cluster
detector will be presented and an overview of preliminary results from
our recent experiments at FLASH will be given.

MO 17.4 Wed 16:15 S Fobau Physik
Correlation method for velocity map imaging of electrons and
time- of-flight detection of ions emitted by individual mid-
IR induced helium nanoplasmas. — ∙Cristian Medina1, Do-
minik Schomas1, Marcel Mudrich3, Marcus Debatin1, Frank
Stienkemeier1, Robert Moshammer2, and Thomas Pfeifer2 —
1Albert-Ludwigs- University of Freiburg, Freiburg im Breisgau, Ger-
many — 2Max plank Institute for nuclear physics, HEIDELBERG,
GERMANY — 3Aarhaus University, Aarhus, Denmark
Velocity map imaging (VMI) and time-of-flight (TOF) are standard
techniques to probe the photodynamics of molecules and clusters. Us-
ing a combined VMI-TOF setup, we study nanoplasmas created from
doped helium nanodroplets irradiated with intense mid-infrared fem-
tosecond laser pulses. Quasi-free electrons created by tunnel ionization
couple very efficiently to the laser field, thereby acquiring high energy
and resulting in an avalanche of impact ionization. The large number
of charged particles emitted from a single helium nanoplasma allows us
to collect both full electron energy distributions (VMI) and ion mass-
over-charge distributions (TOF) from a single hit. Our technique relies
on linking the camera used for VMI to the oscilloscope that measures
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TOF spectra. We discuss the impact of doping the He nanodroplets
with various species (Xe, Ca and H2O) to trigger the nanoplasma for-
mation.

MO 17.5 Wed 16:15 S Fobau Physik
Coherent diffractive imaging of excited state population
dynamics in a helium droplet — ∙Björn Kruse1, Ben-
jamin Liewehr1, Christian Peltz1, and Thomas Fennel1,2 —
1University of Rostock, Albert-Einstein-Straße 23, D-18059 Rostock
— 2Max-Born-Institute, Max-Born-Straße 2A, D-12489 Berlin
Just recently, coherent diffractive imaging (CDI) of isolated helium
nanodroplets has been successfully demonstrated with a lab-based
HHG source [1] operating in the vicinity of the 1s - 2p transition of he-
lium. To reconstruct the shape and orientation of nanoparticles, CDI
experiments have so far been analyzed in terms of a classical linear re-
sponse description [2]. However, for high intensities and especially for
resonant excitation, population dynamics of bound electrons and stim-
ulated emissions may become important, violating the assumptions un-
derlying a linear description. To what extend and how nonlinear pro-
cesses 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 incorpo-
rate 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 in both single-shot and
pump-probe scenarios.

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

MO 17.6 Wed 16:15 S Fobau Physik
Coulomb interaction in the photoemission of polyan-
ionic silver clusters — ∙Norman Iwe1, Madlen Müller2,
Klara Raspe1, Franklin Martinez1, Steffi Bandelow2, Josef
Tiggesbäumker1, Lutz Schweikhard2, and Karl-Heinz Meiwes-
Broer1 — 1Institut für Physik, Universität Rostock, Albert-Einstein-
Str. 23-24, 18059 Rostock — 2Institut für Physik, Universität Greif-
swald, Felix-Hausdorff-Str. 6, 17489 Greifswald
Not only the size but also the charge state is an important parameter
of free, nanoscopic particles. In particular the properties of negatively
charged metal clusters are strongly influenced by Coulomb interaction
between the cluster components. For two and more excess electrons,
this results in a Coulomb barrier potential, whose detailed properties
are however largely unknown.

This contribution presents photoelectron spectroscopy studies on
mass separated silver clusters, after they have been multiply negatively
charged in a radiofrequency ion trap. The emitted electron interacts
with the still negatively charged cluster which leads to a Coulomb cut-
off, as known from molecular anions. To investigate this effect, PE
spectra for different photon energies are compared. These spectra are
qualitatively described by electrons coming from a Fermi distribution
in a Jellium-like potential that either overcome or tunnel through the
Coulomb barrier. The project has been supported by the collaborative
research center SFB 652 of the DFG.

MO 17.7 Wed 16:15 S Fobau Physik
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
insight into the spatio-temporal evolution of laser-driven nanoplasma
expansion.

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

MO 17.8 Wed 16:15 S Fobau Physik
Characterisation of a doping oven for embedding metals
in helium droplets for the SQS instrument at the Euro-
pean XFEL — ∙Georg Noffz1, Anatoli Ulmer1, Rico Mayro
Tanyag1,2, Katharina Kolatzki1,2, Daniela Rupp1,2, Yevheniy
Ovcharenko3, and Thomas Möller1 — 1IOAP, Technische Univer-
sität Berlin, Germany — 2MBI, Berlin, Germany — 3European XFEL,
Hamburg, Germany
One of the most fascinating applications of the European XFEL is
the study of nanostructures by means of scattering experiments using
ultra-short and extremely intense X-ray pulses. A challenge in these
experiments is the loss of phase information needed for image recon-
structions in order to make statements about the morphology of the
diffracting object. The Droplet Coherent Diffracitve Imaging (DCDI)
[Struct. Dyn. 2, 051102 (2015)] technique provides a fast method
for retrieving phase information of nanostructures, such as clusters
grown in helium droplets. In this case, the droplet serves as a ref-
erence object and as a container. This poster deals with the design
and characterisation of a doping oven for embedding metals in helium
droplets for an approved XFEL beamtime. Quadrupole mass analyzer
and time-of-flight mass spectrometer measurements are performed for
the investigation of the doping process. Furthermore, the structures
of the embedded metals are deposited and afterwards investigated by
transmission electron microscopy. This setup will be available at the
SQS instrument at the European XFEL. In a final beamtime nanos-
tructure formation in the droplets will be investigated.

MO 17.9 Wed 16:15 S Fobau Physik
Setup and characterization of a helium liquid jet for diffrac-
tive imaging experiments — ∙Katharina Kolatzki1,2, Rico
Mayro P. Tanyag1,2, Georg Noffz2, Anatoli Ulmer2, Daniela
Rupp1,2, and Thomas Möller2 — 1MBI, Germany — 2IOAP TU
Berlin, Germany
State-of-the-art XUV and X-ray facilities like high-harmonic genera-
tion sources and free-electron lasers enable the in-depth investigation
of light-matter interaction via novel methods such as single-particle
coherent diffractive imaging.

For such experiments, large helium droplets constitute a suitable
target; they have a simple electronic structure and exhibit interest-
ing properties like superfluidity. One way of creating these droplets
is a helium liquid jet, which disintegrates in a Rayleigh-type breakup,
forming large droplets with diameters of a few microns. Compared
to the other regimes of helium droplet generation, droplets produced
from jet disintegration have a narrower size distribution. This makes
them eligible for time-resolved diffractive imaging experiments, where
a reproducible target is indispensable.

Recently, we have constructed and characterized a source for a he-
lium liquid jet, which will be put into use for example at the SQS
endstation at the European XFEL. Via shadowgraphy methods, we
can analyze the jet’s shape and the droplet size. Complementary, our
setup allows to determine the average droplet size via collision with
external gas particles. First results will be presented.

MO 17.10 Wed 16:15 S Fobau Physik
Direct evidence of radiative charge transfer in heteroge-
nous noble gas clusters — ∙Xaver Holzapfel1, Andreas Hans1,
Christian Ozga1, Vasili Stumpf2, Huda Otto1, Catmarna
Küstner-Wetekam1, Arno Ehresmann1, and André Knie1 —
1Institut für Physik und CINSaT, Universität Kassel, Heinrich-Plett-
Str. 40, 34132 Kassel, Germany — 2Physikalisch-Chemisches Institut,
Universität Heidelberg, Im Neuenheimer Feld 229, 69120 Heidelberg,
Germany
Weakly bound noble gas clusters are artificial systems which can be
used for the understanding of non-local energy transfer processes. In
the case of the so called radiative charge transfer (RCT) the system can
relax by redistributing the charges by emitting the excessive energy as
a photon. Therefore, these photons can be used as a fingerprint of the
electronic structure of the system if they are measured energy resolved.
Here we present the direct observation of (RCT) in heterogeneous NeKr
and NeXe clusters by dispersed ultravioletphoton detection.
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MO 18.1 Wed 16:15 S Foyer LLM
Time-Resolved step-scan FTIR investigations of luminescent
first row transition metal complexes — ∙Pit Boden1, Patrick
Di Martino-Fumo1, Sven Otto2, Matthias Dorn2, Claudia
Bizzarri3, Katja Heinze2, and Markus Gerhards1 — 1Physical
Chemistry, TU Kaiserslautern, Germany — 2Inorganic Chemistry and
Analytical Chemistry, JGU Mainz, Germany — 3Organic Chemistry,
KIT, Germany
In this contribution, the time-resolved step-scan FTIR technique is
used for investigations of highly luminescent first row transition metal
complexes in their electronically excited states with lifetimes in the mi-
crosecond regime. The vibrational frequencies obtained from this tech-
nique, compared with theoretical calculations, allow for a structural as-
signment of the excited states. The chosen molecular systems include
a series of mononuclear Cr3+-complexes with dipyridinium ligands.
These NIR-emitting complexes have a very high luminescence quan-
tum yield and two energetically close lying doublet states, where the
relative population can be influenced by cooling down a solid sample
to at least 20 K or by applying the newly developed double resonance
techniques. The analysis is extended to a related V3+-complex. Addi-
tionally, a photosensitive mononuclear Cu(I)-complex and its bridged
binuclear analogue are investigated. By comparison with theoretical
results, the structures of the electronic ground and lowest lying elec-
tronically excited state are determined.

MO 18.2 Wed 16:15 S Foyer LLM
Photodynamics of an Iron-based Photosensitizer after Deep-
UV Excitation — ∙Niklas Gessner1, Lion-Luca Stiewe1, Jo-
hannes Moll2, Katja Heinze2, and Patrick Nuernberger1 —
1Physikalische Chemie II, Ruhr-Universität Bochum, 44801 Bochum
— 2Institute of Inorganic Chemistry and Analytical Chemistry, Jo-
hannes Gutenberg University Mainz, 55128 Mainz
Photosensitizers are capable of transferring their energy to adjacent
molecules after photoexcitation. However, many compounds used in
this way in medicine or photovoltaics are complexes of rare noble met-
als. In contrast to this, [Fe(cpmp)2]2+ comprises an earth-abundant
central iron atom that may significantly reduce costs.

In this contribution, we study its photochemical properties with
transient absorption spectroscopy in the ultraviolet, visible and mid-
infrared (MIR) after excitation at 280 nm to a highly energetic state.
Initially, [Fe(cpmp)2]2+ exhibits dynamics on a timescale of 10 ps as-
sociated with vibrational cooling and rapid relaxation to a long-lived
excited state which shows an excited-state absorption (ESA) around
320 nm. Subsequently, this ESA, the MIR signatures as well as the
ground-state bleach decay with the same untypically short time con-
stant of ≈540 ps. In accordance with related compounds [1,2], the
study discloses that [Fe(cpmp)2]2+ belongs to the recently emerging
class of iron(II) compounds with a strong ligand field so that the sys-
tem reaches a long-lived 3MC (metal centered) state.

[1] L. L. Jamula et al., Inorg. Chem. 53, 15-17 (2014).
[2] A. K. C. Mengel et al., Chem. Eur. J. 21, 704-714 (2015).

MO 18.3 Wed 16:15 S Foyer LLM
Spin-flip dynamics in transition metal complexes triggered
by soft X-ray light — ∙Vladislav Kochetov, Huihui Wang, and
Sergei Bokarev — Institut für Physik, Universität Rostock, 18059
Rostock
The prominent development of intense X-ray laser technologies stim-
ulates theoretical studies of phenomena occurring at ultra-short
timescales. Time-resolved experiments revealing the energy and charge
transfer effects in molecular systems are of great importance. Here
we present the investigation of spin-flip dynamics of an iron complex
triggered by short X-ray pulses. The process of core excitation and
consecutive changes in spin populations are simulated and analyzed
in terms of density matrix within the time-dependent restricted active
space configuration interaction theory. Calculations take into account
the nuclear motion as a vibrational bath and Auger decay via quantum
master equation in the Markov approximation. The detailed analysis
of spin population distributions evolving during the first femtoseconds
after excitation is presented and the role of electron correlation in the
spin-flip process is discussed in the current work. Also, the influence of
different ligands and various pulse characteristics on the initiated dy-

namics is demonstrated suggesting the design of possible experiments
and applications in spintronics.

MO 18.4 Wed 16:15 S Foyer LLM
Cooperative effects in Ir, Pt and Pd containing bimetal-
lic complexes — ∙Tatjana Wall1, Marko Leist2, Werner R.
Thiel2, and Markus Gerhards1 — 1Physical Chemistry, TU Kaiser-
slautern — 2Inorganic Chemistry, TU Kaiserslautern
Bimetallic complexes can show cooperative effects between the metal
centers that can influence spectroscopic properties as well as their
performance in catalysis. To investigate such effects, absorption
and emission spectra of a homologous series of mono- and binu-
clear transition metal complexes based on (2-dimethylamino)-4-(2-
pyrimidinyl)pyrimidine in different solvents were recorded. Further-
more the lifetimes of the excited states were determined by using the
time correlated single photon counting (TCSPC) method. Here we rep-
resent the results for Ir, Pt and Pd containing complexes. The results
are compared with the pure ligand and additionally a comparison with
DFT calculations is performed. For both types of complexes, mono-
as well as binuclear ones, MLCT (Metal to Ligand Charge Transfer)
and ligand centered bands are observed. The shifts of these bands
compared to the pure ligand give information about cooperative ef-
fects. Lifetime determinations show multiple exponential decays for
both emission bands, whereas the pure ligand has a mono-exponential
decay. The photophysics of complexes with respect to lifetimes, coor-
dinations and characters of electronically excited states are discussed.

MO 18.5 Wed 16:15 S Foyer LLM
Mapping of exciton-exciton annihilation in a molecular dimer
via fifth-order femtosecond two-dimensional spectroscopy —
∙Jasmin Süß1, Johannes Wehner1, Jakub Dostál2,3, Tobias
Brixner2,3, and Volker Engel1 — 1Institut für Physikalische und
Theoretische Chemie, Emil-Fischer-Str. 42, 97074 Würzburg, Ger-
many — 2Institut für Physikalische und Theoretische Chemie, Am
Hubland, 97074 Würzburg, Germany — 3Center for Nanosystems
Chemistry (CNC), Theodor-Boveri-Weg, 97074 Würzburg, Germany
We present a theoretical study on exciton-exciton annihilation (EEA)
in a molecular dimer. This process is monitored using a fifth-order
coherent two-dimensional (2D) spectroscopy as was recently proposed
by Dostál et. al. (Nat. Commun. 9, 2466 (2018)). Using an electronic
three-level system for each monomer, we analyze the different paths
which contribute to the two-dimensional spectrum. The spectrum is
determined by two entangled relaxation processes, namely the EEA
and the direct relaxation of higher lying excited states. It is shown
that the change of the spectrum as a function of a pulse delay can be
linked directly to the presence of the EEA process.

MO 18.6 Wed 16:15 S Foyer LLM
Exciton Dynamics of Carbocyanine J-Aggregates in Polymer
Films — ∙Steffen Wolter1, Alexander V Sorokin2, and Stefan
Lochbrunner1 — 1Institut für Physik, Universität Rostock, 18051
Rostock, Germany — 2Institute for Scintillation Materials of NAS of
Ukraine, SSI Institute for Single Crystals of NAS of Ukraine, 60 Nauky
ave., 61072 Kharkiv, Ukraine
J-aggregates are promising candidates as building blocks for future
photonic applications. These supramolecular structures typically fea-
ture high quantum yields and exciton mobilities at ambient condi-
tions, although the actual values highly depend on the local envi-
ronment. J-aggregates in thin polymer films are of particular in-
terest for applications. However, most studies deal with aggre-
gates in solution and the behavior of the aggregates in polymers
is insufficiently characterized. In this contribution, the influence
of different local environments on the exciton dynamics is investi-
gated by femtosecond pump probe spectroscopy for J-aggregates con-
sisting of the carbocyanine dye 1,1’-disulfobutyl-3,3’-diethyl-5,5’,6,6’-
tetrachlorobenzimidazolylcarbo-cyanine sodium salt (TDBC). The dye
forms J-aggregates in polymer films with optical properties comparable
to those in water solutions, however, with a much lower fluorescence
quantum yield. The goal is to understand this finding and to learn
about the responsible mechanism.

MO 18.7 Wed 16:15 S Foyer LLM
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THz Spectroscopy on Charge Carriers in Organic Semicon-
ductors — ∙Philipp Krauspe, Julien Réhault, Martina Causa’,
Demetra Tsokkou, and Natalie Banerji — Universität Bern,
Freiestrasse 3, 3012 Bern
In this work we present optical pump - THz probe (OPTP) studies on
organic semiconductors.[1] These semiconductors are polymer:fullerene
blends which are used for organic photovoltaics. Our THz spectroscopy
reveals the time evolution of charge carriers and their relative mobility
on short distances. By changing the material system and selectively
exciting the compounds we isolate separate pathways from photoex-
citation to free carrier that transports the solar energy to the outer
contacts. We present these findings in combination with transient ab-
sorption and electro differential absorption measurements on the same
material systems.

Furthermore, we introduce a novel spectroscopic technique aiming
at the first few picoseconds revealing the charge generation process
upon photoexcitation. In this THz emission spectroscopy we generate
a THz waveform within an active layer by applying a constant bias
that accelerates the free charges.

[1] P. Krauspe, D. Tsokkou, M. Causa*, E. Buchaca-Domingo, Z.
Fei, M. Heeney, N. Stingelin, N. Banerji: Terahertz Short-Range Mo-
bilities in Neat and Intermixed Regions of Polymer: Fullerene Blends
with Controlled Phase Morphology. Journal of Materials Chemistry A
(2018)

MO 18.8 Wed 16:15 S Foyer LLM
Effect of External Electric Field on Charge-Pair Dynam-
ics in Poly-[3-Hexylthiophene] (P3HT): A Femtosecond
Time-Resolved Study — ∙Debkumar Rana, Patrice Donfack,
Vladislav Jovanov, Veit Wagner, and Arnulf Materny — Ja-
cobs University Bremen, Department of Physics & Earth Sciences,
Campus Ring 1, 28759, Bremen, Germany
Organic semiconductors have attracted considerable attention in recent
years. However, a complete fundamental understanding of the relevant
elementary processes is still missing. Several subtle processes such as
those involving bound states (e.g. charge-pair states) are crucial to
the overall macroscopic picture of device performance based on free
charge carriers. In our contribution, we have investigated the dynam-
ics of charge-pair states in Poly-[3-hexylthiophene] (P3HT), a promis-
ing organic semiconductor already studied by many researchers, uti-
lizing standard and electric field-dependent transient absorption spec-
troscopy in order to obtain a realistic picture of the dynamics, since
typical devices operate under an applied voltage in practice.

We have found that due to dissociation in the presence of exter-
nal electric fields, charge-pair recombination time scales and pathways
are significantly affected. Especially, our study has revealed a direct
observation of different kinds of charge pairs as the result of an ap-
plied reverse bias, which we have attributed to typical polaron pairs
and loosely bound polaron pairs. These charge pairs have shown com-
pletely different dynamics in our study. We will present and discuss
our first experimental results.

MO 18.9 Wed 16:15 S Foyer LLM
Ultrafast Electronic Dynamics and Optical Excitation of
Phonons in Hafnium Disulfide Crystals — ∙Simon Unger1,
Franziska Fennel1, Chris Rehhagen1, Tim Völzer1, Kai
Rossnagel2, and Stefan Lochbrunner1 — 1Institute for Physics,
University of Rostock, Albert-Einstein-Str. 23-24, 18059 Rostock —
2Institute for Experimental and Applied Physics, University of Kiel,
Leibnizstr. 19, 24118 Kiel
Transition metal dichalcogenides feature unique electronic and optical
properties. Additionally, they consist of a layered structure, allowing
the preparation of atomically thin crystals. Hafnium disulfide, as a
representative of those materials, is considered to be a promising can-
didate for electronic and optoelectronic applications. To investigate
the internal electronic processes and decay dynamics, static absorp-
tion and femtosecond pump-probe measurements were performed.

In the absorption spectrum, two bands are observed in the UV range.
In the femtosecond pump-probe experiments, the sample is excited in
the range of those bands and probed by a following white light pulse.
The transient absorption signal shows a strong reduction in absorbance
in the region of the original absorption, whereas at longer wavelengths
a signal increase appears. This feature is an indication for a band gap
renormalization induced by the population of excited charge carriers.
The temporal evolution exhibits a fast sub-picosecond and a slower
sub-nanosecond decay, caused by the relaxation and recombination of
the charge carriers. Furthermore, the time traces show an oscillation

pattern, which can be attributed to the excitation of acoustic phonons.

MO 18.10 Wed 16:15 S Foyer LLM
Porphyrin-functionalized covalent organic cage compounds
as prototypical artificial light-harvesting systems — ∙Lysanne
Monika Dietrich1,2, Matthias Hensen1, Evgenii Titov1,
Roland Mitric1, Florian Beuerle2, and Tobias Brixner1 —
1Institut für Physikalische und Theoretische Chemie, Universität
Würzburg, Am Hubland, 97074 Würzburg — 2Institut für Organis-
che Chemie & Zentrum für Nanosystemchemie, Universität Würzburg,
Am Hubland, 97074 Würzburg
One key challenge for the future will be to learn how to construct
artificial molecular devices enabling the harvesting of sunlight and
their use for photosynthetic approaches. Recent studies suggested that
the flexibility of the donor-acceptor linking group of artificial pho-
tosynthetic materials is an important parameter for optimizing their
performance [1]. In order to improve the understanding of photoin-
duced electron transfer processes characteristic of photosynthesis, we
designed a novel porphyrin-containing covalent organic cage compound
that can serve as an efficient host for [60]fullerene. Upon photoexcita-
tion of the porphyrin donor moiety, an electron transfer to the encap-
sulated [60]fullerene is triggered presumably on the ultrafast timescale.
Here we report on investigations on electron transfer processes of these
supramolecular porphyrin fullerene hybrid systems by means of fem-
tosecond transient absorption spectroscopy and quantum chemical cal-
culations.
[1] C. A. Rozzi et. al., Nat. Commun. 4, 1602 (2013).

MO 18.11 Wed 16:15 S Foyer LLM
Transient Absorption Spectroscopy of Photo-induced Guest
Uptake and Release by a Photochromic Coordination Cage
— ∙Kevin Artmann1, Rujin Li2, Dominik Welzel1, Guido H.
Clever2, and Patrick Nuernberger1 — 1Physikalische Chemie II,
Ruhr-Universität Bochum, 44780 Bochum — 2Anorganische Chemie,
Technische Universität Dortmund, 44227 Dortmund
Encapsulation of guest compounds by molecular cages are a promising
tool in a variety of applications. It can be used to protect, to trans-
port, or to influence the reactivity of guest molecules, but also vice
versa the guest may modify the properties of the host. Recently, Han
et al. demonstrated that it is possible to trigger the reversible guest
encapsulation with light by using cage systems composed of photo-
switchable dithienylethene ligands [1].
In this study we investigate the influence of a guest compound on
the ultrafast photodynamics of these cages. We demonstrate that the
dynamics of the single ligand and of the cage in solution are similar
to those of a closely related derivative examined by Ern et al. [2].
Furthermore, we show that the photodynamics of the cage with ring-
closed ligands do not change after addition of the guest. In contrast,
encapsulation of the guest in cages with ring-open ligands reduces the
efficiency of the ring-closing reaction and gives rise to the population
of another intermediate state.
[1] Han et al., Angew. Chem. Int. Ed. 52, 1319-1323 (2013).
[2] Ern et al., J. Phys. Chem. A 105, 1741-1749 (2001).

MO 18.12 Wed 16:15 S Foyer LLM
Excited State Dynamics of the Amino Acid Tryptophan —
∙Pascal Engl, Janina Lebendig-Kuhla, and Andrea Lübcke —
Max-Born-Institut für Nichtlineare Optik und Kurzzeitspektroskopie,
Berlin
The amino acid tryptophan is known to be involved in ultra-fast pro-
cesses like energy and electron transfers in proteins. We investigate the
excited state dynamics of tryptophan in solution and its chromophore
indole in the gas phase by utilizing pump-probe time-resolved pho-
toelectron spectroscopy (TRPES). This method allows us to follow
photoreactions in both energy and time by mapping the molecule’s ex-
cited state dynamics onto the continuum. As pump and probe pulses
we use fs UV-laser pulses with wavelengths of 200nm and 266nm. For
the measurements in aqueous solution we employ the liquid microjet
technique. We will describe our experimental setup, present our re-
sults and discuss the effects of the environment on the excited state
dynamics.

MO 18.13 Wed 16:15 S Foyer LLM
Quick Photoshoot: time-resolved imaging of the azobenzene
isomerization with ultra-fast electron diffraction — ∙Mario
Niebuhr1, Keith Jobe2, Renkai Li2, J. Pedro F. Nunes4, Xi-
aozhe Shen2, Stephen Weathersby2, Thomas J. A. Wolf3,
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Charles Yoneda2, Jie Yang2,3, Martin Centurion4, Xijie
Wang2, and Markus Gühr1 — 1Institute for Physics and Astron-
omy, Uni Potsdam, Germany — 2SLAC National Accelerator Labo-
ratory, USA — 3PULSE Institute, SLAC National Accelerator Labo-
ratory, USA — 4Department of Physics & Astronomy, University of
Nebraska-Lincoln, USA
The processes involved in the trans-cis isomerization of azobenzene are
still actively discussed. One issue in question are different proposed
relaxation pathways after Vis or UV excitation, resulting in distinct
intermediate geometries. While calculations generally suggest the so
called inversion pathway, to our knowledge no direct observation has
been performed confirming one or the other.

Photon pump electron probe diffraction experiments on isolated
molecules in the gas phase promise to allow just that. New ultra-
fast electron diffraction setups with MeV beams offer a new approach
to that question [1] mitigating the disadvantages of current keV sys-
tems (velocity mismatch, electron beam divergence) and allowing for
sub-100 fs time resolution to observe the azobenzene reconfiguration
during the trans-cis isomerization. We will show results from our first
run with the UED group at SLAC and discuss planned improvements.

[1] Weathersby et al., Rev. Sci. Instrum. 86, 073702 (2015)

MO 18.14 Wed 16:15 S Foyer LLM
Charge transfer in mixed valence states: Relaxation dynam-
ics and transient absorption spectroscopy — ∙Fabian Glaab1,
Johannes Wehner1, Christoph Lambert2, and Volker Engel1

— 1Institut für Physikalische und Theoretische Chemie, Universität
Würzburg, Emil-Fischer-Str. 42, 97074 Würzburg, Germany —
2Institut für Organische Chemie, Universität Würzburg, Am Hubland,
97074 Würzburg, Germany
Quantum dynamical model calculations are performed on the laser-
induced dynamics of mixed valence systems. The simultaneously oc-
curring processes of non- adiabatic population transfer and relaxation
are studied in detail. Transient absorption traces, as recently recorded
in our laboratory [1], are simulated, and the features of the spectra are
related to the dynamics. The agreement with experiment hint at the
fact that the employed one-dimensional model catches the essentials of
the photochemistry of the mixed valence systems under consideration.

[1] C. Lambert, M. Moos, A. Schmiedel, M. Holzapfel, J. Schäfer,
M. Kess, V. Engel, V., Phys. Chem. Chem. Phys. 18, 19405-19411
(2016).

MO 18.15 Wed 16:15 S Foyer LLM
Multidimensional electronic spectroscopy of a molecular
beam with mass-resolved ion detection — ∙Hans-Peter
Solowan, Tristan Ford, Sebastian Roeding, and Tobias
Brixner — 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 dis-
persive 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 spec-
trometer can be disentangled to extract the different contributions,
like the photon-echo response. We have recently installed a prepara-
tion chamber 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 18.16 Wed 16:15 S Foyer LLM
Ultrafast 2D-Vis spectroelectrochemistry — ∙Julia Heit-
müller, Klaus Eckstein, Pascal Kunkel, Tobias Brixner,
and Tobias Hertel — Institut für Physikalische und Theoretische
Chemie, Universität Würzburg, Am Hubland, 97074 Würzburg, Ger-
many
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 is used
to generate different oxidized and reduced molecular species in so-
lution. Our goal is the combination of these two techniques leading
to coherent 2D spectroelectrochemistry. For the infrared regime dif-
ferent spectroelectrochemical cells were described and used for 2D
measurements in the literature [1,2]. We developed a prototype for
the visible regime to investigate UV/Vis-induced photophysics or pho-
tochemical reactions depending on oxidation state. We verified that
our design works, by using redox standards and laser dyes. First
time-resolved measurements were performed by integrating the cell in
transient absorption experiments. In the next step we will approach
2D spectroscopy and observe molecules in different redox states, that
are generated in situ without adding 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 18.17 Wed 16:15 S Foyer LLM
Ultrafast Photoelectron Circular Dichroism Changes in 1-
Iodo-2-methylbutane — ∙V. Music1,2, F. Allum4, S. Bari3,
T. M. Baumann1, R. Boll1, S. Doerner3, A. Ehresmann2, B.
Erk3, P. Grychtol1, G. Hartmann2, A. Knie2, M. Larsson7, J.
Lee4, B. Manschwetus3, L. Marder2, R. Mason4, M. Meyer1,
H. Otto2, D. Rolles5, P. Schmidt2, K. Schubert3, L. Schwob3,
R. Wagner1, V. Zhaunerchyk6, and M. Ilchen1,2 — 1European
XFEL GmbH, Schenefeld, Germany — 2University of Kassel, Ger-
many — 3DESY, Hamburg, Germany — 4University of Oxford, UK —
5Kansas State University, Manhatten, USA — 6University of Gothen-
burg, Sweden — 7AlbaNova University Center, Stockholm, Sweden.
Highly intense circularly polarized XUV free-electron laser pulses
were used to observe the time-resolved photoelectron circular dichro-
ism (TR-PECD) of a prototypical chiral molecule as 1-Iodo-2-
methylbutane (𝐶5𝐻11𝐼) during laser induced fragmentation. The pre-
sented experiment was performed at the BL1 CAMP endstation at
FLASH1 in Hamburg. With a two-sided velocity map imaging spec-
trometer, electron-ion correlations were obtained and the time-resolved
ejection of ionic and neutral atomic iodine was observed. These frag-
ments serve as observer site to monitor the evolving chirality of the
molecule. For probing the different fragmentation channels of the chi-
ral molecule (R-enatiomer, S-enatiomer and the racematic mixture),
two different photon energies, i.e. 63 eV (for neutral iodine) and 75 eV
(for singly charged iodine), were used.

MO 18.18 Wed 16:15 S Foyer LLM
Theoretical interpretation of angular-resolved photoelectron
pump-probe spectroscopy — ∙Andy Kaiser, Sergey Bokarev,
and Oliver Kühn — Institute of Physics, Rostock, Germany
Photoelectron spectroscopy is a powerful probe of the electronic struc-
ture of atoms and molecules. Orbital structure, energy levels and non-
adiabatic dynamics can be analyzed within pump-probe experiments.
Varying the time delay between the pulses gives information about
wave packet dynamics and potential energy surfaces. This knowledge
allows to optimize chemical processes and learn about spin crossover
phenomena. In this work randomly oriented transition metal com-
plexes were studied theoretically in the solution phase. First, molecules
are preselected by a short pump-pulse. After a short time delay, which
lies in fs range such that translational and rotational degrees of free-
dom can be considered as frozen, the sample interacts with the probe
pulse, ejecting a photoelectron, which is then resolved angularly giving
information about the electronic structure. The working expression in
this simulation is the photoelectron matrix element formulated in the
Dyson orbital formalism and the outgoing photoelectron described by
Coulomb waves. To obtain accurate energies of both, the system and
the photoelectron, optimally-tuned, range-separated density function-
als were used within TDDFT.

MO 18.19 Wed 16:15 S Foyer LLM
Pulse Length Dependence of Photoelectron Circular Dichro-
ism — Roxana Savulea, ∙Simon T. Ranecky, Constantin
Witte, Alexander Kastner, Tom Ring, Han-gyeol Lee, Sud-
heendran Vasudevan, Hendrike Braun, Daniel Reich, Arne
Senftleben, and Thomas Baumert — Universität Kassel, Institut
für Physik und CINSaT, D-34132 Kassel, Germany
The asymmetry of photoelectron angular distributions from randomly
oriented enantiomers of chiral molecules in the ionization with circu-
larly polarized light arises in forward/backward direction with respect
to the light propagation direction. This effect is known as photoelec-
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tron circular dichroism (PECD) and has been investigated by single-
photon [1] as well as resonance-enhanced multi-photon ionization us-
ing a femtosecond laser [2, 3]. In that case, ionization occurs out a
frozen nuclear configuration. For longer pulses, additional dynamics
like internal conversion, intra-molecular vibrational energy redistribu-
tion, vibrations or rotation of the molecules come into play.
Here we present a coherent pulse length study to investigate PECD
ranging from the femtosecond to the nanosecond regime. To that end,
we employ a femtosecond laser with variable pulse duration and a
nanosecond dye laser. When using the latter, the lifetime of the inter-
mediate states is much shorter than the pulse duration of the laser.
[1] L. Nahon et al., J. El. Spectr. 204, 322-334, (2015)
[2] C. Lux et al., Chem. Phys. Chem. 16, 115-137, (2015)
[3] A. Kastner et al., J. Chem. Phys. 147, 013926, (2017)

MO 18.20 Wed 16:15 S Foyer LLM
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, and Chrisi-

tane P. Koch1 — 1Universität Kassel, Deutschland — 2Philipps-
Universität Marburg, Deutschland
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 and enabling application
of coherent control.

Here we want to extend this model to explicitly take into account the
chirality of the photoelectron continuum and the coherence between
non-resonant multi-photon excitation and one-photon ionisation by
standard quantum beat spectroscopy of electronic superposition states
in a pump-probe scheme. Our extended model will allow us to distin-
guish the contributions of intermediate and final states to PECD and
to refine our quantum optimal control approach in order to determine
the ultimate strength of the chiral response.

MO 19: Cluster III (joint session MO/A)

Time: Thursday 10:30–12:30 Location: S HS 001 Biologie

Invited Talk MO 19.1 Thu 10:30 S HS 001 Biologie
Optical spectroscopy of small metal clusters: a deeper look at
Au+

4 — ∙Marko Förstel, Wolfgang Schewe, and Otto Dopfer
— TU Berlin, IOAP, Hardenbergstr. 36, 10623 Berlin
The catalytic properties of small metal clusters strongly depend on lo-
cal structure. This is especially the case for very small clusters, where
every new atom changes the physical and thus catalytic properties
tremendously. For example, gold clusters show catalytic properties at
sizes down to three atoms!

With a new setup we were able to measure the optical absorption
spectrum of such small gold clusters in hitherto unavailable quality.[1]
These spectra allow for the first time to directly access the structure
of the ground and excited state via comparison of the measured vi-
brational frequencies and Franck-Condon progressions to those from
calculated structures. Surprisingly, we find that the optical spectrum
cannot be explained by assuming that it stems solely from the rhombic
ground state structure of Au+

4 .[2]

[1] M. Förstel, B. K. A. Jaeger, W. Schewe, P. H. A. Sporkhorst,
O. Dopfer, Improved tandem mass spectrometer coupled to a laser
vaporization cluster ion source Rev. Sci. Instr. 2017, 88, 123110.

[2] M. Förstel, W. Schewe, O. Dopfer, Optical spectroscopy of the
Au+

4 cluster: Resolved vibronic structure indicates an unexpected iso-
mer, submitted.

MO 19.2 Thu 11:00 S HS 001 Biologie
Activation of Methane by Free Gold Clusters: Ion-Trap Ki-
netics, IR-Spectroscopy, and Ab Initio Theory — ∙Thorsten
Bernhardt1, Sandra Lang1, Joost Bakker2, Robert Barnett3,
and Uzi Landman3 — 1Institute of Surface Chemistry and Catalysis,
University of Ulm, 89069 Ulm, Germany — 2Institute for Molecules
and Materials, FELIX Laboratory, 6525 ED Nijmegen, The Nether-
lands — 3School of Physics, Georgia Institute of Technology, Atlanta,
Georgia 30332-0430, USA
Amongst all the metals gold exhibits the least inclination to undergo
chemical reactions with other elements. It is therefore even more sur-
prising that few nanometer sized gold particles and gold clusters con-
sisting of very few atoms display excellent catalytic properties. In order
to demonstrate the ability of small gold clusters to activate methane,
we previously performed gas phase reaction kinetics experiments in an
octopole ion trap. These experimental studies revealed the particu-
lar catalytic properties of the gold dimer to activate methane and to
convert two methane molecules to ethylene at thermal reaction con-
ditions. These experiments have now been complemented by infrared
multi photon dissociation experiments employing the free electron laser
FELICE at the University of Nijmegen. These spectroscopy investi-
gations demonstrated that the interaction of methane with small gold
cluster cations leads to selective C-H-bond dissociation and the forma-
tion of hydrido-methyl complexes.

MO 19.3 Thu 11:15 S HS 001 Biologie
Interspecies energy transfer in heterogeneous Ar2-N2 clusters
quenching predissociation — ∙Huda Otto, Dana Bloß, An-
dreas Hans, Xaver Holzapfel, Catmarna Küstner-Wetekam,
Christian Ozga, Philipp Schmidt, Arno Ehresmann, and An-
dré Knie — Institut für Physik und Center for Interdisciplinary
Nanostructure Science and Technology (CINSaT), Universität Kassel,
Heinrich-Plett-Straße 40, 34132 Kassel, Germany
Loosely bound systems, like Ar2, are of technical and biological inter-
est. For example, the Ar dimer (Ar2) is used as a medium in excimer
lamps, and decay processes in such noble gas dimers are showcase ex-
amples to explain radiation damage in organic tissues. Ar2 consists
of two van-der-Waals bound Ar atoms. This binding type affects the
energy transfer between van-der-Waals bound atoms, called clusters.
Doping an Ar cluster with a molecule, like N2, allows to investigate
the effect of molecular vibrations on energy transfers in a loosly bound
environment. Here, different vibronic states of N2 in an Ar2-N2 clus-
ter were addressed. In gaseous N2 the resonant excitation of these
vibronic states lead to non-radiative predissociation, whereas if the
N2 is van-der-Waals bound on an Ar cluster, the absorbed energy
is redistributed within the cluster, resulting in photon emission from
perturbed Ar dimers. Thus, an interspecies energy transfer from a N2

molecule to an Ar dimer must occur. During the talk evidences for the
interspecies energy transfer in heterogeneous Ar2-N2 clusters will be
discussed further.

MO 19.4 Thu 11:30 S HS 001 Biologie
Electron and photon interactions with size-selected lead clus-
ters — Steffi Bandelow, ∙Alexander Jankowski, Stephan
König, Gerrit Marx, Lutz Schweikhard, and Markus Wolfram
— Institute for Physics, University of Greifswald, Germany
At the ClusterTrap-setup [1], the dissociation pattern of photoexcited
lead cluster ions has been of interest in recent studies [2,3]. It was
shown that lead transitions from a metallic [4] to a non-metallic frag-
mentation behavior [2] when approaching smaller cluster sizes. In
further investigations, size-selected trapped negatively charged lead
clusters are exposed to an electron beam. This leads to electron
attachment [5,6] as well as collision-induced dissociation [6]. The
resulting product ions reveal first hints of fission processes, where
doubly negatively charged clusters break up into two singly charged
fragments. The most prominent fragments observed are Pb1−10 , and
Pb1−𝑛−10, where 𝑛 is the precursor cluster size. This interpretation
is confirmed by photodissociation studies of size- and charge-state
selected dianionic lead clusters [7].

[1] F. Martinez et al., Int. J. Mass Spectrom. 365-366 (2014) 266.
[2] S. König et al., J. Phys. Chem. C 121 (2017) 10858.
[3] M. Wolfram et al., J. Phys. B: At. Mol. Opt. 51 (2018) 044005.
[4] P.J. Brucat et al., J. Chem. Phys. 84 (1986) 3078.
[5] A. Herlert et al., Phys. Scripta T80 (1999) 200.
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[6] S. König et al., Int. J. Mass Spectrom. 421 (2017) 129.
[7] S. König et al., Phys. Rev. Lett. 120 (2018) 163001.

MO 19.5 Thu 11:45 S HS 001 Biologie
Photophysics investigation of pyrrole and pyrrole-water1
clusters — ∙Melby Johny1, Sebastian Trippel1,2, and Jochen
Küpper1,2,3 — 1Center for Free-Electron Laser Science, DESY, Ham-
burg — 2The Hamburg Center for Ultrafast Imaging, Universität Ham-
burg, Hamburg — 3Department of Physics, Universität Hamburg,
Hamburg
The properties of atoms and molecules are strongly dependent on their
local environment and hydrogen bonds are of universal importance in
chemistry and biochemistry. Therefore, it is highly desirable to bridge
the gap between single, isolated molecules and molecules in solvation.

Here, we show the investigation of the photophysics of pyrrole and
the single hydrogen bonded pyrrole-water1 clusters via site-specific
x-ray ionisation and strong field ionisation by intense near-infrared
laser pulses. The photo-fragmentation owing to core-shell ionisation
at nitrogen(N 1s) were analyzed by means of photoelectron photoion-
photoion coincidence(PEPIPICO) imaging. A 3D-imaging detector,
Timepix3 was used for coincidence detection of strong field ionisation
of pyrrole and pyrrole-water1. For pyrrole-water1 clusters, we observed
proton or hydrogen atom transfer from pyrrole moiety to the hydrogen
bonded water molecule and the fragmentation dynamics is significantly
different from bare pyrrole.

MO 19.6 Thu 12:00 S HS 001 Biologie
Superelectrophilic Behaviour of closo-Dodecaborate
Monoanions — Knut R. Asmis1, Martin Mayer1, Jonas
Warneke2, and ∙Max Grellmann1 — 1Wilhelm-Ostwald-Institut
für Physikalische und Theoretische Chemie, Universität Leipzig,
Linnestr. 2, 04103 Leipzig (Germany) — 2Department of Chemistry,
Purdue University, West Lafayette, IN 47907 (USA)
Bond formation with an electron-rich system, known as electrophilic-
ity, is commonly observed in electron-deficient molecules. Binding
noble gases at room temperature was a marking property predomi-
nantly of strong, dicationic systems, therefore termed as *superelec-

trophiles*. Gas-phase skimmer collision induced dissociation (sCID)
lead to the formation of closo-dodecaborate monoanions [B12X11]-,
showing a high reactivity towards electron-rich systems for instance
dinitrogen, dioxygen and noble gases (Ngs). In particular, the clusters
[B12X11]- (X = Cl, CN) have been observed to form spontaneously B-
Ng bonds with a substantial degree of covalent interaction, thus show-
ing a superelectrophilic behaviour despite being negatively charged. A
significant blue shift of the CO stretching mode when bound with its
carbon tail to a closo-dodecaborate monoanion, observed by using in-
frared photodissociation (IRPD) spectroscopy, verified the suspected
electron-deficiency at the binding site of the cluster. Quantum chemi-
cal calculations revealed that the anions unite several molecular prop-
erties, which lead to a dipole discriminating chemistry, facilitating the
addition of Ngs. On this account, small dipole moments of alkanes
could be a promising property to introduce the anions into C-H-bond
activation.

MO 19.7 Thu 12:15 S HS 001 Biologie
Photofragmentation of small bismuth clusters — ∙Paul Fis-
cher, Gerrit Marx, and Lutz Schweikhard — Institut für Physik,
Universität Greifswald, 17489 Greifswald, Germany

Bismuth clusters Bi
+/−
𝑛 in the size range 𝑛 = 2 to 19 have been pro-

duced by laser ablation and stored in an electrostatic ion beam trap
(EIBT) [1,2]. The trap allows the retention of size-selected ions and
their separation from contaminant ions with high resolving powers [3].

Photofragmentation has been performed by use of nanosecond laser
pulses (𝜆 = 532nm). Product patterns include multiple cluster sizes,
depending on the selected precursor. To further investigate the frag-
mentation pathways of the clusters, parameters such as the laser-pulse
energy and timing have been varied. In many cases, the preliminary
data evaluation suggests pathway competition and only a few sequen-
tial decays. The size of the primary neutral fragment being evaporated
shifts with increasing precursor cluster size.

[1] H. Wollnik et al., J. Mass Spectrom. Ion Processes 96(3):267-
274(1990)

[2] D. Zajfman et al., Phys. Rev. A 55:R1577-R1580(1997)
[3] P. Fischer et al., Rev. Sci. Instrum. 89:015114(2018)

MO 20: Atomic Physics, Molecular Physics, and Quantum Optics with X-ray FELs (joint
session MO/A)

Time: Thursday 10:30–12:30 Location: S HS 002 Biologie

MO 20.1 Thu 10:30 S HS 002 Biologie
Nanodroplet production and characterization for single par-
ticle X-ray diffractive imaging — ∙Amine Gourram1, Ar-
mando Estillore1, Daniel Horke1,3, and Jochen Küpper1,2,3 —
1Center for Free-Electron Laser Science, DESY, Hamburg, Germany
— 2Department of Physics, University of Hamburg, Hamburg, Ger-
many — 3The Hamburg Center for Ultrafast Imaging, University of
Hamburg, Hamburg, Germany
X-ray diffractive imaging of single molecules or nanoparticles at free-
electron lasers allows the extraction of structural information at sub-
nanometer resolution [1]. However, this requires the efficient produc-
tion and delivery of isolated samples into the x-ray beam. We present
our proposed aerosol source for the efficient production of a high-
density aerosol of sub-100~nm nanoparticles, based on electrospray
aerosolisation. The produced aerosol source will be characterized re-
garding its efficiency and density for different nanoparticle types and
sizes using optical light scattering measurement [2] and differential
particle mobility analysers.

[1] Seibert et al., Nature 470, 78-81 (2011) [2] Awel et al., Opt.
Express 24, 6507-6521 (2016)

MO 20.2 Thu 10:45 S HS 002 Biologie
3D sensitive diffractive imaging of metal cluster shape tran-
sitions — ∙J. Jordan1, S. Dold2, I. Barke3, P. Behrens1, N.
Bernhardt1, J. Correa4, S. Düsterer4, B. Erk4, L. Hecht1,
A. Heilrath1, H. Hartmann3, R. Irsig3, N. Iwe3, B. Kruse3, B.
Langbehn1, B. Manschwetus4, F. Martinez3, K. Oldenburg3,
C. Passow4, C. Peltz3, F. Seel1, R. Tanyag5, R. Treusch4, A.
Ulmer1, S. Walz1, K.-H. Meiwes-Broer3, T. Fennel3,5, B. v.
Issendorff2, T. Möller1, and D. Rupp1,5 — 1TU Berlin — 2Univ.

Freiburg — 3Univ.Rostock — 4FLASH@DESY — 5MBI Berlin
With their ability to deliver ultra-short X-ray pulses of high brilliance,
free-electron lasers (FELs) have opened up new possibilities for nat-
ural sciences. In cluster physics, FELs have been used to investigate
fundamental light-matter interactions and create scattering images of
single clusters in free flight for structure determination. In particu-
lar, gas phase metal clusters exhibit a large variety of shapes that are
very sensitive to the growth conditions. Their shape can be altered by
soft heating, leading to a reordering of the crystal lattice or melting of
the surface. In order to image these changes and record their intrin-
sic timescale, we performed a pump-probe experiment at the FLASH
FEL in Hamburg. Silver clusters were produced using a magnetron
sputter source and subsequently heated with a picosecond-long, weak
optical laser pulse. The temporal evolution of the shapes after excita-
tion was traced by recording wide-angle scattering images that enable
a 3D sensitive shape retrieval.

MO 20.3 Thu 11:00 S HS 002 Biologie
Neural Networks for Reconstruction of Nanoclusters from
Soft X-Ray Scattering Images — ∙Thomas Stielow, Robin
Schmidt, Thomas Fennel, and Stefan Scheel — Institut für
Physik, Universität 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. 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. We demonstrate how neural
networks can be utilized for full reconstructions of nanoclusters from
single-shot wide angle scattering images. Our networks are trained
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solely on existing physical theories and can be applied to real-world
experimental data without limitation to a specific setup due to its ro-
bustness. With deep learning, high quality real time evalutation for
the next generation FEL systems can finally be implemented.

MO 20.4 Thu 11:15 S HS 002 Biologie
Controlling nanoparticles with external fields — ∙Jannik
Lübke1, Salah Awel1,4, Armando Estillore1, Nils Roth1,2,
Amit Samanta1, Lena Worbs1, Daniel Horke1,4, and Jochen
Küpper1,2,3,4 — 1Center for Free-Electron Laser Science (CFEL),
Deutsches Elektronen-Synchrotron (DESY), Hamburg, Germany
— 2Department of Physics, Universität Hamburg, Germany —
3Department of Chemistry, Universität Hamburg, Germany — 4The
Hamburg Center for Ultrafast Imaging (CUI), Universität Hamburg,
In single-particle coherent x-ray diffraction experiments, diffraction
patterns are recorded from individual sample particles. To overcome
the inherently small signal-to-noise ratio, large numbers of identical
particles need to be controlled and guided subsequently into the small
focus of free-electron lasers (FELs). We establish particle control
for example via electrostatic deflection or optical guiding in tractor
beams [1], ultimately aiming at delivering one nanoparticle at a time
into successive FEL shots.
[1] Eckerskorn et al., Proc. SPIE 9548, 95480H1-95480H12, 2015

MO 20.5 Thu 11:30 S HS 002 Biologie
Detecting ultrafast hole dynamics in water using x-ray tran-
sient absorption — ∙Caroline Arnold1,2,4, Ludger Inhester1,
Ralph Welsch1,4, Linda Young3, and Robin Santra1,2,4 —
1Deutsches Elektronensynchrotron DESY, Hamburg — 2Universität
Hamburg — 3Argonne National Laboratory, USA — 4Centre for Ul-
trafast Imaging, Hamburg
The dynamics that unfold in aqueous solutions on a molecular time
scale are of direct relevance to biological and chemical processes. For
example, radiation damage in biological tissues is caused by the pho-
toionization of liquid water. The early steps of radiation damage can
be understood by following the electron-hole pair dynamics with fem-
tosecond time-resolution. While the hydrated electron has been ad-
dressed in experiments, the dynamics of the residual cation remains
elusive. Today’s XFEL sources allow to detect the hole by resonant
x-ray absorption spectroscopy at the oxygen K-edge with femtosecond
time resolution.

We present a theoretical, ab initio description of the hole dynamics
in ionized water and the resulting x-ray absorption spectra. To this
end, we consider excited-state molecular dynamics in liquid water fol-
lowing the removal of an electron from the valence band in a quantum-
classical, QM/MM scheme including non-adiabatic transitions. We
present first results on time-resolved x-ray absorption spectra in the
first 100 femtoseconds following photoionization and discuss their use
as a probe for hole dynamics.

MO 20.6 Thu 11:45 S HS 002 Biologie
X-ray emission spectroscopy using dispersive spectrometers
at Synchrotron and X-ray FEL facilities — ∙Florian Otte1,2,
Christian Bressler2, and Metin Tolan1 — 1Technische Univer-
sität Dortmund, Emil-Figge-Straße 50, 44227 Dortmund, Deutschland
— 2European XFEL GmbH, Holzkoppel 4, 22869 Schenefeld, Deutsch-
land
Crystal spectrometers which enable the energy dispersive detection of
X-ray fluorescence during irradiation with intense X-rays have found
widespread distribution among X-ray facilities worldwide. Different
designs and types exist, but all of them appeal through their ability to
track electronic and magnetic properties of samples via characteristic
features in X-ray emission signals during the experiment. Which elec-

tronic and magnetic properties are accessible specifically, is case and
spectrometer dependent. We report on the use of an energy-dispersive
von Hamos type spectrometer, which is being used at the FXE in-
strument at European XFEL GmbH on a regular basis in combination
with additional complimentary experimental techniques such as X-ray
diffraction for detection of K-edge emission lines on transition metal
complexes. A smaller and highly mobile version of this spectrometer
type has been successfully used at different beamlines (e.g. P01 at
Petra III in Hamburg, Bl9 at DELTA in Dortmund). The highly flexi-
ble nature of this spectrometer type is rationalized with experimental
results on transition metal complexes. Advantages and disadvantages
in comparison with other available spectrometer types are discussed,
with special consideration of applications at modern FELs.

MO 20.7 Thu 12:00 S HS 002 Biologie
Giant Enhancement of Molecular Ionization at High X-ray
Intensity — ∙Ludger Inhester1, Yajiang Hao2, Sang-Kil Son1,
and Robin Santra1,3 — 1Center or Free-Electron Laser Science,
DESY, Hamburg — 2Department of Physics, University of Science and
Technology Beijing — 3Department of Physics, Universität Hamburg
The ultraintense and ultrashort x-ray pulses provided by X-ray Free-
Electron Lasers (XFELs) sequentially ionize molecular samples many
times. We have developed an ab-initio electronic structure toolkit,
XMOLECULE[1,2], that models this multiple ionization dynamics.
Our calculations show that the rearrangement of charges between dif-
ferent parts of a molecule plays an important role for the ion yield
distribution. In this context, we have recently discovered that under
intense x-ray radiation the total charge yield of a molecule is enhanced
compared to independent atoms[2,3].

We report here on new theoretical results for iodobenzene (C6H5I)
that show an even stronger ionization enhancement than previously
observed for iodomethane (CH3I)[3]. This finding emphasizes the
relevance of the charge-rearrangement-enhanced X-ray ionization of
molecules (CREXIM) for the radiation damage in experiments with
tightly focused XFEL beams.

[1] Struct. Dyn. 2, 041707 (2015). [2] Phys. Rev. A 94, 023422
(2016) [3] Nature 546, 129-132 (2017)

MO 20.8 Thu 12:15 S HS 002 Biologie
The Auger effect in dispersing and absorbing environments
— ∙Janine Franz1, Stefan Yoshi Buhmann1,2, and Robert
Bennett1,2 — 1Institute of Physics, University of Freiburg, Germany
— 2Freiburg Institute for Advanced Studies (FRIAS), Germany
The Auger effect is the radiationless decay of an inner-shell ionised
atom. In this process, the atom relaxes by filling the inner vacancy
with an outer shell electron, but instead of releasing the excess energy
in form of a photon (spontaneous decay) the energy is reabsorbed by
another electron belonging to the same atom. This effect finds many
applications: for example in Auger electron spectroscopy, it is used to
study material properties of surfaces.

It is well established that dielectric environments can have a sig-
nificant impact on spontaneous decay (Purcell effect) [1] as well as
interatomic energy transfer rates [2]. We present a general expres-
sion for the intra-atomic Auger process in the presence of dielectric
environments that can be used both as a new starting point for ab
initio quantum chemistry, or within the quantum-optical formalism
of macroscopic quantum electrodynamics in order to circumvent com-
plex numerics. Within our description, the decay rate can be given in
analytical form for some simple environments. We compare Auger de-
cay with a competing process known as interatomic Coulombic decay,
focussing on their behaviour in the presence of surfaces.

[1] E. M. Purcell, Proc. Am. Phys. Soc. 69, 674 (1946).
[2] J. L. Hemmerich, R. Bennett and S. Y. Buhmann, Nature Com-

mun. 9, 2934 (2018).

MO 21: Coupled Systems

Time: Thursday 14:00–16:00 Location: S HS 001 Biologie

Invited Talk MO 21.1 Thu 14:00 S HS 001 Biologie
Influence of Local and External Electric Fields on the Ul-
trafast Dynamics of Charge Pairs Photo-Generated in Poly-
[3-Hexylthiophene] (P3HT) — Debkumar Rana, Tahirzeb
Khan, Patrice Donfack, Vladislav Jovanov, Veit Wagner, and
∙Arnulf Materny — Jacobs University Bremen, Department of

Physics & Earth Sciences, Campus Ring 1, 28759, Bremen, Germany
Organic semiconductors have attracted considerable attention in re-
cent years due to their various advantages. However, both stability
and efficiency of organic electronic devices still have to be improved.
For this purpose, a detailed understanding of basic processes is of great
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importance. While the investigation of neat semiconductor material
will always be the starting point, in the end, more realistic scenarios
have to be considered as well. On this account, we have studied the
dynamics of charge-pair states in poly-[3-hexylthiophene] (P3HT), a
promising organic semiconductor e.g. for building solar cells, utiliz-
ing femtosecond time-resolved transient absorption spectroscopy influ-
enced by internal and external electric fields. Using sub-diffraction-
limited microscopy, we were able to detect the dynamics at the inter-
face between P3HT and a gold electrode. Additionally, in P3HT-only
diodes, we have applied external fields in reverse and forward bias.
In all cases, we found changes in the observed polaron-pair dynam-
ics compared to the neat-P3HT sample without internal and external
electric fields. In our presentation, we will give an overview about the
experimental techniques applied as well as the interesting results we
have obtained.

MO 21.2 Thu 14:30 S HS 001 Biologie
Exciton migration in multi-stranded J-type aggregates —
∙Chris Rehhagen1, Franziska Fennel1, Stefanie Herbst2,
Frank Würthner2, and Stefan Lochbrunner1 — 1Institut für
Physik, Universität Rostock, Albert-Einstein-Str. 23, 18059 Rostock
— 2Institut für Organische Chemie & Center for Nanosystems Chem-
istry, Universität Würzburg, Am Hubland, 97074 Würzburg
Understanding the transport mechanisms of electronic excitations in
coupled molecular systems is the basis for their application in light har-
vesting and opto-electronic devices. The exciton transfer properties de-
pend pivotal on the supramolecular structure. Herbst et. al. reported
recently a series of perylene bisimides dyes self-assembling into multi-
stranded (two to four) J-type aggregates [1]. These aggregates are an
ideal model system to study the impact of structural modifications
onto the exciton transfer distances. We determine the exciton mo-
bility for these aggregates by analyzing the dynamics associated with
exciton-exciton annihilation [2]. Therefore energy dependent pump-
probe spectroscopy is applied and a one-dimensional diffusion model
is fitted to the obtained data. We compare the exciton mobilities of the
different samples with respect to their supramolecular structure. Our
results imply that such PBI-aggregates and their molecular engineering
are promising for further applications in photonics.

[1] Herbst et. al.,Nat. Commun., 9 (2018), 2646.
[2] Wolter et. al.,J. Phys. B: At. Mol. Opt. Phys. 50 (2017),

184005.

MO 21.3 Thu 14:45 S HS 001 Biologie
Franck Condon spectra of the 3-tolunitrile dimer —
∙Christian Henrichs and Michael Schmitt — Institute for Phys-
ical Chemistry I, Heinrich-Heine-University, Düsseldorf
The 3-tolunitrile (3-TN) dimer is an example for the class of centrosym-
metric homodimers. The investigation of the structure of dimers has
been of certain interest with respect to excitonic effects. Therefore,
we have to face the question if the homodimer forms J-aggregates or
H-aggregates. But not only the structure, but also the question of
electronic excitation of the two equivalent chromophores might be in-
teresting. The question is, if the electronic excitation is localized on
one of the chromophores, or delocalized over the both. To adress these
two problems we performed Franck-Condon Fits of the fluorescence
emission spectra of the 3-TN dimer and determined the change of the
geometry upon electronic excitation via a Franck-Condon fit.

MO 21.4 Thu 15:00 S HS 001 Biologie
Spectroscopic observation of protein influence on charge
transfer dynamics in individual YM210W reaction centers
of purple bacteria — ∙Pavel Malý1,2,4, Michael R. Jones3,
Tomáš Mančal1, and Rienk van Grondelle2 — 1Charles Univer-
sity, Prague, Czech Republic — 2Vrije Universiteit Amsterdam, The
Netherlands — 3University of Bristol, United Kingdom — 4present
address: University of Würzburg, Germany
In photosynthetic reaction centers (RCs) the energy from sunlight is
used to drive charge separation, providing the driving potential for
subsequent chemical reactions. Due to the presence of charge transfer
(CT) and charge separated (CS) states, the pigments in the RC interact
strongly with their protein environment. This sensitivity causes a large
dynamic disorder in the RCs due to the protein fluctuations. In this
work we report on a first single-molecule spectroscopy study on indi-
vidual YM210W RC mutants from purple bacterium Rb. Sphaeroides.
In the single RCs we observe fluorescence (FL) intensity blinking, spec-

tral diffusion and lifetime fluctuations. We obtain both static distribu-
tions and dynamic traces, the observed behavior fully agrees with the
anticipated dynamic disorder. We find that with increasing FL peak
wavelength the spectrum width linearly increases, while the lifetime ex-
ponentially decreases. We quantitatively describe the experiments by
an excitonic model including charge separation. This model, explain-
ing both bulk and single-RC measurements, shows that the charge
separation rate is determined by the fluctuations of the P+B− CT
state energy, caused by the protein fluctuations.

MO 21.5 Thu 15:15 S HS 001 Biologie
Near field induced speedup of exciton diffusion in light-
harvesting arrays — ∙Andrea Mattioni, Felipe Caycedo-
Soler, Susana Huelga, and Martin Plenio — Institut für Theo-
retische Physik and Center for Integrated Quantum Science and Tech-
nology IQST, Albert-Einstein-Allee 11, Universität Ulm, 89069 Ulm,
Germany
The observation of long-range energy propagation along nano-
engineered arrays of bacterial antenna complexes [Nano Lett., 2010,
10 (4), pp 1450–1457] has been recurrently addressed as a result of bal-
listic, hence, coherent propagation [J. Phys. Chem. C, 2012, 116 (5),
pp 3747–3756]. We show that the experimentally determined quanti-
ties relevant for these dynamics hinder the formation of large coher-
ent domains and inevitably lead to classical diffusion in these densely
packed arrays, which nevertheless benefit from the spectral complex-
ity of single antenna complexes and near field interactions to result in
the propagation observed. We show that the packing density bridges
the apparent incompatibility between observed energy transfer rates
in bacterial photosynthetic membranes and nano-engineered antenna
arrays, which together with exciton delocalization across individual an-
tennas and non-equilibrium transport, provides useful design strategies
to optimize energy transfer in the presence of typical room temperature
conditions.

MO 21.6 Thu 15:30 S HS 001 Biologie
Broadband Time-Resolved Circular Dichroism Spectroscopy
of Monolayer MoS2 — ∙Heiko Hildenbrand1, Andreas
Steinbacher1, 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, CB3 0HE, UK
Circular dichroism (CD) is a common technique for analyzing chiral
samples by their difference in absorption of left and right circularly
polarized light. Here we present broadband time-resolved CD spec-
troscopy which is based on the pump–probe technique paired with a
setup capable of mirroring an arbitrary polarization state of an ultra-
short laser pulse [1]. Hence, by passing a circularly polarized broad-
band probe pulse through this setup, we can switch between opposite
handedness on a shot-to-shot basis. In combination with a chopping
scheme, this allows us to simultaneously acquire data of transient CD
and absorption changes.

To demonstrate the capabilities of this approach we selectively ex-
cite the K and K’ valley of a MoS2 monolayer on a quartz substrate
with circularly polarized femtosecond pulses. Since the valley degree
of freedom is only accessible via helicity-sensitive techniques, we inves-
tigate the ultrafast valley dynamics by time-resolved CD spectroscopy
and complement the results with information obtained via transient
absorption spectroscopy of the A and B excitonic bands.

[1] Steinbacher et al., Opt. Express 25, 21736 (2017)

MO 21.7 Thu 15:45 S HS 001 Biologie
variational approaches to quantum impurities: from the
Fröhlich polaron to the angulon — ∙xiang li, giacomo bighin,
enderalp yakaboylu, and mikhail lemeshko — Institute of Science
and Technology Austria, Klosterneuburg, Austria
In this contribution we introduce new variational approaches, termed
as single phonon expansion, coherent state on top of single phonon ex-
citation, and Pekar diagonalization, to quantum impurities and apply
them to the Fröhlich polaron, a quasiparticle formed out of an electron
(or other point-like impurity) in a polar medium, and to the angulon, a
quasiparticle formed out of a rotating molecule in a bosonic bath. We
benchmark these approaches against established theories, evaluating
their accuracy as a function of the impurity-bath coupling.

[1] X. Li, G. Bighin, E. Yakaboylu, M. Lemeshko, arXiv: 1810.10302
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MO 22.1 Thu 16:15 S Foyer LLM
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 important tests for the theoretical descrip-
tion of clusters since they carry more information than the energy
spectra alone. 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 Cu−5 shows
a strong vibrational structure.

MO 22.2 Thu 16:15 S Foyer LLM
Optical spectroscopy of small cluster cations — ∙Marko Förs-
tel, Wolfgang Schewe, and Otto Dopfer — TU Berlin, IOAP,
Hardenbergstr. 36, 10623 Berlin
Optical spectra of small cationic species are needed to understand the
absorption properties of the interstellar medium. They also allow to
understand the electronic structure of species relevant for catalysis and
material science. Unfortunately, those spectra are not easy to obtain
due to intrinsically low target densities.

In this poster presentation we introduce our new tandem quadrupole
- reflectron time-of-flight spectrometer coupled to a laser vaporization
source for the measurement of optical spectra of cluster cations.[1] Sev-
eral improvements allow us to measure optical spectra detailed enough
to enable structure determinations via comparisons to TD-DFT based
Franck-Condon simulations.[2]

[1] M. Förstel, B. K. A. Jaeger, W. Schewe, P. H. A. Sporkhorst,
O. Dopfer, Improved tandem mass spectrometer coupled to a laser
vaporization cluster ion source, Rev. Sci. Instr. 2017, 88, 123110.

[2] M. Förstel, W. Schewe, O. Dopfer, Optical spectroscopy of the
Au+

4 cluster: Resolved vibronic structure indicates an unexpected iso-
mer, submitted.

MO 22.3 Thu 16:15 S Foyer LLM
Small silver clusters on porphyrin templates — ∙Carl Fred-
eric Ußling1, Tobias Bischoff1, Andre Knecht1, Andrea
Merli1, Merle I. S. Röhr2, Polina G. Lisinetskaya2, Jens
Petersen2, Roland Mitrić2, and Thomas Möller1 — 1Institut
für Optik und Atomare Physik, Technische Universität Berlin —
2Institut für Physikalische und Theoretische Chemie, Universität
Würzburg
Due to promising applications in nanotechnology, the size- and
structure-dependent optical properties of noble metal clusters have
been studied for many years. In the smallest size regime, both the
cluster geometry and optical properties are strongly influenced by size
[1]. Recently, first studies on the collective optical characteristics and
interactions between silver clusters arranged in an ordered 2D lattice
were published [2]. Furthermore, it has been predicted that porphyrin
templates may be used to produce such well defined arrangements, e.g.
of cationic Ag3 clusters [3]. As a first step into the direction of cluster
arrays we investigated the possibility to combine cationic Ag3 clusters
with single porphyrins in a collision cell in the gasphase and explored
first the optical properties of the produced silver-porphyrin-hybrids in
the UV/VIS range.
[1] K. L. Kelly et. al., J. Phys. Chem. B 107, 668 (2003)
[2] P. G. Lisinetskaya et. al., Phys. Rev. B 89, 035433 (2014)
[3] M. Röhr et. al., J. Phys. Chem. A 120, (2016)

MO 22.4 Thu 16:15 S Foyer LLM
Dispersion-controlled docking preference: analyzing isolated
dibenzofuran–solvent complexes with IR/UV spectroscopy —
Dominic Bernhard1, ∙Dominique Maué1, Mariyam Fatima2,3,
Anja Poblotzki5, Martin A. Suhm5, Melanie Schnell2,3,4,
and Markus Gerhards1 — 1Physical Chemistry, TU Kaiser-

slautern,Germany — 2Max Planck Institute for the Structure and Dy-
namics of Matter, Hamburg — 3DESY, Hamburg — 4Physical Chem-
istry, CAU Kiel — 5Physical Chemistry, Georg-August Universität
Göttingen
The structural preferences within a series of dibenzofuran–solvent com-
plexes has been investigated by electronic, vibrational and rotational
spectroscopic methods within supersonic jet experiments. The ex-
perimental study is accompanied with a detailed theoretical analy-
sis including dispersion corrected density functional theory, symmetry
adapted perturbation theory as well as coupled cluster approaches.
The complementary, multi-spectroscopic results of microwave, FTIR
and – as presented here – by combined IR/UV spectroscopy reveal
a preferred OH· · ·O structure for dibenzofuran–water as the smallest
complex, whereas for the methanol complex two coexisting OH· · ·O
and OH· · ·𝜋 isomers are revealed. Furthermore, for dibenzofuran–
tert-butanol as the largest complex within this study, only a 𝜋-bound
structure is observed. A general trend regarding the binding preference
is deduced, which is driven by London dispersion interactions.

MO 22.5 Thu 16:15 S Foyer LLM
Water deprotonation on free calcium-manganese-oxide clus-
ters: Gas Phase Model Systems for the Catalytically Ac-
tive Center of Photosystem II — ∙Sandra M. Lang, Irene
Fleischer, Silvia Mauthe, Nina Zimmermann, and Thorsten M.
Bernhardt — Institute of Surface Chemistry and Catalysis, Ulm
University, Albert-Einstein-Allee 47, 89069 Ulm, Germany
The catalytic oxidation of water in plants takes place at an inorganic
Mn4CaO5 cluster located in photosystem II. To aid the design of new
artificial water oxidation catalysts we embark on a novel hierarchi-
cal modeling strategy, starting with small clusters and increasing the
model system’s complexity in a staged, controlled manner.

In the first steps we studied the reactivity of isolated manganese
oxide cluster ions, Mn𝑥O𝑦

+, of different size and composition with
D2

16O and H2
18O. Gas-phase ion trap experiments and infrared

multiple-photon dissociation (IR-MPD) spectroscopy in conjunction
with first-principles calculations, revealed the facile water deprotona-
tion and the exchange of the oxygen atoms of the cluster with water
oxygen atoms.

In a further step we investigated binary calcium manganese oxide
clusters and found that the number of Ca atom is crucial to the water
oxidation capabilities of the small Ca4−𝑥Mn𝑥O+

4 and Ca5−𝑥Mn𝑥O+
5

clusters. Finally, we started modeling the ligand environment of the
manganese-clusters cluster by small acids. First experiments identified
propionic acid as the most promising candidate since the smaller acids,
formic and acetic acid, easily decompose in the presence of Mn𝑥O+

𝑦 .

MO 22.6 Thu 16:15 S Foyer LLM
Strong temperature and size effects in iron-nitrogen in-
teractions — ∙Annika Steiner1, Matthias P. Klein1, Sebas-
tian Dillinger1, Jennifer Mohrbach1, Peter B. Armentrout2,
and Gereon Niedner-Schatteburg1 — 1Fachbereich Chemie and
Forschungszentrum OPTIMAS, Technische Universität Kaiserslautern,
67663 Kaiserslautern, Germany — 2Department of Chemistry, Univer-
sity of Utah, Salt Lake City, Utah 84112, USA
It is a pending challenge to characterize the interaction of N2 with tran-
sition metal surfaces and clusters in detail. For our experiments, we
utilized a modified Fourier Transform Ion Cyclotron Resonance Mass
Spectrometer (FT-ICR MS). With our tandem cryo trap instrument
we investigate N2 adsorption on Co, Ni, and Rh as well as N2 and H2

co-adsorption on Ru+
8 .

Currently, we investigate Fe+𝑛 clusters for reductive nitrogen activa-
tion and we conduct temperature dependent studies of N2 adsorption.
We found size and pressure dependent effects, such as extremely slow
N2 adsorption on Fe+17. Also, we identified two isomers for the Fe+18
cluster one of which is unreactive.

Futhermore, we present gas phase IR spectra of N2 adsorption on
isolated cationic Fe+𝑛 clusters at cryo temperatures. We find cluster size
dependent and adsorbate number dependent effects in the IR spectra.
All complexes show single or multiple IR active bands. These bands
are significantly red shifted with respect to the IR inactive stretching
mode of free N2 (2359 cm−1).
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MO 22.7 Thu 16:15 S Foyer LLM
Ultra-high resolution photoelectron spectroscopy on deeply
cold niobium clusters — ∙Fabian Bär, Moritz Weigt, and
Bernd v. Issendorff — Physikalisches Institut Albert-Ludwigs Uni-
versität Freiburg
The properties of deeply cold niobium clusters Nb−

4 to Nb−
35 at 3.9

K have been investigated. Therefore, preparatory measurements with
platinum ions have been performed, showing that the used magnetic
bottle time of flight photoelectron spectrometer has a current resolu-
tion of Δ𝐸/𝐸 = 0.39%. This is at least a factor five better than a
standard magnetic bottle spectrometer. Striking vibration structures
in several photoelectron spectra at cluster temperatures from 3.9 K
to 122 K have been found, but so far no evidence for a phase transi-
tion involving a superconducting state has been observed. Using an
improved setup with a low temperature ion trap and a new spectrom-
eter, vibrational structures of different cluster sizes have been resolved
and analysed. In the spectrum of Nb−

26 an unexpectedly vibrational
transitions have been observed, indicating a cluster geometry with high
symmetry. Additionally, the electron affinity of these clusters has been
determined at a higher precision.

MO 22.8 Thu 16:15 S Foyer LLM
Cryo kinetics and IR spectroscopy of N2 and H2 ad-
sorbed to size selected Rhodium and Tantalum clusters
— ∙Matthias Klein, Annika Steiner, Amelie Ehrhard, Se-
bastian Dillinger, Jennifer Mohrbach, and Gereon Niedner-
Schatteburg — Fachbereich Chemie and Forschungszentrum OPTI-
MAS, TU Kaiserslautern, Erwin-Schrödinger-Straße 52, 67663 Kaisers-
lautern
We recorded N2 adsorption kinetics and InfraRed-PhotoDissociation
(IR-PD) spectra of the isolated cluster adsorbate complexes
[Rh6(𝑁2)𝑚)]+, m=1-12. In conjunction with extensive DFT mod-
elling, these measurements allow for assignments of the adsorbate ar-
rangement at each adsorption step as well as possible reorganizations
of the cluster core structure. By IR-PD spectroscopy combined with
DFT modelling we observed a spin quenching with increasing N2 cover-
age as well as an adsorption induced relaxation of the cluster structures
[1].

Currently, we investigate the N2 and H2 adsorption to small size
selected Ta+𝑛 , n=2-5 clusters. Recent studies on the tantalum dimer
cation have analyzed the catalytic formation of ammonia from N2 and
H2 [2]. Our current cryo IR-PD spectroscopy as well as cryo adsorption
kinetics may provide for further spectroscopic and kinetic information
about reaction precursors and intermediates.

[1] M. P. Klein, A. A. Ehrhard, S. Dillinger, J. Mohrbach, and G.
Niedner-Schatteburg, Top. Catal. (2018), 61, 106-118. [2] C. Geng,
J. Li, T. Weiske, H. Schwarz, PNAS (2018), 115, 11680-11687.

MO 22.9 Thu 16:15 S Foyer LLM
Investigation of isotope effects in the formation of water clus-
ters — ∙Rebecca Schaf, Johannes Viehmann, Andreas Hans,
Arno Ehresmann, and André Knie — Institut für Physik und CIN-
SaT, Universität Kassel, Heinrich-Plett-Staße 40, 34132 Kassel, Ger-
many
The production and mass spectrometry of water clusters doped with
various molecules is a method suited for the investigation of the be-
haviour of different molecules in the process of cluster formation. Here,
we present an exploration of isotope effects in the generation of clus-
ters. Isotope enrichment is observed in exemplary studies using normal
and deuterated water. To quantify the enrichment we calculate isotope
distributions and simulate the experimental mass spectroscopy data.
Our method is also applicable to cluster of other species, as is exem-
plarily demonstrated for van der Waals bound neon clusters.

MO 22.10 Thu 16:15 S Foyer LLM
Setup for photoelectron spectroscopy of metal clusters at
FLASH — ∙Franklin Martinez1, Norman Iwe1, Klara Raspe1,
Madlen Müller2, Josef Tiggesbäumker1, and Karl-Heinz
Meiwes-Broer1 — 1Institut für Physik, Universität Rostock, Albert-
Einstein-Str. 23-24, 18059 Rostock — 2Institut für Physik, Universität
Greifswald, Felix-Hausdorff-Str. 6, 17489 Greifswald
Photoelectron spectroscopy experiments at a free electron laser, e.g.
FLASH in Hamburg, allow studying highly excited nanoscopic parti-
cles in the gas phase by means of core-level ionization. In the case
of metal clusters, such experiments can study effects like core-hole
screening which can indicate size-dependent changes in the binding

character of such species. However, probing small, single-size selected
clusters, for example, requires the preparation of a sufficiently high
target density in the FEL interaction region. This condition is met
by an experimental setup including a high-current cluster source, a
radio-frequency ion trap and a dedicated interaction region. A newly
designed interaction chamber provides a field-free environment for the
operation of field-free electron spectrometers using time-of-flight or
electrostatic deflection analyzers. The setup is completed by a high-
resolution electron spectrometer designed and built at the group of
Prof. v. Issendorff in Freiburg, and can also be supplemented by a
wavelength spectrometer for FEL-radiation. The project is funded by
the bmbf.

MO 22.11 Thu 16:15 S Foyer LLM
Photoelectron spectroscopy of size-selected clusters at free
electron lasers — ∙Kariman Elshimi, Philipp Elsässer, Fabian
Bär, Alex Ruf, and Bernd v. Issendorff — Physikalisches Insti-
tut Albert-Ludwigs Universität Freiburg
Investigation of small clusters using photoelectron spectroscopy at free
electron lasers (FEL) not only will contribute to a better understand-
ing of the electronic structure, and the resulting properties of nanoscale
matter, but also will enable deep insights into the many-particle dy-
namics. Therefore, the aim of this project is to provide a special-
ized spectrometer system for studying the electronic structure and the
dynamics of free mass-selected and temperature-controlled clusters at
FEL. This system involves a high-resolution magnetic bottle type pho-
toelectron spectrometer and an ion time-of-flight mass spectrometer.
It is combined with an existing high-intensity magnetron cluster source
and a low-temperature ion trap for cluster thermalization. The spec-
trometers are adapted to both the intense cluster beams as well as to
the specific parameters imposed by the FEL. The whole machine is
designed and built in a collaboration with the group of Prof. Meiwes-
Broer in Rostock. One aspect of this development is the design and
the construction of the magnetic bottle type photoelectron spectrome-
ter based on experience gained in a similar experiment at FLASH. We
present our newly constructed spectrometer including details about its
unique features and results of recent measurements.

MO 22.12 Thu 16:15 S Foyer LLM
Strong field ionization probing of (NO2)2 intermolecular vi-
bration with ion coincidence imaging — ∙Lucia Merkel, Ka-
trin Reininger, Jingming Long, Marc J. J. Vrakking, Federico
Furch, Claus Peter Schulz, and Jochen Mikosch — Max-Born-
Institut, Max-Born-Straße 2A, 12489 Berlin
The intermolecular vibration of the NO2 dimer has attracted consider-
able attention in the attosecond community.[1,2] Collective vibrational
excitation of a gas sample can be achieved via impulsive stimulated
Raman scattering.

Here we report on a pump-probe study of the O2N-NO2 vibration
in which the probing step is conducted via strong field ionization. The
sub-8 fs laser pulses used for the experiment are produced by a high
repetition rate OPCPA system.[3] The resulting ions are detected with
coincidence velocity mapping, employing three-dimensional (x, y, 𝑡)
data acquisition with a digital pixelated detector based on the Timepix
technology.[4] To increase the time resolution, the ion time-of-flight is
additionally recorded with a high-resolution time-to-digital converter.
We present the data analysis, which allows us to characterize the dif-
ferent pathways in which NO+

2 fragments are produced. Dissociative
strong field ionization to the repulsive 𝐴𝑔 state is utilized to charac-
terize the vibrational motion in the ground state of (NO2)2.
[1] Li et al., Science, 322, 5905 (2008).
[2] Spanner et al., Phys. Rev. A, 85, 3 (2012).
[3] Furch et al., Opt. Express, 24, 19293 (2016).
[4] Long et al., J. Chem. Phys., 147, 013919 (2017).

MO 22.13 Thu 16:15 S Foyer LLM
Imprints of the Molecular Electronic Structure in the Pho-
toelectron Spectra of Strong-Field Ionized Triatomic Model
Molecules — ∙Matthias Paul — Friedrich-Schiller-Universität
Jena, Institut für Physikalische Chemie, Helmholtzweg 4 , 07743 Jena
We examine the circular dichroism in the angular distribution (CDAD)
of photoelectrons of non-linear triatomic model systems by analyzing
their ionization dynamics. For a detailed characterization of the ioniza-
tion process of our system, we combine quantum dynamical and classi-
cal simulation to analyze the evolution of the electronic density during
the interaction with circular polarized light. This builds the foundation
for an understanding of the complex pattern of the photoelectron mo-
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mentum distribution (PEMD) and thus the related CDAD effects. By
applying a modified version of the strong-field-approximation (SFA)
and the classical trajectory Monte Carlo (CTMC) method, we are
able to discriminate the influence of the excited states and the long-
range Coulomb interaction on the ionization dynamics, and assign their
contributions to the characteristic pattern of the PEMDs. Increasing
the internuclear distance or changing the symmetry of the potential
strongly affects the three-folded structure in the PEMD, as well as
the CDAD. Our analysis allows us to assign these modifications to
contribution of excited states.

MO 22.14 Thu 16:15 S Foyer LLM
Strong-field dynamics of singly excited vibronic resonances in
the hydrogen molecule — ∙Gergana D. Borisova, Veit Stooß,
Paul Birk, Maximilian Hartmann, Tobias Heldt, Christian
Ott, and Thomas Pfeifer — Max-Planck-Institut für Kernphysik,
Saupfercheckweg 1, 69117 Heidelberg, Deutschland
The effect of strong near-infrared (NIR) laser fields interacting with
excited states of the helium atom has been studied with attosecond
transient-absorption spectroscopy (ATAS) as well as using electron
detection techniques. Looking at molecules, however, not only the
electronic but also the nuclear degrees of freedom can be influenced
by strong fields. Here, we investigate the dynamics in the presence of
a strong NIR laser field in H2, the molecular analogon of the helium
atom. In ATAS spectra we resolve a forest of H2 vibronic states in
the energy region between 13 and 16.5 eV. Comparing to both theo-
retical [1] and experimental data [1-3] we assign most of the observed
resonances to transitions between the ground state of H2 and higher
lying singly excited vibronic states. We observe changes in the XUV
absorption spectrum in the presence of moderately strong NIR inten-
sities, 𝐼NIR ∼ 1012 W/cm2. This includes the spectral region of the
predissociating D-X system with its vibronic excitations, lying ener-
getically above the first ionization threshold of H2, and thus coupling
to continuum states. How the predissociating character of the D-X
transitions is imprinted on the absorption spectrum and the laser con-
trol of the initiated dynamics is the main subject of this work. [1] Can.
J. Phys. 72, 856 (1994) [2] PRA 94, 023403 (2016) [3] PRA 97, 023401
(2018)

MO 22.15 Thu 16:15 S Foyer LLM
Harmonic spectroscopy of a polymer — ∙Franziska Fennel
and Stefan Lochbrunner — nstitute of Physics and Department of
Life, Light, and Matter, University of Rostock, Albert-Einstein-Str.
23-25, 18051 Rostock
High-harmonic spectroscopy has developed to a versatile tool to probe
structure and ultrafast light-induced processes in complex systems,
ranging from multi-electron dynamics in molecules [1] to the electronic
band structure of solids [2]. We aim to use harmonic spectroscopy in
order to study systems that reside between bulk materials and isolated
molecules such as polymers and organic molecular films.
The focus of the presented poster is the characterization of the setup
for harmonic generation with MIR pulses. First proof of principle mea-
surements with an organic polymer are presented.
[1] O. Smirnova et al., Nature 460, 972 (2009)
[2] G. Vampa et al., Phys. Rev. Lett. 115, 193603 (2015)

MO 22.16 Thu 16:15 S Foyer LLM
Semiclassical description of high order harmonic generation
in H+

2 — ∙Fermín Rodríguez-Hernández1, Frank Grossmann2,
and Jan-Michael Rost1 — 1Max-Planck-Institut für Physik kom-
plexer Systeme, Nöthnitzer Strasse 38, D-01187 Dresden, Germany
— 2Institut für Theoretische Physik, Technische Universität Dresden,
D-01062, Germany
High order harmonic generation (HHG) is a key process in intense laser
field-matter interaction which has enabled the generation of coherent
XUV radiation and attosecond pulses. In this work we investigate
HHG for a one-dimensional H+

2 molecular model using a semiclassical
description based on the Herman-Kluk propagator. We do this in the
setting of laser assisted electron ion scattering [1], which avoids initial
tunneling. We found the semiclassical approach is able to reproduce
the major features of the HHG spectrum when (secondary) tunneling
is not important. For certain nuclear separations and specific field in-
tensities, structures appear in the HHG spectrum in addition to the
ones familiar from atomic HHG. The semiclassical approach and in
particular the trajectories facilitate the understanding of those phe-
nomena.

[1] C. Zagoya, C.-H. Goletz, F. Grossmann, and Jan M. Rost, New

J. Phys. 14, 093050 (2012).

MO 22.17 Thu 16:15 S Foyer LLM
Angle-resolved Auger electron spectroscopy resulting from
electron-impact ionization of molecules — ∙Sebastian Fuchs1,
Daniel Paul1,2, Ticia Buhr1, Sándor Ricz3, and Stefan
Schippers1 — 1I. Physikalisches Institut, Justus-Liebig-Universität
Gießen, Germany — 2Max-Planck-Institut für Kernphysik, Hei-
delberg, Germany — 3Institute for Nuclear Research, Hungarian
Academy of Sciences, Debrecen, Hungary
In order to study the angle dependent interactions of polarized elec-
trons as well as circular polarized photons with chiral molecules, an
ESA-22-type electron spectrometer [1,2] in combination with an elec-
tron gun and focusing optical elements was upgraded and tested. The
electron spectrometer is capable of simultaneous energy and angular
analysis covering almost the entire polar angular range of emitted elec-
trons. As test experiments, the O K-LL Auger spectra induced by
1.5-keV electron impact were measured using various gas targets (O2,
CO2 and N2O). Auger electrons were detected simultaneously in the
polar angular range of 15∘ to 165∘ relative to the electron beam direc-
tion. The present experimental data are compared with results from
earlier experimental studies [3,4,5].
[1] S. Ricz et al., Phys. Rev. A 65, 042707 (2002).
[2] L. Ábrók et al., Nucl. Instrum. Methods B 369, 24 (2016).
[3] W. E. Moddeman et al., J. Chem. Phys. 55, 2317 (1971).
[4] A. Hiltunen et al., Nucl. Instrum. Methods B 154, 267 (1999).
[5] W. J. Griffiths et al., J. Phys. B 24, 4187 (1991).

MO 22.18 Thu 16:15 S Foyer LLM
TrapRemi - A Device to Investigate the Quantum Dynam-
ics of Molecular Ions — ∙Frans Schotsch, Ludwig Hoibl, De-
nis Djendjur, and Robert Moshammer — Max-Planck-Institute for
Nuclear Physics
Quantum few-body dynamics in atoms and molecules are of funda-
mental interest for physics and chemistry. Enabled by the innovation
and development of Reaction Microscopes (REMIs) during the last
two decades, reactions such as ionization, dissociation and geometrical
reformation can be investigated in an angle-resolved and kinematically
complete manner. Excited with ultra-short LASER pulses, these dy-
namics can be even resolved on attosecond time scale. We designed
a new experimental setup to extend this development, enabling sim-
ilar investigations in charged systems: atomic and molecular ions of
arbitrary charge and mass. These systems are of high interest since
they often play key roles in astrochemical reactions as for example
the Trihydrogen cation. Our setup combines a linear electrostatic ion
trap (Zajfman-Trap) with a REMI. This poster describes the project
progress from first ion optics simulations to successful ion storage.

MO 22.19 Thu 16:15 S Foyer LLM
Towards Single-Molecule Detection on a Smartphone —
∙Lars Richter1,2, Carolin Vietz2, Max L. Schütte2, Qingshan
Wei3, Aydogan Ozcan4, Philip Tinnefeld5, and Guillermo P.
Acuna2,6 — 1Departement of Physics, Humboldt University of Berlin,
Berlin, Germany — 2Institute for Physical & Theoretical Chemistry,
and BRICS, and LENA, Braunschweig University of Technology, Ger-
many — 3Department of Chemical and Biomolecular Engineering,
North Carolina State University, Raleigh, USA — 4Electrical & Com-
puter Engineering Department, and Bioengineering Department, and
CNSI, and Department of Surgery, University of California, Los Ange-
les, USA — 5Department of Chemistry and Center for NanoScience,
Ludwig Maximilian University of Munich, Germany — 6Department
of Physics, University of Fribourg, Switzerland
Microscopy techniques based on smartphones have seen a rapid de-
velopment during the last years. Necessitating only a small number
of additional camera components, enables smartphone microscopes to
detect analytes such as cells, viruses and bacteria.

We demonstrate and test a smartphone microscopy system with
single-molecule sensitivity. By employing optical nanoantennas which
rely on the plasmonic enhancement with metal nanoparticles, the emit-
ted light intensity per molecule is greatly amplified.

The experimental results show that monochrome camera sensors
outperform colour sensors reaching a sensitivity of 10 fluorophores.
Furthermore, preliminary results indicate the detection of single fluo-
rescent molecules on a smartphone.

MO 22.20 Thu 16:15 S Foyer LLM
Set-up for systematical studies on liquid flatjet systems
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— ∙Christina Zindel, Christian Ozga, Andreas Hans, Dana
Bloß, Andreas Nehls, Arno Ehresmann, and André Knie —
Institut für Physik and CINSaT, University of Kassel, Heinrich-Plett-
Str. 40, 34132 Kassel, Germany
Within the last years, liquid microjets were commonly used to study
fluids and solutions under vacuum conditions. For various spectro-
scopic applications however, the required sample thickness is limited
to a few micrometers down to nanometers, which is barely achievable
with common cylindrical microjets. This problem can be solved by

using a so called flatjet system. The collision of two cylindrical jets
within their laminar region leads to the formation of liquid sheets, each
with an extension in the millimeter range and with a thickness down
to a few hundred nanometers. So far, the behavior of these systems is
not well understood with regard to different parameters like backing
pressure, viscosity and angle of interaction. Here we present a set-up
which allows the systematical study of flatjet systems by using a dig-
ital light microscope. Additionally, this enables the investigation of
its mixing characteristics, i.e. mixing processes within those microjets
and liquid sheets.

MO 23: Molecular Theory

Time: Friday 10:30–12:30 Location: S HS 001 Biologie

Invited Talk MO 23.1 Fri 10:30 S HS 001 Biologie
Efficient charge transfer by electron transfer mediated de-
cay mechanism — ∙Kirill Gokhberg — Theoretical Chemistry,
Heidelberg University, Heidelberg, Germany
Charge transfer between atoms and molecules is enabled by several
mechanisms. It can proceed due to the coupling to the vibrational
degrees of freedom, or via photon emission, in which case it is typi-
cally slow. In this talk I will present electron transfer mediated decay
(ETMD), a charge transfer process enabled by interatomic electron cor-
relation, which is usually fast. In ETMD charge transfer takes place
between singly or multiply ionised atoms embedded in chemical envi-
ronment and their neighbours, such that the transfer of the electron
to the ion is accompanied by the emission of a second electron from
the environment to the continuum. Whenever energetically allowed
the process is highly efficient. Calculated ETMD lifetimes in rare gas
clusters are less than a few picoseconds, while for solvated positive
ions they can be as short as few tens of femtoseconds. The theoreti-
cal findings were confirmed by recent experiments, which showed the
existence of ETMD in salt solutions and mixed rare gas clusters. Im-
portantly, it was demonstrated that this process plays a crucial role
in redistributing throughout a larger chemical system a localised pos-
itive charge produced by the action of ionising radiation. ETMD was
also shown in theory and experimentally to furnish an efficient indi-
rect pathway for producing cold doubly ionised species embedded in
He nanodroplets by ionising the host He matrix.

MO 23.2 Fri 11:00 S HS 001 Biologie
Time-dependent Matrix Product States for the Study of
Ultrafast Electron Dynamics in Molecules — ∙Lars-Hendrik
Frahm and Daniela Pfannkuche — I. Institut Für Theoretische
Physik, Universität Hamburg, Deutschland
Ultrafast dynamics allow to access the complex mechanisms in molec-
ular systems in a very controlled manner. A complete quantum me-
chanical description, however, is very challenging due to the usually
strong correlation of the electrons and the large number of degrees of
freedom. The concept of matrix product states (MPS) is able to reduce
the effective number of degrees of freedom and to describe strongly cor-
related systems efficiently. In this work, we present a newly developed
ab-initio method using MPS to study such ultrafast electron dynamics
in molecules. We show that the method is able to capture the elec-
tron dynamics on a full configurational interaction (CI) level up to a
few femtoseconds after ionization. We compare results from our MPS
method and the full CI method for two distinct molecules, namely the
chain of hydrogen atoms and the water molecule. Further, we apply
the method to describe ultrafast charge migration in iodoacetylene, for
which CI methods are out of range. We find direct agreement between
our results, existing experiments, and the literature.

MO 23.3 Fri 11:15 S HS 001 Biologie
An angulon quasiparticle perspective on impulsive molecular
alignment in He nanodroplets. — ∙Igor Cherepanov, Giacomo
Bighin, and Mikhail Lemeshko — IST Austria (Institute of Science
and Technology Austria), Am Campus 1, Klosterneuburg, Austria
A quasiparticle picture provides a more straightforward and intuitive
understanding of collective many-body phenomena arising in a variety
of physical and chemical systems. Moreover, the problems which seem
unsolvable within the classical approaches quite often become tractable
from the quasiparticle perspective. This is the case for the microscopic
dynamics of a single impurity immersed into a superfluid He droplet.

Recently, the first experiments [1] showed that a short laser pulse can
induce alignment of molecules dissolved in a He droplet. The rotational
wavepacket dynamics herewith cannot be understood in terms of in-
terference of the rigid rotor states due to the strong interactions with
surrounding helium. Here we develop a dynamical theory of angulons
[2] – quasiparticles consisting of a rotating impurity dressed by a field
of surrounding bath excitations (phonons). We demonstrate that the
superfluid helium environment strictly limits the number of molecular
states which can survive for a long time. Our theoretical framework
allows to compute the change of the angular momentum belonging to
the molecule and the helium bath in time. It opens up a possibility to
have a look at the molecular alignment experiments from the point of
view of redistribution of angular momentum. [1] D. Pantlehner et al.,
Phys. Rev. Lett. 110, 093002 (2013) [2] R. Schmidt, M. Lemeshko,
Phys. Rev. Lett. 114, 203001 (2015)

MO 23.4 Fri 11:30 S HS 001 Biologie
The multiconfigurational Ehrenfest method for the re-
laxation of excited molecules in the condensed phase
— ∙Martin Peschel1, Matteo Bonfanti2, David Picconi2,
Irene Burghardt2, and Regina de Vivie-Riedle1 — 1Ludwig-
Maximilians-University Munich — 2Goethe-University Frankfurt
Coherences and correlation with the environment can affect the relax-
ation behaviour of excited molecules in the condensed phase. Multi-
configurational methods enable us to systematically study these effects.
In the multiconfigurational Ehrenfest (MCE) method the amount of
correlation described is tuned by successively including more and more
configurations, thus smoothly transitioning from uncorrelated to fully
correlated dynamics [1]. MCE so far has mainly been used to study
quantum subsystems with only a small number of states, but it can
readily be extended to allow a grid-based description of a quantum
subsystem in the condensed phase.

We apply this method to a description of excited iodine in a krypton
matrix with a look at dissipation, decoherence and the autocorrela-
tion function [2]. We then advance to the more involved example of
uracil in water at room temperature. Here we combine MCE with our
previously developed coupled quantum dynamics/molecular dynamics
approach to fully capture the solute-environment interaction during
the relaxation process.

[1] T. Ma et al., J. Chem. Phys., 149 (2018), accepted manuscript.
[2] D. Picconi et al., submitted.

MO 23.5 Fri 11:45 S HS 001 Biologie
Non-Markovian quantum dynamics of vibronic systems with
controlled factorization of the environment — ∙Alejandro D.
Somoza, Oliver Marty, Jaemin Lim, Susana F. Huelga, and
Martin B. Plenio — Institut für Theoretische Physik and IQST,
Universität Ulm, Ulm, Germany
Charge and energy transfer in biological and organic materials are
often characterized by the coupling of excitations to high-frequency
underdamped vibrations and a slow background accounting for sol-
vent reorganization effects. The simulation of many interacting chro-
mophores, strongly coupled to intramolecular modes of vibration and
embedded in a dissipative environment requires a substantial compu-
tational effort. Numerically exact methods are typically limited to just
a few sites and, often, severe approximations with poor error control
are required in order to address large systems. In this work, we devise
an algorithm that partially eliminates weak correlations among oscil-
lators, while preserving as much as possible the entanglement between

35



Rostock 2019 – MO Friday

the electronic system and the vibrational environment. We exploit the
memory-efficient representation of matrix product operators (MPOs)
to rewrite the bosonic states in a form that parametrically interpolates
between fully factorized oscillators and an exact description of the vi-
brational environment where no correlations are discarded. A straight
forward measure of the error is obtained and the factorization can be
adaptively controlled to keep the error below a well-defined bound.

MO 23.6 Fri 12:00 S HS 001 Biologie
Ab Initio Simulations of P-Compounds at Mineral Surfaces
— ∙Prasanth Babu Ganta, Ashour Ahmed, and Oliver Kühn —
Institute of Physics, University of Rostock, D-18059 Rostock, Germany
Phosphorus (P) plays an important role in the environmental nutri-
ent cycle. Facing the projected peak P scenario, substantial research
work have been triggered for efficient use of P resources. One major
factor playing a role in the P immobilization is the strong interaction
of phosphates to soil mineral surfaces ( Fe-, Al- oxyhydroxides). We
have studied binding of two abundant phosphates (inositol-hexa phos-
phate (IHP), glycerolphosphate (GP)) at two different mineral surfaces
(goethite (FeOOH) and diaspore (AlOOH)). Here, water as an aque-
ous solution in soil was involved around each phosphate mineral model.
Here, all models are treated by DFT using PBC. Due to size of our
models, QM/MM calculations have been performed to have good accu-
racy with less computational time. Here, the top two layers of mineral
surface, phosphate, and the surrounding water molecules are described
at QM level. During MD simulations, different binding motifs includ-
ing monodentate and bidentate are observed between the phosphates
and mineral surfaces. Moreover, protons transfer from phosphates to
the mineral surfaces as well as to the surrounding water molecules.

More details will be given in the presentation.

MO 23.7 Fri 12:15 S HS 001 Biologie
Low temperature HD + 𝑜𝑟𝑡ℎ𝑜-/𝑝𝑎𝑟𝑎-H2 and HD+H inelastic
scattering of astrophysical interest — ∙Renat Sultanov — 201
W. University Blvd., Department of Mathematics and Engineering,
Odessa College, Wood Building of Math and Science (WOOD) Room
213, Odessa, TX 79764
State-selected total cross sections and thermal rate coefficients are
computed for the 4-atomic HD + H2 and 3-atomic HD+H rotational
energy transfer collisions at low temperatures (T) of astrophysical in-
terest: 5K < T < 500K. Together with the H2 + H2 and H2 + H
collisions, the scattering processes with the participation of the HD
molecule (D is deuterium) are of significant importance in the astro-
physics of the early Universe, in terms of the modeling of pre-galactic
clouds and planetary atmospheres [1]. In the 4-atomic case a precise
H2-H2 potential energy surface (PES) from paper [2] has been modi-
fied and used. The modification procedure was developed in a recent
paper [3]. A quantum-mechanical dynamical approach is applied in
the current calculation. A comparison between our new results for HD
+ H2 and previous calculations [3,4,5] will be presented. The HD+H
non-reactive scattering cross sections will also be presented and dis-
cussed.

1. A. Dalgarno, R. McCray, Ann. Rev. Astron. Astroph. 10, 375
(1972).

2. K. Patkowski at el., J. Chem. Phys. 129, 094304 (2008).
3. R.A. Sultanov at el., J. Phys. B49 015203 (2016).
4. D. R. Flower, J. Phys. B32, 1755 (1999).
5. J. Schaefer, Astron. Astrophys. Suppl. Ser. 85, 1101 (1990).

MO 24: Large and Reactive Systems

Time: Friday 10:30–12:30 Location: S HS 002 Biologie

MO 24.1 Fri 10:30 S HS 002 Biologie
Effectiveness of Dye Siensitized Solar Cells (DSSCs) based
on Cu-doped TiO2 photoanodes. — ∙Sara Chahid — SCEM re-
search group, Department of Physical Chemistry, Faculty of Sciences,
University of Cádiz, 11510, Puerto Real (Cádiz), Spain.
In this research, Cu-doped TiO2 nanostructures with different doping
contents from 0 to 10.0% (mole fraction) were synthesized through hy-
drolysis at low temperature. The as-prepared Cu-doped TiO2 nanos-
tructures was characterized with several techniques, X-ray diffraction
(XRD) and Raman spectroscopy were used to study the morphology
and structure of the nanoparticles, which confirmed the crystalline
anatase tetragonal structure. The UV-Vis Spectroscopy analysis was
found that incorporation of Cu2+ into titanium affects the band gap of
TiO2 and extending his activity towards visible sunlight region. Scan-
ning Electron Microscopic (SEM) analysis confirming the Cu content
is incorporated into TiO2 lattice affecting efficiency of doped samples.
Further, the active specific surface area of the system was investi-
gated employing Brunauer-Emmet-Teller (BET) measurement. Then
the Dye-sensitized solar cells (DSSCs) based on Cu-doped TiO2 pho-
toanaodes were fabricated and investigated with chemically absorbed
Ruthenium N3 dye electrode under light illumination with standard
solar simulator (AM 1.5G, 100mW/cm2). Results demonstrated that
the 1.0% Cu-doped TiO2 sample annealed at 773K for 60 minutes ex-
hibited the best photovoltaic performance of open circuit voltage (Voc
= 957.5 mV), short circuit current density (Jsc = 0.795 mAcm−2),
and the cell efficiency was reached (𝜂 = 4.524%), which consists 50%
higher than the un-doped cell. This study may open up more investi-
gated works applying Cu doped TiO2 in photovoltaic fields.

MO 24.2 Fri 10:45 S HS 002 Biologie
Synthesis of cubic tin sulfide nanocrystals: growth mech-
anism unfolded by organic ligands adsorption — ∙Elad
Segev1,2, Ran Eitan Abutbul1,2, Uri Argaman1, Yuval
Golan1,2, and Guy Makov1,2 — 1Department of Materials Engi-
neering, Ben-Gurion University of the Negev, Beer-Sheva 84105, Israe
— 2Ilse Katz institute for Nanoscale science and Technology, Ben-
Gurion University of the Negev, Beer-Sheva 84105m Israel
Novel metastable cubic phase was recently discovered in tin monosul-
fide and monoselenide systems. Surface energy calculations and exper-
imental studies indicate that this cubic phase is stabilized by specific

ligands adsorption on the surface. In this work, it is shown experimen-
tally that HCl molecule, which incorporated to the reaction medium
as Oleylammonium chloride (OACl) salt, stabilized those novel phases.
The ab-initio computations with adsorbed ligands show lower surface
energies for the cubic phase and for the orthorhombic phase than for
the pristine surfaces. It is shown that Cl bonds are replacing the miss-
ing Sn-S bonds on the surface in the cubic structure. We show that
high ligand concentration reaching a full surface coverage enables the
cubic nanoparticles to stabilize while for the same concentration the
orthorhombic nanoparticles collapse.

MO 24.3 Fri 11:00 S HS 002 Biologie
Fate of inorganic and organic P-compounds: new insights
from quantum-chemical modelling — ∙Ashour Ahmed and
Oliver Kühn — Institute of Physics, University of Rostock, Rostock,
Germany
Facing the projected peak phosphorus (P) scenario, substantial re-
search activities have been triggered to improve our knowledge towards
a more efficient and sustainable use of P resources. One major factor
playing a role in the P immobilization is its strong interaction with soil
mineral surfaces and especially with Fe- and Al-oxides. A systematic
molecular-level picture of the P binding mechanism at mineral surfaces
is still lacking. Therefore, our main target is to explore the molecu-
lar binding mechanism for the P adsorption at mineral surfaces in the
presence of water. The current presentation is focusing on simula-
tion the binding of different organic and inorganic P compounds with
the goethite (𝛼-FeOOH) and its isomorphous (diaspore, 𝛼-AlOOH)
mineral surfaces. Here, periodic DFT MD simulations are applied to
explore possible binding mechanisms for these P compounds at differ-
ent surface planes. The simulation results indicated to covalent bond
formation between P and the mineral surfaces with several binding
motifs. These interactions are accompanied by formation of H-bonds,
proton transfer, and water dissociation at the mineral surface. More
results will be introduced through our presentation at the conference.
References 1. Kruse et al., Journal of Plant Nutrition and Soil Science
178, 43 (2015) 2. Ahmed et al., Physical Chemistry Chemical Physics
20, 1531 (2018)

MO 24.4 Fri 11:15 S HS 002 Biologie
Transient absorption spectroscopy of nanodiamonds in wa-
ter: direct observation of solvated electrons — ∙Christoph
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Merschjann1, Franziska Buchner1, Benjamin Kiendl2, Amélie
Venerosy3, Hugues Girard3, Jean-Charles Arnault3, Emina
Hadzifejzovic4, John Foord4, Anke Krueger2, and Tristan
Petit1 — 1Helmholtz-Zentrum Berlin, Germany — 2Universität
Würzburg, Germany — 3CEA-LIST, Saclay, France — 4University
of Oxford, United Kingdom
Nanodiamonds (ND) are promising candidates for photocatalytic
transformation of CO2 to CO and organic reduction products like
methanol or formic acid, as they release solvated electrons to the aque-
ous solution upon UV illumination. However, the nature of the electron
emission process and its related dynamics are still unknown.

We investigate the ultrafast dynamics of this process using femtosec-
ond transient absorption spectroscopy with DUV (225 nm) pump and
VIS supercontinuum probe pulses. While the recombination of sol-
vated electrons is governed by long-lived (> 2 ns) diffusion processes,
NDs of different surface termination (-H, -OH, -COOH) show char-
acteristic features in the sub-picosecond regime. We will discuss the
impact of these surface terminations on the dynamics of solvated elec-
trons, and thus on the photocatalytic performance in water. We expect
that our results will support the design of efficient metal-free photo-
catalysts for CO2 conversion.

Financial support by the European Union’s Horizon 2020 Program
(Grant Agreement no. 665085, "DIACAT") is gratefully acknowl-
edged.

MO 24.5 Fri 11:30 S HS 002 Biologie
Joining Microfluidics with Infrared Photodissociation: Shed-
ding Light on ortho-Quinone Methides, a Highly Reac-
tive and Transient Intermediate — ∙Martin Mayer, Max
Grellmann, and Knut R. Asmis — Wilhelm-Ostwald-Institut für
Physikalische und Theoretische Chemie, Universität Leipzig, Linnés-
trasse 2, D-04103 Leipzig, Germany
Chemical microreactors, such as microfluidic chips, are revolutioniz-
ing the way we can study chemical reactions by making time scales
available that were not reachable with conventional techniques. Here,
we combine microfluidic chips with the structure determining power of
infrared photodissociation (IRPD) spectroscopy to shed light on the
in-situ formation of ortho-quinone methides (o-QM). Those highly re-
active, transient and therefore not isolatable intermediates occur in
innumerable natural processes and have a huge potential in organic
synthesis, especially regarding stereoselective reactions. The ephemer-
ality of o-QMs often prevents their investigation by conventional an-
alytical methods. By coupling microfluidics with IRPD spectroscopy,
we are not only able to characterize the structures, but also determine
E/Z ratios of o-QMs which are produced in-situ on chip. This infor-
mation is given by the analysis of the IR fingerprint regions of the
short-lived species. Control over stereoselectivity is achieved by intro-
ducing lewis acidic alkali metal ions into the reactions and monitoring
stereoisomer-selective IR absorption bands which reflect the resulting
E/Z ratio. With this multidimensional approach we are able to gain a
deeper understanding and control over the formation of elusive o-QMs.

MO 24.6 Fri 11:45 S HS 002 Biologie
Infrared Emission from Thermally Excited Strongly Coupled
Vibrational Transitions — ∙Marcus Seidel, Anoop Thomas,
Thibault Chervy, Kalaivanan Nagarajan, Eloise Devaux, Cyr-
iaque Genet, and Thomas W. Ebbesen — ISIS & icFRC, University
of Strasbourg, CNRS, 67000 Strasbourg, France
The strong coupling of vibrational transitions to microcavity reso-
nances has shown a decisive impact on chemical reactivity and like-

wise presents an exciting platform for studying quantum effects related
to the light-matter hybridized quasi-particles, called vibro-polaritons
[1,2]. Recently, first data was obtained from vibro-polariton thermal
emission [3]. Here, we significantly extend this initial work. We present
temperature and cavity tuning dependent emission measurements from
strongly coupled liquids, namely diethyl sebacate and tetrachloroethy-
lene. This results in better cavity tunability and an increased range
of polariton excitation densities. Furthermore, we complement the ex-
perimental method by normal incidence reflection measurements and
by employing microcavities with dielectric mirrors. The performed ex-
periments lead to a reinterpretation of the previously reported results.
In particular, we show that the investigated vibro-polaritonic states
are thermalized and that polariton-polariton interactions cannot be
readily extracted from the emission data. Our results are important
for pioneering vibro-polariton interactions which are crucial for con-
densation of the quasi-particles. References: [1] T. W. Ebbesen, Acc.
Chem. Res. 49, 2403 (2016). [2] D. S. Dovzhenko et al., Nanoscale 10,
3589 (2018). [3] T. Chervy et al., ACS Photon. 5, 217 (2018).

MO 24.7 Fri 12:00 S HS 002 Biologie
Can you hear an axon growing? — ∙Frederic Folz1,
Lukas Wettmann1, Giovanna Morigi1, and Karsten Kruse2 —
1Theoretische Physik, Universität des Saarlandes, 66041 Saarbrücken,
Germany — 2NCCR Chemical Biology, Departments of Biochemistry
and Theoretical Physics, University of Geneva, 1211 Geneva, Switzer-
land
Axons are linear structures of nerve cells that can range from a few tens
of micrometers up to meters in length. In addition to external cues, the
length of an axon is also regulated by unknown internal mechanisms.
Molecular motors have been suggested to generate oscillations with an
axon-length dependent frequency that could be used to measure an
axon’s extension. Here, we present a mechanism for determining the
axon length that couples the mechanical properties of an axon to the
spectral decomposition of the oscillatory signal.

MO 24.8 Fri 12:15 S HS 002 Biologie
Diagrammatic Monte Carlo approach to angular momentum
in quantum many-body systems — ∙Giacomo Bighin1, Timur
Tscherbul2, and Mikhail Lemeshko1 — 1IST Austria (Institute of
Science and Technology Austria), Am Campus 1, 3400 Klosterneuburg,
Austria — 2Department of Physics, University of Nevada, Reno, NV,
89557, USA
We introduce a Diagrammatic Monte Carlo (DiagMC) approach to
molecular impurities, possessing rotational degrees of freedom [1]. The
technique is based on a diagrammatic expansion [2] that merges the
usual Feynman diagrams with the angular momentum diagrams known
from atomic and nuclear structure theory, thereby incorporating the
non-Abelian algebra inherent to quantum rotations. Due to the pecu-
liar way in which angular momenta couple, the configuration space is
larger with respect to most DiagMC applications, and a new class of
updates is needed in order to span it completely.

We exemplify the technique by obtaining an all-coupling solution of
the angulon model - essentially a molecular impurity in a quantum
many-body environment - showing that our approach correctly recov-
ers the strong-coupling limit. However, the technique is general and
can be applied to a broad variety of systems possessing angular momen-
tum degrees of freedom, thereby establishing a far-reaching connection
between DiagMC techniques and molecular simulations.

[1] G. Bighin, T. V. Tscherbul, and M. Lemeshko, Phys. Rev. Lett.
121, 165301 (2018). [2] G. Bighin and M. Lemeshko, Phys. Rev. B
96, 419 (2017).
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