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MO 19.1 Wed 16:00 Empore Lichthof
Fluorescence spectroscopy of isolated PTCDA molecules on
the KCl surface: Site selection and vibrational spectra —
∙Alexander Paulheim, Mathias Müller, Christian Marquardt,
and Moritz Sokolowski — Institute for Physical Chemistry, Univer-
sity of Bonn, Wegelerstraße 12, 53115 Bonn, Germany
We performed fluorescence and fluorescence excitation spectroscopy on
the model molecule perylene-3,4,9,10-tetracarboxyl acid dianhydride
(PTCDA) for very low coverages (below 1% of a monolayer) on thin
(100)-oriented KCl films. Two different states of PTCDA molecules
can be distinguished in the spectra: an initial state which is observed
directly after deposition onto the cold sample, and a final state which
is found after thermal annealing or intensive optical excitation. The
spectrum of the final state is blue-shifted with respect to that of the
initial state by 130 cm−1 and exhibits a smaller FWHM due to reduced
inhomogeneous site broadening. This can be explained by a thermally
or optically induced diffusion of the PTCDA molecules from initial
terrace sites to energetically favored step edge sites. In addition, we
analyzed the vibronic modes in detail. This analysis reveals that the
bonding of the molecule to the surface results in additional vibrational
modes which are caused by a reduction of the molecular symmetry.

MO 19.2 Wed 16:00 Empore Lichthof
Molecular state selection and species separation by deflection
— ∙Jens S. Kienitz1, Sebastian Trippel1, Terence G. Mullins1,
Yuan-Pin Chang1, Nele L. M. Müller1, Stephan Stern1,2,
Karol Długołecki1, and Jochen Küpper1,2,3 — 1Center for Free-
Electron Laser Science, DESY, Hamburg — 2Department of Physics,
University of Hamburg — 3Center for Ultrafast Imaging, University of
Hamburg
The separation of molecular species and the selection of a certain
molecular state are highly beneficial for a wide range of molecular dy-
namics experiments. We investigate molecules seeded in a supersonic
expansion of a cold molecular beam and demonstrate the versatility
of the Stark deflector, which exploits a strong inhomogeneous electro-
static field to disperse a beam of the neutral molecules according to
the individual effective dipole moments. We utilize the deflector to
spatially separate conformers (structural isomers) or invididual clus-
ter sizes, i. e., indole(H2O) clusters from H2O, indole, indole(H2O),
indole(H2O)2, and the atomic seed gas. Additionally we present the
selection of the lowest-energy rotational states of iodobenzene and car-
bonyl sulfide and the resulting significant increase of strong alignment
and orientation of the molecules. Moreover, we demonstrate how the
use of modern molecular beam and laser technology allows us to per-
form these experiments at kHz repetition rates, providing interesting
prospects for novel imaging experiments using light sources, such as
table-top XUV lasers, electron guns or short wavelength FELs (see
posters by Nele Müller et al and Stephan Stern et al).

MO 19.3 Wed 16:00 Empore Lichthof
On the conformers of Glycine — ∙Thomas Kierspel1, Yuan-
Pin Chang1, and Jochen Küpper1,2,3 — 1Center for Free-Electron
Laser Science, DESY, Hamburg — 2Department of Physics, University
of Hamburg — 3Center for Ultrafast Imaging, University of Hamburg
Glycine (C2H5NO2) is the smallest amino acid and a building block
of almost all proteins. It is of considerably importance for biology and
chemistry and it’s observation in space [1] has had profound impact
onto the new field of astrobiology and -biochemistry.

Theoretical studies predict that in the temperature range of 358–
438 K at least four conformers of Glycine have relevant, i.e., detectable,
populations [2]. Even though there is strong theoretical evidence for
the existence of conformer IV it is still waiting to be detected in an
experiment.

We present predictions for an experimental approach which can be
used to spatially separate the different conformers of Glycine using a
Stark deflector [3]. Glycine is heated up to different temperatures and
seeded in a supersonic expansion of a cold molecular beam. Since dif-
ferent conformers have different rotational constants and permanent
dipole moments they experience a conformer dependent deflection in
the deflector [3]. By varying the voltage applied to the deflector it is
possible to analyze the the existence of the various known and pre-
dicted conformer.

[1] Kwan et. al, Astrophys. J. 593, 848 (2003)
[2] Miller et al, J. Chem. Phys. 122, 244323 (2005)
[3] Filsinger et al, Angew. Chem. Int. Ed. 48, 6900 (2009)

MO 19.4 Wed 16:00 Empore Lichthof
Controlled Molecules for Atomic Resolution X-ray Imaging —
∙Stephan Stern1,2, Jochen Küpper1,2,3, Henry N. Chapman1,2,3,
and Daniel Rolles4 — 1Center for Free-Electron Laser Science
(CFEL), DESY, Hamburg — 2Department of Physics, University of
Hamburg — 3Center for Ultrafast Imaging, University of Hamburg —
4Max Planck Advanced Study Group at CFEL, Hamburg
Coherent X-ray diffractive imaging beyond conventional crystallogra-
phy, using isolated molecules in the gas phase, shall become feasible
using upcoming x-ray free-electron lasers. We have performed bench-
mark experiments using LCLS at SLAC on state-selected and strongly
aligned ensembles of individual gas-phase molecules in a cold super-
sonic molecular beam [1]. Here, we discuss data analysis and sim-
ulations for this novel approach in structure determination with the
prospects of four-dimensional atomic resolution imaging.

This work was carried out within a collaboration, for which J. Küp-
per, H. Chapman and D. Rolles are spokespersons. The collaboration
consists of CFEL (DESY, MPG, University Hamburg), Fritz-Haber-
Institute Berlin, MPI Nuclear Physics Heidelberg, MPG Seminconduc-
tor Lab, PNSensor GmbH, Aarhus University, FOM AMOLF Amster-
dam, Lund University, MPI Medical Research Heidelberg, TU Berlin,
Max Born Institute Berlin, and SLAC Menlo Park USA. The experi-
ments were carried out using CAMP (designed and built by the MPG-
ASG at CFEL) at the LCLS (operated by Stanford University on be-
half of the US DOE.)
[1] see posters by Jens Kienitz et al and Nele Müller et al

MO 19.5 Wed 16:00 Empore Lichthof
Producing deeply bound ultracold LiRb molecules using laser
pulses near a Feshbach resonance — ∙Marko Gacesa1,2, Sub-
has Ghosal3,4, and Robin Côté4 — 1Max Planck Institute for
the Physics of Complex Systems, Dresden, Germany — 2Harvard-
Smithsonian Center for Astrophysics, Cambridge, MA, USA — 3Birla
Institute of Technology & Science, Pilani - Hyderabad Campus, India
— 4University of Connecticut, Storrs, CT, USA
Production of ultracold diatomic molecules in the lowest ro-vibrational
states is often a first step in experimental investigations of many-body
physics with cold atoms. We propose a novel scheme for forming deeply
bound ultracold LiRb molecules in a two-color pump-dump photoasso-
ciation experiment performed near a magnetic Feshbach resonance. In
the pump step, ultracold Li and Rb atoms are photoassociated into an
excited electronic state and the formed wave packet freely propagates
to shorter internuclear distances. After the optimal overlap with the
ground state is reached the second laser pulse is used to dump the
wave packet into deeply bound ro-vibrational levels of the electronic
ground state and form deeply bound molecules. The formation rate
can be significantly increased if the pump step is performed near a
Feshbach resonance due to the strong coupling between the states. In
addition, the dependence of the nodal structure of the total wave func-
tion on the magnetic field allows for enhanced control over the shape
and propagation of the wave packet. The illustrated scheme is general
and applicable to different systems.

MO 19.6 Wed 16:00 Empore Lichthof
Controlled molecules for rotational dynamics studies — Se-
bastian Trippel1, Terence G. Mullins1, ∙Nele L. M. Müller1,
Jens S. Kienitz1, Karol Długołecki1, 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
Controlled molecule imaging increases the amount of observable in-
formation when investigating molecular dynamics using photoelectron
imaging using table-top or free-electron lasers, or electron diffraction.
With our new experimental setup we aim for studying ultrafast dy-
namics of large and complex molecules directly in the molecular frame.
We prepare molecules in cold (1 K), supersonic molecular beams at a
repetition rate of 1 kHz. These beams are quantum-state selected by
deflection in dc electric fields [1] and, subsequently, laser aligned and
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mixed-field oriented by strong picosecond laser fields and weak dc elec-
tric fields. Molecular-frame photoelectron angular distributions of the
strong-field-ionized molecules are recorded using velocity map imag-
ing, providing direct information on the electronic structure [2]. The
nuclear, geometric structure can be observed using, for instance, x-ray
diffraction [3], ultrafast electron diffraction, or angular distributions of
short-wavelength photoelectrons. Time-resolved studies will be used
to probe, for instance, rotational dynamics of molecules.
[1] see poster by Jens Kienitz et al.
[2] Holmegaard et al., Nat. Phys. 6, 428 (2010)
[3] see poster by Stephan Stern et al.

MO 19.7 Wed 16:00 Empore Lichthof
Sisyphus Cooling of Electrically Trapped Polyatomic
Molecules — ∙Rosa Glöckner, Barbara G.U. Englert,
Alexander Prehn, Martin Ibrügger, Martin Zeppenfeld, and
Gerhard Rempe — Max-Planck-Institut für Quantenoptik, Hans-
Kopfermann-Str. 1, 85748 Garching, Germany
Developing methods to prepare cold and ultracold molecular ensembles
would enable fundamental studies, ranging from many-body physics
and quantum information to quantum controlled collisions and chem-
istry. However, a direct cooling mechanism for polar molecules with
the capability to cool to the ultracold regime has long times seemed
infeasible. Here we report on the experimental demonstration of opto-
electrical cooling, a Sisyphus-type cooling scheme[1,2]. Fluoromethane
molecules are cooled by more than one order of magnitude in tem-
perature with an increase of phase space density by a factor of 30,
demonstrating the potential of this scheme. The opto-electrical cool-
ing scheme proceeds in an electric trap [3], and requires only a single
infrared laser with additional RF and microwave fields. The cooling
cycle depends on generic properties of polar molecules and can thus
be extended to a wide range of molecule species. With the ongoing
improvements we expect our method to allow cooling to sub-mK tem-
peratures, opening wide-ranging opportunities for fundamental studies
with polyatomic molecules at ultracold temperatures.
[1] M. Zeppenfeld et. al., Phys. Rev. A 80, 041401 (2009).
[2] M. Zeppenfeld et al., Nature 491, 570-573 (2012).
[3] B.G.U. Englert et al., Phys. Rev. Lett. 107, 263003 (2011).

MO 19.8 Wed 16:00 Empore Lichthof
Fokussierung abgebremster polarer Moleküle im Rotations-
grundzustand mit einem Mikrowellen-Resonator — ∙Steffen
Spieler1, Wei Zhong2, Pavle Djuricanin2, Frank Stienkemeier1

und Takamasa Momose2 — 1Universität Freiburg — 2University of
British Columbia
Im Hinblick auf Streuexperimente ist die Erhöhung der Dichte an
Grundzustandsmolekülen in einem Überschallstrahl ein erklärtes Ziel.
Im vorliegenden Experiment wurde zum ersten Mal ein durch eine ro-
tierende Düse abgebremster Überschallstrahl von Acetonitril (CH3CN)
und Krypton mit einem Mikrowellen-Resonator kombiniert. Durch
Einstrahlen von Mikrowellen, die leicht verstimmt zur Übergangsfre-
quenz der polaren Moleküle ist, erfahren diese eine Kraft (AC-Stark-
Effekt), die je nach Mode der Kavität (TM01x bzw. TE11p) eine Erhö-
hung der Dichte bzw. ein Abbremsen der Grundzustandsmoleküle her-
vorruft. Die experimentellen Ergebnisse sowie der Vergleich mit Monte
Carlo Simulationen zeigt, dass die Erhöhung der Dichte an Grund-
zustandsmolekülen im abgebremsten Überschallstrahl durch den Re-
sonator besonders gut für sehr langsame Strahlen funktioniert. Das
Experiment wurde in Kooperation zwischen der Universität Freiburg
und der University of British Columbia durchgeführt.

MO 19.9 Wed 16:00 Empore Lichthof
Finding pathways for creation of cold molecules by laser spec-
troscopy — ∙Ivo Temelkov1, Horst Knöckel2, and Eberhard
Tiemann2 — 1Sofia University — 2Leibniz Universität Hannover
Creation of ultracold molecules in a single rovibrational level of their
ground state is a hot topic presently, because of fascinating new exper-
iments employing molecular properties like electric and magnetic mo-
ments, which give rise to anisotropic long range interactions. Creation
of such molecules starts with ultracold samples of atoms and apply-
ing external magnetic and laser fields for forming Feshbach molecules
and by a subsequent coherent processes like STIRAP transferring to
the desired quantum state, the absolute ground state of the molecule.
However, for predicting efficient pathways in the molecular level sys-
tem, detailed knowledge on the ground and excited molecular states is
required. We will go the opposite way by a spectroscopy experiment.
with the help of a molecular beam apparatus, exploring possible path-

ways for creation of cold NaK molecules. Starting from hot molecules
in the X1Σ+ ground state, we excite them in a STIRAP sequence via a
selected upper level, which connects by resonance coupling singlet and
triplet states opening the path to weakly bound levels, ideally to Fes-
hbach molecules of the coupled system a3Σ+-X1Σ+. We model this
process with the knowledge of earlier spectroscopic work and report
about the status of the experimental realization.

MO 19.10 Wed 16:00 Empore Lichthof
Centrifuge deceleration of electrically guided beams of po-
lar molecules from a cryogenic source — ∙Sotir Chervenkov,
Xing Wu, Andreas Rohlfes, Martin Zeppenfeld, and Gerhard
Rempe — Max-Planck-Institut für Quantenoptik, Hans-Kopfermann-
Str. 1, D-85748 Garching, Germany
In order to obtain dense samples of internally and translationally cold
polar molecules, we use the method of buffer-gas cooling [1], com-
bined with supersonic expansion. We have demonstrated that when
the cryogenic buffer-gas cell is operated in a supersonic regime, molec-
ular fluxes are hydrodynamically enhanced by up to two orders of
magnitude. Meanwhile, the translational velocity profile of the output
molecular beam is cooled to beyond Mach number 6 via supersonic ex-
pansion. Due to the cryogenic cell temperature, the forward velocity of
the supersonic molecular beam is about 200m/s. The low-field-seeking
molecules in the so-produced continuous supersonic beam are selected
via quadrupole electric guiding [2]. Subsequent deceleration can be
achieved by means of a novel technique, which employs the centrifugal
potential in a rotating frame. With such a combined scheme, con-
tinuous beams of dense (several 109cm−3), slow (below 20m/s), and
internally cold polar molecules are conceivable. This technique would
thus be a suitable source of polar molecules for further experiments,
e.g., trapping and subsequent opto-electrical cooling [3].
[1] L.D. van Buuren et al., Phys. Rev. Lett. 102, 033001 (2009)
[2] S.A. Rangwala et al., Phys. Rev. A 67, 043406 (2003)
[3] M.Zeppenfeld et al.,Nature 491, 570 (2012)

MO 19.11 Wed 16:00 Empore Lichthof
Towards the creation of ground-state RbSr molecules —
∙Slava Tzanova1, Alex Bayerle1,2, Benjamin Pasquiou1, Si-
mon Stellmer1, Florian Vogl1, Rudolf Grimm1,2, and Florian
Schreck1 — 1Institut für Quantenoptik und Quanteninformation
(IQOQI), Österreichische Akademie der Wissenschaften, 6020 Inns-
bruck, Austria — 2Institut für Experimentalphysik und Zentrum für
Quantenphysik Universität Innsbruck, 6020 Innsbruck, Austria
Ground-state RbSr molecules are polar open-shell molecules. Their
electric dipole moment gives rise to anisotropic long-range interac-
tions. In contrast to bi-alkali ground-state molecules, they possess an
unpaired electron, which provides them with additional degrees of free-
dom. Their interaction properties can be tuned by electric as well as
magnetic fields, which will allow us to study novel quantum chemistry
and provides us with a platform for spin-lattice quantum simulations.

We recently have extended our Sr apparatus by Rb and produced a
double BEC of the two species. Following our work on the production
of Sr2 molecules, we intend to associate atoms into RbSr molecules
by STIRAP. We are currently carrying out photoassociation measure-
ments in order to determine the interspecies scattering properties as
well as suitable optical transitions for molecule formation.

MO 19.12 Wed 16:00 Empore Lichthof
High-intracavity-power lasers for molecule alignment —
∙Bastian Deppe1,2, Kolja Beil1, Christian Kränkel1,2, Gün-
ter Huber1,2, and Jochen Küpper1,2,3 — 1Department of Physics,
University of Hamburg — 2Center for Ultrafast Imaging, University of
Hamburg — 3Center for Free-Electron Laser Science, DESY, Hamburg
State-of-the-art of laser-induced strong alignment of molecules is rou-
tinely performed using pulses from injection seeded Nd:YAG lasers at
some 10 Hz repetition rate. Recently, chirped pulses from Ti:Sapphire
lasers have extended the range to 1 kHz (poster by Trippel et al). The
high peak powers of theses pulses allow easily for focal peak intensities
on the order of 1010–1012 W/cm2, which are applied for the adiabatic
alignment of molecules due to the strong electromagnetic field of the
intense light. However, the necessary high pulse energies require am-
plification stages with low or medium repetition rates, which are not
sufficient for novel ”diffraction” experiments at modern light sources,
such as HHG laser setups, synchrotrons, or free-electron lasers. We
utilize the high intracavity power of a thin-disk laser in vacuum envi-
ronment to align the molecules in a continuous beam. For this intention
several Ytterbium doped gain media, like Yb:YAG or Yb:Lu2O3 will
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be tested. In experiments targeting for optimum laser output power an
Yb:Lu2O3 thin-disk laser already reached several 10 kW of intracavity
power at an output power of 300 W. By increasing the finesse of such
a resonator by a factor of ten, such a setup will provide intracavity
intensities in excess of 1010 W/cm2 over a 25 𝜇m focal spot size which
allows for continuous wave adiabatic alignment of molecules.

MO 19.13 Wed 16:00 Empore Lichthof
A travelling-wave Zeeman decelerator — ∙Dongdong Zhang1,
Jean-Paul Cromières2, Henrik Haak1, Gerard Meijer1, and
Nicolas Vanhaecke1,2 — 1Fritz-Haber-Institut der Max-Planck-
Gesellschaft, Faradayweg 4-6, 14195 Berlin, Germany — 2Laboratoire
Aimé Cotton, CNRS, Université Paris-Sud, 91405 Orsay, France
High-resolution spectroscopy, collision experiments or chemical re-
action studies greatly benefit from new methods to trap and cool
molecules [1]. One of them, the so-called Zeeman deceleration [2], uses
time-dependent, inhomogeneous magnetic fields to control the motion
of paramagnetic molecules in a supersonic beam and addresses the
highly chemically relevant, broad class of free-radicals.

In our laboratory, a new-concept Zeeman decelerator is being con-
tructed, which produces a traveling magnetic trap with controlable
longitudinal velocity and transverse orientation. Atoms and molecules
possessing a magnetic dipole moment, in so-called low field seeking
states, are trapped around a node of a propagating wave provided
that the initial velocity of the wave matches a velocity populated in
the supersonic beam. In addition, three dimensional confinement is
achieved by controling the radial orientation of the trap, which can be
done fully independently from its longitudinal motion.

[1] Topical issue, Chemical Reviews 112(9), 4801-5072 (2012).
[2] N. Vanhaecke, U. Meier, M. Andrist, B. H. Meier, and F. Merkt,

Phys. Rev. A 75, 031402(R) (2007).

MO 19.14 Wed 16:00 Empore Lichthof
Conformer-specific reactions with Coulomb-crystallized ions
— ∙Yuan-Pin Chang1, Karol Długołecki1, Jochen Küpper1,2,3,
Daniel Rösch4, and Stefan Willitsch4 — 1Center for Free-
Electron Laser Science, DESY, Hamburg — 2Department of Physics,
University of Hamburg — 3Center for Ultrafast Imaging, University of
Hamburg — 4Department Chemie, Universität Basel, Basel
Different conformations (rotational isomers) of a molecule can exhibit
different reactivities, due to differences in "chemical shape" and elec-
tronic properties. This provides a perspective to manipulate chem-
ical reactions by selecting molecular conformations. To explore this
dependence, we study gas-phase bi-molecular reactive collisions be-
tween conformer-selected neutral molecules of 3-aminophenol [1] and
Coulomb crystals of laser-cooled Ca+ ions [2]. 3-aminophenol is a
prototypical complex molecules that exhibits two conformations with
different electric dipole moments. They can be spatially separated
in a molecular beam passing through an electrostatic deflector [1].
Coulomb-crystals of Ca+ ions spatially localized in an ion trap pro-
vide a suitable stationary target for the present reactive scattering
study, due to high sensitivities to a level of single reaction events [2].
By tilting the molecular beam, only the purified conformation compo-
nent react with ions. We present preliminary experimental results of
conformer-specific reaction rates and theoretical calculations.
[1] F. Filsinger, et al, Phys. Rev. Lett. 100, 133003 (2008); F. Filsinger
et al, Angew. Chem. Int. Ed. 48, 6900 (2009). [2] S. Willitsch, Int.
Rev. Phys. Chem. 31, 175 (2012).

MO 19.15 Wed 16:00 Empore Lichthof
Development of a large-area detector for position and energy
resolving detection of molecular fragments — ∙L. Gamer1,
A. Kampkötter1, S. Kempf1, C. Krantz2, O. Novotny2, C.
Pies1, P. Ranitzsch1, S. Schäfer1, A. Wolf2, T. Wolf1, L.
Gastaldo1, A. Fleischmann1, and C. Enss1 — 1KIP Heidelberg
University. — 2MPI-K Heidelberg.
To investigate reactions like the dissociative recombination in labo-
ratory environment, the Max-Planck Institute for Nuclear Physics in
Heidelberg is presently building a cryogenic storage ring to prepare
molecular ions in their rotational groundstate. The full kinematics
of these processes can be resolved by a position and energy sensitive
detection of the reaction products/molecule fragments.

We describe the development of a large-area MMC for position sen-
sitive detection of massive particles with kinetic energies of a few keV.
The detector encompasses sixteen slice-shaped large-area absorbers to
form a circular whole with a diameter of 36mm. The temperature
sensor is positioned on the outer edge of each absorber. Due to the

finite thermal diffusivity in the absorber material, the rise-time of the
detector-signal depends on the impact location of the particle.

We compare a numerical analysis for the energy and position depen-
dence of the detector signal to results of recent tests where energy was
deposited at different positions by LEDs as well as x-ray photons of an
55Fe source. For massive particles, potential degradation of the instru-
mental line width as well as energy losses by backscattering, sputtering
and lattice damages are discussed using Monte Carlo simulations.

MO 19.16 Wed 16:00 Empore Lichthof
Sequential transport through molecules with rapidly fluctu-
ating bridges — ∙Bogdan Popescu1, Benjamin Woiczikowski2,
Marcus Elstner2, and Ulrich Kleinekathoefer1 — 1Jacobs Uni-
versity Bremen — 2Karlsruhe Institute of Technology
Charge transport through molecular junctions is a key subject in nowa-
days nanoscale physics. In many studies the molecule is placed in an
aquateus environment, subject to solvent fluctuations, which lead to in-
coherent effects and influence the transport significantly. We model the
molecular junction as a tight-binding chain coupled to fermionic leads.
As an example we choose a double-stranded DNA heptamer with base
sequence poly(dG)-poly(dC). By classical equilibrium MD simulations
and quantum chemistry calculations, one obtains time series of on-site
energies and inter-site couplings. These trajectories are then employed
to compute the electric current through the system. Our contribution
consists of using a recently developed propagation scheme [2] based
on NEGF, which renders the current through the device as a func-
tion of time, and comparing its outcomes with the snapshot-averaged
Landauer approach. We find that for scenarios with rapidly fluctuat-
ing system parameters the dominant transfer mechanism is sequential
transport. In addition, the Landauer method which accounts only for
the coherent transfer of electrons is shown not to be a proper method
of choice for such scenarios.
[1] P. B. Woiczikowski et. al., J. Chem. Phys. 130, 215104 (2009).
[2] A. Croy and U. Saalmann, Phys. Rev. B 80, 245311 (2009).
[3] B. Popescu et. al., Phys. Rev. Lett 109, 176802 (2012).

MO 19.17 Wed 16:00 Empore Lichthof
Time-Resolved Spectroscopy on Isolated RC-LH1 Complexes
of Rhodopseudomonas palustris — ∙Sebastian R. Beyer1,
Lars Müller2, Richard Hildner1, June Southall3, Richard
J. Cogdell3, G. Matthias Ullmann2, and Jürgen Köhler1 —
1Experimental Physics IV, University of Bayreuth, 95440 Bayreuth,
Germany — 2Computational Biochemistry/Bioinformatics, University
of Bayreuth, 95440 Bayreuth, Germany — 3Institute of Molecular, Cell
and Systems Biology, College of Medical, Veterinary and Life Sciences,
Biomedical Research Building, Glasgow G12 8QQ, Scotland, UK
The photosynthetic apparatus of purple bacteria is a highly efficient
system for the conversion of solar radiation into biological usable forms
of energy. Part of this photosynthetic apparatus are pigment-protein
complexes. They are responsible for the absorption of sunlight and the
generation of a stable charge separated state.

We report about ps-time-resolved spectroscopy on ensembles of
isolated, i.e. non-interacting, RC-LH1 complexes from Rhodopseu-
domonas palustris. The experiments are complemented by dynamic
Monte Carlo simulations as employed successfully in an earlier study
[1, 2].

[1] T. J. Pflock, et. al., J. Phys. Chem. B, 2011, 115, 8813-8820.
[2] T. J. Pflock, et. al., J. Phys. Chem. B, 2011, 115, 8821-8831.

MO 19.18 Wed 16:00 Empore Lichthof
Atomistic modeling of FMO light-harvesting complex
in different envirnments — ∙Mortaza Aghtar1, Carsten
Olbrich1, Johan Strümpfer2, Klaus Schulten2, and Ulrich
Kleinekathöfer1 — 1Jacobs University Bremen, Germany —
2University of Illinois at Urbana-Champaign, USA
Experimental observations of long-lived quantum coherences in the
Fenna-Matthews-Olson (FMO) light-harvesting complex at different
temperatures have led to considerable effort trying to explain this phe-
nomenon. Based on a QM/MM method [1,2], we performed simula-
tions of the FMO complex in a glycerol-water mixture at 300 K as
well as 77 K [3], matching the conditions of earlier 2D spectroscopic
experiments by Engel et al. In this method, in order to calculate
vertical excitation energies of the individual bacteriochlorophylls, the
quantum calculations are performed along a molecular dynamics tra-
jectory. The calculations yielded spectral densities of each individual
pigment of FMO. This allows us to compare simulations using different
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environments with the experimental results.
[1] C. Olbrich, Th. la Cour Jansen, J. Liebers, M. Aghtar, J.
Strümpfer, K. Schulten, J. Knoester, and U. Kleinekathöfer, J. Phys.
Chem. B 115, 8609-8621 (2011).
[2] C. Olbrich, J. Strümpfer, K. Schulten, and U. Kleinekathöfer, J.
Phys. Chem. Lett. 2, 1771-1776 (2011).
[3] M. Aghtar, J. Strümpfer, C. Olbrich, K. Schulten, and U.
Kleinekathöfer, The FMO Complex in a Glycerol-Water Mixture (sub-
mitted).

MO 19.19 Wed 16:00 Empore Lichthof
Nanosecond T-Jump experiments in small proteins - a cir-
cular dichroism study — ∙Andreas Steinbacher2,1, Lucille
Mendonça1, and François Hache1 — 1Laboratoire d’Optique et
Biosciences, École Polytechnique/CNRS/INSERM, 91128 Palaiseau
cedex, France — 2Institut für Physikalische und Theoretische Chemie,
Universität Würzburg, Am Hubland, 97074 Würzburg
The folding dynamics of small proteins has been studied within a
nanosecond T-jump experiment. Employing a new experimental set-up
based on the frequency-quadrupling of an 82 MHz Titanium-Sapphire
laser rapid CD measurements could be performed. By combining time-
resolved absorption and circular dichroism in the deep UV, we are able
to measure precisely the unfolding relaxation time as well as the heli-
cal fraction evolution of peptides and proteins to infer information on
their biological function.

MO 19.20 Wed 16:00 Empore Lichthof
A comprehensive study of excited state dynamics of retinal
derivatives - Influence of excitation wavelengths and chemical
environments — ∙Jan Philip Kraack, Tiago Buckup, and Mar-
cus Motzkus — Physikalisch-Chemisches Institut, Ruprecht-Karls-
Universität Heidelberg, D-69120 Heidelberg, Deutschland.
The retinal chromophore is one of the most fascinating molecules in
nature due to its performance as a key-element of photoactive proteins
(rhodopsins) to enable living organisms to convert light into chem-
ical energy.(1) An important goal in femtochemistry has thus ever
been to resolve the nature and importance of environmental interac-
tions between the photo-active chromophore and its environment.(2-3)
Here, we investigate the influence of different experimental param-
eters in time-resolved (< 30 fs), hyperspectral transient absorption
experiments on a series of (chemically modified) retinal derivatives.
Our results explain how the relaxation dynamics of the different chro-
mophores are dependent on chemical modifications at the carbonyl-
moiety as well as on the dielectric properties of the environment.
Specifically, we address origins and spectral properties of transient ab-
sorption and emission bands and present a unified model for electronic
relaxation dynamics in retinal-derivatives. (1)Birge, ARPC, 1990, 41,
683. (2)Bismuth et al., JPCB 2007, 111, 2327. (3)Kraack, et al.,
PCCP 2012, 14, 13979.

MO 19.21 Wed 16:00 Empore Lichthof
Fluorescence spectroscopy on a potential new drug: In-
teraction of anle138b with 𝛼-synuclein aggregates — ∙Anne
Reiner1, Andreas Deeg1, Felix Schmidt2, Florian Schüder1,
Andrei Leonov3, Sergey Ryazanov3, Wolfgang Zinth1, Chris-
tian Griesinger3, and Armin Giese2 — 1Lehrstuhl für BioMoleku-
lare Optik, LMU München, Oettingenstr. 67, 80538 München —
2Zentrum für Neuropathologie und Prionenforschung, LMU München,
Feodor-Lynen-Str.23, 81377 München — 3MPI for Biophysical Chem-
istry, Am Fassberg 11, 37077 Göttingen
In neurodegenerative diseases such as Alzheimer’s, Parkinson’s and
prion diseases, deposits of aggregated disease-specific proteins are
found. Since protein aggregation is supposed to be a key event in
the pathogenesis, compounds that bind to pathological aggregates and
interfere with aggregation may provide a chance of disease-modifying
therapy. In this contribution we investigate the aggregation inhibitor
anle138b. The intrinsic fluorescence properties of anle138b are mea-
sured, to identify its binding to 𝛼-synuclein protein, which forms patho-
logical cytoplasmic inclusion bodies in Parkinson’s disease. Measure-
ments on anle138b incubated with monomeric 𝛼-synuclein did not show
any changes in fluorescence properties. However one could find a strong
change in the fluorescence and anisotropy in combination with fibrillar
𝛼-synuclein aggregates. These findings indicate that anle138b inter-
acts selectively with specific structural epitopes present in aggregated
𝛼-synuclein. This observation may open a way to the understanding
of the molecular mode of action of anti-aggregation drugs.

MO 19.22 Wed 16:00 Empore Lichthof
Role of hydration on the functionality of a proteolytic enzyme
𝛼-chymotrypsin under crowded environment — ∙Pramod
Verma1, Rajib Mitra2, and Samir Pal2 — 1Institut für Physikalis-
che und Theoretische Chemie, Lehrstuhl 1, Universität Würzburg, Am
Hubland, D-97074 Würzburg, Germany — 2CBMS Department, S.N.
Bose National Centre for Basic Sciences, Block JD, Sector III, Salt
Lake, Kolkata 700098, India
In the present contribution, the role of hydration on the functional-
ity of a proteolytic enzyme 𝛼-chymotrypsin (CHT) is investigated by
modulating the water activity with the addition of polyethylene gly-
cols (PEG;average molecular weight=400). The addition of PEG in-
creases the affnity of the enzyme to its substrate, however, followed by
a decrease in the turnover number. Energetic calculations show that
entrance path for the substrate is favoured, whereas the exit chan-
nel is restricted with increasing concentration of the crowding agent.
This decrease is attributed to the thinning of the hydration shell of
the enzyme due to the loss of critical water residues from the hydra-
tion surface of the enzyme. The overall secondary and tertiary struc-
tures of CHT determined from far-UV and near-UV circular dichro-
ism measurements show no considerable change in the studied osmotic
stress range. Spectroscopic observation of water relaxation and ro-
tational dynamics of ANS-CHT complex at various concentrations of
the osmoting agent support the dehydration of the hydration layer.
Such dehydration/hydration processes during turnover imply a signif-
icant contribution of solvation to the energetics of the conformational
changes.

MO 19.23 Wed 16:00 Empore Lichthof
Simulating excitonic processes in light-harvesting complexes
— ∙Chandrasekaran Suryanarayanan, Mortaza Aghtar, and
Ulrich Kleinekathöfer — Jacobs University Bremen, Germany
The modeling of light-harvesting systems has caught a lot of attention
in recent years. This interest is, in part, due to the experimentally
observed but unexpected long-lived coherences in the Fenna-Matthews-
Olson (FMO) complex which steered a wealth of theoretical investi-
gations. To model optical properties and exciton transfer processes
in light-harvesting systems on an atomic level, QM/MM calculations
need to be performed along classical trajectories [1,2]. The present
contribution will report on studies investigating the effect of different
levels of approximations on the outcome of this type of simulation. For
example, different types of force fields are employed for the classical
part of the simulations.
[1] C. Olbrich, J. Strümpfer, K. Schulten, U. Kleinekathöfer, J. Phys.
Chem. Lett. 2, 1771-1776 (2011).
[2] M. Aghtar, J. Liebers, J.Strümpfer, K. Schulten, U. Kleinekathöfer,
J. Chem.Phys. 136,214101 (2012).

MO 19.24 Wed 16:00 Empore Lichthof
A 6 K Ion Trap Triple Mass Spectrometer for Isomer-
Selective IR/IR Photodissociation Experiments — ∙Nadja
Heine and Knut R. Asmis — Fritz-Haber-Institut der MPG, Berlin
Mass-selective infrared photodissociation (IR-PD) combined with elec-
tronic structure calculations, is currently the most generally applicable
technique to determine the structure of gas phase cluster ions. To as-
sure that the clusters are in their vibrational ground state they are
typically buffer-gas cooled in a cryogenic ion trap. However, even
at low temperatures often multiple isomers are present, each con-
tributing to the measured IR-PD spectra. In order to separate the
contribution from each isomer spectroscopically, we present here the
design of a new 6K ion trap triple mass spectrometer, which allows
for IR/IR population-labeling measurements. Ions are produced in a
nanospray/quadrupole mass filter/ring electrode ion trap setup. Key
feature of the instrument is this source for mass-selected, cryogeni-
cally cooled ions with a custom-built linear reflectron time-of-flight
mass spectrometer, which allows for the IR-MS-IR-MS capability re-
quired for IR/IR population labeling spectroscopy. First results on
protonated water clusters H+(H2O)n with n=5-10 are presented.

MO 19.25 Wed 16:00 Empore Lichthof
Single-particle orbit tracking: A new method for tracking
fluorescent particles with high temporal and spatial resolu-
tion. — Dominic Raithel1, Daniel Zalami1, Dominique Ernst1,
Markus Retsch2, ∙Gerken Uwe1, and Jürgen Köhler1 —
1Experimental Physics IV, University of Bayreuth, 954440 Bayreuth,
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Germany — 2Physical Chemistry I, University of Bayreuth, 954440
Bayreuth, Germany
Diffusion and transport processes play an important role in many fields
of natural and material sciences. Such processes were generally studied
with fluorescence-correlation spectroscopy (FCS), a technique based
on confocal microscopy, as well as wide-field fluorescence microscopy
using CCD cameras. We demonstrate a new technique in the field
of single-particle tracking, lately proposed by J. Enderlein [1], called
single-particle orbit tracking (SPOT). With SPOT a single fluorescent
particle is traced with the focus of the excitation laser rotating on a
circle which encloses the particle. With this technique we are able to
follow a fluorescent polymer bead for more than 10 min with a tem-
poral resolution of 4 ms and position accuracy in the range of several
nanometers [2].

[1] J. Enderlein, Appl. Phys. B (71), 773-777 (2000) [2] D. Ernst et
al., JOSA (29), 1277-1287 (2012)

MO 19.26 Wed 16:00 Empore Lichthof
Use of a Kretschmann Configuration for the Detection of
Raman Spectra from Low-Concentration Aqueous Samples
— ∙Alireza Mazaheri Tehrani, Faezeh Mohaghegh, and Ar-
nulf Materny — Research Center for Functional Materials and
Nanomolecular Science, Jacobs University, Campus Ring 1, D-28759
Bremen, Germany
In the Kretschmann configuration, surface plasmon polaritons (SPP)
can be excited in a thin layer of coinage metals covering a prism surface
when a specific angle of incidence is chosen for a light beam undergo-
ing total internal reflection from this surface. The enhanced evanescent
field then results in an increase of Raman scattering from molecules
adsorbed to the metal surface. This surface-enhanced Raman scatter-
ing (SERS) technique usually works only within a very narrow angle
range and yields orders of magnitude signal enhancement. In our work
we were interested to utilize this technique to obtain Raman spectra
from very small amounts of molecules (few 𝜇Mol concentration). For
our studies we have used a sapphire hemispherical prism (𝑛 ≈ 1.7)
coated with a thin layer (≈ 45 nm) of silver. We show that sharp res-
onances occur under well-defined angles of incidence of the excitation
beam yielding high detection sensitivity. However, when liquids are in
contact with the metal layer surface, the angle range, under which SPP
resonances can be obtained, is broadened compared to dried samples.
This results in a reduced efficiency also for SERS.

MO 19.27 Wed 16:00 Empore Lichthof
Multilayer Detection of Polymer Films Using Raman Spec-
troscopy — ∙Rasha Hassanein, Burcu Şengül, Bernd von der
Kammer, and Arnulf Materny — Research Center for Functional
Materials and Nanomolecular Science, Jacobs University, Campus
Ring 1, D-28759 Bremen, Germany
Food packaging is an important issue for food industry, since packaging
material has a great effect on food quality and storage life. Polymer
foils are widely used to wrap or enclose food due to their mechanical
strength, transparency, thermal stability, and since they act as efficient
oxygen and aroma barrier. Packaging materials are mostly made from
polyethylene (PE), polypropylene (PP), and polyamide (PA). Each of
these polymers has unique properties resulting in advantages and also
disadvantages regarding food safety, cost and marketing issues, and
environmental impact. Thus a single layer of plastic generally does
not offer all the desired properties for a food packaging application.
Therefore, coating or coextrusion is often used to produce multilayer
plastic foils adapted to the required properties. Food safety control in-
cludes also the investigation of food packaging materials. Food-plastics
interactions can e.g. result in a leakage of toxic additives into the food.
Our goal is to provide an analysis technique, wich can be also used in
the production line, i.e. it should be fast, simple, and nondestructive.
Raman spectroscopy, offers these advantages and therefore has been
used to analyze food packaging materials. We present results of Ra-
man spectroscopic investigations of multilayer polymer foils consisting
out of different polymers with different layer thicknesses.

MO 19.28 Wed 16:00 Empore Lichthof
Numerical optimization of excitation spectra for fast
Singlebeam- CARS imaging — ∙Alexander Wipfler, Jean Re-
hbinder, Tiago Buckup, and Marcus Motzkus — Physikalisch-
Chemisches Institut, Ruprecht-Karls-Universität Heidelberg, D-69120
Heidelberg, Germany
Coherent control schemes can be adapted to fast chemical selective

imaging by applying phases to the excitation field that enhance the
CARS signal for one constituent while suppressing all others. To de-
termine these phases it is advantageous and sometimes necessary to
use numeric simulations of the CARS process. We present a simula-
tion tool based on LabVIEW that calculates entire single-beam-CARS
spectra in the order of a few microseconds and enables the use of ge-
netic algorithms for optimization. As input from the experiment the
laser spectrum and the nonlinear susceptibility of the probed molecules
are needed. The first one is easily measured and the second one can
be determined by a method relying on the use of a local oscillator
field which is intrinsically generated in single-beam-CARS measure-
ments.[1] Therefore a complete calculation scheme is present allowing
for the determination of optimal phase functions for fast imaging.
[1]Wipfler et al. Opt. Lett., 2012. 37(20): p. 4239-4241.

MO 19.29 Wed 16:00 Empore Lichthof
Mapping Purity of Single-walled Carbon Nanotubes in Bulk
Samples with Multiplex Coherent Anti-Stokes Raman Mi-
croscopy — Alex S. Duarte1,2, Jean Rehbinder1, Ricardo
R.B. Correia2, ∙Tiago Buckup1, and Marcus Motzkus1 —
1Physikalisch-Chemisches Institut, Universität Heidelberg, Im Neuen-
heimer Feld 229, 69120 Heidelberg, Germany — 2Physics Institute,
Universidade Federal do Rio Grande do Sul, Av. Bento Gonçalves
9500, 91501-970 Porto Alegre, Brazil
Single-walled carbon nanotubes (SWNT) have been extensively inves-
tigated due their unique electrical and structural properties. SWNT
are also very attractive for industrial applications due catalytic features
and functionalization potential. There are several synthesis methods
of carbon nanotubes but all of them produce a certain amount of im-
purity. In this regard, a technique of local purity characterization in
bulk samples of SWNT is desired. Mapping of defects in a distribu-
tion of SWNT is performed via multiplex coherent anti-Stokes Raman
spectroscopy (MCARS). The D- over G-band ratio in the SWNTs vi-
brational spectrum is acquired simultaneously and used to quantify the
local purity in a spin-coated sample. The mapping of purity is per-
formed using the ratio D/G. We observe that induced defects by spon-
taneous oxidation are related to the spatial dispersion of nanotubes in
a solid distribution.

MO 19.30 Wed 16:00 Empore Lichthof
High Resolution Rotational Spectroscopy of Zeeman and Hy-
perfine Effects in PbF and YbF — ∙Richard Mawhorter1,
Alex Baum1, Zachary Glassman1, Benjamin Girodias1, Trevor
Sears2, Neil Shafer-Ray3, Lukas Alphei4, and Jens-Uwe
Grabow4 — 1Pomona College, Claremont, CA — 2Brookhaven Na-
tional Laboratory, Upton, NY — 3University of Oklahoma, Norman,
OK — 4PCI, Leibniz Universität, Hannover
Motivated by the ongoing search for the CP-violating electron electric
dipole moment (e-EDM), rotational spectra of the radicals 207Pb19F
and 208Pb19F were measured using a supersonic jet Fourier transform
microwave spectrometer. Zeeman splitting was examined for 19 J =
1/2 and J = 3/2 transitions in magnetic fields up to 4 Gauss. Transi-
tions were observed with 0.5 kHz accuracy and 6 kHz pair resolution
over a range of 2 - 26.5 GHz. The observation of these field dependent
spectra allowed for the determination of the two body fixed g-factors,
𝐺⊥ and 𝐺‖. We will compare our results with recent theoretical values.
Experiments on 174YbF determine the current eEDM upper limit. Al-
though YbF is more sensitive to magnetic fields than PbF, measuring
the nuclear quadrupole hyperfine structure of 173YbF can help char-
acterize the critical electric field at the heavy atom nucleus. We will
report on 14 GHz transitions for 3 of the less abundant even isotopo-
logues of YbF as well as for the 207PbF analogue 171YbF, important
steps towards observing 173YbF. TS acknowledges support from DOE
DE-AC02-98CH10886, NS from NSF-0855431, and JUG and LA from
DFG and Land Niedersachsen.

MO 19.31 Wed 16:00 Empore Lichthof
Evidence of emitter site oscillations in dissociating core-
excited oxygen molecules — ∙Toralf Lischke1, Burkhard
Langer2, Rainer Hentges3,7, Markus Braune4, Sanja Korica3,
Daniel Rolles4, Andre Meissner3, Gregor Hartmann1, Ralph
Püttner5, Markus Ilchen4, Oliver Kugeler6, Andre Knie7,
Jens Viefhaus4, Arno Ehresmann7, Omar Al-Dossary8,9, and
Uwe Becker1,3,8 — 1Max-Planck-Institut für Mikrostrukturphysik,
Weinberg 2, 06120 Halle, Germany — 2Institut für Chemie und Bio-
chemie, Freie Universität Berlin, Takustr. 3, 14195 Berlin, Germany
— 3Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-
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6, 14195 Berlin, Germany — 4HASYLAB at DESY, Notkestraße
85, 22603 Hamburg, Germany — 5Institut für Experimentalphysik,
Freie Universität Berlin, Arminallee 14, 14195 Berlin, Germany —
6Helmholtz Zentrum Berlin, BESSY II, Albert-Einstein-Str. 15, 12489
Berlin, Germany — 7Institut für Physik, Universität Kassel Heinrich-
Plett-Str. 40, 34132 Kassel, Germany — 8Department of Physics,
College of Science King Saud University, Saudi Arabia — 9National
Center for Mathematics and Physics, KACST, Saudi Arabia

For localized electron emitter sites of inversion symmetric homonuclear
diatomic molecules it is assumed that they oscillate with a frequency
proportional to the energy splitting of their 𝑔𝑒𝑟𝑎𝑑𝑒 and 𝑢𝑛𝑔𝑒𝑟𝑎𝑑𝑒 par-
ity eigenstates. This behavior we proofed in an electron-ion coinci-
dence experiment with Doppler-shifted Auger electrons emitted for the
dissociating core-excited O2 molecules in the region of the 𝜎*𝑢 shape
resonance below the O2 K-shell edge at 539.4 eV.


