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MO 27.1 Thu 16:00 Empore Lichthof
Non-linear Spectra from Equilibrium Trajectories — ∙Tobias
Zentel, Sergei D. Ivanov, and Oliver Kühn — Universität Ros-
tock, Wismarsche Str. 43-45, Germany
Non-linear spectroscopic methods are an useful tool to investigate dy-
namics of molecular systems. The signals can be formulated in terms of
response functions, which consist of dipole correlation functions. These
can be calculated in the classical limit via an equilibrium trajectory
approach [1]. The key element to calculate classical response functions
are stability matrices, a measure for how chaotic a system is. The sta-
bility matrices stay finite and oscillate for quasi-periodic systems, but
diverge exponentially in time for chaotic systems. The non-linear clas-
sical response functions in quasi-periodic systems always diverge along
one or more time direction, even so the stability matrices stay bound
[2]. In chaotic systems, on the other hand, it is possible to compute
response functions up to a point where the stability matrix computa-
tion becomes unstable, which is due to the exponentially divergence
of its elements. However by thermal averaging a reasonable response
function can still be computed. In the present contribution this issue
is studied for a Henon-Heiles model systems and results compared to
quantum mechanical calculations. Furthermore different integrators
for the stability matrix propagation are tested and it is analyzed how
this influences the classical response functions.

[1] J. Jeon, M.Cho, New J. Phys.12, 6 (2012); [2] M. Kryvohuz, J.
Cao Phys. Rev. Lett. 96, 3 (2006)

MO 27.2 Thu 16:00 Empore Lichthof
Molecular dynamics of trapped ultracold gases on GPUs —
∙Roman Nolte — TU Darmstadt
The understanding of classical molecular dynamics of N rapped inter-
acting atoms is an important precursor in order to achieve quantum
degeneracy. In the QUANTUS experiment [1], which explores quan-
tum gases in microgravity in the ZARM droptower in Bremen, the
evaporation time is a scarce resource. It is therefore of critical impor-
tance to understand the non-equilibrium dynamics with high precision.

In this contribution we present results of N-particle 3D molecular
dynamics simulation performed on graphic cards (GPU) for the relax-
ation and evaporation of up to 105 cold trapped atoms.

[1] T. van Zoest et al., Science 328, 1540 (2010)

MO 27.3 Thu 16:00 Empore Lichthof
Relativistic time-dependent density functional calculations
for the excited states of the cadmium dimer — ∙Ossama Kul-
lie — Institute de Chimie de Strasbourg, CNRS et Universit’e de
Strasbourg, Laboratoire de Chimie Quantique, Strasbourg, France. —
Theoretical Physics, Department of Mathematics and Natural Science,
University of Kassel, Germany. kullie@uni-kassel.de
In this poster we present a study for the ground-state as well the
20-lowest laying excited states of the cadmium dimer Cd2. The
result is obtained from all electrons calculations performed with
time-depended density functional for the relativistic Dirac-Coulomb-
and relativistic spin-free-Hamiltonian as implemented in DIRAC-
PACKAGE. The result shows that only long-range corrected function-
als such as CAMB3LYP, gives the correct asymptotic behavior for
the higher states. Spin-free-Hamiltonian is shown to be very efficient
for systems containing heavy elements such as Cd2 in frameworks of
(time-dependent) density functional without introducing large errors.
[1] Accepted for publication in Chem. Phys. 2012.

MO 27.4 Thu 16:00 Empore Lichthof
Theoretical studies on formation of single transition metal-
carbonyl complexes in the gas phase — ∙Josef Anton — Insti-
tut für Elektrochemie, Univiversität Ulm, 89069 Ulm
One of the very interesting but on the other site also extremely chal-
lenging topics in modern chemistry concerns the properties of super-
heavy elements [1]. Due to their very short life times (∼ 1 s) one is
limited to experiments on only one atom at a time, which have to be
performed before the nucleus decays. Since most standard techniques

of ’traditional’ chemistry are not applicable, only few experimental se-
tups are available, such as the gas phase thermochromatography [1,
2]. Most gas phase chemical studies of SHE include only inorganic
compounds like (oxo)halides and oxides, or focused on the elemental
state [1]. Recently, first gas chromatographic studies of single tran-
sition metal carbonyl complexes with short-lived isotopes of Mo, W,
and Os were reported [3].

Our four-component DFT code [4] has been used to study the spec-
troscopical and chemical properties of single transition metal carbonyl
complexes in the gas phase. The results of those studies will be pre-
sented in this contribution.

[1] M. Schädel, The Chemistry of Superheavy Elements, Kluwer Aca-
demic Publishers, Dodrecht, 2003.

[2] M. Schädel and A. Türler, Physik Journal, 6, 35 (2009).
[3] J. Even et al., Inorg. Chem., 51, 6431 (2012).
[4] J. Anton, B. Fricke, E. Engel, Phys. Rev. A, 69, 012505 (2004).

MO 27.5 Thu 16:00 Empore Lichthof
Exact factorization of the time-dependent electron-nuclear
wavefunction: Time-dependent potential energy surface —
∙Elham Khosravi1, Ali Abedi2,3, Alejandro Saenz1, and E. K.
U. Gross2,3 — 1Humboldt-Universität zu Berlin Institut für Physik,
Moderne Optik, Newtonstr. 15, 12489 Berlin — 2Max-Planck Insti-
tut fuer Mikrostrukturphysik, Weinberg 2, D-06120 Halle, Germany
— 3European Theoretical Spectroscopy Facility (ETSF)
It was recently shown [Phys. Rev. Lett. 105, 123002 (2010)] that
the complete wavefunction for a system of electrons and nuclei evolv-
ing in a time-dependent external potential can be exactly factorized
into an electronic wavefunction and a nuclear wavefunction. The con-
cepts of an exact time-dependent potential energy surface (TDPES)
and exact time-dependent vector potential emerge naturally from the
formalism. The resulting nuclear equation is particularly appealing.
It is a Schrödinger equation with a time-dependent potential energy
surface (TDPES) and a time-dependent vector potential as rigorous
concepts, mediating the coupling between the nuclear and the elec-
tronic degrees of freedom in a formally exact way. Here we study
the concept of the exact TDPESs for the hydrogen molecular ion in
a laser field in comparison with the conventional field-dressed surfaces
and demonstrate the significance of this concept as a powerful tool in
analyzing multi-photon processes.

MO 27.6 Thu 16:00 Empore Lichthof
Doping of helium nanodroplets with an ionic liquid —
∙Kenny Hanke, Daniel Habig, Gerhard Schwaab, and Martina
Havenith — Ruhr-Uni-Bochum, Physikalische Chemie 2
Helium nanodroplets provide an ultracold but very soft matrix for the
IR-spectroscopy of single molecules and small clusters. Therefore we
have constructed a modular helium cluster machine with differentially
pumped chambers. In the first chamber precooled gaseous helium is
expended through a 5 𝜇m nozzle into vacuum. The formed helium
cluster beam can be adjusted to different average cluster sizes via the
nozzle temperature (11-20 K) and helium pressure (20-70 bar). Two in-
lets for gaseous or liquid reactants are provided in the second chamber.
The partial pressure of the components can be controlled by electrical
regulating valves and a residual gas analyzer attached to the chamber.
Liquids with a high vapor pressure and solids can be evaporated with
an oven in the third chamber. The flow and composition of the he-
lium beam is detected with a quadrupol mass spectrometer in the last
chamber. A laser can be coupled in for infrared spectroscopy.

To prove the efficiency of the machine an ionic liquid, which are
known for their low vapor pressure, has already successfully been evap-
orated and embedded in the helium cluster beam.

MO 27.7 Thu 16:00 Empore Lichthof
IR-spectroscopy of pyridine and its complexes with water
in liquid He nanodroplets — ∙Melanie Letzner, Pablo Nieto,
Torsten Endres, Gerhard Schwaab, and Martina Havenith —
Department of Physical Chemistry II, Ruhr University Bochum, Ger-
many
Proton-transfer equilibria are essential for interpreting the physiochem-
ical behavior of basic and acidic compounds in aqueous solution. Here,
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we investigate the microsolvation of pyridine with water. The simplest
complex considered is formed by one water molecule and pyridine.
Analysis of this complex gives insight into the way which protona-
tion takes place in larger water clusters. The infrared spectrum of the
pyridine-water comlex in the gas phase was observed by Millen and
Mines1 and quite recently a detailed Fourier transform IR spectrum
was obtained in argon matrix2.We used the Bochum He-nanodroplet
machine in combination with an high power IR-OPO (cw: 1.7 W)
to investigate pyridine and its complexes with water. Helium nan-
odroplets provide a soft, suprafluid and ultrcold (0.37 K) matrix that
allows to study solvation of pre-cooled moieties. We observed spectral
features of pyridine-water aggregates in the region between 3050 cm−1

and 3100 cm−1. The observed pressure dependence of the signals in
combination with electric field measurements and calculations allowed
the assignment of the signals. The status of the project is presented.
References: 1 Destexhe, A., Smets, J., and Adamowicz, L., 1994, J.
phys. Chem., 98, 1506. 2 Millen, D. J., and Mines, G. W., 1977, J.
chem. Soc. Faraday Trans. ii, 73, 369.

MO 27.8 Thu 16:00 Empore Lichthof
Time-dependent Semiclassical Description of Helium Nano-
droplets — ∙Max Buchholz and Frank Großmann — Technische
Universität Dresden, Institut für Theoretische Physik, D-01062 Dres-
den, Germany
We study the structure and dynamics of pure and doped 4He nanodrop-
lets by employing the semiclassical hybrid dynamics method in reduced
density formulation [1]. Treating only a few degrees of freedom on the
level of the Herman-Kluk propagator, while using the simpler Gaussian
Wavepacket Dynamics for the others, allows for a microscopic descrip-
tion of droplets comprising up to twenty Helium atoms. In a first
step, we investigate structural properties such as ground state density
profiles, pair-distance distribution function, and structure function.

[1] C.-M. Goletz, W. Koch, F. Grossmann, Chem. Phys. 375, 227
(2010)

MO 27.9 Thu 16:00 Empore Lichthof
PTCDA in Helium Nanodroplets: Doping Characterization
and Spectroscopic Investigations with a Pulsed Helium Nan-
odroplet Beam — ∙Markus Müller, Michael Richter, and
Frank Stienkemeier — Physikalisches Institut, Universität Freiburg,
Hermann-Herder-Str.3, 79104 Freiburg
Organic semiconductors like PTCDA have gained considerable interest
because of their optoelectronic properties. To reveal electronic struc-
tures we utilize Helium Nanodroplet Isolation (HENDI) Spectroscopy
as well established method to characterize single molecules, but also
molecular complexes inside a cold (370mK) and weak interacting en-
vironment.

We present PTCDA doping characteristics for a pulsed helium nan-
odroplet beam either measured by Laser Induced Fluorescence (LIF)
or by Quadrupol Mass Spectrometry (QMS). The comparison between
time resolved LIF and QMS intensities gives information about the
doping within one helium nanodroplet pulse. Furthermore, spectro-
scopic results from LIF excitation and fluorescence emission measure-
ments for single PTCDA molecules attached to helium nanodroplets
give insight into the vibrational structure of the electronic ground state
and the first electronically excited state.

MO 27.10 Thu 16:00 Empore Lichthof
Using a VECSEL for IR-Spectroscopy of 𝐶𝑂2 in Helium-
Nanodroplets — ∙Michael Richter1, Sebastian Kaspar2,
Markus Müller1, Marcel Rattunde2, Joachim Wagner2,
and Frank Stienkemeier1 — 1Physikalisches Institut, Universität
Freiburg, Hermann-Herder-Str. 3, D-79104 Freiburg im Breisgau. —
2Fraunhofer-Institut für Angewandte Festkörperphysik, Tullastrasse
72, 79108 Freiburg im Breisgau.
A new Vertical-External-Cavity Surface-Emitting-Laser with com-
paratively high output power >100mW and narrow bandwidth is used
in order to investigate the overtone transitions 1201 ← 0000 and
2001← 0000 of carbon dioxide. In the gas phase transition wavenum-
bers are around 4976 and 5099 1/cm. We expect high resolution spec-
tra due to the particular narrow linewidth of the laser system [1]. Fur-
thermore, we plan to probe these molecules inside helium nanodroplets
in order to study the interaction with the ultra cold (370mK) and su-
perfluid helium environment. In particular, one expects relevant infor-
mation on reduced rotational constants and the role of a normal fluid
fraction in the vicinity of the dopant molecule.

[1]: B. Rösener, S. Kaspar, et al., Optics Letters 36, 18, 3587 (2011)

MO 27.11 Thu 16:00 Empore Lichthof
Vibrational state effects in ion-molecule reactions — ∙Martin
Stei1, Eduardo Carrascosa1, Josef Wildauer1, Sebastian
Trippel2, Aditya Kelkar1, Torsten Best1, and Roland
Wester1 — 1Institut f. Ionenphysik und Angewandte Physik, Uni-
versität Innsbruck, Innsbruck, Austria — 2Center for Free Electron
Lasers, DESY, Hamburg, Germany
In our group a crossed-beam velocity map imaging setup (VMI) has
been developed to study ion-molecule reactions [1,2]. With an im-
proved crossed beam 3D-VMI setup we have measured vibrational
state-to-state differential cross-sections of the charge-transfer reaction
Ar+ + N2 → Ar + N+

2 with significantly increased resolution. We
find qualitative agreement with the theoretical predictions of Candori
et al. [3]. We will also present our progress towards selectively ex-
citing rovibrational states with a narrowband infrared laser to study
the influence of vibrational (spectator) modes. In order to separate
the initial rotational states before the vibrational excitation we have
implemented a Stark deflector based on the design of Filsinger et al.
[4]
[1] J. Mikosch et al., Science 319, 183 (2008) [2] R. Otto et al., Nature
Chemistry 4, 534 (2012) [3] R. Candori et al., J. Chem. Phys. 115,
8888 (2001) [4] F. Filsinger et al., J. Chem. Phys. 131, 064309 (2009)

MO 27.12 Thu 16:00 Empore Lichthof
Atom-Atom Potentiale mit differentiellen Querschnitten
Optischer Stöße bestimmen — ∙Olaf Hoffmann1, Joachim
Grosser1 und Frank Rebentrost2 — 1Institut für Gravitations-
physik, Hannover — 2Max-Planck-Institut für Quantenoptik, Garching
Die Messung differentieller Stoßquerschnitte für Optische Stöße (Zum
Beispiel Na(3s) + Ar + hf -> Na(3p) + Ar) wird zur Bestimmung ins-
besondere repulsiver Bereiche von angeregten Potentialen von Atom-
Atom-Systemen verwendet.

Stückelberg-Oszillationen im differentiellen Wirkungsquerschnitt
sind sehr empfindlich auf Änderungen des Potentials, daher eignen sie
sich gut, um vorgegegebene Startpotentiale zu testen und gegebenen-
falls per Anpassung zu verbessern und letztlich zu bestimmen. Anhand
eines Systems wie Na-Ar wird gezeigt, wie charakteristische Strukturen
in den Querschnitten mit charakteristischen Strukturen im Potential
zusammenhängen und die Empfindlichkeit erhöhen. Durch Variation
des Testpotentials wird so auch bestimmt, auf welche Bereiche des Po-
tentialsystems die Methode empfindlich ist.

Frühere Arbeiten zu NaNe und NaXe siehe:
J. Grosser, O. Hoffmann, F. Rebentrost, E. Tiemann: Eur. Phys. J.

D 56 (2010) 335; doi 10.1140/epjd/e2009-00312-5
O. Hoffmann, J. Grosser, F. Rebentrost: Eur. Phys. J. D 64 (2011)

21; doi: 10.1140/epjd/e2011-20143-y

MO 27.13 Thu 16:00 Empore Lichthof
Transfer ionization in swift 𝐷+ on 𝐻2 collisions - depen-
dence of the electron emission on the internuclear distance
— ∙Markus Waitz, Hong Keun Kim, Jasmin Titze, Markus S.
Schöffler, Miriam Weller, Gregor Kastirke, Till Jahnke,
Achim Czasch, Lothar Ph. H. Schmidt, Horst Schmidt-
Böcking, and Reinhard Dörner — Institut für Kernphysik, Goethe-
Universität Frankfurt/ Main
Transfer ionization in swift (several a.u. velocity) ion helium colli-
sions leads to a rich structure in the momentum distribution of the
emitted electron. One part of the electrons is emitted in the forward
direction, similar to single ionization. This might be associated with
a two step process, where two independent interactions of the projec-
tile with either electron leads to capture of one and ionization of the
second one. There is however also a strong distinct peak of backward
emitted electrons. The underlying mechanism is single capture accom-
panied by a shake off of the second electron. Here we report on the
first experimental observation of transfer ionization on molecular hy-
drogen. The momentum distribution of the measured electron shows a
clear subdivision into forward and backward emission. In addition, we
find a surprising dependence of electron emission on the internuclear
distance. The forward part of the electron momentum distribution
gives higher values for perpendicular orientation of the molecule with
respect to the incident beam direction. The SO part does not show
this dependence. As a result, the ratio between forward and backward
emission changes with internuclear distance.

MO 27.14 Thu 16:00 Empore Lichthof
Ion impact induced fragmentation dynamics of rare gas
dimers — ∙H. Kim1, J. Titze1, M. Schöffler1, F. Trinter1,
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M. Waitz1, J. Voigtsberger1, H. Sann1, N. Neumann1, A.
Czasch1, O. Jagutzki1, L. Schmidt1, T. Jahnke1, H. Schmidt-
Böcking1, J. Becht1, H. Gassert1, H. Merabet2, J. Rangama3,
C.L. Zhou3, A. Cassimi3, and R Dörner1 — 1Institut für Kern-
physik, Goethe Universität Frankfurt, 60438 Frankfurt am Main, Ger-
many — 2Department of Mathematics, Statistics and Physics, College
of Arts and Sciences, P.O. Box: 2713 Doha, Qatar — 3CIMAP Caen,
GANIL, Bd Henri Becquerel, BP 55027 * 14076 Caen Cedex 05, France
Rare gas atoms can form weakly bound molecules, held together by
the van der Vaals force. We investigated the ionization fragmentation
dynamics of He2 and Ne2 caused by ion impact with a COLTRIMS
reaction microscope. Dependent on how electrons are removed from
the dimers atomic sites different decay pathways are open. 1.) The
direct mechanism, where the projectile ionizes both atoms due to 2
separate projectile-atom interactions. The impact parameter depen-
dent ionization probability P(b) will lead to a maximum tilt angle of
the molecular axis to the ion beam up to which both atoms can be ion-
ized. Measuring this molecular orientation gives a unique tool to test
the predictions of impact parameter dependence of ionization. 2.) In
addition to the direct ionization mechanism, where the dimer*s atoms
are subsequently ionized there is also a second mechanism, which is
called the interatomic Coulombic decay (ICD). ICD probably plays a
significant role for radiation damage in living tissue and for ion radia-
tion therapy.

MO 27.15 Thu 16:00 Empore Lichthof
Cold Atom-Molecule Collision Studies at tunable velocities
— ∙Matthias Strebel, Steffen Spieler, Ingo Hügel, Frank
Stienkemeier, and Marcel Mudrich — Physikalisches Institut,
Universität Freiburg, Hermann-Herder-Str 3, D-79104 Freiburg
Slow beams of cold molecules or atoms produced by a rotating noz-
zle are scattered with magneto-optically trapped lithium (Li) atoms.
Elastic scattering cross sections are measured for Li + rare gas atoms
and SF6 molecules as a function of kinetic energy down to about 1
meV. Comparison with theory reveals the quantum nature of the col-
lision dynamics, including both rainbow scattering as well as orbiting
resonances.

The suitability of a MOT as a scattering target for low-energy col-
lision experiments with regard to the particular kinematics resulting
from a resting target and diagnostics such as fluoresence imaging as a
measure for integral cross sections is discussed.

Furthermore we present a thin charged wire as a guiding element for
beams of cold and slow polar molecules. Experimental results indicate
that ND3 molecules in high field seeking Stark states can be guided
along the wire in order to enhance the detected beam density.

MO 27.16 Thu 16:00 Empore Lichthof
Optimization of a langmuir-taylor detector for reactive scat-
tering products — ∙Ingo Hügel, Matthias Strebel, Frank
Stienkemeier, and Marcel Mudrich — Physikalisches Institut,
Universität Freiburg, Hermann-Herder-Str.3, D-79104 Freiburg im
Breisgau
In order to investigate reactive and non reactive collisions between
atoms and molecules at very low scattering energies, a magneto-optical
trap (MOT) for ultracold Li atoms is combined with a rotating nozzle
setup for producing slow beams of cold molecules. We use surface ioni-
sation, langmuir-taylor (LT) detector, to sensitively detect atomic and
molecular collision products. Different materials (rhenium, platinum)
for the hot ribbon are characterized using beams of Li and LiF. While
Li atoms can be detected with a high selectivity, no such conditions
can be found for the LiF scattering product. Therefore we set up a
new combined LT and laser-ionisation time of flight detector.

MO 27.17 Thu 16:00 Empore Lichthof
Towards electron-impact ionization dynamics of biologically
relevant molecules in a reaction microscope — ∙Thomas
Pflüger1, Xueguang Ren2, Marvin Weyland1, Woonyong
Baek1, Alexander Dorn2, and Hans Rabus1 — 1Physikalisch-
Technische Bundesanstalt, Bundesallee 100, 38116 Braunschweig —
2Max-Planck-Institut für Kernphysik, Saupfercheckweg 1, 69117 Hei-
delberg
After decades of investigation of the ionization dynamics of simple
atoms and molecules in electron collision experiments, in recent years
significant progress was being made in the study of more complex and
finally biologically relevant targets (e.g. [1]). Our aim is to provide
high-differential ionization cross sections and insight into fragmenta-

tion dynamics. Experimentally this is accessible by using an advanced
reaction microscope (REMI) which was modified for electron impact
experiments. In a REMI, all charged particles which emerge from a
reaction are detected and their momentum vectors are reconstructed.
Hence, it is possible to extract electronic information in form of e.g.
triple-differential cross sections as well as fragmentation informations
like kinetic energy release and molecular orientations. First results
are presented for simple molecules as test candidates (e.g. CH4) and
tetrahydrofuran.

[1] M. Dampc et al., J. Phys. B 44 (2011), 055206

MO 27.18 Thu 16:00 Empore Lichthof
Towards the Development of a Smart Matrix — ∙Regina
Schmidt1, Mathis-Andreas Muth2, Peter Bauer2, Martti
Pärs1, Mukundan Thelakkat2, and Jürgen Köhler1 —
1Experimental Physics IV, University of Bayreuth, 95440 Bayreuth,
Germany — 2Applied Functional Polymers, University of Bayreuth,
95440 Bayreuth, Germany
In natural chromophore systems, often the protein scaffold is exploited
as a smart matrix for forming the unique electrostatic environment to
promote pigment-protein functionalities. A prominent example are
Chlorophylls: In antenna complexes the Chlorophylls absorb sunlight
and transfer the excitation energy, whereas in the reaction centre they
take part in the electron transfer chain. This is in stark contrast to
manmade approaches where for each function (donor / acceptor of ex-
citation energy, charge transfer etc.) a chemically different building
block is used. In our project we want to develop an active matrix
that is highly doped with photochromic molecules and into which suit-
able chromophores will be embedded. This will allow to convert the
light-harvesting ability of the entire sample between an active and in-
active state, mimicking a smart matrix that reacts on the illumination
conditions.

MO 27.19 Thu 16:00 Empore Lichthof
Resonant Auger – ICD in 𝑂2 Dimers — ∙Miriam Weller,
Florian Trinter, Markus Waitz, Hendrik Sann, Hong-Keun
Kim, Martin Pitzer, Jörg Voigtsberger, Christian Müller,
Carl Schober, Marcus Honig, Adrian Menssen, Julian Lower,
Markus Schöffler, Till Jahnke, and Reinhard Dörner — In-
stitut für Kernphysik, Goethe-Universität Frankfurt am Main, Max-
von-Laue-Str. 1, 60438 Frankfurt, Germany
Intermolecular Coulombic Decay (ICD) is a quick and efficient relax-
ation process taking place in weakly Van-der-Waals bound systems
of atoms or molecules. After electronic excitation of one atom or
molecule, de-excitation takes place by ionizing a neighboring atom
or molecule, producing an electron of low kinetic energy. It can
be triggered not only by inner-shell ionization but by various types
of excitation, one of them being resonant Auger decay. For (O2)2,
the reaction equation is given by: ℎ𝜈(540eV) + (O2)2 → (O2)*2 →
(O2)+*2 + 𝑒𝐴𝑢𝑔𝑒𝑟 → O+

2 + O+
2 + 𝑒𝐴𝑢𝑔𝑒𝑟 + 𝑒𝐼𝐶𝐷

Here we experimentally prove that resonant Auger driven Intermolecu-
lar Coulombic Decay (RA-ICD) actually takes place in (O2)2 molecules
on a very short timescale, much faster than the molecule’s dissocia-
tion. The experiment was carried out at BESSY II using COLd Target
Recoil Ion Momentum Spectroscopy (COLTRIMS). We measured the
momenta of both recoil ions and the slow electron in coincidence. We
observe the ion’s energy (kinetic energy release, KER) peaking at 3.73
eV. This corresponds to an intermolecular distance of 3.86 Å of the
O2-dimers, which is in good agreement to published values.

MO 27.20 Thu 16:00 Empore Lichthof
Experimental Proof of Resonant Auger Decay Driven Inter-
molecular Coulombic Decay — ∙Florian Trinter1, Markus S.
Schöffler1,2, Hong-Keun Kim1, Felix Sturm1,2, Kyra Cole1,
Nadine Neumann1, Arno Vredenborg1, Joshua Williams3,
Irina Bocharova2, Renaud Guillemin4, Marc Simon4, Ali
Belkacem2, Allen L. Landers3, Thorsten Weber2, Horst
Schmidt-Böcking1, Reinhard Dörner1, and Till Jahnke1 —
1Institut für Kernphysik, Goethe-Universität Frankfurt am Main,
Max-von-Laue-Str. 1, D-60438 Frankfurt, Germany — 2Chemical
Sciences Division, Lawrence Berkeley National Laboratory, Berke-
ley, California 94720, USA — 3Physics Department, Auburn Univer-
sity, Auburn, Alabama 36849, USA — 4Laboratoire Chimie Physique
Matière et Rayonnement, UPMC Université Paris 06, F-75005 Paris,
France
The efficient interaction of X-rays with high-Z elements is an exten-
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sively explored and important topic in biomedical physics.
Here we show experimentally that resonant Auger induced Inter-

molecular Coulombic Decay (ICD) can indeed be observed in model
systems of small nitrogen and carbon monoxide clusters and - as ex-
pected - produces low energy electrons. Furthermore our simple model
systems are able to prove the efficiency of ICD: it occurs even before the
individual molecule is able to undergo dissociation, i.e. on a timescale
< 10 fs. Our findings therefore strongly support the idea of resonant
Auger-ICD being a promising process to induce radiation damage at
a specific site inside a high-Z-tagged cell.

MO 27.21 Thu 16:00 Empore Lichthof
Coulomb-explosion of metastable Allene dications induced
by ultra-short laser pulses — ∙Philipp Cörlin1, Arne
Senftleben1, Alexander Sperl1, Michael Schönwald1, An-
dreas Fischer1, Robert Moshammer1, and Joachim Ullrich2 —
1Max-Planck-Institut für Kernphysik, Saupfercheckweg 1, 69117 Hei-
delberg — 2Physikalisch-Technische Bundesanstalt, Bundesallee 100,
38116 Braunschweig
Two-body Coulomb-explosion of Allene (C3H4) induced by ultra-short,
intense IR laser pulses has been studied using a Reaction Microscope
that allows the coincident detection of all charged fragments over the
full solid angle. Photo-ion–photo-ion coincidence spectra reveal frag-
mentation into H+ + C3H3

+ as a significant channel which can be
attributed to the decay of metastable Allene dications with life-times
much longer than the laser pulse length. The life-time of these dica-
tions after excitation with 15 fs pulses (3 · 1013 W/cm2) at 800 nm is
found to be best described by a sum of two exponential decays with
half-lives of 100 ± 10 ns and 700 ± 50 ns respectively. These results
will be discussed in the context of previous experiments[1] and calcu-
lations[2].
[1] Xu, H.; Okino, T.; Yamanouchi, K. Chem. Phys. Lett. 2009, 469,
255
[2] Mebel, A.M.; Bandrauk, A.D. J. Chem. Phys. 2008, 129, 224311

MO 27.22 Thu 16:00 Empore Lichthof
Negative ions imaging resulting from HCl photodissociation
— ∙Mikhail Poretskiy1, Alexey Chichinin2, Nicole Teschmit1,
Christof Maul1, and Karl-Heinz Gericke1 — 1Institut f.
Physikalische und Theoretische Chemie, TU Braunschweig, Braun-
schweig, Deutschland — 2Institute of Chemical Kinetics and Com-
bustion, Novosibirsk, Russia
Imaging experiments in chemical dynamics provide dynamical infor-
mation about elementary chemical processes, e.g. whether a reaction
product is translationally or internally excited, what is the nature of
the internal excitation and whether or not the spatial product distri-
bution is anisotropic. The imaging of positive ions proved to be a very
powerful method for the investigation of photodissociation, whereas
negative ions imaging was only rarely used. However it describes bet-
ter the ion-pair channel of molecules photodissociation, because neg-
ative ions in contrast to the positive ions can only result from this
channel. In these experiments have to be registered the negative ions
produced from the ion-pair dissociation channel of molecules. The pos-
itive ion imaging setup was modified for this purpose such that both
types of ions (positive and negative) can be registered simultaneously.
HCl molecule was chosen as the object of investigation because the
H+ ions emerging from the ion-pair channel of HCl photodissociation
starting from V1Σ+(v=12,J=0) state, were already observed. In the
work the 3D velocity distributions of Cl− were registered, the speed
distribution as well as the beta parameter of anisotropy were calcu-
lated.

MO 27.23 Thu 16:00 Empore Lichthof
Photoion pair production in HCl — ∙Michael Schiller1,
Jingming Long2, Christof Maul1, and Karl-Heinz Gericke1

— 1Institut für Physikalische und Theoretische Chemie, TU Braun-
schweig, Hans-Sommer-Str. 10, 38106 Braunschweig, Germany —
2Science Institute, University of Iceland, Dunhaga 3, 107 Reykjavik,
Iceland
Hydrogen halides exhibit a complex fragmentation and ionization be-
havior upon resonant two-photon excitation of their Rydberg electronic
states. E.g., three pathways are known to compete in the generation
of H+ ions at an excitation energy of ca. 10 eV for HCl: 1) the disso-
ciation of the molecular ion HCl+, 2) the ionization of electronically
excited H* dissociation products, and 3) the photoion pair production
yielding H+ + Cl−. When detecting H+ cations, e.g. by REMPI/TOF
or Velocity Mapping techniques contributions from all channels inter-

fere with each other, and only in favorable cases it is possible to tell
them apart by spatial or kinetic energy distributions.

As channel 3 is unique in producing Cl− anions as a primary pho-
toproduct, we have set up an anion TOF spectrometer in order to
monitor the photoion pair channel separately. Preliminary results will
be presented, taking into account the hitherto neglected photoelectron
dissociative attachment to electronically excited HCl. Special empha-
sis is laid on the role of the peculiar B1Σ+ Rydberg state which holds
a double minimum potential due to the mixing of the V1Σ+ and E1Σ+

states.

MO 27.24 Thu 16:00 Empore Lichthof
Tailoring photofunctional ruthenium sulfoxides for nonlinear
molecular photonics — ∙Sergej Bock, Sebastian Eicke, Kristin
Springfeld, Volker Dieckmann, and Mirco Imlau — School of
Physics, University of Osnabrück, Germany
Photofunctional ruthenium sulfoxids like [Ru(bpy)2(OSO)]+ (OSO: 2-
methylsulfinylbenzoate) offer a light-induced linkage isomerization lo-
cated at the SO-Ligand resulting in pronounced changes of characteris-
tic optical properties. These properties, like the spectral addressability
or the lifetimes of the isomerized metastable states, can be tuned via
ligand substitution or different dielectric environments.
In this contribution, adapted molecules, dissolved in propylene car-
bonate, were studied with respect to its photochromism and the ab-
sorption dynamics of the metastable isomers relaxation. The absorp-
tion dynamics were determined by temperature dependent pump-probe
technique and show a temperature dependency on the characteristic
time constants following Arrhenius law. The relaxation kinetics of
each adapted molecule disclose two activation energies in the range
from 𝐸A = 0.72 eV up to 1.25 eV which can be assigned to the two
metastable isomers. Tunable lifetimes from 𝜏 ≈ 103 s to 105 s at room
temperature as well as a broad spectral addressability of the ground
state (𝜆 = 396 − 474 nm) allow for application of this molecules in a
multiplicity of devices like ultra-fast optical switches or optical molec-
ular data storage systems.
*Financial support by the DFG (INST190/137-1)

MO 27.25 Thu 16:00 Empore Lichthof
Light-induced absorption dynamics of photofunctional
[Ru(bpy)2(OSO)]+ — ∙Sebastian Eicke1, Volker Dieckmann1,
Annika Kruse1, Kay-Michael Voit1, Lorenz Walder2, and
Mirco Imlau1 — 1School of Physics, University of Osnabrück, Ger-
many — 2School of Chemistry, University of Osnabrück, Germany
The dynamics of the light-induced absorption of a dense but fluid en-
semble of photochromic [Ru(bpy)2(OSO)]+, that is determined within
a pump-probe scheme, is analyzed by both, modeling and experimental
investigations. The intensities of pump and probing beams are signif-
icantly attenuated by absorption involving the ground and photoiso-
merized states. Predictions of the derived model are (i) a dependence
of the dynamics on the spatial position of the probing beam within
the molecular ensemble, (ii) different dynamics for collinear or non-
collinear propagation of pump- and probing beams and (iii) dynamics
that depend on the molecular concentration of the ensemble. These
predictions are experimentally verified in an appropriate pump-probe
configurations along the boundary conditions of the model. We show
that the findings can be successfully applied to analyze the temperature
dependence of the dynamics of an ensemble of sulfoxide compounds.
The relation of the model quantities to quantum yield and activation
energy is discussed.
*Financial support by the DFG (INST190/137-1)

MO 27.26 Thu 16:00 Empore Lichthof
Excited state proton transfer reactions in isolated hydrox-
ychromones investigated by different IR/UV techniques —
∙Anke Stamm, Martin Weiler, Alexander Brächer, Kirsten
Schwing, and Markus Gerhards — TU Kaiserslautern, Fachbere-
ich Chemie Erwin-Schrödinger-Straße 52, 67663 Kaiserslautern
Photochemical reactions as the excited state proton transfer are of
high importance in chemical and biological processes. Molecular
beam investigations combined with double, triple and quadruple reso-
nance IR/UV spectroscopic techniques are very powerful tools to an-
alyze these photochemically induced reactions. In comparison with
(TD)-DFT calculations direct structural information on the electronic
ground and electronically excited states of isolated molecules and clus-
ters are obtained. We applied these techniques to isolated and pho-
tochemically reactive 3-hydroxychromone (3-HC) including the new
IR/UV/IR/UV [1] technique leading to a structure identification for
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the S0 and electronically excited state and thus to a characterization of
the excited state proton transfer. These findings are compared with in-
vestigation for formerly analysed proton transfer systems which differ
from 3-HC by substitutions: 3-hydroxyflavone and 2-(2-naphthyl)-3-
hydroxychromone]. Differences do not only exist in the excited state
life times of the molecules and their clusters with water but also in the
anharmonicities of OH stretching frequencies of the hydrogen-bonded
OH groups leading to significantly different vibrational frequencies.

[1] M. Weiler, K. Bartl, M. Gerhards, J. Chem. Phys.,2012, 136,
114202.

MO 27.27 Thu 16:00 Empore Lichthof
Spectroscopy of Single Perylene Bisimide Trimers: How to
Identify the Number of Emissive States? — ∙Abey Issac1,
Richard Hildner1, Sebastian Beyer1, Mario Schörner1,
Catharina Hippius2, Frank Würthner2, and Jürgen Köhler1

— 1Experimentalphysik IV und BIMF, Universität Bayreuth, 95440
Bayreuth, Germany — 2Universität Würzburg, Institut für Organische
Chemie and Center for Nanosystems Chemistry, Am Hubland, 97074
Würzburg, Germany
We investigate the fluorescence of single trimer molecules which con-
sists of three perylene bisimides (PBIs) linked by two calix[4]arene
units, embedded in a polymer matrix. The electronic excitations in
such systems are localized on the PBI subunits. Hence the emission
time traces of single trimers are expected to show three distinct inten-
sity levels which correspond to an intact trimer and successive pho-
tobleaching of individual PBIs. However, we observed 2-5 intensity
levels, which indicate that additional intra-molecular interactions take
place [1]. In order to identify these processes, we recorded polariza-
tion resolved spectra of individual trimers and monitored the relative
changes in the intensity and peak emission wavelength as a function of
time in two orthogonal polarizations. Furthermore, we performed time
resolved measurements which allow for the analysis of the intensity tra-
jectory photon by photon using the change point algorithm. From the
correlations between these observables we identify the number of in-
tensity levels and obtain information about the blinking behavior of
PBI trimers. [1] Issac et al. PCCP 2012, 14, 10789

MO 27.28 Thu 16:00 Empore Lichthof
Single Molecule Fluorecence Excitation Spectroscopy on the
B800 band of LH2 Complexes from Allochromatium Vinosum
— ∙Alexander Löhner1, Richard J. Cogdell2, and Jürgen
Köhler1 — 1Experimental Physics IV, and Bayreuth Institute for
Macromolecular Research (BIMF), University of Bayreuth, Germany
— 2Institute of Molecular, Cell & Systems Biology College of Medical
Veterinary and Life Sciences, University of Glasgow, United Kingdom
The peripheral light-harvesting complex (LH2) from the photosyn-
thetic purple bacterium Allochromatium vinosum features an unusual
absorption spectrum in the 800 nm range, with respect to the more
commonly studied LH2 complex from Rhodopseudomonas acidophila.
While the latter species feature a single broad band in this spectral
range, the absorption is split into two components for Allochromatium
vinosum.

We have recorded fluorescence excitation spectra of the B800 band
from 71 single LH2 complexes from the species Allochromatium vi-
nosum at low temperature. The spectra were analysed with respect
to the number of bands, the relative intensities of the bands and the
spectral intra- and intercomplex heterogeneity. As a result, we can rule
out that the splitting of the B800 band in an ensemble of LH2 com-
plexes reflects the superposition of spectra from two different types of
peripheral light-harevsting complexes.

MO 27.29 Thu 16:00 Empore Lichthof
Cavity ring-down spectroscopy for state resolved monitor-
ing of molecular chlorine in the visible wavelength range —
∙Ignacio Vespoli1,2, Thomas Forsting1, and Christof Maul1 —

1Institut für Physikalische und Theoretische Chemie, Technische Uni-
versität Braunschweig, Hans-Sommer-Str. 10, 38106 Braunschweig,
Germany — 2Universidad Nacional del Comahue, Buenos Aires 1400,
8300 Neuquén, Argentina
State resolved detection of nascent products of chemical reactions
and/or photodissociation provides valuable information about the dy-
namics of the underlying elementary processes. Molecular chlorine is of
particular interest for atmospheric chemistry, however, detailed stud-
ies have remained scarce due to the lack of suitable optical detection
methods.

The weak rovibrational bands in the visible absorption spectrum
of chlorine are reexamined from 485 to 505 nm with the highest in-
strumental resolution yet known (0.001 nm). Due to small absorption
cross-sections of about 10−21 to 10−22 cm2 a very sensitive method
needs to be employed: Cavity Ring-Down (CRD) Spectroscopy.

The resulting absorption spectrum shows rotationally resolved bands
of the spin-forbidden transition B-X. A rovibrational analysis needs
to take into account that chorine occurs in three isotopomers 35Cl2,
35Cl37Cl and 37Cl2.

The current detection limit is of the order of 1015 cm−3. The re-
sults are a proof of concept as well as a preliminary stage to carry out
chemical reactions with in situ detection of gaseous reaction products.

MO 27.30 Thu 16:00 Empore Lichthof
High resolution spectroscopy on alkali-alkaline earth
molecules. — ∙Alexander Stein1, Milena Ivanova2, Asen
Pashov2, Horst Knöckel1, and Eberhard Tiemann1 — 1Leibniz
Universität Hannover — 2Sofia University
The mixed alkali-alkaline earth molecules have attracted the interest of
the scientific community during the recent years due to possible appli-
cations in the physics of cold molecules, fundamental physics, quantum
computing etc. On the experimental side, the information is very lim-
ited. We report on the first observation of high resolution spectra of
the molecules LiSr and KCa. Also new experimental data have been
collected on the LiCa molecule and analysed. In this contribution we
will present the current status of our analysis. We will discuss the
difficulties in these studies and possible strategies for their successful
continuation.

MO 27.31 Thu 16:00 Empore Lichthof
Spectroscopic analyses on the excited states and reactivity of
homo- and hetero nuclear transition metal complexes in solu-
tion — ∙Anneken Grün1, Rahel Schepper1, Yvonne Schmitt1,
Felix Armbruster2, Florian Walz2, Steffen Styra2, Sandra
Gonzalez-Gallardo2, Frank Breher2, and Markus Gerhards1

— 1TU Kaiserslautern, Fachbereich Chemie Erwin-Schrödinger-Straße
52, 67663 Kaiserslautern — 2Anorganische Chemie, KIT, Engesser-
straße 50, 76131 Karlsruhe
Spectroscopic properties of potentially catalytical active homo- and
hetero nuclear transition metal complexes were studied in solution
by multiple methods: FT-IR-spectroscopy, UV-spectroscopy, fluores-
cence and fluorescence lifetime measurements, using the time corre-
lated single photon counting method (TCSPC). This method enables
the analysis of electronically excited states of substances with weak
fluorescence intensities like in case of the investigated species tris(3,5-
dimethylpyrazolyl)silanide-Mo(CO)3-Cu(I) and [Pd3{Si(mt𝑀𝑒)3}2].
The spectroscopic properties of these transition metal complexes are
compared to those of the pure ligands.

For the triangulo palladium cluster [Pd3{Si(mt𝑀𝑒)3}2], which is of
particular interest due to its function as homogenous catalyst for C-C-
coupling reactions in the electronic ground state, an IR analysis should
give an insight into the reaction mechanism. Using a thin layer liquid
cell it is possible to follow the [Pd3{Si(mt𝑀𝑒)3}2] catalyzed forma-
tion of reaction products in a Sonogashira-like coupling reaction of
4-ethynylaniline via FT-IR-spectroscopy.


