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MO 16: Ultrafast Dynamics I

Time: Wednesday 14:30–16:30 Location: HS 3044

MO 16.1 Wed 14:30 HS 3044
Imaging thermal-energy chemical dynamics of solvated
(bio)molecular complex system — ∙Mukhtar Singh1,2,3,
Matthew Scott Robinson1,2,3, Hubertus Bromberger1,2, Se-
bastian Trippel1,2, and Jochen Küpper1,2,3 — 1Center for Free-
Electron Laser Science CFEL, Deutsches Elektronen-Synchrotron
DESY, Hamburg — 2Center for Ultrafast Imaging, Universität Ham-
burg — 3Department of Physics, Universität Hamburg
We present the imaging of ultrafast thermal-energy-induced chemical
dynamics of a micro-solvated (bio) molecular complex probed with a
time-dependent strong field ionization, and ion mass spectroscopy [1].
We produce a pure gas-phase indole-water sample using a combination
of a cold molecular beam and the electrostatic deflector [2]. By em-
ploying a mid-IR pump to excite a single vibrational mode [3], the re-
sulting thermal-energy chemical dynamics between the indole and wa-
ter moieties were investigated. The dissociation of the micro-solvated
system was monitored using strong-field multi-photon ionization by
1.3 𝜇m wavelength light from a femtosecond pulsed laser, tracking the
time-dependent ion signals of the indole-water cluster as well as the
individual indole and water ionic products.

[1] J Onvlee, et al., Nat Commun. 13, 7462 (2022)
[2] S. Trippel, et al., Rev. Sci. Instrum. 89, 096110 (2018)
[3] M.S. Robinson, et al., Phys. Chem. Chem. Phys. (2023)

MO 16.2 Wed 14:45 HS 3044
Probing ultrafast nonadiabatic dynamics of NO2 with
time-resolved X-ray absorption spectroscopy at N K-
edge — ∙Lorenzo Restaino1, Zhuan-Yang Zhang2, Michael
Coates1, Michael Odelius1, Markus Kowalewski1, Erik T. J.
Nibbering2, and Arnaud Rouzé2 — 1Stockholm University, Al-
baNova University Center, SE-106 91 Stockholm, Sweden — 2Max-
Born-Institute, Max-Born-Str. 2A, 12489 Berlin, Germany
Time-resolved X-ray absorption spectroscopy (tr-XAS) is a chemically
sensitive method well-suited for investigating the intricate behavior of
electronically excited molecules. We employed tr-XAS to explore the
ultrafast nonadiabatic processes occurring at the conical intersection
(CI) between the electronic ground and first excited state of nitrogen
dioxide. Despite the success of the experimental tr-XAS spectrum in
revealing photodissociation, its capacity to capture the CI dynamics
was hindered by the restricted temporal resolution of the 60 fs UV
pump pulse. To overcome this constraint, we performed high-level
quantum dynamics simulations with a shorter pump pulse, allowing
us to access the complex nonadiabatic relaxation events. In our study,
an 8-fs UV pump pulse at 400 nm excited the system from the ground
state, followed by a 1-fs Gaussian probe pulse at the nitrogen K-edge
to probe the core-hole states. By using this temporally resolved pump,
we were able to map the system’s passage through the conical intersec-
tion, identified through a spectral signature indicative of wave packet
bifurcation. Consequently, we achieved a detailed tracing of the NO+O
dissociation process.

MO 16.3 Wed 15:00 HS 3044
Investigating the Ultrafast Molecular Relaxation of 4-
Thiouracil Using Time-Resolved X-Ray Photoelectron Spec-
troscopy — ∙Dennis Mayer1, David Picconi2, Matteo
Bonanomi3,4, Miltcho Danailov5, Alexander Demidovich5,
Michele Devetta4, Michele di Fraia5, Davide Facciala4,
Raimund Feifel6, Cesare Grazioli7, Fabiano Lever1, Nitsh
Pal8, Vasilis Petropoulos3, Kevin Prince5, Oksana Plekan5,
Richard Squibb6, Caterina Vozzi4, Giulio Cerullo3,4, and
Markus Gühr1,9 — 1DESY, Hamburg, Germany — 2University of
Groningen, The Netherlands — 3Politecnico di Milano, Italy — 4CNR-
IFN, Milan, Italy — 5Elettra-Sincrotrone Trieste, Italy — 6University
of Gothenburg, Sweden — 7CNR-IOM, Trieste, Italy — 8Heriot-Watt
University, Edinburgh, UK — 9University of Hamburg, Germany
Recent experiments on 4-thiouracil observed different time constants
for the UV-induced relaxation into its triplet state that go beyond
the difference between experiments in the gas and solution phase [1,2].
Utilizing the element- and site-selectivity of x-rays, we studied the re-
laxation process 4-thiouracil using gas-phase time-resolved x-ray pho-
toelectron spectroscopy (XPS) at the free-electron laser FERMI. Life-
times of the chemical shifts at the S 2p edge support previous gas-

phase experiments [1]. In comparison to its isomer 2-thiouracil [3], the
molecule shows an additional excited-state spectral feature.

[1] Chem. Phys. 515, 572 (2018); [2] J. Am. Chem. Soc. 140,
16087-16093 (2018); [3] Nat. Comm. 13, 198 (2022)

MO 16.4 Wed 15:15 HS 3044
Investigating the ultrafast dynamics of photoexcited azoben-
zene with an x-ray free electron laser — ∙Fabiano Lever1, Den-
nis Mayer1, Atia Tul Noor1, Gesa Goetzke1, Julius Schwarz2,
Michael Martins2, Rebecca Ingle3, Stefan Duesterer1,
Steffen Palutke1, Taran Dexter Cyrus Driver4, Ulrike
Fruehling1, and Markus Gühr1 — 1DESY, Hamburg, DE —
2Hamburg Universität, DE — 3UCL, London, UK — 4SLAC, Menlo
Park, USA
Ultraviolet excitation triggers a light-induced isomerization reaction in
the molecular switch azobenzene, changing its geometry from the trans
ground state into the cis isomer. This work presents results from an
ultrafast UV pump / soft x-ray probe experiment at the Free-Electron
Laser FLASH. The electronic state dynamics of photoexcited azoben-
zene is probed with time-resolved x-ray absorption and photoelectron
spectroscopy. In both observables, we measure dynamical features on a
sub-picosecond scale. Comparing the experimental results to theoret-
ical calculations for both datasets, we identify the ultrafast relaxation
of the initially photoexcited S2 (𝜋𝜋*) to lower states.

MO 16.5 Wed 15:30 HS 3044
Capturing ultrafast dynamics of bio-relevant molecules com-
bining few-femtosecond UV pulses with electrospray ioniza-
tion — ∙Sergey Ryabchuk1,2, Aarathi Nair1, Josina Hahne1,2,
Laura Pille3, Juliette Leroux3,4, Nicolas Velasquez5, Bart
Oostenrijk1, Erik P. Månsson6, Lucas Schwob3, Vincent
Wanie6, Sadia Bari7, and Francesca Calegari1,2,6 — 1The Ham-
burg Centre for Ultrafast Imaging, Hamburg, Germany — 2Universität
Hamburg, Hamburg, Germany — 3DESY, Hamburg, Germany —
4Université de Caen Normandie, Caen, France — 5Sorbonne Univer-
sité, Paris, France — 6CFEL, Hamburg, Germany — 7University of
Groningen, Groningen, The Netherlands
Ultraviolet (UV) light exposure induces various important chemi-
cal and biological processes in nature [1]. Electrospray ionization
(ESI) technique [2] allows to bring intact large and fragile biorelevant
molecules into the gas phase which is not feasible by other conventional
methods. Time-resolved experiments have been recently developed to
study the dynamics of such molecules following UV excitation by com-
bining ESI devices with sources of ultrashort laser pulses [3]. However,
the time resolution of these studies was limited by 80 fs UV pulses.

The present study involves the merging of an ESI source and an all-
in-vacuum beamline, delivering few-fs UV pulses with few-cycle NIR
pulses in a pump-probe scheme. This sophisticated experimental setup
allows us to track the UV-induced dynamics and non-adiabatic pro-
cesses in complex systems such as cobalt protoporphyrin IX and de-
protonated nucleotides with an unprecedented temporal resolution.

MO 16.6 Wed 15:45 HS 3044
Excited state dynamics of BN-9,10-naphthalene: The impact
of replacing CC by BN — ∙Floriane Sturm, Michael Büh-
ler, Christoph Stapper, Johannes Schneider, Holger Helten,
Ingo Fischer, and Merle Röhr — Julius-Maximilians-Universität
Würzburg
Substituting CC by BN units is an excellent means to modify the op-
toelectronic properties of PAHs.1-3 In our research, the excited state
spectroscopy and dynamics of BN-9,10-naphthalene were studied by pi-
cosecond time-resolved photoionization in a supersonic jet. A REMPI
spectrum reveals the S1 origin at 33841 cm−1, which is in very good
agreement with theory. Several vibrational bands were resolved and
assigned by comparison with computations. A [1+1] photoelectron
spectrum via the S1 origin yielded an adiabatic ionization energy of
8.27 eV. Selected vibrational bands were investigated by pump-probe
photoionization. While the origin as well as several low-lying vibronic
states exhibit lifetimes in the ns-range, a monoexponential decay is
observed at higher excitation energies, ranging from 400 ps, at +1710
cm−1 to 13 ps at +3360 cm−1. Based on quantum chemical calcu-
lations, the deactivation is attributed to a conical intersection to the
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ground state. In order to access it, an energy barrier has to be passed,
which requires sufficient excess energy.
[1] M. J. D. Bosdet, W. E. Piers, Can. J. Chem., 87, 8-29 (2009).
[2] H. L. van de Wouw, R. S. Klausen, J. Org. Chem., 84, 1117-1125
(2019).
[3] Z. Liu, T. B. Marder, Angew. Chem. Int. Ed., 47, 242-244 (2008).

MO 16.7 Wed 16:00 HS 3044
Non-adiabatic electronic relaxation of tetracene studied
by time-resolved photoelectron spectroscopy — ∙Sebastian
Hartweg1, Audrey Scognamiglio1, Karin S. Thalmann1, Nico-
las Rendler1, Aaron Ngai1, Lukas Bruder1, Pedro B. Coto2,
Michael Thoss1, and Frank Stienkemeier1 — 1Institute of
Physics, University of Freiburg, Germany — 2Materials Physics Cen-
ter, Spanish National Research Council, Donostia-San Sebastian,
Spain
Polycyclic aromatic hydrocarbons are assumed to be important sources
of carbon in the interstellar medium. Additionally, some of these
species, especially the acenes consisting of linearly-fused benzene
units, are promising candidates for organic semiconductor applications.
These applications motivate the fundamental study of the ultrafast ex-
citation dynamics of the acenes and their aggregates to provide a fun-
damental understanding of the underlying processes and energetics.

I will present a femtosecond time-resolved photoelectron spec-
troscopy study of tetracene molecules supported by high-level ab initio
calculations, revealing the ultrafast non-adiabatic dynamics following
the excitation to a bright state in the UV range. The stepwise relax-
ation via an intermediate dark state to a low lying electronic excited
state is accompanied by nuclear motion imprinted in the photoelectron

spectra by the time-dependent Franck-Condon factors of the delayed
photoionization step.

MO 16.8 Wed 16:15 HS 3044
Residue Size Dependency of the Geminate Recombination
Dynamics of the Biologically Relevant Disulfide Moiety af-
ter UV-cleavage investigated by TRXAS — ∙Jessica Harich
— Institute of Nanostructure and Solid State Physics, University of
Hamburg and Center for Free-Electron Laser Science, Germany
The tertiary structure of proteins is stabilized by disulfide bonds
formed from two spatially adjacent L-cysteinyl residues. These disul-
fide bridges are prone to UV radiation damage with potentially ad-
verse effects. We employ time resolved X-ray absorption spectroscopy
(TRXAS) to observe the UV photochemistry of the natural amino acid
dimer L-cystine and the tripeptide Glutathione disulfide in aqueous
solution to understand the photochemistry under physiological con-
ditions. Furthermore, we have first exciting insights into the UV-
photochemistry of the disulfide bridges within the protein hen egg
white Lysozyme.

We find that upon UV irradiation, apliphatic disulfides immediately
undergo S-S bond cleavage, leading to the formation of two identical
thiyl radicals, followed by fast geminate recombination indicating a
very effective recombination process for thiyl radicals to the ground
state. This process is only possible in condensed phases and its speed
increases with chain length. Our results show that L-cystine already
captures the essence of the ultrafast photochemistry of the disulfide
bridge, but that the size of the residue adjacent to the disulfide bonds
has a strong influence on the immediate recombination dynamics of
the photoproducts.
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