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FTIR and EPR Studies of the Adsorption Complexes of Ben-
zene and Oxygen on Cu/HZSM5 Zeolites — •Augusta Ene,
Tanja Archipov, and Emil Roduner — Institute of Physical Chem-
istry, University of Stuttgart

Today phenol is produced mostly by the Cumene process, a three-step
process which yields phenol and acetone in an 1:1 ratio. An alternative
to this synthesis is the oxidation of benzene to phenol with molecu-
lar oxygen on Cu-exchanged zeolite catalysts. In order to understand
the catalytic process on a molecular level one needs to understand the
structures and geometry of the reactants on the surface. Vibrational
spectroscopy offers information on both the strength of the acid sites
and the nature of the adsorbate. Thus we study the adsorption com-
plexes of benzene and oxygen on Cu-containing and Cu-free HZSM-5
zeolites by means of FTIR spectroscopy in order to determine the
orientation of the adsorbed molecules on the zeolite surface. As the
Cu2+ ions (3/2 spin) are EPR active, the oxidations state of Cu can
be observed as well. Information on the surroundings of the active
Cu species can be gained from the g and hyperfine anisotropy, offering
us the chance to determine which Cu containing sites are more active
during the catalytic process.

CPP 22.2 Wed 16:00 Poster B
Revealing the Electron-Phonon Coupling in a Conju-
gated Polymer by Single-Molecule Spectroscopy — •Richard
Hildner1, Ulrich Lemmer2, Ullrich Scherf3, Marin van Heel4,
and Jürgen Köhler1 — 1Experimentalphysik IV, Universität
Bayreuth, 95440 Bayreuth, Germany — 2Lichttechnisches Insti-
tut, Universität Karlsruhe (TH), 76131 Karlsruhe, Germany —
3Fachbereich C, Universität Wuppertal, 42097 Wuppertal, Germany
— 4Department of Biological Sciences, Imperial College London, Lon-
don SW7 2AY, United Kingdom

The efficiency of charge- and energy-transfer processes in π-conjugated
polymers is strongly determined by their electron-phonon coupling
strength. However, the inherent pronounced structural disorder as
well as the strong spectral diffusion in this class of functional materials
prevented a direct determination of this parameter as yet. Here we em-
ploy single-molecule spectroscopy in combination with pattern recogni-
tion techniques which allows us to retrieve the profile of the electronic
spectrum and concomitantly the electron-phonon coupling strength
in a methyl-substituted ladder-type poly(para-phenylene) (MeLPPP).
From these data we find a weak electron-phonon coupling for this poly-
mer at low temperatures consistent with the fast excitation energy
transfer processes that have been observed for this polymer. More-
over, we find strong evidence that the low-frequency vibrational modes,
which are coupled to the electronic transitions, stem from vibrations
of the surrounding host matrix indicating an even weaker intra-chain
electron-phonon coupling in MeLPPP.

CPP 22.3 Wed 16:00 Poster B
Fluorescence Lifetime Imaging Microscopy (FLIM) in the
Frequency Domain — Wilhelm Hüttner and •Lothar Kador —
Universität Bayreuth, Physikalisches Institut und Bayreuther Insitut
für Makromolekülforschung (BIMF), 95440 Bayreuth

We report the design and construction of a confocal fluorescence
lifetime imaging microscope (FLIM) based on a cw laser which is
amplitude-modulated in the MHz range. Fluorescence lifetimes are
calculated from the phase shift between the fluorescence signal and
the excitation. The concept is inspired by a recent publication by
Booth and Wilson [1] and allows one to choose different modulation
frequencies between about 28 and 50 MHz. First experimental data
are presented for blotting paper stained with a laser dye.

[1] M. J. Booth and T. Wilson, J. Microsc. 214, 36 (2004).

CPP 22.4 Wed 16:00 Poster B
Mapping the Diffusional Landscape of a Porous Nanostruc-
ture — •Johanna Kirstein, Andreas Zürner, Steffen Schmidt,
Markus Döblinger, Thomas Bein, and Christoph Bräuchle —
Dept. Chemie und CeNS, LMU München, Germany

Single Molecule Spectroscopy (SMS) is used in combination with
Transmission Electron Microscopy (TEM) to trace out the internal
structure of mesoporous thin films and to gain insight into the diffu-

sion dynamics with respect to the underlying structure of the host.
Individual dye molecules acting as molecular beacons are incorporated
into the pores and their diffusion pathway through the pore system is
observed by optical widefield microscopy. However, structural features
on the nanometer scale can not be observed by optical methods. To
resolve the pore structure in detail TEM measurements are needed.
Usually, the sample preparation for TEM is either time-consuming,
when it involves the preparation of cross-sections, or it lifts the film
off its substrate by scratching. With such methods it is thus not pos-
sible to directly correlate the nanopore structure of the film and the
trajectories of the dye molecules obtained by SMS.

Here, we present the synthesis of thin mesoporous films loaded with
fluorescent dye molecules that can be successively investigated by opti-
cal widefield microscopy and TEM. We developed a method to overlay
the images obtained by the two methods. This is the first time that
dynamical information from single particle diffusion can be directly
correlated with the structural details of the porous host obtained by
TEM.

CPP 22.5 Wed 16:00 Poster B
Tunneling Events in Methyl-Substiuted Terrylene in a Hex-
adecane Matrix — •Alfred Sigl1, Andre Gourdon2, Michel
Orrit3, and Josef Friedrich1 — 1TUM, München, Germany —
2CEMES, Toulouse, France — 3MoNOS, Leiden, Netherlands

We investigated methyl-substituted terrylenes in a crystalline hexade-
cane matrix via hole-burning and single-molecule spectroscopy with
the goal to detect single rotational tunneling events of the methyl
group. A methyl group is a perfect tunneling system since there is no
energy asymmetry. The rotational tunneling states correlate strictly
with the nuclear spin states of the hydrogens. The hole burning ex-
periments show a very unusual pattern: symmetric to the central hole
appear two extremely sharp (200 MHz broad) antiholes, two broader
antiholes and two sideholes. We associate the sharp antiholes, shifted
by 1.3 GHz from the central hole, with the rotational tunneling states
of the terrylene methyl group and the remaining features (5.1 and 6.4
GHz from the central hole) with a structural Two Level System involv-
ing the hexadecane lattice. The jumps in the frequency trajectories of
single β-terrylene molecules reflect the 5.1 and 6.4 GHz features found
in the hole-burning experiments. However, light-induced frequency
jumps of single molecules corresponding with the 1.3 GHz features
could not be detected. A possible reason could be that the high inten-
sities in the single-molecule experiment pump the tunneling system to
one of its substates.

CPP 22.6 Wed 16:00 Poster B
Incorporation of in vitro Synthesized GPCRs into Peptide
Tethered Artificial Membran Sensor Platforms — •Rudolf
Robelek1, Marcel Leutenegger2, Theo Lasser2, Wolfgang
Knoll1, and Eva-Kathrin Sinner1 — 1Max-Planck-Institute for
Polymer Research; Ackermannweg 10; 55128 Mainz; Germany —
2Laboratoire d’optique biomédicale; EPFL; Lausanne; Switzerland

In the last decade the optical spectroscopy techniques and biosensors
have made a tremendous progress. Against this background it strikes
that the study of complex membrane proteins, including the pharmaco-
logically very important class of G protein coupled receptors, is rarely
covered by this development. The main reason therefor is the difficult
accessibility and availability of these proteins in biosensoric systems
that are adapted for optical spectroscopic techniques. To overcome
the named problems we here present a new concept using an in vitro
expression strategy to directly insert complex membrane proteins into
peptide tethered lipid bilayers. The result of this approach, which is
demonstrated for the odorant receptor OR5, is a vectorial insertion
of the protein under full conservation of its biological function. The
protein / biosensor system can then be characterized in detail by dif-
ferent kinds of optical spectroscopic techniques. In our case we applied
SPFS, SEIRAS and TIRF-Imaging to characterize the odorant recep-
tor OR5 in a peptide tBLM. The successful transfer of this concept to
further protein examples indicates, that the presented strategy could
be a versatile platform to make the broad field of complex membrane
proteins available to a multitude of optical spectroscopic techniques.

CPP 22.7 Wed 16:00 Poster B
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Optical properties of rubrene crystals and films as a function
of temperature — Olga Krylova1, Domink Berg1, •Matthias
Müller1, Jens Pflaum2, and Moritz Sokolowski1 — 1Institut
für Physikalische und Theoretische Chemie, Universität Bonn, — 23.
Physikalisches Institut, Universität Stuttgart

We have investigated the optical absorption and photoluminescence
(PL) of high quality rubrene (Rub) single crystals and thin vacuum
deposited Rub films as a function of temperature. Interestingly, very
strong changes are found in the PL spectra of Rub crystals upon cool-
ing. Whereas room temperature (RT) spectra show the strongest emis-
sion at about 2000 cm−1 below the electronic origin, spectra at low
temperatures (LT), i.e., 5 K, have a very strong emission on the elec-
tronic origin and are very similar to spectra of thin Rub films. Going
to low T increases the PL yield by a factor of more than 100. These
results are tentatively interpreted with an emission from H-aggregates
at RT and from J-aggregates at LT. A detailed comparison with the
spectra of Rub films and Rub in solution will be given. Funding by
the DFG research unit 557 is acknowledged.

CPP 22.8 Wed 16:00 Poster B
Diffusion of biomolecules in mesoporous silica materials
— •Timo Lebold, Christophe Jung, Johanna Kirstein, Lea
Mühlstein, Thomas Bein, and Christoph Bräuchle — Center
for Nanoscience, Ludwig-Maximilians-Universität München, Depart-
ment Chemie und Biochemie, Butenandtstraße 5-13, Haus E, 81377
München, Germany

Nanoporous channel systems, for example M41S-materials, form a class
of very promising host systems. Various guests can be embedded into
their pores. A highly interesting application could be drug-delivery
systems based upon such mesoporous silica materials. However, an
essential prerequisite for the development of such systems is the de-
tailed knowledge of the molecular dynamics and the host-guest in-
teractions within the porous network. The diffusional behaviour of
fluorescent molecules is elucidated in our group by highly-sensitive
single-molecule microscopy techniques: wide-field and confocal fluo-
rescence microscopy. They provide a unique insight into the molecular
trajectories and the underlying mechanisms. This study focuses on flu-
orescently labelled biomolecules which are incorporated as guests into
calcined mesoporous structures as well as structures with an internal
functionalization of the pores. Their dynamics and their interaction
with the pore inner surface are investigated in detail. This allows us
to characterize the diffusion processes that are essential for the re-
lease of biomolecules from mesoporous silica materials in their role as
drug-delivery systems.

CPP 22.9 Wed 16:00 Poster B
Femtosecond Resolved Transient Absorption Spectroscopy
of Silicon Quantum Dots — •Volker Kuntermann1,2,
Carla Cimpean1, Dietrich Haarer2, and Carola Kryschi1

— 1Department for Physical Chemistry I, Friedrich-Alexander-
Universität — 2Experimentalphysik/BIMF, Universität Bayreuth

We report about femtosecond resolved transient absorption spec-
troscopy of quantum dot semiconductor nanoparticles. The silicon
nanoparticles with a diameter of 5 nm were synthesized by a gas phase
process. The diameter is in the order of the exciton radius. The time
resolved experiments are always in the limit of strong confinement.
Performing stationary fluorescence spectroscopy we find two charac-
teristic bands, which arise on the one hand from bulk excitons of the
nanoparticles and on the other hand from surface states in the outer
shell. The basis for all possible applications, e.g. photovoltaics, is a
well defined and stable surface. With time resolved spectroscopic in-
vestigations we get insight in the surface quality and in the passivation
of the quantum dots since the observed surface luminescence is highly
sensitive to physisorbed compounds (e.g. different functionalisations).

CPP 22.10 Wed 16:00 Poster B
Photothermal Microscopy of Single Gold Nanoparticles in
Polymers — •Romy Radünz and Frank Cichos — Molecular
Nanophotonics, Universität Leipzig, Linnéstraße 5, 04103 Leipzig

Photothermal microscopy is an optical imaging technique, which is
based on the release of heat of an absorbing nanoobject to its local
surrounding. The temperature rise in the surrounding induces a local
refractive index change, which can be detected optically. Thus non-
fluorescent nanoobjects such as gold particles of only a few nanometer
in size become visible. It is generally expected that the photothermal
signal scales with the volume of the nanoobject due to the depen-

dence of the absorption cross-section on the volume. We show that
this relation does not hold due to the influence of the nanoparticle
surface on the heat transfer from the gold particle to the environment.
Numerical calculations and experimental results demonstrate that the
dependence of the photothermal signal on the particle size is weaker
than expected due to the surface conductivity of the nanoparticle. As
a consequence, this type of experiments provides new routes to explore
local thermal properties as well as the physics of heat conduction on
the nanoscale.

CPP 22.11 Wed 16:00 Poster B
Vibrational Sum Frequency Scattering on Biomedical Poly
(lactic acid) Microspheres — •albert sugiharto1, claes mag-
nus johnson1, marc smits2, johannes nijsen3, and sylvie roke1

— 1MPI for Metals Research, Stuttgart, Germany — 2FOM-Institute
AMOLF, Amsterdam, The Netherlands — 3Departement of Nuclear
Medicine, University Hospital, Utrecht, The Netherlands

Biodegradable poly(lactic acid)(PLA) microspheres have recently been
applied as a medicine against liver cancer [1]. In this proposed treat-
ment, one injects polymer particles loaded with radioactivated heavy
metal (Ho) complex into hepatic artery. The particles are transported
to the tumor site, and from there irradiate and destroy the tumor cells.
To understand the interaction of these particles with the body, it is im-
portant to investigate the bulk and surface structure of these particles
on a detailed molecular level.

We have probed the particle structure using vibrational sum fre-
quency scattering [2], a novel technique that combines all the advan-
tages of vibrational sum frequency generation (SFG) with light scat-
tering. This means one can obtain information about both the bulk
and the surface structure on the molecular level as well as particle
shape and size.We find that the PLA microspheres consist of crystal-
lite domains, in which two adjacent helical PLA chains are arranged
anti-parallel to each other. Furthermore we observed crucial structural
changes between microspheres with and without medicinal complex.

[1] J.F.W. Nijsen et al., Eur. J. Nucl. Med. 26, 699 (1999)
[2] S. Roke et al., Phys. Rev. Lett. 91, 258302 (2003)

CPP 22.12 Wed 16:00 Poster B
Characterization of novel acceptor materials for pho-
tovoltaic application by optical spectroscopy methods
— •Moritz Liedtke1,2, Andreas Wörle1, Johannes Sieger1,
Carsten Deibel1, Vladimir Dyakonov1,2, Ingo Riedel2, and
Nazario Martin3 — 1Experimental Physics VI, Physical Institute,
Julius-Maximilians University of Würzburg, Am Hubland, D-97074
Würzburg, Germany — 2Div. Functional Materials for Energy Tech-
nology, ZAE Bayern e.V., Am Hubland, D-97074 Würzburg, Germany
— 3Departamento de Quimica Organica, Facultad de Quimica, Uni-
versidad Complutense, E-28040 Madrid, Spain

Polymer-Fullerene composites are used in photovoltaic applications
due to their efficient charge carrier generation. One approach to im-
prove power efficiencies of bulk heterojunction solar cells are new mate-
rial combinations in which the low absorbing C60 derivative (PCBM)
is replaced by an optically active C70 based methanofullerne. We
compared blends of poly(3-hexylthiophene) (P3HT) and [6,6] phenyl-
C61-butyric acid methyl ester to blends of two C70 based fullerene
molecules mixed with P3HT. We studied the formation of excited
states, their lifetimes and charge transfer reactions with respect to
blend ratio and temperature by optical spectroscopy techniques such
as photoinduced absorption (PIA) and frequency dependent PIA mea-
surements.

CPP 22.13 Wed 16:00 Poster B
Photophysics of functionalized perylenbisimides as building
blocks for dye - quantum dot nanoassemblies — •Daniela
Täuber, Danny Kowerko, Jörg Schuster, and Christian von
Borczyskowski — Center of nanostructured materials and analytics,
TU-Chemnitz, 09107 Chemnitz

Organic - inorganic building blocks promise numerous applications in
nanoelectronics, biology and physics. Organic dye molecules in com-
bination with semiconductor quantum dots are good candidates to
study chemistry and physics of organic-inorganic interfaces at molec-
ular level. However, characterization of such complexes first requires
careful analysis of the elementary building blocks. Thus we report here
on polarization resolved single molecule spectroscopy as a powerful tool
for characterizing the different rotational and conformational dynam-
ics of functionalized perylenebisimides. Such functionalized dyes with
different anchor groups are used by us in prototype dye quantum dot
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nanoassemblies. Perylenebisimide dyes are known to show rich dynam-
ics, including intramolecular flips which will result in intensity fluctu-
ations. Polarization resolved detection allows for a discrimination of
those intramolecular flips against rotations of the complete molecule.

CPP 22.14 Wed 16:00 Poster B
Single-laser-pulse-induced switching of molecular spin states
— •Sébastien Bonhommeau1, Niko Pontius1, Hermann Dürr1,
Wolfgang Eberhardt1, Saioa Cobo2, Gabor molnár2, and Azze-
dine Bousseksou2 — 1Berliner Elektronenspeicherring-Gesellshaft
für Synchrotronstrahlung m.b.H (BESSY), Albert-Einstein-Straße 15,
12489 Berlin, Germany — 2Laboratoire de Chimie de Coordination,
CNRS UPR-8241, Route de Narbonne 205, 31077 Toulouse, France

Light-induced phenomena in spin crossover complexes have aroused a
lot of interest since the discovery of the LIESST (Light-Induced Ex-
cited Spin State Trapping) effect in solid state. Here, we demonstrate
by means of Raman spectroscopy that a bi-directional spin transi-
tion can be obtained at room temperature when applying a nanosec-
ond laser pulse in the hysteresis loop of the spin crossover complex
Fe(pyrazine)[Pt(CN)4]. This phenomenon is interpreted as a photo-
induced phase transition exhibiting a threshold energy density. In
order to provide a deeper insight on the electronic properties of such
polymeric materials, X-ray photoemission and absorption experiments
have also been performed on a multilayer assembly of thin films of
Fe(azopyridine)[Pt(CN)4] that display spin crossover. This informa-
tion is of paramount importance to shed new light on the photo-
induced dynamics, in the subpicosecond time scale, which will be inves-
tigated using the femtoslicing facility now available at BESSY GmbH.

CPP 22.15 Wed 16:00 Poster B
Spectra of molecular aggregates and energy transfer dynam-
ics: a novel approach — •Lars Erik Würflinger, Wolfgang
Wolff, and Walter Strunz — Physikalisches Institut, Universität

Freiburg, Hermann-Herder-Straße 3, D-79104 Freiburg

Although dye polymer aggregates have been studied since the mid-
thirties (J-band), in the last few years there has been a feverish re-
awakenig of interest in this area [1, 2]. Based on a recently developed
stochastic Schrödinger equation [3], we study exiton transfer dynamics
fully including the influence of intramolecular vibrations of arbitrary
spectral density. The efficiency of our approach allows us to calculate
absorption spectra of aggregates composed of an arbitrary number of
monomers. Furthermore we are able to describe the full range from
coherent to incoherent transfer in a unified way.
[1] V. May, O. Kühn, Charge an Energy Transfer Dynamics in Molec-
ular Systems (Wiley-VCH)
[2] A. Eisfeld, J. S. Briggs, Chem. Phys. 281, 61, Chem. Phys. 324,
376
[3] T. Yu, L. Diósi, N. Gisin, W.T. Strunz, Phys. Rev. A 60, 91

CPP 22.16 Wed 16:00 Poster B
Monitoring of Single-Chromophor Lifetime Fluctuations by
Single-Photon Autocorrelation — Ruben Schmidt1, •Thomas
Blaudeck1, Achim Gruber1,2, and Frank Cichos1,2 — 1Photonics
and Optical Materials, TU Chemnitz, 09107 Chemnitz, Germany —
2Molecular Nanophotonics, 04103 Leipzig, Germany

We report on a technique of time-resolved single-photon counting to
monitor the fluctuations in the fluorescence lifetime of single chro-
mophors. When analyzing the single-photon data in terms of a
lifetime-intensity correlation, fluctuations can be assigned to either the
radiative or the non-radiative decay rate of the excited state. In partic-
ular, the case of highly non-exponential fluorescence decays observed
for semiconductor nanocrystals is discussed. Here, single-photon au-
tocorrelation allows to assign a change of the fluorescence lifetime on
the timescale of several microseconds. This reveals the emissive state
to be rather a distribution of states than a single one.


