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Overview of Invited Talks and Sessions
(Lecture rooms N 6 and N 25; Poster P OGs)

Invited Talks

MO 1.1 Mon 14:30–15:00 N 6 Dynamic Solvent Effects Treated with a Quantum/Classical TDSCF
Approach — ∙Martin Peschel, Julius Zauleck, Florian Rott, Regina
de Vivie-Riedle

MO 3.1 Mon 17:00–17:30 N 6 Single-shot coherent diffractive imaging of individual clusters using
a high harmonic source — Nils Monserud, Daniela Rupp, Bruno
Langbehn, Mario Sauppe, Julian Zimmermann, Yevheniy Ovcharenko,
Thomas Möller, Fabio Frassetto, Luca Poletto, Andrea Trabat-
toni, Francesca Calgari, Mauro Misoli, Katharina Sander, Chris-
tian Peltz, Marc J.J. Vrakking, Thomas Fennel, ∙Arnaud Rouzée

MO 5.1 Tue 11:00–11:30 N 6 Cryo Kinetics and Spectroscopy of 3d Metal Clusters and Alloys —
Jennifer Mohrbach, Sebastian Dillinger, Matthias Klein, Amelie
Ehrhard, ∙Gereon Niedner-Schatteburg

MO 6.1 Tue 11:00–11:30 N 25 Illuminating Molecular Symmetries with Bicircular High-Order-
Harmonic Generation — ∙Daniel M. Reich, Lars Bojer Madsen

MO 7.1 Tue 14:30–15:00 N 6 Cluster Studies with the BerlinTrap — ∙Pablo Nieto, Alan Günther,
David Müller, Alex Sheldrick, Otto Dopfer

MO 8.1 Tue 14:30–15:00 N 25 Ultrafast dynamics of a magnetically bistable molecular switch by fs
transient absorption spectroscopy — ∙Sebastian Megow, Julia Bahren-
burg, Hendrik Böhnke, Mats Bohnsack, Mark Dittner, Marcel Dom-
maschk, Rainer Herges, Friedrich Temps

MO 10.1 Wed 14:30–15:00 N 6 Molecular movies of migrating protons on different paths — ∙Heide
Ibrahim, Vincent Wanie, Samuel Beaulieu, Benji Wales, Bruno
Schmidt, Xiao-Min Tong, Joe Sanderson, Michael Schuurman,
François Légaré

MO 13.1 Thu 11:00–11:30 N 6 Ultrafast solvent fluctuations steer the hydrated excess proton in the
Zundel cation H5O2

+ — ∙Fabian Dahms, Rene Costard, Ehud Pines,
Eva Maria Brüning, Torsten Siebert, Benjamin P. Fingerhut, Erik
T. J. Nibbering, Thomas Elsaesser

MO 15.1 Thu 14:30–15:00 N 6 Tracking electronic processes inside dense matter by luminescence —
∙André Knie

MO 17.1 Fri 11:00–11:30 N 6 Molecular-Frame Photoelectron Imaging of Controlled Complex
Molecules — ∙Joss Wiese, Sebastian Trippel, Jochen Küpper

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

SYDD 1.1 Mon 14:30–15:00 P 1 Controlling (?) Quantum Dynamics with Open Systems — ∙Dieter
Meschede

SYDD 1.2 Mon 15:00–15:30 P 1 Many-body physics of driven, open quantum systems: optically driven
Rydberg gases — ∙Michael Fleischhauer

SYDD 1.3 Mon 15:30–16:00 P 1 Theorie getriebener dissipativer Quantensysteme / theory of driven
dissipative quantum systems — ∙Tobias Brandes

1



Mainz 2017 – MO Overview

SYDD 1.4 Mon 16:00–16:30 P 1 Calorimetry of a Bose-Einstein-condensed photon gas — ∙Martin
Weitz

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

SYAD 1.1 Wed 11:00–11:30 RW 1 Exciton transport in disordered organic systems — ∙Franziska Fen-
nel

SYAD 1.2 Wed 11:30–12:00 RW 1 Quantum dynamics in strongly correlated one-dimensional Bose
gases — ∙Florian Meinert

SYAD 1.3 Wed 12:00–12:30 RW 1 Dynamics and correlations of a Bose-Einstein condensate of light —
∙Julian Schmitt

SYAD 1.4 Wed 12:30–13:00 RW 1 Circular dichroism and accumulative polarimetry of chiral femto-
chemistry — ∙Andreas Steinbacher

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

SYAM 1.1 Thu 11:00–11:30 P 1 Buffer gas cooling of antiprotonic helium to T=1.5-1.7 K, and the an-
tiproton to electron mass ratio — ∙Masaki Hori

SYAM 1.2 Thu 11:30–12:00 P 1 The BASE Experiment: High-precision comparisons of the fundamen-
tal properties of protons and antiprotons — ∙C. Smorra, M. Besirli,
K. Blaum, M. Bohman, M. J. Borchert, J. Harrington, T. Higuchi,
H. Nagahama, Y. Matsuda, A. Mooser, C. Ospelkaus, W. Quint, S.
Sellner, G. Schneider, N. Schoen, T. Tanaka, J. Walz, Y. Yamazaki,
S. Ulmer

SYAM 1.3 Thu 12:00–12:30 P 1 Antihydrogen physics at the ALPHA experiment — ∙Niels Madsen
SYAM 2.1 Thu 14:30–15:00 P 1 Muon g-2 — ∙Klaus Jungmann
SYAM 2.2 Thu 15:00–15:30 P 1 Antihydrogen physics at ASACUSA and AEGIS — ∙Chloé Malbrunot
SYAM 2.3 Thu 15:30–16:00 P 1 An experiment to measure the anti-hydrogen Lamb shift — ∙Paolo

Crivelli

Sessions

MO 1.1–1.7 Mon 14:30–16:30 N 6 Photochemistry
MO 2.1–2.8 Mon 14:30–16:30 N 25 Precision Experiments on Small Molecules
MO 3.1–3.6 Mon 17:00–18:45 N 6 Diffraction and Coherences (with A)
MO 4.1–4.8 Mon 17:00–19:00 N 25 Spectroscopy of Cold Molecules and Complexes
MO 5.1–5.7 Tue 11:00–13:00 N 6 Clusters I (with A)
MO 6.1–6.6 Tue 11:00–12:45 N 25 Theory of Molecular Dynamics
MO 7.1–7.6 Tue 14:30–16:15 N 6 Helium Droplets and Systems (with A)
MO 8.1–8.7 Tue 14:30–16:30 N 25 Fast Intramolecular Dynamics
MO 9.1–9.20 Tue 17:00–19:00 P OGs Posters 1: Dichroism, VUV and Xray, Clusters, and Cold

Molecules
MO 10.1–10.7 Wed 14:30–16:30 N 6 Highly Excited Molecules and Clusters
MO 11.1–11.8 Wed 14:30–16:30 N 25 Molecular Nanostructures and Solids
MO 12.1–12.20 Wed 17:00–19:00 P OGs Posters 2: Molecular Dynamics, Clusters, and High Resolution

Spectroscopy
MO 13.1–13.7 Thu 11:00–13:00 N 6 Probing Vibrations
MO 14.1–14.8 Thu 11:00–13:00 N 25 Theory of Coupled Systems
MO 15.1–15.7 Thu 14:30–16:30 N 6 Environment Controlled Processes
MO 16.1–16.20 Thu 17:00–19:00 P OGs Posters 3: Experimental Techniques and Theoretical Ap-

proaches
MO 17.1–17.7 Fri 11:00–13:00 N 6 Experimental Techniques
MO 18.1–18.8 Fri 11:00–13:00 N 25 Biomolecules and Electron Transfer
MO 19.1–19.7 Fri 11:00–13:00 N 3 Clusters II (with A)
MO 20.1–20.7 Fri 14:30–16:30 N 3 Clusters III (with A)
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Annual General Meeting of the Molecular Physics Division

Tuesday 13:15–14:00 N 6

3



Mainz 2017 – MO Monday

MO 1: Photochemistry

Time: Monday 14:30–16:30 Location: N 6

Invited Talk MO 1.1 Mon 14:30 N 6
Dynamic Solvent Effects Treated with a Quantum/Classical
TDSCF Approach — ∙Martin Peschel, Julius Zauleck, Flo-
rian Rott, and Regina de Vivie-Riedle — Ludwig-Maximilians-
Unversity, Munich, Germany
The simulation of quantum dynamics on potential energy surfaces is a
powerful tool to examine chemical reactions. The course of these reac-
tions might be substantially altered in solution. A coupled quantum
dynamics/molecular dynamics approach (cQD/MD) is presented to in-
troduce solvent effects into the simulations. It treats the solvent by
classical molecular dynamics and couples this classical system to the
quantum solvated molecule in a time-dependent self-consistent fashion.
We discuss the solvent-induced changes in wavepacket coherence and
dispersion of the quantum system. As an example, the photodissocia-
tion of ICN in liquid argon is considered in detail with an outlook on
more complex systems.

MO 1.2 Mon 15:00 N 6
Photocleavage of coumarin dimers studied by uv ultrafast
transient absorption spectroscopy — ∙Man Jiang1, Nicholas
Paul1, Nikolai Bieniek2, Tiago Buckup1, Norbert Hampp2, and
Marcus Motzkus1 — 1Institute of Physical Chemistry, Im Neuen-
heimer Feld 229, University of Heidelberg, D-69120 Heidelberg —
2Department of Chemistry, Hans-Meerwein-Str. 4, University of Mar-
burg, D-35032 Marburg
The photoinduced cleavage of a coumarin dimer into its two monomers
is a promising mechanism for laser controlled medical applications. In
order to understand the underlying dynamics of the cleavage reaction
in details and develop strategies for an increase of the reaction ef-
ficiency, UV transient absorption spectroscopy was applied to three
unsubstituted coumarin dimer isomers, the anti-head-to-head dimer,
the syn-head-to-head dimer and the syn-head-to-tail dimer. The ex-
periments performed under 280 nm pumping and broadband (300-650
nm) probing reveal that the cleavage reaction of coumarin dimers oc-
curs via non-radiative short-lived singlet states. Two branched kinetic
models were developed, which describe the formation of monomers
and relaxation dynamics of dimers, from which we were able to ex-
plore the precise time-scale of coumarin monomers formation and the
quantum yields of the dimer splitting. The anti-hh dimer shows the
highest cleavage efficiency with a value of about 20 %. The differences
of cleavage efficiency for three dimer isomers are interpreted in terms
of different steric hindrances of substitution groups attached to the
cyclobutane ring and charge delocalization on the intermediate state.

MO 1.3 Mon 15:15 N 6
Spectroscopic Investigation of a Cr-Complex on the fs-
Time Scale — ∙Aleksej Friedrich1, Sven Otto2, Christoph
Förster2, Christoph Kreitner2, Katja Heinze2, and Stefan
Lochbrunner1 — 1Institute of Physics, University of Rostock, Ger-
many — 2Institute of Inorganic and Analytical Chemistry, Johannes
Gutenberg-University of Mainz, Germany
Ultrafast spectroscopy is performed on the metal complex
[Cr(ddpd)2][BF4]3 (ddpd: N,N’-dimethyl-N,N’-dipyridine-2-
ylpyridine-2,6-diamine). The compound is an interesting candidate
for NIR OLEDs, fiber-optic telecommunication applications, night-
vision readable displays, oxygen sensing, and in vivo imaging. The
molecule is water soluble and exhibits strong and extremely long liv-
ing photo luminescence around 775 nm [1]. While the ground state
is a quartet state the emitting state is a doublet. The intermolecular
processes after excitation are not fully understood. We carried out fs-
transient-absorption and streak-camera measurements to investigate
these processes. We found a fast population of the lowest emitting
doublet state within 6 ps and a luminescence lifetime of 840 𝜇s. No
indication for stimulated emission was observed. This indicates that
the intersystem crossing between the quartet and doublet manifold
occurs within our time resolution of 100 fs and the 6 ps dynamics is
due to relaxation within the doublet manifold.

[1] S. Otto et al., Angew. Chem. Int. Ed.,54,11572 (2015).

MO 1.4 Mon 15:30 N 6
The Photodissociation of the ortho- & para-Xylyl Radical,
C8H9, Investigated by Velocity Map Imaging — ∙Kai Pach-

ner and Ingo Fischer — Institut für Physikalische und Theoretis-
che Chemie, Universität Würzburg, Am Hubland, 97074 Würzburg,
Deutschland
Xylyl radicals can be found as intermediates in combustion processes.
Their parent molecules, the xylenes, are used as additives in fuels
to increase antiknock properties. The thermal decomposition of the
xylyl radicals has been explored recently by Hemberger et al. in a
synchrotron experiment [1]. Based on these studies, we investigated
the photodissociation of the ortho- & para-xylyl radical using veloc-
ity map imaging. Xylyl radicals were formed via flash pyrolysis in a
pulsed molecular beam using 2-/4-methylphenethyl nitrite as a pre-
cursor. Irradiation of the xylyl radical with UV light around 310nm
leads to the formation of the corresponding xylylenes for both radi-
cals, or benzocyclobutene for the ortho-xylyl radical respectively, by
hydrogen atom loss. Generated hydrogen fragments are then ionized
in a [1+1’]-REMPI process via the 1s-2p transition and detected on a
velocity map imaging detector. The translational energy distribution
of the hydrogen fragments as well as their angular distribution and rate
constants for the hydrogen atom loss indicate a statistical dissociation
in the ground state or an indirect dissociation in the excited state.

[1] Hemberger et al., J. Phys. Chem. A, 2014, 118, 3593 - 3604.

MO 1.5 Mon 15:45 N 6
Dynamical studies on the photodissociation of diphenyl-
methyl 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 re-
actions. They may be generated by UV-laser excitation of carbohalide
compounds such as diphenylmethyl bromide. Here, a local 𝜋 − 𝜋* ex-
citation occurs, followed by the C-Br bond cleavage leading to radical
or ion pairs within a femtosecond timescale.

We use both, quantum dynamical and semiclassical on-the-fly dy-
namical methods to simulate the reaction. In both approaches we em-
ploy an ONIOM two-layer method with CASSCF as high level method.
In the quantum dynamics we take the solvent environment into account
using the Dynamic Continuum ansatz [1] developed in our group.

We verify for both simulations the decisive role of two consecutive
conical intersections for the product splitting, like we recently showed
[2] for chlorine as leaving group. Nonetheless, we report remarkable
differences compared to the chlorine case and we especially discuss the
role of the pyramidalization of the central carbon atom. We evaluate
product ratio and delay times for both approaches and compare them
with experimental results.

[1] S. Thallmair et al., J. Phys. Chem. Lett. 5 (2014), 3480-3485.
[2] S. Thallmair et al., Struct. Dyn. 3 (2016), 043205.

MO 1.6 Mon 16:00 N 6
Time-Resolved Step-Scan FTIR Investigations on Dinuclear
Cu(I)-NHETPHOS-complexes — ∙Manuel Zimmer1, Fabian
Dietrich1, Florian Bäppler1, Manuela Wallesch2, Daniel
Volz3, Stefan Bräse2, Rolf Diller1, and Markus Gerhards1

— 1TU Kaiserslautern, 67663 Kaiserslautern — 2Karlsruhe Institute
of Technology, 76131 Karlsruhe — 3CYNORA GmbH, 76646 Bruchsal
Time-resolved (TR) infrared experiments enable the investigation of
chemical reactions, photochemical/-physical processes and their ki-
netic traces. With the step-scan technique we are able to identify
electronically excited states and excited state structures by comparison
with theoretical results from quantum chemical calculations. Here we
present the first TR step-scan FTIR measurements on dimetallic Cu(I)-
NHETPHOS-complexes in solid state (KBr matrix and thin film).
These complexes, which are developed for emitter material in OLEDs,
are a very promising substitute for currently used Ir-complexes. Time-
resolved IR spectra of electronically excited states have been obtained
by step-scan FTIR measurements and in addition, wavelength and
temperature dependent measurements as well as femtosecond transient
absorption and reflectivity measurements have been performed to gain
detailed information about the excited state processes and deactivation
mechanisms. The temperature dependent measurements down to 20 K
provided valuable information to confirm the postulated thermally ac-
tivated delayed fluorescence (TADF) mechanism at room temperature
(RT). The interpretation of measured spectra succeeded in combina-
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tion with quantum chemical calculations (DFT and TD-DFT).

MO 1.7 Mon 16:15 N 6
New Insights into the Photodissociation of Bisphenyl(2,4,6-
trimethylbenzoyl)phosphine oxide — ∙Steffen Straub, Cara
Tabea Lohrmann, Jörg Lindner, and Peter Vöhringer —
Rheinische Friedrich-Wilhelms-Universität Bonn
Benzoylphosphine oxides are widely known as industrial photo-
initiators in photochemical curing processes. In the recent past, their
photochemistry and photophysics have been studied, for example by
Picosecond Pump Probe Spectroscopy. These efforts suggested a C-
P-bond breakage taking place on a time scale of hundred picoseconds
and being facilitated by an S1-T1 intersystem crossing.

Here, we unravel the primary processes of the photoinitiator

Bisphenyl(2,4,6-trimethylbenzoyl)phosphine oxide (BTPO) in great
detail, using femtosecond UV-pump IR-probe spectroscopy. All exper-
iments were carried out using pump pulses of 100 fs duration, centered
at a wavelength of 𝜆=380 nm.

We found that the formation of the benzoyl radical occurs in a de-
layed fashion and cannot be fit to first order growth kinetics, as was
assumed previously. A careful analysis of the spectro-temporal evolu-
tion in the mid-infrared region yields accurate time constants of 20 ps
and 120 ps for the initial S1-T1 intersystem crossing and the ensu-
ing 𝛼-cleavage with radical pair formation, respectively. Moreover, we
were able to identify the C=C-stretching mode of the benzoyl radi-
cal in liquid solution, which has been accomplished previously only
in the gaseous phase or through complex cryogenic matrix isolation
techniques.

MO 2: Precision Experiments on Small Molecules

Time: Monday 14:30–16:30 Location: N 25

MO 2.1 Mon 14:30 N 25
Doppler-limited precision spectroscopy of cold formaldehyde
in an electric trap — ∙Martin Ibrügger, Alexander Prehn,
Martin Zeppenfeld, and Gerhard Rempe — Max-Planck-Institut
für Quantenoptik, Hans-Kopfermann-Str. 1, 85748 Garching
Besides cooling, trapping has proven to be a key ingredient for high
precision spectroscopy of many atomic species as can be seen in e.g.
various optical clock experiments around the world. For molecules
however, in particular polyatomic molecules, there are few to none ex-
periments in a trap employing cooling to cold temperatures to increase
control and reduce linewidths.

Here, we present microwave spectroscopy on a magic transition be-
tween rotational levels of trapped formaldehyde. The molecules are
stored in an electric trap [1] and cooled via optoelectrical Sisyphus
cooling [2] to temperatures ranging from 60mK to 2mK. We achieve
Doppler-limited linewidths down to 3.8 kHz corresponding to an accu-
racy of 10−8. The lineshapes are in excellent agreement with theory
taking into account the energy distribution of the molecules and the
electric field distribution of the trap. These results show the feasi-
bility of high precision spectroscopy in our experiment and open up
the way to measurements with unprecedented precision for polyatomic
molecules once applied to even colder ensembles.
[1] B.G.U. Englert et al., Phys. Rev. Lett. 107, 263003 (2011).
[2] A. Prehn et al., Phys. Rev. Lett. 116, 063005 (2016).

MO 2.2 Mon 14:45 N 25
Photodetachment study of NH−

2 ions in the 22 pole trap —
∙Olga Lakhmanskaya1, Malcolm Simpson1, Simon Murauer1,
Viatcheslav Kokoouline2, and Roland Wester1 — 1Universität
Innsbruck, Innsbruck, Austria — 2University of Central Florida, Or-
lando, US
We present a near-threshold photodetachment spectrum of the amide
anion NH−

2 performed in a cold (10 K) 22-pole ion trap. The spectrum
shows steps in the relative cross section that are associated with the
transitions between rotational levels of the vibrational ground states of
NH−

2 (X1A1 electronic state) and NH2 (X2B1 electronic state). With
this data we can significantly improve the determination of the electron
affinity of amidogen NH2.

MO 2.3 Mon 15:00 N 25
Crossed-beam velocity-map-imaging of the Ar+ + H2 charge-
transfer reaction — ∙Tim Michaelsen1, Björn Bastian1, Jen-
nifer Meyer1, Eduardo Carrascosa2, Dave Parker3, and
Roland Wester1 — 1Universität Innsbruck, Austria — 2University
of Melbourne, Australia — 3Radboud University, Nijmegen, Nether-
lands
The Reaction of Ar+ + H2 can proceed via atomic re-arrangement
resulting in ArH+ + H or via charge transfer resulting in Ar + H2

+.
Here we will focus on the charge transfer pathway. Previous studies on
this pathway predict a strong dependence of the reaction rate on the
spin-orbit state of the Ar+ [1] and previous crossed-beam studies pre-
dict forward scattering with a large backward scattered fraction at low
collision energies [2]. Additionally, theory and experiments predict
a quasi-resonant behavior towards the product ion vibrational state
H2

+(v=2)[3].

Here, we present differential cross-sections obtained with a crossed-
beam VMI-spectrometer for charge transfer reactions of Ar+ with H2

at energies below 1eV. We observe predominantly forward scattering, a
dependence on the Ar+ spin-orbit state as well as dominant excitation
of the H2

+(v=2) state. Additionally, we compare these results to the
charge-transfer reaction with D2, N2 [4] and O2.

[1] Tanaka K., et al. J. Chem. Phys 75.10 (1981): 4941-4945. [2]
Hierl P., et al. J. Chem. Phys 67.6 (1977): 2678-2686. [3] Baer M., et
al. J. Chem. Phys 93.7 (1990): 4845-4857. [4] Trippel S., et al. PRL
110.16 (2013): 163201.

MO 2.4 Mon 15:15 N 25
Experimental studies of the ion-molecule reactions H+

2 + H2

and H+
2 +D2 at low collision energies with a merged beam ap-

paratus — ∙Katharina Höveler, Pitt Allmendinger, Johannes
Deiglmayr, Otto Schullian, and Frédéric Merkt — Laborato-
rium für Physikalische Chemie, ETH Zürich, CH-8093 Zurich, Switzer-
land
The exothermic, barrierless H+

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

ied in the collision-energy range 𝐸coll/𝑘b = 300mK − 50K. To reach
such low collision energies, we use a merged-beam approach and sub-
stitute 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. Merging of the two pulsed reactant supersonic
beams is achieved by photoexcitation of the molecules of one beam
to high-𝑛 Rydberg-Stark states followed by Rydberg-Stark decelera-
tion and deflection using a curved chip-based surface-electrode device.
The collision energy is tuned by varying the temperature of the valve
generating the H2 ground-state beam for selected velocities of the H2

Rydberg beam. The reaction cross section is found to follow the clas-
sical Langevin capture model down to 𝐸coll/𝑘b = 5K. At lower tem-
peratures, 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.

MO 2.5 Mon 15:30 N 25
Towards Reactive Scattering between Metastable Helium
and Magneto-Optically Trapped Lithium — ∙Jonas Grzesiak,
Katrin Dulitz, Andriy Achkasov, Frank Stienkemeier, and
Marcel Mudrich — Physikalisches Institut, Universität Freiburg,
Hermann-Herder-Str. 3, 79104 Freiburg i. Br.
The experimental study of Penning ionization reactions, i.e., the reac-
tive scattering of metastable rare gas atoms with neutral species, has
recently attracted a lot of attention through the observation of orbiting
resonances at low collision energies [1]. We present first results lead-
ing to a detailed study of reactive scattering between supersonically
expanded metastable helium atoms and ultracold lithium atoms con-
fined in a magneto-optical trap. We also show that our cryogenically
cooled source provides intense, velocity-tunable and cold supersonic
beams of metastable helium atoms, and we discuss the efficiency of
metastable atom production using two conceptually different, home-
made discharge units.

[1] A. B. Henson, S. Gersten, Y. Shagam, J. Narevicius, E. Narevi-
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cius, Science 338, 234 (2012).

MO 2.6 Mon 15:45 N 25
Nondestructive Detection of Polar Molecules via Rydberg
Atoms — ∙Martin Zeppenfeld and Ferdinand Jarish — MPI für
Quantenoptik, Hans Kopfermann Str. 1, 85748 Garching
Research on cold and ultracold molecules is impeded by the difficulty in
many cases to efficiently detect molecules, with the choice of molecule
species often influenced by the need for a suitable detection scheme.
We demonstrate the possibility to efficiently and nondestructively de-
tect basically any polar molecule species using Rydberg atoms [1]. A
Rydberg atom senses the presence of a molecule based on Förster res-
onance energy transfer. We show that huge interaction cross sections
of more than 10−6 cm2 exist for low collision energies, allowing for ef-
ficient detection [1]. First results on detection of room temperature
ammonia molecules with Rubidium Rydberg atoms will be presented.

[1] M. Zeppenfeld, arXiv:1611.08893 [physics.atom-ph] (2016).

MO 2.7 Mon 16:00 N 25
Laser cooling of molecular anions — ∙Sebastian Gerber1,
Julian Fesel1, Christian Zimmer1, Ingmari Tietje1, Alexan-
der Hinterberger1, Daniel Comparat2, and Michael Doser1 —
1CERN, 127 Rute de Meyrin, Switzerland — 2Laboratorie Aime Cot-
ton, CNRS, 91405 Orsay, France
Molecular anions play a central role in a wide range of fields: from at-
mospheric and interstellar science, anionic superhalogens to the chem-
istry of highly correlated systems. However, up to now the synthesis
of negative ions in a controlled manner at ultracold temperatures rel-
evant for the processes in which they are involved is currently limited
to a few kelvin by supersonic beam expansion followed by resistive,
buffer gas or electron cooling in cryogenic environments. We present a
realistic scheme for laser cooling of C−

2 molecules to subkelvin temper-
atures, which has been only achieved for a few neutral diatomics. The

generation of a pulsed source of C−
2 and the subsequent laser cooling

techniques of C−
2 confined in a Penning trap are reviewed. Further,

laser cooling one anions species would allow to sympathetically cool
other molecular anions, electrons and antiprotons that are confined in
the same trapping potential. In this presentation the status of the
experiment and the feasibility of C−

2 sympathetic Doppler laser cool-
ing, photo-detachment cooling and AC Stark Sisyphus cooling will be
reviewed.

MO 2.8 Mon 16:15 N 25
Trapping and Cooling of Polar Molecules: YO and OH —
∙Tim Langen1,2, David Reens1, Hao Wu1, Alejandra Collopy1,
Yewei Wu1, Shiqian Ding1, and Jun Ye1 — 1JILA, NIST and Uni-
versity of Colorado, Boulder, USA — 25. Physikalisches Institut and
IQST, Universität Stuttgart, Germany
We present two experiments progressing towards directly trapping and
cooling polar molecular gases to the millikelvin regime and below.
First, using microwave mixing of rotational states and two vibrational
repump lasers, we implement a cycling transition in the yttrium (II)
monoxide (YO) molecule that is closed to the 106 level [1]. With this
cycling transition, a beam of YO from a two-stage cryogenic buffer gas
cell is decelerated to less than 5m/s, slow enough to be loaded into
a three-dimensional magneto-optical trap. We plan to implement a
second stage of narrow-line cooling to reach below 100 microkelvin [2].
Second, we present our progress in the magnetic trapping and cooling
of a gas of the dipolar hydroxyl (OH) radical [3]. Using detailed studies
of electric-field-induced losses, we identify a novel Majorana-like loss
mechanism that is inherently connected to the dipolar nature of the
molecules. We discuss a newly developed trap design that will mitigate
this loss to enable further evaporative cooling.

[1] M. Yeo et al., Phys. Rev. Lett. 114, 223003 (2015).
[2] A. L. Collopy et al., New J. Phys. 17, 055008 (2015).
[3] B. K. Stuhl et al., Nature 492, 396 (2012).

MO 3: Diffraction and Coherences (with A)

Time: Monday 17:00–18:45 Location: N 6

Invited Talk MO 3.1 Mon 17:00 N 6
Single-shot coherent diffractive imaging of individual clus-
ters using a high harmonic source — Nils Monserud1,
Daniela Rupp2, Bruno Langbehn2, Mario Sauppe2, Julian
Zimmermann2, Yevheniy Ovcharenko2, Thomas Möller2, Fabio
Frassetto3, Luca Poletto3, Andrea Trabattoni4, Francesca
Calgari5, Mauro Misoli4,5, Katharina Sander6, Christian
Peltz6, Marc J.J. Vrakking1, Thomas Fennel6, and ∙Arnaud
Rouzée1 — 1Max-Born-Institut, Berlin, Germany — 2Institut für
Optik und Atomare Physik, Technische Universität Berlin, Berlin,
Germany — 3CNR, Instituto di Fotonica e Nanotecnologie Padova,
Padova, Italy — 4Department of Physics, Politecnico di Milano, Mi-
lano, Italy — 5CNR, Instituto di Fotonica e Nanotecnologie Milano,
Milano, Italy — 6Institut für Physik, Universität Rostock, Rostock,
Germany
We present a single-shot coherent diffractive imaging (CDI) experiment
based on high harmonic generation of individual He nanodroplets per-
formed with a table-top femtosecond extreme ultraviolet (XUV) light
source. Using a laser based HHG source, we are able to demonstrate
for the first time the possibility to extract the shape, size, and orien-
tation of free-flying nanoparticles. While most of the recorded diffrac-
tion patterns are assigned to the formation of spherical nanodroplets,
we observed as well non-point symmetric diffraction patterns which
are uniquely assigned to the formation of prolate, pill-shaped He-
nanodroplets. Our experiment paves the way towards time-resolved
imaging of ultrafast electron motion in individual clusters and nanopar-
ticles with attosecond time resolution.

MO 3.2 Mon 17:30 N 6
Numerical simulations for characterizing and optimizing an
aerodynamic lens — ∙Nils Roth1, Salah Awel1,2, Daniel
Horke1,3, and Jochen Küpper1,2,3 — 1Center for Free-Electron
Laser Science, DESY, Notkestrasse 85, 22607 Hamburg, Germany —
2Department of Physics, University of Hamburg, Luruper Chaussee
149, 22761 Hamburg, Germany — 3The Hamburg Center for Ultrafast
Imaging, Luruper Chaussee 149, 22761 Hamburg, Germany

Atomic resolution single-particle coherent diffractive imaging requires
reproducible samples to reconstruct three-dimensional molecular struc-
tures from isolated particles [1]. Currently one of the major limiting
factors is the inefficient delivery of particles and the correspondingly
low number of strong diffraction patterns, collected during typical
beam times. We build a numerical simulation infrastructure capable of
calculating the flow of gas and the trajectories of particles through an
entire aerosol injector, aiming to increase the fundamental understand-
ing and to enable optimization of injection geometries and parameters.
The simulation results are compared to literature studies and also val-
idated against experimental data taken in an aerosol beam characteri-
zation setup [2]. The simulation yields a detailed understanding of the
radial particle distribution and highlights weaknesses of current aerosol
injectors. With the aid of these simulations we develop new experi-
mental implementations to overcome current limitations and increase
particle densities available for diffractive imaging experiments.

[1] M. M. Seibert, et al, Nature 470, 78 (2011).
[2] Salah et al, Opt. Exp. 24, 6507-6521 (2016)

MO 3.3 Mon 17:45 N 6
Femtosecond Diffractive Imaging of Coherent Nuclear Mo-
tion using Relativistic Electrons — Jie Yang1, ∙Markus
Gühr2,3, Xiaozhe Shen3, Renkai Li3, Theodore Vecchione3,
Ryan Coffee3, Jeff Corbett3, Alan Fry3, Nick Hartmann3,
Carsten Hast3, Kareem Hegazy3, Keith Jobe3, Igor
Makasyuk3, Joseph Robinson3, Matthew Robinson1, Sharon
Vetter3, Stephen Weatherby3, Charles Yoneda3, Xijie
Wang3, and Martin Centurion1 — 1Department of Physics, Uni-
versity of Nebraska-Lincoln,Lincoln, NE, USA — 2Institut für Physik
und Astronomie,Universität Potsdam, Potsdam, Germany — 3SLAC
National Accelerator Laboratory, Menlo Park, CA, USA
Observing ultrafast changes in the molecular geometry after photoexci-
tation is crucial to understand the conversion of light energy into other
energetic degrees of freedom within molecules. We present a time re-
solved electron diffraction study of a molecular vibrational wavepacket
in photoexcited isolated iodine. We determine the time-varying inter-
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atomic distance with a precision 0.07 Å and a temporal resolution of
230 fs full width at half maximum. The method is not only sensitive
to the position but also the shape of the nuclear wave packet.

MO 3.4 Mon 18:00 N 6
Ultrashort polarization-tailored bichromatic fields —
∙Stefanie Kerbstadt, Lars Englert, Tim Bayer, and Matthias
Wollenhaupt — Carl von Ossietzky Universität Oldenburg, Institut
für Physik, Carl-von-Ossietzky-Straße 9-11, 26129 Oldenburg
Ultrashort bichromatic laser fields with commensurable center frequen-
cies, have emerged as a powerful tool to coherently control the dynam-
ics of free electron wave packets [1]. Here we present a novel scheme for
the generation of polarization-tailored bichromatic laser fields based on
ultrafast pulse shaping techniques. The scheme utilizes a 4f polariza-
tion pulse shaper equipped with a composite polarizer in the Fourier
plane for independent amplitude and phase modulation of two spec-
tral bands of a whitelight supercontinuum [2]. The setup allows us
to sculpture the spectral amplitude, phase and polarization profile of
both colors individually, offering an enormous versatility of producible
bichromatic waveforms. In addition, the scheme features built-in dis-
persion management and the option for shaper-based pulse diagnos-
tics. We demonstrate the fidelity of the generated bichromatic fields
by optical characterization and present first results of quantum con-
trol of bichromatic photoionization of atoms employing photoelectron
imaging tomography.

[1] D.B. Milosevic et al., Phys. Rev. A 61 (6) (2000), 063403.
[2] S. Kerbstadt et al., J. Mod. Opt., accepted (2016).

MO 3.5 Mon 18:15 N 6
Electronic decoherence following photoionization: full
quantum-dynamical treatment of the influence of nuclear
motion — ∙Caroline Arnold1,2,3, Oriol Vendrell1,3,4, and
Robin Santra1,2,3 — 1Center for Free-Electron Laser Science,
DESY, Notkestrasse 85, 22607 Hamburg, Germany — 2Department
of Physics, University of Hamburg, Jungiusstrasse 9, 20355 Hamburg,
Germany — 3The Hamburg Centre for Ultrafast Imaging, Luruper
Chaussee 149, 22761 Hamburg, Germany — 4Department of Physics
and Astronomy, Aarhus University, Ny Munkegade 120, 8000 Aarhus,
Denmark
Photoionization using attosecond pulses can lead to the formation of

coherent superpositions of the electronic states of the parent ion. How-
ever, ultrafast electron ejection triggers not only electronic but also nu-
clear dynamics—leading to electronic decoherence, which is typically
neglected on time scales up to tens of femtoseconds. We propose a
full quantum-dynamical treatment of nuclear motion in an adiabatic
framework, where nuclear wavepackets move on adiabatic potential en-
ergy surfaces expanded up to second order at the Franck-Condon point.
We show that electronic decoherence is caused by the interplay of a
large number of nuclear degrees of freedom and by the relative topol-
ogy of the potential energy surfaces. Application to H2O, paraxylene,
and phenylalanine shows that an initially coherent state evolves to an
electronically mixed state within just a few femtoseconds. In these
examples, it is not the fast vibrations involving hydrogen atoms, but
rather slow vibrational modes that destroy electronic coherence.

MO 3.6 Mon 18:30 N 6
Optimisation of strong laser field-free alignment using tai-
lored light fields — ∙Evangelos Thomas Karamatskos1,2, Se-
bastian Raabe4, Andrea Trabattoni1, Terry Mullins1, Sebas-
tian Trippel1,2, Arnaud Rouzee4, and Jochen Küpper1,2,3 —
1DESY, Hamburg, Germany — 2Universität Hamburg, Germany —
3CUI, Hamburg, Germany — 4Max-Born Institute, Berlin, Germany
Alignment of molecules with respect to the laboratory fixed frame [1]
enables the realization of a large variety of experiments such as the de-
termination of molecular frame photoangular distribution (MFPAD’s)
[2] or laser induced electron diffraction (LIED) where typically a strong
degree of alignment is needed [3]. We present a combined theoretical
and experimental effort to optimise the degree of laser field-free align-
ment of molecules in the gas phase. We start by solving the time-
dependent rotational Schrödinger equation coupled to a non-resonant
laser field and a static electric field and use an iterative learning-loop
algorithm to determine the ideal pulse shape that optimises the degree
of alignment. These calculations serve as a guide to complement the
experiments where the alignment laser pulse form is optimally tailored.
We discuss the simulation results and the experimental realization of
two-pulse impulsive alignment on the example of the linear molecule
carbonyl sulfide (OCS) and give an outlook for the use of pulse shap-
ing techniques to achieve strongly aligned asymmetric top molecules.
[1] Stapelfeldt et al., Rev. Mod. Phys. 75, 543 (2003) [2] Hansen et
al. Phys. Rev. Lett. 106, 073001 (2011) [3] Pullen et al., Nature
Communications 6, 7262 (2015)

MO 4: Spectroscopy of Cold Molecules and Complexes

Time: Monday 17:00–19:00 Location: N 25

MO 4.1 Mon 17:00 N 25
C+

60 Near-IR Emissions: Astronomical Relevance. —
∙Dmitry Strelnikov1, Bastian Kern2, and Manfred Kappes1 —
1Physikalische Chemie, KIT, Karlsruhe, Germany — 2MPI for Solid
State Research, Stuttgart, Germany
Recently, five Diffuse Interstellar Bands (DIBs) were assigned to C+

60
[1,2]. While investigating C+

60 in various cryogenic matrixes, we have
observed LIF in the near-IR, when exciting the near-IR vibronic bands
of C+

60. Power dependence measurements revealed a one-photon LIF
process. In contrast, excitation in the UV does not lead to the emission
of C+

60 in the vicinity of its NIR absorptions. We propose to search for
C+

60 near-IR emissions in the fullerene containing reflection nebulae.
References
1. Campbell, E. K., Holz, M., Gerlich, D., and Maier, J. P. 2015,

Nature, 523, 322.
2. Walker, G. A. H., Bohlender, D. A., Maier, J. P., and E. K.

Campbell. 2015, ApJL, 812, L8.

MO 4.2 Mon 17:15 N 25
Cryo IR spectroscopy of a tetranuclear cobalt carbonyl
complex in isolation — ∙Sebastian Dillinger1, Jennifer
Mohrbach1, Johannes Lang1, Pierre Braunstein2, and Gereon
Niedner-Schatteburg1 — 1Fachbereich Chemie and Forschungszen-
trum OPTIMAS, Technische Universität Kaiserslautern, 67663 Kaiser-
slautern, Germany — 2Laboratoire de Chimie de Coordination, Insti-
tut de Chimie, UMR 7177 CNRS, Universite de Strasbourg, 67081
Strasbourg, France
We present well resolved Infrared Multiple Photon Dissociation (IR-

MPD) spectra of isolated [Co4(CO)𝑛(dppa-H+)]− (n = 3 - 10, dppa
= NH(PPh2)2) in the carbonyl stretching region at cryogenic temper-
atures (26 K).[1] The [Co4(CO)10(dppa-H+)]− complex [2] serves as
precursor for the stepwise elimination of CO via collision induced dis-
sociation (CID).The recorded spectra reveal several bands which shift
by reduction of the CO coverage. This hints at an according change of
coordination motif. DFT calculations help to elucidate the effects of
the decreasing CO coverage on the structure and the spin multiplicity
of the complex. We will discuss first data of a mixed CO-N2 complex
[Co4(CO)8(N2)1(dppa-H+)]−.

[1] J. Mohrbach et al., J. Mol. Spectrosc., 2016 (accepted)
[2] C. Moreno et al., J.Organomet. Chem., 1993, 452, 185

MO 4.3 Mon 17:30 N 25
Multi-spectroscopic analyses of diphenyl ether complexes
with tert-butyl alcohol and water in the electronic ground
and excited state — ∙Dominic Bernhard1, Fabian Dietrich1,
Mariyam Fatima2, Anja Poblotzki3, Martin Suhm3, Melanie
Schnell2, and Markus Gerhards1 — 1Fachbereich Chemie, TU
Kaiserslautern — 2MPI für Struktur und Dynamik der Materie, Ham-
burg — 3Institut für Physikalische Chemie, Universität Göttingen
Diphenyl ether (DPE) represents a system with competing docking
sites for alcohols leading to OH-O and OH-𝜋 structures. Recently the
DPE – methanol complex was investigated in a multi-spectroscopic
work in the electronic ground state (S0) where a dominating OH-𝜋
structure was found in agreement with theory. In the electronically
excited state (S1) the OH-𝜋 interaction is strengthened which was re-
vealed in a combined IR/UV spectroscopic and theoretical work. Start-
ing from these findings complexes of DPE with tert-butyl alcohol and
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water are investigated which are supposed to be completely different
dispersion energy donors. For both complexes FTIR, microwave and
mass- and isomer-selective IR/R2PI spectra were recorded revealing
two co-existing OH-O and OH-𝜋 isomers in the S0 state which are
surprisingly in both cases predicted to be almost equally stable. In
the S1 state of DPE – tert-butyl alcohol vibrational spectra could be
recorded separately for both isomers using UV/IR/UV spectroscopy;
a retention of each structural motif is obtained, but the OH-O bond
is weakened for the OH-O arrangement and the OH-𝜋 interaction is
strengthened in the case of the OH-𝜋 isomer.

MO 4.4 Mon 17:45 N 25
[B12Cl11]−: An anionic superelectrophile? — Markus
Rohdenburg1, ∙Martin Mayer2, Max Grellmann2, Carsten
Jenne3, Tobias Borrmann1, Florian Kleemiß4, Vladimir
A. Azov1, Knut R. Asmis2, Simon Grabowsky4, and Jonas
Warneke5 — 1University of Bremen, Institute of Applied and Phys-
ical Chemistry — 2Wilhelm-Ostwald-Institut für Physikalische und
Theoretische Chemie, Universität Leipzig — 3Bergische Universität
Wuppertal, Fakultät für Mathematik und Naturwissenschaften —
4University of Bremen, Institute of Inorganic Chemistry and Crys-
tallography — 5Physical Science Devision, Pacific Northwest National
Laboratory, USA
Noble-gas (Ng) binding at room temperature is characteristic of super-
electrophilic dications. Here, we report on the binding of krypton and
xenon by the closo-dodecaborate anion [B12Cl11]−. The [B12Cl11Ng]−
complexes are thermodynamically stable species with Ng binding en-
ergies of 80 to 100 kJ/mol and contain B-Ng bonds with a significant
degree of covalent interaction. The electrophilic nature of the boron
binding site in [B12Cl11]− is spectroscopically confirmed by the obser-
vation of a blue shift of the CO stretching mode in [B12Cl11CO]−. The
characteristic electric field in front of the reactive site of [B12Cl11]−
results in a barrier for polar molecules, promoting the formation of Ng-
complexes that are not detected with reactive cations like C6H5

+. This
introduces the new chemistry of "dipole discriminating electrophilic
anions". Implications for noble gas compounds and the fundamental
concept of electrophilicity are discussed.

MO 4.5 Mon 18:00 N 25
Optical photodissociation spectroscopy of metal lumichrome
ionic complexes using the 22-Pole BerlinTrap — ∙David
Müller, Pablo Nieto, Alan Günther, Alex Sheldrick, and
Otto Dopfer — Institut für Optik und Atomare Physik, Technis-
che Universität Berlin, Hardenbergstr. 36, 10623 Berlin
Flavin-containing systems act as light sensors in plants and as blue-
light receptors in fungals due to their wide spectral absortion from the
VIS to the UV. They differ in their substituents at the N10 position.
The simplest flavin without any substituent is lumichrome (LC). Most
experiments concerning flavins were performed in solution, but not on
isolated gas phase ions. Hence, the influence of the solvent and the
ions is not fully understood yet. We report first vibronic spectra of
protonated lumichrome H+LC [1] and metalated lumichrome (M+LC,
M = Li-Cs). The gas-phase ions are generated in an ESI-source, mass-
selected by a QPMS and cooled in a cryogenic 22-pole trap. After
laser irradtion (380-500 nm) the fragments are mass-selected by an or-
thogonal ReTOF mass spectrometer. This design enables us to detect
all fragments and the parent ion simultaneously. By comparison to
quantum chemical calculations, we can assign the N5 position as the
protonation site and the O4 position as the metalation site.

[1] A. Günther et al., J. Mol. Spectrosc. (2016), in press
DOI:10.1016/j.jms.2016.08.017

MO 4.6 Mon 18:15 N 25
Vibrational Blue Shift of coordinated N2 in
[Fe3O(OAc)6(N2)𝑛]+: "Non Classical" Dinitrogen Complexes
— ∙Johannes Lang, Jennifer Mohrbach, Sebastian Dillinger,
Joachim Hewer, and Gereon Niedner-Schatteburg — Fachbere-

ich Chemie and Forschungszentrum OPTIMAS, Technische Universität
Kaiserslautern, 67663 Kaiserslautern, Germany.
The discovery of transition metal dinitrogen complexes in 1965
launched the ever growing research field of N2 coordination chem-
istry. Spectroscopically, metal-N2 bonding manifests itself by shifted
N2 stretching vibration frequencies in relation to the (IR inactive)
frequency of the free N2 molecule. Predominantly, N2 complexes ex-
hibit vibrational red shifts[1,2], which is well understood terms of the
Dewar-Chatt-Duncanson (DCD) model[3].

Here, were present "non classical" dinitrogen complexes
[Fe3O(OAc)6(N2)𝑛]+ (n = 1,2,3) in the gas phase at cryo tempera-
tures. Infrared photo dissociation (IR-PD) as well as density functional
theory (DFT) calculations reveal blue shifted N2 stretching vibration
bands. A detailed analysis of the electronic and steric interplay be-
tween N2 and the [Fe3O(OAc)6]+ unit indicates strengthened N-N
bonds due to pronounced 𝜎 bonding and a lack of 𝜋 back donation.

[1] S. Dillinger, J. Mohrbach, J. Hewer, M. Gaffga, G. Niedner-
Schatteburg, PCCP 2015, 17, 10358-10362.

[2] F. Studt, F. Tuczek, J. Comp. Chem. 2006, 27, 1278-1291.
[3] G. Frenking and N. Fröhlich, Chem. Rev., 2000, 100, 717-774.

MO 4.7 Mon 18:30 N 25
High density source for slow and internally cold polar
molecules reaching a collision limited regime — ∙Thomas
Gantner, Manuel Koller, Xing Wu, Sotir Chervenkov, Mar-
tin Zeppenfeld, and Gerhard Rempe — Max-Planck-Institut für
Quantenoptik, 85748 Garching, Germany
We present a new source for intense beams of slow and internally cold
polyatomic molecules. By employing buffer gas cooling, an intense
beam of molecules is achieved, reaching a single state purity of up to
92% [1]. Subsequently, the molecules are decelerated by a centrifuge
decelerator [2] to a kinetic energy corresponding to less than 1 K.
This combination produces cold guided molecules at fluxes exeeding
1010/s and densities of over 109/cm3. We thereby enter a regime where
cold dipolar collisions can be observed directly in a quadrupole guide.
Utilizing the technique for a range of molecules (ND3, CH3F, CHF3,
CF3CCH, CH3OH, and C3H7OH) demonstrates its wide applicability.

[1] X. Wu et al., ChemPhysChem 2016, 17, 3631
[2] S. Chervenkov et al., Phys. Rev. Lett. 112, 013001 (2014)

MO 4.8 Mon 18:45 N 25
Characterising and Optimising of a Novel Laser Desorp-
tion Source — ∙Nicole Teschmit1,2, Daniel Horke1,2, Karol
Długołȩcki1, Daniel Gusa1, and Jochen Küpper1,2,3 — 1Center
for Free- Electron Laser Science, DESY, Hamburg — 2The Hamburg
Center for Ultrafast Imaging, University of Hamburg — 3Department
of Physics, University of Hamburg
The control of small and moderate-size gas-phase molecules, such as
the spatial separation of different quantum states, conformers, and
molecular clusters, has been demonstrated, using static and/or dy-
namic electric fields [1]. Here, we present a new laser-desorption source
for the production of very cold molecular beams, which will extend the
above-mentioned techniques to larger biologically important molecules,
such as peptides. The molecular beam of a laser-desorption source
is for the first time characterized using strong field ionization by a
femtosecond laser, combined with a time of flight mass spectrometer.
Strong field ionization allows the detection of all existing species (in-
cluding molecular fragments produced by the desorption process) and
atoms in the interaction region. The beam can now be fully char-
acterized and the conditions optimized for the production of intact
sample molecules in the beam and the separation of one conformer
from the beam can be shown. This makes this source suitable for use
with non-species selective techniques, like time resolved single molecule
diffractive imaging experiments.

[1] Y.-P. Chang, D. A. Horke, S. Trippel, J. Küpper, Int. Rev. Phys.
Chem. 34, 557 (2015)
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MO 5: Clusters I (with A)

Time: Tuesday 11:00–13:00 Location: N 6

Invited Talk MO 5.1 Tue 11:00 N 6
Cryo Kinetics and Spectroscopy of 3d Metal Clusters and
Alloys — Jennifer Mohrbach, Sebastian Dillinger, Matthias
Klein, Amelie Ehrhard, and ∙Gereon Niedner-Schatteburg —
Fachbereich Chemie, TU Kaiserslautern
The cluster surface analogy motivates us to utilize our hybrid tandem
ion trap instrument (cryo-RF-hexapole and cryo-FT-ICR trap) for the
study of adsorption and reaction kinetics of clusters under single col-
lision conditions at 11 -30 K, and for IR Photon Dissociation (IR-PD)
spectroscopy initially focusing on the one and two colour investiga-
tions of metal organic complexes[1] and lately extended towards their
N2 adsorption properties[2].

We have started a systematic study of N2 and H2 cryo adsorption
on size selected Fe, Co, and Ni clusters, and their alloys[3]. Adsorp-
tion kinetics show mono layer like adsorbate shells. IR-PD spectra
of cluster adsorbate complexes [Mn(N2)m]+ reveal complex patterns -
DFT modelling providing some support. There are adsorbate coverage
dependent spectral shifts and splittings that report on the cluster and
adsorbate geometries. We compare to our synchrotron X-ray based
studies of spin and orbital contributions to the total magnetic mo-
ments of the clusters[4]. Supported by SFB 3MET.de.

[1] Y. Nosenko et al. PCCP 15, 8171 (2013); J. Lang et al. PCCP
16, 17417 (2014). [2] J. Lang et al., Chem.Comm 2016 (in print). [3]
S. Dillinger et al. PCCP 17, 10358 (2015); J. Mohrbach et al. JPC A
2016 (submitted). [4] S. Peredkov et al. PRL 107, 233401 (2011); J.
Meyer et al. JCP 143, 104302 (2015)

MO 5.2 Tue 11:30 N 6
Unusual magic numbers in Si+𝑛 -Ar𝑚 clusters — ∙Marko Förs-
tel, Bertram Jaeger, Philipp Sporkhorst, and Otto Dopfer —
Institut für Optik und Atomare Physik, Technische Universität Berlin,
Hardenbergstrasse 36, D-10623 Berlin
Silicon ions are found in the interstellar medium and in Earth’s atmo-
sphere. They are also involved in semiconductor manufacturing pro-
cesses. The fundamental chemistry, behavior, and structure of Si+𝑛 ions
are, however, still poorly understood. Here we probe the anisotropic
electronic structure of the Si+𝑛 ion in form of the Si+𝑛 -Ar𝑚 potential
energy surface by using argon ligands. Si+𝑛 -Ar𝑚 clusters are produced
in a laser vaporization source and then analyzed in a mass spectrom-
eter. Depending on the cluster source conditions we observe unusual
magic numbers that cannot be explained satisfyingly by assuming an
icosahedric argon shell. We interpret our observations as an effect of
the strong anisotropy in the interaction potential of the Si+ ion caused
by its unpaired electron. We present the observed magic numbers of
Si+𝑛 -Ar𝑚 clusters and discuss the underlying structures with the help
of quantum chemical calculations.

MO 5.3 Tue 11:45 N 6
Absorption of diamondoid-noble metal cluster hybrids stud-
ied with ion yield spectroscopy — ∙Tobias Bischoff1, Andre
Knecht1, Andrea Merli1, Vicente Zamudio-Bayer2, Tobias
Lau3, Bernd von Issendorff2, Merle Röhr4, Jens Petersen4,
Roland Mitric4, Thomas Möller1, and Torbjörn Rander1

— 1TU Berlin, Germany — 2U Freiburg, Germany — 3Helmholtz-
Zentrum Berlin, Germany — 4U Würzburg, Germany
The study of the radiative emission rate enhancement of molecules
near metal surfaces has led to important applications such as single
molecule spectroscopy. While interaction-induced amplification rates
as high as 14 orders of magnitude have been already observed, there
is still debate about the fundamental processes responsible for the en-
hancement. On the molecular size scale, small metal clusters may be
used to systematically study the interaction between a metal subunit
and a fluorophore. Diamondoids, perfectly shape and mass selected
sp3 hybridized nanodiamonds, show intrinsic luminescence and can be
selectively functionalized. We were able to synthesize hybrid systems
of diamondoids and small metal cluster cations in the gas phase. This
approach enables us to study the optical properties of tailored hybrid
systems. Here, we present the UV/VIS absorption of adamantanethiol-
Au3/Ag3 hybrid systems, measured through ion yield spectroscopy.
An analysis of both the hybrid and single subunit absorptions shows
significant differences in spectral composition depending on the type of
metal cluster. We attribute these differences to charge transfer states

in the hybrid systems.

MO 5.4 Tue 12:00 N 6
Disentangling water cluster beams — ∙Helen Bieker1,2,
Daniel Horke1,2, Daniel Gusa1, Boris Sartakov3, Andrey
Yachmenev1, and Jochen Küpper1,2,4 — 1Center for Free-Electron
Laser Science, DESY — 2The Hamburg Center for Ultrafast Imag-
ing, University of Hamburg — 3General Physics Institute, Russian
Academy of Sciences — 4Department of Physics, University of Ham-
burg
To unravel the microscopic details of intermolecular interactions in wa-
ter, we prepare controlled samples of size- and isomer-selected water
clusters. Inhomogeneous electric fields allow 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 quantum 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 dispersion of the various clusters in strong electric fields,
extending previous studies [2]. We introduce a simple theoretical de-
scription of water dimer in an electric field. Future experiments aim at
utilizing x-ray and electron diffractive imaging to study the structures
and ultrafast dissociation dynamics of these polymolecular systems.

[1] Y.P. Chang, D. A. Horke, S. Trippel and J. Küpper, Int. Rev.
Phys Chem. 34, 557-590 (2015)

[2] R. Moro, R. Rabinovitch, C. Xia, and V.V. Kresin, Phys. Rev.
Lett. 97, 123401 (2006)

MO 5.5 Tue 12:15 N 6
D-Dimensional Fourier Grid Hamiltonian Method with
Potential-Adapted Grid for Hydrogen Isotopologue Cluster
Computations — ∙Alexander Kraus, Robin Größle, and Se-
bastian Mirz — Karlsruhe Institute of Technology, Institute for Tech-
nical Physics, Tritium Laboratory Karlsruhe
In order to determine the systematic effect of molecular hydrogen clus-
ters on the neutrino mass measurement with KATRIN, a computa-
tional method is needed that can be used for a calculation of initial
and final beta decay states.

For this purpose, the Fourier Grid Hamiltonian Method has been
generalized to 𝑑 dimensions. A grid generation algorithm has been
introduced that chooses sparse sampling points which represent the
potential sufficiently to save computation time. The 𝑑-dimensional in-
verse FFT is used for fast computation of matrix elements. Eigenvalues
and Eigenstates are approximated by parallel Lanczos diagonalization.

An overview of the constructed algorithm is given and first results
and benchmarks are shown in this talk.

This method could also be useful to infrared spectroscopy of liq-
uid hydrogen isotopologues for a better quantitative understanding of
cluster excitations.

MO 5.6 Tue 12:30 N 6
Highly nonlinear optical response of organotin cluster
molecules — ∙Nils W. Rosemann1,3, Jens P. Eußner2, An-
dreas Beyer3, Stephan W. Koch3, Kerstin Volz3, Stefanie
Dehnen2, and Sangam Chatterjee1 — 1Institute of Experimen-
tal Physics I, Justus-Liebig-Universität Giessen, Heinrich-Buff Ring
16, D-35392 Giessen, Germany — 2Faculty of Chemistry and Mate-
rials Sciences Center, Philipps-Universität Marburg, Hans-Meerwein-
Straße, D-35043 Marburg, Germany — 3Faculty of Physics and Materi-
als Science Center, Philipps-Universität Marburg, Renthof 5, D-35032
Marburg, Germany
Organotin-based cluster molecules exhibit a large variety of physical
properties. These depend on the clusters chemical composition as well
as the spatial arrangement of the constituents. Variation of these two
parameters usually results in highly complex electronic landscapes.
Consequently, such cluster molecules exhibit a very specific linear re-
sponse and ultimately nonlinear optical properties.

Here, we present the extreme nonlinear optical response of a cluster
molecule composed of a SnS cluster-core decorated with styryl-ligands.
The ligands, on the one hand, prevent crystallization and provide de-
localized electrons that are responsible for the nonlinear response on
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the other hand. These peculiarities result in low-threshold white-light
generation. The latter is simulated numerically using an anharmonic
oscillator model and experimental parameters only.

MO 5.7 Tue 12:45 N 6
Infrared spectra and structures of boron-doped silicon clus-
ters — ∙Bertram Klaus August Jaeger1, Nguyen Xuan
Truong1, Sandy Gewinner2, Wieland Schöllkopf2, Andre
Fielicke1, and Otto Dopfer1 — 1IOAP, TU Berlin, Germany —
2FHI, Berlin, Germany
Silicon-based nanostructures have gained interest for nanoelectronics
and nanophotonics. Therefore, the investigation of controlled change

of physical and chemical properties of silicon clusters by doping will
aid in developing novel cluster-containing nanostructures. Here we
study neutral silicon-rich silicon-boron clusters (Si𝑛B𝑚, n=3-8, m=1-
2) via mass spectrometry, resonant infrared-ultraviolet two-color ion-
ization (IR-UV2CI) spectroscopy and quantum chemical calculations
[1]. The most stable isomers are found utilizing global energy op-
timization. Their linear IR absorption spectra are compared to the
IR-UV2CI spectra, thus determining the geometries of the observed
Si𝑛B𝑚 clusters. Different physical properties such as charge distribu-
tions, ionization energies and bond energies will be discussed. As the
B-B bond is stronger than the B-Si and Si-Si bonds, boron segregation
is observed for Si𝑛B𝑚 clusters with m=2.
[1] N.X. Truong et al., Int. J. Mass Spectrom., 2016, 395, 1-6

MO 6: Theory of Molecular Dynamics

Time: Tuesday 11:00–12:45 Location: N 25

Invited Talk MO 6.1 Tue 11:00 N 25
Illuminating Molecular Symmetries with Bicircular High-
Order-Harmonic Generation — ∙Daniel M. Reich1,2 and Lars
Bojer Madsen1 — 1Department of Physics and Astronomy, Aarhus
University, DK-8000 Aarhus C, Denmark — 2Theoretische Physik,
Universität Kassel, Heinrich-Plett-Straße 40, 34132 Kassel, Germany
High-order-harmonic generation (HHG) represents one of the primary
gateways towards obtaining novel tabletop light sources with unique
properties for a wide range of applications. In this work we present a
general theory of bicircular HHG from N-fold rotationally symmetric
molecules.

Using a rotating frame of reference we predict the complete struc-
ture of the high-order-harmonic spectra for arbitrary driving frequency
ratios and show how molecular symmetries can be directly identified
from the harmonic signal. Our findings reveal that a characteristic
fingerprint of rotational molecular symmetries can be universally ob-
served in the ultrafast response of molecules to strong bicircular fields
pointing towards the possibility of ultrafast readout of molecular sym-
metries in, e.g., chemical reactions.

MO 6.2 Tue 11:30 N 25
Interference stabilization for discrete states coupled to a
number of continua — ∙Nicola Mayer, Oleg Kornilov, and
Misha Ivanov — Max Born Institute, Max-Born-Stra𝛽e 2A, 12489
Berlin, Germany
When two discrete states coupled to a common continuum overlap
in energy, a counterintuitive quantum mechanical effect, commonly
known as interference stabilization [1] or interference narrowing, man-
ifests itself by stabilizing one of the two states as the coupling strength
to the continuum increases. The effect was first proposed and studied
for laser-dressed Rydberg states. In our recent work we demonstrated
that interference stabilization also takes place in auto-ionizing states
of N2 molecule using a time- and angular-resolved photoelectron spec-
troscopy experiment [2] [3]. Here we generalize the theory of Ref. [3]
for an arbitrary number of continua coupled to two states and tackle
the problem of three or more states coupled to two or more continua,
drawing analogies with the Stimulated Raman Adiabatic Passage (STI-
RAP) effect, in search for possible geometric-phase-induced effects on
the populations of the states.

Reference:
[1] M.V. Fedorov, Atomic and free electrons in a strong light field.

Word Scientific, 1998.
[2] M. Eckstein, et al., Phys. Rev. Lett., 116, 153003, 2016.
[3] M. Eckstein, N. Mayer et al., Faraday Discuss., DOI:

10.1039/C6FD00093B, 2016.

MO 6.3 Tue 11:45 N 25
Non-Hermitian Surface Hopping — ∙Xing Gao1 and Walter
Thiel2 — 1Max-Planck-Institut für Physik komplexer Systeme —
2Max-Planck-Institut für Kohlenforschung
It is quite a challenge to balance coherence and decoherence effects
in non-adiabatic mixed quantum-classical dynamics such as Ehren-
fest and surface hopping dynamics. Here we address this challenge
by presenting a generalized non-Hermitian equation of motion (nH-
EOM) which is derived using the Born-Huang expansion of the total
wavefunction and the polar representation of the nuclear factor. Com-

pared to standard trajectory surface hopping, the nH-EOM contains
two additional terms, a skew symmetry term iΓ with dissipation op-
erator Γ to account for decoherence and a renormalized kinetic-energy
term to take care of phase shifts, without destroying the invariance to
the choice of representation. Numerically, the nH-EOM can still be
solved efficiently using a semiclassical approximation in the framework
of Tully’s fewest-switches surface hopping (FSSH) algorithm. Applica-
tions to molecular collision model Hamiltonians demonstrate improved
performance over the standard FSSH approach, through comparison
to exact quantum results.

MO 6.4 Tue 12:00 N 25
Current density calculation using quantum hydrodynamics
approach — ∙Tamadur AlBaraghtheh, Klaus Renziehausen,
and Ingo Barth — Max Planck Institute of Microstructure Physics,
Weinberg 2, 06120 Halle (Saale), Germany
The inability of the Born-Oppenheimer approximation (BO) to pre-
dict accurately electron current densities for dynamics of molecular
vibronic wave packets in a single electronic state is a well-known prob-
lem [1]. These electron current densities vanish incorrectly within the
BO approximation. However, the electron current density is one of the
important quantities that characterize the electron motion. Quantum
hydrodynamics (QHD) approach has turned out to be the most con-
venient approach to overcome the BO failure. This approach provides
a way to calculate non-zero electron current densities. In this work,
one free particle described by a Gaussian wavepacket is used as a test
system for the calculation of the current density and other quantities.
Our QHD approach to calculate these quantities is to solve the Ehren-
fest equation of motion numerically using modern numerical methods,
based on computational fluid dynamics (CFD) [2]. The numerical re-
sults of different quantities of the system show good agreement with
corresponding analytic results. Moreover, we plan to calculate the elec-
tron current density of the vibrating H+

2 molecule in a single electronic
BO state.
[1] I. Barth et al., Chem. Phys. Lett. 481, 118 (2009)
[2] R. J. Leveque, Finite Volume Methods for Hyperbolic Problems,
Cambridge University Press, Cambridge (2004)

MO 6.5 Tue 12:15 N 25
Electron-nuclear wave-packet dynamics through a conical in-
tersection: does the electron care? — ∙Julian Albert1, Kil-
ian Hader1, E. K.U. Gross2, and Volker Engel1 — 1Institut für
Physikalische und Theoretische Chemie, Universität Würzburg, Emil-
Fischer-Str. 42, 97074 Würzburg, Germany — 2Max-Planck-Institut
für Mikrostrukturphysik, Weinberg 2, 06120 Halle, Germany
We investigate the coupled electron-nuclear dynamics in a model sys-
tem showing a conical intersection (CoIn) between two excited state
potential energy surfaces. Within the model, a single electron and nu-
cleus move in two dimensions in an external static field. It is demon-
strated that the nuclear density conserves its initial Gaussian shape
when passing the CoIn whereas the electronic density remains approx-
imately constant. This is in sharp contrast to the picture which evolves
from an analysis within the basis of adiabatic electronic states. There,
dramatic changes are seen in the dynamics of the different nuclear
components of the total wave function. It is thus documented that
neither the nuclear nor the electronic density obtained directly from
the wave packet motion in the complete configuration space spanned
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by electronic and nuclear degrees of freedom, are influenced by the
existence of a CoIn.

MO 6.6 Tue 12:30 N 25
Coupled electron-nuclear dynamics: A comparison of meth-
ods and dimensionality — ∙Thomas Schnappinger, Julius Za-
uleck, Robert Siemering, and Regina de Vivie-Riedle — De-
partment Chemie, LMU München
The purpose of this work is a first comparison of two methods de-
scribing a coupled electron-nuclear dynamics: the purely quantum me-
chanical ansatz NEMol and the TD-DFT based Ehrenfest dynamics.
For this purpose the dynamics of (Z)-3-aminoacrolein in the electronic

ground state was analyzed. Using different quantum chemical meth-
ods the potential profile of tautomerism was calculated and the critical
points of the reaction were identified to set up one-dimensional poten-
tial energy surfaces along the reaction.

We introduce a novel form of the NEMol ansatz which is formulated
for a single electronic state. Using the one-dimensional potential en-
ergy surfaces of the tautomerism we are able to calculate the coupled
electron-nuclear dynamic.

The comparison between the NEMol ansatz and the TD-DFT Ehren-
fest dynamics is so far limited due to the difference in dimensionality.
Therefore an approach for one-dimensional TD-DFT Ehrenfest dynam-
ics is presented. In addition a short outlook is provided how to select
and evaluate the chosen dimensions for a dynamic simulation.

MO 7: Helium Droplets and Systems (with A)

Time: Tuesday 14:30–16:15 Location: N 6

Invited Talk MO 7.1 Tue 14:30 N 6
Cluster Studies with the BerlinTrap — ∙Pablo Nieto, Alan
Günther, David Müller, Alex Sheldrick, and Otto Dopfer —
Institut für Optik und Atomare Physik, Technische Universität Berlin,
Hardenbergstr. 36, D-10623 Berlin, Germany
The first experiments using a novel tandem mass spectrometer (Berlin-
Trap) which combines an electrospray ion source, a quadrupole mass
spectrometer, a cryogenic 22-pole ion trap (4-300 K), and an orthogo-
nal reflectron time-of-flight mass spectrometer [1] are presented. First,
the generation of small He clusters around cold metal ions (He𝑛M𝑞+)
by successive aggregation of He atoms is presented. The attraction
between a positive charge and the surrounding He leads to the forma-
tion of a shell of strongly bonded atoms around the ion often called
snowball. The study of He snowballs has been carried out in the last
years by photo- or electron impact ionization of the atom or molecule
embedded in relatively large He droplets. This study constitutes the
first bottom-up approach to the formation of He snowballs around an
ion using a gentle growth scheme. The formation of some clusters with
a given (magic) number of He atoms is greatly enhanced signaling a
high relative stability. In the second part of the talk structure and
optical absorption properties of metalated flavins in the gas phase are
discussed. The present results illustrate the broad variety of atomic
and molecular ionic clusters which can be studied with the BerlinTrap
by mass spectrometry and spectroscopy.

[1] A. Günther, P. Nieto, D. Müller, A. Sheldrick, D. Gerlich, and O.
Dopfer, J. Mol. Spectrosc., in press, DOI:10.1016/j.jms.2016.08.017

MO 7.2 Tue 15:00 N 6
Libration of strongly-oriented polar molecules inside a su-
perfluid — ∙Elena Redchenko and Mikhail Lemeshko — IST
Austria (Institute of Science and Technology Austria), Am Campus 1,
3400 Klosterneuburg, Austria
Recently, it was shown that molecular rotation inside a superfluid, such
as a helium nanodroplet or a Bose-Einstein condensate, leads to forma-
tion of a quasiparticle of a new kind – the angulon. The angulon repre-
sents a quantum rotor dressed by a field of many-particle excitations.
In this work, we demonstrate that in the strong-field limit the angulon
turns into the ’pendulon’ – a quantum spherical librator, whose pen-
dular motion is altered by the field of phonon excitations, and study
the properties of the pendulon quasiparticle. We have shown that an
electric field relaxes the selection rules on the angular momentum ex-
change between the molecule and the bath, which results in a series of
instabilities absent in the field-free case of the angulon quasiparticle.
In other words, a field renders the instabilities universal, i.e. inde-
pendent on the details of the molecule-boson potential energy surface.
Furthermore, a field acts as an additional knob for altering the posi-
tions of the instabilities in the molecular rotational spectrum, thereby
opening the door for detailed experimental studies of redistribution of
orbital angular momentum in many-particle systems.

[1] Redchenko E.S., Lemeshko M., Chemphyschem. 2016 Nov
18;17(22):3649-3654.

MO 7.3 Tue 15:15 N 6
Fingerprints of the angulon quasiparticle in spectra of
molecules in superfluid helium droplets — ∙Igor Cherepanov
and Mikhail Lemeshko — Institute of Science and Technology Aus-
tria (IST Austria), Am Campus 1, 3400 Klosterneuburg, Austria

The recently developed angulon theory [1] represents a powerful tool to
study interactions between a rotating molecular impurity and a macro-
scopically large number of helium atoms in a superfluid helium nan-
odroplet. The comparison of the experimental data on the renormal-
ization of rotational constants for a wide range of different molecules
and the predictions of the angulon theory [2] provides a strong evidence
for angulon formation in superfluid 4He.

Here we demonstrate that angulon theory is also able to explain
some features observed in the ro-vibrational spectra of the 𝜈3 band of
the methyl radical [3] and the ammonia molecule [4] solvated in super-
fluid 4He. We found that one of the largest anisotropic terms in the
CH3(NH3)-He potential expansion induces a transfer of one quantum
of angular momentum from the molecule to the many-body bath. As a
consequence, the spectral line corresponding to the RR1(1) transition
becomes significantly broadened and suppressed compared to the gas
phase. This amounts to an experimental confirmation of the angulon
instabilities, recently predicted in Ref. [1].

[1] R. Schmidt, M. Lemeshko, Phys. Rev. Lett. 114, 203001 (2015)
[2] M. Lemeshko, arXiv:1610.04908 (2016)
[3] A. Morrison et al., J. Phys. Chem. A 117, 11640 (2013)
[4] M. Slipchenko, A. Vilesov, Chem. Phys. Lett. 412, 176 (2005)

MO 7.4 Tue 15:30 N 6
Gold doped helium nanodroplets: Electronic spectroscopy
from atoms to nanoparticles — ∙Florian Lackner, Maximil-
ian Lasserus, Roman Messner, Martin Schnedlitz, Alexander
Volk, Philipp Thaler, and Wolfgang E. Ernst — Institute of
Experimental Physics, TU Graz
The isolation of nanoparticles in helium nanodroplets offers low tem-
perature confinement for a dopand size regime ranging from single
atoms and molecules to large clusters and elongated wire-structures.
Excitation spectra of gold atoms, residing inside the droplets, appear
strongly blue shifted due to the repulsive Pauli interaction of excited
electrons with the He environment. Consequently, for the 5𝑑106𝑝
2P𝑜

1/2
← 5𝑑106𝑠 2S1/2 transition in Au-He𝑁 we observe a broad struc-

ture extending more than 800 cm−1 to the blue of the bare atom line
located at 37,359 cm−1. This feature is superimposed by a peak around
37,950 cm−1 attributed to atoms that have relaxed into the 5𝑑96𝑠2 2D
manifold, a pathway enabled by the droplet environment and forbid-
den in the free atom. Absorption spectra of larger nanoparticles can
be recorded ex-situ after deposition on fused silica substrates. First
results on Au nanoparticles prepared by helium nanodroplets show
a characteristic surface plasmon resonance peaking around 530 nm.
We expect that the formidable doping capabilities provided by helium
nanodroplets will allow for the study of the electronic structure of a
large variety of mono- and bi-metallic nanoparticles ranging from single
atoms and molecules to large nanoparticles.

MO 7.5 Tue 15:45 N 6
Far-Infrared Spectroscopy of Molecules and Aggregates in
Helium Nanodroplets at FELIX — ∙Gerhard Schwaab1, Raf-
fael Schwan1, Devendra Mani1, Nitish Pal1, Britta Redlich2,
Lex van der Meer2, and Martina Havenith1 — 1Physikalische
Chemie 2, Ruhr-Universität Bochum — 2FELIX Laboratory, Radboud
University Nijmegen
Helium nanodroplets provide the opportunity to study molecules and
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molecular aggregates at temperatures of 0.37 K in a suprafluid matrix.
Recently we have moved one of our helium droplet machines to the
free electron laser facility FELIX in Nijmegen. First test molecules
included SF6, water, water clusters and water-HCl clusters.

The high output energy and broad frequency coverage of the FE-
LIX I and FELIX II beamlines allows access to the low frequency
(𝜈 > 100cm−1) far-infrared range in spite of the low energy per pho-
ton. Esecially the spectrum of small water clusters in this region is
astonishingly rich. An overview of the experimental setup and the
results of our latest micro-solvation studies will be given.

MO 7.6 Tue 16:00 N 6
Infrared spectroscopy of HCl dissociation at 0.37K using
free electron lasers. — ∙Devendra Mani1, Raffael Schwan1,
Theo Fischer1, Arghya Dey1,2, Matin Kaufmann1, Britta
Redlich2, Lex van der Meer2, Gerhard Schwaab1, and Martina
Havenith1 — 1Lehrstuhl für Physikalische Chemie II, Ruhr Univer-
sität Bochum, Germany. — 2Institute for Molecules and Materials
(IMM), Radboud University Nijmegen, Nijmegen, Netherlands

Dissociation of HCl in presence of few water molecules has recently
been studied theoretically as well as spectroscopically. [1,2] These
studies suggest that 4 water molecules are sufficient to dissociate one
HCl molecule, forming a solvent separated 𝐻3𝑂+(𝐻2𝑂)3𝐶𝑙− dissoci-
ated cluster. Until now, attempts to observe this dissociated species
had been focused on the O-H and H-Cl stretch regions. However, the
results were obscured by the presence of vibrational bands of different
(𝐻𝐶𝑙)𝑚− (𝐻2𝑂)𝑛 undissociated clusters in this spectral range. From
the recent theoretical calculations [3], the umbrella type motion of the
𝐻3𝑂+ moiety (prediction: broad band, 1300-1360 𝑐𝑚−1) appears to
be a fingerprint signature for the dissociated cluster. We have studied
this dissociation reaction in helium droplets, in the frequency range
of 900-1700 𝑐𝑚−1, using free electron lasers at FELIX. A weak broad
band, spanning from 1000 to 1450 𝑐𝑚−1, could be observed on specific
mass channels. The results will be discussed in detail in the talk.

References: 1) H. Forbert et al., J. Am. Chem. Soc., 133, 4062
(2011). 2) A. Gutberlet et al., Science, 324, 1545 (2009).3) J. M.
Bowman et al., Phys. Chem. Chem. Phys., 17, 6222 (2015).

MO 8: Fast Intramolecular Dynamics

Time: Tuesday 14:30–16:30 Location: N 25

Invited Talk MO 8.1 Tue 14:30 N 25
Ultrafast dynamics of a magnetically bistable molecu-
lar switch by fs transient absorption spectroscopy —
∙Sebastian Megow1, Julia Bahrenburg1, Hendrik Böhnke1,
Mats Bohnsack1, Mark Dittner1, Marcel Dommaschk2,
Rainer Herges2, and Friedrich Temps1 — 1Institute of Phys-
ical Chemistry, Christian-Albrechts-University, Max-Eyth-Strasse 1,
24098 Kiel, Germany — 2Otto-Diels-Institute of Organic Chemistry,
Christian-Albrechts-University, Otto-Hahn-Platz 6/7, 24098 Kiel, Ger-
many
The phenylazopyridine(PAP)-functionalized Ni-porphyrin-based
molecular switch, dubbed "record player" (RP), has recently drawn
considerable attention as it shows magnetic bistability at room tem-
perature in homogeneous solution upon irradiation[Venkataramani et
al., Science 331 (2011)]. The reversible photoswitching process be-
tween the diamagnetic low- and the paramagnetic high-spin compound
occurs under isomerization and (de-)coordination of the PAP moiety.
Suprisingly, the spin-crossover seems to be triggered by absoption
in the porphyrin marcrocycle rather than photoisomerization of the
PAP. To shed light on the underlying mechanism, we have monitored
the ultrafast dynamics of the cis- and trans-PAP RP by means of
fs transient absorption spectroscopy after photoexcitation. While
the low-spin compound shows virtually identical dynamics to pure
Ni-porphyrin without formation of any identifiable spin-switching
product, the high-spin compound shows formation of the low-spin
product within 12 ps with an estimated quantum yield of 6 ± 1 %.

MO 8.2 Tue 15:00 N 25
Time-Resolved Spectroscopy of the Molecular Rotor Thio-
flavin T and its Building Blocks — ∙Bastian Geissler, Philipp
Gerschel, Anna Lisa Semrau, and Patrick Nuernberger —
Physikalische Chemie II, Ruhr-Universität Bochum, 44780 Bochum
Thioflavin T (ThT) is a benzothiazole salt linked to N,N-
dimethylaniline. ThT is widely used as a marker for biophysical stud-
ies on the misfolding and aggregation of proteins. The spectroscopic
properties of ThT depend on the freely rotatable bond between the
benzothiazole and the aniline moieties. The associated rotation is the
main (non-radiative) depopulation channel of the excited state, which
has a lifetime well below 10 ps [1,2]. The fluorescence behavior of ThT
exhibits a pronounced dependence on the excitation wavelength, at-
tributed to the pre-rotation angle of the ground-state molecule [3].

We perform time-resolved spectroscopy via fluorescence upconver-
sion, TCSPC and transient absorption for ThT and its building blocks.
Depending on the excitation wavelength, fluorescence and excited-state
dynamics drastically change, shifting from ps to ns. A comparison of
ThT and benzothiazole confirms that for near-UV excitation, the ThT
dynamics solely originate from a pre-rotated subensemble for which the
two building blocks are spectroscopically independent and no excited-
state depopulation through rotation occurs. Hence, our studies provide
a time-domain corroboration of the pre-rotation model [3].
[1] V. Stsuapura et al., J. Phys. Chem. A 114, 8345–8350 (2010).

[2] I. Kuznetsova et al., Anal. Chem. 88, 718–724 (2016).
[3] S. Freire et al., Dyes Pigm. 110, 97–105 (2014).

MO 8.3 Tue 15:15 N 25
Quantum chemical studies of a hemithioindigo-based photo-
driven molecular motor — ∙Florian Rott, Sven Oesterling,
and Regina de Vivie-Riedle — Department Chemie, LMU München
In recent years photodriven molecular motors got increasing interest
due to their ability to convert light energy into directional motion and
thus providing energies of future nanomachines.

Dube et al. [1] synthesised a hemithioindigo-based photodriven
molecular motor. This motor performs a full rotation after excita-
tion with visible light, showing > 95% unidirectionality at a very fast
rate of 1 KHz at 20∘C. The full rotation is belived to be a three step
process consisting of two light induced and one thermal step.

However, the mechanism accounting for the rotation is not com-
pletely understood. To elucidate the reaction path we performed
excited state quantum chemical calculations at the CASSCF level of
theory. Several conical intersections are involved in the light-induced
process and enables the fast rotation of the molecular motor.

[1] M. Guentner, M. Schildhauer, S. Thumser, P. Mayer, D. Stephen-
son, P. J. Mayer, H. Dube, Nat. Commun. 6, 8406 (2015).

MO 8.4 Tue 15:30 N 25
Femtosecond dynamics of the 2-methylallyl radical in the
gas phase — ∙Anja Röder1, Ingo Fischer1, Roland Mitric1,
Jens Petersen1, Kevin Issler1, Matthias Wohlgemuth1, and Li-
onel Poisson2 — 1University of Wuerzburg, Am Hubland Süd 97074
Wuerzburg, Germany — 2LIDYL, CEA, CNRS, Université Paris-
Saclay, CEA Saclay, F-91191 Gif-sur-Yvette, France
The methylated derivatives of the allyl radical(the 1-methylallyl or 2-
methylallyl radical) are especially interesting for combustion chemistry,
since biodiesel often contains branched or non-branched unsaturated
fatty esters.

Produced via pyrolysis, the 2-methylallyl radical was examined us-
ing femtosecond pump-probe spectroscopy, with the pump laser wave-
lengths at 240 and 236 nm exciting into a p-state. The probe laser was
the 800 nm fundamental of a Ti:Sapphire Laser. The lifetimes of these
states were examined using time-resolved photoelectron spectroscopy
(TRPES) or time-of-flight mass spectrometry (TOF-ms), showing two
time-constants and considerable anisotropy in the photoelectron spec-
tra.

Molecular-dynamic calculations using the field-induced surface hop-
ping method coupled to DDFT reproduce well our experimentally re-
sult. The excited p-state decays faster than the time-resolution of the
pump-laser to the 3s-state, which decays via the D1-state (first time
constant) to the electronic ground state. (Second time constant) This
assignment is further supported by the strong positive anisotropy in the
photoelectron images, in agreement with ionization from an s-orbital.
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MO 8.5 Tue 15:45 N 25
Time-resolved fluorescence studies of a polycyclic tetrazolium
compound in solution — ∙Tom Bolze, Jan-Lucas Wree, and
Patrick Nuernberger — Physikalische Chemie II, Ruhr-Universität
Bochum, 44780 Bochum
Tetrazolium salts are usually colorless and non-fluorescent, whereas the
closely related formazans exhibit a bright range of colors. Since reduc-
tion of tetrazolium compounds often leads to formazans, numerous ap-
plications have been developed that exploit the color change. However,
also photo-oxidation can occur, so that e.g. phenyl-benzo[c]tetrazolo-
cinnolinium (PTC), one of the very few known fluorescent tetrazolium
compounds, is formed from triphenyl-tetrazolium chloride (TTC) upon
irradiation with ultraviolet (UV) light in alcoholic solution.
We investigate the fluorescence dynamics of PTC using time-correlated
single-photon counting (TCSPC) and femtosecond fluorescence upcon-
version. PTC is first generated photochemically by UV excitation of
TTC at 265 nm. Our TCSPC results in ethanol disclose an excited-
state lifetime of ≈700 ps for PTC after S1 excitation and further indi-
cate additional dynamics on an ultrafast time scale. As is evident in
fluorescence upconversion measurements, these faster dynamics occur
with a characteristic time constant of 6 ps for S1 excitation, whereas
this time constant is significantly longer for S2 excitation, presum-
ably reflecting the dissipation of different amounts of excess energy.
Studies in more viscous solvents complement the results, and reaction
pathways of excited PTC beyond the radiative one are discussed.

MO 8.6 Tue 16:00 N 25
Long-lived coherence with multiple vibrational frequencies in
pentafluoropyridine as a probe of 𝜋𝜋*- 𝜋𝜎* vibronic coupling
— ∙Jonas Andreas Kus, Ole Hüter, and Friedrich Temps —
Institute of Physical Chemistry, Christian-Albrechts-University Kiel,
Olshausenstraße 40, D-24098 Kiel, Germany
The electronic structure of pyridine changes significantly when the hy-
drogen atoms are substituted by fluorine. Due to the high electronega-
tivity of fluorine, the 𝜋𝜎* state is energetically lowered. This so-called
perfluoro effect enables vibronic coupling of the 𝜋𝜎* state with the
lower-lying 𝜋𝜋* state. Using femtosecond time-resolved time-of-flight
mass spectrometry after excitation at 𝜆 = 255 nm, we observed multi-
ple oscillations of the ion yield which can be attributed to the vibronic

coupling. A pronounced oscillation at a frequency around 𝜈 = 60 cm−1

is superimposed by several oscillations of higher frequency. From re-
sults of femtosecond photoelectron imaging spectroscopy, we can rule
out population transfer from the initially excited 𝜋𝜋* state to a dif-
ferent electronic state. Supported by quantum chemical calculations
at the RI-SCS-CC2, CASSCF and XMCQDPT2 levels of theory, we
suggest a strong distortion of the initially excited 𝜋𝜋* state by the
coupling to the higher-lying 𝜋𝜎* state. The wavepacket motion in
the anharmonic double well potentials modulates the ionization prob-
ability, thereby causing the observed oscillations. Taking into account
our recent result for pentafluorobenze [Hüter et al., JCP 145 (2016)],
strong 𝜋𝜋*- 𝜋𝜎* vibronic coupling seems to have an important general
influence on the excited-state dynamics of perfluorinated aromatics.

MO 8.7 Tue 16:15 N 25
La or Lb, that is the question! – A quantum dynamical
study of pyrene — ∙Matthias K. Roos, Sebastian Reiter,
and Regina de Vivie-Riedle — Department Chemie, Ludwig-
Maximilians-Universität München
Pyrene, the textbook example for the formation of excimers, is nowa-
days a widely used fluorescence marker, sensing molecule and building
block in organic semiconductors useful for organic lightemitting diodes
(OLEDs) or organic photovoltaic cells (OPV). Nonetheless, the basic
mechanism behind its exceptional photophysic is not well understood.

Pyrene is excited by UV light to the S2 state, a 𝜋𝜋* state labeled
La according to Platt’s notation. Meanwhile, S1 or Lb only has a
negligible contribution to the absorption due to cancellation effects.
Yet, emission occurs exclusively from the Lb state according to ex-
periments. Therefore, an ultrafast relaxation pathway like a conical
intersection between these two states must exist.

We use quantum dynamical methods to simulate this photophysi-
cal process on a two dimensional grid, built from displacement vectors
between minimum structures. Therefore, we employ the Wilson G-
Matrix method for the kinetic energy operator. The quantum chemical
potential is dealt with a state of the art post-HF method. Couplings
between excited potential energy surfaces result from diabatization.
We discuss wave packet evolution, population transfer and distribu-
tion. The delay time is compared to experimental results and we talk
about the implications of our simulation.

MO 9: Posters 1: Dichroism, VUV and Xray, Clusters, and Cold Molecules

Time: Tuesday 17:00–19:00 Location: P OGs

MO 9.1 Tue 17:00 P OGs
Theoretical study of photoelectron circular dichroism in the
multiphoton ionization of bicyclic ketones — ∙Anne Dorothee
Müller, Anton N. Artemyev, and Philipp V. Demekhin — In-
stitut für Physik, Universität Kassel, Heinrich-Plett-Str. 40, 34132
Kassel
Recently [1-3], it was demonstrated experimentally that absorption of
several circularly polarized photons in the multiphoton ionization spec-
tra of randomly oriented chiral molecules by femtosecond laser pulses
may result in a considerable photoelectron circular dichroism (PECD)
effect. So far, a reliable quantitative theoretical interpretation of these
experimental results is missing. Here, we perform a systematical inves-
tigation of PECD in the resonance enhanced multiphoton ionization
and above threshold ionization spectra of camphor and fenchone, by
numerically solving the time-dependent Schrödinger equation for the
single-active-electron wave-packet in a chiral molecular potential in the
presence of intense circular polarized laser pulses [4]. Theoretical re-
sults obtained for randomly oriented and fixed-in space molecules are
presented and compared with experiments [1].

[1] C. Lux et al., Angew. Chem. Int. Ed. 51, 5001 (2012);
ChemPhysChem 16, 115 (2015); J. Phys. B 49, 02LT01 (2016).

[2] M. H. M. Janssen and I. Powis, Phys. Chem. Chem. Phys. 16,
856 (2014).

[3] S. Beaulieu et al., New J. Phys. 18, 102002 (2016).
[4] A.N. Artemyev, A.D. Müller, D. Hochstuhl, and Ph.V. De-

mekhin, J. Chem. Phys. 142, 244105 (2015).

MO 9.2 Tue 17:00 P OGs
Broadband Time-resolved Circular Dichroism Spectroscopy
of Hemoglobin — ∙Heiko Hildenbrand, Andreas Steinbacher,

Federico Koch, Marco Schmid, and Tobias Brixner — Insti-
tut für Physikalische und Theoretische Chemie, Universität Würzburg,
Am Hubland, 97074 Würzburg
Circular dichroism (CD) is a common technique for analyzing chiral
samples by their difference in absorption of left and right circularly po-
larized light. However, chiral signals are small and the typically utilized
long optical path lengths, high concentrations, and long integration
times in steady-state measurements are not suitable for ultrafast spec-
troscopy. Hence, only few chirality-sensitive ultrafast time-resolved
spectroscopic approaches in the liquid phase have been reported [1,2].

Here we present broadband time-resolved CD spectroscopy which is
based on a setup capable of mirroring an arbitrary polarization state
of an ultrashort laser pulse. Hence, by passing a circularly polar-
ized broadband probe pulse through this setup we can switch between
opposite handedness on a shot-to-shot basis to detect transient CD
changes. To demonstrate the capabilities of this approach we inves-
tigate the early photochemistry of oxygenated hemoglobin and myo-
globin by time-resolved circular dichroism and transient absorption
spectroscopy in the visible spectral region, since the spectrometer is
capable of acquiring both signals simultaneously.

[1] Meyer-Ilse et al., Laser Photon. Rev. 7, 495 (2013)
[2] Hiramatsu et al., J. Chem. Phys. 143, 121102 (2015)

MO 9.3 Tue 17:00 P OGs
Broadband Photoelectron Circular Dichroism — ∙Tom Ring,
Alexander Kastner, Philipp Hillmann, Hendrike Braun, Arne
Senftleben, and Thomas Baumert — Universiät Kassel, Institut
für Physik und CINSaT, D-34132 Kassel
Photoelectron circular dichroism (PECD) describes the asymmetry in
the photoelectron angular distribution (PAD) with regard to the light
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propagation direction after ionization with circularly polarized light.
First investigated by one photon synchrotron ionization,1 we demon-
strated that PECD on isotropically distributed chiral molecules is ac-
cessible via 2+1 resonance enhanced multi photon ionization (REMPI)
using femtosecond laser pulses and established PECD as a highly sen-
sitive and robust analytical tool.2 A different excitation scheme is ad-
dressed within PECD studies of electrons from above threshold ioniza-
tion (ATI).3

In this contribution we present an ultra-broadband approach to
PECD using white light generated by an argon filled hollow-core fiber.
This way the excitation scheme changes due to the combination of dif-
ferent wavelengths with regard to the temporal structure of the pulses
and a wide range of excess energies in the PADs can be accessed si-
multaneously.

[1] L. Nahon et al.: J. El. Spectr. Rel. Phen., 204, 322 (2015)
[2] C. Lux et al.: Chem. Phys. Chem 16, 115 (2015)
[3] C. Lux et al.: J. Phys. B 49, (2016)

MO 9.4 Tue 17:00 P OGs
Towards continuous-wave cavity-enhanced polarimetry for
highly sensitive chirality measurements — ∙Oleg Tretiak1,
Lykourgos Bougas1, Dionysis Antypas2, and Dmitry Budker1,2

— 1Johannes Gutenberg Universität Mainz, 55128 Mainz, Germany
— 2Helmholtz Institut Mainz, 55128 Mainz, Germany
We present our work towards the construction of a cavity-enhanced po-
larimeter for highly sensitive, continuous-wave, measurements of chi-
rality in the gas, liquid, and solid phase. The developed polarimeter
employs an optical cavity that allows for the enhancement of the chiral
(optical-rotation) signals by the number of cavity passes, and, for the
introduction of crucial signal reversals that enable absolute chirality
measurements with high sensitivity. The presented technique has ap-
plications in different science fields ranging from fundamental physics,
to atmospheric chemistry and medical research. We presentour newly
constructed chiral-polarimeter here in Mainz, and discuss its current
sensitivity and our efforts towards shot-noise limited optical rotation
measurements.

MO 9.5 Tue 17:00 P OGs
Transient absorption and VCD spectroscopy of two azoben-
zene derivatives with chiral sidegroups — ∙Kevin Artmann1,
Karoline Buennemann2, Johannes Knorr1, Christian Merten2,
and Patrick Nuernberger1 — 1Physikalische Chemie II, Ruhr-
Universität Bochum, 44780 Bochum — 2Organische Chemie II, Ruhr-
Universität Bochum, 44780 Bochum
Azobenzenes are a widely-studied class of photochromic molecular
switches with versatile applicability. Their photoswitching is based
on a trans/cis isomerization, with the exact isomerization mechanism
still under debate and subject of many recent investigations [1]. We
examine two azobenzene derivatives with chiral sidegroups: the one
substituted in para position, whose cis isomer is observable for >48 h
after photoswitching, shows ultrafast dynamics similar to unsubsti-
tuted azobenzene [2]. Global analysis yields three time constants for
accurately describing the experimental data. The second azobenzene
derivative, with two substituents in ortho position, behaves differently:
the cis isomer is absent in stationary absorption spectra, yet transient
absorption discloses that it is formed. Hence, a fast thermal back-
isomerization occurs, caused by electronic and/or steric effects of the
sidegroups. The experiments are complemented with IR and vibra-
tional circular dichroism (VCD) studies: switching is observed in vibra-
tional spectra for the para compound, whereas the fast back-reaction
prevents the observation of VCD changes for the ortho compound.
*[1] H.M.D. Bandara, S.C. Burdette, Chem. Soc. Rev. 41, 1809
(2012).
*[2] I.K. Lednev et al., Chem. Phys. Lett. 290, 68 (1998).

MO 9.6 Tue 17:00 P OGs
Angle-resolved spectroscopy of electron emission by chiral
molecules — ∙Daniel Roman Paul, Jan Dreismann, and Ste-
fan Schippers — I. Physikalisches Institut, Justus-Liebig-Universität
Gießen
In elementary particle physics chirality is of great importance, in par-
ticular for the weak interaction. According to the Vester-Ulbricht-
hypothesis a symmetry breaking by the weak interaction might be a
reason for homochirality of molecules of life. While chemical proper-
ties of chiral molecules are already well observed, the physical basis is
still a topic of current research. In this context collision experiments
can give insight into the electronic structure and electron dynamics of

chiral molecules.
We use an ESA22 [1,2] electron spectrometer for angle- and energy-

resolved electron spectroscopy. Electrons produced by the collision of
spin-polarized electrons as well as circular polarized photons on a gas
target are separated by energy via a combination of electrostatic fields
and detected by 22 channel electron detectors.

We here report on electron collisions on methyl lactate (𝐶4𝐻8𝑂3).
The resulting Auger spectra are compared with Auger spectra for oxy-
gen and carbon dioxide, measured under similar conditions.

[1] Ricz et al., Phys. Rev. A 65, 042707 (2002)
[2] Ábrók et al. Nucl. Instr. Meth. Phys. Res. B 369 (2016) 24-28

MO 9.7 Tue 17:00 P OGs
Electron-nuclear Coupling through Autoionizing States after
Strong-field Excitation of H2 Molecules — ∙Yonghao Mi, Nico-
las Camus, Lutz Fechner, Martin Laux, Robert Moshammer,
and Thomas Pfeifer — Max-Planck-Intitute for Nuclear Physics,
Saupfercheckweg 1, 69117 Heidelberg
Channel-selective electron emission from strong-field photo-ionization
of H2 molecules is experimentally investigated by using ultrashort laser
pulses and a Reaction Microscope. The electron momenta and energy
spectra in coincidence with bound and dissociative ionization chan-
nels are compared. Surprisingly, we observed an enhancement of the
photoelectron yield in the low-energy region for the bound ionization
channel. By further investigation of asymmetrical electron emission
using two-color laser pulses, this enhancement is understood as the
population of the autoionizing states of H2 molecules in which vibra-
tional energy is transferred to electronic energy.

MO 9.8 Tue 17:00 P OGs
Imaging of the He2 wave function using a free electron laser
— ∙Stefan Zeller1, Maksim Kunitski1, Jörg Voigtsberger1,
Anton Kalinin1, Alexander Schottelius1, Carl Schober1,
Markus Waitz1, Hendrik Sann1, Alexander Hartung1, Tobias
Bauer1, Martin Pitzer1, Florian Trinter1, Christoph Goihl1,
Christian Janke1, Martin Richter1, Gregor Kastirke1,
Miriam Weller1, Achim Czasch1, Markus Braune2, Robert E.
Grisenti1,3, Lothar Ph. H. Schmidt1, Markus S. Schöffler1,
Joshua B. Williams4, Till Jahnke1, and Reinhard Dörner1

— 1Institut fuer Kernphysik, Goethe-Universitaet Frankfurt, 60438
Frankfurt, Germany — 2Deutsches Elektronen-Synchrotron, 22607
Hamburg, Germany — 3GSI Helmholtz Centre for Heavy Ion Research,
64291 Darmstadt, Germany — 4Department of Physics, University of
Nevada, Reno, NV 89557, USA
We report on Coulomb explosion imaging of the wavefunction of the
quantum halo system He2. Each atom of this system is ionized by
tunnel ionization in a femto second laser pulse and in a second ex-
periment by single photon ionization employing a free electron laser.
We visualize the exponential decay of the probability density of the
tunneling particle over distance for over two orders of magnitude up
to an internuclear distance of 250 Å. By fitting the slope of the density
in the tunneling regime we obtain a binding energy of 151.9 ± 13.3
neV, which is in agreement with most recent calculations [Przybytek
et al.,PRL 104, 183003, 2010].

MO 9.9 Tue 17:00 P OGs
Ultafast photodissociation of small molecules studied by in-
terferometric VUV-VUV pump-probe experiments — Oliver
Schepp1, Arne Baumann1, Marek Wieland1,2,3, and ∙Markus
Drescher1,2,3 — 1Institut für Experimentalphysik, Universität Ham-
burg, Luruper Chaussee 149, 22761 Hamburg — 2The Hamburg Centre
for Ultrafast Imaging (CUI), Luruper Chaussee 149, 22761 Hamburg
— 3Centre for Free-Electron-Laser Science, Universität Hamburg, Lu-
ruper Chaussee 149, 22761 Hamburg
Ultrafast photoreaction dynamics of small molecules are studied in the
time domain, using a single-color VUV-pump/ VUV-probe scheme [1].
17-fs VUV-pulses, centered at 161 nm with pulse energies up to 1.1 𝜇J
created with high harmonic generation are split by two moveable inter-
digitated double comb mirrors into two collinearly propagating replicas
with a variable delay [2,3]. This Michelson-type all-reflective interfero-
metric autocorrelation scheme is used for recording the time-depended
pump-probe signal with simultaneous non-resonant two-photon ion-
ization of krypton as a precise timing-reference. The photoreaction
dynamics are probed via one and two VUV photon absorption, en-
abling different observables for the pump-probe signal which expands
intrinsic limitations in observation of the molecular wavepacket. Addi-
tional spectral information obtained by the interferometric resolution
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give access to the involved harmonic orders and the order of nonlin-
earity.

[1] Schepp, O. et. al., Phys Rev. A 94, 033411 (2016)
[2] Rompotis, D. et. al., Opt. Lett. 50 1675 (2015)
[3] Gebert, T., et al., New J. Phys. 16 0170347 (2014)

MO 9.10 Tue 17:00 P OGs
Experimental set-up for dispersed photon emission spec-
troscopy of liquid microjets — ∙Christian Ozga1, Andreas
Hans1, Robert Seidel2, Philipp Schmidt1, Xaver Holzapfel1,
Marvin Pohl2, Bernd Winter2, Arno Ehresmann1, and An-
dré Knie1 — 1Institut für Physik und Center for Interdisciplinary
Nanostructure Science and Technology (CINSaT), Universität Kas-
sel, Heinrich-Plett-Straße 40, 34132 Kassel, Germany — 2Helmholtz-
Zentrum für Materialien und Energie, Albert-Einstein-Straße 15, 12489
Berlin, Germany
With the development of liquid microjets the interest in the investiga-
tion of the molecular structure of volatile liquids after X-ray irradiation
increased progressively. This structure was probed by different mea-
surement techniques ranging from the detection of charged particles,
Raman spectroscopy to X-ray emission spectroscopy and revealed e.g.
interatomic coulombic decay processes in liquid water as well as dif-
ferent types of hydrogen bonds in bulk liquid water. However, the low
energy photon emission regime, i.e. the wavelength region from 40nm
to 650nm, remains hitherto unexplored. This spectral range acts as
a complementary tool for the other techniques allowing a deeper un-
derstanding of the still not fully understood molecular structure of
liquids, solvated (bio-)molecules and the interaction of solvents and
solutes. Here we present an experimental set-up for the detection of
dispersed photons with emission wavelengths from 40 nm to 650 nm.
It can be easily adapted for the additional measurement of photoelec-
trons allowing a direct comparison of photon and electron emission.

MO 9.11 Tue 17:00 P OGs
From Rare Gas to Hydrogen-bonded clusters: Size distri-
butions of supersonic beams from a pulsed valve using the
titration technique — ∙Matthias Bohlen, Aaron LaForge,
Rupert Michiels, Nicolas Rendler, Mykola Shcherbinin, and
Frank Stienkemeier — Institute of Physics, University of Freiburg,
Hermann-Herder-Str.3, D-79104 Freiburg i.B.
Pulsed valves, in general, offer many advantages over continuous beam
sources such as higher beam densities and reduced gas load. Recently,
we developed a pulsed valve in collaboration with UBC, Vancouver,
which produces supersonic gas pulses down to 20𝜇s duration at repe-
tition rates up to several hundred Hz. Overall, the valve is versatile in
the type of clusters which can be produced ranging from rare gas clus-
ters to hydrogen bonded clusters. Additionally, cryogenic cooling of
the valve can be utilized to produce helium nanodroplets. To estimate
the cluster size distribution, we use the so-called titration technique [1],
which has accurately determined cluster sizes of continuous supersonic
beams. Here, we report on a systematic study of cluster size distri-
butions by varying expansion parameters. We apply this technique to
argon, ammonia, and water clusters.

[1] L. F. Gomez, E. Loginov, R. Sliter, A. F. Vilesov; J. Chem. Phys.
135, 154201 (2011)

MO 9.12 Tue 17:00 P OGs
Small metal clusters on porphyrin templates — ∙Frederic
Ußling1, Tobias Bischoff1, Andre Knecht1, Andrea Merli1,
Merle I. S. Röhr2, Polina G. Lisinetskaya2, Jens Petersen2,
Roland Mitrić2, Thomas Möller1, and Torbjörn Rander1 —
1Institut für Optik und Atomare Physik, Technische Universität Berlin
— 2Institut für Physikalische und Theoretische Chemie, Universität
Würzburg
The size- and structure-dependent optical properties of metal clusters
have been studied for many years. In the smallest size regime, ev-
ery single atom is known to have a high impact on both the cluster
geometry and optical properties [1]. Several years ago, first studies
on the collective optical characteristics and interactions between mul-
tiple clusters, and the influence of their orientation were carried out
[2]. Recently, it has been predicted that porphyrin templates may be
used to produce well defined arrangements of small metal clusters [3].
However, so far, no experimental verification exists. We investigated
the possibility to combine cationic Cu3 clusters with single porphyrins
in a collision cell. This represents a first step towards investigating
metal clusters on porphyrin templates in the gas phase.

[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, 4465 (2016)

MO 9.13 Tue 17:00 P OGs
Untangling the far-infrared/fingerprint region of the ab-
sorption spectrum of small water clusters using helium
droplet spectroscopy — ∙Raffael Schwan1, Devendra Mani1,
Nitish Pal1, Gerhard Schwaab1, Britta Redlich2, Lex van der
Meer2, and Martina Havenith1 — 1Physikalische Chemie II, Ruhr-
Universität Bochum — 2Institute for Molecules and Materials (IMM),
Radboud University Nijmegen
The molecular understanding of water-water interactions has been sub-
ject of numerous experimental and theoretical studies. The intramolec-
ular modes of water clusters (H2O)n with 𝑛 ≤ 6 are well investigated
in the mid-infrared and in the fingerprint region while there are only
few experimental studies treating the far-infrared region. This region
is mainly dominated by intermolecular motions. The most prominent
one is the librational band ranging from 300 to 1000 cm−1 in H2O.

Recently, we have combined our helium droplet spectrometer with
the free electron laser at the FELIX facility, Radboud University Ni-
jmegen. Helium droplets provide a soft matrix suited well for spec-
troscopic investigations. They enable the step-wise formation and sta-
bilization of weakly bound aggregates at low temperatures of 0.37 K.
In combination with mass selective and pressure dependent measure-
ments, helium droplet spectroscopy becomes a powerful tool for as-
signing spectral signals to distinct aggregates. Here, we show the
absorption spectra of small water clusters in the frequency range of
the FELIX radiation source and their assignment based on pressure
dependent measurements and accompanying calculations.

MO 9.14 Tue 17:00 P OGs
The role of dispersion interactions on the microsolvation
of aromatic ethers — ∙Fabian Dietrich, Dominic Bernhard,
Markus Burkhart, Maximilian Luczak, and Markus Gerhards
— TU Kaiserslautern & Research Center Optimas, Erwin-Schrödinger-
Str. 52, 67663 Kaiserslautern
Aromatic ethers offer different hydrogen bond acceptor sites for the
interaction with polar solvent molecules like alcohols or water. De-
pending on the aromatic group and the second moiety the preference
switches from an OH-O hydrogen bonded structure to an OH-𝜋 struc-
ture which is a consequence of dispersion interactions. We investigated
the diphenyl ether (DPE) aggregated with one and two water molecules
as well as phenyl vinyl ether (PVE) with methanol. This work is a com-
parison of different quantum chemical methods (DFT-D3, SCS-CC2)
with combined IR/UV spectroscopy in the electronic ground state and
first excited state inside the priority program SPP 1807.

For DPE complexes with one water the investigation of the OH-
stretching vibration leads to the conclusion that the OH-𝜋 motif (com-
pared to the OH-O motif) is dominant, as also predicted by theory.
The cluster with two water contains both motifs as well as a hydrogen
bond between both water molecules. For the PVE/methanol cluster
three structures are predicted: one with an OH-𝜋 bond to the phenyl
group, a further one with an OH-O arrangement and one isomer with
an OH-𝜋 bond to the ethenyl moiety. All tree structures are observed
spectroscopically. In the excited state of the PVE/methanol complex
a structural rearrangement is expected.

MO 9.15 Tue 17:00 P OGs
Dissociative electron attachment in small clusters of ammo-
nia and formic acid — ∙Marvin Weyland1, Alexander Dorn1,
Xueguang Ren1, Hans Rabus2, and Woon Yong Baek2 — 1Max
Planck Institute for Nuclear Physics, Saupfercheckweg 1, 69117 Hei-
delberg, Germany — 2Physikalisch-Technische Bundesanstalt, Bunde-
sallee 100, 38116 Braunschweig, Germany
Dissociative electron attachment (DEA) has been identified as a possi-
ble process for radiation damage. In short, DEA is a resonant two-step
process in which first a low-energetic electron is captured by a molecule.
The created negative ion can subsequently dissociate while the cap-
tured electron stays attached to one of the fragments. Most experi-
ments however have been carried out on isolated gas phase molecules.
We show the influence of clustering on the dissociation resonance ener-
gies and the fragmentation channels, thereby recreating effects which
occur in the liquid phase.

Our experiments are carried out in a COLTRIMS type negative ion
spectrometer and the electron beam is created using a photo-emission
electron source, yielding a good combination of energy resolution and
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current. In ammonia cluster fragments of up to 17 molecules we ob-
serve an increase of the dissociation energy of up to 0.3 eV compared
to the isolated molecule. In formic acid dimers and trimers on the
other hand the impact energy for the highest dissociation yield is low-
ered with increasing fragment size, with impact energy for production
of the fragments differing by up to 1 eV. We propose different effects
which influence the dissociation path to explain our observations.

MO 9.16 Tue 17:00 P OGs
BerlinTrap: A novel cryogenic 22-pole tandem mass spec-
trometer — ∙Pablo Nieto, Alan Günther, David Müller, Alex
Sheldrick, and Otto Dopfer — Institut für Optik und Atomare
Physik, Technische Universität Berlin, Hardenbergstr. 36, D-10623
Berlin, Germany
We present the design and first applications of a new tandem mass
spectrometer (BerlinTrap) combining an electrospray ion source, a
quadrupole mass spectrometer, a cryogenic 22-pole ion trap (4-300 K),
and an orthogonal reflectron time-of-flight mass spectrometer [1]. The
trapped ions are cooled by helium buffer gas cooling. The formation
and solvation shell structure of weakly-bound He𝑛H3O+ complexes
and the electronic photodissociation spectrum of the protonated amino
acid tyrosine are used to calibrate the setup for cooling, tagging, and
spectroscopic capabilities. A vibrational temperature below 20 K is
inferred for protonated tyrosine. The electronic spectrum of isolated
protonated lumichrome, the smallest protonated flavin, is recorded in
the visible range and assigned to the most stable N5 isomer by compar-
ison with quantum chemical calculations. These results demonstrate
the suitability of the BerlinTrap apparatus for spectroscopy and reac-
tivity studies of small and large (bio-)molecular ions and their clusters.

[1] A. Günther, P. Nieto, D. Müller, A. Sheldrick, D. Gerlich, and O.
Dopfer, J. Mol. Spectrosc., in press, DOI:10.1016/j.jms.2016.08.017

MO 9.17 Tue 17:00 P OGs
Towards high resolution spectroscopy of biomolecular ions
in a cryogenic multipole ion trap — ∙Felix Duensing,
Steffen Spieler, Lena Remmers, Moritz Fischer, Katharina
Geistlinger, and Roland Wester — Institut für Ionenphysik und
Angewandte Physik, Universität Innsbruck, Österreich
High resolution spectroscopy is a versatile method to study molecular
structures [1]. At room temperature many close lying rovibrational
states are populated, which can make the interpretation difficult. Sev-
eral biomolecular ionic complexes have already been investigated in
combination with buffer gas cooling [2,3]. Our approach combines
spectroscopy of charged biomolecular systems and weakly bound clus-
ters with high resolution far-infrared techniques in a radio frequency
ion trap setup similar to Ref. [4]. With quadrupole guides and filters
we are able to load ions mass selectively in a 16-pole wiretrap cooled
to below 4K. Buffer gas is used to cool the rovibrational states and
a reflectron type time of flight mass spectrometer detects the ions.
Action spectroscopy on the trapped and cooled ions can be performed
perpendicular to the trap axis by means of narrow band infrared lasers
and THz radiation. The latest status on vibrational spectroscopy of
amino acids and water clusters will be presented.

[1] Spaun, B., et al., Nature, 533, 2016, 517.
[2] Boyarkin, O. V., et al., J. Am. Chem. Soc., 128, 2006, 2816.
[3] Kamrath, M. Z., et al., J. Am. Chem. Soc., 133, 2011, 6440.
[4] Günther, A., et al., J. Mol. Spec., 2016.

MO 9.18 Tue 17:00 P OGs
Spectroscopy on cold molecules using a chirped pulse mi-
crowave spectrometer — ∙Pascal Stahl1, Thomas Giesen1,

Guido Fuchs1, and Johanna Chantzos2 — 1Institut für Physik,
Universität Kassel, 34132 Kassel, Germany — 2Max-Planck-Institut
für extraterrestrische Physik, 85741 Garching bei München, Germany
We present a novel technique to investigate molecules in the gas phase
in the K- and W-band. The new experimental setup comprises an
absorption spectrometer in combination with a supersonic jet.

The purpose of the setup is to detect short-living and small molecules
at low temperatures. For this a twin-channel arbitrary waveform gen-
erator (AWG) with 400 MS/s sample rate and 145 MHz analog band-
width emits a (linear) chirp both in phase and as quadrature signal
(I/Q-signal). Using a single sideband upconverter this signal is mixed
with a carrier signal in the GHz regime that has been produced by a
synthesizer. The resulting (mixed) signal is amplified and sent into a
coaxial waveguide adapter and horn antenna to be broadcasted into
a vacuum chamber. There the radiation interacts with molecules and
in case of an absorption the reduced signal is detected via a horn-
antenna-detector device (zero bias shottky diode). The signal is then
digitized and sent to a computer.

We have measured ammonia, nitrous oxide as well as acetonitrile.
In combinaton with a discharge nozzle the spectrometer allows to pro-
duce and detect a variety of volatile molecules that are of astrophysical
and astrochemical interest.

MO 9.19 Tue 17:00 P OGs
Sympathetic cooling of anions in a hybrid atom-ion trap
— ∙Tobias Heldt1, Henry Lopez1, Bastian Höltkemeier1,
Jonas Tauch1, Eric Endres2, Roland Wester2, and Matthias
Weidemüller1 — 1Physikalisches Institut Heidelberg, INF 226,
69120 Heidelberg — 2Institut für Ionenphysik und Angewandte
Physik, Technikerstraße 25/3, 6020 Innsbruck
In our experimental setup OH− ions are confined in an octupole radio-
frequency trap, where they can be superimposed by laser-cooled rubid-
ium atoms in a dark spontaneous-force optical trap. By localising the
atom cloud to the centre of the trap sympathetic cooling of the anions
can be achieved even for atom-to-ion mass ratios bigger than unity.
The differences between our two experimental approaches of probing
the ion distribution, namely photodetachment tomography and time-
of-flight analysis, will be discussed in particular.

MO 9.20 Tue 17:00 P OGs
Controlling Cold Atom-ion Collisions Using Rydberg States
— ∙Limei Wang, Markus Deiss, and Johannes Hecker Den-
schlag — Inst. f. Quantenmaterie, Universität Ulm
We propose a scheme where the cold collision between an ultracold
Rb atom and a trapped single Ba+ ion will be controlled by a ’blue
shielding laser’. During the collision, the laser excites the Rb atom to a
repulsive electronically excited molecular state formed by the Rydberg
atom and ion once the atom approaches to a certain internuclear dis-
tance. In this way the ion is effectively surrounded by a hard potential
wall that the atom cannot cross. Once the atom leaves the interaction
area, it is de-excited back in an adiabatic way to its original level.
By controlling the laser power and the laser frequency, as well as by
addressing different Rydberg states, the properties of this ’shielding’
can be widely tuned. Long-range shielding effects are expected to be
realized with higher n Rydberg states.

An important application of the collision control is to suppress un-
wanted chemical reactions between atoms and ion, such as charge ex-
change or three-body recombination. The suppression of inelastic col-
lisions is an essential tool required for the young developing field of
cold atom-ion hybrid systems where in general only elastic collisions
are desired.

MO 10: Highly Excited Molecules and Clusters

Time: Wednesday 14:30–16:30 Location: N 6

Invited Talk MO 10.1 Wed 14:30 N 6
Molecular movies of migrating protons on different paths
— ∙Heide Ibrahim1, Vincent Wanie1, Samuel Beaulieu1, Benji
Wales2, Bruno Schmidt1, Xiao-Min Tong3, Joe Sanderson2,
Michael Schuurman4, and François Légaré1 — 1INRS-EMT,
1650 Blvd. Lionel-Boulet, J3X 1S2, Varennes (Qc) Kanada —
2University of Waterloo, 200 University Av. West, Waterloo, Ontario,
Kanada N2L 3G1 — 3University of Tsukuba, Ibaraki, 305-8577 Japan

— 4NRC, 100 Sussex Dr, Ottawa, Ontario, Kanada K1A 0R6
How do atoms move within a molecule? What are the paths they
take? Coulomb Explosion Imaging combined with a multi-color pump
probe scheme allows us to address these questions with a table top
setup. Since the momentum information of molecular fragments is
preserved at the moment of explosion we can deduce their momentary
position, representing the structure of the molecule. We have stud-
ied isomerization and dissociation events through the movement of
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protons, deuterons and electrons, taking advantage of the rich statis-
tics this technique provides. In the case of proton migration in the
acetylene cation were able to identify an isotope dependent to- and
fro isomerization behavior [1]. Presently, we are expanding our studies
on more complex processes. Aside from passively studying dynam-
ics, we have also actively controlled the electron localization in small
molecules using two-color mid-infrared asymmetric laser fields [2].

[1] H.Ibrahim et al., Nature commun. 5:4422 (2014)
[2] V. Wanie et al., J. Phys. B: At. Mol. Opt. Phys. 49 025601

(2016)

MO 10.2 Wed 15:00 N 6
Ultrafast Isomerization in Acetylene Dication: To Be or Not
To Be — Zheng Li1,2, ∙Ludger Inhester1, Chelsea Liekhus-
Schmaltz2, Oriol Vendrell3, and Todd Martinez2 — 11CFEL,
DESY, Notkestr. 85, D-22607 Hamburg, Germany — 2SLAC National
Accelerator Laboratory, CA 94025 Menlo Park, USA — 3Department
of Physics and Astronomy, Aarhus University, 8000 Aarhus, Denmark
The mechanism for ultrafast isomerization of acetylene [HCCH]2+ to
vinylidene [H2CC]2+ dication is nebulous. Theoretical studies show
a large potential barrier (>2eV) for isomerization pathways, imply-
ing that the corresponding isomerization should take picoseconds or
even longer. However a recent experiment at a femtosecond X-ray free
electron laser (XFEL) suggests that large amplitude hydrogen migra-
tion proceeds on a sub-100 femtosecond time scale[1]. We present a
complete theoretical study of dynamics of acetylene dication produced
by Auger decay after X-ray photoionization of carbon K-shell. We
find that isomerization does not occur on the sub-100 fs timescale and
is not required to explain the time-resolved Coulomb imaging experi-
ment. This study resolves the seeming contradiction between experi-
ment and theory concerning the isomerization time scale in acetylene
dication. This work calls for careful interpretation of structural infor-
mation from the widely applied Coulomb momentum imaging method
but also points out its strengths in mapping out momentum dispersion
dynamics even when structural variation is minor[2].

[1] Ch. Liekhus-Schmaltz et al., Nature Commun. 6, 8199 (2015).
[2] Z. Li et al., arXiv:1605.05707, submitted.

MO 10.3 Wed 15:15 N 6
Single-Shot Pump-Probe Studies in a Two Color (V)UV Field
— ∙Arne Baumann1,2, Oliver Schepp1, Dimitrios Rompotis3,
Armin Azima1, Marek Wieland1,2,4, and Markus Drescher1,2,4

— 1Institut für Experimentalphysik, Universität Hamburg, Hamburg,
Deutschland — 2Hamburg Centre for Ultrafast Imaging - CUI, Ham-
burg, Deutschland — 3Deutsches Elektronensynchrotron - DESY,
Hamburg, Germany — 4Center for Free-Electron-Laser Science -
CFEL, Hamburg, Germany
To gain a complete picture of few-femtosecond (V)UV-induced re-
actions delay-dependent ionization of parent and fragment ions by
weak probe photons is an excellent tool. The presented single-shot
pump-probe scheme is based on wave-front splitting of intense har-
monic radiation of a Ti:Sa laser system. Individual pulses are focused
anti-parallely into a gas target and ions created are imaged onto a
position-sensitive detector, thus mapping the temporal delay between
both pulses onto a spatial coordinate. By using different dielectric
mirrors and/or filters for each pulse, a two-color cross-correlation and
pump-probe experiment is realized, benefiting from single-shot acqui-
sition capabilities.

The multiphoton UV-dissociation dynamics of formaldehyde have
been studied with an intense 5th harmonic (161.8 nm) probe after ir-
radiation at 269.7 nm. The 7.7 eV probe enables studies of the delay-
dependent dissociative ion-yield for various fragments of this dissocia-
tion reaction in a perturbative approach.

MO 10.4 Wed 15:30 N 6
Time-Resolved XUV-induced Electron Solvation Dynam-
ics in Ammonia and Water Clusters — ∙Rupert Michiels1,
Aaron LaForge1, Matthias Bohlen1, Carlo Callegari2, An-
drew Clark3, Marcel Drabbels3, Kevin C. Prince2, Ste-
fano Stranges4, Marcello Coreno5, Paola Finetti2, Oksana
Plekan2, Jun Ma6, Veronica Oliver3, Hans-Jakob Wörner6,
and Frank Stienkemeier1 — 1Universität Freiburg, Germany —
2Elettra-Sincrotrone Trieste, Italy — 3Ecole Polytechnique Féderale
de Lausanne, Switzerland — 4University Sapienza, Italy — 5CNR -
Instituto di Struttura della Materia, Italy — 6ETH Zürich, Switzer-
land
The solvation of electrons in aqueous solutions plays an important role

in biological and chemical systems. Nonetheless, a fundamental under-
standing of its properties (e.g. solvation time, binding energies, solva-
tion shells, and binding motifs) has yet to be fully attained. Here, we
report new results for ammonia and water clusters investigating XUV
ionization followed by electron recapture. The binding energies of the
solvated electron were measured in a pump-probe scheme as a function
of cluster size in which we found solvation times in the femtosecond to
picosecond range.

MO 10.5 Wed 15:45 N 6
Multi-state Photoelectron Circular Dichroism in Femtosec-
ond Multiphoton Ionization — ∙Alexander Kastner, Stefanie
Züllighoven, Tom Ring, Cristian Sarpe, Arne Senftleben, and
Thomas Baumert — Universität Kassel, Institut für Physik und CIN-
SaT, D-34132 Kassel, Germany
The asymmetry of photoelectron angular distributions (PADs) from
randomly oriented enantiomers of chiral molecules in the ionization
with circularly polarized light arises in forward/backward direction
with respect to the light propagation. This effect was termed Pho-
toelectron Circular Dichroism (PECD) and so far investigated using
synchrotron radiation [1, 2]. We observed highly structured asymme-
tries in the range of +/- 10 % on bicyclic Ketones [3, 4].

Due to the multi photon ionization (MPI), high order Legendre poly-
nomials appear in the measured PADs. In the case of Resonance En-
hanced MPI (REMPI) using different intermediate states, the con-
tributions in the photoelectron spectrum depend on wavelength. By
changing wavelength and intermediate states, we are able to investigate
PECD depending on photoelectron kinetic energy.

[1] I. Powis in S. A. Rice (Ed.): 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)

MO 10.6 Wed 16:00 N 6
Comparing UV and strong-field induced dynamics in se-
lenophene probed by femtosecond XUV transient ab-
sorption spectroscopy — ∙Florian Lackner1,2,3, Adam S.
Chatterley1,2, C. D. Pemmaraju1,4, Kristina D. Closser4,
David Prendergast4, Daniel M. Neumark1,2, Stephen R.
Leone1,2,5, and Oliver Gessner1 — 1Chemical Sciences Division,
Lawrence Berkeley National Lab — 2Department of Chemistry, UC
Berkeley — 3Institute of Experimental Physics, TU Graz — 4The
Molecular Foundry, Lawrence Berkeley National Lab — 5Department
of Physics, UC Berkeley
UV and strong-field induced dynamics in selenophene (C4H4Se)
molecules are studied by femtosecond transient inner-shell absorption
spectroscopy at the Se 3d edge. Spectra obtained upon strong-field
ionization are dominated by emerging bare Se ions produced in a se-
quential two-step mechanism, whereby the initial ring-opening and the
subsequent fragmentation are associated with two characteristic time-
scales of 𝜏1 ≈ 𝜏2 ≈ 80 fs. In contrast, excitation with a moderately
intense UV (266 nm) pump pulse gives predominantly rise to the for-
mation of bare Se atoms and a smaller contribution of Se ions. The
ionic contribution increases with UV intensity. In both cases, spectral
signatures of stable molecular products are found as well, which are
assigned based on TDDFT calculations. Independent of the excita-
tion/ionization scheme, the braking of both C-Se bonds is the domi-
nant relaxation channel in selenophene, which can be traced in real-
time by XUV transient absorption spectroscopy.

MO 10.7 Wed 16:15 N 6
Time-resolved Photoionisation of the S2 (𝜋𝜋*) State of Xan-
thone — ∙Marco Flock, Hans-Christian Schmitt, and Ingo
Fischer — Julius-Maximilians University of Würzburg, Institute of
Physical and Theoretical Chemistry, Am Hubland, 97074 Würzburg,
Germany
Previous studies on Fluorenone, NDCA and Naphthalimide showed,
that relaxation processes in such aromatic heterocycles are determined
by a competition between internal conversion (IC) and intersystem
crossing (ISC). Which relaxation pathway is preferred depends strongly
on the vibrational levels of the excited states. As a further representa-
tive of the group of aromatic heterocycles, we investigated the excited
state dynamics of the S2 (𝜋𝜋*) state of Xanthon. In a jet-cooled pho-
toionization experiment, we resolved the vibronic properties of this
state and found a defined structure with well-resolved vibronic bands.
In time-resolved experiments, we found a depopulation of the S2 state
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with two time constants 𝜏(1) < 1 ps and 𝜏2 = 24 ps followed by a con-
stant signal offset, which occurs from the population of the long-lived
T1 (n𝜋*) state. Thus, two relaxation pathways can be mentioned. In
a first model, IC to the S1 (n𝜋*) state followed by an ISC process
to the T1 (n𝜋*) state could take place. In another model, the first

time constant belongs to a fast ISC process to the T2 (𝜋𝜋*) state,
whereas the slower time constant represents a following IC process to
the long-lived T1 (n𝜋*) state. In both models, El-Sayed forbidden ISC
processes may take place.

MO 11: Molecular Nanostructures and Solids

Time: Wednesday 14:30–16:30 Location: N 25

MO 11.1 Wed 14:30 N 25
Superradiance from two dimensional brick-wall aggregates of
dye molecules: the role of size and shape for the temperature
dependence — ∙Alexander Eisfeld1, Christian Marquardt2,
and Moritz Sokolowski2 — 1MPI-PKS — 2Uni Bonn
Aggregates of interacting molecules can exhibit electronically excited
states which are coherently delocalized over many molecules. This can
lead to a strong enhancement of the fluorescence decay rate which is
referred to as superradiance (SR). To date, the temperature depen-
dence of SR is described by a 1/T law. Using an epitaxial dye layer
and a Frenkel-exciton based model we provide both experimental and
theoretical evidence that significant deviations from the 1/T behaviour
can occur for brickwall-type aggregates of finite size leading even to a
maximum of the SR at finite temperature. This is due to the presence
of low energy excitations of weak or zero transition strength. These
findings are relevant for designing light-emitting molecular materials.

MO 11.2 Wed 14:45 N 25
Thermal Fluctuations of Frenkel Exciton Hamiltonian —
∙Per-Arno Plötz1, Jörg Megow2, Thomas Niehaus3, and
Oliver Kühn1 — 1Institut für Physik, Universität Rostock, Germany
— 2Institut für Chemie, Universität Potsdam, Germany — 3Institute
Lumière Matière, Université Lyon 1, France
Effects of thermal fluctuations on the electronic excitation energies
and intermonomeric Coulomb couplings are investigated via density
functional theory based tight binding in the linear response formula-
tion (TD-DFTB) and ground state classical molecular dynamics. As
a result, a parametrised Frenkel exciton Hamiltonian is obtained, with
the effect of exciton-vibrational coupling being described by spectral
densities. Employing dynamically defined normal modes, these spec-
tral densities are analysed in great detail, thus providing insight into
the effect of specific intramolecular motions on excitation energies and
Coulomb couplings. First application is a PTCDI crystal where results
based on force field trajectories are compared to DFTB driven trajec-
tories. Further application is applied in combination with a QM/MM
approach on a BChla dimer in solution.

MO 11.3 Wed 15:00 N 25
Coherent Two-Dimensional Spectroscopy of Exciton-Exciton
Interactions — ∙Jakub Dostál1, Federico Koch1, Stefanie
Herbst2, Pawaret Leowanawat2, Frank Würthner2, and Tobias
Brixner1 — 1Institut für Physikalische und Theoretische Chemie,
Universität Würzburg, Am Hubland, 97074 Würzburg — 2Institut
für Organische Chemie, Universität Würzburg, Am Hubland, 97074
Würzburg
Many important light-induced processes in molecular systems rely on
multi-photon excitation of the sample. The studying of such processes
requires reliable discrimination between the multi- and single-exciton
signals, which might become a challenging task for many common
methods of time-resolved spectroscopy.

Here we show that the fifth-order three-pulse optical signal charac-
terized by the −2𝑘1 + 2𝑘2 + 𝑘3 phase-matching relation is specific to
bi-exciton processes, i.e., it emerges only if the presence of one exciton
in the sample influences the behavior of another one. Further we show
how this signal can be used for construction of two-dimensional spec-
trum of exciton-exciton interactions (EEI 2D) and derive some of its
properties. The entire concept is experimentally demonstrated on the
exciton annihilation process present in perylene bisimide J-aggregates.
We observe the rise of the EEI signal as pairs of initially indepen-
dent excitons located along one of the aggregate strains are brought
together by the random diffusive motion and annihilate.

The proposed EEI 2D method can provide detailed understanding
of versatile bi-exciton processes in molecular systems.

MO 11.4 Wed 15:15 N 25

triggering excitation energy transfer in molecular aggre-
gates via nanoparticle near-fields — ∙Xiaomeng Liu1, Lennart
Seiffert1, Thomas Fennel1, Thomas Niehaus2, and Oliver
Kühn1 — 1Institut für Physik, Universität Rostock, D-18051 Rostock,
Germany — 2Institute Lumière Matière, Université Lyon 1, F-69622
Villeurbanne CEDEX France
Laser-driven quantum dynamics has been studied for an organic-
inorganic hybrid system consisting of a metal nanoparticle (NP) and
a dye aggregate. The latter was described using approximate time-
dependent density functional theory [1], i.e. by explicitly solving the
time-dependent Kohn-Sham equations for the molecule driven by the
total field. Polarization effects between the spherical NP and the
molecules were described self-consistently, via high-order multipole ex-
pansion [2]. The structure of the near-field and its dependence on the
distance and orientation of the aggregate was investigated in detail for
the examples tetracene and JC-1 chloride. It was observed that the
polarization effects have only minor influence on the electronic struc-
ture of the molecule. However, a strong effect is observed for laser
excitation of the hybrid system. Here, the total electric field including
the near NP’s near-field is capable of enhancement and local triggering
of excitation energy transfer, which has been described by means of a
quantum master equation [3]. [1] T. A. Niehaus et al., Eur. Phys. J.
D 35, 467 (2005); [2] L. Seiffert et al., Appl. Phys. B 121, 101 (2016);
[3] V. May and O. Kühn. Charge and Energy Transfer Dynamics in
Molecular System (Wiley-VCH, Weinheim 2011)

MO 11.5 Wed 15:30 N 25
Tuning nonradiative lifetimes via molecular aggregation —
Alan Celestino and ∙Alexander Eisfeld — MPIPKS, Dresden,
Germany
We show that molecular aggregation can strongly influence the nonra-
diative decay (NRD) lifetime of an electronic excitation. As a demon-
strative example, we consider a transition-dipole-dipole-interacting
dimer whose monomers have harmonic potential energy surfaces
(PESs). Depending on the position of the NRD channel (𝑞nr), we find
that the NRD lifetime (𝜏dimnr ) can exhibit a completely different depen-
dence on the intermolecular-interaction strength. We observe that (i)
for 𝑞nr near the Franck-Condon region, 𝜏dimnr increases with the inter-
action strength; (ii) for 𝑞nr near the minimum of the monomer excited
PES, the intermolecular interaction has little influence on 𝜏dimnr ; (iii)
for 𝑞nr near the classical turning point of the monomer nuclear dy-
namics, on the other side of the minimum, 𝜏dimnr decreases with the
interaction strength.

[1] arXiv:1611.09115 [physics.chem-ph]

MO 11.6 Wed 15:45 N 25
Optical Spectroscopy on Single Dye Crystals — ∙Chris Rehha-
gen, Steffen Wolter, and Stefan Lochbrunner — Universität
Rostock, Institut für Physik, 18051 Rostock
Optical properties of dye crystals are of rising interest in ap-
plications, especially due to potentially large exciton mobili-
ties. Furthermore, crystals provide stable and regular struc-
tures which are well suited for common characterization meth-
ods. Small crystals in the range of 10-500 𝜇m are prepared
from solutions of the dyes TTBC (1,1’,3,3’-tetraethyl-5,5’,6,6’-
tetrachlorobenzimidazolocarbocyanine) and Coumarin 153. To inves-
tigate their optical properties we implement a microscope with a res-
olution of 40 𝜇m for single-crystal absorption and fluorescence spec-
troscopy. The setup is combined with a streak-camera and can also be
inserted in a femtosecond pump-probe experiment. First results indi-
cate, that there is a connection between the macroscopic structure of
the crystals and their optical properties. Especially some TTBC crys-
tals show fluorescence spectra with components typical for J-type ag-
gregation. The resulting increase in spectral overlap of absorption and
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fluorescence implies enhanced exciton migration according to Förster
theory.

MO 11.7 Wed 16:00 N 25
Growth and characterization of NbSe2 on Al2O3 (0001) using
molecular beam epitaxy — ∙Avanindra Kumar Pandeya, Kai
Chang, Ilya Kostanovskiy, and Stuart Parkin — Max Planck
Institute of Microstructure Physics
The most common way to produce transition metal dichalcogenide
(TMDC) thin films is via mechanical exfoliation, a method which is
not well-suited to fabricate heterostructures with coherent interfaces
or large-area thin film applications. Moreover, spintronic effects such
as spin transfer torque are extremely sensitive to the quality of the het-
erointerface. Our approach is to use molecular beam epitaxy (MBE)
to grow in-situ TMDC heterostructures and assess the layer and in-
terface quality using in-situ characterization (RHEED, LEED, XPS
and STM). Employing a two-step growth scheme, we achieved high-
quality, single-crystalline NbSe2 layers on Al2O3 (0001) substrates.
A superconducting transition was observed below 4K and is found to
be driven by the carrier density in the metallic layers. The achieve-
ment of epitaxial, high-quality TMDC layers with high spin-orbit cou-
pling opens up good prospects to realize an efficient spin transfer in
TMDC/ferromagnet bilayers.

MO 11.8 Wed 16:15 N 25
Casimir glue: Strong van der Waals adhesion of a poly-

mer film on rough substrates — Juliane Klatt1, Pablo
Barcellona1, Robert Bennett1, Olga Bokareva2, Hagen
Feth3, Andreas Rasch3, Patrick Reith3, and ∙Stefan Yoshi
Buhmann1,4 — 1Institute of Physics, University of Freiburg, Ger-
many — 2Institute of Physics, University of Rostock, Germany —
3TrueDyne Sensors AG, Reinach, Switzerland — 4Freiburg Institute
for Advanced Studies, Germany
Casimir-van der Waals dispersion forces have been shown to be respon-
sible for the ability of geckoes to stick to very smooth and dry surfaces
[1]. The effect has since lead to the fabrication of a biomimetic sticky
tape [2]. Inspired by these developments, we propose that chemically
inert and mechanically flexible polymeric films can enhance van der
Waals forces in a similar way.

For the van der Waals adhesion of an ethylene-
chlorotrifluoroethylene film on rough metal and dielectric substrates,
we present a model that combines microscopic quantum-chemistry
simulations of the polymer response functions and the equilib-
rium monomer–substrate distance with a macroscopic quantum-
electrodynamics calculation of the Casimir force between the polymer
film and the substrate. We predict adhesive forces up to 2.3 kN/mm2,
where the effect is reduced by substrate roughness and for dielectric
surfaces.

[1] K. Autumn et al., Proc. Natl. Acad. Sci. USA 99, 12252 (2002).
[2] A. K. Geim et al., Nature Materials 2, 461 (2003).

MO 12: Posters 2: Molecular Dynamics, Clusters, and High Resolution Spectroscopy

Time: Wednesday 17:00–19:00 Location: P OGs

MO 12.1 Wed 17:00 P OGs
Photoionization of 𝑁𝑒2: localized or delocalized? — Hendrik
Sann1, ∙Abir Mhamdi2, Florian Trinter1, Markus Schöffler1,
Philipp V. Demekhin2, Till Jahnke1, and Reinhard Dörner1 —
1Institut für Kernphysik, Universität Frankfurt, Frankfurt am Main,
Germany — 2Institut für Physik, Universität Kassel, Kassel, Germany
We provide conclusive experimental evidence that for the van der
Waals dimer Ne2, a proper post-selection of photoelectrons yields elec-
tron angular distributions which are of well-defined parity [1]. This
post-selection can be achieved for 2p-ionization by detecting the frag-
mentation of the 𝑁𝑒+2 into Ne++Ne, and it is possible because the po-
tential energy curve 2Σ+

𝑔 is the only dissociating state of 𝑁𝑒+2 (2p−1).
The electron angular distribution for this dissociative state, measured
by the COLTRIMS [2] technique, is symmetric with respect to the
direction to which the charged fragment is emitted. The present ob-
servations are supported by ab-initio electronic structure and dynamics
calculations which were carried out by the Single Center method and
code [3]. We conclude that the picture of localization or delocalization
of a single particle or hole in this many-body wave function is oversim-
plified. In coincidence experiments on molecular ionization, one has
to carefully discuss what is veritably measured and to which basis this
measurement projects set the few-body wave function just as in any
coincidence measurement on entangled photons.
References: [1] H. Sann, et al., Phys. Rev. Lett., in press (2016). [2] R.
Dörner, et al., Physics Reports 330, 96 (2000). [3] Ph. V. Demekhin,
et al., Journal of Chemical Physics 134, 024113 (2011).

MO 12.2 Wed 17:00 P OGs
Collective resonances in dilute vapors — ∙Lukas Bruder,
Ulrich Bangert, Marcel Binz, and Frank Stienkemeier —
Physikalisches Institut, Universität Freiburg
We have developed a phase-modulated pump-probe method which al-
lows for efficient isolation and detection of multiple-quantum coherence
signals. With this, we observed for the first time higher-order collec-
tive resonances in dilute atomic vapors [1]. The origin of these signals
is debated since interatomic interactions are small in these systems
[2]. Recently, we have significantly improved the spectral resolution in
our setup (∼ 1GHz) and characterized the phase signature of the ob-
served resonances. This revealed a phase characteristic depending on
the fundamental hyperfine states. Our results have triggered interest
from several theory groups currently working on an explanation of this
phenomenon.
[1] L. Bruder, M. Binz, and F. Stienkemeier, Phys. Rev. A 92, 053412

(2015).
[2] S. Mukamel, J. Chem. Phys. 145, 41102 (2016).

MO 12.3 Wed 17:00 P OGs
A Velocity Map Imaging setup to benchmark technologies
enabling the study of new systems on ion-molecule reactions
— ∙Patrick Strübin, Franziska Krammer, Tim Michaelsen,
Jennifer Meyer, Atilay Ayasli, Björn Bastian, and Roland
Wester — Institut für Ionen und Angewandte Physik, Universität
Innsbruck, Austria
Our group studies the dynamics of ion-molecule reactions by crossed-
beam Velocity Map Imaging (VMI) [1]. For neutral reactions there
have been a lot of investigations on the influence of excited vibrational
states prior to the reaction [2]. We are planning to extend this re-
search to ion-molecule reactions. As a first step a new crossed-beam
VMI setup has been built. It will be used for measurements to de-
termine the fraction of molecular excitation in the neutral molecular
beam by a tunable optical parametric oscillator laser.

Furthermore we will extend our research to metal ion reactions with
hydrocarbons. To produce metal ions we will use a laser vaporisation
source [3,4] attached to the VMI spectrometer. Here we present test
measurements and design considerations for the new VMI spectrome-
ter, the metal ion source and the laser excitation scheme.

[1] R. Wester, Phys. Chem. Chem. Phys. 16, 396 (2014)
[2] K. Liu, J. Chem. Phys. 142, 080901 (2015)
[3] T. G. Dietz et al., J. Chem. Phys. 74, 6511 (1981)
[4] D. Proch and T. Trickl, Rev. Sci. Instrum. 60, 713 (1989)

MO 12.4 Wed 17:00 P OGs
Coinage bimetallic complexes display ultrafast multiexpo-
nential electronic dynamics in an ion trap and in so-
lution — ∙Florian Bäppler1, Sebastian Kruppa2, Yevgeniy
Nosenko2, Rolf Diller1, and Christoph Riehn2,3 — 1Department
of Physics — 2Department of Chemistry, TU Kaiserslautern —
3Forschungszentrum OPTIMAS, 67655 Kaiserslautren
Bimetallic coinage metal complexes of type [Me2(dcpm2)]2+, 12+,
(Me= Ag, Au; dcpm = bis(dicyclohexylphosphino)methane) are sta-
bilized by metal-metal interactions and give rise to interesting optical
properties for OLEDs, photocatalysis, and sensory applications. Their
excited state dynamics have been investigated in parallel in gas phase
by femtosecond photo-induced dissociation and in solution by tran-
sient absorption. Both studies report a multiexponential electronic
decay after excitation of metal-centered states modulated by solvent
molecules and counter ions.
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MO 12.5 Wed 17:00 P OGs
Collinear Phase-modulated Femtosecond Pump-Probe Ex-
periments Using a Low Repetition-rate Laser System —
∙Marcel Binz, Lukas Bruder, Ulrich Bangert, and Frank
Stienkemeier — Institute of Physics, University of Freiburg, Ger-
many
A particularly robust and very versatile stabilization method for coher-
ent time-resolved spectroscopy is the phase-modulation approach [1],
[2]. The combination of continuous acousto-optical phase-modulation
with lock-in detection greatly improves the signal-to-noise ratio and
the sensitivity in this scheme. However, the method was thought to be
suitable only for high repetition-rate laser systems (& 200kHz) which
are not available in many labs.

Recently, we have successfully implemented this technique in a
pump-probe scheme with fs laser pulses at 5kHz repetition-rate. We
found that much higher modulation frequencies than laser repetition-
rates can be used without losing performance. This effect, which we
call phase-synchronous undersampling, shows promise for the imple-
mentation of the phase-modulation scheme in even lower repetition-
rate XUV laser sources by shifting the carrier frequency far away from
the low frequency noise spectrum.

[1] P. F. Tekavec, T. R. Dyke, and A. H. Marcus, J. Chem. Phys.
125, 194303 (2006).

[2] L. Bruder, M. Mudrich, and F. Stienkemeier, Phys. Chem.
Chem. Phys. 17, 23877 (2015).

MO 12.6 Wed 17:00 P OGs
Time-resolved XUV photoelectron spectroscopy of organic
dyes in solution — ∙Johan Hummert, Ivgenii Inkonnikov,
Nicola Mayer, Martin Eckstein, and Oleg Kornilov — Max-
Born-Institut für nichtlineare Optik und Kurzzeitspektroskopie, Berlin
The electronic dynamics of organic molecules after photoexcitation are
of great interest for biologically relevant systems as well as synthetic
functional complexes. Often the environment, in many cases an aque-
ous solution, has a strong influence on the electronic structure. With
the development of the liquid jet technique [1] methods demanding
high vacuum conditions became applicable to molecules in solution.

The method employed here is time-resolved XUV photoelectron
spectroscopy. Wavelength-selected high harmonics provided by a re-
cently developed monochromator setup [2] are applied to probe the
electronic relaxation of solvated molecules after single photon excita-
tion with visible light. The high collection efficiency of a magnetic
bottle spectrometer enables us to clearly distinguish molecular signals
from strong solvent signals.

In a benchmark experiment with the water soluble dye ”Quinoline
Yellow WS” we measure ground state ionization energies and observe
relaxation of excited states in solution. Excited state spectra and decay
constants can be measured for concentrations down to 10mM, which
establishes this technique for a wide range of samples.

[1] Faubel et. al., J. Chem. Phys. 106, 9013-31 (1997)
[2] Eckstein et. al., JPCL 6, 419-25 (2015)

MO 12.7 Wed 17:00 P OGs
Exploring Non-local Autoionization in Water Clusters and
Aqueous Solutions — ∙Clemens Richter1, Marvin N. Pohl2,
Clara Saak4, Melanie Mucke4, Evgeny Lugovoy1, Robert
Seidel2, Emad F. Aziz2, Bernd Abel1, Bernd Winter2, and Uwe
Hergenhahn1,3 — 1Leibniz Institute of Surface Modification, Leibzig,
Germany — 2Helmholtz-Zentrum Berlin, Berlin, Germany — 3Max-
Planck-Institut für Plasmaphysik, Greifswald, Germany — 4Uppsala
University, Uppsala, Sweden
Interaction of matter with ionizing radiation leads to emission of a
multitude of electrons, either by direct photoemission or via secondary
pathways, i.e. local and non-local autoionization. While the local
Auger process is well established, the non-local processes intermolec-
ular coulombic decay (ICD) and electron transfer mediated decay
(ETMD) are topics of current research. Since both processes lead
to the emission of low energy electrons - a primary source of radi-
ation damage - we investigate autoionization in water and aqueous
solutions of biological relevance. In our experiments electron-electron
coincidence spectroscopy is performed using a magnetic bottle elec-
tron spectrometer. We present two examples of our current research
on water-uracil clusters applying our newly constructed source for sol-
vated biomolecule clusters as well as our first coincidence measure-
ments of Li salt solutions using a liquid jet. While in the water-uracil
clusters ICD is the predominant autoionization process. The Li salt

solutions unambiguously display an ETMD signature. Moreover, we
discuss ETMD spectroscopy as potential tool for measuring contact
ion pairs in solution.

MO 12.8 Wed 17:00 P OGs
Fluorescence dynamics and quantum yield measurements of
a polycyclic tetrazolium compound in dependence on solvent
viscosity — ∙Jan-Lucas Wree, Tom Bolze, and Patrick Nuern-
berger — Physikalische Chemie II, Ruhr-Universität Bochum, 44780
Bochum
The color change of tetrazolium salts that occurs during enzymatic
reduction to formazans is exploited in applications like monitoring cell
growth, since it can be conveniently measured in a quantitative fash-
ion. Some particular tetrazolium compounds are known to further ex-
hibit fluorescence, like the phenyl-benzo[c]tetrazolo-cinnolinium (PTC)
which is investigated in this contribution.
We explore the fluorescence properties of PTC in alcoholic solvents
whose viscosity span several orders of magnitude. Static measurements
of absorption and fluorescence characteristics as well as of fluorescence
quantum yields, measured against several reference compounds, are
compared to the excited-state lifetimes obtained from time-correlated
single-photon counting (TCSPC). The studies disclose that the emis-
sion characteristics vary but do not drastically change with solvent
viscosity. This indicates that the emitting state is also deactivated by
a competing, non-radiating reaction channel, but not by one that in-
volves large intramolecular rotational motion, a process that would be
strongly slowed down in more viscous solvents, as found for instance
in molecular rotors or ultrafast C=C photoisomerization.

MO 12.9 Wed 17:00 P OGs
IR & UV/Vis spectroscopic studies on a luminescent het-
eroleptic mononuclear copper(I)-complex — ∙Merten Grupe1,
Fabian Dietrich2, Stefan Bräse3, Markus Gerhards2, and Rolf
Diller1 — 1Dept. of Physics, TU Kaiserslautern, 67663 Kaiser-
slautern — 2Dept. of Chem., TU Kaiserslautern, 67663 Kaiserslautern
— 3Dept. of Org. Chem., KIT, 76131 Karlsruhe
Luminescence in copper-complexes is controlled by several photoin-
duced intra- and intermolecular processes, such as molecular flattening,
intersystem crossing, solvation etc. For the elucidation of the underly-
ing photophysics we employed femtosecond IR & UV/Vis transient ab-
sorption (TA) as well as transient anisotropy measurements and DFT
calculations on a highly efficient luminescent heteroleptic mononuclear
[1] copper(I)-complex. The results allow a rigorous comparison of the
ultrafast dynamics in the UV/Vis spectral region with literature re-
ports [2] [3] [4] on homoleptic copper(I)-complexes. Femtosecond IR
TA facilitates an extended specification of the ultrafast processes in
the heteroleptic mononuclear [1] copper(I)-complex.

[1] L. Bergmann et al. Chem. Commun., 2013, 49 6501
[2] M. Iwamura et al. Acc. Chem. Res., 2015, 48, 782-791
[3] G. B. Shaw et al. J. Am. Chem. Soc, 2007,129,2147-2160
[4] Z. A. Siddique et al. Inorganic Chemistry, 2003,42.20, 6366-6378.

MO 12.10 Wed 17:00 P OGs
Photophysics of porphyrin-based surface-anchored metal-
organic frameworks investigated by time-resolved optical
and EPR spectroscopy — ∙Michael Adams1, Rowan W.
MacQueen2, Michael Oldenburg1, Jan Behrends3, Klaus
Lips2, Bryce S. Richards1, and Ian A. Howard1 — 1Institute
of Microstructure Technology, Karlsruhe Institute of Technology —
2Berlin Joint EPR Lab, Helmholtz-Zentrum Berlin für Materialien und
Energie — 3Berlin Joint EPR Lab, Fachbereich Physik, Freie Univer-
sität Berlin
Surface Anchored Metal Organic Frameworks (SURMOFs) are hybrid
materials comprised of crystalline networks of organic molecules link-
ing metal centers. The organic linkers may be active chromophores,
and the structural order of the molecular assembly can give rise to
intriguing new effects that differ from those observed in the lone chro-
mophores. SURMOFs whose linkers are based on porphyrin chro-
mophores have already stimulated interest due to their exhibition of
photovoltaic action, and their ability to generate and transport triplet
excitonic states to enable triplet-triplet annihilation upconversion.
However, many fundamental questions regarding the photophysics of
this system remain. In this contribution we provide a deeper insight
into the SURMOF-2 structure using palladium porphyrin linkers by
combining transient absorption spectroscopy (TAS), time-dependent
luminescence and transient electron paramagnetic resonance (tEPR)
measurements in order to elucidate the formation and transition be-
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tween triplet, triplet aggregate, and radical species following photoex-
citation.

MO 12.11 Wed 17:00 P OGs
Frequency conversion of organotetrelchalcogenide clusters —
∙Nils W. Rosemann1, Jens P. Eußner2, Eike Dornsiepen2,
Stefanie Dehnen2, and Sangam Chatterjee1 — 1Institute of
Experimental Physics I, Justus-Liebig-Universität Giessen, Heinrich-
Buff Ring 16, D-35392 Giessen, Germany — 2Faculty of Chemistry
and Materials Sciences Center, Philipps-Universität Marburg, Hans-
Meerwein-Straße, D-35043 Marburg, Germany
Cluster molecules based on organotin complexes do feature versatile
properties. One of which is low-threshold nonlinear white-light gen-
eration [1]. This process is tentatively being assigned to the driven
motion of delocalised electrons in the clusters ground state potential.
To review this explanation, a systematic variation of the cluster com-
ponents and correlation to the nonlinear response is crucial. Here, we
present to nonlinear optical response of a series of organotetrelchaco-
genide clusters based on the compound presented in [1]. Variation of
the delocalised electron system is performed by changing the ligands,
while the fundamental optical transition is changed by variation of the
tetrel-moiety. Resulting in a drastic change of the nonlinear response;
from white-light to second harmonic generation. [1] N. W. Rosemann
et al., A Highly Efficient Directional Molecular White-Light Emitter
Driven by a Continuous-Wave Laser Diode, Science 352, 1301-1304
(2016)

MO 12.12 Wed 17:00 P OGs
Probing the anisotropic electronic structure of silicon clus-
ter cations — ∙Marko Förstel, Bertram Jaeger, Philipp
Sporkhorst, and Otto Dopfer — Institut für Optik und Atomare
Physik, Technische Universität Berlin, Hardenbergstrasse 36, D-10623
Berlin
Silicon is among the ten most abundant elements in our universe. In
its ionic form it was found in the interstellar medium and even in the
Earth’s atmosphere. The Si+ ion also plays a role in manufacturing
processes of silicon based semiconductors. Here we set out to study
the hitherto poorly understood fundamental chemistry and behavior
of Si+𝑛 ions. A recently updated tandem mass spectrometer coupled
with a laser vaporization source [1] is utilized to study the molecu-
lar structure of Si+𝑛 -Ar𝑚 cluster ions. Depending on cluster source
conditions, we observe magic numbers in these systems that indicate
structures which are strongly influenced by the anisotropic electron
density of the central Si+𝑛 ion. We describe the updated setup, present
the experimental mass spectra and discuss the possible cluster struc-
tures underlying these magic numbers. Our discussion is supported
by quantum chemical calculations.

[1] Photodissociation spectrum and structure of Au+
4 -H2O clusters,

Jaeger, B. K. A., Savoca, M., Dopfer, O., and Truong, N. X., Interna-
tional Journal of Mass Spectrometry (402) 2016.

MO 12.13 Wed 17:00 P OGs
XRD/SEM/EDX characterization of green synthesized sil-
ver nanoparticles — Miroslav Cvetinov1, Maja Stojanovic1,
Milos Bokorov1, Slobodan Glisic2, and ∙Milorad Cakic2 —
1Faculty of Science, University of Novi Sad, Trg Dositeja Obardovica
4, Novi Sad, Serbia — 2Faculty of Technology, University of Nis, Bule-
var Oslobodenja 124, Leskovac, Serbia
Due to the fact that silver nanoparticles (AgNP) exhibit broad spec-
trum of biocidal activity, they are often employed in industrial and
consumer goods sectors. For the purpose of synthesis of green AgNPs,
we used aqueous extract of Fumaria officinalis (earth smoke) obtained
in alkaline solution resting for 5 days at room temperature (RT) as well
as resting for 2 hours on boiling temperature of the reaction mixture
(BT). Newly synthesized specimens were investigated by the methods
of X-ray diffraction (XRD), scanning electron microscopy (SEM) and
energy-dispersive X-ray spectroscopy (EDX). XRD confirmed crystal-
lization of AgNP in face-centred cubic lattice (space group Fm-3m, lat-
tice constant a = 4.086 Å). Using Scherrer equation on the most intense
Ag peak in XRD spectra at Bragg angle 2𝜃=38.1∘ we obtained average
nanoparticle size of 21nm and 18nm for the RT and BT synthesized
specimens, respectively. At specific points on specimen surface, EDX
showed maximum Ag concentration of 44% and 81% for RT and BT
synthesized specimens, respectively. This study presents convenient
way to synthesize silver nanoparticles using plant materials. AgNPs
obtained by this method show promising potential in drug formulations

production as well as in biomedical and agricultural applications.

MO 12.14 Wed 17:00 P OGs
Cryogenic Matrix Isolation FTIR Spectroscopy with Dia-
mond Beam Splitter. — ∙Dmitry Strelnikov1, Bastian Kern2,
Christoph Sürgers3, and Manfred Kappes1 — 1Physikalische
Chemie, KIT, Karlsruhe, Germany — 2MPI for Solid State Research,
Stuttgart, Germany — 3Physikalisches Institut, KIT, Karlsruhe, Ger-
many
FTIR spectroscopy is a robust technique to obtain broad band spec-
tra of various species. In case of valuable samples, which can be kept
only at cryogenic temperatures and require long preparation time, one
would like to measure in all accessible spectral regions. To extend the
spectroscopic measurement range from Far-IR to near-IR a synthetic
diamond beam splitter without compensator plate and UHV diamond
viewports were installed in a Bruker IFS66v/S FTIR spectrometer.
We have also modified the IR detector chamber to allow measure-
ments with 5 different detectors. We demonstrate performance of the
upgraded FTIR spectrometer by presenting measurements of matrix
isolated fullerene ions and an adhesive tape.

MO 12.15 Wed 17:00 P OGs
IR spectroscopy of cationic nickel ethanol clusters - variation
of cluster size and solvation shell — ∙Daniel Bellaire, Markus
Becherer, Fabian Dietrich, and Markus Gerhards — TU Kaiser-
slautern, Fachbereich Chemie and research center OPTIMAS, Erwin-
Schroedinger-Straße 52, 67663 Kaiserslautern
Clusters containing transition metals and aliphatic ligands provide
model systems regarding e.g. catalytical properties, magnetism, reac-
tivity and structure. Furthermore, investigation of clusters may reveal
potential cooperative effects.Thus, the successive variation of size and
ligand number of the metal clusters can give a fundamental insight.
The investigated nickel clusters are produced by applying laser abla-
tion to a rotating metal rod and by attaching the ethanol ligand(s)
in a supersonic beam. The frequencies and frequency shifts of OH
stretching vibrations (between different clusters) are probed by means
of IR-photofragmentation spectroscopy. An assignment of structure
and spin states is performed by comparing the experimentally observed
vibrational frequencies with the calculated values obtained from DFT
calculations.

Specifically, cationic Ni𝑚(ethanol)+𝑛 (m=2-4; n=1-3) clusters are
spectroscopically investigated and explored by the aforementioned
methods. The results give insight both into the structure and reac-
tivity of the nickel aggregates.

MO 12.16 Wed 17:00 P OGs
High resolution spectroscopy on KCa — ∙Julia Gerschmann1,
Erik Schwanke1, Horst Knöckel1, Silke Ospelkaus1, Asen
Pashov2, and Eberhard Tiemann1 — 1QUEST und Inst. f. Quan-
tenopik, Leibniz Universität Hannover — 2Sofia Universität "St. Kli-
ment Ohridski", Bulgarien
The mixed alkali-alkaline earth molecules have recently attracted the
interest of the scientific community due to possible applications in the
field of cold and ultracold molecules. The combination of an alkaline
and an alkaline earth atom leads to molecules which have permanent
electric and magnetic dipole moments and thus offer manipulation of
their states by external fields. Several ab initio calculations have been
published on various combinations of a group IA and a group IIA atom
from which one expects 2Σ+ – 2Σ+ transitions in the near infrared.
Experimentally, not so much is known about the molecular electronic
states. The KCa molecules were created in a heatpipe oven and their
thermal emission was recorded via a high resolution Fourier transform
spectrometer. We have used laser induced fluorescence to assign the vi-
brational band heads of transitions from 𝑣′ ≤ 2 to 𝑣′′ ≤ 3 in the 22Σ+

– 12Σ+ system. The resulting vibrational constants predicted other,
moderately higher bandheads which can be observed in the emission
spectrum. We are able to describe the rovibrational spectrum up to N
= 160 of the 𝑣 = 0 and 𝑣 = 1 levels of the ground state of KCa. The
rovibrational spectrum can be described by a Dunham series and one
coefficient for the spin-rotation coupling. We will report on the status
of the investigations.

MO 12.17 Wed 17:00 P OGs
High-resolution spectroscopy on the hyperfine structure of
small aluminum-bearing molecules and analysis of their re-
sulting electronic structures — ∙Björn Waßmuth1, Alexan-
der Breier1, Guido W. Fuchs1, Thomas F. Giesen1, and Jürgen

21



Mainz 2017 – MO Thursday

Gauss2 — 1Institute of Physics, University of Kassel, 34132 Kassel,
Germany — 2Institute of Physical Chemistry, University of Mainz,
55099 Mainz, Germany
We investigate metal-containing small molecules in the gas phase
by means of millimeter/submillimeter-wave spectroscopy. The ex-
perimental investigation is guided by high-level quantum chemical
calculations performed at Mainz.
Al16O, Al32S, and Al34S are produced by laser ablation of solid alu-
minum and a dilution of N2O (2%) or H2S (7%) in helium buffer gas,
that subsequently undergoes an adiabatic expansion in our vacuum
chamber. The resulting molecular beam is probed by monochromatic
radiation in the frequency range up to 400 GHz. Measurements reveal
the hyperfine structure of these linear molecules to follow Hund’s case
𝑏𝛽𝑆 coupling due to the nuclear spin of aluminum.
From the rotational constants the bond lenghts are obtained. Anal-
ysis of our data including the hyperfine parameters of Al𝑋 (with
𝑋 ∈ {F,Cl,Br, I}) reveals details of the respective electronic struc-
tures. With the present work new molecular parameters for future
mesurements on Al𝑌 (with 𝑌 ∈ {N,P}) are predicted.

MO 12.18 Wed 17:00 P OGs
Infrared spectroscopic investigations of N2 adsorbed to cold
Rhodium Iron alloy cluster cations — ∙Matthias Klein,
Amelie Ehrhard, Sebastian Dillinger, Jennifer Mohrbach,
and Gereon Niedner-Schatteburg — Fachbereich Chemie and
Forschungszentrum OPTIMAS, TU Kaiserslautern, 67663 Kaiser-
slautern, Germany
We investigated the N2 adsorption behavior of bimetallic Rhodium-
Iron cluster cations ([Rh𝑙Fe𝑛(N2)𝑚]+), l = n = 3 - 8 and m = 1 - 10,
and their geometric structures by means of InfraRed PhotoDissocia-
tion (IRPD) spectroscopy in comparison with DFT modelling. For
l = n = 3 and 4 DFT suggests alloy structures, in case of l = n = 4
of high (D2𝑑) symmetry: N2 adsorption and IRPD studies find strong
evidence for preferential adsorption to Rh sites and mere secondary ad-
sorption to Fe. The spectroscopic findings are well interpreted for the
smaller clusters in terms of the computed structures, while the many
details in the spectra of the larger clusters are subject of ongoing work.

MO 12.19 Wed 17:00 P OGs
Combined IR/UV investigations on isolated peptides: struc-
tural assignments for cyclic tetrapetides — Anke Stamm1,
∙Dominique Maué1, Kirsten Schwing1, Astrid Schaly2, Stef-
fen Schlicher2, Julia Bartl2, Stefan Kubik2, and Markus

Gerhards1 — 1TU Kaiserslautern, Dept. of Chemistry, Physical
Chem. — 2TU Kaiserslautern, Dept. of Chemistry, Organic Chem.,
Erwin-Schrödinger-Str. 52/54, 67663 Kaiserslautern
Cyclopeptides are a widespread class of substances in nature with the
antibiotic valinomycin being one of the most famous representatives.
Their physiological effects are frequently based on the tendency to form
bioactive conformations. Therefore the investigation of their structure
is of great importance for understanding their functionalities. The
mass- and isomer-selective combined IR/UV spectroscopy in mole- cu-
lar beam experiments represents a powerful tool for the structural in-
vestigation on isolated molecules in the gas phase. In combination with
DFT calculations we are able to perform structural assignments for the
electronic ground state. Here we present a structural determination for
three different cyclic tetrapeptides, cyclo[l-Tyr(Me)-d-Pro-l-R-d-Pro]
(R= Tyr(Me), Ala, Glu(Me)). A structural assignment with two in-
tramolecular hydrogen bonds can be observed. Due to the asymmetric
subunits there are different binding motifs within the cyclic tetrapep-
tide with R=Ala, Glu(Me) possible.

MO 12.20 Wed 17:00 P OGs
High resolution spectroscopy on LiSr — ∙Erik Schwanke, Ju-
lia Gerschmann, Horst Knöckel, Silke Ospelkaus, and Eber-
hard Tiemann — QUEST und Inst. f. Quantenopik, Leibniz Univer-
sität Hannover
The mixed alkali-alkaline earth molecules have recently attracted the
interest of the scientific community due to possible applications in the
field of cold molecules.These molecules have permanent electric and
magnetic dipole moments and thus offer manipulation of their states
by external fields. Several ab initio calculations have been published
for LiSr from which one expects 2Σ+ – 2Σ+ transitions in the near
infrared. We have successfully recorded the near infrared spectrum
of LiSr in a heatpipe oven. The thermal emission was recorded via
a high resolution Fourier transform spectrometer. The assignment of
the spectrum was facilitated by tuning a diode laser to an emission
line, resulting in the observation of P-R-doublets and a simple vibra-
tional progression in the fluorescence. Rotational constants from ab
initio-calculations were used for a first guess of the rotational quantum
numbers. Then we proceeded to take into account more transitions
from higher rotational and vibrational levels. We are able to describe
the rovibrational spectrum for the lowest vibrational states, deriving
molecular parameters for the ground state 12Σ+. Perturbations due
to couplings between the 22Σ+ state and the 12Π state have been
observed and are used to investigate the 2Σ+

1/2
– 12Π1/2 and 2Σ+

1/2
–

12Π3/2 couplings. We will report on the status of the investigations.

MO 13: Probing Vibrations

Time: Thursday 11:00–13:00 Location: N 6

Invited Talk MO 13.1 Thu 11:00 N 6
Ultrafast solvent fluctuations steer the hydrated excess
proton in the Zundel cation H5O2

+ — ∙Fabian Dahms1,
Rene Costard1, Ehud Pines2, Eva Maria Brüning1, Torsten
Siebert1, Benjamin P. Fingerhut1, Erik T. J. Nibbering1, and
Thomas Elsaesser1 — 1Max-Born-Institut für Nichtlineare Optik
und Kurzzeitspektroskopie, Max-Born-Str. 2a, 12489 Berlin, Germany
— 2Department of Chemistry, Ben Gurion University of the Negev,
P.O.B. 653, Beersheva 84105, Israel
Hydrated protons are a key feature of biochemical systems. Not only
do they mediate charge transport in aqueous environments but also
play a key role in cell respiration. The Zundel cation represents a pro-
totype species in which a proton is hydrated by two water molecules.
By two-color femtosecond pump-probe measurements we were able to
dissect the so-called Zundel infrared absorption continuum from the
OH stretching and bending vibrations[1]. In combination with theory,
this led to a new picture where ultrafast solvent fluctuations modulate
the position of the central H+ atom in the Zundel cation (H5O2

+)
causing the extreme broadening of infrared absorption.For the first
time we investigate the dynamical behaviour of the O– H+–O proton
transfer coordinate with femtosecond two-dimensional infrared spec-
troscopy. First results suggest ultrafast spectral diffusion, frequency
shifts and vibrational lifetimes on a sub-100 fs time scale. In combina-
tion with results from pump-probe spectroscopy and theory, this gives
new insight into vibrational motions of the hydrated proton itself. [1]:

Dahms, Fabian, et al., Angew. Chem. Int. Ed. 55 (2016): 10600.

MO 13.2 Thu 11:30 N 6
Ultrafast dynamics of interfacial water following UV photo-
excitation of TiO2 — Saman Hosseinpour, Simon Schlegel,
Shumei Sun, and ∙Ellen Backus — Max Planck Institute for Poly-
mer Research, Ackermannweg 10, 55128, Mainz
Hydrogen generation through photo-dissociation of water on the sur-
face of TiO2 has attracted profound attention over the past decades.
Nevertheless, the molecular mechanism of the water splitting reaction
has remained largely unresolved. The investigation of water during
the water splitting reaction requires a surface sensitive tool which can
probe the evolution of water molecules at the TiO2 surface upon UV
irradiation. In this study we exploit the inherent surface-sensitivity
of sum-frequency generation (SFG) spectroscopy to probe the water
molecules at the interface between bulk water and TiO2. Femtosecond
time-resolved SFG allows us to record changes in the orientation and
hydrogen bonding interaction of interfacial water, as a function of the
time following a UV pump pulse. Our preliminary results indicated
a strong pH dependence of the relaxation/re-orientation of the water
molecules after UV-irradiation of the TiO2.

MO 13.3 Thu 11:45 N 6
The primary photochemical processes upon laser flash pho-
tolysis of a puckered ferrocyclobutadiene in liquid solution
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studied by ultrafast femtosecond mid-infrared spectroscopy
— ∙Boris Wezisla, Jörg Lindner, and Peter Vöhringer — Uni-
versity of Bonn
The primary photoprocesses after laser flash excitation of the novel
puckered ferracyclobutadiene, [Fe{𝜅2-C3(NEt2)3}(CO)3]BF4, are ex-
plored using femtosecond time-resolved infrared spectroscopy in con-
junction with extensive signal deconvolution and quantum mechanical
computations, in an effort to fathom the possibility of utilizing this
class of metallacyclobutadienes as efficient alkyne metathesis catalysts.

Signal deconvolution uncovers two short lived key intermediates for
the primary substitution of a single CO ligand by an acetonitrile sol-
vent molecule, which we already discovered in a previous study with
nanosecond time-resolution [1]. These intermediates are assigned by
comparison with DFT calculations to the triplet ground state of the
precursor molecule and a formally octahedral, planarized ferracycle
with an associated explicit solvent, respectively. By inclusion of the
analytical solution of a kinetic model into the global fitting routine,
reaction rates for elementary steps in the photochemical relaxation are
determined, which explain the origin of the low and excitation wave-
lenth dependent primary quantum yield of less than 25%.

[1] J. Torres-Alacan, B. Wezisla, M. Straßmann, A. C. Filippou,
P. Vöhringer, Chem. Eur. J., 2015, 21, 17184-17190.

MO 13.4 Thu 12:00 N 6
Effects of fractional charges on vibrational shifts of IR and
Raman-active modes using Density Functional Theory —
∙Reyhaneh Ghassemizadeh1 and Michael Walter1,2 — 1Institute
of Physics, University of Freiburg, 79104 Freiburg, Germany —
2Freiburg Center for Interactive Materials and Bioinspired Technolo-
gies (FIT), 79110 Freiburg, Germany
Organic molecules, such as polycyclic carbohydrates, are promising for
future use in a new generation of solar cells. To investigate electronic
structure and charge transfer characteristics of these molecules, we
apply (Time-dependent) Density Functional Theory (TD-DFT).

In this work we focus on interactions between charge carriers and
molecular vibrations in different carbon-based molecules with various
intramolecular symmetries. Due to addition of fractional charges, our
studies indicate, that vibrational frequencies 𝜔(𝑞) are changing com-
pared to the natural species. We present the dependency of vibrational
shifts of IR- or Raman-active modes on added fractional charges. An
outlook about Raman-active vibrational shifts as finger print of charge
transfer in donor-acceptor complexes in a common study with experi-
mental collaborators is given.

MO 13.5 Thu 12:15 N 6
Study of the self-reaction products of benzyl radicals via
IR/UV ion-dip-spectroscopy — ∙Florian Hirsch1, Philipp
Constantinidis1, Ingo Fischer1, and Anouk M. Rijs2 — 1Institute
of Physical and Theoretical Chemistry, University of Würzburg, Am
Hubland, D-97074 Würzburg, Germany — 2Institute for Molecules
and Materials, Felix Laboratory, Radboud University, Toernooiveld
7c, 6525 ED Nijmegen, The Netherlands
The self-reaction products of benzyl radicals produced by flash pyro-
lysis have been studied by ion-dip-spectroscopy in a free jet. Due to
the high stability of this species and its great abundance in hot flames
during combustion processes, these radicals might play an important
role in the formation of polycyclic aromatic hydrocarbons (PAHs) and
consequently soot. Because of the potential health and environmental
impact of these undesired products, it is of significant importance to

understand the basic mechanisms which lead to these molecules in hot
flames.

The spectroscopic method utilized in this study is capable of provi-
ding mass selective infrared spectra, which can be used for identifi-
cation of the formed molecules. The radicals have been generated by
flash pyrolysis from a nitrite precursor and ionized at fixed wavelengths
at 265 or 275 nm. A tunable free electron laser provided infrared ra-
diation in the range of 550 - 1750 cm-1. Subsequent analysis of the
differences in ion signals, with and without infrared excitation, resulted
in the sought after infrared spectra for product identification.

MO 13.6 Thu 12:30 N 6
Enhancement of Vibrational Coherence by Excitation with
Chirped Multipulses — ∙Elisabeth Brühl, Tiago Buckup, and
Marcus Motzkus — Physikalisch-Chemisches Institut, Ruprecht-
Karls Universität Heidelberg, Germany
To steer photochemical reactions into selected channels, the tailoring of
molecular vibrations is a fundamental control knob. Vibrational coher-
ence of the ground state can be manipulated by using chirped pump
pulses via intrapulse impulsive Raman scattering [1]. Additionally,
electronic near-resonant excitation with multipulses has been shown
to enhance vibrational coherence in the excited state [2]. In this work,
these two methods of mode selective control are combined to study
the interplay of chirped pulses and multipulses on vibrational coher-
ence and population in the electronic excited as well as in the ground
state over a range of excitation spectra. This is demonstrated by sys-
tematic phase shaping of the excitation pulse in transient absorption
of dye molecules. Our control results of population and vibrational
coherence show a strong dependence on the excitation detuning. For
example, a blue-detuned multipulse enhances the vibrational coherence
and its influence linearly adds to the one of the chirp. The effects for
resonant and red-detuned excitation, on the other hand, are in general
less pronounced and do not follow the same trend as for blue-detuned.
For a better understanding of the underlying process and the assign-
ment of ground and excited state contributions a numerical model is
developed.

[1] Bardeen et al., JPC A 1998, 102, 17.
[2] Buckup et al., JPB 2008, 41, 074024.

MO 13.7 Thu 12:45 N 6
Distinguishing between silanol O-H and water O-H at the
silica/water interface with time resolved SFG spectroscopy
— ∙Jenée D. Cyran1, Michael A. Donovan1, Jonathan F.D.
Liljeblad2, Eric Tyrode2, Mischa Bonn1, and Ellen H.G.
Backus1 — 1Max Planck Institute for Polymer Research, Mainz, Ger-
many — 2School of Chemistry, Division of Surface and Corrosion Sci-
ence, Royal Institute of Technology, Stockholm, Sweden
The surface properties of silica in contact with aqueous solutions im-
pact a plethora of fields, including geochemical, technological, and bio-
logical. Characterizing the silica/water interface on a molecular level is
crucial for understanding the adsorption and reaction of water on the
silica surface. Sum frequency generation (SFG) spectroscopy, a sur-
face selective technique, affords the ability to use molecular vibrations
to characterize the silica/water interface. The vibrational spectrum of
this interface reveals a high-frequency feature centered at 3680 cm-1.
It has been debated whether this resonance originates from a free O-H
from water or from a silanol (Si-O-H) group. Here, we use time- and
polarization resolved SFG to distinguish between these two, as the wa-
ter O-H can clearly reorient much faster than a surface-bound silanol
group.

MO 14: Theory of Coupled Systems

Time: Thursday 11:00–13:00 Location: N 25

MO 14.1 Thu 11:00 N 25
Quantum dynamics of large molecular complexes using
stochastic pure states — ∙Panpan Zhang and Alexander Eis-
feld — MPIPKS Dresden
The Hierarchy of Pure States (HOPS)[1] is a stochastic method to
efficiently solve non-Markovian open quantum system dynamics. It
can also be used to calculate the linear [2] and nonlinear [3] spectra
of molecular aggregates. Here we discuss the application of HOPS to
these aggregates and present a new scheme how to truncate the hier-

archy, which allows to treat large systems with complex environments.
[1] D. Suess et al; Phys. Rev. Lett. 113, 150403 (2014) [2] G.

Ritschel et al; J. Chem. Phys. 142, 034115 (2015) [3] P. Zhang and
A.Eisfeld; J. Phys. Chem. Lett. 7,4488 (2016)

MO 14.2 Thu 11:15 N 25
Electron-phonon coupling with DFT — ∙Oliver Stauffert —
Physikalisches Institut, Universität Freiburg, Hermann-Herder-Str. 3,
D-79104 Freiburg
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We describe electronic structures for organic molecules, which are in-
teresting for current research on organic solar cells, with time depen-
dent density functional theory (DFT). Hereby we are especially inter-
ested in coupling of nuclear and electronic degrees of freedom. The
most widely known occurrence of this coupling can be seen in the vi-
brational substructure of electronic spectra. These vibrational lines
are described by the Franc Condon factors and can be calculated in
a DFT framework. Results of simulations for polycyclic aromatic hy-
drocarbon show excellent agreements with the experimental data. We
further investigate the influences of the environment, like a rare gas
matrix and additional molecules on the vibrational degrees of freedom.
Another consequence of electron phonon coupling can be seen in
phonon assisted electron hopping. Conduction in organic systems is
often described by electronic hopping in terms of a Hubbard Hamil-
tonian. The hopping parameter hereby depends on the distance of
next neighbor atoms. Vibrations along the atomic axis can change the
distance accordingly and enhance electronic hopping. This can lead
to interesting new effects that we are investigating with DFT and an
Su-Schrieffer-Heeger [1] model.

[1] W.P. Su, J.R. Schrieffer, and A.J. Heeger, Phys. Rev. Lett. 42,
1698 (1979)

MO 14.3 Thu 11:30 N 25
Towards a mobile solvent environment in quantum control
optimizations — ∙Daniel Keefer and Regina de Vivie-Riedle
— Department Chemie, LMU München
Recently, we introduced an approach to explicitly include solvent
molecules in quantum control optimizations [1]. The explicit environ-
ment was identified to have a significant influence on the relevant
molecular properties. In a first approximation, movement of the sol-
vent molecules was not considered during the quantum dynamical
treatment of the reactant and the optimization of controlling laser
pulses.

In our present study, we adress this issue and extend our ap-
proach towards a fluctuating environment. The methodical techniques
to achieve this will be presented, and the impact of mobile solvent
molecules will be discussed on a molecular, synthetically relevant ex-
ample.

[1]D. Keefer et al., J. Phys. B 48 (2015), 234003.

MO 14.4 Thu 11:45 N 25
Sub-picosecond Energy Transfer Mechanism with Highly In-
tense and Ultrshort THz Pulses — ∙Pankaj Kumar Mishra1,2

and Robin Santra1,2,3 — 1Centre for Free Electron Laser Science,
DESY, Hamburg, Germany — 2The Hamburg Centre for Ultrafast
Imaging, University of Hamburg, Germany — 3Department of Physics,
University of Hamburg, Germany
With the advent of femtosecond lasers a couple of decades ago, ultrafast
Temperature-jump experiments became possible and have since been
used to study the very fast kinetics of fundamental steps in chemical
reactions, folding processes in proteins and other biomolecules. Inter-
estingly, T-jump experiments are also being used to study the funda-
mental aspects of the hydrogen bond dynamics and energy transfer
in liquid water and other liquids in ultrashort timescales. We com-
putationally investigated that one and half cycle, 141 fs long (fwhm)
THz pulses spectrally centered at about 100 cm-1 (3 THz) can transfer
the large amount of energy to the liquid water, generating a t-jump
of 700~k within less than a ps time-scale. Here, I will talk about
the dynamics of ultrafast energy transfer from water clusters to bulk
water by such THz pulses. I will present the mechanisms by which
rotational and translational degrees of freedom of the water monomers
gain energy from these sub-cycle pulses and discuss the ultrafast H-
bond modification. Through their permanent dipole moment, water
molecules are acted upon by the electric field and forced off their pre-
ferred H-bond network conformation.

MO 14.5 Thu 12:00 N 25
Kraftberechnungen in Spiropyran — ∙Oliver Brügner und Mi-
chael Walter — FIT Freiburger Zentrum für interaktive Werkstoffe
und bioinspirierte Technologien, Universität Freiburg
Spiropyrane sind photo- und mechanochrome Moleküle. Die ursprüng-
lich farbneutralen Moleküle können sich durch Bestrahlung mit ul-
traviolettem Licht beziehungsweise durch mechanische Kräfte durch
Brechung einer kovalenten Bindung in farbige Isomere mit dem Na-
men Merocyanin umwandeln. Die induzierte Verfärbung ist reversibel
und die Entfärbung lässt sich z.B. durch ultraviolettes Licht induzie-
ren. Diese erstaunliche Eigenschaft macht Spiropyran zu einem Stoff,

welcher für die Zukunft viele Anwendungen verspricht.
Mit dem langfristigen Ziel die mechanochromen Eigenschaften zu

nutzen, um die Grundlage für die Herstellung von polymeren Kraftsen-
soren zu entwickeln, haben wir theoretische Untersuchungen basierend
auf der Dichtefunktionaltheorie durchgeführt. Bestehende Methoden,
um die Kraft zu berechnen, welche zur Verfärbung eines Spiropyran-
moleküls benötigt wird, wurden von uns weiterentwickelt. Dabei er-
gibt sich, dass das Molekül für den Übergang nach Merocyanin zwei
verschiedene Energiebarrieren überwinden muss. Die korrekte Bestim-
mung der benötigten Kraft verlangt die Betrachtung von zwei Reak-
tionskoordinaten und den zugehörigen Energiebarrieren. Berücksichti-
gung finiter Temperaturen bringt die berechneten Kräfte in Einklang
mit dem Experiment [Gos].

[Gos] Gregory R. Gossweiler, Tatiana B. Kouznetsova, Stephen L.
Craig, J. Am. Chem. Soc. 137 (2015) 6148-6151

MO 14.6 Thu 12:15 N 25
Energetics of charge transfer excitations from DFT ground-
state calculations — ∙Rolf Würdemann1 and Michael
Walter1,2,3 — 1FMF, Universität Freiburg, Freiburg, Germany —
2FIT, Universität Freiburg, Freiburg, Germany — 3IWM, Freiburg,
Germany
Charge transfer excitations (CTE) are of interest in photovolatics, or-
ganic electronics and molecular and organic magnetism. The energetics
of CTE can be calculated by linear response time dependent density
functional theory (lrTDDFT) using range separated functionals (RSF).

Compared to ground-state calculations, the use of lrTDDFT is com-
putational very demanding.

Applying Huzinaga’s improved virtual orbitals from Hartree-Fock
Theory, we present a way to calculate the energetics of CTE using
RSF by means of DFT ground-state calculations.

MO 14.7 Thu 12:30 N 25
Impact of dipole dispersion forces on the spectroscopic prop-
erties of a molecule — ∙Johannes Fiedler1, Saunak Das2,3,
Martin Presselt2,3, Michael Walter1,4, and Stefan Yoshi
Buhmann1 — 1Institute of Physics, University of Freiburg, Germany
— 2Institute of Physical Chemistry, University of Jena, Germany —
3Leibniz Institute of Photonic Technology, Germany — 4Fraunhofer
Institute for Mechanics of Materials, Germany
In molecular systems, dipole forces play an important role in determin-
ing their physical properties, such as bond length, binding energy and
the electromagnetic response of the whole aggregate. Their impact is
investigated in recent experiments and theories [1,2]. One typically
distinguishes forces may arising from permanent from those being due
to induced dipole moments.

We investigate the influence of dielectric response of a particle in the
presence of a second one, where the two interact via the London dis-
persion force. We present the results of a quantum optical description
based on macroscopic quantum electrodynamics and compare them
with results obtained from density functional theory [3]. In particular,
we study how the impact of the second particle on the first depends
on the interparticle separation and their mutual orientation.

[1] V.V. Gobre, A. Tkatchenko, nature communications 4, 2341
(2013).

[2] S.Y. Buhmann, Dispersion forces I, Springer (Heidelberg, Berlin)
2012.

[3] T.E. Shubina et al., J. Am. Chem. Soc. 136, 10890 (2014).

MO 14.8 Thu 12:45 N 25
Scalable composition of many-body interactions with lin-
ear size, linear/logarithmic-depth quantum circuits —
∙Michael Kaicher1, Felix Motzoi2, and Frank K. Wilhelm1

— 1Universität des Saarlandes, Saarbrücken, Deutschland —
2Department of Physics and Astronomy, Aarhus, Dänemark
We develop a generalized framework for constructing many-qubit op-
erator strings in linear time, with exact decompositions given for Pauli
strings, number-conserving strings, parity-conserving strings, many-
control Toffoli gates, Unitary Coupled Cluster operations, and sparse
matrix generators. To this end, we use nearest-neighbour chaining op-
erations to iteratively increase string length, in combination with a
dynamical decoupling gate sequence to undo any changes outside the
support of the many-body string. Moreover, we show that such con-
structions can be exponentially sped up via parallelization, with linear
number of ancillary scratch registers required when the operators are
not full rank. The formalism is readily applicable to different kinds of
interactions including, CNOT, 𝑋𝑋, and 𝑋𝑋 + 𝑌 𝑌 .
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MO 15: Environment Controlled Processes

Time: Thursday 14:30–16:30 Location: N 6

Invited Talk MO 15.1 Thu 14:30 N 6
Tracking electronic processes inside dense matter by lumi-
nescence — ∙André Knie — Universität Kassel, Institut für Physik
und Center for Interdisciplinary Nanostructure Science and Technol-
ogy (CINSaT)
Typically electronic processes are investigated by charged particle de-
tection - very often by electron spectroscopy. The step from small
ideal systems, e.g. atoms, molecules, or clusters, to dense (real life)
systems is obstructed for those techniques due to the very short pen-
etration depth (few nm) of the charged particles. Another approach
is the detection of photons, with orders of magnitude larger mean free
paths.

Here, it will be shown how we employ high-resolution luminescence
spectroscopy to observe ultra-fast energy transfers, namely the inter-
atomic Coulombic decay (ICD), in noble gas clusters and electronic
processes of photo excited liquid water within a liquid microjet.

In noble gas clusters as prototypes for dense systems, the photon
emission following the electronic process can be investigated from small
to large clusters. The fingerprint of the ultra-fast ICD feature, which
can be identified by excitation energy and decay times, shows dramatic
trends upon transition from small (dilute) to large (dense) clusters.
Another very dense sample with a major impact on our daily life is
liquid water and the electronic processes occurring upon XUV irra-
diation. Due to their luminescence fingerprint, those processes and
thereby liquid water itself could be tracked over vast distances, e.g.
astronomical distances.

MO 15.2 Thu 15:00 N 6
Interatomic coulombic decay in macroscopic environments —
∙Joshua Leo Hemmerich, Robert Bennett, and Stefan Yoshi
Buhmann — Physikalisches Institut, Albert-Ludwigs-Universität
Freiburg
Interatomic coulombic decay (ICD) [1] has been a subject of study for
the last two decades. The process takes place when a subunit of a
cluster is ionized by removal of an inner valence electron. If the energy
of the resulting state lies beneath the double ionization threshold a
second subunit can be ionized by exchange of a virtual photon. Us-
ing the framework of macroscopic quantum electrodynamics [2] and
time-dependent perturbation theory we study this process in arbitrary
material environments, e.g. near a conducting plate. We compare our
results in free space with the asymptotic quantum chemistry results
based on the non-retarded Coulomb interaction to elucidate the im-
pact of retardation. Finally, we briefly comment on the influence of
macroscopic dielectric bodies on the ICD process.

[1] L.S. Cederbaum, et. al. Phys. Ref. Lett. 79 (24) 1997
[2] S. Scheel and S. Y. Buhmann, Acta Physica Slovaca 58 (5) 2008

MO 15.3 Thu 15:15 N 6
Femtosecond spectroscopy of the solvated electron in liquid
ammonia over a wide range of excitation energies — ∙Tim
Vogler, Jörg Lindner, and Peter Vöhringer — Institut für
Physikalische und Theoretische Chemie, Universität Bonn
We recently reported on the vertical and below-band-gap ionization of
liquid-to-supercritical ammonia employing photolytical excitation en-
ergies 𝐸𝑔 of 9.3 eV [1] and 6.2 eV [2], respectively. In these studies
the so called escape probability, i.e. the fraction of solvated electrons
that are able to escape from their parent molecule, was around 70% in
the first case and only 5% in the latter one (at room temperature and
a pressure of 300 bar). This dramatic change in dependence on 𝐸𝑔

opens up a very attractive window for further investigations: While
the previous work puts special emphasis on the quantification of the
escape probability under varying thermodynamic conditions, we now
determined its behavior as a function of the excitation energy 𝐸𝑔 .

To do so we extended our femtosecond pump-probe-spectrometer
with a tunable UV light source providing a wide and gapless range
of excitation energies 𝐸𝑔 from 6 eV to 12 eV, implying a two-photon
dependence of the ionization mechanism as found in [1]. Finally, the
experimental results can be interpreted with a model regarding the
optical band gap of liquid ammonia, which is around 8.2 eV [2].

[1] J. Urbanek et al., J. Phys. Chem. B 116.7 (2012),
[2] J. Urbanek and P. Vöhringer, J. Phys. Chem. B 118.1 (2013)

MO 15.4 Thu 15:30 N 6
Mean free path of slow electrons retrieved from velocity map
imaging of aerosol particles — ∙Maximilian Goldmann1, Bruce
L. Yoder1, Stavros Amanatidis1, Egor Chasovskikh1, Lukas
Lang1, Andras Bodi2, David Luckhaus1, and Ruth Signorell1

— 1Laboratorium für physikalische Chemie, ETH Zürich, 8093 Zürich
— 2Swiss Light Source, Paul Scherrer Institut, 5232 Villigen
Electron mean free paths are important quantities for a number of
physico-chemical phenomena ranging from aerosol physics and chem-
istry to radiation damage of biological tissues. We introduce and apply
a novel method to determine the electron mean free path of low en-
ergy electrons in solid and liquid materials by velocity map imaging
photoelectron spectroscopy of neutral aerosol particles using vacuum
ultraviolet light. We extract the electron mean free path by compar-
ing experimental with simulated photoelectron velocity map images
of aerosol particles. For the simulation, we use a detailed scattering
model [1].

Experimental photoelectron spectra of potassium chloride nanopar-
ticles [2], liquid water droplets [1], and liquid-coated nanoparticles are
presented. These photoelectron images were recorded at the VUV
beamline at Paul Scherrer Institute and by means of a home-built
table-top laser system.

[1] R. Signorell et al., Chem. Phys. Lett. 658, 1 (2016).
[2] M. Goldmann et al., J. Chem. Phys. 142, 224304 (2015).

MO 15.5 Thu 15:45 N 6
Monitoring the proton-transfer dynamics of a super-
photoacid in acetone — ∙Johannes Knorr1, Bastian Geißler1,
Christian Spies1,2, Björn Finkler2, Gregor Jung2 und Patrick
Nuernberger1 — 1Physikalische Chemie II, Ruhr-Universität Bo-
chum, 44780 Bochum — 2Biophysikalische Chemie, Universität des
Saarlandes, 66123 Saarbrücken
Photoacidity, i.e., a molecule’s higher tendency to release a proton
after electronic excitation, caused by changes in the molecule’s elec-
tronic distribution that in turn affect corresponding hydrogen bonds,
is frequently encountered in aromatic alcohols capable of transfer-
ring a proton to a suitable acceptor [1]. In this study, we investiga-
te an extraordinarily strong super-photoacid, namely tris(1,1,1,3,3,3-
hexafluoropropan-2-yl)8-hydroxypyrene-1,3,6-trisulfonate [2,3] in the
aprotic solvent acetone—an environment which has not been addres-
sed in previous time-resolved studies with other photoacids due to
their weaker proton-transfer capabilities. In-depth analysis of time-
correlated single-photon counting and femtosecond transient absorpti-
on experiments allows us to disclose solvation dynamics and radiative
relaxation processes, as well as to derive a reaction scheme comprising
the relevant steps of proton transfer along with the characteristic time
scales.
[1] T. Förster, Naturwissenschaften 36, 186 (1949)
[2] C. Spies et al., Phys. Chem. Chem. Phys. 15, 19893 (2013)
[3] B. Finkler et al., Photochem. Photobiol. Sci. 13, 548 (2014)

MO 15.6 Thu 16:00 N 6
An Experimental Test of Fermi’s Golden Rule using Fem-
tosecond IR Pump-Probe Spectroscopy — ∙Jeannine Gleim,
Tobias Unruh, Denis Czurlok, Jörg Lindner, and Peter
Vöhringer — Institut für Physikalische und Theoretische Chemie,
Universität Bonn
Fermi’s Golden Rule describes the coupling of an eigenstate of a quan-
tum system with a resonant continuum of ”background” states. In
the context of vibrational energy relaxation in liquid solutions Fermi’s
Golden Rule (FGR) has never been tested rigorously through experi-
mental studies. In the recent past, aqueous solutions of pseudohalide
anions were used to study dynamical solute-solvent interactions and
vibrational energy relaxation in hydrogen-bonded networks. Here, the
cyanide stretching vibration of SC14N-, SC15N-, SeCN- and OCN- an-
ions dissolved in water were studied with FTIR-spectroscopy as well as
femtosecond IR-pump-probe spectroscopy. This solute vibration can
couple resonantly to the continuum of bending-librational combination
states of the liquid. All experiments were carried out under isobaric
conditions at a pressure of 500 bar over a wide temperature range. T-
dependent relaxation rates (k(VER)) were determined from the decay
of the v = 1 excited state absorption. Furthermore, the T-dependent
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spectral overlap S(T) between the solute and solvent absorption bands
were determined independently and were used as a measure of the den-
sity of ”background” states that enters Fermi’s Golden Rule. According
to FGR, a linear relationship between S(T) and k(VER) exists which
provides insight into the coupling strength of the solute and solvent.

MO 15.7 Thu 16:15 N 6
Photophysics and electrondynamics of indole and indole-
water clusters — Thomas Keirspel1,2, ∙Melby Johny1, Joss
Wiese1,2, Sebastian Trippel1,2, and Jochen Küpper1,2,3 —
1Center for Free Electron Laser Science (CFEL), Deutsches Elek-
tronen Synchrotron (DESY), Hamburg, Germany — 2The Hamburg
Center for Ultrafast Imaging, University of Hamburg, Germany —
3Department of Physics, University of Hamburg, Germany
The properties of atoms and molecules are strongly dependent on their

environment and hydrogen bonds are of universal importance in chem-
istry and biochemistry [1]. Therefore, it is highly desirable to bridge
the gap between single, isolated molecules and molecules in solvation.

Here, we investigate the photophysics of a spatially separated pure
sample of indole-water clusters, an amino-acid chromophore (indole)
solvated by single water molecule [2]. The photofgramentation ow-
ing to 1s core hole ionization of indole’s nitrogen were analysed with
(photoelectron) photoion-photoion coincidence (PIPICO) maps. In-
dications for electron and proton or hydrogen atom transfer to the
hydrogen bonded water molecule, as well as different Coulomb explo-
sion channels, due to further emission of electrons on the indole-side
of the cluster, were observed.

[1] A. L. McClellan, J. Chem. Educ., 44 (9), 547 (1967)
[2] Chang, Horke, Trippel, Küpper, Int. Rev. Phys. Chem. 34(4),

557-590 (2015)

MO 16: Posters 3: Experimental Techniques and Theoretical Approaches

Time: Thursday 17:00–19:00 Location: P OGs

MO 16.1 Thu 17:00 P OGs
Resolving Vibrational from Electronic Coherences in Two-
Dimensional Electronic Spectroscopy: The Role of the
Laser Spectrum — Franco V. De A. Camargo1, ∙Lena
Grimmelsmann1,2, Harry L. Anderson3, Stephen R. Meech1,
and Ismael A. Heisler1 — 1School of Chemistry, Norwich Research
Park, University of East Anglia, Norwich NR4 7TJ, United Kingdom
— 2Physical Chemistry II, Ruhr-University Bochum, 44780 Bochum,
Germany — 3Department of Chemistry, Chemistry Research Labora-
tory, University of Oxford, Oxford OX1 3TA, United Kingdom
Light-induced coherent superposition of states are observed through
the presence of oscillations in two-dimensional electronic spectroscopy
(2DES). The pioneering 2DES studies on coherences mostly focused
on single coordinates of the real part of 2D maps, with limited scan-
ning of the waiting time, because of the long data acquisition times.
Here we use a state-of-the-art 2D spectrometer that quickly acquires
data with very good signal-to-noise to recover complex-valued 2DES
maps and study vibrational coherences in a zinc-porphyrin monomer.
Further we show that these signatures are critically dependent on the
laser spectrum, demonstrating that a blueshift filters pathways so that
the final result matches exactly those expected for an electronic co-
herence. This result is of crucial importance for the interpretation of
coherences in 2DES. Finally, we use this new understanding of the laser
spectrum effects to perform a complementary 2D experiment that lifts
any ambiguity in the interpretation.

MO 16.2 Thu 17:00 P OGs
Two-dimensional Electronic Spectroscopy of Controlled Iso-
lated Systems — ∙Ulrich Bangert, Lukas Bruder, Marcel
Binz, Daniel Uhl, Katharina Schneider, Andreas Wituschek,
and Frank Stienkemeier — Institute of Physics, University of
Freiburg, Germany
Two-dimensional electronic spectroscopy (2DES) is a powerful tool to
study coherences and correlations on ultrafast time scales. Until now,
2DES has been limited almost exclusively to condensed phase stud-
ies. Our aim is to apply 2DES to controlled isolated systems by using
doped helium nanodroplet beams. Helium nanodroplets provide the
dopant with a cold environment and minimal perturbation, which are
ideal conditions to study the behavior of an individual system in a
well-controlled environment.

However, the target density in doped helium droplet beams is several
orders of magnitudes lower than in bulk condensed phase samples. We
adapt a phase modulation technique [1] to overcome this issue. Using
this, we currently implement a 2DES setup combined with a doped
helium droplet beam. This setup will open exciting new possibilities
for future 2DES studies.

[1] P. F. Tekavec, G. A. Lott and A. H. Marcus, J. Chem. Phys.
127, 214307 (2007)

MO 16.3 Thu 17:00 P OGs
The Stability of Broadband Phase Shaping in Liquid Crys-
tal Spatial Light Modulators — ∙Elisabeth Brühl, Tiago
Buckup, and Marcus Motzkus — Physikalisch-Chemisches Insti-
tut, Ruprecht-Karls Universität Heidelberg, Germany

Liquid crystal spatial light modulators (LCM) have found many suc-
cessful applications in physical chemistry, where they are used to
modulate phase, amplitude and polarization of femtosecond (fs) laser
pulses. In this regard, shot-to-shot as well as long-term modulation
stability of LCMs are crucial requirements on its application in the
broadband shaping of fs pulses. In this work, we show that when
LCMs are applied to broadband tailoring of fs pulses (12 fs), depend-
ing on acquisition and detection conditions, noise figures up to 7 %
can be observed. Our results show that spectral phase instability is
originated by the LCM. In order to understand and thus minimize such
instabilities, phase-sensitive measurements based on second harmonic
generation of the tailored pulse, comparison of rapid-scan and step-
scan results as well as careful control of the LCM temperature were
implemented. The noise figure can be decreased by a factor of ten if a
rapid-scan data acquisition approach is used instead of step scan. Fur-
thermore, the study shows that the key in maximizing pulse stability
and minimizing noise effects lies in careful control of the LCM oper-
ating temperature, improving the shot-to-shot stability of the output
tailored pulse by a factor of two. Based on the experimental data we
developed a physical model for a deeper understanding of the influence,
especially the average scheme, and the level of noise.

MO 16.4 Thu 17:00 P OGs
Amplitude and phase shaping of femtosecond laser pulses in
the ultraviolet with the help of an acousto optical modulator
— ∙Sascha Bickhardt, Cristian Sarpe, Alexander Kastner,
Philipp Hillmann, Arne Senftleben, and Thomas Baumert —
University of Kassel, Institute of Physics and CINSaT, Heinrich-Plett-
Str. 40, D-34132 Kassel, Germany
Femtosecond laser pulse shaping is the key technology in quantum con-
trol. So far, we were able to demonstrate pulse shaping with subcycle
temporal accuracy making use of phase and amplitude modulation
of femtosecond laser pulses in the infrared spectral region [1]. The
experimental demonstration of molecular strong-field control schemes
was achieved [2].
Organic molecules typically show pronounced absorption bands ly-
ing in the ultraviolet (UV) spectral region. Tailoring ultrashort UV
laser pulses with respect to temporal and spectral shape opens up the
possibility to investigate electron dynamics within different organic
molecules, e.g. chiral ones.
We present the current status of our 4f and acousto optical modulator
based setup for amplitude and phase shaping in the ultraviolet.
[1] J.Koehler et al.: Optics Express 19 (12), 11638-11653 (2011)
[2] T.Bayer et al.: Physical Review Letters 110, 123003 (2013)

MO 16.5 Thu 17:00 P OGs
Optimization of data acquisition in time-domain spectroscopy
experiments — ∙Daniel Uhl, Lukas Bruder, Marcel Binz, Ul-
rich Bangert, and Frank Stienkemeier — Institute of Physics,
University of Freiburg, Germany
We are exploring different approaches to optimize the data acquisition
in time-domain spectroscopy, in particular, in phase-modulated pump-
probe and 2D spectroscopy experiments. On the one hand, compressed
sensing can be used to significantly reduce the amount of data points,
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while yielding the same information content. This method allows in
principle to go below the fundamental boundary of the sampling rate
given by the Nyquist-Shannon-Theorem. On the other hand, we work
on a software-based lock-in amplifier to improve data acquisition which
represents a cost-effective alternative to commercial devices. This pro-
vides much higher flexibility: simultaneous detection with custom de-
modulators and filter algorithms is possible and acquisition times can
be individually optimized for specific applications.

MO 16.6 Thu 17:00 P OGs
Development of a table-top soft X-ray source for probing ul-
trafast molecular dynamics — ∙S. Raabe1, G. Goldsztejn1,
E.T. Karamatskos2, S. Tripple2, K. Kovács3, E. Balogh3, B.
Major3, V. Tosa3, J. Küpper2, K. Varjú3, M.J.J. Vrakking1,
and A. Rouzée1 — 1Max-Born-Institute, Max-Born-Str. 2A, 12489
Berlin, Germany — 2Center for Free-Electron Laser Science, DESY,
Notkestr. 85, 22607 Hamburg, Germany — 3Dpartment of Optics and
Quantum Electronics, University of Szeged, Szeged, Hungary
High harmonic generation (HHG) is a powerful technique to generate
ultrashort bursts of short-wavelength radiation. These pulses provide a
way to capture ultrafast electronic and nuclear motion in matters with
an exquisite temporal resolution down to the attosecond timescale.
However, due to the low conversion efficiency of the HHG process at
high photon energies, experiments have so far been limited to a pho-
ton energy range below 100 eV. We are currently developing a bright
soft X-ray source making use of two-color HHG [1], where the first
laser has a wavelength centered around 800 nm and the other laser is
in the mid-infrared part of the spectrum. We will present the design
of our table-top soft X-ray source that includes a new high gas pres-
sure cell that will be used to generate water window harmonics using
this two-color laser scheme. The source will be used together with
a velocity map imaging spectrometer to perform time-resolved pho-
toion and photoelectron spectroscopy and a soft X-ray spectrometer
enabling transient absorption spectroscopy.

[1] B. Schütte, Optics Express, 23, 26 (2015)

MO 16.7 Thu 17:00 P OGs
Molecular processes with intense laser pulses — ∙Denhi
Martínez1,2, Alfonso Guerrero2, Ignacio Álvarez2, Thomas
Pfeifer1, Robert Moshammer1, and Carmen Cisneros2 — 1Max-
Planck-Institut für Kernphysik, Saupfercheckweg 1, 69117 Heidelberg
— 2Instituto de Ciencias Físicas, Universidad Nacional Autónoma de
México, Av. Universidad s/n, Chamilpa, 62210 Cuernavaca, Morelos.
Through the interaction between strong laser fields and atoms or
molecules, it is possible to elucidate the dynamical evolution in those
systems. In the present work are shown some results for the dis-
sociation and multiphoton ionisation processes of the nitromethane
(CH3NO2) with V-UV radiation from laser pulses having nanoseconds
pulse duration and at an intensity ranging from 109 to 1010 W/cm2 .
The observed ionic fragments were identified using high resolution mass
spectrometry (Reflectron and TOF technique) and provide informa-
tion on the fragmentation channel. We also present how to extend this
research using a femtosecond laser providing higher intensity ranges
and enabling therefore to study tunneling ionization. Moreover, fem-
tosecond laser pulses, due to their timescale, allow to obtain a clearer
picture of the electron dynamics the system We combine this pump
probe spectroscopy technique with a reaction microscope to determine
the initial momenta of ions and electrons, based on the position and
time of flight of their detection.

MO 16.8 Thu 17:00 P OGs
A molecular movie of Interatomic Coulombic Decay in NeKr
— ∙Florian Trinter1, Tsveta Miteva2, Miriam Weller1, Se-
bastian Albrecht1, Alexander Hartung1, Martin Richter1,
Joshua Williams1, Averell Gatton3, Bishwanath Gaire3,
Thorsten Weber3, James Sartor4, Allen Landers4, Ben
Berry5, Vasili Stumpf2, Kirill Gokhberg2, Reinhard Dörner1,
and Till Jahnke1 — 1Institut für Kernphysik, Goethe-Universität,
60438 Frankfurt am Main, Germany — 2Theoretische Chemie,
Physikalisch-Chemisches Institut, Universität Heidelberg, 69120 Hei-
delberg, Germany — 3Lawrence Berkeley National Laboratory, Chem-
ical Sciences Division, Berkely, California 94720, USA — 4Department
of Physics, Auburn University, Auburn, Alabama 36849, USA — 5J.
R. MacDonald Laboratory, Department of Physics, Kansas State Uni-
versity, Manhattan, Kansas 66506, USA
During the last 15 years a novel decay mechanims of excited atoms has
been discovered and investigated. This so called ”Interatomic Coulom-

bic Decay” (ICD) involves the chemical environment of the electroni-
cally excited atom or molecule: the excitation energy is transferred to a
neighbor of the initially excited particle usually ionizing that neighbor.
It turned out that ICD is a very common decay route in nature as it
occurs across van der Waals and hydrogen bonds. The time evolution
of ICD is predicted to be highly complex, as its efficiency strongly de-
pends on the distance of the atoms involved and this distance typically
changes during the decay. Here we present a direct measurement of
the temporal evolution of ICD using a novel experimental approach.

MO 16.9 Thu 17:00 P OGs
Fluorescence measurement of gas phase molecules by a sin-
gle photon detector — ∙Sharmila Sait, Alexander Kastner,
Philipp Schmidt, Arne Senftleben, Thomas Baumert, Andre
Knie, Arno Ehresmann, and Martin Pitzer — Institute for
Physics and Center for Interdisciplinary Nanostructure Science and
Technology (CINSaT), University of Kassel
Being one of the oldest techniques in molecular physics, fluorescence
spectroscopy is broadly used and still advancing in a wide range of
application. Time-resolved detection of single photons has over the
last two decades become an established technique to study dynamics
and solvent effects of biomolecules in solution. Nevertheless, obtain-
ing a complete picture, i.e. spectral and polarization information, still
requires scans or arrays of photomultipliers [1]. This poster highlights
a novel, time efficient and portable setup for measuring the behav-
ior of isolated molecules in gas phase. The synchrotron radiation is
focused on the sample. Emitted fluorescence is passed through a Wol-
laston prism, diffraction grating and detected by a time and position
sensitive single photon detector [2]. Consequently, polarization, wave-
length and lifetime of fluorescence of each photon are recorded in a
single measurement.

[1] Becker, et al., Microscopy Research and Technique 70, 403-409
(2007)

[2] A. Czasch et al., Nuclear Instruments and Methods in Physics
Research A 580 (2007) 1066-1070

MO 16.10 Thu 17:00 P OGs
Implementation of a mechanical shutter into a He droplet
apparatus using a hard disk drive actuator — ∙Katharina
Schneider — Institute of Physics, University of Freiburg, Germany
Controlled modulation or switching of light intensity is indispensable
to many laser-based experiments. There are various ways to provide
fast shuttering, varying in speed, reliability, expenses and extinction
ratio.

Mechanical shutter excel in usability, expenses and transmission
rate. Referring to [1], the voice-coil system of a computer hard disc
drive can be modified to make a fast mechanical shutter, with switch-
ing times comparable to commercial devices. The voice-coil is driven
by a custom circuit, using high-current pulses to ensure rapid shutter
action. The direction of current is controlled by a TTL signal, enabling
varying shutter frequencies and an asymmetric performance.

We setup such a shutter in a vacuum chamber to block a He droplet
beam in front of a doping cell. This allows us to measure the remaining
effusive signal in femtosecond HENDI (helium nanodroplet isolation)
spectroscopy experiments. By subtracting this background from the
measurement signal with the shutter open, the real doped droplet sig-
nal can be obtained.

[1] L. P. Maguire, S. Szilagyi, and R. E. Scholten, Rev. Sci. Instrum.
75, 3077 (2004)

MO 16.11 Thu 17:00 P OGs
Natural chemical conversion and catalytic ortho/para con-
version of the non-radioactive hydrogen isotopologues —
∙Bennet Krasch, Robin Größle, Sebastian Mirz, and Florian
Altenbrand — Karlsruher Institute of Technology
Besides the chemical conversion processes an additional one exists for
the homonuclear hydrogen isotopologues according to their relative
nuclear spin orientation. There are two different species the so-called
ortho hydrogen for parallel nuclear spins and the para hydrogen for
antiparallel nuclear spins. These two species differ slightly in their
thermodynamic properties as boiling point or specific heat capacity.
The time constants for the natural chemical conversion is in the order
of days to weeks in the gas phase. The ortho/para conversion time
constant is in the order of thousand hours in the gas phase and ten
hours in the liquid. At the Tritium Laboratory Karlsruhe (TLK) an
analysis system has been developed to measure the isotopologue con-
centration in the liquid phase of a cryogenic distillation process, based
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on infrared absorption spectroscopy. Since the ortho/para ratio has
an influence on the IR spectra, it is indispensable to calibrate the sys-
tem with catalytically produced ortho/para mixtures. Currently at the
TLK an experiment has been installed to measure the time constants
of catalytic conversion at a temperature range 70K-400K to determine
the efficiency of the iron oxide used catalyst. A Laser Raman setup is
used for a real-time analysis. This contribution presents first results
of these measurements of the catalyst efficiency.

MO 16.12 Thu 17:00 P OGs
Progress on a Zeeman Slower for Molecules — ∙Maurice Pet-
zold, Paul Kaebert, Philipp Gersema, Mirco Siercke, and Silke
Ospelkaus — IQO, Leibniz Universität Hannover, Hannover, Ger-
many
Recently there has been great progress in laser cooling of molecules
with quasi-diagonal Franck-Condon factors such as SrF CaF and YO.
In particular, optical molasses, 2D- and 3D-magneto-optical traps have
all been demonstrated. This is a tremendous step towards the creation
of ultracold or even quantum degenerate samples of molecules via di-
rect cooling techniques, extending the range of accessible molecules in
the ultracold regime. Currently the molecule number in these traps
is severely limited to ∼ 103 due to the lack of high flux sources of
molecules with velocities slow enough to be captured by magnetic or
magneto-optical traps. Zeeman slowing, which is commonly used for
atoms, is often thought to be impossible to implement for molecules
due to the nature of the optical transitions used. Here we present a
scheme of how to realize a Zeeman Slower for molecules. We simu-
late molecular trajectories emitted by a buffer gas cell and show that
the slowing device provides significantly more flux of cold and slow
molecules than other techniques used to date. The scheme is contin-
uous and provides compression of the 1D-velocity distribution. We
further report on progress on our demonstration experiment, which
employs the proposed Zeeman slower scheme to Potassium atoms on
the D1-line, an atomic system which exhibits many of the features and
difficulties of molecular Zeeman slowing.

MO 16.13 Thu 17:00 P OGs
Cold collisions and slow reactions in a 22-pole trap — ∙Eric
Endres, Daniel Hauser, Olga Lakhmanskaya, Steffen Spieler,
Gerhard Egger, Malcolm Simpson, Fabio Carelli, Franco Gi-
anturco, and Roland Wester — Institute for Ion Physics and Ap-
plied Physics, University of Innsbruck, Austria
Today the study of ion-molecule reactions moves towards cold chem-
istry which implies well controlled ion ensembles in a cold environment.
A widely used tool to store and prepare ions by buffer gas cooling is a
22-pole rf ion trap [1].

For most applications it is important to know the translational and
internal temperatures of the trapped ions. Here, we present detailed
rotational state thermometry measurements over an extended temper-
ature range for hydroxyl anions in different buffergases and show in-
complete rotational cooling of OH−. Furthermore we present a method
to manipulate and measure molecular quantum states by non-resonant
photodetachment. Based on this we provide quantum scattering rate
coefficients under full quantum state control for the rotationally inelas-
tic collision of hydroxyl anions with helium [2]. Additionally, prelim-
inary results of the influence of temperature on the inelastic collision
rate are shown. Finally the exothermic proton transfer reaction D− +
H2 → HD + H− with a barrier of about 0.33 eV [3] is analysed. Here
we investigate whether this reaction may occur at low temperature via
tunneling through this barrier.

[1] R. Wester, J.Phys.(2009); [2] D. Hauser Nat.Phys.(2015); [3] E.
Haufler, J.Phys.Chem.(1997)

MO 16.14 Thu 17:00 P OGs
A novel spectroscopy technique for complex molecular ions
in the gas phase — ∙Jürgen Göck1, Klaus Blaum1, Christian
Breitenfeldt1,2, Ulrich Gröozinger3, Sebastian George1,
Thomas Henning3, Holger Kreckel1, Sunil Kumar S1, Chris-
tian Meyer1, Gaël Rouillé3, Dmitry Strelnikov4, and Andreas
Wolf1 — 1Max-Planck-Institut für Kernphysik, Heidelberg, Germany
— 2Institut für Physik, Ernst-Moritz-Arndt-Universität Greifswald,
Greifswald, Germany — 3Max-Planck-Institut für Astronomie, Hei-
delberg, Germany — 4Institut für Physikalische Chemie II, Karlsruher
Institut für Technologie, Karlsruhe, Germany
The origin of the diffuse interstellar bands (DIBs)[1] and the unidenti-
fied infrared emission bands (UIEs) are long-standing questions in the
field of astrophysics. DIBs are interstellar absorption features in the

visible to near-infrared range, whereas the UIEs can be found in the
emission spectra of astronomical objects. Complex molecular ions are
candidates in particular since the first and only DIB carrier identified
so far is the C+

60 ion[2]. At the Max-Planck-Institut für Kernphysik we
are developing a new technique for gas-phase spectroscopy of molecular
ions that combines a cryogenic ion trap, which emulates the extreme
conditions in the interstellar medium (10 K and 2000 particles/cm3),
with extremely sensitive mid-infrared detectors. The experimental aim
is to identify unknown carrier species of the spectral lines. The mea-
surement scheme and the current status of the experimental setup will
be presented. [1] Herbig, G. H., Annu. Rev. Astron. Astrophys. 33,
19-73 (1995). [2] Campbell, E. K. et al., Nature 523, 322-323 (2015)

MO 16.15 Thu 17:00 P OGs
Stochastic Wavepacket Approach to Modelling Penning Ion-
isation — ∙Alexander Blech1, Daniel M. Reich1, Edvardas
Narevicius2, and Christiane P. Koch1 — 1Universität Kassel,
Deutschland — 2Weizmann Institute of Science, Rehovot, Israel
Cold Penning ionisation reactions of metastable helium display sharp
tunneling resonances. In this regime the reactants can be described by
a modicum of partial waves with one dominant one, when the collision
energy matches a resonance [1,2].

Recently, the products of the Penning ionisation reaction have been
detected using VMI. For Ar colliding with He*, an additional ring is
observed which is absent for Kr. This situation can be attributed to
the spin-orbit interaction. However, the angular dependence is more
isotropic than one would expect. We therefore model the ionisation
process using a stochastic wavepacket approach and calculate the cross
section in the exit channels.
[1] Henson et al., Science 338, 234 (2012).
[2] Klein et al., Nat. Phys., doi:10.1038/nphys3904, (2016).

MO 16.16 Thu 17:00 P OGs
Three-body bound states induced by a p-wave resonant two-
body interaction in 1D — ∙Lucas Happ1, Maxim A Efremov1,2,
and Wolfgang P Schleich1,3 — 1Institut für Quantenphysik and
Center for Integrated Quantum Science and Technology (IQST), Uni-
versität Ulm, D-89081 Ulm, Germany — 2A.M. Prokhorov General
Physics Institute, Russian Academy of Sciences, 119991 Moscow, Rus-
sia — 3Institute for Quantum Science and Engineering (IQSE), De-
partment of Physics and Astronomy, Texas A&M University, College
Station, TX 77843
The emergence of an infinite number of bound states in a system of
three bosons, given the s-wave two-body binding energy is at the dissi-
pation threshold, was first predicted by V. Efimov in 1970, and finally
verified experimentally during the last decade. Since then, studies are
exploring this effect in one- and two-dimensional systems, for differ-
ent types of two-body interactions (long- and short-range) as well as
symmetries of the underlying two-body resonance.

In this poster we present a system containing one light particle and
two identical heavy ones, provided i) all particles move on a line, and
ii) the heavy-light interaction potential has a p-wave (asymmetric)
resonance. Within the Born-Oppenheimer approach we find the corre-
sponding energy spectrum and the number of three-body bound states.

MO 16.17 Thu 17:00 P OGs
Correlated electron-nuclear dissociation dynamics: Classical
versus quantum motion — ∙Julian Albert, Thomas Schaupp,
and Volker Engel — Institut für Physikalische und Theoretische
Chemie, Universität Würzburg, Emil-Fischer-Str. 42, 97074 Würzburg
We investigate the coupled electron-nuclear dynamics in a model sys-
tem which undergoes dissociation. In choosing different initial condi-
tions, the cases of adiabatic and non-adiabatic dissociation are realized.
We treat the coupled electronic and nuclear motion in the complete
configuration space so that classically, no surface hopping procedures
have to be incorporated in the case that more than a single adiabatic
electronic state is populated during the fragmentation. Concerning
the highly anharmonic interaction potential, where it is expected that
classical mechanics substantially deviates from quantum mechanics, it
is found that the densities and fragmentation yields obtained from the
two treatments are in astonishingly good agreement.

MO 16.18 Thu 17:00 P OGs
Transient wavepacket dynamics in excited-state potentials —
Markus Gühr and ∙Carsten Henkel — Universität Potsdam
Time dependent wavepacket dynamics driven by short laser pulses can
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be simulated in two different ways. First, the static eigenstates of
the system can be superposed with a spectral phase given by the ex-
citation pulse. Second, a given static wavepacket can be propagated
in the system’s potential by solving the time-dependent Schrödinger
equation.

Using molecular vibrational wavepackets, we illustrate that the two
methods may deliver slightly different results at small propagation
times and give an intuitive explanation based on causality. We point
towards methods to verify the short-scale dynamics experimentally.

MO 16.19 Thu 17:00 P OGs
bound state properties of two dipoles in harmonic waveg-
uides — ∙gaoren wang1, panogiotis giannakeas2, and pe-
ter schmelcher1 — 1Zentrum für Optische Quantentechnolo-
gien,Universität Hamburg — 2Department of Physics and Astronomy,
Purdue University
The bound states of two dipoles in a harmonic waveguide are investi-
gated based on the local frame transformation (LFT) approach. Both
the identical Bosonic and Fermionic dipoles are considered. In the
weak dipole interaction regime, the length scale separation, which is
the key prerequisite for the application of LFT approach, is verified
by examing the wavefunction. Comparing the bound state energies
obtained from LFT approach with the numerically accurate ones, it is
found that, away from the threshold, the LFT approach with single
partial wave approximation is accurate enough. Close to the threshold,
higher partial wave states are strongly coupled, and more partial wave
states should be incorprated in the LFT approach to obtain accurate
results.

MO 16.20 Thu 17:00 P OGs
Generalization of the Davydov Ansatz — ∙Michael
Werther1,2 and Frank Großmann1 — 1TU Dresden, Institut
für Theoretische Physik, Zellescher Weg 17, 01069 Dresden — 2Max
Planck Institute for the Physics of Complex Systems, Nöthnitzer
Straße 38, 01187 Dresden
The Davydov Ansatz, originally introduced to study transport of bio-
logical energy in proteins by Davydov and co-workers[1], is an efficient
numerical tool for approximate solution of the Schrödinger-equation
for different Hamiltonians. In recent works the D1-Ansatz has been
successfully applied to the spin boson model as well as the Holstein
molecular crystal model.[2] For strong coupling the D1-Ansatz wave
function can only insufficiently describe the dynamics of the system,
according to its fixed phase space width. Here we propose an exten-
sion by adding a further degree of freedom which enables squeezing
in phase space.[3] The Dirac-Frenkel variational principle is applied to
establish equations of motion for the parameters. First numerical re-
sults, executed for the prototype system with one oscillator, show a
considerable improvement especially for strong coupling. This allows
for an improved description of systems with many oscillators. As an
outlook we present how the Davydov Ansatz can be used to include
temperature effects into these models for strong coupling.

[1] A.S. Davydov, N.I. Kislukha, Phys. Status Solidi B 59 (1973)
465.

[2] K.-W. Sun et.al., J. Chem. Phys. 142 (2015) 212448
[3] F. Grossmann et.al., Chem. Phys. (2016), in press

MO 17: Experimental Techniques

Time: Friday 11:00–13:00 Location: N 6

Invited Talk MO 17.1 Fri 11:00 N 6
Molecular-Frame Photoelectron Imaging of Controlled Com-
plex Molecules — ∙Joss Wiese1, Sebastian Trippel1, and
Jochen Küpper1,2,3 — 1Center for Free-Electron Laser Science,
DESY, Hamburg — 2The Hamburg Center for Ultrafast Imaging,
Hamburg — 3Department of Physics, University of Hamburg
Since chemical function arises from the interplay amongst valence elec-
trons, 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. We employ tomographic photoelectron
imaging [1] of spatially controlled ensembles of indole and its 1:1 wa-
ter complex strong-field ionised by intense near-infrared laser pulses.
Reconstructed static three-dimensional photoelectron distributions in
molecular-frame velocity space will be presented. These allow for the
observation of the molecules’ electron density distributions, photoelec-
tron kinetic energies, and off-molecular-plane emission angles in 3D.
The experimentally retrieved observables are discussed employing an
extended strong-field approximation model. Those three observables
provide a close glimpse at the laser-distorted HOMO potential sur-
faces of the investigated molecules in the gas phase and yield access
to their changes in polarisability and dipole moment upon ionisation.
Furthermore, the direct comparison of indole and its water complex
allows inspection of the nature of hydrogen bonding in heteroaromatic
biomolecules.
[1] Maurer, Dimitrovski, Christensen, Madsen, Stapelfeldt, PRL 109,
123001 (2012)

MO 17.2 Fri 11:30 N 6
New pump-probe IToF setup to unravel ultra-fast photo con-
version processes — ∙Mario Niebuhr, Dennis Mayer, Tom Neu-
mann, Axel Heuer, and Markus Gühr — Institute for Physics and
Astronomy, Uni Potsdam, Germany
Ultra-fast pump-probe spectroscopy of isolated molecules presents an
important step towards understanding photo conversion processes and
provides benchmark data for high-level ab-initio calculations. We are
especially interested in photoisomerization systems such as azoben-
zene, and molecules, such as nucleobases, that are able to withstand
energetic UV irradiation through very fast, non-ionizing and non-
dissociating relaxation channels.

Our new setup utilizes time-of-flight mass spectroscopy to obtain de-
lay dependent signals from excited state intramolecular conversion pro-

cesses with femtosecond time resolution. We use a commercial 100 kHz
Yb:KGW system and it’s harmonics for pumping as well as probing. As
the pulses for Yb based lasers are typically in the several 100 fs range,
noncollinear parametric amplifiers (NOPAs) and fiber based spectral
broadening are employed to access the sub hundred fs regime. First
data of delay-dependent ion fragmentation yields will be presented.

MO 17.3 Fri 11:45 N 6
Broadband 7-fs 2D electronic spectroscopy by hollow-core
fiber compression — ∙Xiaonan Ma, Jakub Dostál, and Tobias
Brixner — Institut für Physikalische und Theoretische Chemie, Uni-
versität Würzburg, Am Hubland, 97074 Würzburg, Germany
Coherent two-dimensional electronic spectroscopy (2DES) is a pow-
erful technique for resolving excited-state dynamics within coupled
systems. To date, 2DES is mainly limited by laser bandwidth and
peak-shape distortion (e.g. directional filtering) [1]. In this work,
we combine a sub-7-fs supercontinuum generated in Ar-filled hollow-
core fiber (HCF) with a diffractive-optic-based 2DES spectrometer for
broadband 2DES measurement (500-700 nm) and reducing peak-shape
distortion to a minimum [2].

We demonstrated the technique with cresyl-violet in ethanol. Mea-
suring transient absorption in the same setup allow us to phase the
2DES data. The resulting peak-shape and quantum beating behaviour
(585 and 2820 𝑐𝑚−1) agree with a previous report [3]. We note that
with sub-7-fs temporal resolution, our setup has the potential to ob-
serve extremely fast quantum beating (up to 3500 𝑐𝑚−1), which is es-
pecially suited to investigate multi-chromophore systems with strong
excitonic coupling. Meanwhile, this technique can be extended to even
broader wavelength range (i.e. > 1 octave) or other regimes (i.e. UV
and NIR).
[1] M. K. Yetzbacher et al., J. Chem. Phys. 126, 044511 (2007).
[2] X. Ma et al., Opt. Express 24, 20781 (2016).
[3] L. A. Bizimana et al., J. Chem. Phys. 143, 164203 (2015).

MO 17.4 Fri 12:00 N 6
Development of Cavity Ring-Down Spectroscopy for Car-
bon Isotope Analysis of Biomedical Samples — ∙Volker
Sonnenschein1, Ryohei Terabayashi1, Hideki Tomita1,
Noriyoshi Hayashi1, Shusuke Kato1, Lei Jin1, Masahito
Yamanaka1, Norihiko Nishizawa1, Atsushi Sato2, Kohei
Nozawa2, Kenta Hashizume2, Toshinari Oh-hara2, and Tet-
suo Iguchi1 — 1Graduate School of Quantum Engineering, Dep. of
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Engineering, Nagoya University, Nagoya, Japan. — 2ADME and Tox.
Research Institute, Sekisui Medical, Tokai, Ibaraki, Japan
High sensitivity techniques such as Accelerator Mass spectrometry are
commonly used for detection of the radioisotope 14C. In the environ-
ment, its abundance is typically at the ppt level, however in medical
samples, where it is used as tracer isotope to study the metabolism
of subjects or other biological processes, the abundance can be sig-
nificantly higher. Detection may then be performed by application
of optical methods such as Cavity Ring-Down Spectroscopy (CRDS),
thus providing a more compact and inexpensive solution as well as
possibilities for in-field measurements.

An overview and status of our current system for CRDS of 14CO2
in the Mid-IR wavelength range will be given. The optical cavity is
directly coupled to a CHNS elemental analyzer, allowing quick sample
analysis. Thermo-electric cooling is applied to suppress interference
by absorption of other close-lying molecular transitions. Remaining
contaminants in biomedical samples are analyzed and the sensitivity
and linearity of the 14C determination are estimated.

MO 17.5 Fri 12:15 N 6
Signal reversing cavity-based polarimetry: Measuring Chi-
rality and Atomic Parity Nonconservation — ∙Alexandros K.
Spiliotis1,2, Dimitrios Sofikitis1, Georgios E. Katsoprinakis1,
and T. Peter Rakitzis1 — 1Institute of Electronic Structure and
Laser, Foundation for Research and Technology - Hellas, 71110 Her-
aklion, Greece — 2Department of Physics, University of Crete, 71003
Heraklion, Greece
Chirality is a fundamental property of life. Thus, chiral sensing and
analysis is of fundamental importance in a number of scientific fields,
ranging from pharmacology to fundamental physics and chemistry.
The main constraint in the measurement of chiral signals is that they
are typically very small and are thus limited by spurious birefringence
and poor background subtraction procedures. Recently, our group has
introduced a new cavity-based technique, which aims to overcome all
these problems. The technique uses an optical cavity, which enhances
the Optical Rotation(OR) signals by the number of cavity passes (typ-
ically ~1000). A number of signal reversals are incorporated in this
method, which allow absolute measurements of chiral signals, with-
out the need for background subtraction; the reversals suppress the
spurious background birefringence, thus allowing the measurement of
relatively small OR. This cavity-based setup has been proposed as
a low-energy, table-top test of the Standard Model. It can be used
for the detection of Atomic Parity nonconservation(PNC), to precisely

measure the cavity-enhanced parity-nonconserving OR of molecular
transitions, in molecules such as Xe and Hg and I2.

MO 17.6 Fri 12:30 N 6
Collinear rapid-scan two-dimensional spectroscopy via fluo-
rescence detection with shot-to-shot phase cycling — ∙Simon
Draeger, Sebastian Roeding, Jakub Dostál, and Tobias
Brixner — Institut für Physikalische und Theoretische Chemie, Uni-
versität Würzburg, Am Hubland, 97074 Würzburg
We present pulse-shaper-assisted coherent two-dimensional (2D) elec-
tronic spectroscopy in liquids using fluorescence detection. A cus-
tomized pulse shaper facilitates shot-to-shot modulation at 1 kHz and
is employed for rapid scanning over all time delays. Phase cycling is
used to extract the coherent information from the incoherent fluores-
cence signal. This enables us to obtain a full 2D spectrum with dif-
ferent nonlinear contributions in approximately 6 s measurement time
(plus further averaging if needed). The method is applicable to various
chemical systems. We employ cresyl violet in ethanol as a benchmark
system.

MO 17.7 Fri 12:45 N 6
Time-dependent analysis of the mixed-field orientation
of molecules without rotational symmetry — ∙Linda V.
Thesing1, Rosario González-Férez2, and Jochen Küpper1,3,4 —
1Center for Free-Electron Laser Science, DESY — 2Instituto Carlos I,
Universidad de Granada — 3The Hamburg Center for Ultrafast Imag-
ing, University of Hamburg — 4Department of Physics, University of
Hamburg
We present a time-dependent study of the rotational dynamics of
molecules without rotational symmetry and compute the 1D and 3D
orientation in combined ac and dc electric fields. For a weak dc
field, our results for the 1D orientation of a thermal ensemble of 6-
chloropyridazine-3-carbonitrile (CPC) molecules are in good agree-
ment with experimental observations for a state selected sample [1].
For an elliptically polarized laser, our theoretical results additionally
show that the molecules are 3D oriented. If the dc field strength is in-
creased, the 3D orientation is enhanced for certain angles between the
ac and dc fields. Analyzing the field-dressed dynamics as the laser is
turned on, we find highly non-adiabatic effects due to the complex en-
ergy level structure of the CPC molecule, and investigate their impact
on the mixed-field orientation.

[1] Hansen et al., J. Chem. Phys. 139, 234313 (2013)

MO 18: Biomolecules and Electron Transfer

Time: Friday 11:00–13:00 Location: N 25

MO 18.1 Fri 11:00 N 25
Ultrafast dynamics of the triazene compound Berenil —
∙Lena Grimmelsmann, Johannes Knorr, Christian Spies, and
Patrick Nuernberger — Physikalische Chemie II, Ruhr-Universität
Bochum, 44780 Bochum
Berenil is a versatile organic compound with a variety of applica-
tions, e.g. as the most widely used drug for treating the sleeping
sickness in animals. Berenil efficiently binds to DNA, trypsin, and
other biomolecules, but in all these cases it is reported to be a “non-
fluorescent dye”. This points towards a very short excited-state life-
time and ultrafast nonradiative deactivation channels on which the
molecule’s surrounding have a significant impact. Berenil comprises
two amidinophenyl moieties linked by a triazene bridge, therefore it is
chemically related to azobenzene but exhibits remarkable differences.
In femtosecond fluorescence upconversion and transient absorption ex-
periments, we disclose the ultrafast dynamics of berenil in various
solvents, as well as berenil bound to trypsin, AT-rich DNA, and G-
quadruplex DNA. Our results demonstrate that berenil exhibits an
ultrafast deactivation of the S1 state after photoexcitation, which we
ascribe to associated molecular motion which does not require volume
significantly beyond that occupied by the ground-state molecule. Stud-
ies in solvents with different viscosities substantiate these findings. As
a general trend, one finds that the more restriction the binding intro-
duces, the longer the fluorescence lifetimes. The transient absorption
experiments provide additional insight into the nonradiative reaction
channels and the possibility of photoisomerization.

MO 18.2 Fri 11:15 N 25
Characterization of Charge Separated States in (6-4)-
Photolyase - Mechanistic Implications — ∙Mara Oßwald and
Benjamin Fingerhut — Max-Born-Institut für Nichtlineare Optik
und Kurzzeitspektroskopie, Max-Born-Str. 2A, D-12498 Berlin
The UV irradiation of DNA causes the formation of cyclobutane pyrim-
idine dimers and of the (6-4)-photoproduct. The latter can be reverted
by the enzyme (6-4)-photolyase. Triggered by light induced electron
transfer, (6-4)-photolyase catalyzes the transfer of a hydroxyl group in
addition to covalent bond cleavage. We present results on the effect
of enzyme-electrostatics on the energetics of charge separated states in
the (6-4)-photoproduct repair complex. Excited state calculations in
gas phase and with enzyme were conducted using a QM/MM frame-
work and TDDFT methods with modern long-range-corrected func-
tionals as well as local coupled cluster linear response as ab-initio
benchmark. By including all relevant molecules in the QM-region (ISO,
ADE, (6-4)-lesion, His365, His369), the calculations account for the,
up to date, largest QM-region regarding the (6-4)-repair complex. The
results show that the electrostatics of the enzyme substantially affect
the charge transfer (CT) states of the system. Most notably, the CT
states from the isoalloxazine ring to the (6-4)-lesion are destabilized
and become inaccessible. While the (6-4)-photoproduct acts as elec-
tron acceptor in gas phase, a radical cationic state, arising from the
reverted electron transfer direction, is favored once the enzyme is taken
into account.

30



Mainz 2017 – MO Friday

MO 18.3 Fri 11:30 N 25
Time-Resolved Measurement of Photoinduced Electron
Transfer Processes in Perylene Diimides — ∙Robin C.
Döring1, Eduard Baal2, Malcolm A. Bartlett2, Christian
Prinzisky2, Remco W. A. Havenith3,4, Jörg Sundermeyer2, and
Sangam Chatterjee1,5 — 1Faculty of Physics and Materials Sci-
ences Center, Philipps-Universität Marburg, Germany — 2Faculty of
Chemistry and Materials Sciences Center, Philipps-Universität Mar-
burg, Germany — 3Zernike Institute for Advanced Materials, Strat-
ingh Institute for Chemistry, University of Groningen, The Nether-
lands — 4Ghent Quantum Chemistry Group, Department of Inorganic
and Physical Chemistry, Ghent University, Belgium — 5Institute of
Experimental Physics I, Justus-Liebig-Universität Gießen, Germany
Perylene derivatives form an important model system for studies
of electron transfer (ET) in (molecular) donor-acceptor dye sys-
tems. Here, we introduce highly soluble perylene dihydrazides (PDH).
We compare the PDH electron-transfer dynamics with a series of
bisalkylperylene diimides. Time-resolved photoluminescence and pho-
toluminescence excitation spectroscopy (PLE) measurements are per-
formed. All samples show non-single-exponential decay dynamics. A
rate-equation analysis including a shallow shelving state is able to re-
produce the experimental data. Time-dependent density functional
theory calculations of the triplet states supported by PLE measure-
ments give evidence of rapid forward and reverse intersystem-crossing
between the emissive and the triplet state.

MO 18.4 Fri 11:45 N 25
Quantum reaction control for quantum-limited biochemical
magnetometers — ∙Kyriacos Vitalis and Iannis Kominis — Uni-
versity of Crete, Department of Physics, Heraklion 71003 Greece
Radical-ion-pair reactions have triggered the study of quantum effects
in biological systems. Here we address radical-pair reactions from the
perspective of quantum metrology. Since the coherent spin motion
of radical-pairs is effected by an external magnetic field, these spin-
dependent reactions essentially realize a biochemical magnetometer.
Using the quantum Fisher information, we find the fundamental quan-
tum limits to the magnetic sensitivity of radical-pair magnetometers.
We then find that the usual measurement scheme of reaction yields
approaches the fundamental limits to within an order of magnitude.
Finally, we demonstrate that with a realistic quantum reaction control
reminding of Ramsey interferometry, here presented as a quantum cir-
cuit involving the spin-exchange interaction and a recently proposed
molecular switch, we can approach the fundamental quantum limit
within a factor of 2. This work opens the application of well-advanced
quantum metrology methods to biological systems.

MO 18.5 Fri 12:00 N 25
Exploring Vibrational Dynamics of Anabaena Sensory
Rhodopsin by Pump Impulsive Vibrational Spectroscopy —
∙Partha Pratim Roy1, Yoshitaka Kato2, Hideki Kandori2, and
Tiago Buckup1 — 1Physikalisch Chemisches Institut, Ruprecht-
Karls Universität Heidelberg, Germany — 2Department of Life Science
and Applied Chemistry, Nagoya Institute of Technology, Japan
Anabaena Sensory Rhodopsin is a microbial retinal protein (MRP),
which converts the photon energy to chemical energy by a cis-trans
isomerization. Like other MRPs, it shows fast isomerization kinet-
ics (<200fs) but surprisingly low quantum yield. Until now, it is not
very clear which specific vibrational mode in excited potential energy
surface (PES) drives such a fast isomerization kinetics. In this work,
pump-impulsive vibrational spectroscopy with time resolution <20fs
is utilized to capture the vibrational dynamics in ground and excited
state and disentangle them. Excitation pulse (sub-13 fs), resonant
with the ground-state absorption of the chromophore, is used for this
experiment. The push and probe pulse (15 fs) were made resonant to
absorption of K-product of the isomer. This study captures the vi-
brational signature in low frequency up to 2000 cm−1. Strong ground
state vibrational mode around 812, 1008 and 1539 cm−1 was observed,
which matches the spontaneous Raman spectrum of the molecule. Ap-
pearance of new vibrational modes around 900 and 1800 cm−1 at cer-
tain push delay confirms their activity only in specific region of the
excited state PES. This clearly shows the change of vibrational fea-
tures from the FC-region to photoproduct region through the conical
intersection.

MO 18.6 Fri 12:15 N 25
Laser-induced acoustic desorption of large molecules for

FEL experiments — ∙Zhipeng Huang1,2, Daniel A. Horke1,3,
Matthias Schust1, Tim Ossenbrüggen1, and Jochen Küpper1,2,3

— 1Center for Free-Electron Laser Science, DESY, Hamburg —
2Department of Physics, University of Hamburg — 3Center for Ul-
trafast Imaging, University of Hamburg
Laser-induced acoustic desorption (LIAD) is a promising technique for
gentle and efficient preparation of large intact neutral molecules into
the gas-phase [1]. Here we demonstrate our newly set-up LIAD source,
designed for prolonged measurement time, as required by FEL experi-
ments, through automatic sample replenishment. Using a gas dynamic
virtual nozzle we deposit a near-uniform layer of sample on a ∼1 m
long, 10 𝜇m thick tantalum foil band. An acoustic wave was initi-
ated by irradiating the backside of the foil with the third harmonic of
a nanosecond Nd:YAG laser. The induced photoacoustic shock wave
travels through the foil and desorbs samples into the gas-phase. A
stable neutral phenylalanine plume was prepared and characterized
using strong-field ionization by an intense femtosecond laser field with
a linear time of flight mass spectrometer. Spatial-temporal profiles,
velocity distributions of the LIAD plume as a function of desorption
laser intensity were investigated. Its potential for applications in x-ray
or electron diffraction imaging will be discussed.
[1] B. Linder and U. Seydel, Anal. Chem. 57, 895 (1985)

MO 18.7 Fri 12:30 N 25
Momentum imaging of dissociative electron attachment
in heterocyclic organic compounds — ∙Marvin Weyland1,
Alexander Dorn1, Xueguang Ren1, Hans Rabus2, and Woon
Yong Baek2 — 1Max Planck Institute for Nuclear Physics,
Saupfercheckweg 1, 69117 Heidelberg, Germany — 2Physikalisch-
Technische Bundesanstalt, Bundesallee 100, 38116 Braunschweig, Ger-
many
Dissociative electron attachment (DEA) has been identified as a pos-
sible process for radiation damage. In short, DEA is a resonant two-
step process in which first a low-energetic electron is captured by a
molecule. The created negative ion can subsequently dissociate while
the captured electron stays attached to one of the fragments. De-
tailed understanding of this reaction in biologically relevant molecules
is crucial to improve its understanding. We investigated the hetero-
cyclic organic compounds furan and pyridine as prototypes of typical
organic molecules. Using a momentum imaging apparatus to detect
the negative ions, we investigated the differential cross sections of sev-
eral fragments after dissociation for each target molecule. From the
resonance energy for formation of the fragment, combined with their ki-
netic energy and angular distributions, we can gain information about
the dissociation process.

Our experimental results are compared to recent ab initio calcu-
lations with the goal to connect the dissociation process to specific
electron scattering resonances in the target molecule.

MO 18.8 Fri 12:45 N 25
Individual Control of Lifetime and Triplet Yield in
Halogen-Substituted Coumarin Derivatives — ∙Katrin
Oberhofer1, Martin Wörle1, Mikayel Musheghyan1, Sebas-
tian Wegscheider1, Rositsa Nikolova2, Reinhard Kienberger1,
and Hristo Iglev1 — 1Physik-Department, Technische Universität
München, James-Franck-Str., 85748 Garching — 2Faculty of Chem-
istry and Pharmacy, Sofia University, 1 J.Bourchier Blvd., 1126 Sofia,
Bulgaria
Broadband transient absorption spectroscopy is utilized to examine
lifetime and triplet yield in novel medicinally relevant Cl- and Br-
substituted coumarin derivatives. Contradictory to the heavy-atom
effect (HAE) absorption coefficient and fluorescent quantum yield for
Cl-substituted compounds exhibit a strong enhancement. As DFT-
calculations confirm several closely lying 𝜋𝜋* and n𝜋* states, we ex-
plain this behavior with an increased 𝜋𝜋* character of the lowest emit-
ting state, which overcompensates the HAE. Femtosecond pump-probe
spectroscopy reveals lifetimes of 100 ps for Cl-, 20 ps for Br- and 40 ps
for unsubstituted compounds in acetonitrile. In order to get a quan-
tity for the intersystem-crossing rate we determined the relative triplet
yield by the ratio of triplet-triplet and excited singlet absorption after
thermalization. While the lifetimes correlate qualitatively with fluo-
rescence quantum yields, attributed to the 𝜋𝜋* increase, the triplet
yield is significantly increasing with atomic weight of the substituted
atom according to the HAE. Hence these two competing effects enable
an independent control of lifetime and triplet yield.
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MO 19: Clusters II (with A)

Time: Friday 11:00–13:00 Location: N 3

Invited Talk MO 19.1 Fri 11:00 N 3
The Nanoplasma Oscilloscope — ∙Christian Peltz1, A.
LaForge2, B. Langbehn3, R. Michiels2, C. Callegari4, M. Di
Fraia4, P. Finetti4, R. Squibb5, C. Svetina4, L. Raimondi4,
M. Manfredda4, N. Mahne4, P. Piseri6, M. Zangrando4,
L. Giannessi4, T. Möller3, R. Feifel5, K. C. Prince4, M.
Mudrich2, D. Rupp3, F. Stienkemeier2, and T. Fennel1 — 1Uni
Rostock, Germany — 2Uni Freiburg, Germany — 3TU Berlin, Ger-
many — 4ELETTRA-Sincrotrone Trieste, Italy — 5Uni Gothenburg,
Sweden — 6Uni Milan, Italy
Atomic clusters enable the well-controlled generation of nanoscale
plasmas allowing for the study of their ultrafast light-induced corre-
lated and collective dynamics. In particular, short-wavelength FELs
can probe these dynamics in a regime that is fundamentally differ-
ent from the well-known near-infrared domain. Plasma processes like
collisional plasma heating, collective resonance excitation, and ion-
ization avalanching that are generic in the NIR are strongly sup-
pressed in the XUV and soft X-ray domain. Instead, sequential direct
photo- or Auger emission dominates the plasma generation and heat-
ing dynamics. Signatures of this multistep ionization are characteristic
plateau-like electron spectra and frustration of direct photo-emission
by the cluster potential. Here we report the first direct time-resolved
measurement of the underlying cluster potential evolution using the
nanoplasma oscilloscope method, implemented in a recent two-color
XUV pump-probe experiment at the seeded, high gain harmonic gen-
eration FEL FERMI FEL-2 operating in double stage mode.

MO 19.2 Fri 11:30 N 3
NIR-induced Auger decay in clusters — ∙Bernd Schütte,
Marc Vrakking, and Arnaud Rouzée — Max-Born-Institut, Berlin
In nanoplasmas, which are formed by the interaction of clusters with
intense laser pulses, Rydberg states are efficiently populated. While it
is well known that some of the excited atoms and ions relax via the
emission of photons [1], nonradiative relaxation mechanisms have only
recently been discovered at moderate cluster ionization [2,3]. Here we
show that nonradiative decay remains important at high ionization
degrees, as is demonstrated for CH4 clusters that interact with 400-fs
NIR pulses (𝐼 = 1 × 1014 W/cm2). We observe a clear peak in the
electron spectrum at 7 eV that is assigned to Auger decay, and that is
explained by a 3-step process: (i) Our calculations show that the laser
pulse removes almost all electrons from the outer shells of C, resulting
in a dominant C4+ ion contribution at the end of the laser pulse. (ii)
Rydberg and outer-vacancy shell levels are populated by recombina-
tion, and (iii) relax via Auger decay. This picture is consistent with a
dominant C3+ ion contribution observed in the experiment, whereas,
surprisingly, C+ and C4+ ion contributions are negligible.

Our results could explain the high average ion charge states that
have been observed in clusters in spite of highly efficient recombina-
tion processes. Furthermore, the observed population inversion may
be exploited for the development of an XUV or X-ray laser.

[1] A. McPherson et al., Nature 370, 631 (1994).
[2] B. Schütte et al., Phys. Rev. Lett. 114, 123002 (2015).
[3] B. Schütte et al., Nat. Commun. 6, 8596 (2015).

MO 19.3 Fri 11:45 N 3
The 3D shapes of spinning helium nanodroplets — ∙B.
Langbehn1, Y. Ovcharenko1,2, D. Rupp1, K. Sander3, C.
Peltz3, A. Clark4, R. Cucini5, P. Finetti5, M. Di Fraia5, D.
Iablonskyi6, A. C. LaForge7, V. Oliver Álvarez de Lara4,
O. Plekan5, P. Piseri8, T. Nishiyama9, C. Callegari5, K.
C. Prince5, K. Ueda6, F. Stienkemeier7, T. Fennel3, and T.
Möller1 — 1TU Berlin — 2European XFEL — 3Univ. Rostock —
4EPFL, Lausanne — 5Elettra-Sincrotrone Trieste — 6Tohoku Univ.
Sendai — 7Univ. Freiburg — 8Univ. di Milano — 9Kyoto Univ.
Scattering techniques using intense femtosecond short-wavelength
pulses from free-electron lasers (FEL) have been developed to gain
an insight into the structure of nanoparticles such as viruses or clus-
ters. Recent pioneering experiments in the hard X-ray range revealed
that superfluid helium nanodroplets can gain high angular momen-
tum resulting in large centrifugal deformation [1]. While hard X-ray
experiments push towards atomic resolution, full 3D information on
the particle shape (and orientation) from a single scattering pattern

requires access to the wide-angle scattering signal available only at
longer wavelength [2]. We have used intense XUV pulses from the
FERMI-FEL to retrieve the 3D shapes of single helium nanodroplets.
We follow the evolution from axisymmetric oblate over triaxial prolate
to two-lobed droplets with increasing angular momentum, as predicted
by the theoretical model of a classical spinning drop.

[1] Gomez et al., Science 345 (2014)
[2] Barke et al., Nat. Comm. 6 (2015)

MO 19.4 Fri 12:00 N 3
Machine-learning assisted classification of diffraction images
— ∙J. Zimmermann1, M. Sauppe1, A. Ulmer1, B. Langbehn1,
S. Dold2, B. v. Issendorff2, I. Barke3, H. Hartmann3, K.
Oldenburg3, F. Martinez3, K.H. Meiwes-Broer3, B. Erk4,
C. Bomme4, B. Manschwetus4, J. Correa4, S. Düsterer4, R.
Treusch4, T. Möller1, and D. Rupp1 — 1IOAP, TU Berlin —
2Univ. Freiburg — 3Univ. Rostock — 4FLASH@DESY
Short wavelength Free-Electron-Lasers (FEL) enable diffractive imag-
ing of individual nanosized objects with a single x-ray laser shot. Due
to the high repetition rate, large data sets with up to several million
diffraction pattern are typically obtained in FEL particle diffraction
experiments, representing a severe problem for the data analysis. We
here propose a workflow scheme to drastically reduce the amount of
work needed for the categorization of large data-sets of diffraction pat-
terns, with the ultimate goal of developing an unsupervised training
procedure. With a first supervised approach a classification and viewer
tool is used for classifying manually selected high quality diffraction
pattern. These patterns are then used as training data for a Residual
Convolutional Neural Network (RCNN). The RCNN is designed for
the classification of data for efficient indexing and subsequent analy-
sis. The residual learning framework is a new type of network structure
that drastically increases the depth of neural networks [He, et al. Deep
Residual Learning, 2015]. First performance evaluations are done us-
ing data from a single-shot wide-angle scattering CDI experiment on
silver clusters conducted in 2015 at the FLASH facility in Hamburg.

MO 19.5 Fri 12:15 N 3
The X-Ray Movie Camera: Time-Resolved Diffractive Imag-
ing Of Individual Clusters — ∙M. Sauppe1, T. Bischoff1, K.
Kolatzki1, B. Langbehn1, M. Müller1, B. Senfftleben1, A.
Ulmer1, J. Zimbalski1, J. Zimmermann1, L. Flückiger2, T.
Gorkhover1,3, C. Bostedt4,5, C. Bomme6, S. Düsterer6, B.
Erk6, M. Kuhlmann6, D. Rolles6, D. Rompotis6, R. Treusch6,
T. Feigl7, T. Möller1, and D. Rupp1 — 1IOAP, Technische Univer-
sität Berlin, Germany — 2ARC CoAMI, LaTrobe University, Australia
— 3LCLS, Stanford Linear Accelerator Center, USA — 4Argonne Na-
tional Laboratory, USA — 5DoP, Northwestern University, USA —
6FLASH, Deutsches Elektronen-Synchrotron — 7optiX fab, Germany
Coherent diffractive imaging has been developed as a powerful tech-
nique for uncovering the structure of nano-sized particles like virues,
aerosols and clusters, as well as laser-induced nanoparticle dynamics.
So far in time-resolved imaging experiments either optical pump lasers
have been used or pump- and probe-images were superimposed. Here
we present a new experimental setup, were the image of the inital par-
ticle and the image of final state are spatially separated and recorded
by a two detector system. From the pump-image we can extract infor-
mations like size, shape and exposed intensity, from the probe-image
we gain insight into light-induced dynamics. Probe pulses can be de-
layed up to 650 ps, realized by the new split-and-delay unit DESC,
which has been permantly installed at the CAMP end-station at the
FLASH FEL. First results will be discussed.

MO 19.6 Fri 12:30 N 3
Determination of average cluster sizes by fluorescence: proof
of principle on Ne, Ar, and Kr clusters — ∙Xaver Holzapfel1,
Andreas Hans1, Philipp Schmidt1, Ltaief Ben Ltaief1, Philipp
Reiss1, Reinhard Dörner2, Arno Ehresmann1, and André Knie1

— 1University of Kassel, Institute of Physics and Center of Interdis-
ciplinary Nanostructure Science and Technology (CINSaT), D-34132
Kassel, Germany — 2Institute of Nuclear Physics, J. W. Goethe Uni-
versity, D-60438 Frankfurt, Germany
Finite aggregates like clusters cover the range between molecular and
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condensed matter physics and are used to study microscopic phenom-
ena. The most important quantity for fundamental investigations of
clusters is their average size. For clusters produced by a supersonic
expansion, however, the average cluster size is usually estimated by an
empirical law involving the stagnation pressure of the expansion, a law
whos validity is under debate since its introduction. Here we present
an alternative method for determination of the mean cluster size by
resonant excitation of outer valence electrons and the subsequent emis-
sion of fluorescence photons in Ne, Ar and Kr. This method has been
compared to average cluster size determination by the empirical law
essentially corroborating the latter and can be used in the future for
independent average cluster size determination.

MO 19.7 Fri 12:45 N 3
Signatures of Rabi cycling and excited state population in
single-shot coherent diffractive imaging — ∙Björn Thorben
Kruse, Christian Peltz, and Thomas Fennel — Institute of
Physics, University of Rostock, Germany
Single-shot coherent diffractive imaging (CDI) of individual free

nanoparticles enables the study of their three-dimensional shape and
orientation [1] as well as their optical and electronic properties [2].
Recently, even signatures of quantum-mechanical vortices have been
observed in scattering images of superfluid helium droplets [3], demon-
strating that CDI provides access to the observation of rotational ex-
citation in quantum liquids. Whereas the imaging of these vortices
is an indirect detection of quantum effects, it remains an open ques-
tion to what extent quantum effects can be observed directly and how
their signatures would look like. Here we study the possibility to di-
rectly image the nonlinear quantum-mechanical few-level dynamics in
laser-excited nanoparticles. For our theoretical analysis, we employ a
Maxwell-Bloch type description of the scattering problem, where the
polarization dynamics is described in local few-level approximation
and field propagation is treated with the finite-difference time-domain
method (FDTD). The origin of non-linear effects in resonant XUV scat-
tering from droplets and possible routes to the spatiotemporal imaging
of population dynamics will be discussed.

[1] I. Barke et al., Nat. Comm. 6, 6187 (2015)
[2] C. Bostedt et al., Phys. Rev. Lett. 108, 093401 (2012)
[3] L. F. Gomez et al., Science 345, 6199:906-909 (2014)

MO 20: Clusters III (with A)

Time: Friday 14:30–16:30 Location: N 3

Invited Talk MO 20.1 Fri 14:30 N 3
Experimental studies of Interatomic Coulombic Decay —
∙Till Jahnke — Goethe Universität Frankfurt, Institut für Kern-
physik, Max-von-Laue-Str. 1, 60438 Frankfurt
Interatomic (or intermolecular) Coulombic Decay (ICD) has become an
extensively studied electronic decay process during the last 15 years.
Originally proposed by Cederbaum et al. [1] it was experimentally
identified by means of different techniques [2,3,4] in the early 2000s.
In ICD an excited atom or molecule deexcites by transferring its ex-
citation energy to a loosely bound atomic neighbor and leads to the
emission of an electron at that neighbor. Since that time a wealth of
experimental and theoretical studies have shown that ICD is a rather
common decay path in nature, as it occurs ”almost everywhere” in
loosely bound matter.

The talk will give a short introduction on ICD and report on recent
experimental advances in the field covering time-resolved studies on
the cluster size dependence of the efficiency of the decay and more
detailed studies of different decaying systems.

[1] Cederbaum, L. S., Zobeley, J., and Tarantelli, F., Phys. Rev.
Lett., 79, 4778 (1997). [2] Marburger, S., Kugeler, O., Hergenhahn,
U., and Möller, T., Phys. Rev. Lett., 93, 203401 (2003). [3] Jahnke, T.,
Czasch, A., Schöffler, M. S., Schössler, S., Knapp, A. Käsz, M., Titze,
J., Wimmer, C., Kreidi, K., Grisenti, R. E., Staudte, A., Jagutzki, O.,
Hergenhahn, U., Schmidt-Böcking, H., and Dörner, R., Phys. Rev.
Lett., 93, 163401 (2004). [4] G. Öhrwall et al., PRL 93 173401 (2004)

MO 20.2 Fri 15:00 N 3
Correlated decay processes in helium nanodroplets —
∙Marcel Mudrich1, Nikolay Shcherbinin1, Aaron LaForge1,
and Robert Richter2 — 1Physikalisches Institut, Uni Freiburg —
2Elettra Synchrotrone Trieste
Helium nanodroplets are commonly used as inert nanometer-sized
cryo-matrices for spectroscopy of embedded atoms, molecules, and
clusters. Upon irradiation with extreme-ultraviolet synchrotron radia-
tion, though, ultrafast energy and charge exchange processes between
embedded species and helium atoms or even among the helium atoms
can occur. In this talk we give examples of such correlated decay
processes: Interatomic Coulombic decay of pure helium droplets and
Auger decay of embedded rare gas atoms.

MO 20.3 Fri 15:15 N 3
Laser initiation of the interatomic Coulombic decay pro-
cess in quantum dots — ∙Anika Haller1, Ying-Chih Chiang2,
Maximilian Menger3, Emad F. Aziz1,4, and Annika Bande1 —
1Helmholtz-Zentrum Berlin, Germany — 2The Chinese University of
Hong Kong, Hong Kong — 3University of Pisa, Italy — 4Freie Univer-
sität Berlin, Germany
The interatomic Coulombic decay (ICD) has originally been predicted
as ultrafast energy transfer process between atoms and molecules. Re-

cent studies show laser-induced ICD in paired quantum dots (QD) to
be possible. We investigate a system of two GaAs QDs with two same-
spin electrons each bound to one of the confining potentials. After
resonant excitation of one electron by a time-dependent laser the sys-
tem decays via ICD - interelectron energy transfer causes excitation
of the other electron into the continuum. We show the field strength
dependence of ICD from weak to strong-field intensities. The Fano
peak profile shapes of the photoelectron spectra give a hint on the
relative importance of ICD compared to the competing direct ioniza-
tion. In addition, we study the impact of the laser focus. The electron
dynamics is theoretically investigated by means of the space-resolved
antisymmetrized multiconfiguration time-dependent Hartree method
(MCTDH). As complementary approach we developed a state-resolved
representation. We find multi-photon processes to be unimportant.
Further, weak pulses display the highest ICD efficiency while direct
ionization becomes less dominant. Focusing the laser on the light-
absorbing QD further minimizes the probability for direct ionization.

MO 20.4 Fri 15:30 N 3
Time-resolved photoelectron spectroscopy on resonantly ex-
cited He nanodroplets — ∙A. C. LaForge1, Y. Ovcharenko2,
B. Langbehn2, O. Plekan3, R. Cucini3, P. Finetti3, D.
Iablonskyi4, A. Clark5, V. Oliver Álvarez de Lara5, P.
Piseri6, T. Nishiyama7, M. Di Fraia3, C. Callegari3, K.
C. Prince3, K. Ueda4, F. Stienkemeier1, M. Mudrich1, and
T. Möller1 — 1Universität Freiburg — 2TU Berlin — 3Elettra-
Sincrotrone Trieste — 4Tohoku University, Sendai — 5EPFL, Lau-
sanne — 6Università di Milano — 7Kyoto University
The ionization dynamics of helium droplets resonantly excited by in-
tense, XUV radiation has been investigated. Depending on the in-
tensity, the excited atoms can decay by interatomic Coulombic decay
(ICD) or form a network of excited atoms which then collectively au-
toionize leading to nanoplasma formation [1,2]. Recently, we have
extended our studies to time resolve the processes using a pump-probe
technique. Using a UV laser to deplete the excited states, we observe
a signal loss in the ICD signal in the photoelectron spectrum for short
time delays followed by its reappearance at longer time delays (> 1
ps).

[1] Y. Ovcharenko et al., Phys. Rev. Lett. 112, 073401 (2014)
[2] A. LaForge et al., Sci. Rep. 4, 3621 (2014)

MO 20.5 Fri 15:45 N 3
Photoelectron elastic scattering probed by angle resolved X-
ray photoemission from free SiO2 nanoparticles — ∙Burkhard
Langer, Egill Antonsson, Ina Halfpap, Jaqueline Gottwald,
and Eckart Rühl — Physikatische Chemie, Freie Universität Berlin
We report on measurements of the angular distributions of photoelec-
trons emitted from SiO2 nanoparticles. A beam of free nanoparticles
is crossed with a beam of X-rays from the BESSY II synchrotron fa-
cility. The studies were carried out over a wide energy range above
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the Si 2𝑝 and O 1𝑠 absorption edges, respectively. The photoelectron
angular anisotropy is found to be lower for photoemission from SiO2

nanoparticles than the theoretical values for isolated Si and O atoms.
This can be explained by elastic scattering of the outgoing electrons
at neighboring atoms. We will discuss a simple model that allows us
to determine the number of elastic scattering events. In addition, a
Monte Carlo calculation using literature values for scattering cross sec-
tions can be applied to quantitatively describe the measured angular
distributions.

MO 20.6 Fri 16:00 N 3
Tracing strong-field processes in nanoparticles in real time —
∙Bernd Schütte1, Björn Thorben Kruse2, Christian Peltz2,
Marc J. J. Vrakking1, Arnaud Rouzée1, and Thomas Fennel1,2

— 1Max-Born-Institut, Berlin — 2Universität Rostock
Strong-field ionization of solid-density targets is fundamentally differ-
ent from strong-field ionization of atoms, and can result in highly effi-
cient absorption of laser energy. In order to understand fundamental
strong-field phenomena, the investigation of isolated nanoparticles is
advantageous, as energy is not dissipated into the environment, allow-
ing one to focus on the primary laser-matter coupling mechanisms.

Here we trace the charging of Ar and Xe nanoparticles directly in
the time domain by applying the recently developed ionization ignition
method [1]. Seed electron generation by an intense XUV pulse allows
us to temporally control the heating and ionization induced by a 1.5-ps
NIR pulse, whose intensity (𝐼 = 1.5 × 1013 W/cm2) is not sufficient
to ionize neutral clusters. Surprisingly, we find that highly charged
ions up to Xe15+ are produced. The average ion charge state increases
exponentially during the rising edge of the NIR pulse, which is the first
real-time observation of ionization avalanching. The experimental re-
sults will be compared with molecular dynamics calculations.

Our method provides new perspectives for the time-resolved investi-

gation of strong-field phenomena in nanostructures, liquids and solids.
It could e.g. be used to record the ablation of material in real time,
which is relevant for practical applications such as laser machining.

[1] B. Schütte et al., Phys. Rev. Lett. 116, 033001 (2016).

MO 20.7 Fri 16:15 N 3
Photo excitation of size selected lead clusters — ∙Markus
Wolfram1, Stephan König1, Franklin Martinez2, Gerrit
Marx1, and Lutz Schweikhard1 — 1Ernst-Moritz-Arndt Univer-
sität, Greifswald, Deutschland — 2Universität Rostock, Rostock,
Deutschland
At ClusterTrap [1] the photodissociation of positively and negatively
charged lead clusters has been investigated. In addition to monomer
evaporation we observe a further decay mode: At intermediate sizes
(Pbn+, n=19-25, Pbn-, n=16-31) the main fragmentation pathway is
the breaking off of a neutral heptamer, Pb*7. After preliminary exper-
iments with a Nd:YAG laser (532nm), we plan to extend the available
photon energies by use of an OPO laser system. Furthermore, by elec-
tron impact ionization of stored metal cluster cations [2] and simul-
taneous storage of cluster anions and electrons in the Penning Trap
[3] the production of cluster cations and anions, respectively, of higher
charge states has been achieved. Thus, it will be possible to extend the
current studies to multiply charged lead clusters where further decay
pathways are expected. In this contribution, recent modifications of
the experimental setup and first results on the photo-excitation of size
selected mono-anionic and cationic lead clusters will be presented.

The project is funded by the Collaborative Research Center (SFB)
652.

[1] F. Martinez et al., Int. J. Mass Spectrom. 365-366 (2014) 266
[2] L. Schweikhard et al., Hyp. Int. 99 (1996) 97 [3] A. Herlert et al.,
Phys. Scripta T80 (1999) 200
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