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MO 14.1 Tue 16:00 Empore Lichthof
Ultrafast photochemistry of a CO-releasing molecule un-
der two-photon excitation — Philipp Rudolf1, Florian
Kanal1, ∙Johannes Knorr1, Christoph Nagel2, Ulrich
Schatzschneider2, and Patrick Nuernberger1 — 1Institut für
Physikalische und Theoretische Chemie, Universität Würzburg, Am
Hubland, 97074 Würzburg — 2Institut für Anorganische Chemie, Uni-
versität Würzburg, Am Hubland, 97074 Würzburg
There is steadily increasing interest in CO-releasing molecules
(CORMs) as a promising in-situ source of carbon monoxide, which
is an important endogenous gasotransmitter in higher organisms, in-
cluding humans [1,2]. In previous UV-pump/MIR-probe studies on
[Mn(CO)3(tpm)]Cl in aqueous solution, we could show that several
electronic transitions in the UV will lead to CO release and that only
one CO ligand is released within the first few picoseconds after UV
excitation. With regard to biological applications, we currently aim at
the elucidation of the primary reaction steps of the above-mentioned
CORM under two-photon excitation. Using pump wavelengths from
the therapeutic window, the employment of tissue-damaging UV light
can be avoided. Moreover, this approach benefits from the capability
to selectively excite well-defined volumes owing to the non-linear in-
teraction step.
[1] C. C. Romão et al., Chem. Soc. Rev. 2012, 41, 3571-3583
[2] R. Alberto and R. Motterlini, Dalton Trans. 2007, 17, 1651-1660

MO 14.2 Tue 16:00 Empore Lichthof
Vibronic energy localization in weakly coupled small molec-
ular aggregates — ∙Johannes Wehner, Alexander Schubert,
and Volker Engel — Institut für Physikalische und Theoretische
Chemie, Universität Würzburg, Emil-Fischer-Str. 42, Am Hubland,
97074 Würzburg, Germany
Within a one-exciton picture, molecular dimers (M1-M2) possess ex-
cited states of even and odd parity which correspond to linear com-
binations of locally excited configurations (M*

1-M2, M1-M*
2). If this

symmetry is broken, the excitation energy localizes in one or the other
monomer. We perform time-dependent quantum calculations on dimer
and trimer aggregates which are subject to time-dependent perturba-
tions. The latter induce exciton localizations which are influenced by
the monomer vibrational degrees-of-freedom. This influence is charac-
terized by comparison with purely electronic models.

MO 14.3 Tue 16:00 Empore Lichthof
Two-dimensional vibronic spectroscopy of molecular predis-
sociation — ∙Julian Albert, Alexander Schubert, and Volker
Engel — Institut für Physikalische und Theoretische Chemie, Univer-
sität Würzburg, Emil-Fischer-Str. 42, Am Hubland, 97074 Würzburg,
Germany
We calculate two-dimensional (2D) spectra reflecting the time-
dependent electronic predissociation of a diatomic molecule. The
laser-excited electronic state is coupled non-adiabatically to a fragment
channel, leading to the decay of the prepared quasi-bound states. This
decay can be monitored by the three-pulse configuration employed in
optical 2D-spectroscopy. It is shown that in this way it is possible
to state-selectively characterize the time-dependent population of res-
onance states with different lifetimes. A model of the NaI molecule
serves as a numerical example.

MO 14.4 Tue 16:00 Empore Lichthof
A simple model for the relaxation dynamics in perylene-
bisimide dimers excited by femtosecond laser pulses —
∙Martin Keß1, Alexander Schubert1, Volker Settels1, Bernd
Engels1, Frank Würthner2, Stefan Lochbrunner3, Christoph
Meier4, and Volker Engel1 — 1Institut für Physikalische und
Theoretische Chemie, Universität Würzburg, Emil-Fischer-Str. 42,
Am Hubland, 97074 Würzburg, Germany — 2Institut für Organis-
che Chemie, Universität Würzburg, Am Hubland, 97074 Würzburg,
Germany — 3Institut für Physik, Universität Rostock, Universität-
splatz 3, Germany — 4Laboratoire Collisions, Agrégats et Reactivité,
IRSAMC, Université Paul Sabatier, 31062 Toulouse, France
We evaluate a model for the self-trapping dynamics in perylene-
bisimide dimers. Adiabatic potential energy curves and charge-transfer
characters determined from ab-initio electronic structure computations

are employed to establish a diabatic model for the quantum dynamics
along an effective deformational mode. It is then possible to charac-
terize the fast de-population of the state, accessed in the femtosecond
preparation process. The influence of the laser parameters and the dis-
sipation rate on the decay dynamics is studied in detail. The results
are in excellent agreement with transient absorption measurements.

MO 14.5 Tue 16:00 Empore Lichthof
Fingerprints of adiabatic versus diabatic vibronic dynam-
ics in the asymmetry of photoelectron momentum distribu-
tions — ∙Mirjam Falge1, Volker Engel1, and Stefanie Gräfe2

— 1Institut für Physikalische und Theoretische Chemie, Universität
Würzburg, Emil-Fischer-Str. 42, Am Hubland, 97074 Würzburg,
Germany — 2Institut für Theoretische Physik Technische Universität
Wien, Wiedner Hauptstrasse 8-10, A-1040 Wien, Austria
When the Born-Oppenheimer approximation is valid, electrons fol-
low adiabatically the nuclear motion in molecules. For strong non-
adiabatic coupling between electronic states, one encounters a diabatic
motion where the electrons remain local and do not adapt to molecu-
lar geometry changes. We show that the mentioned limiting cases are
reflected differently in the asymmetry of time-resolved photoelectron
momentum distributions. Whereas for adiabatic dynamics, the asym-
metry directly maps the time-dependent average nuclear momentum,
in the diabatic case the asymmetry is determined by a non-classical in-
terference effect arising from the mixing of wave function components
in different electronic states which is present at times non-adiabatic
transitions take place.

MO 14.6 Tue 16:00 Empore Lichthof
Attosecond electronic coherence in molecular dissociation —
∙Lukas Medišauskas1,2 and Misha Ivanov1,2 — 1Imperial College
London, UK — 2Max-Born-Institute Berlin, Germany
We show that electronic coherence can significantly influence nuclear
dynamics when interference of paths associated with vibrational mo-
tion along different potential energy surfaces becomes important.

We consider attosecond XUV pump - IR probe setup. A 𝑁2 molecule
is first ionized by an XUV pump pulse. Ionization creates a coherent
superposition of two excited electronic states in 𝑁+

2 ion. The dissoci-
ation of the molecular ion then takes place over two different potential
energy surfaces. Interaction with IR field ensures that both of them
lead to the same dissociation limit. The fragment spectrum obtained
depends significantly on how the two paths interfere.

Interference is observed if the continuum electron wavepackets cor-
related with each of the paths have an overlap. This condition is set
during ionization, which happens in a fraction of a femtosecond and
is given by the length of the XUV pump pulse. However, it deter-
mines the appearance of molecular dissociation spectrum hundreds of
femtoseconds later.

When one of the pathways involves a direct and the other a sequen-
tial transition to a dissociative state, the phase acquired along the
propagation on sequential path creates a chirp in the interference pat-
tern. This chirp encodes information on the initial wavepacket and the
potential energy surface.

MO 14.7 Tue 16:00 Empore Lichthof
Tensorial approach to anisotropy effects in third-order re-
sponse spectroscopy with arbitrarily polarized laser pulses
— ∙Sebastian Schott, Andreas Steinbacher, Patrick Nuern-
berger, and Tobias Brixner — Institut für Physikalische und
Theoretische Chemie, Universität Würzburg, Am Hubland, 97074
Würzburg, Germany
We present a theoretical study in which an arbitrary tensor of rank
four is used to describe the properties of a molecular sample. Since
most studies focus on the investigation of isotropic samples, we ap-
ply as only assumption rotational averaging over randomly oriented
molecules to the response function tensor. By also choosing the most
general polarization state and an arbitrary propagation direction for
each laser pulse the simulation of various experimental scenarios is
possible.

We specifically calculate the magic angle condition for transient ab-
sorption spectroscopy and expand the well-known condition for linearly
polarized pump and probe pulses to arbitrarily polarized pulses. Im-
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plications for experiments with polarization shaped laser pulses as e.g.
used in quantum control are addressed. We further explore which role
contributions due to anisotropy may play in coherent two-dimensional
spectroscopy and how to circumvent them by variation of the polar-
ization of the laser pulses.

MO 14.8 Tue 16:00 Empore Lichthof
Ultrafast mid-infrared spectroscopy of sensory rhodopsin II
from Natronomonas pharaonis — ∙Christian Kijatkin, Kristin
Springfeld, Johann Klare, Heinz-Jürgen Steinhoff, and Mirco
Imlau — School of Physics, Osnabrück University, Germany
A multitude of several rhodopsins offer functional properties, which
are necessary for the use as pumps, sensors or even molecular photo-
taxis [1]. Transient mid-infrared vibrational spectroscopy is performed
to optain more information of the light-induced trans-cis isomeriza-
tion process of sensory rhodopsin II from Natronomonas pharaonis
(NpSRII). We use femtosecond laser pulses with wavenumbers in the
fingerprint region of the chromophore NpSRII between 1180 cm−1 and
1206 cm−1 and of the etyhlenic stretch vibrations between 1530 cm−1

and 1572 cm−1.
The transmission of mid-infrared 𝜏 ≈ 150 fs pulses is detected by a

multichannel MCT detector as a function of time delay to an intense
VIS pump pulse of 𝜏 ≈ 100 fs pulse duration. We present our results
on the studies of the light-induced changes of such vibrational modes
on the 100 fs time scale compared to FTIR difference spectra.

Financial support by the DFG (IM 37/5, INST 190/137-1) is grate-
fully acknowledged.

[1] J. P. Klare et al., Bioenergetics, 45, 73-122 (2008)

MO 14.9 Tue 16:00 Empore Lichthof
Transient coupling spectroscopy and control of electronic
states in the liquid phase — ∙Kristina Meyer1, Rima
Schüssler1, Christian Ott1, Philipp Raith1, Andreas Kaldun1,
Martin Laux1, Thomas Ding1, Zuoye Liu1, Yizhu Zhang2, and
Thomas Pfeifer1 — 1Max-Planck-Institut für Kernphysik, 69117
Heidelberg, Germany — 2Shanghai Advanced Research Institute, Chi-
nese Academy of Sciences, Shanghai 201210, China
Recently, pump–probe experiments on helium atoms using infrared
(IR) and attosecond pulses were performed [1]. There, the presence
of a laser field shifts the phase of the metastable excited states and
modifies the natural Fano absorption line shapes. Here, we study this
phenomenon for larger molecules in the liquid phase, in particular a
solution of the dye IR144 in methanol, using a compact transient-
absorption setup. Modifications of absorption line shapes at delay
times where the probe pulse precedes the pump pulse are observed,
which are a first indication of excited-state dressing effects as observed
before with attosecond pulses in helium. The same experimental setup
has recently been proven to work also for 2D spectroscopy measure-
ments [2]. A combination with a pulse shaper will soon allow the con-
trol of electronic states in complex molecules. The pulse shaper can
also be used to increase the temporal resolution [3] and/or improve the
system’s excitation transfer response [4] in the future.

[1] C. Ott et al., arXiv: 1205.0519v1, [2] Y. Zhang et al., submitted,
[3] K. Meyer et al., PRL 108, 098302 (2012), [4] A. W. Chin et al.,

NJP 12, 065002 (2010),

MO 14.10 Tue 16:00 Empore Lichthof
Photoelectron Circular Dichroism in the Above-Threshold-
Ionization of Bicyclic Ketones observed via Femtosecond
Laser Ionization — Christian Lux, Vanessa Brandenstein,
∙Tom Ring, Jens Köhler, Cristian Sarpe, Matthias Wollen-
haupt, and Thomas Baumert — Universität Kassel, Institut für
Physik und CINSaT, D-34132 Kassel, Germany
Photoelectron Circular Dichroism (PECD) so far investigated using
synchrotron radiation on chiral molecules shows asymmetries in for-
ward/backward direction with respect to the light propagation. The
effects observed are several orders of magnitude larger than in con-
ventionally CD [1]. Resonance Enhanced Multi-Photon Ionization
(REMPI) in mass spectrometry of chiral molecules using laser pulses
results in strong asymmetries in the absorption of circularly polarized
light [2,3]. We demonstrated that PECD is also accessible via REMPI
on chiral molecules using femtosecond laser pulses, containing highly
structured asymmetries up to ± 15% [4]. In this poster we show that
PECD also appears in the Above-Threshold-Ionization on the bicyclic
ketones Camphor, Norcamphor and Fenchone. We observe contribu-
tions of higher order Legendre polynomials in the angular distributions
as compared to the threshold ionization.

[1] I. Powis in S. A. Rice (Ed.): Adv. Chem. Phys. 138, 267-329
(2008)
[2] C. Logé, U. Boesl, Chem. Phys. Chem. 12, 1940-1947 (2011)
[3] P. Horsch, G. Urbasch, K.-M. Weitzel, Chirality 24, 684-690 (2012)
[4] C. Lux et al., Angew. Chem. Int. Ed. 51, 5001-5005 (2012)

MO 14.11 Tue 16:00 Empore Lichthof
Femtosekundenröntgenbeugung an Halbleitern und organi-
schen Kristallen — ∙Stefan M. Hofmann, Florian J. Lederer,
Julian Schauseil, Florian Trommer und Wolfgang Zinth —
LMU München, Lehrstuhl für BioMolekulare Optik, Oettingenstraße
67, 80538 München
Schon seit langem werden zeitaufgelöste Informationen aus Molekülen
über spektroskopische Analysen gewonnen. Die Struktur von Kristal-
len wurde mit Röntgenbeugungsexperimenten bestimmt. Durch das
Verwenden von Röntgenimpulsen, die eine Dauer im Femtosekunden-
bereich haben, ist es möglich diese zwei Methoden miteinander zu kom-
binieren. Mit dem bekannten Aufbau aus der Anrege-Abtast Spektro-
skopie kann man die Strukturaufklärung mit einer zeitlichen Auflösung
im Femtosekundenbereich realisieren.

Die Röntgenimpulse entstehen durch Fokussieren eines intensiven fs-
Lichtimpulses auf ein Kupferband, in dem durch Elektronenbeschleu-
nigung charakteristische K𝛼-Strahlung hervorgerufen wird. Diese ca.
hundert Femtosekunden dauernden Röntgenimpulse werden als Abta-
stimpulse verwendet. Es wurden Galliumarsenid und 4-(Diisopropyl-
amino)benzonitril (DIABN) Kristalle untersucht. Mit dem Galliumar-
senid wird der zeitliche und räumliche Überlapp des Anrege- und Abta-
stimpulses verifiziert. In DIABN wird ein Ladungstransfer beobachtet,
der eine Änderung der Kristallbasis und damit der reflektierten Inten-
sität bewirkt [1].
[1] M. Braun et al., Applied Physics A, 96(1) 107 (2009)

MO 14.12 Tue 16:00 Empore Lichthof
Circular dichroism in the photoelectron distribution from
multiphoton ionization of chiral molecules — ∙Ingo Dreissi-
gacker and Manfred Lein — Institut für Theoretische Physik and
Centre for Quantum Engineering and Space-Time Research (QUEST),
Leibniz Universität Hannover, Appelstr. 2, 30167 Hannover, Germany
Circular dichroism in the photoelectron angular distribution from chi-
ral molecules illuminated with XUV radiation has been predicted [1]
and measured [2] long ago. For application in chemical analytics, how-
ever, methods based on table-top laser systems and thus longer wave-
lengths would be preferable, since XUV sources are rarely available. In
contrast to the dichroism effect in the photoelectron distribution from
single-photon ionization, dichroism in multiphoton ionization has been
proven experimentally only recently [3].

Motivated by this progress, we investigate the asymmetry in the
electron distribution from chiral molecules theoretically with the help
of the strong-field approximation. We calculate photoelectron spectra
for randomly oriented camphor and fenchone molecules. The initial
bound states required for the integration are obtained from quantum
chemistry calculations. We compare our results to the experimental
findings of [3] and investigate the dependence of the dichroism on var-
ious laser parameters.

[1] N. A. Cherepkov, Chem. Phys. Lett. 87, 344 (1982)
[2] N. Böwering et al., Phys. Rev. Lett. 86, 1187 (2001)
[3] C. Lux et al, Angew. Chem. Int. Ed., 51, 5001 (2012)

MO 14.13 Tue 16:00 Empore Lichthof
Wave Packet Interferometry at Potassium Atoms Applying
a Band-pass Filtering Technique — ∙Lukas Bruder, Sabrina
Lipps, and Frank Stienkemeier — Physikalisches Institut, Univer-
sität Freiburg, 79104 Freiburg, Germany
The achievements in generating ultra-short laser pulses have opened
opportunities for studying wave packet dynamics in quantum systems.
However, experiments for demonstrating coherent dynamics of elec-
tronic states are often very sensitive to laboratory noise. Especially
controlling the relative phase of the temporal envelopes in a coherent fs-
pulse train remains a difficult task. In our collinear pump-probe setup
we investigate electronic wave packet interference of atomic potassium.
On the basis of [1], we greatly reduce the influence of laboratory noise
applying a band-pass filtering technique: Acousto-optical phase mod-
ulation imparts a characteristic signature on the fluorescence signal
that is demodulated using a lock-in amplifier. Simultaneous acquisi-
tion of in-phase and in-quadrature components yields the full phase in-
formation. This technique leads to a strongly undersampled quantum
beating of the coherences and greatly reduces the scaling of laboratory
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noise. These characteristics are great advantages in view of a setup for
2D-spectroscopy. [1] P. F. Tekavec, T. R. Dyke, and A. H. Marcus, J.
Chem. Phys. 125, 194303 (2006).

MO 14.14 Tue 16:00 Empore Lichthof
Fs-pump-prope spectroscopy and strong field ionization of
doped He-nanodroplets — ∙Harald Schmidt1, Johannes von
Vangerow1, Barbara Grüner1, Manuel Rometsch1, Alexandr
Bogomolow2, Alexey Baklanov2, Frank Stienkemeier1, and
Marcel Mudrich1 — 1Physikalisches Institut, Universität Freiburg,
Hermann-Herderstr. 3, 79108 Freiburg, Germany — 2Institute of
Chemical Kinetics and Combustion, Siberian Branch of the Russian
Academy of Sciences, Institutskaya 3, Novosibirsk, 630090, Russia
The low temperature and weak interaction with dopants makes He-
nanodroplet isolation a widely used technique for high resolution spec-
troscopy. We combine two-colour fs-pump-probe spectroscopy and
velocity-map-imaging - of both ions and electrons - to investigate vi-
brational wave-packet dynamics and photodissociation of alkali halides.
By comparing molecules in the gas phase to those embedded in He-
nanodroplets, we study the effect of the surrounding He on the photo-
dynamics.
When illuminated by intense NIR laser pulses, the doped He nan-
odroplets can turn into a highly reactive nanoplasma environment, in
which both the He and the rare gas dopants are multiply ionized to
high charge states. Surprisingly, the formation of a nanoplasma is
strongly suppressed when doping the droplets with surface-bound al-
kali and earth-alkali metals. This points at pronounced geometrical
effects in the dopant-induced ignition process.

MO 14.15 Tue 16:00 Empore Lichthof
The ultrafast dynamics of electron-transporting analogs of
pentacene — ∙Julia Herz1, Jens Engelhart2, Tiago Buckup1,
Uwe Bunz2, and Marcus Motzkus1 — 1Physikalisch-Chemisches
Institut, Ruprecht-Karls-Universität Heidelberg, D-69120 Heidel-
berg, Germany — 2Organisch-Chemisches Institut, Ruprecht-Karls-
Universität Heidelberg, D-69120 Heidelberg, Germany
Pentacene derivatives are attractive targets to construct electron trans-
porting materials in organic electronic devices. While pentacene is
utilized in organic field effect transistors, the modified aza-pentacenes
could find application as acceptor molecules in organic solar cells.
The presence of electronegative nitrogen atoms in the systems changes
the ground state as well as the excited state behaviour considerably.
Transient-absorption spectroscopy allows the observation of the pop-
ulation flow after photo excitation. The evolution of the exciton and
furthermore the formation of states and the charge generation process
can be followed. We demonstrate preliminary studies of Diaza-TIPS-
pentacene and Tetraaza-TIPS-pentacene in two different solvents. The
ground state properties of these two molecules are presented as well
as time-resolved absorption and fluorescence measurements. The in-
fluence of the nitrogen substitution and the symmetrical charge distri-
bution on the excited state lifetimes are presented. The revealed oscil-
lations of 270 cm−1 from the excited state are more distinctive in an
unpolar solvent like toluene compared to THF. We find a pronounced
concentration dependence on the excited state absorption signal, thus
the aggregation of molecules in solution has to be considered.

MO 14.16 Tue 16:00 Empore Lichthof
Control of the Photoinduced Dynamics of DCM and
Coumarin 307 in the Ultraviolet Regime — ∙Ina Halfpap,
Jürgen Plenge, and Eckart Rühl — Institut für Chemie und Bio-
chemie, Freie Universität Berlin, Takustr. 3, 14195 Berlin
The control of molecular dynamics with femtosecond laser pulses has
been intensively studied in recent years and has improved the un-
derstanding of molecular photochemical processes [1]. Often, dye
molecules have been used as model systems to explore control mecha-
nisms. In particular, the optimization of the two-photon induced fluo-
rescence of different dyes has been investigated using infrared shaped
laser pulses [2]. In contrast, the control of photoprocesses in the linear
absorption regime has been far less studied. We present recent results
on the control of the relative fluorescence yield following excitation of
DCM and Coumarin 307, respectively, in the linear absorption regime
using shaped ultraviolet laser pulses (𝜆 = 400 nm). In one-parameter
control experiments a strong influence of the linear chirp on the radia-
tive relaxation of the S1 state has been found. The enhancement of
the relative fluorescence yield with increasing chirp can be explained
by a resonance-mediated (1+2) photoionization process which com-
petes with the radiative relaxation. Complementary results have been

obtained from feedback controlled optimization experiments. The pos-
sibility to control the fluorescence yields of dyes can contribute to an
improvement of various techniques, such as fluorescence microscopy.
[1] M. Dantus et. al, Chem. Rev. 104, 1813 (2004).
[2] S. Zhang et. al., Chem. Phys. Lett. 415, 346 (2005).

MO 14.17 Tue 16:00 Empore Lichthof
Similarities and Differences in the Optical Response
of Perylene-based Hetero-bichromophores and Their
Monomeric Units — ∙Patrick Nuernberger1, Ulrike Selig1,
Volker Dehm2, Volker Settels1, Marcel Gsänger2, Bernd
Engels1, Frank Würthner2, and Tobias Brixner1 — 1Institut
für Physikalische und Theoretische Chemie, Universität Würzburg,
Am Hubland, 97074 Würzburg, Germany — 2Institut für Organis-
che Chemie, Universität Würzburg, Am Hubland, 97074 Würzburg,
Germany
The linear and nonlinear optical response of molecular hetero-dimers
and the composing perylene units is explored with fluorometry, steady-
state and transient absorption, and coherent two-dimensional elec-
tronic spectroscopy. Supported by a Förster theory approach and ab-
initio calculations, we disclose the photoinduced dynamics comprising
excitonic coupling, conformational changes, charge transfer, and re-
laxation dynamics. The influence of the actual orientation of the two
chromophore units on these processes is investigated by employing two
bichromophores built of the same monomeric units but linked differ-
ently.

MO 14.18 Tue 16:00 Empore Lichthof
SVD analysis for the time-resolved study of the electron
transfer in photosynthetic reaction center of Rhodobacter
Sphaeroides — ∙Jeff Michelmann, Pablo Nahuel Dominguez,
Matthias Himmelstoß, and Wolfgang Zinth — Lehrstuhl für
BioMolekulare Optik, Ludwig-Maximilians-Universität, Oettingenstr.
67, D-80538 München, Deutschland
The purple bacteria, Rhodobacter Sphaeroides, contains a very simple
and well studied reaction center. Upon light absorption it can con-
vert the incoming energy into chemical energy with high efficiency via
electron transfer and charge separation. Ultrafast spectroscopy gives
insight into its electron transfer dynamics in the picoseconds regime.
Current methods to analyze time-resolved absorption data of this pro-
cess involve different approaches, e.g. a direct multiexponential fit of
the original data and a fit of the basis vectors of the Single Value De-
composition (SVD) matrix. SVD is a powerful filtering mechanism
capable of creating a smooth output signal by removing smaller SVD
components. If not applied correctly, however, small signal ampli-
tudes may be rejected and corresponding physical processes are lost.
With new developments in subpicosecond pump-probe experiments we
recorded data on reaction centers which can be analyzed without any
smoothing algorithm. A multiexponential fit based on a sequential
rate model has been applied directly. The results confirm the exis-
tence of an intermediate radical pair state P+B- with a decay time of
0.9ps. Based on different data evaluation procedures we discuss the
significance of the 0.9ps kinetic component.

MO 14.19 Tue 16:00 Empore Lichthof
Open chain carotenoids with N=9-13 conjugated double
bonds studied by multidimensional spectroscopy — ∙Takeshi
Miki, Marie S.Marek, Tiago Buckup, and Marcus Motzkus —
Physikalisch-Chemisches Institut, Ruprecht-Karls-Universität Heidel-
berg, D-69120 Heidelberg, Germany
All-trans carotenoids are ubiquitous biomolecules with a central func-
tion in photobiology. Detailed investigation of the initial energy dis-
sipation pathway following photo-excitation in carotenoids proved to
be challenging for ultrafast optical spectroscopy. In this work, we
apply pump-degenerate four wave mixing (pump-DFWM) to a series
of carotenoids with the conjugated double bond lengths from N = 9
(neurosporene), 10 (spheroidene), 11 (lycopene) and 13 (spirilloxan-
thin). We concentrate on the initial ultrafast dynamics (< 1 ps) and
how high-frequency modes evolve in this time window. Raman active
modes differ on the dependence of their amplitude and frequency on the
population relaxation. For shorter chain carotenoids, high-frequency
Raman active modes are present directly after the excitation of S2
and showed less pronounced dependences on the population relaxation
than the modes in the longer chain carotenoids, where state specific
modes can be clearly identified.

MO 14.20 Tue 16:00 Empore Lichthof
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Shot-to-shot data acquisition at 100 kHz for high-repetition
pump–probe experiments — ∙Florian Kanal, Sabine Keiber,
Reiner Eck, and Tobias Brixner — Institut für Physikalische
und Theoretische Chemie, Universität Würzburg, Am Hubland, 97074
Würzburg
For laser systems with low repetition rates near 1 kHz it is easily pos-
sible to record transient absorption data via shot-to-shot techniques.
State-of-the-art CCD cameras allow for broadband acquisition of every
single probe pulse in the ultraviolet and visible spectral regime. By
blocking every second pump pulse transient absorption changes can be
monitored with good signal-to-noise ratios. In order to decrease the
total measurement time high repetition rates are desirable. However,
shot-to-shot techniques near 100 kHz are challenging due to limitations
in CCD readout and mechanical shutter speed.

Here we present 100 kHz broadband shot-to-shot pump–probe spec-
troscopy. Using an ultrafast line camera in combination with a home-
built high-speed mechanical chopper, we achieve single-pulse detection.
This method combines the advantage of a broadband spectral detec-
tion with reduced measurement time.

MO 14.21 Tue 16:00 Empore Lichthof
Attosecond molecular dynamics — ∙Jesse Klei, Christian Nei-
del, Chung-Hsin Yang, Lukas Medisauskas, Martin Galbraith,
Misha Ivanov, and Marc Vrakking — Max-Born-Institut, Berlin
Ultrafast molecular dynamics have been investigated by employing
an XUV-IR pump-probe scheme. We probe the electron-electron or
electron-nuclear correlations on their natural attosecond timescale
by varying the time delay between the pump and probe pulses with
attosecond precision. The XUV radiation consists of a train of at-
tosecond pulses (APT) that are generated by the process of high har-
monic generation (HHG). Using a velocity map imaging spectrometer
(VMIS), angular resolved photoion and photoelectron measurements
are performed.

We report experiments, where the time-dependent polarization of
neutral molecules (N2, CO2 and C2H4) under the influence of a
moderately strong near-infrared laser field is monitored with attosec-
ond time resolution, showing pronounced oscillations with a half IR
cycle period in the parent molecular ion yield as a function of the
pump-probe delay. Furthermore, investigations into the dissociative
ionization of N2 are discussed. We show that the kinetic energy spectra
of the N+ fragment have a structure at low energies corresponding to
the vibrational levels of the ionic C2Σ+

𝑢 state of N2. Clear half IR cy-
cle period oscillation of the N+ yield can be seen in this energy range
due to the effect of attosecond electronic coherence in femtosecond
molecular dynamics.

MO 14.22 Tue 16:00 Empore Lichthof
Scanning Near-Field Femtosecond CARS Microscopy —
∙Mahesh Namboodiri, Tahir Zeb Khan, Günter Flachenecker,
Sidhant Bom, and Arnulf Materny — Research Center for Func-
tional Materials and Nanomolecular Science, Jacobs University, Cam-
pus Ring 1, D-28759 Bremen, Germany
Recently, organic semiconductors have attracted increasing attention,
e.g. for the fabrication of cheap solar cells. In these devices nano-
structures play an important role. The small size of these semicon-
ductor materials results in different electronic and vibrational proper-
ties when compared to bulk samples. Also the light induced dynam-
ics depends on size, shape and environment of the nano-structures.
In order to study these processes, femtosecond time-resolved optical
spectroscopy in resonance with electronic transitions is required. We
have used nonlinear femtosecond time-resolved Raman techniques to
obtain highly spatially resolved images in combination with near-field
microscopy. We present our first results of femtosecond coherent anti-
Stokes Raman scattering (fs-CARS) detected with sub-diffraction lim-
ited resolution. For this, a scanning near-field microscope with fiber
tips having apertures down to 200 nm were employed. SNOM-CARS
images of poly(3-hexylthiophene) (P3HT) nano-structures have been
obtained. A comparison between thin films (145 nm) and thick films
(1.5 𝜇m) of this organic semiconductor shows that especially the depth
resolution obtained with SNOM-CARS clearly surpasses the resolution
that can be obtained with high NA (≈ 1.2) objectives.
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Fs-Photoelectron spectroscopy of adenine and adenosine in
aqueous solution — ∙Franziska Buchner and Andrea Lübcke
— Max-Born-Institut Berlin

Interaction of ultraviolet light with DNA molecules may lead to pho-
todamage and consequently may cause development of cancer. Upon
excitation, natural DNA bases reveal ultrafast relaxation mechanisms
that prevent photodamage.

We report on the photoelectron spectra of adenine and adenosine
in aqueous solution including both the pump probe spectra and spec-
tra due to one-colour multi-photon ionization (pump-only and probe-
only). Sub-100 fs pulses of 266 nm are used to excite a 1 mmolar
buffered solution of adenine and adenosine. Delayed pulses in the range
of 238-248 nm (sub-100 fs) probe the excited state by photoionization.
The kinetic energy distribution of the electrons contains information
on the time-dependent binding energy of the excited state.

We will describe and interpret in detail the photoelectron spectra in
terms of the excited state dynamics of adenine and adenosine.

MO 14.24 Tue 16:00 Empore Lichthof
Charge oscillation controlled molecular excitation —
∙Hendrike Braun1, Tim Bayer1, Cristian Sarpe1, Robert
Siemering2, Philipp von den Hoff2, Regina de Vivie-Riedle2,
Thomas Baumert1, and Matthias Wollenhaupt1 — 1University
of Kassel, Institute of Physics and CINSaT, D-34132 Kassel, Germany
— 2Ludwig-Maximilians-Universität München, Departement Chemie,
D-81377 München, Germany
Direct manipulation of charge oscillations has emerged as a new per-
spective in chemical reaction control. Here we demonstrate in a joint
experimental and theoretical study, that the electron dynamics of a
molecule is efficiently steered by controlling the interplay of a driving
femtosecond laser pulse with the photo-induced charge oscillation on
the sub-cycle time scale. Specifically, we show how precision pulse
shaping is used to manipulate the coupled electron and nuclear dy-
namics in order to address different bound electronic target states in a
molecule. We present a strong field coherent control mechanism which
is understood in terms of a simple classical picture and at the same
time verified by solving the time-dependent Schrödinger Equation [1].
This mechanism is universally applicable and opens a wide spectrum
of applications in reaction control of complex systems [2].
[1] M. Wollenhaupt et al., JPPA 180, 248 (2006)
[2] M. Wollenhaupt, T. Baumert, Faraday Discuss. 153, 9-26 (2011)

MO 14.25 Tue 16:00 Empore Lichthof
Optimizing High Harmonic Generation - A Challenge for Op-
timal Control Theory — ∙Markus Kowalewski, Emil Kieri, and
Katharina Kormann — Division of Scientific Computing, Uppsala
University, Sweden
We theoretically investigate the possibility to omptimize the yield of
extreme ultra violet radiation generated by ultra-short and intense
infrared laser pulses in an atomic gas. Optimal control theory is em-
ployed to find an electric field which increases the intensity of the
emitted field in specific frequency range.

MO 14.26 Tue 16:00 Empore Lichthof
Hints at Glass Transitions in Free Water Clusters — ∙Adam
Piechaczek1, Martin Schmidt2, and Bernd von Issendorff1 —
1Fakultät für Physik, Universität Freiburg, Germany — 2Laboratoire
Aimé Cotton, Université Paris Sud, France
We studied caloric curves of free water clusters with different charge
centers by nanocalorimetry. We observed transitions, indicated by pro-
nounced excess heat capacities that vary with cluster size and the type
of impurity. The transition temperatures as well as their extrapolations
towards the bulk are close to glass transitions known for bulk-water
and water in nanopores, but they are far below any melting and freez-
ing points known for water under various conditions like crystalline
structure, pressure and different types of confinements or impurities.

For most of the investigated impurities, we observed an increase of
the transition temperatures with cluster size, which fits well to the
concentration dependence of glass transitions in various dilute aque-
ous solutions. An exception is the 𝑎𝑛𝑖𝑙𝑖𝑛𝑒+-water system. Here, the
size dependence is less pronounced. The location of the charge cen-
ter, which is in this case on the aniline molecule outside of the water
cluster, might be responsible for observed difference.

We applied two different techniques of nanocalorimetry. We use
photo-excitation calorimetry for water clusters with excess electron
and for those with the charging impurities 𝑂−

2 and 𝑎𝑛𝑖𝑙𝑖𝑛𝑒+. We
excited protonated water clusters that do not provide sufficient photo-
absorption cross-sections by multi-collisions with rare gas atoms.
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Linear and nonlinear spectroscopy of size selected silver clus-
ters on surfaces — ∙Martin Tschurl, Philipp Heister, To-
bias Lünskens, and Ueli Heiz — Technische Universität München,
Lehrstuhl für physikalische Chemie
It has been shown that the catalytic activity of small metal clusters
vary by orders of magnitude upon addition of a single metal atom.
Through a precise knowledge of the electronic structure and geome-
try from spectroscopic studies a better understanding of the interplay
between the electronic and geometrical structure and the catalytic
activity of the clusters may be gained. Therefore we use different
spectroscopic methods to investigate size selected metal clusters on
surfaces under UHV conditions. Highly sensitive techniques such as
surface Cavity Ring-Down spectroscopy (s-CRD) and surface Second-
Harmonic-Generation spectroscopy (s-SHG) are applied for obtaining
the optical properties of the clusters. This study mainly focuses on
the size and shape dependent electronic structures and plasmon-like
transitions of small deposited Ag-clusters. By monitoring these plas-
mon oscillations further information about oxidation and reduction
of the supported size selected clusters can be obtained. In addition,
cluster-plasmon size effects are studied and a behavior of their optical
properties with their geometric structure is observed.

MO 14.28 Tue 16:00 Empore Lichthof
Benzene activation and H/D isotope effects in reactions of
size selected iron, cobalt and nickel cluster ions — Chris-
tine Merkert, ∙Jennifer Mohrbach, Matthias Tombers, Lars
Barzen, Maximilian Gaffga, and Gereon Niedner-Schatteburg
— Fachbereich Chemie and Forschungszentrum OPTIMAS, Technis-
che Universität Kaiserslautern, 67663 Kaiserslautern, Germany
A Penning ion trap served to investigate the reaction of size selected
transition metal cluster ions in the size range 3<n<30 with ben-
zene and benzene-d6 under single collision conditions. We performed
kinetic studies by Fourier-Transform Ion-Cyclotron-Resonance (FT-
ICR) mass spectrometry on anionic and cationic iron, cobalt and nickel
clusters. Kinetic Isotope Effects KIE(n) in total reaction rates are in-
verse, Dehydrogenation Isotope Effects DIE(n) are predominantly nor-
mal. A multistep model of adsorption and stepwise dehydrogenation
from the precursor adsorbate proves suitable to rationalize the found
KIEs and DIEs in principle[1].

[1] M. Tombers, L. Barzen, G. Niedner-Schatteburg, Inverse H/D
isotope effects in benzene activation by cationic and anionic cobalt
clusters, accepted at Journal of Physical Chemistry
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Investigation of the helium dimer and trimer in strong
laser-fields — Jörg Voigtsberger1, Jasper Becht1, Na-
dine Neumann1, Felix Sturm1,2, Maksim Kunitski1, Anton
Kalinin1, Jian Wu3, Stefan Zeller1, Markus Schöffler1,
Wieland Schöllkopf4, Dario Bressanini5, Achim Czasch1,
Lothar Schmidt1, ∙Maximilian Schütt1, Robert Grisenti1,
Till Jahnke1, and Reinhard Dörner1 — 1Goethe Universität
Frankfurt a. M., Institut für Kernphysik, Frankfurt, Germany —
2Lawrence Berkeley National Laboritory, Chemical Sciences Devision,
Berkeley, USA — 3East China Normal University, State Key Lab of
Precision Spectoscropy, Shanghai, China — 4Fritz-Haber-Institut der
Max-Planck-Gesellschaft, Department of Molecular Physics Atom and
molecule optics, Berlin, Germany — 5University of Insubria, Depart-
ment of Chemical and Environmental Sciences, Como, Italy
In a free gas expansion small helium clusters were produced at low
temperatures. Passing a transmission diffraction grating they are sep-
arated into pure dimer respectively trimer jets. After ionization with
a Ti:Sa Laser, the Coulomb exploding fragments were measured with
the COLTRIMS technique, giving direct access to the vibrational wave-
function and structure of the small clusters.

MO 14.30 Tue 16:00 Empore Lichthof
Isomer-Selective Double Resonance Spectroscopy: Isolating
the Spectral Signatures of 𝐻+ · (𝐻2𝑂)7 Isomers — Nadja
Heine, ∙Matias R. Fagiani, Torsten Wende, and Knut R. As-
mis — Fritz-Haber-Institut der Max-Planck Gesellschaft, Faradayweg
4-6,14195 Berlin, Germany

Understanding how protons are hydrated remains an important and
challenging research area. The anomalously high proton mobility of
water can be explained by a periodic isomerization between the Eigen,
𝐻3𝑂+(aq), and Zundel, 𝐻2𝑂 · ·𝐻+ · ·𝑂𝐻2(aq), binding motifs, even
though the detailed mechanism is more complex. These rapidly inter-
converting structures from the condensed phase can be stabilized, iso-
lated and studied in the gas phase in the form of protonated water clus-
ters. The smallest protonated water clusters that exhibits structural
isomers related to the Eigen and Zundel motifs experimentally is the
protonated water hexamer 𝐻+(𝐻2𝑂)6. For the heptamer, 𝐻+(𝐻2𝑂)7,
the presence of at least three isomers has been suggested but, due to
spectral congestion, these could not be unambiguously assigned. Here,
we present results on isomer-selective infrared/infrared (IR/IR) dou-
ble resonance experiments on 𝐻+(𝐻2𝑂)7. Protonated water clusters
are formed by electrospray ionization, mass-selected, cooled to cryo-
genic temperatures and messenger-tagged (𝐻2) in a buffer gas filled
ion trap. Isomer-selective IR photodissociation spectra are measured
from 2880−3850𝑐𝑚−1 by population-labeling IR/IR double resonance
spectroscopy. Aided by electronic structure calculations four isomers,
three Eigen and one Zundel-type isomers, are identified.

MO 14.31 Tue 16:00 Empore Lichthof
Cluster Mass Spectroscopy at PIPE — Ivan Baev, Steffen Pa-
lutke, Karolin Mertens, ∙Stephan Klumpp, and Michael Mar-
tins — Institut für Experimentalphysik, Universität Hamburg
Metal clusters of various type have great variations of their proper-
ties, like their geometric structure, their magnetism or their catalytic
behavior. Especially, not looking on different members of the peri-
odic table, but on clusters of the same elements but different number
of atoms (each atom counts). Using the ICARUS cluster source we
produced a beam of small metal clusters of kinetic energy between
500eV and 2000eV of different atom species, like Fe, Co, FeRh, etc.,
and mixed these clusters at two different points, within the source it-
self, and right after the source, with reactive gases, like O2, CO or
N2O. The resulting reactants were mass-to-charged analyzed with the
1.5T ion preparation dipole magnet of PIPE (Photo-Ion-Spectrometer
at PETRA III) at P04, DESY. In first commissioning measurements
with Xe+ ions it could be shown the mass resolution of this magnet
varies between 𝑚/Δ𝑚 ≈ 170 − 920 only depending on the width of
the exit slits. We will present mass spectra of the reaction between
the produced clusters and the used reactive gases depending on differ-
ent parameters, like ion beam kinetic energy, reactive gas pressure and
interaction volume in the cluster source.

MO 14.32 Tue 16:00 Empore Lichthof
Excitation Energy and Temperature Dependent Photolu-
minescence of Diamondoids — ∙Andre Knecht1, Robert
Richter1, Torbjörn Rander1, Tobias Zimmermann1, Andrea
Merli1, David Wolter1, Philipp Reiß2, Arno Ehresmann2, Pe-
ter Schreiner3, and Thomas Möller1 — 1Institut für Optik und
Atomare Physik, Technische Universität Berlin — 2Institut für Physik,
Fachbereich Universität Kassel — 3Institut für Organische Chemie der
Justus-Liebig-Universität Giessen
Diamondoids are perfectly mass and size selected, hydrogen passivated,
sp3-hybridized nano-carbon-cages. Through chemical functionaliza-
tion their optical luminescence and absorption properties can be in-
fluenced. Diamondoids have negative electron affinity and are of in-
terest for electronic applications like self-assembeld monolayer as field
emitters. We used synchrotron radiation to measure the fluorescence
yield, absorption and luminescence spectra of samples like adaman-
tane, 1-methyladamantane and(2,2*)-biadamantanyl. The compounds
were brought into the gas phase using a heatable target cell. The
luminescence spectra show vibronic transistions. To study the ther-
mally inhomogeneous broading of the features and spectral congestion
due to intramolecular vibrational redistribution, excitation energy and
temperature-dependent measurements were performed. In addition,
calculations on the density functional theory level were performed. We
conclude that the excess energy provided by an absorbed photon is re-
distributed entirely before luminescence takes place. This technique
allows us to probe caloric properties at a nanoscopic level.


