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MO 8.1 Tue 16:30 P
Two-color X-ray pump-probe experiments with halog-
enized hydrocarbons — ∙Alice Judt1, Julius Schwarz1,
Fabiano Lever2, Aljoscha Roerig3, Karolin Baev4, Den-
nis Mayer2, Ivan Baev1, Matz Nissen1, Steffen Palutke4,
Markus Guehr2, Markus Drescher1, Marion Kuhlmann4,
Michael Meyer3, Matthias Dreimann5, Helmut Zacharias5,
and Michael Martins1 — 1Universität Hamburg, Hamburg, Ger-
many — 2Universität Potsdam, Potsdam, Germany — 3European
XFEL, Schenefeld, Germany — 4Deutsches Elektronen-Synchrotron
(DESY), Hamburg, Germany — 5Center for Soft Nanoscience, West-
fälische Wilhelms-Universität Münster, Münster, Germany
Charge transfer on the fs time scale is the basis to understand chemical
reactions in molecules. A time resolved two-color XUV-pump/XUV-
probe method was used to analyze this process in ClBrCH2, ClBrC2H4

and ClBrC3H6 molecules. A short 100 fs 70 eV XUV pump pulse
excites a Br 3d electron, inducing a relaxation process within the
molecule including charge transfer from Br to Cl. By exciting a chlo-
rine 2p electron with a second (probe) pulse of 210 eV, information
about the electronic rearrangement can be obtained.

The experiment was carried out at the FL24 beamline of the free-
electron laser FLASH2 at DESY using the new split-and-delay unit. A
magnetic bottle electron spectrometer was used to measure the kinetic
energy of the electrons. First results and a preliminary analysis of reso-
nant molecular excitations using small pump-photon energy variations
will be discussed.

MO 8.2 Tue 16:30 P
Strong field ionization of NO2 probed by femtosecond soft
X-ray absorption spectroscopy at N K-edge — ∙Zhuang-Yan
Zhang, Mar-Oliver Winghart, Peng Han, Carlo Kleine, Ar-
naud Rouzée, and Erik Nibbering — Max-Born-Institute, Berlin,
Germany
The photoexcitation dynamics of NO2 at 400 nm is investigated by
time-resolved soft X-ray absorption spectroscopy using a table-top,
femtosecond soft X-ray source based on high harmonic generation,
which delivers femtosecond pulses in a photon energy range between
250 eV and 450 eV. The ionization dynamics of the molecule from
its ground state ( ̃︀𝑋2𝐴1) by intense 400 nm laser pulses is directly
mapped into the transient change of the soft X-ray absorption spec-
trum near the N K-edge. Before ionization, the molecule is charac-
terized by strong absorption features at 401 eV and 403.5 eV corre-
sponding to transitions from the N 1s 𝜎 core-shell state to the singly
occupied ̃︀𝑋2𝐴1 ground state and the ̃︀𝐴2𝐵2 first excited state of the
molecule, respectively. The ionization of the molecule by the 400 nm
laser pulse is accompanied for a strong depletion of the absorption ob-
served near 401 and 403 eV, and is responsible for the appearance of
new absorption lines at around 394 eV and 397 eV that we assign to
fast dissociation of the molecular cation to form both NO and NO+

fragments. At lower intensity, these two absorption peaks are shifted
by 1 eV towards lower/higher energy, indicating a strong dependence
of the ionization dynamics to the laser intensity.

MO 8.3 Tue 16:30 P
Construction of a laser transfer line for the Cryogenic Stor-
age Ring — ∙Annika Oetjens, Damian Müll, Aigars Znotins,
Florian Grussie, and Holger Kreckel — Max-Planck-Institut für
Kernphysik, 69117 Heidelberg, Germany
The Cryogenic Storage Ring (CSR) at the Max-Planck-Institut für
Kernphysik in Heidelberg is a fully electrostatic storage ring with in-
ner vacuum chambers that can be cooled to liquid helium tempera-
tures. Part of the experimental program at the CSR relies on the
interaction of laser light with stored molecular ions for photodetach-
ment, photodissociation, and spectroscopy studies. To this end we are
currently planning the construction of a new dedicated laser area next
to the CSR, which will enable more stable and controlled laser appli-
cations. The laser light will be guided through evacuated chambers
into which optical components can be placed. Simulations and tests
on how to minimize the loss of power for lasers with different beam
quality are part of current work. Furthermore, tests of an active beam
stabilization system to improve pointing instabilities for both continu-
ous and pulsed lasers during frequency scans are ongoing. Moving all

lasers into a temperature-controlled and air-filtered environment will
improve experimental stability and increase safety during operation.
The beam line is expected to be built in early 2022 and its design
allows for adaptions to varying experimental requirements.

MO 8.4 Tue 16:30 P
Laser-heated molecular deposition source — Fabiano Lever,
Alanas Straeck, and ∙Lisa Mehner — University of Potsdam,
Potsdam, Germany
We present a setup for the laser-induced desorption of molecular sam-
ples, to be used as a sample delivery system in ultrafast experiments
in gas-phase.

For the commissioning, we used a phenylalanine sample, which has
been used with such a source before [1].We explore different sample
preparation methods, which are then tested for their reliability.

The samples are applied on Al-foil and inserted into a vacuum cham-
ber. An infrared diode-laser heats the foil, causing molecular desorp-
tion. We use a quartz-balance to measure the rate of desorption. We
systematically vary the experimental parameters, such as the laser in-
tensity, to characterize their relation to the sample desorption rate.

Multiple solvents have been tested, with the most promising being
the use of a water-based soultion. This produces a thin layer of pheny-
lalanine on the foil after drying off.

[1] F. Calegari et al, Science 246, 336 (2014)

MO 8.5 Tue 16:30 P
Signatures of non-adiabatic physics in the vibrational spec-
trum of Rydberg molecules — ∙Aileen Antje Theresia Durst
and Matthew Travis Eiles — Max-Planck-Institut für Physik kom-
plexer Systeme, Nöthnitzer Str. 38, D-01187 Dresden, Germany
A highly excited valence electron of a Rydberg atom scattering off of
a ground state atom forms an ultra-long range molecule. A distinctive
feature of these molecules is the so-called butterfly potential curve,
which plunges through the potentials associated with low electronic
angular momentum and induces a rapid, almost step-like, variation
in them. Despite this drop in the potential, which destroys the inner
potential barrier, stable vibrational states still exist. The occurrence
of such bound states has been explained by quantum reflection from
the steep drop in the potential. However, non-adiabatic couplings
which arise and may become quite strong near this cliff have been ne-
glected. We have developed approximate potentials which give strong
indications that this non-adiabatic coupling can provide an alternative
explanation for these unusual bound states. In this poster, we present
our study of the vibrational spectrum including non-adiabatic cou-
pling. By numerically calculating the full non-adiabatic problem and
extracting the vibrational spectra, we can compare this method to the
purely adiabatic approach relying on quantum reflection. Our study
shows that long-range Rydberg dimers can provide an extreme envi-
ronment to test the usual assumptions of Born-Oppenheimer physics
and obtain further insights into non-adiabatic phenomena.

MO 8.6 Tue 16:30 P
Improved XUV magnetic bottle photoelectron spectrome-
ter — ∙Kariman Elshimi, Fabian Bär, Philipp Elsässer, and
Bernd v. Issendorff — Physikalisches Institut der Albert-Ludwigs-
Universität Freiburg
A new XUV magnetic bottle photoelectron spectrometer (MBPES)
has been constructed for studying the electronic structure and the
dynamics of free mass-selected and temperature-controlled clusters at
free-electron lasers (FEL). This unique spectrometer system includes
cryogenic (< 4K) interaction region and special ion optics designed
specifically to suppress the background contribution in the XUV range.

The resolution of the spectrometer can be improved by both static
deceleration and a time-dependent deceleration focusing the electron
package. Here, we discuss test measurements on atoms and molecules
demonstrating that with the new deceleration scheme resolutions of
Δ𝐸/𝐸 = 0.5% can be reached.

MO 8.7 Tue 16:30 P
Novel sample delivery system for small nanoparticles and
biomolecules — ∙Lena Worbs1,2, Jannik Lübke1,2,3, Ar-
mando Estillore1, Amit Samanta1, and Jochen Küpper1,2,3 —
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1Center for Free-ElectronLaser Science CFEL, Deutsches Elektronen-
Synchrotron DESY, Hamburg,Germany — 2Department of Physics,
Universität Hamburg,Hamburg, Germany — 3Center for Ultrafast
Imaging, UniversitätHamburg, Hamburg, Germany
Coherent diffractive imaging with free-electron lasers promises to al-
low the reconstruction of the three-dimensional molecular structures
of isolated particles at atomic resolution [1]. However, because of the
typically low signal-to-noise ratio, this requires the collection of a large
amount of diffraction patterns. Since every intercepted particle is de-
stroyed by the intense x-ray pulse, a new and preferably identical sam-
ple particle has to be delivered into every pulse.

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

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

MO 8.8 Tue 16:30 P
Probing structural dynamics of molecules and clusters us-
ing XFEL pulses and synchrotron radiation — ∙Dimitris
Koulentianos1,2, Nidin Vadassery1, Ludmila Schneider2,
Hubertus Bromberger1, Sebastian Trippel1,3, and Jochen
Küpper1,2,3 — 1Center for Free Electron Laser Science, Deutsches
Elektronen-Synchrotron DESY, Hamburg — 2Department of Physics,
Universität Hamburg — 3Center for Ultrafast Imaging, Universität
Hamburg
The development of x-ray free-electron laser (XFEL) and third gen-
eration synchrotron-radiation (SR) facilities, allowed for the study
of molecular dynamics within the (sub)picosecond timescale [1]. In
the present work, preliminary results using such light sources will
be presented. Here, we will discuss both, delay-dependent hydrogen
bond changes upon irradiation of the indole-water1 cluster, using a
UV-pump x-ray-probe scheme offered by the Linac Coherent Light
Source (LCLS), as well as the recording of molecular frame photo-
electron angular distributions (MFPADs), using SR at PETRA III.
Finally, our Timepix 3D camera [2] is expected to play a significant
role in such experiments, as it allows us to obtain three dimensional
ion velocities and to measure simultaneously all the ejected electrons
and ions. First results demonstrating its capabilities, using nitrogen
as target species [2], will be presented.

[1] Kierspel et al., Phys. Chem. Chem. Phys. 20, 20205 (2018)
[2] Bromberger et al., arXiv:2111.14407

MO 8.9 Tue 16:30 P
Fluorine reactor study of Pyrdine: Formation of Pyridinyl
radicals and C5H3N isomers — ∙Katharina Theil1, Marius
Gerlach1, Emil Karaev1, Jean-Christophe Loison2, Christian
Alcaraz3, Laurent Nohan4, and Ingo Fischer1 — 1Universität
Würzburg, 97074 Würzburg, Germany — 2Université de Bordeaux,
33405 Talence, France — 3Université Paris-Saclay, 91190 Gif-sur-
Yvette, France — 4Synchrotron SOLEIL, 91190 Gyf-Sur-Yvette,
France
Pyridyl radicals are the prototypical heterocyclic radicals containing
nitrogen as a heteroatom. Since pyridine is one of the main compo-
nents of heterocycles in fossil fuels, the formation of pyridyl radicals
has been suggested as a possible intermediate in combustion processes.
The decomposition of pyridine has been the subject of numerous de-
tailed experimental and theoretical studies, which have shown that the
thermal decomposition of pyridine produces, among others, cyanide,
acetylene, and hydrogen, starting with the cleavage of the C-H bond
that initiates a decomposition cascade with diverse pyrolysis products.

We present measurements on pyridine conducted at the DESIRS
beamline at Synchrotron Soleil in France employing the fluorine dis-
charge reactor. One and two Hydrogen loss products are observed and
are characterized by evaluating their slow photoelectron spectra and
corresponding franck condon simulations.

MO 8.10 Tue 16:30 P
IR-Spectroscopy of Dysprosium-Chromium — ∙Sascha
Schaller, Johannes Seifert, Nicole Walter, André Fielicke,
Giacomo Valtolina, and Gerard Meijer — Fritz-Haber-Institute
of the Max-Planck-Society Berlin, Deutschland

Spectroscopic characterization of the gas-phase DyCr dimer by a two-
color ionization method that combines UV light with infrared photons
coming from an infrared free electron laser (IR-FEL).

MO 8.11 Tue 16:30 P
Infrared Action Spectroscopy of Single Nanoparticles in the
Gas Phase — ∙Sophia Leippe, Benjamin Hoffmann, and Knut
R. Asmis — Wilhelm-Ostwald-Institut für Physikalische und Theo-
retische Chemie, Universität Leipzig, 04103 Leipzig, Germany
The surface of a nanoparticle (NP) can be characterized by infrared
spectroscopy in the gas phase in order to avoid perturbing interac-
tions with its environment. Since direct absorption spectroscopy is
typically not sensitive enough for this purpose, alternative methods
are required, in which the absorption of photons is detected indirectly
by way of action spectroscopy. A novel single NP mass spectrome-
ter is used that allows to non-destructively monitor the absolute mass
of the NP. Adsorption of messenger compounds onto the NP is en-
abled by a temperature-controllable (10 - 350 K) ion trap. Absorption
of electromagnetic radiation leads to heating of the NP and evapora-
tion of the messenger, which is indirectly detected as a loss of mass.
Proof-of-principle experiments showed that UV/VIS action spectra are
in reasonable agreement with direct absorption spectra obtained from
measurements in solution.[1] We are currently extending this technique
to the infrared regime (4200 - 2500 cm-1) and first results are reported
here. Single NP infrared action spectroscopy can ultimately provide
new insights which are of interest for various fields, such as catalysis,
material separation or medicine.

[1] B. Hoffmann, T. K. Esser, B. Abel, K. R. Asmis, J. Phys. Chem.
Lett. 11, 6051*6056 (2020)

MO 8.12 Tue 16:30 P
Doppler-free spectroscopy of the 𝐻 2Σ+ ← 𝐴 2Σ+ ← 𝑋 2Π3/2

transition in nitric oxide — ∙Philipp Neufeld1, Patrick
Kaspar1, Fabian Munkes1, Lea Ebel1, Yannick Schellander2,
Robert Löw1, Tilman Pfau1, and Harald Kübler1 — 15.
Physikalisches Institut and Center for Integrated Quantum Science and
Technology IQST, Universität Stuttgart — 2Institut für Großflächige
Mikroelektronik, Universität Stuttgart
On the 𝐴 2Σ+ ← 𝑋 2Π3/2 transition in nitric oxide (NO) we employ
Doppler-free spectroscopy for different total angular momenta 𝐽 on
the 𝑃12 branch. Via phase sensitive detection by a lock-in ampli-
fier the hyperfine structure of the 𝑋 2Π3/2 state of NO is partially
resolved. The data is compared to previous measurements [1]. On
the 𝐻 2Σ+ ← 𝐴 2Σ+ transition, optogalvanic spectroscopy is per-
formed [2]. Both transitions are driven in continuous wave operation
at 226 nm and 540 nm, respectively. Investigation of the depen-
dence of the spectroscopic feature on power and pressure, should yield
hyperfine constants, natural transition linewidth and the collisional
cross-section between NO molecules. The novel approach of optogal-
vanic spectroscopy has the potential to facilitate the investigation of
the structural details of 𝐻 2Σ+.

[1] W.L. Meerts and A. Dymanus, J. of Mol. Spec. 44, 320-346
(1972)
[2] P. Kaspar et. al., OSA Optical Sensors and Sensing, 19-23 July,
2021

MO 8.13 Tue 16:30 P
LLWP - A new Loomis-Wood Software applied to the Exam-
ple of Propanone-13C1 — ∙Luis Bonah1, Oliver Zingsheim1,
Sven Thorwirth1, Holger S. P. Müller1, Frank Lewen1, Jean-
Claude Guillemin2, and Stephan Schlemmer1 — 1I. Physikalis-
ches Institut, Universität zu Köln, Köln, Germany — 2ENSC, Univ.
Rennes, France
Spectra of complex molecules are dense and complicated, especially if
isotopologues, low-lying vibrationally excited states, hyperfine struc-
ture and other interactions are present. In addition, the analysis of
these spectra can be difficult due to line confusion. One approach to
accommodate this challenge are Loomis-Wood plots (LWPs), which
are a visual aid for displaying series of transitions in a spectrum in or-
der to ease assignments. Programs utilizing LWPs exist already in the
literature, e.g. AABS, Pgopher and LWW. Here, we present a newly
developed software which focuses on being intuitive and user friendly
while simultaneously allowing for fast and confident assignments of
molecular spectra. The software is called LLWP and is written in
Python. The core functionality and selected features are presented
on the example of first results of the analysis of spectra of isotopi-
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cally enriched propanone-13C1 (13CH3COCH3). This molecule was
synthesized as its signal at natural abundance only allowed for a very
limited analysis. The software and its full documentation are available
at ltotheois.github.io/LLWP.

MO 8.14 Tue 16:30 P
Chirped-pulse millimeter wave spectroscopy on complex
molecules of astrophysical interest — ∙Bettina Heyne, Marius
Hermanns, Nadine Wehres, Frank Lewen, and Stephan Schlem-
mer — 1. Physikalisches Institut, Universität zu Köln, Deutschland
We present our chirped-pulse Fourier transform millimeter wave spec-
trometer [1], which is operational between 75 and 110 GHz. This
range overlaps with the Atacama Large Millimeter/Submillimeter Ar-
ray (ALMA) Band 3. The instrument is designed to achieve high
stability and sensitivity, which makes it possible to measure spectra of
isotopic species of molecules in natural abundance. The principle setup
coincides in many aspects with our emission spectrometer [2], thus a
comparison of chirped pulse measurements and emission spectroscopy
is discussed briefly. Furthermore, a high voltage DC discharge in com-
bination with a supersonic jet is incorporated to observe fragments of
molecules. For this application, first tests were performed with methyl
cyanide (CH3CN) as a precursor molecule. We observed HCN as well
as HNC discharge products.
References
[1] M. Hermanns, N. Wehres, B. Heyne, K. von Schoeler, G. Neplyakh,
M. Töpfer, C. E. Honingh, U. U. Graf and S. Schlemmer, in prepara-
tion
[2] N. Wehres, B. Heyne, F. Lewen, M. Hermanns, B. Schmidt, C. En-
dres, U. U. Graf, D. R. Higgins and S. Schlemmer, IAU Symposium,
2018, pp. 332-345

MO 8.15 Tue 16:30 P
A status report on the Cologne Database for Molecular
Spectroscopy, CDMS — ∙Holger Müller, Peter Schilke, and
Stephan Schlemmer — I. Physikalisches Institut, Universität zu
Köln, Germany
The CDMS𝑎 has been founded more than 20 years ago as a link be-
tween laboratory spectroscopy and astrophysics. It provides in its cat-
alog section line lists of mostly molecular species which were or may be
detected in space by radio astronomical means.𝑏 The line lists are gen-
erated by fitting critically evaluated experimental data, mostly from
laboratory spectroscopy, to established Hamiltonian models. Separate
entries are generated for different isotopic species and usually also for
excited vibrational states. 1110 entries are in the CDMS catalog as
of Dec. 2021. Species representing 468 entries have been detected in
space, representing a substantial fraction of the more than 260 differ-
ent molecules detected in space. The catalog is an important resource
for secondary data source.

Other sections of the classical incarnation of the CDMS include a
page on Molecules in Space and a help page for users of Pickett’s SP-
FIT/SPCAT programs. A mysql-based incarnation participates in the
Virtual Atomic and Molecular Data Centre, VAMDC,𝑐 which is linked
to a plethora of other spectroscopic, collisional, and kinetic databases
via the VAMDC portal.

𝑎 Shortcut: cdms.de; web address: https://cdms.astro.uni-koeln.de/
𝑏 H. S. P. Müller et al., Astron. Astrophys. 370 (2001) L49
𝑐 http://www.vamdc.org/

MO 8.16 Tue 16:30 P
Merged-beams experiments on molecular ion-neutral reac-
tions for astrochemistry — ∙Pierre-Michel Hillenbrand1,
Xavier Urbain2, and Daniel Wolf Savin3 — 1Justus-Liebig Uni-
versität, Giessen, Germany — 2Université catholique de Louvain,
Louvain-la-Neuve, Belgium — 3Columbia University, New York, USA
The gas-phase formation of complex molecules in the interstellar
medium proceeds dominantly through barrierless ion-neutral reactions
at typical temperatures of 10 − 100 K. Our merged-beams apparatus
operated at Columbia University in New York City enables us to mea-
sure energy-dependent absolute cross sections of molecular formation
processes in reactions of singly-charged molecules with neutral atoms
and derive temperature-dependent thermal rate coefficients for indi-
vidual product channels. Focusing on key reactions implemented in
astrochemical models as well as on systems of fundamental interest,
we have recently studied the reactions D + H+

3 → H2D+ + H [1],
D + H2D+ → D2H+ + H and D + D2H+ → D+

3 + H [2], C + H+
2 →

CH++H and C+D+
2 → CD++D [3], as well as O+H+

3 → OH++H2

and O + H+
3 → H2O+ + H [4]. For example, the branching ratio of

the O+H+
3 reaction is relevant for accurately modeling the gas-phase

formation of water in the diffuse and dense molecular clouds.
[1] Astrophys. J. 877, 38 (2019)
[2] J. Chem. Phys. 154, 084307 (2021)
[3] Phys. Chem. Chem. Phys. 22, 27364 (2020)
[4] Astrophys. J., accepted for publication

MO 8.17 Tue 16:30 P
Towards the Threshold Photodetachment Spectroscopic
studies of C−

2 — ∙Sruthi Purushu melath, Christine Lochmann,
Markus Nötzold, Robert Wild, and Roland Wester — Insti-
tut für Ionenphysik und Angewandte Physik, Universität Innsbruck,
Innsbruck, Austria
Different neutral and charged interstellar molecules constitute the
building blocks for a rich reaction network in the interstellar medium
(ISM). Many complex molecules have been detected but many observed
spectra still have unidentified features. Photodetachment cross-section
studies are crucial for predicting the abundance of anions in the ISM.

The threshold photodetachment spectroscopy of CN− was per-
formed by our group at both 16 K and 295 K in a 22-pole ion trap
and 295 K from a pulsed ion beam using crossed-beam velocity map
imaging (VMI) setup [1]. In next experiments we aim to study the
threshold photodetachment spectroscopy of C−

2 , which is speculated
to exist in the interstellar medium, in a 16-pole radiofrequency ion
trap, which can be cooled down to 6 K to mimic conditions in the ISM.
For the photodetachment, we will use the frequency-doubled tunable
dye laser system (output produces a scanning range of 365 nm - 385
nm) in our lab. The status of the experiment will be presented.

[1] M. Simpson, et al., Threshold photodetachment spectroscopy of
the astrochemical anion CN−. J. Chem. Phys. 153, 184309 (2020).

MO 8.18 Tue 16:30 P
Laboratory simulations of solar wind ion irradiation on the
surface of Mercury — Caixia Bu1, Benjamin C. Bostick2,
Steve N. Chillrud2, Deborah L. Domingue3, Denton S.
Ebel4, George E. Harlow4, Rosemary M. Killen5, ∙Daniel
Schury1, Kyle P. Bowen1, Pierre-Michel Hillenbrand1,
Xavier Urbain6, Ruitian Zhang1, Dmitry Ivanov1, and Daniel
W. Savin1 — 1Columbia Astrophysics Laboratory, Columbia Uni-
versity, New York — 2Lamont-Doherty Earth Observatory, Columbia
University, Palisades — 3Planetary Science Institute, Tucson —
4American Museum of Natural History, New York — 5NASA-Goddard
Space Flight Center, Greenbelt — 6Université Catholique de Louvain,
Louvain-la- Neuve
Mercury possesses a Na exosphere that is thought to be in part formed
by solar wind ion sputtering of the planet’s regolith surface. However,
reliable sputtering data are lacking to confirm this hypothesis. Ob-
servations of the planet from satellites such as MESSENGER provide
spectral and photometric data of the surface, which is affected by solar
wind ion irradiation.

We have developed a novel apparatus to perform solar wind-like ion
irradiation of loose regolith-like powders and to measure angular sput-
ter yields and spectral changes. Spectra spanning 350-2500 nm will
be collected in-vacuo and in-situ as a function of ion fluence. We will
present the experimental setup and provide first results.

MO 8.19 Tue 16:30 P
Excited State Dynamics of the Q-Bands in Chlorophyll a —
∙Lena Bäuml1, Sebastian Reiter1, Eva Sextl2, and Regina de
Vivie-Riedle1 — 1Department of Chemistry, LMU Munich, Germany
— 2Department of Physics, LMU Munich, Germany
During the conversion of sunlight to chemical energy via photosyn-
thesis the pigment chlorophyll adopts different functions depending on
the environment: absorption of light in the visible range, excitation
energy transfer in the antenna complex, primary charge separation
in the reaction centre of the photosystems and subsequent electron
transfer to other redox-active cofactors. Thus, nonradiative relaxation
of high-energy excited states to the lowest excited state in chlorophylls
is central for the understanding of photosynthesis.

In this work, we simulate the ultrafast relaxation process in the Q-
bands of chlorophyll a with grid-based wave packet quantum dynam-
ics in several reduced-dimensional coordinate spaces. In particular we
discuss the relaxation process in 2D coordinate spaces spanned by the
normal modes with the highest overlap with the non-adiabatic cou-
pling vector. The excited state energies and non-adiabatic couplings
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are computed at the CASPT2 level of theory to model the energy dif-
ference between the 𝑄𝑥 and the 𝑄𝑦 state correctly. Our results show
from a purely quantum mechanical point of view how the 𝑄𝑥 and the
𝑄𝑦 band are strongly coupled by internal vibrations and should not
be considered as isolated transitions.

MO 8.20 Tue 16:30 P
Ligand release from a molybdenum carbonyl complex via an
organic photosensitizer — ∙Marcel Fischer, Kevin Artmann,
Roger Jan Kutta, and Patrick Nuernberger — Institute of Phys-
ical and Theoretical Chemistry, Universität Regensburg, 93040 Re-
gensburg
Carbon monoxide (CO) can be released from metal carbonyl complexes
upon excitation by light. To circumvent the population of excited sin-
glet states, also triplet-triplet energy transfer can be employed [1,2].
We investigate the influence of the triplet photosensitizer benzophe-
none (BP) on the photochemical behavior of molybdenum hexacar-
bonyl Mo(CO)6. By transient absorption spectroscopy, we observed
energy transfer from BP to the complex resulting in the formation of
the dissociation products Mo(CO)5 and Mo(CO)4. An intermediate
with a lifetime larger than a millisecond is also observed, putatively
related to the interaction of two product molecules in solution.

The approach may prove beneficial for mixed carbonyl-nitrosyl com-
plexes, in which the photorelease of a ligand may proceed differently
in excited singlet and triplet states, respectively, as implied by calcu-
lations and ongoing experiments [3].
[1] AVogler, Z. Naturforsch. B 25, 1069 (1970).
[2] S.H.C.Askes et al., J.Am.Chem.Soc. 139, 15292 (2017).
[3] N.Gessner et al., Phys. Chem. Chem. Phys. 23, 24187 (2021).

MO 8.21 Tue 16:30 P
Spectroscopic Studies of Carbonyl and Carbonylate Com-
pounds in Liquid Ammonia — ∙Stephan Muth1, Franz
Schmidt2, Nikolaus Korber2, and Patrick Nuernberger1 —
1Institut für Physikalische und Theoretische Chemie, Universität Re-
gensburg, 93040 Regensburg — 2Institut für Anorganische Chemie,
Universität Regensburg, 93040 Regensburg
Metal carbonyls have a multitude of applications in chemistry, biol-
ogy, and beyond. Representing a crucial ingredient in catalysis for a
long time, in recent years these complexes even gained attention in ap-
plications treating cancer [1]. Reduction of metal carbonyls by alkali
metals in liquid ammonia affords ammoniates, showing a vast range
of different structures, characterized by single crystal X-ray analysis
[2]. Identification by interaction with visible light is cumbersome and
hence, less commonly employed.

To unveil the structural arrangement in solution, unknown for many
compounds, we monitor carbonyls and its reduction products in liquid
ammonia at different temperatures by utilizing a custom-built cryo-
stat. Ion pairs are generated by direct reduction of neutral homoleptic
or heteroleptic carbonyls with solutions of alkali metals. The extent of
separation of the anionic carbonylates and the cationic ammine com-
plexes in solution is investigated, in dependence on the transition and
alkali metals. Our studies aim at identifying characteristics of ion
pairing, especially under the impact of this rather exceptional solvent.

[1] H. Pfeiffer et al., Dalton Trans., 4292–4298 (2009).
[2] C. Lorenz et al., Z. Anorg. Allg. Chem. 644, 1678–1680 (2018).

MO 8.22 Tue 16:30 P
Juxtaposition of the photolysis of diphenyldiselenide Ph2Se2
and diphenylselenide Ph2Se and the subsequent recombina-
tion dynamics of the transient radicals — ∙Daniel Grenda1,
Carina Allacher1, Elias Harrer1, Roger Jan Kutta1, Alexan-
der Breder2, and Patrick Nuernberger1 — 1Institut für
Physikalische und Theoretische Chemie, Universität Regensburg,
93040 Regensburg — 2Institut für Organische Chemie, Universität Re-
gensburg, 93040 Regensburg
Organoselenium compounds can be used as effective catalysts in or-

ganic synthesis [1], they are building up polymers with dynamic cova-
lent bonds [2] and they are working as antioxidants in vivo [3]. This
rich chemistry is possible by virtue of the low bond energy of selenium
bonds [2] and recombination of selenium-centered radicals.
By transient absorption spectroscopy on a nano- to microsecond
timescale, we follow the dynamics of Ph2Se and Ph2Se2 after pho-
todissociation of the carbon-selenium or the selenium-selenium bond,
respectively, forming the radicals PhSe∙ and Ph∙. Both species pho-
todegrade over prolonged illumination and partially interconvert into
each other due to bimolecular radical pair recombination. Comparison
of the differences and analogies of the photochemistry of Ph2Se2 and
Ph2Se allows a specific identification of the entire reaction pathways,
intermediates and products.
[1] J. Trenner et al., Angew. Chem. Int. Ed. 52, 8952 (2013).
[2] S. Ji et al., Angew. Chem. Int. Ed. 53, 6781 (2014).
[3] L. P. Borges et al., Chem.-Biol. Interact., 160, 99 (2006).
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Exploring the photophysics and chemistry of triarylamin with
regard to the applicability in photocatalysis — ∙Josephine Ba-
bel, Patrick Nuernberger, and Roger Jan Kutta — Institut für
Physikalische und Theoretische Chemie, Universität Regensburg, Ger-
many
Triarylamines Ph3N generally possess a reversible one-electron oxi-
dation behaviour, allowing the formation of its stable radical cation
(Ph3N∙+). This makes them particularly attractive for photocatalytic
oxidiations of substrates with extreme high oxidation potentials via
oxidative consecutive photoinduced electron transfer (con-PET) accu-
mulating two photons of light.

Here, we characterize the photophysics and chemistry of Ph3N and
Ph3N∙+ in the presence and absence of molecular oxygen via transient
absorption from fs to ms in the UV-visible spectral range. Starting
from Ph3N, we find Ph3N∙+ formation upon illumination via a bi-
molecular reaction of two molecules either each in a triplet state or
one in a triplet and the other in the groundstate. The excited state
of Ph3N∙+ is, with a decay in the sub-100 ps, shorter than typical
diffusion times for bimolecular reactions, which imposes limitations in
terms of photocatalytic applicability. Considering also the determined
photoinstability due to intra- and intermolecular photoconversion of
Ph3N, photocatalytic reactions must outcompete the intrinsic deac-
tivation pathways for applications of photocatalytic con-PET type.
Approaches to overcome these limitations such as pre-assembly or en-
hanced intersystem crossing within the photocatalyst will be discussed.
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Luminescent and excited state properties of bimetallic
coinage metal NHC-complexes — ∙Daniel Marhöfer1, Pit
Boden1, Sophie Steiger1, Christoph Kaub2, Peter Roesky2,
Gereon Niedner-Schatteburg1, and Markus Gerhards1 —
1Department of Chemistry, TU Kaiserslautern, Erwin-Schrödinger-
Str. 52-54, 67663 Kaiserslautern — 2Institute of Inorganic Chemistry,
Karlsruhe Institute of Technology, Engesserstr. 15, 76131 Karlsruhe
A series of bimetallic coinage metal complexes containing a specific,
bipyridyl substituted, N-heterocyclic carbene ligand was investigated
via luminescence spectroscopy as well as step-scan FTIR spectroscopy.
The emission lifetimes of the different bimetallic compounds as well
as the underlying monometallic gold complex and the free ligand itself
embedded in a potassium bromide matrix were determined by time-
correlated single photon counting in the temperature range of 5K -
290K. The excited state structures were studied by electronic excita-
tion by a pulsed UV laser followed by step-scan FTIR probing, allow-
ing the determination of the IR absorption of the electronically excited
molecules. The obtained excited state spectra were then compared to
both the ground state vibrational spectrum as well as the excited state
IR spectra of the other complexes of the series. A pronounced depen-
dence of the excited state IR absorption, the emission colour and the
excited state lifetimes on the metal centers could be observed.
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