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Overview of Invited Talks and Sessions
(lecture rooms H1, H34, H39 and H40; Poster C)

Plenary and Prize Talks related to Division CPP

PV II Mon 14:00–14:45 H1 Exploring the Functionality of Advanced Materials through Scanning
Transmission Electron Microscopy — ∙Stephen Pennycook

PV VII Tue 14:00–14:45 H15 Self-assembly, Self-organization and Control of Colloidal Suspensions
— ∙Sabine H. L. Klapp

PV XII Wed 14:00–14:45 H15 Novel Strategies for the Assembly of Quasicrystals: Epitaxial Growth
of Three-dimensional Nanoporous Frameworks — ∙Christof Wöll

PV XV Thu 13:15–13:45 H1 Near Field Optics – Science of the ”Invisible Light” — ∙Wolfgang
Dieter Pohl

PV XVIII Fri 8:30– 9:15 H1 Templated Self-assembly of Block Copolymer Films — ∙Caroline Ross

Invited Talks

CPP 1.1 Mon 9:30–10:00 H34 Rich variety of polymer dynamics in nanocomposites — ∙Gerald Jo-
hannes Schneider

CPP 1.7 Mon 11:30–12:00 H34 Photonic structures based on responsive nanoparticle/microgel hybrids
— ∙Thomas Hellweg

CPP 2.1 Mon 9:30–10:00 H40 Langmuir monolayers as physical models in bio- and nanoscieces —
∙Helmuth Möhwald, Gerald Brezesinsky

CPP 5.1 Mon 15:00–15:30 H34 Intra- and inter-molecular dynamics in glass-forming liquids —
∙Periklis Papadopoulos, Wilhelm Kossack, Friedrich Kremer

CPP 6.1 Mon 15:00–15:30 H40 a molecular picture of charge-transfer processes at donor-acceptor in-
terfaces in organic solar cells — ∙Jean-Luc Bredas

CPP 6.4 Mon 16:00–16:30 H40 High efficiency OLEDs based on delayed fluorescence — ∙Chihaya
Adachi

CPP 6.7 Mon 17:00–17:30 H40 The role of intermolecular hybridization in molecular electrical doping
— ∙Ingo Salzmann, Georg Heimel, Henry Méndez, Andreas Opitz,
Patrick Barkowski, Martin Oehzelt, Katrein Sauer, Norbert Koch

CPP 13.1 Tue 9:30–10:00 H34 Hierarchical Multi-Step Folding of Polymer Bilayers — Georgi Stoy-
chev, Sebastien Turcaud, John Dunlop, ∙Leonid Ionov

CPP 16.1 Tue 9:30–10:00 H40 Functional nanolayers made from colloidal building blocks — ∙Andreas
Fery

CPP 22.1 Wed 9:30–10:00 H34 Liquid drops on soft solids — ∙Jacco Snoeijer
CPP 22.7 Wed 11:30–12:00 H34 Wetting transitions in polymer decorated nanostructured surfaces —

∙Jürgen Rühe
CPP 23.1 Wed 9:30–10:00 H39 Polymers, rings and pores: A neutron scattering study — ∙Andreas

Wischnewski
CPP 24.1 Wed 9:30–10:00 H40 Factors determining the contact resistance in organic thin-film transis-

tors — Manfred Gruber, ∙Egbert Zojer, Ferdinand Schürrer, Karin
Zojer

CPP 26.1 Wed 15:00–15:30 H34 Leidenfrost Dynamics — ∙David Quéré
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CPP 28.1 Wed 15:00–15:30 H40 Self Organization of Colloidal Crystals and of Co-operative Propulsion
by Salt Gradient Induced Flows — ∙Thomas Palberg

CPP 39.1 Thu 9:30–10:00 H34 Influence of morphology on organic solar cell performance compar-
ing crystalline diindenoperylene (DIP) and its amorphous derivative
tetraphenyldibenzoperiflanthene (DBP) — Stefan Grob, Mark Gru-
ber, Ulrich Hörmann, ∙Wolfgang Brütting

CPP 40.1 Thu 9:30–10:00 H39 Collective van der Waals Interactions in Molecules, Solids, and Inter-
faces — ∙Alexandre Tkatchenko

CPP 40.3 Thu 10:15–10:45 H39 The influence of van der Waals interactions on the adsorption of pro-
teins to solid/liquid interfaces — ∙Hendrik Hähl

CPP 41.1 Thu 9:30–10:00 H40 Out-of-Equilibriumness of Light Activated Colloids — ∙jeremie
Palacci, Stefano Sacanna, Asher Preska Steinberg, Adrian Vatchin-
sky, Kasey Hanson, David Pine, Paul Chaikin

CPP 41.4 Thu 10:30–11:00 H40 Mesoscale Simulations of Active Colloids — ∙Gerhard Gompper
CPP 41.8 Thu 12:00–12:30 H40 Orientational Order and Packings of Non-Spherical Particles — ∙Klaus

Mecke, Rene Wittmann, Sebastian Kapfer, Gerd Schröder-Turk
CPP 43.1 Thu 15:00–15:30 H34 Quantum coherence controls the charge separation in a prototypical

artificial light harvesting system — ∙C. Lienau, S. M. Falke, C. A.
Rozzi, N. Spallanzani, A. Rubio, E. Molinari, D. Brida, M. Maiuri, G.
Cerullo, H. Schramm, J. Christoffers

CPP 44.1 Thu 15:00–15:30 H39 Dynamic reorganization of droplets: from Foams to Phonons — ∙Ralf
Seemann, Jean-Baptiste Fleury, Ulf D. Schiller, Shashi Thutupalli,
Ohle Claussen, Stephan Herminghaus, Gerhard Gompper, Martin
Brinkmann

CPP 44.7 Thu 17:00–17:30 H39 Wetting behaviour in inkjet printed droplets — ∙Patrick Smith,
Jonathan Stringer

CPP 45.1 Thu 15:00–15:30 H40 Interacing colloidal fluids self-assembled from supramolecular polymers
— Tingzi Yan, Klaus Schröter, Florian Herbst, Wolfgang Binder,
∙Thomas Thurn-Albrecht

CPP 47.1 Fri 9:30–10:00 H34 Ion transport in polyelectrolyte materials: Mechanisms and general
scaling concepts — ∙Monika Schönhoff, Cornelia Cramer, Souvik De,
Amrtha Bhide

CPP 48.1 Fri 9:30–10:00 H39 The distribution of segmental order in polymer networks — ∙Michael
Lang, Jens-Uwe Sommer

CPP 49.1 Fri 9:30–10:00 H40 Interface-controlled property adjustment in ionic liquid/inorganic hy-
brid materials — ∙Andreas Taubert

Symposium Charge Transfer Effects in Molecular Materials (SYCT)

SYCT 1.1 Mon 9:30–10:00 H1 A coarse grained QM/MM approach for the description of charge trans-
fer in complex systems — ∙Marcus Elstner

SYCT 1.2 Mon 10:00–10:30 H1 Identifying and resolving charge separation in organic solar cells —
∙Eberhard Riedle

SYCT 1.3 Mon 10:30–11:00 H1 Quantifying the energy of charge transfer states: From molecular crys-
tals to donor-acceptor blends — ∙Reinhard Scholz

SYCT 1.4 Mon 11:00–11:30 H1 Efficient Exciton Generation and Collection in Organic Solar Cells —
∙Mark Thompson, Cong Trinh, Steve Forrest, Jeramy Zimmerman

SYCT 1.5 Mon 11:30–12:00 H1 Electron transport in organic single-crystal transistors and Schottky-
gated heterostructures — ∙Alberto Morpurgo

Symposium Quantum Plasmonics (SYBD)

SYBD 1.1 Mon 15:00–15:30 H1 Functionalization and Pharmaceutical Aspects of Magnetic Nanoparti-
cles (Magnetic Carriers) — ∙Urs O. Häfeli

SYBD 1.2 Mon 15:30–16:00 H1 Fluid mechanical aspects of therapeutic application of suspensions of
magnetic nanoparticles — ∙Stefan Odenbach

SYBD 1.3 Mon 16:00–16:30 H1 Magnetic Particle Imaging: A new Medical Imaging Modality —
∙Thorsten Buzug
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SYBD 1.4 Mon 16:30–17:00 H1 Superparamagnetic iron oxide nanoparticles for MR-visible mesh im-
plants and novel drug targeting models — ∙Ioana Slabu, Anjali Roeth,
Christiane Kuhl, Thomas Schmitz-Rode, Martin Baumann

SYBD 1.5 Mon 17:00–17:30 H1 Magnetic measurement techniques assisting biomedical applications of
magnetic nanoparticles — ∙Lutz Trahms

Symposium Magnetic Nanoparticles in Biomedical Diagnostics and Therapy (SYMM)

SYMM 1.1 Thu 9:30–10:00 H1 Challenges for first-principles based computation of properties of oxide
materials — ∙Karsten Albe

SYMM 1.2 Thu 10:00–10:30 H1 Deformation and Fracture of Solids: Tough Nuts at Atomic and Contin-
uum Scales — ∙Peter Gumbsch, Matous Mrovec, Kinshuk Srivastava,
Daniel Weygand

SYMM 1.3 Thu 10:30–11:00 H1 Crucial Issues and Future Directions of Through-Process Modeling —
∙Guenter Gottstein

SYMM 1.4 Thu 11:00–11:30 H1 Adaptive Resolution Simulations for Soft Matter: Applications and
New Developments — ∙Kurt Kremer

SYMM 1.5 Thu 11:30–12:00 H1 Materials by design — ∙Markus Buehler

Sessions

CPP 1.1–1.13 Mon 9:30–13:30 H34 Nanoparticles and Composite Materials I
CPP 2.1–2.14 Mon 9:30–13:30 H40 Interfaces and Thin Films I (joint session with DECHEMA

and VDI)
CPP 3.1–3.5 Mon 12:15–13:30 H1 Charge Transfer Effects in Molecular Materials I (joint ses-

sion CPP/HL/BP/DS)
CPP 4.1–4.5 Mon 15:00–17:30 H1 SYBD: Magnetic Nanoparticles in Biomedical Diagnostics

and Therapy
CPP 5.1–5.9 Mon 15:00–17:30 H34 Glasses and Glass Transition I (joint session DY/CPP)
CPP 6.1–6.7 Mon 15:00–17:30 H40 Charge Transfer Effects in Molecular Materials II (joint ses-

sion CPP/HL/BP/DS)
CPP 7.1–7.6 Mon 17:15–18:45 H32 Organic Electronics and Photovoltaics I (joint session

DS/CPP/HL/O)
CPP 8.1–8.16 Mon 17:30–19:30 Poster C Poster: New Instruments and Methods
CPP 9.1–9.42 Mon 17:30–19:30 Poster C Poster: Interfaces and Thin Films (joint session with

DECHEMA and VDI)
CPP 10.1–10.8 Mon 17:30–19:30 Poster C Poster: Charge transfer effects in molecular materials (re-

lated to symposium SYCT)
CPP 11.1–11.15 Mon 17:30–19:30 Poster C Poster: Glasses and Glass Transition (joint session DY/CPP)
CPP 12.1–12.32 Mon 17:30–19:30 Poster C Poster: Nanoparticles and Composite Materials
CPP 13.1–13.12 Tue 9:30–13:00 H34 Biomaterials and Biopolymers I (joint session CPP/BP)
CPP 14.1–14.13 Tue 9:30–13:00 H39 Crystallization, Nucleation and Self Assembly I
CPP 15.1–15.12 Tue 9:30–12:45 H32 Organic Electronics and Photovoltaics II (joint session

DS/CPP/HL/O)
CPP 16.1–16.12 Tue 9:30–13:00 H40 Interfaces and Thin Films II (joint session with DECHEMA

and VDI)
CPP 17.1–17.11 Tue 9:30–12:30 H46 Glasses II (joint session DY/DF/CPP)
CPP 18.1–18.24 Tue 18:15–20:15 Poster C Poster: Polymer Dynamics
CPP 19.1–19.11 Tue 18:15–20:15 Poster C Poster: Crystallization, Nucleation and Self Assembly
CPP 20.1–20.36 Tue 18:15–20:15 Poster C Poster: Colloids and Complex Liquids
CPP 21.1–21.12 Wed 9:30–12:45 H2 Transport: Molecular Electronics (joint session

TT/CPP/HL/MA)
CPP 22.1–22.11 Wed 9:30–13:00 H34 Focus: Wetting on smooth and rough surfaces: From spread-

ing to superhydrophobicity I
CPP 23.1–23.12 Wed 9:30–13:00 H39 Polymer Dynamics
CPP 24.1–24.12 Wed 9:30–13:00 H40 Organic Semiconductors
CPP 25.1–25.11 Wed 9:30–12:45 H43 Biomaterials and Biopolymers II (joint session BP/CPP)
CPP 26.1–26.5 Wed 15:00–16:30 H34 Focus: Wetting on smooth and rough surfaces: From spread-

ing to superhydrophobicity II
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CPP 27.1–27.6 Wed 15:00–16:30 H39 Nanoparticles and Composite Materials II
CPP 28.1–28.5 Wed 15:00–16:30 H40 Crystallization, Nucleation and Self Assembly II
CPP 29.1–29.12 Wed 16:00–19:00 H33 Organic Electronics and Photovoltaics III (joint session

O/CPP/DS/HL)
CPP 30.1–30.14 Wed 16:30–18:30 Poster C Poster: Focus: Wetting on smooth and rough surfaces: From

spreading to superhydrophobicity
CPP 31.1–31.22 Wed 16:30–18:30 Poster C Poster: Organic Electronics and Photovoltaics (joint session

DS/HL/O/CPP)
CPP 32.1–32.15 Wed 16:30–18:30 Poster C Poster: Organic Semiconductors
CPP 33.1–33.15 Wed 16:30–18:30 Poster C Poster: Charged Soft Matter
CPP 34.1–34.23 Wed 16:30–18:30 Poster C Poster: Wetting, Micro and Nano Fluidics
CPP 35.1–35.5 Wed 16:30–18:30 Poster C Poster: Biomaterials and Biopolymers (joint session

BP/CPP)
CPP 36.1–36.8 Wed 16:30–18:30 Poster C Poster: (Hydro)gels and Elastomers
CPP 37.1–37.2 Wed 16:30–18:30 Poster C Poster: Focus: Van der Waals at soft matter interfaces:

structure and dynamics
CPP 38.1–38.5 Thu 9:30–12:00 H1 SYMM: Computational Challenges in Scale-Bridging Mod-

eling of Materials
CPP 39.1–39.12 Thu 9:30–13:00 H34 Organic Electronics and Photovoltaics IV (joint session

CPP/HL/O/DS)
CPP 40.1–40.5 Thu 9:30–11:15 H39 Focus: Van der Waals at soft matter interfaces: structure

and dynamics
CPP 41.1–41.10 Thu 9:30–13:00 H40 Colloids and Complex Liquids I
CPP 42.1–42.6 Thu 11:30–13:00 H39 New Instruments and Methods
CPP 43.1–43.13 Thu 15:00–18:45 H34 Organic Electronics and Photovoltaics V (joint session

CPP/HL/O/DS)
CPP 44.1–44.12 Thu 15:00–18:45 H39 Wetting, Micro- and Nanofluidics
CPP 45.1–45.13 Thu 15:00–18:45 H40 Colloids and Complex Liquids II
CPP 46.1–46.17 Fri 9:15–13:45 H2 Photovoltaics (joint session HL/CPP/O)
CPP 47.1–47.9 Fri 9:30–12:00 H34 Charged Soft Matter
CPP 48.1–48.9 Fri 9:30–12:00 H39 (Hydro)gels and Elastomers
CPP 49.1–49.9 Fri 9:30–12:00 H40 Colloids and Complex Liquids III

Annual General Meeting of the Chemical and Polymer Physics Division

Wednesday 19:00–20:00 H34

∙ Report

∙ Discussion about DPG Fellows

∙ Conference 2014 (suggestions for symposia and focus sessions?)

∙ CPP Poster prize

∙ Other topics

Annual Meeting of the DECHEMA and VDI ProcessNet “Grenzflächenbestimmte Systeme und
Prozesse”

Monday 19:00–20:00 PHY 5.0.21



Chemical and Polymer Physics Division (CPP) Monday

CPP 1: Nanoparticles and Composite Materials I

Time: Monday 9:30–13:30 Location: H34

Invited Talk CPP 1.1 Mon 9:30 H34
Rich variety of polymer dynamics in nanocomposites —
∙Gerald Johannes Schneider — Jülich Centre for Neutron Science,
Forschungszentrum Jülich, Outstation at FRM2, Lichtenbergstraße 1,
85747 Garching
Nanocomposites show prominent features in comparison with their re-
spective ingredients. These manifest themselves in a broad range of
applications ranging from reinforced rubber to energy related devices.
Despite their importance, the respective molecular mechanisms are
very complex and remain poorly understood. Particularly this is the
case, when attractive interactions of the chains with the surfaces are
involved, and e.g. immobilization of chains within an adsorbed layer
in the close vicinity of the particles is expected.

In a step toward a better understanding of nanocomposites, the
talk illuminates the microscopic polymer dynamics exploiting the high
spatial and time resolution of neutron scattering experiments. Using
neutron spin echo and time-of-flight spectroscopy, a broad dynamic
range – from the segmental relaxation up to the center of mass diffu-
sion of the polymer chains – is explored. This allows for an accurate
and detailed picture of the influence of the interaction strength on the
chain dynamics and in particular on the molecular motion within the
interphase, i.e. in the small layer of adsorbed chains.

CPP 1.2 Mon 10:00 H34
Investigation of particle-induced confinement effects on
free volume in PEP-Silica Nanocomposites — ∙Christian
Ohrt1, Tönjes Koschine1, Stephan Harms1, Klaus Rätzke1,
Franz Faupel1, Lutz Willner2, and Gerald Schneider3 —
1Materialwissenschaft-Materialverbunde , Universität Kiel, 24143 Kiel
— 2Jülich Centre for Neutron Sciene 1 and Institut for Complex
Systems Forschungszentrum Jülich, D-52425 Jülich — 3Forschungs-
Neutronenquelle Heinz Maier-Leibnitz 85747 Garching Germany
PPolymer nanocomposites are widely used due to improved properties
compared to pure polymers. Some of the improved properties can be
a result of a so called interphase, a part with a modified free volume,
resulting from the interaction between nanoparticles and polymer or
they can be a consequence of the restricted mobility of polymer chains
due to the nanoparticles, usually termed confinement. Positron anni-
hilation lifetime spectroscopy (PALS) can be used to investigate the
influence of nanoparticles in a polymer matrix on the free volume. We
analysed the change in free volume due to confinement in a weakly re-
pulsive system consisting of poly(ethylene-alt-propylene) (PEP) with
different molecular weights and silica nanoparticle concentrations by
PALS and thermal properties by DSC. DSC showed no change in glass
transition temperature, whereas PALS showed an increase in o-Ps life-
times for low temperatures and a decrease for high temperatures with
increasing filler concentration, which can be explained by a mixing rule
of o-Ps lifetimes of the pure constituents. Thus no interphase is formed
and the dynamics of the polymer are not affected by confinement.

CPP 1.3 Mon 10:15 H34
An unusual viscosity behaviour of the nanocomposites —
∙Marta Lungova, Wim Pyckhout-Hintzen, and Dieter Richter
— Forschungszentrum Julich, Germany
Many polymers have been modified by adding the suitable nanoparti-
cles resulting in a higher modulus and viscosity. However, some sys-
tems showed the opposite effect [1]. The reduced viscosity was also ob-
served on the system of linear PEO with PEO-grafted silica nanopar-
ticles where in a similar way, the size of the nanoparticles is in the
range of the tube diameter of the bulk polymer. The viscosity reduc-
tion becomes more evident with increasing Mw but crosses-over to the
opposite, reinforcement effect, for high Mw of the matrix. This is ap-
parently a function of the ratio between the radius of the nanoparticle
and the Rg of the bulk polymer.

The SANS experiment (ILL,France and FRM II, Germany) showed
that the polymer shell of the nanoparticle tends to be more swollen
in the matrix of low Mw whereas with increasing Mw of the bulk the
shell collapses and particles separate from the matrix resembling rigid
particles with the typical reinforcement effect. The dynamics of the
bulk polymer measured by NSE (ORNL, USA) were slowed down in a
system with higher viscosity.

This work is a part of the European project DYNACOP supported

by Marie Curie Action.
[1] Mackay M. at al, Nat.Mater., 2003, 762-6.

CPP 1.4 Mon 10:30 H34
Structural investigation of polymer-metal nanocomposite
films using time-of-flight grazing incidence small angle neu-
tron scattering — ∙Yuan Yao1, Ezzeldin Metwalli1, Jean-
Francois Moulin2, Martin Haese-Seiller2, and Peter Müller-
Buschbaum1 — 1TU München, Physik Department, LS Funktionelle
Materialien, James-Franck-Str. 1, 85748 Garching, Germany — 2HZ
Geesthacht at FRM II, Lichtenbergstr.1, 85748 Garching, Germany
Soft polymer films with embedded magnetic nanoparticles have at-
tracted immense interest for wide potential applications in func-
tional nano-devices. Well-aligned highly-oriented hybrid films
of polystyrene(deuterated)-block-polybuthyl methacrylate symmetric
block copolymer are used to guide polystyrene grafted maghemite
nanoparticles within the polymer matrix. Parallel and perpendicu-
lar lamella structured films, embedded with different nanoparticles
concentrations (from 0 up to 15 wt%), are prepared by spin coating
process. Both surface and buried structural information of the metal-
polymer hybrid film are gained using TOF-GISANS. The nanopar-
ticles are positioned in one polymer domain and a distortion of the
lamella structure evolves with increasing nanoparticle concentration.
The nanoparticles arrangement and possible particle assemblies within
the polymer matrix is influenced by the lamella orientation.

CPP 1.5 Mon 10:45 H34
Structure and morphology of hybrid thin films for non-
volatile memories — ∙Jiří Novák1, Giulia Casula2, Rupak
Banerjee1, Christian Frank1, Alexander Gerlach1, Katha-
rina Broch1, Piero Cosseddu2, Annalisa Bonfiglio2, and Frank
Schreiber1 — 1Universität Tübingen, Institut für Angewandte
Physik, Auf der Morgenstelle 10, 72076 Tübingen — 2University of
Cagliari, DIEE, Piazza d’Armi, 09123 Cagliari, Italy
Recently, hybrid thin films comprising metal nanoparticles (NPs) em-
bedded in an organic semiconductor (OSM) matrix became attractive
as constituents of non-volatile resistive memories [1,2]. The control
of the structure of hybrid films via growth parameters is of crucial
interest to tailor the electric properties of the memory elements.

We present a structural study on the formation of Al NPs atop
thin organic films (small molecule OSM N1400 by Polyera). The films
were prepared via thermal evaporation on Si substrates for various or-
ganic film thicknesses and at various Al growth rates. The combined
GISAXS, X-ray reflectivity, and AFM study shows that the Al clus-
ter distance and size depend mainly on the organic layer morphology
controlled by its thickness. On the other hand, the Al NPs layer struc-
ture is weakly sensitive to the Al deposition rate. This is in a strong
contrast to, e.g., growth of Au on top of DIP layers, where rather Au
growth rate and substrate temperature play a crucial role [3].
[1] L.D. Bozano et al., Adv. Funct. Mater., 15, 1993 (2005); [2] Liping
Ma et al., Appl. Phys. Lett., 82, 1419 (2003); [3] F. Schreiber, Phys.
Stat. Sol., 201, 1307 (2004);

CPP 1.6 Mon 11:00 H34
In situ SAXS measurements on the imbibition of polymer
melts into aligned CNT arrays — ∙Marina Khaneft1, Lu-
cas Becker1, Thorsten Heinlein2, Hermann Tempel2, Jörg J.
Schneider2, and Bernd Stühn1 — 1Experimentelle Physik konden-
sierter Materie, Technische Universität Darmstadt — 2Eduard Zintl-
Institute für Anorganische und Physikalische Chemie Technische Uni-
versität Darmstadt
We present results on the imbibition of the polymer into aligned carbon
nanotube (CNT) arrays and describe the filling kinetics of the polymer.
The aligned CNT structures were prepared by CVD method. We con-
sidered two types of CNT arrays: well ordered CNTs prepared within
porous alumina template (PAOX). CNTs have a diameter around 40
nm and are arranged on a hexagonal lattice as were the pores of PAOX
template. A second kind of CNT array consists of randomly arranged
tubes with small diameter (<10 nm) grown on a quartz surface by
catalytic CVD approach. The imbibitions process of polystyrene (PS)
into the CNT array is followed with time-resolved small angle X-ray
scattering (SAXS). We observed polymer infiltration into tube inte-
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rior and interstices between CNTs. For CNT array grown in PAOX
template, filling kinetics inside and outside tubes can be analysed sep-
arately. Infiltration only in inner part of CNTs can be achieved by
polymer filling of CNTs situated in PAOX. Interstices between tubes
can be filled after removing the template. We found the filling ki-
netics demonstrates two well separated processes: the formation of a
precursor film and completion of the imbibition process.

15 min. break

Invited Talk CPP 1.7 Mon 11:30 H34
Photonic structures based on responsive nanoparti-
cle/microgel hybrids — ∙Thomas Hellweg — Universität Biele-
feld, Physikalische und Biophysikalische Chemie (PC III), Univer-
sitätsstr. 25, 33615 Bielefeld, Germaany
Microgels based on responsive polymers can be combined with metal
nanoparticles leading to materials with responsive optical properties
(1). Ordering of nanoparticles into assemblies which are well-defined
on the nanoscale and at the same time of macroscopic dimensions is
one of the most pressing challenges in materials science. If particles are
aggregating in a random fashion, often uncontrolled electronic coupling
effects occur, which result in less defined electronic, optical or magnetic
properties or in a complete loss of the specific nanoparticle effects and a
re-entrance of bulk material properties. Creating ordered nanoparticle
structures is one means of avoiding such uncontrolled coupling. In this
context hybrids of microgels and nanoparticles are offering interesting
pathways for 2 and 3 D assembly (2,3). The present contribution will
describe the properties of these hybrids and discuss strategies of their
assembly.
(1) Karg, M. und T. Hellweg, Current Opinion in Coll. Interf. Sci.;
14, 438–450, 2009
(2) Müller, M., M. Karg, A. Fortini, T. Hellweg und A. Fery, Nanoscale,
4:2491–2499, 2012
(3) Karg, M., T. Hellweg und P. Mulvaney, Adv. Func. Mater.;
21:4668–4676, 2011

CPP 1.8 Mon 12:00 H34
Photoinduced phase transitions in gold-microgel hybrids —
∙Sarah T. Turner, Stefan Wellert, and Regine von Klitzing
— Stranski Laboratory, Dept. of Chemistry, TU Berlin, Germany
The ability to reversibly switch between a collapsed and expanded
state in response to an external stimulus makes hybrid microgels at-
tractive for applications such as sensoric and drug delivery systems.
We studied the photoinduced light-to-heat conversion and consequent
volume phase transition of hybrid gold-microgels. In order to use such
hybrid systems as a potential barrier in polyelectrolyte multilayers,
details about the degree of shrinking related to the gold loading and
laser intensity are required. An optimal gold nanoparticle concentra-
tion per microgel was found to exist, as too low a concentration does
not allow enough heat formation to induce a volume phase transition
and too high a concentration hinders the full swelling of the microgel
below the lower critical solution temperature. The distribution and
loading of the gold nanoparticles is investigated via transmission elec-
tron microscopy and the change in the plasmon resonance of the gold
nanoparticles upon microgel shrinking is investigated by temperature-
controlled UV-Vis absorption spectroscopy. The plasmon resonance
frequency of the gold nanoparticles was excited by one laser (532 nm)
while a second was used to simultaneously measure dynamic light scat-
tering (633 nm) by blocking the scattering signal from the first laser
with an optical filter.

CPP 1.9 Mon 12:15 H34
Wrinkle-Assisted Self-Assembly of PNIPAM Coated Nanos-
tars as SERS Platforms for Sensing of PAHs in Gas Phase
— Mareen Mueller, ∙Moritz Tebbe, Nicolas Pazos-Perez, and
Andreas Fery — Department of Physical Chemistry II, University
of Bayreuth, 95440, Bayreuth, Germany
Plasmonic nanoparticles are excellent candidates for their potential use
in microelectronic, optical and biomedical applications. Their electro-
magnetic behaviour is highly dependent on their specific particle size,
shape, and surrounding environment. Various different synthetic meth-
ods allow us to fine tune the particle shape and size thus, the materials
properties. However, the lack of capability to form reproducible orga-
nized structures is still a challenge to solve in order to use them in new
technologies. Template-assisted self-assembly is a versatile platform to
generate particle assemblies in high quality and with high reproducibil-

ity. Compared to lithographically prepared templates, controlled sur-
face wrinkling on elastomers is an alternative approach to produce
structured surfaces with periodicities in the range of nanometres. The
use of wrinkled surfaces as templates for nanoparticle alignment via
printing, results in highly ordered nanoparticle arrays. In this work a
new surface enhanced Raman spectroscopy (SERS) platform based on
the extended organization of poly-N-isopropylacrylamide (pNIPAM)-
coated gold nanostars over large areas into parallel lines is presented.[1]
This system yields high and homogeneous SERS intensities, and simul-
taneously traps PAH traces, e.g. pyrene, as pollutants from the gas
phase. 1. Mueller, M., et al., Langmuir, 2012. 28(24): p. 9168-9173.

CPP 1.10 Mon 12:30 H34
effective interactions in polymer-nanoparticle composites and
their resulted phase structures — ∙xuezheng cao1, holger
merlitz1,2, and jens uwe sommer1,3 — 1Leibniz Institute für Poly-
merforschung Dresden, D-01069 Dresden, Germany — 2Department
of Physics and ITPA, Xiamen University, Xiamen361005, P.R.China
— 3Technische Universität Dresden, Institute of Theoretical Physics,
D-01069 Dresden
We have studied polymer induced effective interactions between
nanoparticle-nanoparticle and nanoparticle-substrate using molecular
dynamics simulations. To analyze the entropic depletion potential, the
polymer matrix above overlap concentration is regarded as a melt of
concentration blobs. Convincing numerical evidence for the universal
validity of scaling theory to describe the depletion potentials over a
broad concentration range was found, and the directly measured de-
pletion forces were well described with a scaling model in which the
attraction between particles is caused by the depletion of concentra-
tion blobs. Adding enthalpic attraction between polymer-nanoparticle
or polymer-nanoparticle can prevent the depletion effect. A thermody-
namically stable dispersion of nanoparticles within polymer solution is
verified to be possible by tuning the attraction strength between poly-
mer and nanoparticle. We show that nanoparticles have a higher de-
gree of order close to the substrate by increasing system temperature.
This can be understood by scaling arguments showing the interplay
between correlation blob and adsorption blob of polymers.

CPP 1.11 Mon 12:45 H34
Conformational Transitions in Polymer Brushes — ∙Dirk
Romeis1,2 and Jens-Uwe Sommer1,2 — 1Leibnitz-Institut für Poly-
merforschung Dresden, Germany — 2Technische Universität Dresden,
Germany
Due the large density gradients in polymer brushes strong interac-
tion forces are present leading to stretched chain conformations with
the end-to-end distance scaling linearly with the degree of polymer-
ization. In such an environment slight modifications of individual
brush chains have great effects on their conformations [1,2]. We devel-
oped a quasi off-lattice SCF Model, that accounts for finite extensible
polymer chains composed of differently sized and interacting spherical
monomers. It allows for a realistic description of polymer brushes up
to high grafting densities and the results are in excellent agreement to
corresponding MD simulation [3], including packing, fluctuation and
depletion effects. Using this approach we analyzed the behavior of in-
dividually modified guest chains in polymer brushes and encountered
conformational transitions revealing a scaling behavior that can be
rationalized using an analytical model. [1] Merlitz H. et. al. [Macro-
molecules 41 5070, 2008] [2] Merlitz H. et. al. [PRL 102 115702,
2009] [3] Romeis D. et. al. [JCP 136 044903, 2012]

CPP 1.12 Mon 13:00 H34
Thermally stable composites of block-copolymer/metal
nanoparticles. — ∙Iryna Perepichka, Dmitrii Perepichka, and
Bruce Lennox — Department of Chemistry, McGill University, Mon-
treal (QC) Canada
Metal nanoparticles are widely studied for their applications in
medicine, cosmetics, sensing, data storage, etc. Use of nanoparticles as
catalysts in organic synthesis is another promising direction. However,
many reactions require high temperatures, at which most nanoparti-
cles solutions are unstable. Thus, producing metal nanoparticles that
would not agglomerate during organic reaction is challenging.

We have synthesized gold and copper nanoparticles that are stable
at above 150 C in various organic solvents. Role of ligands in nanopar-
ticles stabilization has been studied. We have shown that combina-
tion of metal nanoparticles and diblock copolymers results in stable
nanoformulations. Use of thus prepared Cu and Au NP as catalysts
for aromatic C-C coupling reactions will be discussed.
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CPP 1.13 Mon 13:15 H34
Charge transfer and recombination in hybrid solar cells with
CuInS2 nanocrystals studied by light-induced electron spin
resonance — ∙Christopher Krause, Rany Miranti, Dorothea
Scheunemann, Florian Witt, Joanna Kolny-Olesiak, Holger
Borchert, and Jürgen Parisi — University of Oldenburg, Depart-
ment of Physics, Energy and Semiconductor Research Laboratory,
26129 Oldenburg
Organic-inorganic hybrid solar cells made of semiconductor nanocrys-
tals embedded into an organic material have made considerable
progress in recent years. The highest efficiencies of such kind of
solar cell are currently reached with cadmium based semiconductor
nanoparticles, which have the drawback of a high toxicity. Therefore

we investigate the application of CuInS2 nanoparticles as a promis-
ing new candidate for organic-inorganic hybrid solar cells. By ligand
exchange procedures we are able to modify the surface of the nanopar-
ticles in order to enable an efficient charge transfer and control the
number of trap states arising from dangling bonds. In this contribu-
tion, light-induced electron spin resonance (LESR) measurements on
composites of CuInS2 nanoparticles with P3HT and PCBM will be
presented. LESR is used to study the charge transfer at the hybrid
donor/acceptor interface and its dependence on the ligand shell. Be-
sides proving a successful photo-induced charge transfer we can use
this method to investigate the density of trap states by analyzing the
recombination kinetics of photo-generated long-lived charge carriers at
different temperatures.

CPP 2: Interfaces and Thin Films I (joint session with DECHEMA and VDI)
The session is a joint session with ProcessNet "Grenzflächenbestimmte Systeme und Prozesse" of
DECHEMA and VDI.
Organizers: Thomas Danner (BASF), Leo Nick (DECHEMA) and Regine v. Klitzing.

Time: Monday 9:30–13:30 Location: H40

Invited Talk CPP 2.1 Mon 9:30 H40
Langmuir monolayers as physical models in bio- and
nanoscieces — ∙Helmuth Möhwald and Gerald Brezesinsky —
Max-Planck-Inst.of Colloids and Interfaces, 14424 Potsdam
Monolayers of amphiphilic molecules on water surfaces are on one hand
excellent models to study ordering processes in 2 dimensions on a flexi-
ble and amorphous substrate, on the other hand they may serve as bio-
physical models to study processes at membrane surfaces.A plethora of
techniques has been developed in the past to study the films in detail,
the most important ones X-Ray diffraction, reflection and fluorescence
and FTIR spectroscopy. - Polyoxometallates as most defined inorganic
clusters with high application potential in catalysis and optics can be
coupled with hydrocarbon chains, and ordering of the system at an in-
terface is physically interesting in view of the competitive interactions
of the clusters and the chains. - Peptides can arrange at interfaces
leading to changes of secondary structures.These can be modeled the-
oretically including their additionally interactions with ions.one can
thus contribute to processes that are involved in various diseases like
Alzheimer‘s. - Sugars are important for recognition processes in biol-
ogy, and many of these processes occur at membrane surfaces. Thus
studies of their arrangement at interfaces are most welcome. It will
be shown that they can form a strong crystalline hydrogen bonded net
work, and if these molecules are coupled to aliphatic chains the compe-
tition between chain and sugar ordering can be won by the latter.the
resulting structure is again in agreement with molecular dynamics sim-
ulations.

CPP 2.2 Mon 10:00 H40
The influence of compressed gases on lipid monolayers
— Friederike Giebel, ∙Julia Nase, Michael Paulus, Stef-
fen Bieder, Irena Kiesel, and Metin Tolan — Fakultät
Physik/DELTA, TU Dortmund, 44221, Dortmund, Germany
An intact cell membrane is essential for the correct functionality of
cells in the human body. Depending on their solubility and size, gas
molecules can cross the cell barrier by diffusion through the membrane.
Thus, the question of how diverse harmful substances can modify mem-
branes is of eminent importance for the understanding of basic mech-
anisms of malfunctions. To reduce the complexity of the bilayer and
gain access to more basic mechanisms, simple lipid monolayers are a
well-established model system. These so-called Langmuir layers are
formed at the water-gas interface if certain lipids are applied carefully
to the water surface.

We investigated the influence of diverse pressurized gases on the
structure of a lipid monolayer using high-energy synchrotron radiation
at ID10 of ESRF. The vertical structure of the interface was deter-
mined via x-ray reflectivity measurements, whereas changes in the lat-
eral structure were detected from GID measurements. We observed an
adsorption of gas molecules on the lipid layer. A change in the film
structure was evident in the presence of gas, and the Langmuir film
remained stable.

CPP 2.3 Mon 10:15 H40

Protein Adsorption at the Electrified Air-Water Interface:
Implications on Foam Stability — ∙Björn Braunschweig,
Kathrin Engelhardt, and Wolfgang Peukert — University of
Erlangen-Nuremberg, Institute of Particle Technology (LFG), Ger-
many
The interfacial structure of ions, water molecules and surface active
proteins as well as their tendency to form foam stabilizing networks
can considerably influence and control macroscopic properties of foamy
dairy products. The molecular structure and composition of adja-
cent electric double layers are, however, not yet fully understood on
a molecular level. We have applied vibrational sum-frequency gener-
ation (SFG) as an inherently interfacial specific probe that provides
information on composition and conformation of interfacial layers. In
particular, we have addressed the adsorption of bovine serum albu-
min (BSA) at air-water interfaces and show pH depending charging
and electric field-induced polar ordering of interfacial molecules such
as H2O and BSA. Varying the bulk pH of protein dilutions, changes
the SFG intensity of vibrational bands due to interfacial H2O dramat-
ically while much weaker changes in the protein related Amide I and
carboxylate R-COO− bands are observed. Using the intensity of OH
vibrational bands as a measure of the interfacial electric field, we have
determined the isoelectric point of interfacial BSA. Based on the molec-
ular level information from our SFG and ellipsometric measurements
we can link the microscopic properties of BSA at the air-water interface
with macroscopic properties such as the stability of BSA foams.

CPP 2.4 Mon 10:30 H40
Nanoparticle-induced permeability of lipid bilayer mem-
branes — Sergey Pogodin1, ∙Marco Werner2,3, Jens-Uwe
Sommer2,3, and Vladimir A. Baulin4,5 — 1Institut Català
d’Investigació Química, Tarragona, Spain — 2Leibniz-Institut für
Polymerforschung Dresden, Germany — 3Technische Universität Dres-
den, Germany — 4Universitat Rovira i Virgili, Tarragona, Spain —
5ICREA, Barcelona, Spain
Using lattice Monte Carlo simulations with explicit solvent we inves-
tigate interactions of nanoparticles with self-assembled bilayer mem-
branes as function of nanoparticle hydrophobicity and heterogeneity
of amphiphilic site distribution. Our simulation results indicate, that
there is an adsorption transition for nanoparticles at the model mem-
brane for intermediate values of nanoparticle hydrophobicity, where
the effective repulsions from solvent- and lipid tail environments are
balanced. Close to this transition, we observe a significant frequency
increase of nanoparticle translocations through the bilayer as well as an
increased bilayer permeability for solvent. Depending on nanoparticle
concentration we observe clustering of homogeneous nanoparticles to
larger agglomerates perturbing the membrane on a larger scale. Am-
phiphilic nanoparticles as used in our study do not agglomerate and
show an enhanced localization at the bilayer surface as compared to
homogeneous nanoparticles.

CPP 2.5 Mon 10:45 H40
Messung des Transfermassenstroms nanoskaliger Partikeln
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über die Grenzfläche gegensätzlich polarer Flüssigkeiten —
∙Philipp Grimm1, Jacqueline Erler2, Urs A. Peuker2 und
Hans-Joachim Schmid1 — 1Universität Paderborn — 2TU Bergaka-
demie Freiberg
Nanoskalige Organosole werden häufig als Nanokomposite oder im Be-
reich der Beschichtungstechnologie eingesetzt. Die Synthese der Parti-
keln findet üblicherweise in wässriger Umgebung statt, was jedoch zu
Agglomeration und somit zum Verlust der spezifischen Eigenschaften
(z.B. Superparamagnetismus) führt.

Als Transferapparat kommt hierbei eine Einzeltropfensäule zum
Einsatz. Das Hauptaugenmerk liegt darin, den Transfermassenstrom
in Abhängigkeit der Parameter Grenzflächengröße, Verweilzeit und
Tensid- zu Partikelmasse messtechnisch zu erfassen.

Hierzu wird ein neuartiger Aufbau vorgestellt, der die Messung
der relevanten Größen mittels Röntgenabsorption ermöglicht. Dieses
ist notwendig, da das Stoffsystem bedingt durch Streuung keine op-
tische Zugänglichkeit der Tropfeneigenschaften bietet. Die Röntgen-
strahlung durchstrahlt hierbei die Einzeltropfensäule und trifft auf ei-
ne CCD-Zeilenkamera, die erlaubt es die Einzeltropfengröße sowie -
geschwindigkeit messtechnisch zugänglich zu machen. Die Zeilenkame-
ra wurde mit einer entsprechenden Optik ausgestattet um den relevan-
ten Wellenlängenbereich zugänglich zu machen. Es lassen sich zeitliche
Auflösungen im ms-Bereich realisieren.

CPP 2.6 Mon 11:00 H40
Grenzflächeneffekte: Gezielte Nutzung zur Herstellung von
Nanopartikeln in Miniemulsionen — ∙Marion Winkelmann1,
Reinhard Miller2 und Heike P. Schuchmann1 — 1Karlsruher
Institut für Technologie, Lebensmittelverfahrenstechnik — 2Max-
Planck-Institut für Kolloid- und Grenzflächenforschung
In dem vorgestellten Miniemulsionsverfahren wird zunächst eine W/O-
Miniemulsion hergestellt und dabei ein wasserlöslicher Reaktand in
der Dispersphase vorgelegt. Danach wird die Miniemulsion mit einem
amphiphilen Reaktanden versetzt, der über die von Emulgator beleg-
te Grenzfläche in die Miniemulsionstropfen diffundiert und damit die
Partikelbildung durch eine Fällungsreaktion auslöst. Unsere Ergebnis-
se zeigen, dass die Anwesenheit von Emulgator an der Flüssig/Flüssig-
Grenzfläche den Stoffübergang aus der öligen in die wässrige Phase
beeinflusst. Entscheidend ist zusätzlich, ob die Grenzfläche belegt oder
zunächst unbelegt von Emulgator ist. Liegt eine belegte Grenzfläche
vor, wie für die Gewährleistung der Emulsionsstabilität erforderlich, so
adsorbiert vergleichsweise weniger Reaktand an die Grenzfläche. Ste-
hen hingegen Reaktand und Emulgator in direkter Konkurrenz um die
unbelegte Grenzfläche, befindet sich anteilsmäßig mehr Reaktand in
der Grenzfläche. Die Grenzflächenbelegung wird somit nicht nur von
den Adsorptions- und Desorptionseigenschaften des Reaktanden be-
einflusst, sondern auch durch die Prozessführung. Die Prozessführung
beeinflusst demnach maßgeblich die Partikelbildung durch Fällung in
Miniemulsionen mit. Im Vortrag wird auch gezeigt, wie sich dies auf
die resultierende Partikelgröße des gefällten Produkts auswirkt.

15 min. break

CPP 2.7 Mon 11:30 H40
Interfacial roughening and breakup of thin liquid films —
∙Markus Gross — ICAMS, Ruhr-Universität Bochum, Germany
A fluid interface in equilibrium is characterised by the presence of
thermally excited capillary waves. However, in many cases, such as in
phase-separation processes under shear or in pattern-forming systems,
interfaces are initially not in equilibrium and it takes a certain time
during which the interfaces roughens to reach its equilibrium state.
Employing an effective Langevin formalism and simulations of the full
fluctuating hydrodynamic equations, we first discuss the different dy-
namic universality classes of fluid interfacial roughening. Besides being
a theoretically interesting non-equilibrium growth phenomenon, inter-
facial roughness has also important repercussions on the stability of
thin films or liquid domains: if the surface tension is low, interfaces
fluctuate violently and a breakup of the domain can result. So far, film
breakup has typically been studied assuming the dominance of dis-
joining pressure. Here, we focus on the purely fluctuation-dominated
regime, where the breakup is a ”rare event” and effects of disjoining
pressure are negligible at all times except close to the breakup.

CPP 2.8 Mon 11:45 H40
Between soap bubbles and vesicles: Dynamics of smectic bub-
bles — ∙Kathrin May, Kirsten Harth, Torsten Trittel, and

Ralf Stannarius — Institute of Experimental Physics, Faculty of
Natural Sciences, Otto von Guericke University Magdeburg, Univer-
sitätsplatz 2, 39106 Magdeburg, Germany
Smectic bubbles are ideal model systems to study thin closed liquid
membranes. A preparation technique for these meniscus-free smec-
tic bubbles is presented. The initially oblong-shaped bubbles perform
shape transformations towards the equilibrium sphere shape with min-
imum surface. The monitoring of these processes is done by opti-
cal high-speed imaging. Their shape transformations, especially the
changes of the surface area, are analyzed and their dynamic charac-
teristics are compared to classical soap bubbles and vesicles. Small
submillimeter bubbles can be studied under normal gravity laboratory
conditions. Larger bubbles have been investigated during parabolic
flights, which provide a 22 s microgravity phase.

CPP 2.9 Mon 12:00 H40
Structure fomation at 𝜇 - structured liquid/gas interfaces —
∙Hans-Georg Braun, Rene Hensel, and Andre Zamith-Cardoso
— Leibniz Institute of Polymer Research Dresden - Max Bergmann
Center of Biomaterials , D-01069 Dresden, Germany
Application of microheterogeneous surfaces easily prepared by soft-
lithographic patterning techniques has provided deep insights into in-
terfacial processes such as wetting or dewetting, nucleation at pat-
terned solid/liquid interfaces. Much less is known about the formation
of microstructured liquid/gas interfaces and their influence on interfa-
cial self-organization processes. This contribution focuses on
a) the preparation, surface modification and interfacial stability of
floating microstructured polymer membranes by PRINT
b) the interfacial stabilization of aqueous liquids by encapsulation in
microparticles in so called Liquid marbles and the pH triggered self-
organization of peptides into ultrathin gel layers at the liquid/gas in-
terface into these liquid marbles.
c) Finally the interfacial formation of floating calciumcarbonate rafts
at the liquid / air interface will be discussed.

1) R. Hensel and H.-G. Braun, Soft Matter 2012,8 , 5293
2) H.-G. Braun, A. Zamith-Cardoso, Colloids and Surfaces:B Bioint-
erfaces, 2012, 97, 43-50

CPP 2.10 Mon 12:15 H40
Imaging of carbon nanomembranes and graphene with
helium-ion microscopy — ∙André Beyer, Henning Vieker,
Annika Willunat, Nils-Eike Weber, Matthias Büenfeld, An-
dreas Winter, Xianghui Zhang, Min Ai, Andrey Turchanin,
and Armin Gölzhäuser — Physics of Supramolecular Systems, Uni-
versity of Bielefeld, 33615 Bielefeld, Germany
We present a helium-ion microscopy (HIM) study of carbon nanomem-
branes (CNMs) and graphene. CNMs are extremely thin (∼1 nm)
nanolayers consisting only of surface-near atoms. They are made via
cross-linking of self-assembled monolayers (SAMs) with large-area ex-
posures of electrons, photons or helium ions and subsequent transfer to
suitable substrates. In this contribution we demonstrate that imaging
of CNMs with HIM is an effective way of their characterization due
to the high surface sensitivity of HIM. Patterned radiation exposures
allow the fabrication of perforated nanomembranes, e.g. nanosieves.
Another way of generating nanopores in homogeneous CNMs is to ir-
radiate them with slow highly charged ions. Imaging such perforated
CNMs with HIM yields high signal-to-noise ratios as well as low sample
damage. Annealing of CNMs at high temperatures in vacuum trans-
forms them into graphene. HIM images of graphene from SAMs are
compared with CVD grown graphene. Capabilities of HIM imaging of
freestanding CNMs and graphene will be discussed.

CPP 2.11 Mon 12:30 H40
Structure of nano-phase separated monomolecularly thick
water-ethanol layers confined between graphene and mica
— ∙Nikolai Severin, Vitalij Scenev, Philipp Lange, Igor M.
Sokolov, and Jürgen P. Rabe — Department of Physics, Humboldt-
Universität zu Berlin, Newtonstr. 15, 12489 Berlin, Germany
Understanding and control of liquids confined to the nano-scale is of
wide interest, e.g., for molecular assays and synthesis to be performed
on small scales. We report in-situ scanning force microscopy imaging of
graphenes replicating nano-phase separated ethanol-water monomolec-
ular films on an atomically flat mica surface. Graphenes conform to the
film topography bending at the boundaries between domains of water
and the larger ethanol molecules. The lateral size of molecular domains
becomes larger with the graphene thickness, which we attribute to the
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graphene bending energy. Ethanol and water molecules have been
demonstrated to dope graphene negatively and positively, respectively
[1]. Consequently, we account for stabilization of the heterogeneity by
the counteraction of electrostatic repulsion of the doped charges and
line tension controlled by the bending energy of the graphene layers.
1. Schedin, F., et al., Nature Materials, 6 (2007) 652.

CPP 2.12 Mon 12:45 H40
Gas permeation through PDMS membranes covered by
2D carbon nanomembranes (CNMs) — ∙Min Ai1, Sergey
Shishatskiy2, Jan Wind2, André Beyer1, Nils Mellech1,
Andreas Winter1, Henning Vieker1, Jun Qiu3, and Armin
Gölzhäuser1 — 1Physics of Supramolecular Systems of Surfaces,
Bielefeld University — 2Institute of Polymer Research, Helmholtz-
Zentrum Geesthacht — 3DSM, The Netherlands
Polymeric ultra-thin films are promising candidates to be used as com-
ponents in miniaturized electronic, medical or energy devices. In this
contribution, we report the fabrication of ultra-thin (~1 or 3 nm) car-
bon nanomembranes (CNMs). Organic self-assembled monolayers were
irradiated by electrons, leading to a two-dimensional cross-linked CNM
through dehydrogenation and recombination mechanisms [1]. The 1-
nm-or 3-nm-thick CNMs with an area of 1.2 square centimeters were
then transferred onto polydimethylsiloxane (PDMS) composite mem-
branes. The CNM-PDMS membranes were analyzed by XPS, SFM and
Helium Ion Microscopy. Gas permeances of H2, He, CO2, O2, N2, Ar,
CH4, C2H6 were measured using ”constant volume variable pressure”
technique. The new CNM-PDMS composite membranes exhibited sig-
nificantly lower permeances for all the gases than the PDMS composite
membrane and different gas selectivities from the PDMS membrane.

[1] A. Turchanin, D. Käfer, M. El-Desawy, Ch. Wöll, G. Witte, A.
Gölzhäuser, Langmuir 25, 7342 (2009).

CPP 2.13 Mon 13:00 H40
Living polymer system in contact with a solid substrate.
— ∙Dewen Sun and Marcus Müller — Institut für Theoretische
Physik der Georg-August-Universität Göttingen, Friedrich-Hund-Platz
1, 37077, Göttingen, Niedersachsen, Deutschland

Systems, in which polymerization takes place under the condition of
chemical equilibrium between polymers and their respective monomers
are termed ”living polymer systems”. The reversible bonding gives rise
to a chain length polydispersity in these complex polymer fluids. Us-
ing computer simulation of a soft, coarse-grained model, we investigate
how the presence of a solid substrate influences the behavior of living
polymer system in the narrow interface between a solid substrate and a
polymer melt and in the wider interphase region. We observe that the
contact with a solid substrate in a film geometry alters the local mean
molecular weight and the local molecular weight distribution and we
discuss the changes as a function of the scission energy.

CPP 2.14 Mon 13:15 H40
Fast formation of roughness correlation in thin spray-coated
polystyrene homopolymer film — ∙Jan Perlich, Adeline Buf-
fet, Matthias Schwartzkopf, Gerd Herzog, Berit Heidmann,
Stephan V. Roth, and Rainer Gehrke — Deutsches Elektronen-
Synchrotron DESY, Notkestr. 85, D-22607 Hamburg (Germany)
Thin polymer films form smooth films with correlated interfaces, so-
called conformal roughness, under suitable preparation conditions in
dependence of the polymer characteristics [1,2]. The directed repli-
cation of the substrate features to a certain cut-off length is highly
desirable. Hence, insight into the formation process is required. We
present the fabrication of such a thin film of a polystyrene homopoly-
mer via spray-coating. The spray-coating process is monitored in situ
real-time by microbeam grazing incidence small angle X-ray scatter-
ing (microbeam-GISAXS) performed at the synchrotron beamline P03
(MiNaXS) of PETRA III (DESY) in Hamburg [3]. The dedicated in
situ setup provides a time resolution in the millisecond regime enabling
the observation of the fast formation of roughness correlation in the
thin film upon drying of the polystyrene homopolymer solution. The
recorded scattering signals reveal the information to extract the evolu-
tion of the correlation and cut-off lengths as well as the corresponding
time constants in the formation process.

[1] P. Müller-Buschbaum et al., Macromolecules 31 (1998) 3686.
[2] J. S. Gutmann et al., Physica B 283 (2000) 40.
[3] A. Buffet et al., J. Synchrotron Rad. 19 (2012) 647.

CPP 3: Charge Transfer Effects in Molecular Materials I (joint session CPP/HL/BP/DS)
Related to SYCT organized by Frank Schreiber (Tübingen) and Wolfgang Brütting (Augsburg).

Time: Monday 12:15–13:30 Location: H1

CPP 3.1 Mon 12:15 H1
Thermally Activated Intermixing in Pentacene - Perfluo-
ropentacene Heterostructures — ∙Tobias Breuer and Gregor
Witte — Molekulare Festkörperphysik, Philipps-Universität Mar-
burg, Renthof 7, 35032 Marburg
We report on the thermal stability of pentacene (PEN, C22H14) and
perfluoropentacene (PFP, C22F14) heterostructures. We show that the
thermal stability of the heterostructure compared to the single com-
pounds is significantly enhanced by about 20 K. By varying prepara-
tion methods and stochiometric ratios of the heterostructures we show
that the stabilization is restricted to heterostructures with stochiomet-
ric ratio of 1:1. Moreover, the thermal stabilization strongly depends
on the preparation method, especially the deposition sequence of both
materials in subsequent stacks. While PFP as bottom and PEN as
top layer yield stabilized layers, no such effect is found for PEN as
bottom layer and PFP on top. This asymmetry of intermixing and
corresponding morphological information obtained by means of AFM
measurements as well as optical absorption spectra as benchmark for
hetero-interaction are discussed. The results are compared to addi-
tional preparation methods of heterostructures like co-evaporation and
post-deposition-annealing.

CPP 3.2 Mon 12:30 H1
Mixing-induced anisotropic correlations in molecular crys-
talline systems: Rationalizing the behavior of organic semi-
conductor blends — ∙Katharina Broch, Antje Aufderheide,
Jiří Novák, Alexander Hinderhofer, Rupak Banerjee, Alexan-
der Gerlach, and Frank Schreiber — Universität Tübingen, Insti-
tut für Angewandte Physik, Auf der Morgenstelle 10, 72076 Tübingen
Binary mixtures of organic semiconductors (OSCs) have recently be-

come an important field of research, as they find applications in opto-
electronic devices [1]. In these systems, the mixing (intermixing vs.
phase separation) and ordering behavior is crucial, since it affects the
optical and electronic properties including the degree of charge-transfer
(CT). We present a comprehensive study of binary mixtures of the
three prototypical OSCs pentacene (PEN), perfluoropentacene (PFP)
and diindenoperlyene (DIP) in all possible combinations [1,2,3]. Using
X-ray reflectivity and grazing incidence X-ray diffraction we investi-
gate the structural properties of the mixed films as well as their im-
pact on the optical spectra obtained by spectroscopic ellipsometry. For
PEN:DIP we find an anisotropic ordering behavior, comparable to that
observed in some liquid crystals, which is fundamentally new for OSCs
[2]. The influence of sterical compatibility and the strength of the inter-
molecular interactions on the mixing and ordering behavior in the dif-
ferent blends will be discussed by extending a conventional mean-field
model [1]. [1] A. Hinderhofer and F. Schreiber, Chem.Phys.Chem.,
13, 628 (2012); [2] A. Aufderheide et al., Phys.Rev.Lett., 109, 156102
(2012); [3] J. Reinhardt et al., J.Phys.Chem. C, 116, 10917 (2012)

CPP 3.3 Mon 12:45 H1
Screening Effects on Excitation Energy Transfer in
Supramolecular Complexes in a Mixed Quantum Classical
Description — ∙Jörg Megow1, Thomas Renger2, and Volkhard
May1 — 1Humboldt-Universität zu Berlin, Deutschland — 2Johannes
Kepler Universität Linz, Österreich
Excitation energy transfer (EET) within the supramolecular complex
P16 (sixteen pheophorbide a molecules covalently linked to a DAB-
dendrimer) is studied using a mixed quantum classical methodology
[1,2] that takes the screening of excitonic coupling into acount. The ex-
citonic coupling between two chromophores is calculated as Coulomb-
coupling between transition partial charges. This treatment neglects
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the screening effects due to interaction with the solvent molecules.
The Poisson-TrEsp (transition charges from electrostatic potentials)
method [3], developed in the group of Renger, allows the calculation
of screening factors that correct the excitonic coupling between two
chromophores dependent on their distance, mutual orientation and
conformation. A new method is proposed that allows to obtain the ori-
entation and conformation dependence of the Poisson-TrEsp screening
factors in a mixed quantum-classical description by introducing a novel
fitting procedure. While all screening ansatzes result in a deceleration
of the EET, the new approach results in a considerable acceleration of
the EET compared to standard screening approaches.

[1] J. Megow et al., ChemPhysChem 12, 645 (2011) [2] J. Megow
et al., Chem. Phys. 377, 10 (2010) [3] J. Adolphs et al., Photosynth.
Res. 95 (2008)

CPP 3.4 Mon 13:00 H1
In operando STXM investigations of charge carriers in SAM-
FET devices — ∙Andreas Späth1, Thomas Schmaltz2, Ben-
jamin Watts3, Marcus Halik2, and Rainer H. Fink1 — 1FAU
Erlangen-Nürnberg, Physical Chemistry II, Erlangen, Germany —
2FAU Erlangen-Nürnberg, Polymer Sciences, Erlangen, Germany —
3Swiss Light Source, Paul Scherrer Institut, Villigen, Switzerland
Based on previous work on pentacene based organic FETs [1], we
present first results of zone plate scanning transmission soft x-ray mi-
crospectroscopy (STXM) on novel organic devices based on self as-
sembled monolayers (SAMs). STXM combines high lateral resolution
and spectroscopic sensitivity. Electron detection is used to achieve
surface sensitivity, thus offering access to monolayer films. The SAMs
implement all functionalities of the FET, i.e. gate dielectric and or-
ganic semiconductor [2]. STXM analysis within the active channel
during operation of the SAMFET shows small variations in the elec-
tronic structure which are interpreted in terms of field induced shifts

of the electronic levels and/or local charges. The unique combination
of STXM and AFM provided by the NanoXAS beamline at the Swiss
Light Source enables us to monitor both, the morphological homo-
geneity of the SAM film and modifications in the electronic structure.
Thus, a more detailed insight into the correlation of morphological and
electronic properties of these ultrathin devices can be achieved. The
project is funded by the BMBF (contract 05K10WEA).

[1] C. Hub, et al., J. Mater. Chem. 20, 2010, 4884
[2] A. Rumpel, et al., Langmuir 27, 2011, 15016

CPP 3.5 Mon 13:15 H1
Scanning Kelvin Probe Microscopy on FIB-milled Cross
Sections of Organic Solar Cells — ∙Rebecca Saive1,2,3,
Christian Müller1,2,3, Michael Scherer1,2,3, Dominik
Daume1,2,3, Michael Kröger1,3, and Wolfgang Kowalsky1,2,3

— 1InnovationLab GmbH, Heidelberg, Germany — 2Kirchhoff-
Institut für Physik, University Heidelberg, Germany — 3Institut für
Hochfrequenztechnik, Technische Universität Braunschweig, Germany
Scanning Kelvin probe microscopy (SKPM) is a promising tool to ana-
lyze charge carrier transport paths in electronic devices. Conventional
SKPM is limited to analysis of charge transport parallel to the device
surface, e.g. within planar field-effect transistors, whereas the trans-
port in vertical devices e.g. bulk heterojunction solar cells is not ac-
cessible to further characterization. Therefore we introduce a method
to directly measure at the cross sections of organic devices by milling
with a focused ion beam (FIB) and adjacent SKPM characterization.
By this method we can reveal a spatially resolved potential distri-
bution and therefore indentify charge injection and charge transport
barriers. In this work, we could correlate microscopic measurement
results like the work function difference between the contact materials
to macroscopic device characteristics received by J-V measurements
and impedance spectroscopy.

CPP 4: SYBD: Magnetic Nanoparticles in Biomedical Diagnostics and Therapy

Time: Monday 15:00–17:30 Location: H1

Invited Talk CPP 4.1 Mon 15:00 H1
Functionalization and Pharmaceutical Aspects of Magnetic
Nanoparticles (Magnetic Carriers) — ∙Urs O. Häfeli — Uni-
versity of British Columbia, Faculty of Pharmaceutical Sciences, Van-
couver, BC, Canada
This presentation will review the properties and applications of modern
magnetic nanoparticles and microspheres for application as nanomed-
ical agents, both for diagnosis and therapy of different diseases. Basic
applications in biomedicine and industry, clinical applications, as well
as open questions regarding risk and economy will be discussed.

Important features make nanoparticles and microspheres interesting
for in vitro and in vivo applications: biocompatibility, biodegradabil-
ity, transport capacity, surface functionalization with biological active
molecules, binding of fluorescent and radioactive markers, increasing
surface area with decreasing size, organ-specific targeting.

To further increase the particles efficiency, further work is necessary
in the design of effective magnetic targeting systems, the coatings for
optimized particles, the choice of targeting ligands, as well as the max-
imization of the particles* magnetic moment. Altogether, exciting in
vivo applications are possible in magnetic guidance and controlled de-
livery of drugs, genetic material, and stem cells, in addition to their
current use for the contrast enhancement in magnet resonance imaging
and local hyperthermia treatment of cancer.

For additional information about the scientific field of magnetic par-
ticles, please check out www.magneticmicrosphere.com.

Invited Talk CPP 4.2 Mon 15:30 H1
Fluid mechanical aspects of therapeutic application of sus-
pensions of magnetic nanoparticles — ∙Stefan Odenbach —
TU Dresden, Chair of Magnetofluiddynamics, Measuring and Automa-
tion Technology, Dresden, Germany
One of the promising approaches for the use of magnetic nanoparticles
in cancer therapy is a technique called magnetic drug targeting. Here
a chemotherapeutic agent is attached to the surfactant of the magnetic
particles and a water based suspension of these drug carrying particles
is injected into a supplying artery of the tumour. Using appropriate
magnetic fields magnetic forces can be generated targeting the parti-

cles towards the tumour. As a result chemotherapy without side effects
is envisaged.

Within the talk some of these aspects resulting from fluid mechan-
ics will be highlighted and discussed. On the one hand we’ll have a
look on model experiments studying the targeting process for the mag-
netic fluid and its dependence on magnetic field configuration. The
respective experiments presented will be accompanied by numerical
simulations which are intended to provide a tool for future clinical ap-
plications allowing an optimal field control on the basis of angiographic
data.

The second part of the talk will focus on magnetic field effects con-
cerning the viscosity of ferrofluids for biomedical applications as well
as on changes of the flow behaviour of blood with suspended magnetic
particles in a field and will thus highlight investigations on fundamental
fluid properties being important for experiments as well as simulations.

Invited Talk CPP 4.3 Mon 16:00 H1
Magnetic Particle Imaging: A new Medical Imaging Modality
— ∙Thorsten Buzug — Institute of Medical Engineering, University
of Lübeck, Germany
Recently, magnetic particle imaging (MPI) has been introduced as a
novel method for direct measurement of the spatial distribution of su-
perparamagnetic iron oxide nanoparticles (SPIOs) that are used as
tracer material. The SPIOs are subjected to a sinusoidally oscillating
magnetic field and respond with a nonlinear change in magnetization.
The acquired induction signal contains harmonics of the fundamental
excitation frequency, which are subsequently used for determination
of the spatial particle distribution and concentration. For spatial en-
coding a magnetic gradient field (the selection field) is superimposed
onto the sinusoidal excitation field (the drive field) such that a field-
free point (FFP) is established at a desired location within the field
of view. Nanoparticles located near the FFP contribute to the signal
generation, whereas particles that are far from the FFP are in satura-
tion and cannot contribute. Image reconstruction from the measured
induction signals can be seen as the solution for the corresponding in-
verse problem. In this talk, the state of the art in magnetic coil design
for MPI is discussed. With a new symmetrical arrangement of coils,
a field-free line can be produced that promises a significantly higher
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sensitivity compared with the standard arrangement for an FFP. Ad-
ditionally, an alternative single-sided coil assembly is presented for the
use in hand-held applications.

Invited Talk CPP 4.4 Mon 16:30 H1
Superparamagnetic iron oxide nanoparticles for MR-visible
mesh implants and novel drug targeting models — ∙Ioana
Slabu1,2, Anjali Roeth3, Christiane Kuhl4, Thomas Schmitz-
Rode1, and Martin Baumann1 — 1Applied Medical Engineering,
Medical Faculty, Helmholtz Institute, RWTH Aachen University, Ger-
many — 2II. Physical Institute, RWTH Aachen University, Germany
— 3Department of Surgery, University Hospital, RWTH Aachen Uni-
versity, Germany — 4Department of Radiology, University Hospital,
RWTH Aachen University, Germany
Two major medical applications of superparamagnetic iron oxide
(SPIO) nanoparticles are presented, exploiting their physical and mag-
netic properties to combine diagnostic and therapeutic functionalities.
First, the concept and realization of a (magnetic resonance) MR-visible
mesh implant is described which facilitates an accurate determination
of complications after mesh implantation by means of MR imaging.
The visual investigation of the implant helps to reduce the exposure
of the patient to redundant surgery interventions. Second, magnetic
drug targeting approaches based on numerical simulations for cancer
therapies are developed. A new concept of placing an array of per-
manent magnets and coils inside hollow organs of the body very close

to tumors is described. In this way, a stronger magnetic field and
its higher gradient are achieved in the tumor. This allows a local ac-
cumulation of administrated SPIO nanoparticles with bounded drugs
and enhances the efficiency of the therapy. First simulation results are
already applied and validated in animal trials.

Invited Talk CPP 4.5 Mon 17:00 H1
Magnetic measurement techniques assisting biomedical ap-
plications of magnetic nanoparticles — ∙Lutz Trahms —
Physikalisch-Technische Bundesanstalt, Abbestr. 2-12, D-10587
Berlin, Germany
Due to their biocompatibiliy and their small size, magnetic nanopar-
ticles (MNP) made of iron oxide can be guided to virtually every
biological environment. MNP are susceptible to external magnetic
fields and can be used, e.g., for drug transportation, heat generation
or as contrast agents for MRI. All these applications require knowl-
edge about the magnetic properties and, when applied in-vivo, quan-
titative knowledge about the spatial distribution in the living tissue.
In this contribution, I will report on a number of magnetic measure-
ment techniques that provide such information, i.e. in particular on
conventional susceptibility measurements M(H), magnetorelaxometry,
and magnetic particle spectroscopy. In addition, I will give examples
how these analytical or spectroscopic techniques can be modified to
obtain quantitative spatial information.

CPP 5: Glasses and Glass Transition I (joint session DY/CPP)

Time: Monday 15:00–17:30 Location: H34

Invited Talk CPP 5.1 Mon 15:00 H34
Intra- and inter-molecular dynamics in glass-forming liquids
— ∙Periklis Papadopoulos1, Wilhelm Kossack2, and Friedrich
Kremer2 — 1Max Planck Institute for Polymer Research, Mainz, Ger-
many — 2Universität Leipzig, Germany
The intra- and inter-molecular interactions of salol and polystyrene,
as low molecular weight and polymeric glass-forming model systems,
are studied by Fourier-transform infrared (FTIR) spectroscopy and
Broadband Dielectric Spectroscopy (BDS). By analysing the temper-
ature dependencies of specific IR absorption bands it is demonstrated
that each molecular moiety in the glass-formers has its own signature
in the course of the dynamic glass transition: while some do not show
any change at the calorimetric glass transition temperature, others ex-
hibit a pronounced “kink”. The effects cannot be attributed solely to
microscopic thermal expansion, but instead indicate gradual conforma-
tional changes. The ease of application of this approach to a variety of
systems in different geometries and external conditions can assist the
modelling of glasses and the understanding of the coupling between
the glass transition and molecular-level dynamics.

[1] P. Papadopoulos, W. Kossack, and F. Kremer, Soft Matter, 2013,
9, 1600 - 1603

CPP 5.2 Mon 15:30 H34
In-situ investigation of vapor-deposited thin films of toluene
and ethylbenzene by AC chip-nanocalorimetry — ∙Mathias
Ahrenberg1, Katie R. Whitaker2, Yeong-Zen Chua1, Heiko
Huth1, Mark D. Ediger2, and Christoph Schick1 — 1Institut
für Physik, Universität Rostock, Wismarsche Str. 43-45, 18051 Ros-
tock, Germany — 2Department of Chemistry, University of Wisconsin-
Madison, Madison, Wisconsin 53706, USA
Physical vapor deposition can be used to produce thin films with par-
ticular material properties. For example extraordinarily stable glasses
can be obtained from organic molecules like toluene and ethylbenzene.
We have investigated properties like packing efficiency and kinetic sta-
bility depending on substrate temperature and deposition rate by in-
situ AC chip-nanocalorimetry. We have varied the substrate temper-
ature covering the range from temperatures proven to yield high en-
thalpy glasses up to temperatures proven to yield low enthalpy glasses.
This way the complete evolution of the mentioned stable glass prop-
erties is observed. Moreover AC calorimetry offers the possibility for
isothermal measurements which enables to follow the transformation of
the stable glass to the super-cooled liquid. Transformation experiments
give suggestion of the transformation mechanism and its temperature
dependence. The data are in agreement with a growth front for the

transformation of the stable glass into the supercooled liquid.

CPP 5.3 Mon 15:45 H34
Calorimetric glass transition of ultathin films of homopoly-
mers and their blends — ∙Huajie Yin and Andreas Schönhals
— BAM Bundesanstalt für Materialforschung und -prüfung, Unter den
Eichen 87, 12205 Berlin, Germany
Glass transition behavior of different ultrathin polymer films (down to
around 10 nm) was investigated by specific heat spectroscopy using dif-
ferential AC calorimetry. For thin homopolymer films like polystyrene
(PS) and poly(vinyl methyl ether) (PVME), no thickness dependence
of dynamic glass transition temperature was observed down to 10 nm.
Furthermore, the width of the glass transition is independent of the
film thickness which indicates that the extent of the cooperativity is
essentially smaller than 10 nm. For polymer blend thin films in the
case of PS/PVME with the weight fraction of 50/50, the dynamic
glass transition temperature was found to be decreasing with reducing
the film thickness. This phenomenon is explained in terms of sur-
face enrichment of PVME in the polymer blend system where PVME
has a lower surface energy than PS. X-ray photoelectron spectroscopy
(XPS) was used to probe the surface composition in order to confirm
such surface enrichment phenomena.

CPP 5.4 Mon 16:00 H34
Molecular dynamics of a discotic liquid crystal studied by
Dielectric Relaxation and Specific Heat Spectroscopy —
∙Christina Krause1, Huajie Yin1, Andreas Wurm2, Christoph
Schick2, and Andreas Schönhals1 — 1BAM Federal Institute for
Materials Research and Testing, Unter den Eichen 87, D-12205 Berlin
— 2Institute of Physics, University of Rostock, Wismarsche Straße
43-45, D-18051 Rostock
The molecular dynamics of the discotic liquid crystal pyrene-1,3,6,8-
tetracarboxylic tetra(2-ethylhexyl)ester is investigated by dielectric re-
laxation and specific heat spectroscopy. The data from dielectric spec-
troscopy shows 3 processes: a 𝛽-relaxation at low temperatures and
an 𝛼-relaxation in the temperature range of the mesophases followed
by conductivity. In both phases the dielectric 𝛼-relaxation is assigned
to restricted glassy dynamics. Glassy dynamics is also detected in
the plastic crystalline phase by means of specific heat spectroscopy
but with a different temperature dependence of the relaxation rates.
This is discussed considering the different molecular restrictions of the
fluctuations: close to the columns (dielectric spectroscopy) and more
in the intercolumnar space (specific heat spectroscopy). In the frame
of the fluctuation approach a correlation length of glassy dynamics is
calculated to 0.78 nm which correlates well to the core-core distance
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estimated by X-ray scattering.

CPP 5.5 Mon 16:15 H34
Liquid to glass transition in a Wigner glass — ∙Fabian West-
ermeier, Michael Sprung, and Gerhard Grübel — HASYLAB,
Deutsches Elektronen-Synchrotron, 22607 Hamburg, Germany
One of the interesting problems of disordered systems is the nature of
the liquid to glass transition. While the glass transition in molecular
glass formers can be typically achieved by cooling down the system,
in colloidal systems the glassy state is experimentally accessible by
changing the strength of the direct particle interactions.

Colloidal systems can be distinguished by their type of interaction.
While so called hard sphere systems interact via a repulsive, short
range interaction potential, electrostatically stabilized systems are in-
teracting via a long-range, screened Coulomb potential which depends
inter alia on the charge of the particles and the concentration of ad-
ditional ions in the solvent screening the direct particle interactions.
As it is thus possible to tune the direct particle interaction strength
of these systems, the glass transition can already occur at much lower
volume fractions when compared to the hard sphere case.

We have used X-ray scattering techniques to investigate the glass
transition of a charge stabilized system at a constant volume fraction,
varying only the strength of the direct particle interactions. While
the average structure of the colloidal suspensions shows only minor
changes, the dynamics of the system vary strongly as a function of the
direct particle interaction strength.

CPP 5.6 Mon 16:30 H34
Temporal evolution of structural and dynamical hetero-
geneities in a metastable colloidal fluid — ∙Sebastian
Golde1,2, Markus Franke2, and Hans Joachim Schöpe2,3 —
1Graduate School Materials Science in Mainz, Staudinger Weg 9, 55128
Mainz, Germany — 2Johannes Gutenberg-Universität Mainz, Institut
für Physik, Staudinger Weg 7, 55099 Mainz, Germany — 3MPI für
Polymerforschung, Postfach 3148, 55021 Mainz, Germany
An interesting property of the metastable melt is that it exhibits spa-
tial heterogeneous dynamics [1]. The dynamics can be understood as
an accumulation of mobile and immobile particles. Recent work sug-
gested that the local structure and dynamics of the metastable melt are
correlated to each other [2]. In order to investigate these phenomena
we used a hard sphere like colloidal model system. The local dynamics
in the metastable colloidal melt were measured with our recently new
designed multispeckle correlation spectroscopy setup which performs
space- as well as time-resolved dynamic light scattering. The solidifica-
tion kinetics was measured using an advanced time-resolved laser light
Bragg scattering setup. The correlation between the particle dynam-
ics and the solidification kinetics could be quantified by analyzing the
temporal evolution of the local particle dynamics, the ensemble aver-
aged dynamic structure factor and the solidification kinetics. Crossing
the glass transition point we can show that there is fundamental link
between crystallization and vitrification. [1] L. Berthier and G. Biroli,
Rev. Modern Physics 83 (2011),[2] T. Kawasaki and H. Tanaka, JCPM
22 (2010)

CPP 5.7 Mon 16:45 H34
Multiple reentrant glass transitions in confined hard-sphere
glasses — ∙Suvendu Mandal1,2, Simon Lang3, Rolf Schilling4,
Vitalie Botan4, Martin Oettel4, Dierk Raabe1, Thomas
Franosch3, and Fathollah Varnik1,2 — 1Max-Planck Institut
fur Eisenforschung, Max-Planck Str. 1, 40237 Dusseldorf, Ger-

many — 2Interdisciplinary Centre for Advanced Materials Simula-
tion (ICAMS), Ruhr-Universitat Bochum, Stiepeler Strasse 129, 44801
Bochum, Germany — 3Institut fur Theoretische Physik, Friedrich-
Alexander-Universitat Erlangen-Nurnberg, Staudtstraße 7, 91058, Er-
langen, Germany — 4Institut fur Physik, Johannes Gutenberg-
Universitat Mainz, Staudinger Weg 7, 55099 Mainz, Germany
We perform molecular dynamics simulations for a polydisperse, densely
packed hard-sphere fluid confined between two parallel walls [1]. The
diffusion coefficient parallel to the walls is observed to vary by orders of
magnitudes upon changing the wall separation while keeping the pack-
ing fraction fixed. A striking multiple reentrance scenario emerges for
the transition from liquid to glass as the wall separation becomes com-
parable to the particle diameter. The non-monotonic behavior of the
phase diagram is rationalized in terms of a numerical solution of a
recently developed mode-coupling theory [1,2].

[1] S. Mandal, S. Lang, R. Schilling, V. Botan, M. Oettel, D. Raabe,
T. Franosch, and F. Varnik submitted [2] S. Lang, V. Botan, M. Oettel,
D. Hajnal, T. Franosch, R. Schilling PRL 105, 125701 (2010).

CPP 5.8 Mon 17:00 H34
Shear banding in hard sphere glasses — Segun Ayodele1,
Dierk Raabe1, Ingo Steinbach2, and ∙Fathollah Varnik1,2 —
1Max-Planck-Institut für Eisenforschung GmbH, Düsseldorf, Germany
— 2ICAMS, Ruhr Universität Bochum, Germany
When an amorphous solid is exposed to a simple shear such as a planar
Couette flow, the flow may become heterogeneous despite the fact that
the macroscopic stress is constant across the system [1,2]. However,
both in computer simulations [1,3] and experiments [2] the observed ve-
locity profile is unsteady with significant spatio-temporal fluctuations.
In this work, we address the question whether a steady shear banded
solution may exist. For this purpose, we both perform an analysis
of the underlying equations as well as lattice Boltzmann simulations,
using as input the constitutive laws obtained from MD simulations [3].

[1] F. Varnik, L. Bocquet, J.-L. Barrat, L. Berthier, Phys. Rev.
Lett. 90, 095702 (2003).

[2] R. Besseling, L. Isa, P. Ballesta, G. Petekidis, M.E. Cates,
W.C.K. Poon, Phys. Rev. Lett. 105, 268301 (2010).

[3] S. Mandal, M. Gross, D. Raabe, F. Varnik, Phys. Rev. Lett.
108, 098301 (2012).

CPP 5.9 Mon 17:15 H34
Re-establishment of the equipartition theorem for small
systems in molecular dynamics ensemble — ∙Nima Hamidi
Siboni1,2, Dierk Raabe2, and Fathollah Varnik3 — 1AICES,
RWTH-Aachen, Germany — 2Max-Planck-Institut für Eisen-
forschung, Düsseldorf, Germany — 3ICAMS, Ruhr-Universität
Bochum, Germany.
It has been reported recently that, in molecular dynamics (MD) simu-
lations, periodic boundary condition leads to a violation of the equipar-
tition theorem for systems containing particles with different masses
[Shirts et al, J. Chem. Phys. 125 164102 (2006)]. This effect is asso-
ciated with the finite number of particles in MD simulations. Here, we
propose a modification to MD simulation, which removes this prob-
lem. Our method is based on imposing Gaussian random fluctuations
on the system’s center of mass velocity. Using the analogy to a system
exchanging momenta with impenetrable walls, we work out an ana-
lytical expression for the rate at which fluctuations are added to the
system. The restoration of the equipartition is then demonstrated for
small systems both at equilibrium as well as beyond equilibrium in the
linear response regime.

CPP 6: Charge Transfer Effects in Molecular Materials II (joint session CPP/HL/BP/DS)
Related to SYCT organized by Frank Schreiber (Tübingen) and Wolfgang Brütting (Augsburg).

Time: Monday 15:00–17:30 Location: H40

Invited Talk CPP 6.1 Mon 15:00 H40
a molecular picture of charge-transfer processes at donor-
acceptor interfaces in organic solar cells — ∙Jean-Luc Bredas
— School of Chemistry and Biochemistry/Center for Organic Photon-
ics and Electronics, Georgia Institute of Technology, Atlanta, Georgia
30332-0400
Our objective in this presentation is two-fold. First, after a general

introduction to organic solar cells, we use a molecular mechanics /
molecular dynamics simulations approach to try and provide a molec-
ular picture of the packing configurations (local morphology) at the
interface between the donor and acceptor components in organic solar
cells [1-3]. Then, we discuss in detail the impact that these local pack-
ing configurations at the interfaces have on the exciton-dissociation and
charge-separation processes [4]. Systems under consideration include
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fullerene derivatives or n-type oligoacene derivatives as acceptors and
low optical-gap polymers or small molecules (pentacene or squaraine
derivatives) as donors.

References (1) N. Cates Miller, E. Cho, et al., Advanced Ma-
terials, in press (DOI: 10.1002/adma.201202293). (2) N. Cates
Miller, E. Cho, et al., Advanced Energy Materials, in press (DOI:
10.1002/aenm.201200392). (3) Y.T. Fu, C. Risko, and J.L. Bredas,
Advanced Materials, in press (DOI: 10.1002/adma.201203412). (4)
J.L. Bredas, J. Norton, J. Cornil, and V. Coropceanu, Accounts of
Chemical Research 42, 1691 (2009).

CPP 6.2 Mon 15:30 H40
Microscopic simulations of charge transport in disordered or-
ganic semiconductors — ∙Denis Andrienko, Bjoern Baumeier,
Pascal Kordt, Anton Melnyk, and Carl Poelking — Max
Planck Institute for Polymer Research, Ackermannweg 10, 55128
Mainz, Germany
Charge carrier dynamics in an organic semiconductor can often be
described in terms of charge hopping between localized states. The
hopping rates depend on electronic coupling elements, reorganization
energies, and driving forces, which vary as a function of position and
orientation of the molecules. The exact evaluation of these contribu-
tions in a molecular assembly is computationally prohibitive. Various,
often semi-empirical, approximations are employed instead. Here, we
review the current status of methods used to evaluate energetic dis-
order in organic semiconductors, such as polarizable force-fields and
QM/MM approaches, focusing on their predictive power and accu-
racy. All methods are illustrated on donor-acceptor small-molecule
interfaces as well as crystalline mesophases of conjugated polymers.

CPP 6.3 Mon 15:45 H40
Metal-Molecule Charge Transfer through Surface-Induced
Conjugation — ∙Georg Heimel1, Steffen Duhm2, Ingo
Salzmann1, Alexander Gerlach3, Antje Vollmer4, Frank
Schreiber3, and Norbert Koch1 — 1Institut für Physik, Humboldt-
Universität zu Berlin, 12489 Berlin, Germany — 2Institute of Func-
tional Nano & Soft Materials, Soochow University, Suzhou 215123, P.
R. China — 3Institut für Angewandte Physik, Universität Tübingen,
72076 Tübingen, Germany — 4Helmholtz Zentrum Berlin für Materi-
alien und Energie GmbH, 12489 Berlin, Germany
For the majority of large 𝜋-conjugated molecules, the Fermi level of
supporting coinage-metal substrates is pinned to stay well within their
electronic energy gap. In some cases, however, the Fermi level does
cross into either of the frontier molecular orbitals. On the basis of
a combined multi-technique experimental and theoretical study on a
particularly clear-cut case – pentacenequinone and pentacenetetrone
on the (111) surfaces of Au, Ag, and Cu – we present an attempt
for a unifying explanation of such intriguing cases: The conjugation
length of the organic semiconductor increases through interaction of
specific chemical substituents with the metal surfaces. The ensuing re-
duction of the energy gap is found to be the crucial ingredient needed
to overcome Fermi-level pinning. Our findings aid in the design of
charged molecular monolayers, which are of interest both from the
fundamental- and the applied-physics point of view.

Invited Talk CPP 6.4 Mon 16:00 H40
High efficiency OLEDs based on delayed fluorescence —
∙Chihaya Adachi — OPERA, Kyushu University, Fukuoka, Japan
We achieved a novel pathway to reach the ultimate EL efficiency by
inventing simple aromatic compounds displaying efficient thermally-
activated delayed fluorescence (TADF) with high photoluminescence
efficiency, namely *hyperfluorescence*. While we had previously as-
sumed that the S1 level should be significantly higher than the T1 level,
i.e., 0.5~1.0 eV higher, due to the presence of electron exchange en-
ergy, we found that the proper design of organic molecules can lead to
a small energy gap (ΔEST) between them. Relatedly, a molecule dis-
playing efficient TADF requires a very small ΔEST between its S1 and
T1 excited states, resulting in enhanced T1 * S1 reverse intersystem
crossing (ISC). Such excited states are attainable by the intramolecu-
lar charge transfer (CT) of a spatially separated donor and acceptor
system. The critical point of the molecular design is the compatibility
of a small ΔEST ~ 0 eV and a reasonable radiative decay rate of over
106/s that overcomes competitive non-radiative decay paths, leading
to highly luminescent TADF materials. Since the two properties con-
flict with each other, a delicate balance of the overlap of the highest
occupied molecular orbital (HOMO) and lowest unoccupied molecular

orbital (LUMO) is required. Furthermore, to enhance the PL efficiency
of a TADF material, geometrical change between its S0 and S1 states
should be restrained to suppress non-radiative decay processes. In this
work, we designed a novel series of highly efficient TADF emitters that
resulted in very high electroluminescence efficiency.

CPP 6.5 Mon 16:30 H40
Triplet Exciton Generation and Electron Back Transfer in Or-
ganic Solar Cells — ∙Andreas Sperlich1, Hannes Kraus1, Ste-
fan Väth1, Alexander Förtig1, Carsten Deibel1, and Vladimir
Dyakonov1,2 — 1Experimental Physics VI, Julius Maximilian Univer-
sity of Würzburg, 97074 Würzburg — 2ZAE Bayern, 97074 Würzburg
To increase the power conversion efficiency of organic solar cells it
would be extremely advantageous to improve the harvesting of singlet
and charge transfer (CT) excitons. Dissociation of CT complexes into
free charge carriers or, alternatively, their decay by electron back trans-
fer (EBT) reactions depend on the energy levels of constituting donor
and acceptor molecules, on microscopic structure of blends but also on
the relative spin orientation of charges carriers within the e-h pair.
We report on state-of-the-art organic semiconductors for polymer-
fullerene bulk hetero-junction solar cells, such as blends based on the
benzodithiophene donor PTB7 or the endohedral fullerene-derivative
Lu3N@C80-PCBEH. We applied optical, current-voltage, morphology,
and spin-sensitive techniques and found correlations between electrical
performance of solar cells and formation of CT and triplet states. Com-
bining results of these complementary experiments, we offer a physical
picture on how pushing up the LUMO level of acceptors or tailoring
the blends’ morphology may end up in unwanted loss mechanisms in
bulk-heterojunction solar cells.

CPP 6.6 Mon 16:45 H40
Reduced recombination and field independent charge
carrier generation in polymer-polymer solar cells —
∙Steffen Roland1, Marcel Schubert1, Zhihua Chen2, Anto-
nio Facchetti2, and Dieter Neher1 — 1University of Potsdam,
Institute of Physics and Astronomy — 2Polyera Corporation
Charge transport and recombination are investigated for solar cells
made of poly(3-hexylthiphene) (P3HT) and the non-fullerene, high
mobility acceptor copolymer P(NDI2OD-T2). Optimized devices show
high fill factors of up to 70%, indicating that the excellent electron
transport properties of pure P(NDI2OD-T2) is prevailed in the blend.
By applying of the time delayed collection field technique (TDCF) we
measured the field dependence of the charge carrier generation, and
of the non geminate recombination as well as the electron and hole
mobilities. The results reveal a field-independent photocurrent gener-
ation and a strongly reduced recombination coefficient for free charge
carriers. The results imply that major charge carrier losses originate
from an ultrafast (geminate) recombination on time scales below 10
ns.

Invited Talk CPP 6.7 Mon 17:00 H40
The role of intermolecular hybridization in molecular elec-
trical doping — ∙Ingo Salzmann1, Georg Heimel1, Henry
Méndez1, Andreas Opitz1, Patrick Barkowski1, Martin
Oehzelt2,1, Katrein Sauer1, and Norbert Koch1,2 — 1Humboldt
Universität zu Berlin — 2Helmholtz Zentrum Berlin, Germany
Molecular electrical doping of functional organic semiconductor
(OSC) films is typically done by the admixture of strong molecular
donors/acceptors as dopants. In a recent combined experimental and
theoretical study on prototypical OSC/dopant pairs we showed that
positive polarons, evidencing the common perception of direct electron
transfer between the highest occupied molecular orbital (HOMO) of
the OSC and the lowest unoccupied molecular orbital (LUMO) of the
p-dopant, are not observed in ultraviolet photoelectron spectroscopy
even at considerable dopant ratios [1]. Instead of mutual ionization
leading to singly occupied states, frontier molecular orbital hybridiza-
tion between the OSC-HOMO and the dopant-LUMO occurs forming
a doubly occupied bonding and an empty anti-bonding supramolecular
hybrid orbital with a reduced fundamental gap, which is tunable by
the acceptor strength. As all available states are occupied following
Fermi-Dirac statistics, only a fraction of the hybrids is ionized at room
temperature rationalizing the high dopant concentrations in practical
applications. From this model, controlling the degree of hybridiza-
tion emerges as strategy for the design of future improved molecular
dopants in organic electronic devices.
[1] I. Salzmann, G. Heimel et al., Phys. Rev. Lett. 108, 035502, 2012.
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CPP 7: Organic Electronics and Photovoltaics I (joint session DS/CPP/HL/O)

Time: Monday 17:15–18:45 Location: H32

CPP 7.1 Mon 17:15 H32
Correlation between interface energetics and open circuit
voltage in organic photovoltaic cells — ∙Andreas Wilke1,
James Endres2, Ulrich Hörmann3, Jens Niederhausen1,
Raphael Schlesinger1, Johannes Frisch1, Patrick Amsalem1,
Julia Wagner3, Mark Gruber3, Andreas Opitz1, Antje
Vollmer4, Wolfgang Brütting3, Antoine Kahn2, and Norbert
Koch1,4 — 1Humboldt-Universität zu Berlin, Institut für Physik,
Brook-Taylor-Str. 15, D-12489 Berlin, Germany — 2Department of
Electrical Engineering, Princeton University, Princeton, NJ 08544,
USA — 3Universität Augsburg, Institut für Physik, Universitätsstr.
1, D-86135 Berlin, Germany — 4Helmholtz-Zentrum Berlin für Mate-
rialien und Energie GmbH BESSY II, Albert-Einstein-Str. 15, D-12489
Berlin, Germany
We have used ultraviolet and inverse photoemission spectroscopy to de-
termine the transport gaps (𝐸T) of C60 and diindenoperylene (DIP),
and the photovoltaic gap (𝐸PVG) of five prototypical donor/acceptor
interfaces used in organic photovoltaic cells (OPVCs). The transport
gap of C60 (2.5 ± 0.1) eV and DIP (2.55 ± 0.1) eV at the interface
is the same as in pristine films. We find nearly the same energy loss
of ca. 0.5 eV for all material pairs when comparing the open circuit
voltage measured for corresponding OPVCs and 𝐸PVG.

CPP 7.2 Mon 17:30 H32
Direct Observation of Charge Separation in Perylene
Monoimide Solid State Dye-Sensitized Solar Cells — ∙Ian
Howard1, Michael Meister1, Björn Baumeier1, Henrike
Wonnenberger1, Neil Pschirer2, Rüdiger Sens2, Ingmar
Brüder2, Klaus Müllen1, Denis Andrienko1, and Frédéric
Laquai1 — 1Max Planck Institute for Polymer Research, Ackerman-
nweg 10, D-55128 Mainz, Germany — 2BASF SE
Combining Vis-NIR broadband pump-probe transient absorption spec-
troscopy with precise measurement of the time-resolved photoinduced
Stark effect we demonstrate that it is possible to track not only the
rate of charge injection but also the motion of carriers after injection
on the critical nanosecond timescale in Solid State Dye Sensitized So-
lar Cells. In terms of solar cell efficiency our findings have two major
impacts. Firstly, we directly observe that the *reductive quenching*
pathway previously suggested (wherein a photoexcited dye donates a
hole to the hole transport material before then injecting an electron,
now from the dye anion state, into the TiO2) is important for obtain-
ing high device efficiencies, especially for NIR absorbing dyes which
exhibit a reduced driving force for electron injection directly from the
dye exciton. Secondly, we find that many charges return to the in-
terface after following injection, likely due to Coulombic and image
charge effects. Screening the charges better, for example by reducing
the dielectric contrast or increasing the dye length, should decrease the
interfacial charge density and thereby parasitic recombination.

CPP 7.3 Mon 17:45 H32
Full electronic structure across a polymer heterojunction
solar cell: interface dipoles and influence of light —
∙Johannes Frisch1, Patrick Amsalem1, Jens Niederhausen1,
Marcel Schubert2, Eduard Preis3, Antje Vollmer4, Jürgen
P. Rabe1, Ullrich Scherf3, Dieter Neher2, and Norbert Koch1

— 1Humboldt-Universität zu Berlin, Germany — 2Universität Pots-
dam, Germany — 3Bergische Universität Wuppertal, Germany —
4Helmholtz-Zentrum Berlin für Materialien und Energie - Speicher-
ring BESSY II, Berlin, Germany
Controversial discussions concern the dependence of open circuit volt-
age on the energy offset between the highest occupied molecular or-
bital level of the donor material and the lowest unoccupied molec-
ular orbital level of the acceptor material in organic photovoltaic
cells. Therefore, we investigate the energy level alignment in two bi-
layer OPVCs comprising the donor poly(3-hexylthiophene) (P3HT)
and the acceptors 1-(3-methoxycarbonyl)propyl-1-phenyl[6.6]C61
(PCBM) and poly(9,9’dialklylfluorene-alt- 4,7-bis(2,5-thiendiyl)-2,1,3-
benzothiadiazole) (PFTBTT). Ultraviolet photoelectron spectroscopy
revealed that notable interface dipoles occur at all interfaces across
the OPVC structures for both material combinations. Particularly,
the effective electrode work function (after contact formation with the
organic material) differs significantly from those of the pristine mate-

rials. In addition, we find that negative charges are collected at the
metal clusters (that exist in the early stage of cathode formation) due
to exciton dissociation at the heterojunction.

CPP 7.4 Mon 18:00 H32
Optoelectronic Properties Of Zinc(II)-Phthalocyanine —
∙Michael Kozlik, Sören Paulke, Marco Gruenewald, Roman
Forker, and Torsten Fritz — University of Jena, Institute of Solid
State Physics, Helmholtzweg 5, 07743 Jena, Germany
Zinc phthalocyanine (ZnPc) is an organic molecule which is used in
organic optoelectronic devices, such as OLEDs and organic solar cells.
Bulk material is represented mainly in form of the metastable 𝛼-ZnPc,
while the stable 𝛽-ZnPc is less conductive [1]. We show the critical
transformation temperature as well as optical and morphological differ-
ences between both phases. Description and simulation of the perfor-
mance of organic devices make use of material parameters. In our work
we present the determination of the optical constants and the exciton
diffusion length. Experimental methods are UV-Vis spectroscopy and
external quantum efficiency. By transmittance and reflectance spectra
we derive the real and imaginary part of the refractive index [2]. In
combination with the derived parameters we show the performance of
a simplified photovoltaic cell and identify the region of exciton disso-
ciation and exciton diffusion length.

References
[1] K. Wihksne et al., J. Chem. Phys. 34 (1961) 2184.
[2] M. Kozlik et al., Org. Electron. 13 (2012) 3291.

CPP 7.5 Mon 18:15 H32
The operational mechanism of ionic transition metal
complex-based light-emitting electrochemical cells —
∙Sebastian B. Meier1,2, Stephan van Reenen3, Henk J.
Bolink4, Martijn Kemerink3, Wiebke Sarfert2, and Albrecht
Winnacker1 — 1Department of Materials Science VI: Materials
for Electronics and Energy Technology, University of Erlangen-
Nuremberg, Germany — 2Siemens AG, Corporate Technology, CT
RTC MAT MPV-DE, Erlangen, Germany — 3Department of Applied
Physics, Eindhoven University of Technology, The Netherlands —
4Instituto de Ciencia Molecular, Universidad de Valencia, Spain
Light-emitting electrochemical cells (LECs) are promising candidates
for cost-efficient next generation solid-state lighting and signage appli-
cations. They feature only a single, solution-processible active layer
comprising a luminescent material in an ionic environment which al-
lows for charge carrier injection from air-stable electrodes and low
operating voltages. The operational mechanism of LECs has been
the subject of an intense debate ever since their discovery. Evidence
for electrochemical doping has been demonstrated for polymer-based
devices, whereas LECs comprising ionic transition metal complexes
(iTMCs) have almost exclusively been stated to operate via an electro-
dynamic mechanism. We used fluorescence as well as scanning Kelvin
probe microscopy on planar iTMC-LECs to elucidate their mechanism
of work. Our results illustrate profound evidence for electrochemical
doping in these kind of LEC devices and highlight that the position of
the established p-i-n junction is not fixed but migrates during device
operation.

CPP 7.6 Mon 18:30 H32
Effective Charge Carrier Lifetimes in Organic Solar Cells Pre-
pared by Coevaporation of 𝐶60 and 𝐶𝑢𝑃𝑐 in different mixtures
and geometries — ∙André Dragässer and Derck Schlettwein
— Institute of Applied Physics, Justus-Liebig-University Giessen,
Giessen, Germany
Evaporated organic solar cells can lead to efficiencies of technical rele-
vance if the interface of donor and acceptor molecules is optimized for
the interplay of exciton dissociation, charge transport and recombina-
tion. The effective lifetime of the charge separated state is of central
relevance. Intensity- modulated photovoltage spectroscopy with par-
allel impedance spectroscopy is a suitable method of analysis. Organic
solar cells consisting of the well-established semiconductor materials
𝐶𝑢𝑃𝑐 and 𝐶60 were prepared by physical vapor deposition on an 𝐼𝑇𝑂
substrate, modified with 𝑃𝐸𝐷𝑂𝑇 : 𝑃𝑆𝑆. The cells were completed
by a back contact of 𝐵𝐶𝑃 as a buffer and aluminum. Cell architec-
tures of planar junctions, bulk heterojunctions or planar-mixed hetero-
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junctions were studied for different film thickness of the components.
IV-measurements in the dark and under varied illumination intensi-
ties provided basic device characteristics. Detailed measurements of
the short-circuit photocurrent and the open-circuit photovoltage under
static or intensity-modulated illumination with different wavelength

were performed to determine the average charge carrier lifetime in the
devices which was related to the respective charge carrier density ob-
tained by impedance spectroscopy. Recombination reactions and, in
particular, the influence of trap states will be discussed.

CPP 8: Poster: New Instruments and Methods

Time: Monday 17:30–19:30 Location: Poster C

CPP 8.1 Mon 17:30 Poster C
P62: A new small angle X-ray scattering instrument for the
PETRA III Extension — ∙Jan Perlich, Jan Rubeck, Rainer
Gehrke, and Sergio Funari — Deutsches Elektronen-Synchrotron
DESY, Notkestr. 85, D-22607 Hamburg (Germany)
Presently PETRA III is the most brilliant storage-ring-based X-ray
radiation source in the world and thereby offers outstanding condi-
tions for experiments with X-rays featuring small beam cross sections,
high degree of collimation, and a wide range of photon energies. In
the next years, the experimental facilities at PETRA III will be ex-
tended to provide additional instruments for various applications. This
PETRA III Extension project will accommodate the new small angle
X-ray scattering (SAXS) beamline P62 which is intended to comprise
the large variety of X-ray scattering methods ranging from wide angle
X-ray scattering (WAXS) to high-resolution ultra-small angle X-ray
scattering (USAXS) in transmission and reflection geometry. Further-
more, the new instrument shall allow exploitation of anomalous X-ray
scattering (ASAXS) with all setups and provide the option for simulta-
neous measurement in different angular scattering regimes. Due to the
high photon flux available, time-resolved experiments down to mil-
liseconds temporal resolution will be possible. We will present the
characteristics and design parameters of the instrument and give a
comprehensive overview of the experimental possibilities opened with
this new instrument.

CPP 8.2 Mon 17:30 Poster C
Fluorescence Lifetime Imaging Microscopy in the Fre-
quency Domain — ∙Stephanie Zahner1, Lothar Kador1, Inga
Elvers1, Jürgen Köhler1, Kerim R. Allahverdi2, and Eldar
Yu. Salaev3 — 1University of Bayreuth, Institute of Physics and
Bayreuther Institut für Makromolekülforschung (BIMF), Bayreuth,
Germany — 2Marmara Research Centre of TÜBITAK, Materials In-
stitute, Gebze/Kocaeli, Turkey — 3Azerbaijan National Academy of
Sciences, Institute of Physics, Baku, Azerbaijan
A custom-built, low-cost Fluorescence Lifetime Imaging Microscope
(FLIM) working in the frequency domain has been optimized and
tested with three different materials. In addition to two-dimensional
FLIM images, the results are shown in polar plot representation. Poly-
mer matrices (PMMA and PVA) doped with Rhodamine 6G were used
for characterizing the setup and the evaluation method. Films of the
organic polymeric semiconductor P3HT show a distribution of short
lifetimes below one nanosecond in combination with a longer lifetime
component. The data points of the layered chalcogenide semiconduc-
tor Gallium-Selenid (GaSe) are spread over a wide range in the polar
plot, some of them lying distinctly outside the semicircle. This effect
is ascribed to the superlinear variation of the material’s photolumines-
cence with the excitation light and has not been described in literature
before.

CPP 8.3 Mon 17:30 Poster C
Characterization of heavy ion induced defects in ionic crys-
tals by magnetic resonance techniques — ∙Michael Ditter,
Kai-Christian Meyer, Sebastian Orth, and Franz Fujara —
Institut für Festkörperphysik, TU Darmstadt, 64289 Darmstadt
We explore the potential and limitations of nuclear magnetic resonance
(NMR) as a tool for the examination of heavy ion induced radiation
damage in materials. We choose various fluoride crystals as guinea
pig systems, here focusing at lithium fluoride (LiF). LiF offers two
suitable probe nuclei for NMR, further on paramagnetic defects, such
as F-centers, and metallic colloids can be observed directly by elec-
tron spin resonance (ESR). Extensive research has been carried out
in the past but has also lead to new unanswered questions. NMR
relaxometry with one dimensional spatial resolution is used to study
defect generation and annealing behavior as well as impurity cluster

formation along and beyond the ion path. Data from conventional
and spatially resolved NMR field-cycling experiments, the latter with
a purposely built spectrometer [1], can be utilized to determine defect
distribution. NMR spectroscopy is used to observe fluorine gas bubbles
formed during irradiation. Additionally CW ESR allows us to measure
the density of paramagnetic defects as well as the formation of higher
F-center aggregates, lithium and impurity colloids during annealing
experiments. The latest results will be presented.

[1] M. Ditter, H. Stork, B. Schuster, F. Fujara: Journal of Magnetic
Resonance 209 (2011) 47-52

CPP 8.4 Mon 17:30 Poster C
Scanning force microscopy and polarized confocal- RAMAN
microscopy for in-situ characterization of uniaxially stretched
ethylene based thermoplastic elastomers — ∙Jörg Mühlböck,
Krisztina Vincze-Minya, and Sabine Hild — Institute of Polymer
Science, Johannes Kepler University, Linz, Austria
Polyethylene based elastomers are low crystalline materials which show
interesting elastic mechanical behavior due to physical crosslinking.
Nevertheless, the morphology of these polymers is still sparsely re-
solved. For a better understanding of the unique mechanical proper-
ties, microscopic changes in morphology and strain-induced variation
in chain orientation of two polyethylenes with statistically distributed
octene or butene side chains were monitored during uniaxial stretch-
ing using scanning force microscopy (SFM) and polarized Raman mi-
croscopy. For these purpose a stretching device has been developed
and integrated in an existing SFM to visualize differences between an
unstretched and stretched sample. Additionally, the set-up will be
used to determine crystallinity and orientation of the samples before
and after deformation via polarized Raman microscopy and polymer
chain orientations were calculated for quantitative analysis. The cor-
relation between the orientation, the arrangements of the amorphous
and crystalline phases and the mechanical properties of the material at
different elongation ratios allowed an interpretation of the macroscopic
behavior on the microscopic scale.

CPP 8.5 Mon 17:30 Poster C
Border Search - Robust potential energy surface mapping
technique — ∙Prokop Hapala and Pavel Jelinek — Institute of
Physics , Academy of Sciences of the Czech Republic, Cukrovarnická
10, Prague, 16253, Czech Republic
Mapping of Potential Energy Surface (PES), searching for local and
global minima of atomistic systems or paths with minimal energy bar-
rier between these local minima is a long term goal of computational
chemistry and material science. We propose novel robust method in-
spired by Metadynamics [1] providing advantages in several aspects:
(a) No force evaluation is needed. (b) Positions in configuration space
are sampled systematically and homogeneously. (c) Method setup has
less parameters and is easier to control. (d) Lowest energy barrier
is always found. (e) Number of PES evaluations required to reliable
exploration of lowest energy path to neighboring local minimum is
reduced by prohibiting re-examination of the same area.

[1] B. Ensing, et. al. Metadynamics as a tool for exploring free
energy landscapes of chemical reactions. Acc. Chem. Res., 39, 73-81
(2006).

CPP 8.6 Mon 17:30 Poster C
Determination of the Modulation Transfer Function in
a Holographic 2D-Data Storage System — ∙Christoph
Meichner1, Lothar Kador1, Christian Probst2, and Hans-
Werner Schmidt2 — 1University of Bayreuth, Institute of Physics
and Bayreuther Institut für Makromolekülforschung (BIMF), 95440
Bayreuth, Germany — 2University of Bayreuth, Macromolecular
Chemistry I and Bayreuther Institut für Makromolekülforschung
(BIMF), 95440 Bayreuth, Germany
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A holographic storage set-up was improved and characterized which
is able to inscribe entire data pages into azobenzene-based media by
means of a spatial light modulator (SLM). For the quantitative char-
acterization of the imaging quality a fast and reliable method is re-
quired, which does not need every digital bit to be read out. To this
end a simple measurement was performed which is based on the de-
termination of the contrast of different periodical structures displayed
on the SLM. The change in contrast of sinusoidal intensity patterns
transferred through the optical system is analyzed with the hologram
read-out camera in two directions perpendicular to the optical axis.
The contrast as a function of the spatial frequency displayed on the
SLM provides the data to calculate the modulation transfer function
of the system. The experiments demonstrate the optical limitations
of the set-up and the degree by which they are affected by the stor-
age medium. In this way they yield information about the amount of
storable data which is one of the key quantities in holographic data
storage.

CPP 8.7 Mon 17:30 Poster C
Applications of Infrared Transition Moment Orientational
Analysis (IR-TMOA) — ∙Wilhelm Kossack1, Wycliffe
Kiprop Kipnusu1, Periklis Papadopoulos2, Malgorzata
Jasiurkowska3, and Friedrich Kremer1 — 1Universität Leipzig,
Fakultät für Physik und Geowissenschaften, Abteilung Molekülphysik,
Linnestr. 5, 04103 Leipzig, Germany — 2Max-Planck-Institut für
Polymerforschung, Ackermannweg 10, 55021 Mainz, Germany — 3The
Henryk Niewodniczanski Institute of Nuclear Physics, Polish Academy
of Sciences, Krakow, Poland
IR-TMOA is a recently developed experimental technique that enables
one to determine the full three dimensional molecular order parameter
tensor with respect to a sample coordinate system (reflecting degree
of order and mean orientation directions). Relying on the dependence
of the IR spectra on polarization and an intentional inclination of the
sample with respect to the optical axis, specific information for the
various molecular moieties in any IR translucent material can be ob-
tained. The approach is of fundamental interest in polymer science
and industry1, for liquid crystal applications2,3, organic electrets and
it can provide insight into interactions in confined geometries2,4. We
will present examples from each of these fields emphasizing the multi-
ple opportunities of this technique.
1 Kossack, W. et al. Polymer 52, 6061 (2011). 2 Jasiurkowska, M.,
W. Kossack et al. Soft Matter 8, 5194 (2012). 3 Kossack, W. et al.
Macromolecules 43, 7532 (2010). 4 Kipnusu, W. K., W. Kossack et al.
Zeitschrift für Physikalische Chemie 226, 797 (2012).

CPP 8.8 Mon 17:30 Poster C
Dynamic SEM image analysis of vibrating cantilevers (I)
— ∙Maria-Astrid Schröter1, Matthias Holschneider2, Chris-
tiane Weimann1, Martin Ritter3, and Heinz Sturm1 — 1BAM
6.9, Federal Inst. Materials Research, Berlin — 2Inst. Mathematics,
Univ. Potsdam — 3Electron Microscopy TU Hamburg-Harburg
SFM cantilevers excited to vibration are used to perform intermittent-
or non-contact modes or serve in force modulation techniques and
derivatives thereof. Even sub-atomic resolution was demonstrated al-
ready. Advanced techniques include multi-frequency excitation for the
use of higher modes to improve sensitivity or to examine tip-sample
interactions related to materials properties. In all methods, non-linear
effects can appear giving rise to harmonics of excitation frequency.
The technique presented here named Dynamic Scanning Electron Mi-
croscopy (DySEM) enables us to image shapes of vibrating structures
in different modes in terms of amplitude and phase shift measured by a
lock-in amplifier (1,2). Our contribution concentrates on experimental
issues and in this is part (I) the method is introduced and pictures
of different modes and harmonics are presented. For the first time,
the resulting motion induced by multiple frequency excitation (𝑓1, 𝑓2)
is imaged at the sum (𝑓1+𝑓2) and difference (𝑓1-𝑓2) frequency. The
mathematical analysis and a new developed model is presented in a
second poster (II).

(1) Schröter, Holschneider, Sturm; Nanotechn. 23, 435501 (2012).
(2) Sturm, Schröter, Weimann; Microelectr. Eng. 98, 492 (2012).

CPP 8.9 Mon 17:30 Poster C
Dynamic SEM image analysis of vibrating cantilevers (II)
— ∙Maria-Astrid Schröter1, Matthias Holschneider2, Chris-
tiane Weimann1, Martin Ritter3, and Heinz Sturm1 — 1BAM
6.9, Federal Inst. Materials Research, Berlin — 2Inst. Mathematics,

Univ. Potsdam — 3Electron Microscopy TU Hamburg-Harburg

Dynamic Scanning Electron Microscopy (DySEM) is used to ex-
amine vibration modes and their harmonics at flexural and torsional
resonance (1). In this part (II), the mathematical analysis of the
imaging mechanism of DySEM is explained in detail. Recently, we
presented a new model (2) describing the dynamic interaction of an
electron beam with a periodically vibrating cantilever to explain and
reproduce the topological features of amplitude images. Here we
present an extended model taking into account the full periodic space-
time dynamics i.e., amplitudes (moduli) and phase shifts as well as
real and imaginary parts. A general methodology is demonstrated to
distinguish non-linear features caused by the imaging process from
those caused by cantilever motion. To describe complex dynamic con-
tact behaviour, signal amplification is needed to enable measurements
with a resolution below 10 nanometres. Strategies to improve image
quality and sensitivity are discussed.

(1) Sturm, Schröter, Weimann; Microelectr. Eng. 98, 492 (2012).
(2) Schröter, Holschneider, Sturm; Nanotechn. 23, 435501 (2012).

CPP 8.10 Mon 17:30 Poster C
V16/VSANS - a new tool for soft matter research at the HZB
— ∙Miriam Siebenbürger, Daniel Clemens, and Karsten Vogtt
— Helmholtz Zentrum Berlin, Berlin, Deutschland
We would like to present the possibilities of the Time of Flight Small
Angle Neutron Scattering beamline of the HZB, regarding the q-range,
resolution and sample environment. Due to the use of different chop-
pers, the q-range and resolution can be variied. First measurements
of Soft Matter samples (colloids, polymers and proteins) will illustrate
the performance of the VSANS. Furthermore, the availible sample en-
vironments will be presented: a temperature controlled mulit-sample
holder, a sample cell with a very accurate temperature stability and a
Rheo-SANS environment.

CPP 8.11 Mon 17:30 Poster C
The multipurpose hard x-ray beamline BL9 at DELTA —
∙Thomas Büning, Michael Paulus, Christian Sternemann, and
Metin Tolan — Fakultät Physik / DELTA, Technische Universität
Dortmund, D-44221 Dortmund
The hard x-ray beamline BL9 ls located at the synchrotron radiation
facility DELTA (Technische Universität Dortmund). Here, x-ray scat-
tering studies can be performed using radiation in the energy range
4 - 30 keV provided by a superconducting asymmetric wiggler. The
x-rays are monochromatized by a sagittally focusing Si (311) double
crystal monochromator and the experimental endstation is equipped
with a Huber six-circle diffractometer. At the beamline several de-
tection schemes are available using point detectors, a MAR345 image
plate scanner, or Pilatus 100 K area detector allowing for various x-ray
scattering experiments such as (grazing incidence) x-ray diffraction, x-
ray reflectivity, and small angle x-ray scattering. The beamline layout
will be presented and different experiments will be discussed to em-
phasize the capabilities of the instrument.

CPP 8.12 Mon 17:30 Poster C
Microfluidics and microGISAXS - nanoscopic in situ charac-
terization at the solid-liquid interface — ∙Volker Körstgens1,
Martine Philipp1, Stephan V. Roth2, and Peter Müller-
Buschbaum1 — 1TU München, Physik Department, LS Funktionelle
Materialien, James-Franck-Str. 1, 85748 Garching, Germany —
2HASYLAB at DESY, 22603 Hamburg, Germany
We present an experimental microfluidic technique which allows for
versatile structural investigations at the solid-liquid interface with high
time resolution. In our approach reflection geometry using GISAXS
(grazing incidence small angle x-ray scattering) is combined with a
special designed microfluidic cell where the nanostructures at the solid-
liquid interface are investigated. With the microfocussing of the highly
brillant x-ray beam of a third generation synchrotron source the kinet-
ics of different processes in the nanoscopic regime are accessible. Ap-
plications include the investigation of attachment processes as in the
layer formation of nanoparticles, detachment processes of unwanted
detrimental films, as well as mixing and swelling experiments. Details
on how to adjust the experimental settings (e.g. the beamsize) to the
respective addressed questions will be given.

This work has been financially supported by the BMBF (grant num-
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ber 05K10WOA).

CPP 8.13 Mon 17:30 Poster C
First-principles calculation of non-adiabatic coupling vec-
tor — Pavel Jelinek1, Enrique Abad2, ∙Vladimír Zobač1,
Prokop Hapala1, James Lewis3, and José Ortega2 — 1Institute
of Physics of the Czech Academy of Science, Prague, Czech Repub-
lic — 2Universidad Autónoma de Madrid, Madrid, Spain — 3West
Virginia University, Morgantown, United States
Many of the chemical reactions and physical phenomena going be-
yond the Born-Oppeinheimer approximation (B-O) are not possible to
describe by conventionally first principles Molecular dynamics (MD)
within (B-O) approximation. These phenomena need to describe not
only ground state potential energy surface (PES), but also the excited
one. The central quantity of such simulations is nonadiabatics-coupling
vector (NAC), which allow us to describe correctly MD of the excited
states.

The direct calculation of NAC based on local-orbital density func-
tional theory has been recently implemented into Firaball code [1]
together with time dependent Kohn-Sham dynamics within fewest
switches surface hopping approximation [2,3] . Here we describe com-
putationally efficient algorithm. We will present several cases of studies
to demonstrate applications of this technique.

[1] J.P. Lewis et al, Phys. Stat. Sol. B, 248, 1989 (2011) [2] J. C.
Tully, J. Chem. Phys. 93, 1061 (1990); C.F. Craig et al, Phys. Rev.
Lett. 95, 163001 (2005). [3] N. L. Doltsinis. in John von Neumann
Institute for Computing (NIC) Series (ed. J. Grotendorst, D. M., and
A. Muramatsu) 377-397 (2002).

CPP 8.14 Mon 17:30 Poster C
a cold chopper spectrometer for ESS — ∙Luca Silvi1,2, Wiebke
Lohstroh1,2, Giovanna Simeoni1,2, Jürgen Neuhaus1,2, and Win-
fried Petry1,2 — 1Technische Universität München - Physik De-
partment E13 — 2Forschungs-Neutronenquelle Heinz Maier-Leibnitz
(FRM II)
The European Spallation Source (ESS) will provide a high neutron
flux, comparable to the best existing steady state reactors. The pro-
posed cold direct time-of-flight spectrometer is a versatile instrument
to address important scientific cases, ranging from soft matter and bio-
logical samples to magnetic and functional materials. These materials
show motions on different length and time scales, requiring an instru-
ment with flexible to high energy resolution and a broad accessible
𝑞-range. With the maximum pulse length of 1000𝜇𝑠 (FWHM) usable
for a clean resolution function, an energy resolution of 100𝜇eV at 5𝐴 is
expected, with the possibility to reach 5− 10𝜇eV at 9𝐴. The natural
bandwidth usable for any experiment in Rate Repetition Multiplica-
tion (RRM) mode is 2.6𝐴, covering a reasonable part of 𝑆(q, 𝜔) in one
measurement. The chopper and guide system of proposed instrument
will be optimized for cold neutrons and will foresee the use of dedicated
sample environments (polarization analysis, magnetic fields).

CPP 8.15 Mon 17:30 Poster C
Bispectral powder diffraction at the long pulse source
ESS — ∙Nicolò Violini1, Werner Schweika1,2, Andreas
Houben3, Klaus Lieutenant4, and Paul F. Henry2 — 1JCNS,
Forschungszentrum Jülich GmbH, D-52425 Jülich Germany —
2European Spallation Source ESS AB, Lund, Sweden — 3RWTH
Aachen University, Germany — 4Helmholtz-Centre Berlin, Germany
Within the ESS Design Update Program, funded by the German Fed-
eral Ministry of Education and Research, we investigate a versatile
instrument concept for powder diffraction at the ESS. Typical ap-
plications will be the determination of structures involving light or
neighboring elements, complex magnetic structures, and the ability
to in-situ follow phase transitions in reactive or functional materi-
als, under conditions close to operation. To match the various needs,
we investigate a bispectral time-of-flight diffractometer that efficiently
makes use of thermal and cold neutrons (0.8-4.6Å). Moreover a wide
wavelength spectrum is of interest to exploit the backscattering option
with high resolution. The conceptual design utilizes a 10x10mm2 eye-
of-the-needle[1] at 6m from the source, defining an image of 5 to 10 mm
diameter with an initial divergence of +/-0.6∘. It reduces background
by more than two orders of magnitude, as early as possible, thus it
helps to design more cost-efficient shielding. It allows to fit in counter
rotating disc choppers that are able to provide flexible resolution from
10 𝜇s to 1 ms. The desired phase space is transported by elliptic guides
to the sample position of similar size, with only small losses. [1] A.
Houben et al., NIMA, 2012, 680, 124.

CPP 8.16 Mon 17:30 Poster C
Perspectives for spectroscopy at the future European Spalla-
tion Source — ∙Nicolò Violini, Jörg Voigt, Thomas Brückel,
Earl Babcock, and Zahir Salhi — Jülich Centre for Neutron Sci-
ence, JCNS, Forschungszentrum Jülich GmbH, ESS Design Update
Program - Germany, D-52425 Jülich Germany
Within the ESS Design Update Program funded by the German Fed-
eral ministry of Education and Research, we investigate the perfor-
mance of a multispectral time-of-flight spectrometer at the long pulse
source of the ESS, which promises the applicability to a wide manifold
of scientific activities of research: strongly correlated electron materi-
als, disordered systems, functional materials, magnetism, soft-matter
and biophysics. The concept makes use of a pin-hole 2.5x4.5cm2 at 6m
from the moderator that helps to reduce the background. A powerful
double elliptic guide system is able to transport neutron brilliance to
a small sample size 1x3cm2, with a brilliance transfer approaching 1.
The chopper system contains fast choppers in the focal points of the el-
lipses providing unprecedented resolution or intensity depending on the
request of the experiment. In combination with the band-width chop-
pers and pulse suppression choppers, the system is perfectly adapted
to the requirements of the novel repetition rate multiplication method.
The use of polarization analysis for this instrument class is under in-
vestigation and its implications will be discussed during the talk.

CPP 9: Poster: Interfaces and Thin Films (joint session with DECHEMA and VDI)

Time: Monday 17:30–19:30 Location: Poster C

CPP 9.1 Mon 17:30 Poster C
Fabrication of nanostructured titania thin films for applica-
tion in hybrid photovoltaics — ∙Weiguo Lu, Martin A. Nie-
dermeier, Gergory Tainter, and Peter Müller Buschbaum —
TU München, Physik-Department, Lehrstuhl für Funktionelle Materi-
alien, James-Franck-Str. 1, 85748 Garching, Germany
Nanostructuring of titanium dioxide thin films has been the subject
of numerous studies over the last years due to their important role
in various optoelectronic applications, e.g. photovoltaics. These thin
films need to meet certain requirements. Exhibiting a high effective
surface area and a decent degree of crystallinity is crucial for the func-
tionality and performance. Using block-copolymer templates in com-
bination with a sol-gel synthesis approach to produce metal oxide thin
films gives a high control over the morphology and is a promising
way to meet those requirements. In this study, nanostructured tita-
nia thin films are fabricated with a bi-continuous foam-like structure.
The diblock-copolymer poly(styrene-block-ethylene oxide) is used as
the templating agent in a sol-gel process to fabricate hybrid thin films,
which are subsequently transferred to anatase titania films via a high-

temperature calcination step. Due to the hybrid nature of the thin
films after the sol-gel preparation route, our films are even suitable for
super-structuring. The morphology is investigated with imaging tech-
niques like atomic force microscopy or scanning electron microscopy.
The optical properties are probed with UV/Vis spectroscopy and white
light interferometry.

CPP 9.2 Mon 17:30 Poster C
Microfabrication and characterization of stress-reduced YSZ
membranes — ∙Florian Kuhl1, Markus Piechotka1, Daniel
Reppin1, Torsten Henning1, Jürgen Janek2, and Peter J.
Klar1 — 1I. Physikalisches Institut, Justus Liebig University,
Heinrich-Buff-Ring 16, DE-35392 Giessen, Germany — 2Physikalisch-
Chemisches Institut, Justus Liebig University, Heinrich-Buff-Ring 58,
DE-35392 Giessen, Germany
The oxygen conductor YSZ (yttria-stabilized-zirconia) is a material
often used as the electrolyte in solid oxide fuell cells. To achieve a
lower operation temperature and to maximize the currents it is nec-
essary to miniaturize the fuel cell components, especially to reduce
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the thickness of the solid electrolyte. Another application of very thin
YSZ films may be their utilization as an ion source. We fabricated
free-standing YSZ mebranes by partially removing a Si substrate by
anisotropic wet-chemical etching. We characterized the resulting in-
homogeneous strain distribution and found a correlation between the
size of the mebranes and the strain induced pattern. Arrays of free-
standing stress-reduced membranes with a high packing density were
prepared by using cross-like masking patterns. Deposition of a porous
Pt electrode onto the YSZ membranes allows the measurement of their
ionic conductivities.

CPP 9.3 Mon 17:30 Poster C
Order and phase behavior of thin film of diblock copolymer-
selective nanoparticle mixtures : A molecular dynamics simu-
lation study — ∙Lenin S. Shagolsem1,2 and Jens-Uwe Sommer1,2

— 1Leibniz-Institut für Polymerforschung Dresden — 2Technische
Universität Dresden
We study a coarse grained model of AB diblock-copolymer and
nanoparticle mixtures confined between two identical walls in slit ge-
ometry. The nanoparticles are selective with respect to the A-block
of the copolymer, while the walls are repulsive and non-selective with
respect to both the copolymers and nanoparticles. We systematically
explore the various equilibrium morphologies formed by the copolymer
nanocomposites in this confined geometry, and construct the corre-
sponding phase diagram in diblock composition and nanoparticle con-
centration space. We observe both vertically and horizontally oriented
lamellar structures. The vertically oriented lamellae is formed by sym-
metric and slightly asymmetric diblock-copolymers at low nanoparticle
concentrations and it has a very limited region of stability in the phase
space, whereas the horizontal lamellae can be realized up to highly
asymmetric diblock-copolymers and at high nanoparticle concentra-
tions. The formation of horizontally oriented lamellae is driven by
the chains (mainly nanoparticle repulsive B-blocks) to relax stretching
near the confining surfaces. By considering the horizontal lamellae, we
also investigate the effect of nanoparticle concentration on the lamellar
layer thickness.

CPP 9.4 Mon 17:30 Poster C
Investigation of critical parameters of polymer adsorption
for chains with different architecture — ∙Olga Mironova1,2

and Jens-Uwe Sommer1,2 — 1Leibniz-Institut für Polymerforschung
Dresden e.V., Dresden, Germany — 2TUD, Dresden, Germany
In order to understand the role of polymer chain architecture on ad-
sorption properties, we used scaling arguments to analyze polymer sys-
tems. We suggest that molecules with the same molecular weight but
with different structure can have different adsorption properties, such
as critical energy of adsorption and crossover exponent. For such poly-
mers this difference can be applied as basis in separation technique like
Liquid Chromatography at Critical Condition. For computer simula-
tion of polymer systems we used the Bond-Fluctuation Model (BFM).
End-grafted polymers at an adsorbing surface are considered under
good solvent conditions. We compared three types of polymer archi-
tecture: linear, star-shaped and hyper-branched. It was found that
critical parameters for 4-arm star-shaped and linear polymers are very
close to each other. We also studied competitive adsorption from a
dilute solution containing a mixture of stars and linear polymers. For
hyper-branched polymers we realized essential ensemble averages over
many realizations of branching topology.

CPP 9.5 Mon 17:30 Poster C
Static and dynamic properties of cross-linked and non cross-
linked polymer brushes. — Michael Lang1, Max Hoffmann2,
∙Marco Werner1,3, and Jens-Uwe Sommer1,3 — 1Leibniz-Institut
für Polymerforschung Dresden, Germany — 2Universität Heidelberg,
Germany — 3Technische Universität Dresden, Germany
We compare dense layers of surface-grafted polymer chains (polymer
brushes) with and without additional random cross-links between the
chains using the bond fluctuation model. In non cross-linked brushes
with intermediate and low grafting densities, chain conformations can
be described by random walks in a parabolic potential. Cross-linking
leads to a reduction of brush height, whereby a large fraction of this re-
duction stems from cross-links between monomers of the same chains.
Most cross-links between different chains do not contribute to a sig-
nificant collapse of the brush, because they are established between
monomers of similar contour distance to the grafting points, where
the balance of stretching forces and chain elasticity stays almost un-
modified by a cross-link. Chain dynamics of non cross-linked brushes

is dominated by arm retraction processes suggesting an exponential
increase of relaxation time as function of chain length. The largely
confined motion of non cross-linked grafted chains inside a cross-linked
brush highlights the recently discovered critical behavior [D. Romeis,
H. Merlitz and J.-U. Sommer, J. Chem. Phys. 136 (2012) 044903]
of monodisperse brushes as well as the dominance of arm retraction
processes for the ultimate relaxation of the chains.

CPP 9.6 Mon 17:30 Poster C
Slippage of polymers: Influence of the chemical structure —
∙Mischa Klos1, Sebastian Backes1, Matthias Lessel1, Oliver
Bäumchen2, and Karin Jacobs1 — 1Saarland University, Experi-
mental Physics, 66041 Saarbruecken, Germany — 2*Dept. of Physics
& Astronomy McMaster University, Hamilton, ON, Canada
The continuing miniaturization of microfluidic devices causes a grow-
ing importance of the solid/liquid interface for the flow dynamics. Our
experiments probe slippage using the dewetting process of thin poly-
mer films on hydrophobic substrates [1]. As hydrophobic coatings,
we use amorphous polymers (AF1600, AF2400) and different types of
highly ordered self-assembled silane monolayers on top of ultraflat sil-
icon substrates. On silane surfaces, polystyrene (PS) of low molecular
weight exhibits slip lengths of several hundreds of nanometers up to
even micrometers [2]. On AF1600, no significant slip is observable.
Recent studies using scattering techniques showed an ordering effect
of PS at the solid/liquid interface depending on the structure of the
substrate [3]. Will the situation change if, instead of PS, other poly-
mers like PMMA or PVP are used? In contrast to PS, PMMA has
no phenyl rings. Moreover, we probe how the crystallinity of the sub-
strate influences slippage: We show results of dewetting experiments
supplemented with X-ray scattering methods to analyze the slippage
mechanism at the solid/liquid interface. [1]O. Bäumchen et. al., J
Phys Condens Matter, vol. 24, no. 32, pp. 325102, 2012 [2]R. Fetzer
et, al., Europhys Lett, vol. 75, no. 4, pp. 638, 2006 [3]P. Gutfreund et
al., arXiv.org, vol. cond-mat.soft. 2011

CPP 9.7 Mon 17:30 Poster C
Preparation conditions influence dewetting behavior of thin
polymer films — ∙Mischa Klos, Matthias Lessel, and Karin
Jacobs — Saarland University, Experimental Physics, 66041 Saar-
bruecken, Germany
Dewetting of thin polymer films on smooth substrates like silicon
wafers can be influenced by many factors such as intrinsic material
and surface parameters, the film itself and even the quality of the
substrate. So the sample preparation is a crucial step in the entire
experiment. Reliable results are only achieved by fully characterized
systems, which implicates perfect cleaning. Silicon wafers are common
substrates to study the flow dynamics of polymer film. Since they
feature a very high surface energy, also dust, dirt, impurities or differ-
ences in the preparation procedure have an influence on the quality of
the surfaces. Dust for example can act as a nucleation core on the on
hand and on the other hand, depending on the density, it can stabilize
the film due to pinning. We show a comparison of different prepara-
tion and cleaning methods for silicon surfaces and their impact on the
stability of thin polystyrene films.

CPP 9.8 Mon 17:30 Poster C
Synthesis and ARXPS Investigations of Nitrile-
Functionalized Ionic Liquid Systems — ∙Sandra Krick
Calderón1, Inga Niedermaier1, Nicola Taccardi2, Florian
Maier1, Peter Wasserscheid2, Peter Licence3, and Hans-
Peter Steinrück1 — 1Physikalische Chemie II — 2Chemische Reak-
tionstechnik, Egerlandstr. 3, 91058 Erlangen — 3School of Chemistry,
Nottingham NG7 2RD
Due to their outstanding physicochemical properties, ionic liquids (ILs)
are promising candidates for many catalytic applications. One remain-
ing challenge is the dissolution of transition metal complex (TMC) cat-
alysts in ILs. Groups such as nitriles facilitate the interaction between
IL and TMC up to direct IL-TMC complex formation. Two new nitrile-
functionalized ILs ([(C4CN)MIM][OTf] and [(C4CN)2IM][OTf]) were
successfully synthesized. Additionally, two palladium-based nitrile-
coordinated complexes [((C4CN)MIM2PdCl2][OTf]2 and [-(C4CN)-
IM(C4CN)-PdCl2-]𝑥[OTf]𝑥 were prepared from these ILs. Angle-
resolved X-ray photoelectron spectroscopy (ARXPS) revealed a
sandwich-like structure for [(C4CN)MIM][OTf] at the IL/vacuum in-
terface, with the anion enriched in the outermost layer and the cation
located below. Contrary, [(C4CN)2IM][OTf] shows a uniform distri-
bution at the surface. In both cases, the CF3 moiety of the [OTf−]
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anion is pointing towards vacuum. Quantitative analysis of the XPS
data of both metal-IL-complexes show a loss in anion which leads to
the assumption that a carbene complex is formed. Supported by the
DFG through SPP 1191 and by the EAM Cluster of Excellence.

CPP 9.9 Mon 17:30 Poster C
Unusual water uptake in ultrathin polyvinyl acetate films —
∙Heiko Huth and Christoph Schick — Universität Rostock, Insti-
tut für Physik, Wismarsche Str. 43-45, 18051 Rostock, Germany
The water sorption of polyvinyl acetate (PVAc) at different relative
humidity for bulk like and ultra-thin films was studied by AC chip
calorimetry. For a micrometer sized sample of about 200 ng the plas-
ticizing effect of water vapor is the same as in conventional differential
scanning calorimetry (DSC) employing mg samples with closed vol-
ume and well defined water content of the mg scale samples is found.
With decreasing film thickness the water sorption behavior becomes
more complex and an increasing amount of adsorpt excess water is
observed. The effect can be discussed as a water layer on top and
below the polymeric film dependent on the surface properties of the
underlaying sensor surface. For the experiments a new setup to mea-
sure heat capacity of thin film samples under controlled humidity was
developed. The AC chip calorimeter uses a self-made humidity gen-
erator applying mass flow controllers. A quartz crystal microbalance
(QCM) allows checking the mass change during water uptake. The
technical details of the device and the extensions for humidity control
are discussed too.

CPP 9.10 Mon 17:30 Poster C
Characterization and investigation of the diffusion of silver
nanoparticles using single molecule fluorescence spectroscopy
— ∙Martin Hartmann, Stefan Krause, Thomas Baumgärtel,
and Christian von Borczyskowski — Optical Spectroscopy and
Molecular Physics Group, Chemnitz University of Technology, 09126
Chemnitz, Germany
Optical properties like the absorption or emission behavior of silver
nanoparticles as a function of the particle size have been extensively
studied in the past. Furthermore the catalytic and optical surface
enhanced properties are of special interest.

In our experiments small silver nanoparticles with a diameter be-
low 1 nm showed surprisingly diffusion phenomena on a pure silicon
dioxide surface. The aim of this work is to characterize those nanopar-
ticles, to find a reason why they are diffusing and to investigate their
diffusion. Experiments were performed by means of optical microscopy
and atomic force microscopy. We are able to show, that the investi-
gated particles consist of less than 22 silver atoms. The reason for
the diffusion seems to be a small water film on the silicon dioxide
surface. Diffusion measurements for different humidities of the sur-
rounding atmosphere have been carried out. It turned out that three
main diffusion coefficients exist and two of them depend on the air
humidity.

CPP 9.11 Mon 17:30 Poster C
Adsorption Behavior of Catanionic Surfactant Mixtures at
the air/liquid interface — ∙Martin Uhlig, Heiko Fauser, and
Regine v. Klitzing — Stranski-Laboratorium, Department of
Chemistry, TU Berlin, Straße des 17. Juni 124 D-10623 Berlin, Ger-
many
The strong synergism of catanionic surfactant mixtures is known for
a long time. The synergism allows to reduce the expended amount
of surfactant, thus making catanionic surfactant mixtures eco-friendly.
Therefore, these mixtures are of great interest for a broad field of ap-
plications. However, only very recently basic research was performed
about the stability of foams formed with these mixtures. It was shown
that the formation of surface active complexes and aggregates strongly
enhances the adsorption at liquid-air interfaces and thus the foamsta-
bility [1].

Literature also shows that mixtures of surfactants with unequal
chain length differ in surface properties in comparison to mixtures with
equal chain length [2]. Hence, the focus of our work is on the influence
of the surfactant alkyl chain length on the foam properties. We investi-
gate catanionic mixtures from two commmon surfactant types, sodium
alkyl sulfates and quarternary alkylammonium bromides. Both surface
tension and the surface elasticity of mixtures with both matching chain
length and mismatching chain length are investigated. Studies about
the correlation between adsorbed amount of surfactants, interactions
in thin foam films, foamability and foam stability are in progress.

[1] Varade, D. et.al.; Soft Matter, 2011, 7, 6557-6570

[2] Patist, A. et.al.; Langmuir, 1997, 13, 432-434

CPP 9.12 Mon 17:30 Poster C
Controlling probe dynamics by modification of adsorption
site density in confined liquids — Daniela Täuber, ∙Fabian
Meier, and Christian von Borczyskowski — nanoMA, TU-
Chemnitz, Institut für Physik
The mobility of probe molecules in confined liquids is influenced by
short adsorption events at the interface. Here we report about the
modification of the surface silanol density at silica substrates and its
effect on single dye dynamics in ultrathin liquid films. In contrast to
ensemble methods, single molecule microscopy provides information on
a local scale with sub-micron resolution. Thereby, probability distri-
butions of diffusivities (scaled square displacements at fixed time lags)
yield additional details to the conventional analysis of particle tracking
via calculation of mean square displacements along detected trajecto-
ries. The probe diffusion in ultrathin liquid films can be modeled by a
two layer system, consisting of a heterogeneous near surface layer with
slowed diffusion on silanol patches and a homogeneous upper layer[1].
Single molecule tracking experiments on substrates with modified sur-
face silanol density are compared to simulations. High adsorption site
density combined with two-dimensional confinement in mesopores al-
lows us to use adsorbed dye molecules as probes for the dynamics of
the liquid in such pores.

[1] D. Täuber, Dissertation, TU Chemnitz, 2011.

CPP 9.13 Mon 17:30 Poster C
Mechanism analysis of symmetric adhesion of water-swelling
polymer films — ∙Rina Iikubo, Markus Schindler, and Peter
Müller-Buschbaum — TU München, Physik Department, LS Funk-
tionelle Materialien, James-Franck-Str.1, 85748 Garching, Germany
Commonly symmetric adhesion between polymer films is studied in
case of hydrophobic polymers. The symmetric adhesion of poly-
mer films which swell in water, which ubiquitously exist around
our atmosphere, is less investigated despite its technological impor-
tance and scientific interest. Previous studies on our model system
consisting of the statistical copolymer poly(ethylhexylacrylate-stat-
methylmethacrylate) have shown that the two components of the poly-
mer establish an enrichment layer of methylmethacrylate(MMA) at the
top surface, and the MMA content changes depending on the relative
humidity. PMMA is also studied as the polymer film which swells in
water. We present a study on the influence of water on the internal re-
organization of adhesive films that include PMMA as one component,
its behavior on symmetric adhesion and discuss the effect of hydration
on the surface composition and entanglement of surface molecules.

CPP 9.14 Mon 17:30 Poster C
Combination of grafted and adsorbed polymer chains on solid
surface for the creation of multicompartmental responsive
coatings — ∙Samantha Micciulla and Regine von Klitzing —
Stranski-Lab für Physikalische u. Teoretische Chemie, Technische Uni-
versität Berlin, Germany
Responsive coatings are of interest for a large number of researchers
due to their applicability as highly tunable release systems. Func-
tionality and structural properties allow for the creation of systems
which respond to many different stimuli, like pH, temperature, ionic
strength and light. The combination of grafted and physisorbed blocks
in an unique matrix has been object of studies in the last few years.
The design of such coatings arises fundamental questions, for instance
which materials and geometries can be successfully combined, which
properties are induced from the complex assembly and how the re-
sponsiveness is consequently affected. Task of our study is to clarify
the mentioned aspects. The system under investigation is prepared by
grafting thermoresponsive polymers on silica surface, which is used as
macroinitiator for the growth of a strong polyelectrolyte block, onto
which polyelectrolyte multilayers are adsorbed. The ”grafting from”
performed by Surface Initiated Atom Transfer Radical Polymerization
allows for controlled chain growth and low polydispersity. The ad-
sorption is performed by dipping the substrate in oppositely charged
polyelectrolyte solutions. Sample characterization is carried out by
combining Ellipsometry, Atomic Force Microscopy, Contact angle and
X-Rays Reflectometry, while responsive properties are monitored by
Ellipsometry.

CPP 9.15 Mon 17:30 Poster C
Improvement of the lamellar structure in block copolymer
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thin films by solvent vapor treatment — Alessandro Sepe1,
Dorthe Posselt2, Kasper Swiatek2, Jianqi Zhang1, Sebas-
tian Jaksch1, Richard Steinacher1, Jan Perlich3, Detlef-
M. Smilgies4, and ∙Christine M. Papadakis1 — 1TU München,
Physik-Department, Physik weicher Materie, Garching — 2IMFUFA,
Department of Science, Systems and Models, Roskilde University, Den-
mark — 3HASYLAB at DESY, Hamburg — 4Cornell High Energy
Synchrotron Source, Cornell University, Ithanca NY, USA
Defects in nanostructured block copolymer thin films are often an-
nealed by solvent vapor treatment. We have studied the structural
ordering in lamellar poly(styrene-b-butadiene) thin films during ex-
posure to cyclohexane vapour and subsequent drying using X-ray re-
flectometry and in-situ, real-time grazing-incidence small-angle X-ray
scattering [1]. The films had initially the parallel lamellar orientation
and were subject to two swelling/drying cycles. We found that the
lamellar order after this treatment is best when (i) a well-correlated
parallel lamellar orientation is obtained during the first swelling cycle
and (ii) when the film is dried at a sufficiently slow rate.

1. Z. Di, D. Posselt, D.-M. Smilgies, C.M. Papadakis, Macro-
molecules 43, 418 (2010).
2. Z. Di, D. Posselt, D.-M. Smilgies, C.M. Papadakis et al., Macro-
molecules 45, 5185 (2012).

CPP 9.16 Mon 17:30 Poster C
Molecular motions of confined ultra-thin polystyrene films
studied by REDLS — Fan-Yen Lin, Tassilo Kaule, Rüdi-
ger Berger, Hans-Jürgen Butt, and ∙Werner Steffen — Max
Planck Institute for Polymer Research, P.O. Box 3148, 55128 Mainz,
Germany
Resonance Enhancement Dynamic Light Scattering, REDLS*, is used
to probe the surface and interface dynamics of (immiscible) polymers
in double-layers. A low Tg (53∘C) Polystyrene (PS) is supported by
a gold layer and covered by a solid, transparent, high Tg (> 200∘C)
Polynorbornene (PN) layer polymerized onto the PS layer directly.
We observe two Arrhenius-like processes above and below the bulk Tg.
The degree of confinement is influenced partly by the thickness of the
capping layer. The surface dynamics going from a free PS surface to
confined is strongly changed.

*Plum M. A., Menges B., Fytas G., Butt H. J., Steffen W., Rev.
Sci. Inst. 2011, 82, (1), 15102

CPP 9.17 Mon 17:30 Poster C
Interaction of Ta and Nb based salts with ionic liquids — Ste-
fan Krischok1, Adriana Ispas1, ∙André Zühlsdorff1, Angela
Ulbrich1, Andreas Bund1, and Frank Endres2 — 1Technische
Universität Ilmenau, Institut für Mikro- und Nanotechnologien, 98693
Ilmenau, Germany — 2Clausthal University of Technology, Institute
of Electrochemistry, 38678 Clausthal-Zellerfeld, Germany
We have analyzed the changes of the surface properties of the ionic liq-
uids (ILs) 1-butyl 1-methyl-pyrrolidinium bis(trifluoromethylsulfonyl)-
amide ([BMP][TFSA]) and 1-methyl-3-propyl imidazolium
bis(trifluoromethylsulfonyl)amide ([PMIm][TFSA]) with and with-
out dissolved NbF5 and TaF5 by X-ray photoelectron spectroscopy
(XPS). The relative intensities of core level emission agree very well
with the expected stoichiometry. Moreover, the observed chemical
shifts are in agreement with the chemical structure. Upon solution
of the salts the situation changes drastically. In particular a strong
modification of the cation/anion ratio is observed. With increasing
amounts of TaF5 and NbF5 both, the Ta or Nb concentration and the
cation anion ratio increases in the near surface region. Additionally
a new salt induced F component appears in the XPS spectra. The
detected TaF5 (NbF5) concentration in comparison to the nominal
volume concentration and the correlation with the observed [TFSA]
depletion in the surface region will be discussed in more detail. Finally,
results on more complex metal salts will be presented. A fundamental
understanding of the investigated interaction processes provides the
basis for future studies on electrochemical processes in these systems.

CPP 9.18 Mon 17:30 Poster C
Influence of the Air/Water Interface on the Monolayer of
Block Copolymers — ∙Christian Appel, Martin Kraska, and
Bernd Stühn — Experimental Condensed Matters Physics, TU
Darmstadt, Germany
Monolayers of special amphiphilic polymers are investigated in terms
of compression behaviour and structure of the air/water (a/w) inter-
face. We compare *bad/good* solvent conditions for two different

polymer systems and study the morphology at the interface in de-
pendency on the ruling surface pressure. In one of the polymer sys-
tems a hydrophobic polymer (polybutylacrylate) is anchored to the
interface by a hydrophilic oligomer (polyethylenglycol). We compare
this system with the complementary situation, where a hydrophilic
polymer (poly-2-vinylpyridine) is anchored by a hydrophobic oligomer
(polyvinylferrocene).

We recorded compression isotherms and studied the structure of the
monolayers by X-Ray reflectometry in situ at the a/w interface an ex
situ by the preparation of LB-films. These experiments lead to detailed
structural pictures of the monolayers. We observed in situ the forming
of a two-layer system in dependency of the surface pressure. In the
semi-dilute regime we treat the monolayer systems as quasi 2D and
quantify the influence of the water surface in terms of 2D power laws,
e.g. the interface acts as a *bad/good* solvent for the monolayers,
respectively.

CPP 9.19 Mon 17:30 Poster C
Auxetic behaviour of 𝛼-polypropylene with crosshatch struc-
ture — ∙Martin Neumann and Robert Magerle — Chemische
Physik, TU Chemnitz, D-09107 Chemnitz
Auxetic materials expand laterally when stretched. We have discov-
ered this unusual behaviour in thin films of elastomeric polypropylene
(ePP), a semi crystalline polymer with a low degree of crystallinity.
The crystalline lamella are orientated perpendicular to the film plane
and branch into daughter lamellae with branching angles of 80∘ form-
ing a crosshatch structure. With a microtensile testing setup that
allows for simultaneous imaging with atomic force microscopy (AFM)
we measured series of AFM images during uniaxial elongation of a 1.75
𝜇m thick film. Approximately 10 𝜇m large patches of the crosshatch
structure expand perpendicular to the stretching direction. This cor-
responds to a negative Poisson ratio of -0.2. AFM images taken af-
ter stepwise relaxation show, that the auxetic deformation is almost
completely reversible. Our results show, that auxetic behaviour is
an intrinsic property of 𝛼-polypropylene with crosshatch structure.
The auxetic behaviour is explained with a model based on elongat-
ing lamella branches with fixed branching angles, fixed lamella width,
and a conservation of crystalline volume.

CPP 9.20 Mon 17:30 Poster C
Ordering effects in thin xenon films studied with NMR
— ∙Alexander Potzuweit, Hagen Allmrodt, Lars Kraft,
Anuschka Schaffner, and Heinz Jänsch — Fachbereich Physik,
Philipps-Universität Marburg, D-35032 Marburg
We employ NMR of hyperpolarized 129Xe to investigate ordering phe-
nomena and diffusion in thin Xe films. To increase the sensitivity
towards structurally caused inhomogeneities a small line width is fa-
vorable. In solid Xe the line width is dominated by dipolar interaction
with neighboring nuclear spins. This can be substantially reduced by
diluting the NMR-active isotope 129Xe in the NMR-inactive isotope
132Xe. Thus we are able to investigate ordering effects like annealing.
Using different pulse sequences makes it possible to distinguish local
and global effects. Here we present the technical development of the
apparatus and discuss first results.

CPP 9.21 Mon 17:30 Poster C
Influence of strain and slip on the dewetting of thin films —
Andreas Reindl1,2 and ∙Markus Rauscher1,2 — 1Max-Planck-
Institut für Intelligente Systeme, Stuttgart — 2Institut für Theoretis-
che Physik IV, Universität Stuttgart
Thin polymer films produced by spin coating techniques often exhibit
residual strain. We investigate the influence of this strain on the sta-
bility for the case of weak hydrodynamic slip at the substrate surface
and for the case of strong slip (plug flow limit), i.e., we address the
question whether a film dewets or not. The linear stability analysis of
the corresponding thin film equations shows that for weak slip, residual
strain does not destabilize the film. In the case of strong slip, however,
sufficiently large residual strain can lead to dewetting of the film.

CPP 9.22 Mon 17:30 Poster C
Real-time studies on annealing of Tetratetracontane
(TTC) by X-Ray diffraction — ∙Linus Pithan1, Andreas
Opitz1, Alexander Hinderhofer2, Eduard Meister3, Chris-
tian Frank2, Michael Kraus3, Wolfgang Brütting3, Frank
Schreiber2, and Stefan Kowarik1 — 1Humboldt Universität Berlin
— 2Universität Tübingen — 3Universität Augsburg
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TTC (𝐶44𝐻90) is e.g. used as dielectric interlayer in organic field-effect
transistors [1]. For such devices large molecular grains with smooth
surfaces are crucial. Here we report real time grazing incidence X-Ray
diffraction (GIXD) measurements monitoring the annealing process
of TTC thin films on silicon dioxide previously deposited by vapor
deposition. Furthermore atomic force microscopy (AFM) and X-Ray
reflectivity (XRR) results are presented. We find that randomly ori-
ented and lying molecules on the surface rearrange into standing up
molecules and fill subjacent layers [2]. By AFM measurements it can
be shown that islands of molecules form large terraces in the annealing
process.

[1] Kraus et al.; Organic Electronics, 12, 5, May 2011, 731-735,
DOI:10.1016/j.orgel.2011.02.001

[2] Weber et al.; J. Chem. Phys. 136, 204709 (2012),
DOI:10.1063/1.4719530

CPP 9.23 Mon 17:30 Poster C
The effect of salt ions on the protein adsorption at lipid mem-
branes — ∙Holger Göhring, Michael Paulus, and Metin Tolan
— Fakultät Physik/DELTA, Technische Universität Dortmund, D-
44221 Dortmund
Lipid membranes serve in biological cells as boundaries between the
intracellular and extracellular region. Many biological transport pro-
cesses taking place at membranes are associated with the adsorption
of proteins. Here the investigation of protein - membrane interactions
is crucial for a deeper understanding of such processes. In the case of
electrostatic interaction the screening effect of salt ions can be used to
control the adsorption. The presented study investigates the protein
adsorption to Langmuir films under the presence of different concen-
trations of salt ions. Langmuir films prepared on a liquid subphase are
an ideal model for cell membranes. By varying the salt concentrations
the electrostatic interaction between the films and proteins is altered.
However, also the accumulation of ions at the Langmuir films has to
be taken into account just as the different impact of the salts on the
stability of the proteins. To regard those effects different salt ions are
used during this study. The adsorption process is investigated by x-
ray reflectivity (XRR) measurements, which allow the determination
of the electron densities of thin layers at the liquid surface.

CPP 9.24 Mon 17:30 Poster C
Effects of Reactive Oxygen Species on Phosphatidyl-
glycerol Monolayer with Adsorbed Polyethylenimine —
∙Andreas Gröning1, Heiko Ahrens1, Frank Lawrenz1, Thomas
Ortmann1, Fritz Scholz2, and Christiane A. Helm1 — 1Inst. für
Physik, Uni Greifswald, Felix-Hausdorff-Str. 6, D-17487 Greifswald —
2Inst. für Biochemie, Uni Greifswald, D- 17487 Greifswald
Polymer adsorption is widely used to modify surfaces. To investi-
gate the protective effect against free oxygen radicals polyethylenimine
(PEI) is adsorbed onto oppositely charged DMPG lipid monolayers
at the air/water interface. The structure of the lipid-polyelectrolyte
system is investigated with X-ray reflectivity and grazing incidence
diffraction. At different pH-values and mixed with a variety of salts
PEI adsorbs flatly (2.8 nm). But in the presence of Fe(II)SO4 and
EDTA in the solution a 15nm thick PEI layer is formed due to incorpo-
ration of Fe2+ EDTA complexes. Radical oxygen species are produced
via the Fenton’s reaction. The reaction is started by H2O2 injection.
If a highly compressed monolayer is attacked, the lateral pressure is
reduced by 10mN/m within 30min for thin and 3h for thick adsorbed
PEI layers. With X-ray reflectivity it is observed that the PEI layer
shrinks and eventually disappears. Simultaneously, Fe2+ binds to the
lipid monolayer and the solid lipid phase changes from NN-tilted to
hexagonal.

CPP 9.25 Mon 17:30 Poster C
Fabrication of carbon nanomembranes by helium ion beam
lithography — ∙Xianghui Zhang, Henning Vieker, André
Beyer, and Armin Gölzhäuser — Fakultät für Physik, Universität
Bielefeld, Postfach 10 01 31, 33501 Bielefeld, Germany
The scanning helium ion microscope (HIM) has been recently employed
as an imaging and metrology tool for nanotechnology. In addition,
the helium ion beam is capable of creating nano-sized patterns and
performing nanofabrication as commonly done in a focused ion beam
(FIB) system. It is known that aromatic self-assembled monolayers
(SAMs) can be cross-linked due to electron irradiation and form me-
chanically stable carbon nanomembranes (CNMs). Here we use a he-
lium ion beam as direct writing tool to cross-link 4’-nitro-1,1’-biphenyl-
4-thiol (NBPT) SAMs with arbitrary patterns. The cross-linked SAMs

were transferred to either silicon substrates with an oxide layer or
transmission electron microscopy (TEM) grids for further characteri-
zations or applications. After being transferred, the evolution of SAM’s
crosslinking process could be investigated by the HIM imaging. For-
mation of wormlike morphology with preferential directions indicates
that the crosslinking starts from the energetically favorable sites, such
as molecular domains with certain crystalline orientation. Further-
more, we also use the ion beam to form nanopores in the CNM with
an attainable feature size of 5 nm.

CPP 9.26 Mon 17:30 Poster C
Interdiffusion within polyelectrolyte multilayers: influence of
kind and weight of polycation and the design of diffusion bar-
riers — ∙Malte Paßvogel1, Peter Nestler1, Ralf Köhler2,
and Christiane A. Helm1 — 1Inst. für Physik, Uni Greifswald,
D-17487 Greifswald — 2Helmholtz-Zentrum für Materialien und En-
ergien, D-14109 Berlin
With neutron reflectivity the position and width of the internal in-
terface between protonated and deuterated blocks of polyelectrolyte
multilayers is determined. First, a standard system formed from
PDADMA and PSS (protonated or deuterated) in 0.1M NaCl solution
is investigated. Immersion in a concentrated salt solution (1M NaCl)
for different annealing times shows interdiffusion. The diffusion con-
stant depends non-linearly on the PDADMA molecular weight. This
finding suggests that the diffusing entities are polycation/polyanion
complexes. For large PDADMA molecular weight (>150 kDa) no dif-
fusion inside the PEM is found. To explore the influence of the polyca-
tions, films made with the branched Polyethylenimine (PEI) and PSS
are investigated. These films show a strongly non-linear film growth
and very broad internal interfaces. No interdiffusion occurs when these
films are immersed in 1 M NaCl. To test the idea that PEI might serve
as a diffusion barrier, a PEI layer is placed between a protonated and
deuterated PDADMA/PSS block. Immersion of these multilayers in
1M NaCl solution for different times shows that the presence of PEI
leads to a broadening of the interface which increases linearly with im-
mersion time suggesting movement of PSS with constant slow speed.

CPP 9.27 Mon 17:30 Poster C
Influence of polymer molecular weight on the parabolic
and linear growth of PDADMAC/PSS multilayers — ∙Peter
Nestler and Christiane A. Helm — Inst. für Physik, Uni Greif-
swald, D-17487 Greifswald
The buildup of polyelectrolyte multilayers (PEMs) is investigated un-
der in-situ conditions using multiple angle null ellipsometry. Polyanion
PSS and polycation PDADMAC are adsorbed from 0.1 M NaCl solu-
tion. First the PEMs grow parabolically with the number of deposited
layer pairs. This behaviour is attributed solely to the PDADMAC ad-
sorption, while each PSS adsorption step leads to a constant thickness
increase. After N𝑡𝑟𝑎𝑛𝑠 layer pairs a sharp transition from a parabolic to
a linear growth occurs. Depending on the molecular weight of the poly-
electrolytes, three different regimes of N𝑡𝑟𝑎𝑛𝑠 are found: For PDAD-
MAC polymer weight above 100 kDa and PSS polymer weight above
30 kDa, the transition occours constantly after 15 adsorbed layer pairs.
In the case of lower molecular weights both polyelectrolytes show an
opposite influence on N𝑡𝑟𝑎𝑛𝑠. A lower PDADMAC polymer weight
leads to a decrease (down to 8 layer pairs), and a lower PSS polymer
weight to an increase of N𝑡𝑟𝑎𝑛𝑠 (up to 36 layer pairs), respectively. In-
terestingly, for each combination of molecular weight the value N𝑡𝑟𝑎𝑛𝑠

is roughly proportional to the thickness increase per deposited layer
pair in the linear growth mode (between 4 nm and 23 nm).

CPP 9.28 Mon 17:30 Poster C
NREX polarized neutron/x-ray contrast reflectometer —
∙Olaf Soltwedel, Yury N. Khaydukov, Thomas Keller, Franz
Tralmer, Manfred Ohl, and Bernhard Keimer — Max-Planck-
Institut für Festkörperforschung, Stuttgart, Germany
NREX is a classical angle dispersive, fixed wavelength neutron re-
flectometer at the cold neutron source of the FRM II in Garch-
ing/Munich. The instrument provides grazing incidence small angle
scattering (GISANS), specular and off-specular reflectometry all in po-
larized and nonpolarized modes. These techniques are well suited to
determine structural properties such as chemical aggregation, poly-
mer and surfactant adsorption, interdigitation in low dimensions (sur-
faces, interfaces and thin film systems) at solid/liquid and solid/air
interfaces. With a conventional x-ray add on (CuK𝛼), the instrument
offers the unique possibility to combine x-ray- and neutron reflectome-
try in-situ. Recent developments, exemplary measurements and future
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perspectives of NREX will be presented.

CPP 9.29 Mon 17:30 Poster C
Hindered Domain Formation of Lipid Monolayers with Ad-
sorbed Macromolecules — ∙Thomas Ortmann, Heiko Ahrens,
and Christiane A. Helm — Inst. für Physik, Uni Greifswald, D-
17487 Greifswald
Polyelectrolytes adsorb onto oppositely charged lipid monolayers either
in a flatly disordered or a two-dimensional lamellar phase as known
from Grazing Incidence Diffraction. With a Brewster angle micro-
scope, nucleation and growth of lipid domains in the condensed phase
are observed with short polyelectrolytes. These polyelectrolytes ad-
sorb in a disordered phase when the lipids are in the fluid phase but
order in the two-dimensional lamellar phase when the lipids are in
the condensed phase. Long polyelectrolytes adsorb always in the two-
dimensional lamellar phase beneath both lipid phases. Then, domain
nucleation and growth is never observed. We suggest that the lipid
rearrangement occurring on domain formation is not possible when to
many lipids are electrostatically bound to one macromolecule.

CPP 9.30 Mon 17:30 Poster C
Imaging chemically patterned self-assembled monolayers
with helium-ion microscopy — ∙Daniel Emmrich, Henning
Vieker, André Beyer, and Armin Gölzhäuser — Physics of
Supramolecular Systems, University of Bielefeld, 33615 Bielefeld, Ger-
many
Chemical patterning of certain self-assembled monolayers (SAMs) is
possible by local exposure with electrons. In this way, for example, ni-
tro groups of SAMs of NBPT (4’-nitro-1,1’-biphenyl-4-thiol) molecules
convert into amino groups. This is accompanied by the formation
of cross-links between molecules in the exposed monolayer. In this
contribution the capability of helium-ion microscopy (HIM) for imag-
ing chemical patterns in SAMs is discussed. To this end, SAMs of
NBPT and BPT (1,1’-biphenyl-4-thiol) molecules are locally exposed
by employing a stencil mask and an electron flood gun. HIM images
of these samples at identical settings show a significant drop in the
secondary-electron signal for the nitro-terminated areas in comparison
to all other monolayer regions in this set of samples, i.e. the amino-
terminated areas, the exposed as well as pristine SAMs from BPT
molecules. This behaviour can be understood by considering the scat-
tering of secondary electrons in the monolayer during the HIM imaging
process. Imaging of fully cross-linked and chemically patterned SAMs
as well as electron exposure dose sample series will be presented as
well.

CPP 9.31 Mon 17:30 Poster C
Brushes of weak Polyelectrolytes (PE): Complex interac-
tions with Solvent and Gold Nanoparticles — ∙Zuleyha
Yenice1, Jan Genzer2, Ralf Köhler1,3, and Regine v.Klitzing1

— 1Stranski Lab, Inst. of Chemistry, TU Berlin, Germany — 2Dept.
of Chemical & Biomolecular Engineering, NCSU, Raleigh, USA —
3Inst. of Soft Matter and Functional Materials, HZB, Berlin, Ger-
many
PE-brushes represent a new class of thin film materials with tunable
surface parameters and interactions, allowing functionalisation, or in-
corporation and exchange of solvents or particles. The swelling be-
haviour of PDMAEMA-brushes* was investigated by means of differ-
ent solvents as ethanol and water of varying pH, and different water
vapours. This ellipsometric study revealed a complex picture of the
internal interactions of PE-brushes. Neutron reflectometry (NR) was
used to determine, first, the structure of these films, either collapsed
in dry state, or fully extended when swollen in buffer, secondly, the
distribution and penetration depth of gold nanoparticles (Au-NP) in
these brushes, after the exposure to suspensions of Au-NP with ca 5 or
15nm diameter. The study showed a comparatively homogeneous dis-
tribution of the brush length for our preparation technique. It proved
that nanoparticles were incorporated into the PE-brushes irrespective
from the size of the Au-NP and the length of the brush. But due to the
complexity of the system it was not possible to determine a profile or
horizon of deposition for the gold particles up to now. PE-brushes open
a wide field for applications, and manifold of interesting, fundamental
questions as well. *poly[2-(dimethylamino) ethyl methacrylate]

CPP 9.32 Mon 17:30 Poster C
Diffusion and demixing dynamics of water and ethanol in a
self-adjusting molecularly thin slit-pore — ∙Nikolai Severin,
Igor M. Sokolov, and Jürgen P. Rabe — Department of Physics,

Humboldt-Universität zu Berlin Newtonstr. 15, 12489 Berlin, Ger-
many
The behaviour of multicomponent liquids in confining geometries is a
fundamental physical problem, which plays a central role in fields such
as nano-fluidics, molecular biophysics, single molecule spectroscopy,
and nano-chemistry, e.g. for molecular transport through channels
of biological membranes, analyte recognition in molecular assays, and
molecular synthesis. We followed with nanometer-scale lateral resolu-
tion the in-situ dynamics within mixed monomolecular water-ethanol
films in a slit pore between mica and graphene, employing scanning
force microscopy to image the graphene topography conforming to the
film. Water and ethanol, highly miscible in three dimensions are shown
to nano-phase separate in monolayers within the pore, consisting of
a hydrophilic atomically flat mica surface and a more hydrophobic
graphene layer. Graphene conforms to the liquid film, bending at the
boundaries between the domains of water and ethanol to accommodate
their different thicknesses of 80±20 pm. The growth dynamics of the
domains allows to determine a lower bound for the two-dimensional
diffusion constant of ethanol in water of D ≥ 2 x 10s−14 ms2s−1.

CPP 9.33 Mon 17:30 Poster C
Untersuchungen zur Bildung von Membranen auf Basis von
Cellulosederivaten — ∙Michael Metze1, Annette Reiche2,
Stephan Barbe2 und Dieter Melzner2 — 1Institut für Technische
Chemie, Leibniz Universität Hannover, Deutschland — 2Sartorius Ste-
dim Biotech GmbH, Göttingen, Deutschland
Poröse Polymermembranen auf Basis von Cellulosederivaten werden
industriell häufig durch das Verdunstungsverfahren hergestellt. Dabei
durchläuft ein Gießlösungsfilm eine Phasenseparation, welche durch
kontrollierten Entzug von Lösungsmitteln ausgelöst wird und bei wei-
terer Trocknung zur Bildung poröser Strukturen führt.

Das Verfahren wird großtechnisch zur Herstellung von
Celluloseacetat- und Cellulosenitratmembranen mit Porengrößen im
Bereich von 0,1 * 10 *m eingesetzt, welche z. B. Grundlage von Filter-
produkten und diagnostischen Produkten für die Biotechnologie sind.

Grenzflächeneffekte sollten eine entscheidende Rolle bei der Mem-
branbildung spielen. Allerdings ist ihr Beitrag nicht bekannt da die
Energiebilanz des Verfahrens durch die Verdunstung der Lösungsmit-
tel dominiert wird und die Flory-Huggins Thermodynamik zur Be-
schreibung der Polymerlösung keinen Ansatz zur Berücksichtigung von
Grenzflächen-phänomenen bietet.

Die Erfahrung zeigt, dass Tenside Einfluss auf den Membranher-
stellungsprozess haben. Im Rahmen des Vortrags soll, ausgehend von
einem quaternären Modellsystem mit bekanntem Phasendiagramm,
der Einfluss verschiedener Tenside auf das Entmischungsverhalten der
Gießlösung durch Trübungstitration, gezeigt werden.

CPP 9.34 Mon 17:30 Poster C
Hydrodynamic description of free surface films of nematic
liquid crystals: weak anchoring model — ∙Te-Sheng Lin and
Uwe Thiele — Department of Mathematical Sciences, Loughborough
University, Loughborough, Leicestershire LE11 3TU, UK
We propose a long-wave model that describes the dynamics of a free
surface thin film of nematic liquid crystals on a solid substrate under
weak anchoring conditions at the free surface. The model recovers two
regimes reported in the literatures: (i) For thick films the surface an-
choring energy dominates. The molecules in the bulk have to bend
across the film (HAN state) and lead to strong ’elastic diffusion’ of the
free surface height; (ii) For thin films the bulk elastic energy dominates.
The orientation of the molecules is homogeneous in the bulk (P state)
and has no influence on the stability of the free surface. Furthermore,
it is found that there exists an intermediate film thickness range for
which the free surface is linearly unstable. Finally, we show that the
P state, even though neutrally stable, is actually nonlinearly unstable.

CPP 9.35 Mon 17:30 Poster C
Morphology of ultrathin gallium oxide layers — ∙Frank
Lawrenz1, Nikolai Severin2, Jürgen P. Rabe2, Christiane
A. Helm1, and Stephan Block3 — 1Institut für Physik, Ernst-
Moritz-Arndt Universität, Felix-Hausdorff-Str. 6, D-17487 Greif-
swald, Germany — 2Department of Physics, Humboldt-Universität zu
Berlin, Newtonstr. 15, 12489 Berlin, Germany — 3ZIK HIKE, Fleis-
chmannstr. 42 - 44, D-17475 Greifswald, Germany
Liquid gallium is applied onto mica, silicon and silica surfaces. AFM
tapping mode imaging shows micrometer sized gallium drops accom-
panied by extended, ultrathin layers, which we attribute to gallium
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oxide (GaOx) films passivating the surface of liquid gallium under am-
bient conditions. On all surfaces investigated, the GaOx layers exhibit
a thickness of about 3 nm and a roughness similar to the underlying
substrate. Although they replicate patterns of the substrate topogra-
phy, they also exhibit high mechanical stability, as normal forces on
the order of 1 𝜇N (for tip radii of some 10 nm) have to be applied
to abrade the layer. We discuss different methods of liquid gallium
application onto the surfaces which lead to ultrathin GaOx layers of
different quality with respect to layer homogeneity and coated area.

CPP 9.36 Mon 17:30 Poster C
Asymptotics of the Capillary-Driven Thin Film Equation —
∙Thomas Salez1, Michael Benzaquen1, Joshua D. McGraw2,
Oliver Bäumchen2, Kari Dalnoki-Veress2, and Elie Raphaël1

— 1Gulliver, ESPCI, Paris, France — 2McMaster University, Hamil-
ton, Canada
The study of polymer nanofilms is of tremendous importance in a vari-
ety of scientific fields, such as polymer physics, physiology, biophysics,
micro-electronics, surface chemistry, and applied mathematics. In the
lubrication approximation for viscous flows, the evolution of the free
surface of such a film is governed by the capillary-driven thin film equa-
tion. We hereby present analytical [1] and numerical [2] treatments of
this partial differential equation for a stepped initial profile, and com-
pare the results to experiments on polystyrene [3]. Then, we derive
the Green’s function of the linearized problem and therefore obtain
the solution for any summable initial perturbation. In particular, we
show that this solution uniformly converges in time towards a unique
self-similar attractor that is precisely the Green’s function multiplied
by the algebraic volume of the perturbation [4]. Finally, a numerical
scheme enables us to conjecture the extension of this result to the non-
linear case, where the universal attractor appears to be identical to the
one obtained in the linear case.

[1] Salez et. al PoF 24 102111 (2012), [2] Salez et al. EPJE 35 114
(2012), [3] McGraw et al. PRL 109 128303 (2012), [4] Benzaquen et
al. submitted to SIAM (2012)

CPP 9.37 Mon 17:30 Poster C
Growth kinetics of metal films sputtered on adhesive polymer
films followed with in-situ GISAXS — ∙Markus Schindler1,
Ezzeldin Metwalli1, Gökhan Gümüssoy1, Peter Müller-
Buschbaum1, and Stephan V. Roth2 — 1TU München, Physik-
Department, Lehrstuhl für Funktionelle Materialien, James-Franck-
Str.1, 85748 Garching, Germany — 2HASYLAB at DESY, 22603 Ham-
burg, Germany
Pressure sensitive adhesives (PSAs) are widely used in everyday ap-
plications, industries and medicine. Individually tailored compounds
exist for many fields of application. Among these is the establishment
of strong but reversible adhesive bonds between metal surfaces. The
interactions between a metal adherent and the polymeric adhesive gov-
ern the performance of any metal-adhesive joint and are therefore im-
portant to understand. We present an in-situ grazing incidence small
angle X-ray scattering (GISAXS) study on the growth of metal films
sputtered on a model PSA as well as on its homopolymer components.
Different growth kinetics reveal insights into the metal-polymer inter-
actions and isolate the influence of atomic and molecular forces due to
the absence of usual adherent surface properties like its roughness or
preceding surface treatments, e.g. cleaning. GISAXS provides means
to follow the metal film formation during sputtering in-situ, revealing
structural information with a very high time resolution.

CPP 9.38 Mon 17:30 Poster C
Non-equilibrium dynamics of a bilayer system of confined col-
loidal particles in a planar shear flow — ∙Tarlan A. Vezirov
and Sabine H. L. Klapp — Institut für Theoretische Physik, Technis-
che Universität Berlin, Hardenbergstraße 36, 10623 Berlin, Germany
We perform computer simulations of a confined bilayer system of
charged colloidal particles interacting via a combined softsphere- and
Yukawa-potential. The system is driven from equilibrium by a planar
shear flow. The model parameters are adjusted according to ludox sil-
ica particles, which we have previously studied under equilibrium con-
ditions [1,2]. As a framework for solving the equation of motion, we
employ overdamped Brownian dynamics simulations. We investigate
the impact of the shear flow and confinement on structure formation
and focus on statistical properties such as e.g. translational symmetry
orderparameter and pair distribution functions. Furthermore we are
interested in the emergence of the zigzag motion observed in experi-
ments [3] and characterized by the spatial oscillations of layers. We

hope that our results can be used as predictions for future experimental
work.

[1] S. Grandner and S.H.L. Klapp, J. Chem. Phys. 129, 244703
(2008). [2] S. H. L. Klapp, Y. Zeng, D. Qu and R. v. Klitzing, Phys.
Rev. Lett. 100, 118303 (2008). [3] D. Derks, Y.L. Wu, A.v. Blaaderen
and A. Imhof, Soft Matter 5, 1060 (2009).

CPP 9.39 Mon 17:30 Poster C
Effect of patterning on film morphology and device per-
formance of BHJ organic solar cells — ∙Daniel Moseguí
González1, Claudia M. Palumbiny1, Jan Perlich2, Stephan V.
Roth2, and Peter Müller-Buschbaum1 — 1TU München, Physik
Department E13, Lehrstuhl für Funktionelle Materialien, James-
Franck-Str.1, 85747 Garching (Germany) — 2HASYLAB at DESY,
Notkestr. 85, 22603 Hamburg (Germany)
Controlling morphology within polymer films for solar cells through
imprinting procedures has been found to be a promising pathway to
achieve high efficiency devices. These structured devices are expected
to present improved performance due to light scattering and reflec-
tion effects, which lead to enhanced absorption without increasing
film thickness. Furthermore, in the case of poly(3-hexylthiophene)
a change in the crystalline orientation was observed, leading to higher
conductivities and better device performance. So far limited work
has been carried out investigating the inner morphological changes
of imprinted blend devices. In this work, the effects of structuring
BHJ poly(3-hexylthiophene): phenyl-C61-butyric acid methyl ester
(P3HT:PC60BM) films are investigated. Imprinted surfaces are char-
acterized with AFM. Moreover, crystallinity and internal film mor-
phology is characterized using grazing incidence wide/small angle x-ray
scattering (GIWAXS/GISAXS), respectively. In addition, x-ray reflec-
tivity measurements provide supporting information for depth profiles.
Finally, the characteristics of the device performance will be discussed
and compared to the observed morphological changes.

CPP 9.40 Mon 17:30 Poster C
Nanostructured Organic Solar Cells — ∙Thomas Pfadler,
Ricky Dunbar, and Lukas Schmidt-Mende — Dept. of Physics,
University of Konstanz, 78457 Konstanz, Germany
Organic solar cells have the potential to become an important low-cost
alternative to conventional solar cells. However, before this can hap-
pen, the energy harvesting potential of organic solar cells must become
more comparable with that of the pervading technology. This research
is focusing on nanoimprint lithography (NIL), a low-cost lithographic
method for high-throughput patterning applicable to organic semicon-
ductors. This technique can be used to tailor an organic solar cells
active material on a nanometer scale.

One possible application is the implementation of a plasmonic light-
trapping geometry by structuring the organic semiconductor metal in-
terface e.g. the back-electrode of a bulk heterojunction device. An-
other promising application of NIL aims to control the nanostructure
of a donor-acceptor interface in organic devices. One organic layer
e.g. the hole accepting layer is structured before the electron acceptor
is subsequently deposited. Target of this approach is to enhance the
overall efficiency by enhancing the interfacial area increasing the ex-
citon separation yield and ensuring direct pathways to the electrodes
minimizing charge recombination.

CPP 9.41 Mon 17:30 Poster C
Coat Thickness Dependent Adsorption of Hydrophobic
Molecules at Polymer Brushes — ∙Jens Smiatek1, Hendrik
Wagner2, Carsten Hentschel3, Lifeng Chi3, Armido Studer2,
and Andreas Heuer4 — 1Institut für Computerphysik, Universität
Stuttgart, Germany — 2Institut für Organische Chemie, WWU Mün-
ster, Germany — 3Physikalisches Institut, WWU Münster, Germany
— 4Institut für Physikalische Chemie, WWU Münster, Germany
We study the adsorption properties of hydrophobic test particles at
polymer brushes with different coat thicknesses via mesoscopic Dissi-
pative Particle Dynamics simulations. Our findings indicate stronger
adsorption energies at thin polymer brushes. The reason for this differ-
ence is mainly given by entropic contributions due to different elastic
deformations of the coatings. The numerical findings are supported
by analytical calculations and are in good agreement to experimental
fluorescence intensity results.

CPP 9.42 Mon 17:30 Poster C
Distribution of Gold Nanoparticles within patterns of Poly-
mer Brushes using UV lithography — ∙Stephanie Christau,
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Jianli Zhao, and Regine von Klitzing — Stranski-Laboratorium
für Physikalische und Theoretische Chemie, Institute for Chemistry,
Technical University Berlin, Straße des 17. Juni 124, 10623 Berlin,
Germany
The distribution of Gold Nanoparticles (AuNPs) in polymer brushes
which are grafted from planar silicon surfaces is of big interest in the
last few years. The reason is that polymer brushes are promising can-
didates for the ordering of particles and AuNPs will induce interesting
optical properties.

Polymer brushes of (N,N-dimethylamino)ethyl methacrylate
(DMAEMA) and N-isopropylacrylamide (NIPAM) are grown from

a 2-bromo-2-methyl-(3-(triethoxysilyl)propyl propanamide (BTPAm)-
covered silicon surface via surface-initiated atom transfer radical poly-
merization (SI-ATRP). For the synthesis of both initiator-covered
self-assembled monolayer (SAM) and polymer brushes a new type of
sealed reactor is used that provides a constant nitrogen flux. The
grafted chains are investigated using ellipsometry, atomic force mi-
croscopy (AFM), X-ray reflectometry, scanning electron microscopy
(SEM) and gel permeation chromatography (GPC).

To study the influence of the polymer’s chemical composition, the
brush thicknesses and the conformation on the particle distribution,
grid-like patterns of polymer brushes are formed using UV litography.
Different approaches for patterning are adressed.

CPP 10: Poster: Charge transfer effects in molecular materials (related to symposium SYCT)

Time: Monday 17:30–19:30 Location: Poster C

CPP 10.1 Mon 17:30 Poster C
Foam-like structures of titania films for application in flex-
ible photovoltaic — ∙Bo Su, Martin A. Niedermeier, Monika
Rawolle, and Peter Müller-Buschbaum — TU München, Physik
Department, LS Funktionelle Materialien, James-Franck-Str. 1, 85748
Garching, Germany
Due to high surface to volume ratio and their bicontinuous morphol-
ogy, foam-like nanostructures are becoming more interesting in photo-
voltaics, for example in hybrid solar cells and dye-sensitized solar cells
(DSSC). The nanoporous titania layers are responsible for the electron
transporting and directing dye layers’ structure. In our studies, the
morphology of titania films is investigated with respect to a possible
incorporation into hybrid solar cells. The titania films are prepared by
a sol-gel process in combination with block copolymer templating. Via
this route we have a very high level of control over the final morphol-
ogy. The films are typically prepared via spin-coating, followed by a
calcination step to remove the polymer template and obtain crystalline
titania. Additionally, our method is even suitable for low-temperature
synthesis by changing the titania precursor. The structure of these
films is probed with the imaging techniques such as scanning electron
microscopy and atomic force microscopy. To determine the optical
and opto-electronical properties UV/Vis spectroscopy and photolumi-
nescence are used.

CPP 10.2 Mon 17:30 Poster C
Field dependent charge carrier generation via charge trans-
fer states: A blending ratio dependent study — ∙Julia Kern1,
Clemens Grünewald1, Hannes Kraus1, Franziska Fuchs1,
Carsten Deibel1, and Vladimir Dyakonov1,2 — 1Experimental
Physics VI, Julius Maximilians University of Würzburg, 97074
Würzburg, Germany — 2Bavarian Center for Applied Energy Research
e.V. (ZAE Bayern), 97074 Würzburg, Germany
In organic bulk heterojunction solar cells, the mechanism of exciton
dissociation at the polymer–fullerene interface is still controversially
debated. This work studies the charge carrier generation via charge
transfer states by investigating the electric field dependence of the
process for a model system consisting of MDMO-PPV and PC61BM.
Focusing on the influence of different donor–acceptor blend ratios,
the complementary techniques of field dependent photoluminescence
quenching and transient absorption are employed to reveal a substan-
tial change in the electric field behavior. Thus, the binding energy of
the respective charge transfer excitons (CTE) is reduced from ∼ 320
meV for a 4:1 blend ratio to ∼ 200 meV for a 1:1 blend, decreasing even
further for higher PC61BM concentrations. The observed phenomenon
may be ascribed to a change in the average dielectric constant or in
the CTE delocalization length of the system. The relevance of these
influencing factors is unveiled by combined morphological studies com-
prising atomic force microscopy and optically detected magnetic res-
onance. This study demonstrates the importance of a high dielectric
constant for charge carrier generation in organic photovoltaics.

CPP 10.3 Mon 17:30 Poster C
Effect of Polymorphism, Regioregularity and Paracrys-
tallinity on Charge Transport in Poly(3-Hexyl-Thiophene)
[P3HT] Nanofibers — ∙Carl Poelking, Kurt Kremer, and De-
nis Andrienko — Max Planck Institute for Polymer Research, Ack-
ermannweg 10, 55128 Mainz, Germany

We establish the link between molecular order and charge-transport pa-
rameters in poly(3-hexyl-thiophene) (P3HT) accounting for different
polymorphic structures and regioregularities. Using atomistic molec-
ular dynamics, we study structural transitions related to side-chain
melting and a conversion from a non-interdigitated metastable (form
I’) to the stable (form I) P3HT polymorph, as also observed exper-
imentally, thus providing structural models for side-chain arrange-
ment and backbone-backbone stacking. We investigate how packing
modes and regioregularity effect paracrystalline and side-chain order
and analyse effects thereof on the dynamics and distribution of elec-
tronic couplings and site energies. In particular, we demonstrate how
a small concentration of defects in side-chain attachment can lead to
a dramatic decrease in charge-carrier mobility due to a strong inter-
molecular contribution to the energetic disorder, which we attribute
to fluctuations in backbone-backbone distances. Our simulated mobil-
ities indicate excellent agreement with experimental values obtained
for P3HT nanofibers.

CPP 10.4 Mon 17:30 Poster C
Microscopic simulations of charge and energy transfer in crys-
talline PCPDTBT and PSBTBT — ∙Anton Melnyk, Björn
Baumeier, and Denis Andrienko — Max Planck Institute for Poly-
mer Research, Ackermannweg 10, 55128 Mainz, Germany
Charge and exciton transfer processes in two semi-crystalline polymers,
PCPDTBT and PSBTBT, are compared using a combination of clas-
sical molecular dynamics to simulate semi-crystalline morphologies,
quantum chemistry to evaluate the electronic structure of conjugated
segments, and charge/energy transfer theories to study charge and en-
ergy transfer/transport. By linking local molecular arrangements of
two polymers to the changes in distributions of site energies and elec-
tronic coupling elements we rationalize the improved charge mobility,
reduced bimolecular recombination, and formation of charge transfer
states in PSBTBT.

CPP 10.5 Mon 17:30 Poster C
Multifrequency electron spin resonance analysis of or-
ganic polymer:fullerene blends — ∙Max Gessner1, An-
dreas Sperlich1, Hannes Kraus1, Stefan Väth1, and Vladimir
Dyakonov1,2 — 1Experimental Physics VI, Julius Maximilian Uni-
versity Würzburg, 97074 Würzburg, Germany — 2ZAE Bayern, 97074
Würzburg, Germany
Understanding of the light-induced charge transfer in organic solar
cells is essential to improve material properties and processing param-
eters, and, at long sight, device performance. Since the charge carriers
are spin- 1

2
particles they can be studied by electron paramagnetic reso-

nance (EPR). Several solar cell blends of fullerene-derivatives PC60BM
and PC70BM with conjugated polymers P3HT, C-PCPDTBT and Si-
PCPDTBT were investigated with light induced X-band EPR. The re-
sulting spectra consist of overlapping signals from electrons and holes.
By performing the same measurements with the high frequency Q-band
EPR we were able to study the individual signals of charges localized
on either fullerene or polymer domains in more details with higher
resolution. By comparing the experimental spectra with simulations
performed with EasySpin we have the tool for learning more about
the local order and geometry as well as the electric properties of these
promising materials for organic photovoltaics.

CPP 10.6 Mon 17:30 Poster C
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Influence of charge density on microscopic transport in amor-
phous organic semiconductors — ∙Pascal Kordt and Denis
Andrienko — Max Planck Institute for Polymer Research, Acker-
mannweg 10, 55128 Mainz, Germany
The effect of finite charge carrier density on microscopic transport pa-
rameters, such as occupation probabilities, local currents, and charge
mobility is analyzed by means of the off-lattice kinetic Monte Carlo
method as well as the Fokker-Planck equation in a mean-field approx-
imation. Implications for the macroscopic description of organic field
effect transistors and light emitting diodes are discussed.

CPP 10.7 Mon 17:30 Poster C
Energy Level Alignment for Many-Body Resonant Tunneling
— ∙Jessica Walkenhorst1, Heiko Appel2, Nicole Helbig3,1, and
Angel Rubio1 — 1NanoBio Group and ETSF, UPV/EHU, Spain —
2NanoBio Group and ETSF, Fritz-Haber-Institut der MPG, Germany
— 3PGI and IAS, Forschungszentrum Jülich, Germany
Electron tunneling plays a fundamental role in many chemical and
physical processes and provides evidence of quantum mechanics at the
macroscopic level. In addition to the fundamental physics, electron
tunneling at surfaces also attracts much attention due to its importance
for charge transfer and carrier injection mechanisms e.g. in organic de-
vices. Resonant tunneling is governed by the alignment of energy levels
of donor and acceptor. While the separate systems are described well
by standard approaches, the alignment of their chemical potentials
is problematic since bringing donor and acceptor in contact changes
the respective energy levels due to the electronic interaction. We in-
vestigate resonant many-body tunneling in a one dimensional donor-
acceptor system, where the electrons interact via a softened Coulomb
potential. For a system of few electrons, we solve the Schrödinger equa-

tion exactly. As a first step we analyze the case of adiabatic tunneling.
Starting from the description of tunneling between non-interacting sys-
tems, we derive the necessary energy correction terms for the case of
the complete fully interacting donor-acceptor many-body system. We
then extend our adiabatic model to a time-dependent description to
study the deviation of the dynamic tunneling behavior from the adia-
batic case.

CPP 10.8 Mon 17:30 Poster C
Microscopic simulations of electronic excitations at donor-
acceptor interfaces — ∙Björn Baumeier, Carl Poelking, and
Denis Andrienko — Max Planck Institute for Polymer Research,
Ackermannweg 10, 55128 Mainz, Germany
Fundamental processes involving electronic excitations govern the
functionality of molecular materials, in which the motion of excitons
and charges is determined by an interplay of molecular electronic struc-
ture and morphological order. To understand, e.g., charge separation
and recombination at donor-acceptor heterojunctions in organic solar
cells, knowledge about the microscopic details influencing these dy-
namics in the bulk and across the interface is required.

Using a combination of molecular dynamics and quantum-chemistry
(DFT/GW-BSE), we first obtain atomistically resolved morpholo-
gies of prototypical planar heterojunctions of dicyanovinyl-substituted
quaterthiophene (donor) and C60 (acceptor) and then analyze the
charged and neutral electronic excitations therein. We pay special
attention the spatially-resolved electron/hole transport levels (band
bending and offsets), as well as the relative energies of Frenkel and
charge-transfer excitations at the interface. Finally, we link our results
to the molecular architecture of the donor material and its orientation
on the fullerene substrate.

CPP 11: Poster: Glasses and Glass Transition (joint session DY/CPP)

Time: Monday 17:30–19:30 Location: Poster C

CPP 11.1 Mon 17:30 Poster C
Room temperature ionic liquid’s (RTILs) dynamic glass tran-
sition by calorimetric methods. — ∙Evgeni Shoifet1,2, Heiko
Huth1, Sergey Verevkin2, and Christoph Schick1 — 1Institute
of Physics, Rostock University, Rostock, 18051, Germany — 2Institute
of Chemistry, University of Rostock, 18051 Rostock, Germany
Many of the ionic liquids are good glass formers. Nevertheless, only
a few studies of the glass transition in ionic liquids are available so
far. Particularly the frequency dependence of the dynamic glass tran-
sition (𝛼-relaxation) is not known for most ionic liquids. The standard
technique for such studies - dielectric spectroscopy - is not easily ap-
plicable to ionic liquids because of the high electrical conductivity.
We try to use calorimetric techniques to obtain complex heat capacity
and to investigate the dynamic glass transition of room temperature
ionic liquids (RTILs) in a wide frequency range. This can give an in-
sight in cooperative motions of ions and ion clusters in RTILs. The
techniques that were used are DSC, TMDSC, and AC-chip calorime-
ter[5] covering a frequency range from 0.001 Hz to10000 Hz. Similar
fragility was found not only in series of RTILs with different alkyl
chain length in the cataion ([Cnmim]), but also for two different an-
ions ([Co(NCS)2],[NTf2]). Also the decrease in thermal glass transition
temperature (Tg) and add/even effect have been observed in cobalt
RTIL, while the Tg in RTIL with sulfonic anion is increasing, with
increase of alkyl chain length.

CPP 11.2 Mon 17:30 Poster C
Nanoscale confinement of a low molecular weight liquid —
∙Anna Djemour, Jörg Baller, Carlo Di Giambattista, Mar-
lena Filimon, Jens-Peter Bick, Andreas Michels, and Roland
Sanctuary — Laboratory for the Physics of Advanced Materials, Uni-
versity of Luxembourg, 162A, Avenue de la Faiencerie, L-1511 Luxem-
bourg
The enormous change of the molecular dynamics of glass formers when
approaching the thermal glass transition temperature is usually at-
tributed to the increase of the size of cooperative rearranging regions
(CRR). Spatial confinement is known to take influence on the glass
transition behaviour when the scale of confinement is in the same or-
der as the size of the CRRs. In this work we present investigations of
the glass transition of a low molecular weight epoxy resin (Diglycidil

Ether of Bisphenol A, DGEBA) filled in different nanoporous silica
glasses. The effect of confinement is studied by two different ways: i)
properties of the glass former are investigated by modulated calorime-
try, dielectric spectroscopy and X-ray scattering. ii) properties of the
whole system, i.e. porous glasses filled with the glass former are inves-
tigated by thermo-mechanical analysis and dynamic mechanical anal-
ysis. Combining the results from both approaches contributes to the
understanding of the glass former DGEBA under confinement.

CPP 11.3 Mon 17:30 Poster C
Local Thermal Analysis as a Tool for Morphological Inves-
tigation of Polypropylene — Thomas Fischinger, ∙Lisa Maria
Uiberlacker, and Sabine Hild — Institute for Polymer Science, Jo-
hannes Kepler University, Altenbergerstraße 69, 4040 Linz, Austria
A basic understanding of physical and chemical properties of poly-
mers is of fundamental importance for the development of advanced
polymers. Thermal analysis methods are generally used to provide
important and reliable data. However, up to now mainly bulk prop-
erties of polymers have been detected. Conventional methods reach
a limit for applications such as the investigation of crystal structures.
Therefore, a method is proposed for nano-thermal characterization of
polymers using scanning probe microscopy (SPM) in combination with
heatable cantilever probes. This method is based on an appropriate
temperature calibration, which provides a reliable correlation between
applied voltage and the temperature at the tip. LTA measurements
were applied to high moleculare isotactic polypropylene with varying
lamellar thicknesses. Furthermore, the structure and morphology of
randomly distributed isotactic propylene-1-hexene-copolymer (PHCP)
were investigated with a focus on local thermal properties. In this
study it will be shown that it is possible to investigate the differences
in softening of 𝛼- and 𝛾- structure of PHCP.

CPP 11.4 Mon 17:30 Poster C
Bestimmung der molekularen Dynamik von Polyvinylpyrro-
lidon mittles NMR und DS — ∙Michael Lannert und Michael
Vogel — Technische Universität Darmstadt, Institut für Festkörper-
physik
Die molekulare Dynamik von Wasser in Polymer-Matrizen (D2O-
Polyvinylpyrrolidon-Mischung) wurde mittels Deuteronen NMR un-
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tersucht. Fragestellung ist, ob sich anhand der temperaturabhängigen
Korrelationszeit der Rotation der C-D-Bindungen ein starkes oder fra-
giles Verhalten ausmachen lässt. Eine Theorie, welche die Existenz
einer hochdichten (HDL) und niederdichten (LDL) Flüssigphase des
Wassers im unterkühlten Regime voraussagt, legt einen "Fragil-Stark-
Übergang"bei T ≈ 220K nahe. Zusätzlich zu den NMR-Messungen
wurden Daten aus Dielektrischer Spektroskopie ausgewertet. Unter
Annahme spezieller empirischer Modelle für die spektrale Dichte der
unterliegenden Prozesse, namentlich einer Cole-Davidson Verteilung,
kann so aus den DS Daten die mittlere Relaxationsrate der NMR-
Experimente vorausgesagt und mit den tatsächlich erhaltenen Wer-
ten verglichen werden. Interpolationen der Temperaturabhängigkeit
der Wasserdynamik mit eienm Arrheniusgesetz ergeben eine Aktivie-
rungsenergie von 𝐸A = 0.5eV, welche von der Wasserkonzentration
unabhängig ist. Durch Kombination von NMR und DS sowie Abde-
ckung eines breiten Zeitfensters gelingt es somit, ein konsistentes Bild
der Dynamik im untersuchten System zu zeichnen.

CPP 11.5 Mon 17:30 Poster C
Thermomechanical Properties of Organic-Coatings: A scan-
ning force microscopy study — ∙Bernhard Jachs1, Bernhard
Strauß2, and Sabine Hild1 — 1Institute of Polymer Science, JKU
Linz, Altenbergstraße 69, 4040 Linz, — 2voestalpine Stahl Gmbh, 4020
Linz
Coil Coating is a continuous industrial process where one or more poly-
meric layers with thicknesses ranging from 5 up to 50 𝜇m are applied
on steel coils to protect them against environmental impacts. For fur-
ther processing of the coated material, the knowledge of thermal and
mechanical properties of the coating is crucial. Widely used analytical
techniques (DSC, DMA) require special sample preparation where the
coating has to be removed from the substrate or is prepared as a free
standing coating film. In this work a SFM equipped with a heating
stage was used to directly investigate mechanical properties of coatings
as a function of temperature by performing nanoindentation measure-
ments. Static measurements were carried out at different displacement
rates and temperatures. By taking into account contact-mechanical
models, which describe the tip-sample-interaction, the Elastic Modulus
can be obtained as a function of temperature and displacement rate.
Shifting the curves according to the Williams-Landel-Ferry equation
yields a mastercurve which allows extrapolating mechanical properties
beyond the measuring range. In addition, dynamic measurements have
been carried out modulating the tip position at different frequencies
and temperatures. Using proper viscoelastic models, Storage and Loss
Moduli as well as loss tangent can be determined.

CPP 11.6 Mon 17:30 Poster C
In-situ investigation of vapor-deposited thin films of toluene
and ethylbenzene by AC chip-nanocalorimetry — ∙Mathias
Ahrenberg1, Katie R. Whitaker2, Yeong-Zen Chua1, Heiko
Huth1, Mark D. Ediger2, and Christoph Schick1 — 1Institut
für Physik, Universität Rostock, Wismarsche Str. 43-45, 18051 Ros-
tock, Germany — 2Department of Chemistry, University of Wisconsin-
Madison, Madison, Wisconsin 53706, USA
Physical vapor deposition can be used to produce thin films with par-
ticular material properties. For example extraordinarily stable glasses
can be obtained from organic molecules like toluene and ethylbenzene.
We have investigated properties like packing efficiency and kinetic sta-
bility depending on substrate temperature and deposition rate by in-
situ AC chip-nanocalorimetry. We have varied the substrate temper-
ature covering the range from temperatures proven to yield high en-
thalpy glasses up to temperatures proven to yield low enthalpy glasses.
This way the complete evolution of the mentioned stable glass prop-
erties is observed. Moreover AC calorimetry offers the possibility for
isothermal measurements which enables to follow the transformation of
the stable glass to the super-cooled liquid. Transformation experiments
give suggestion of the transformation mechanism and its temperature
dependence. The data are in agreement with a growth front for the
transformation of the stable glass into the supercooled liquid.

CPP 11.7 Mon 17:30 Poster C
Triplett-Solvatationsdynamik an unterkühlten Wassermi-
schungen in hartem und weichem Confinement — ∙Vincenzo
Talluto1, Carl Böhmer1, Thomas Walther1 und Thomas
Blochowicz2 — 1Institut für Angewandte Physik, Technische Uni-
versität Darmstadt, Schlossgartenstr. 7, 64289 Darmstadt — 2Institut
für Festkörperphysik, Technische Universität Darmstadt, Hochschul-
straße 8, 64289 Darmstadt

Die Triplett-Solvatationsdynamik ist eine Methode, mit der Relaxati-
on in unterkühlten Flüssigkeiten nahe des Glasübergangs untersucht
werden kann. Hierzu wird der Flüssigkeit ein Farbstoff beigemischt,
welcher mittels eines UV-Laserpulses in einen langlebigen Triplettzu-
stand angeregt wird. Über den zeitlichen Verlauf der Emissionswel-
lenlänge des Farbstoffes kann die Relaxation der Solvatationshülle in
einem Zeitbereich von 0.1ms bis 1 s verfolgt werden. Je nach Farb-
stoff kann dabei eine dielektrische oder mechanische Response auf die
Anregung des Farbstoffmoleküls beobachtet werden.

Der Vorteil dieser lokalen Methode liegt u.a. darin, dass z. B. Glas-
bildner in Confinement untersucht werden können. In gefüllten Po-
rensystemen sind hier z. B. die Ergebnisse der herkömmlichen dielek-
trischen Spektroskopie nur schwer zu interpretieren. Wir präsentieren
erste Messungen an Wasser-Alkohol-Mischungen als Bulk-Material, so-
wie im Confinement von Vycor-Poren und Mikroemulsionströpfchen
mit dem Ziel, Oberflächen-, Dichte- und Finite-Size-Effekte vonein-
ander zu trennen, deren Überlagerung eine eindeutige Interpretation
dynamischer Daten bisher erschwert.

CPP 11.8 Mon 17:30 Poster C
The interplay between inter- and intramolecular dynamics
in a series of alkylcitrates — ∙Wycliffe Kipnusu1, Wilhelm
Kossack1, Ciprian Iacob1, Joshua Sangoro2, and Friedrich
Kremer1 — 1Institute of Experimental Physics I, University of
Leipzig, Linnestr. 5, 04103 Leipzig, Germany — 2Chemical Sci-
ences Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee
37830-6197, United States.
The inter- and intra-molecular dynamics in a series of glass-forming
alkylcitrates is studied by a combination of Broadband Dielectric
(BDS), Pulsed Field Gradient Nuclear Magnetic Resonance (PFG
NMR), Dynamic Mechanical (DMS), and Fourier-Transform Infrared
(FTIR) Spectroscopy. Analyzing the temperature dependencies of spe-
cific IR absorption bands in terms of their spectral position and the cor-
responding oscillator strengths enables one to unravel the intramolec-
ular dynamics of specific molecular moieties and to compare it with
the intermolecular dynamics. With decreasing temperature, the IR
band positions of carbonyls and H-bonded moieties of citrates, show a
red shift with a kink at Tg while other moieties whose dynamics are
decoupled from those of the core units, exhibit a blue shift with nom-
inal changes at Tg. The oscillator strength of the ester linkage and
H-bonded units show a kink at a temperature where structural and
faster secondary relaxations merge. By that, a wealth of novel informa-
tion is obtained proving the fundamental importance of intramolecular
mobility in the process of glass formation, beyond coarse-grained de-
scriptions. Reference:Papadopoulos P. etal. Softmatter 2012 In press.

CPP 11.9 Mon 17:30 Poster C
First Thermal Conductivity and Elastic Susceptibility mea-
surements of Zr-based Bulk Metallic Glasses at Ultra Low
Temperatures — ∙Marius Hempel, Daniel Rothfuß, Andreas
Fleischmann, and Christian Enss — Kirchhoff-Institut für Physik,
Heidelberg
The thermal conductivity and the elastic susceptibility of Zr-based
superconducting bulk metallic glasses have been measured the first
time in the temperature range down to 6mK in order to study the
interaction of atomic tunnelling systems with phonons and conducting
electrons. Additional susceptibility measurements reveal a supercon-
ducting transition around 1K.

Both, the elastic susceptibility and the thermal conductivity mea-
surements use a novel SQUID-based contact free detection technique
below 1K which allows to dispense with a bias voltage in the case of
the elastic measurements and reduces parasitic heat input during the
thermal conductivity measurements.

The thermal conductivity of the bulk metallic glass
Zr52.5Ti5Cu17.9Ni14.6Al10 scales nearly quadratically with temper-
ature as expected from the tunnelling model. The change of sound
velocity of the of the bulk metallic glass Zr55Cu30Al10Ni5 shows a tem-
perature dependence which is governed by resonant and relaxational
processes. The latter are caused by the interaction with thermal
phonons and quasi-particles in the vicinity of the superconducting
transition.

CPP 11.10 Mon 17:30 Poster C
Non-universal dielectric and elastic properties of glasses at
very low temperatures — ∙Annina Luck, Marius Hempel, An-
dreas Fleischmann, and Christian Enss — Kirchhoff-Institut für
Physik, Universität Heidelberg
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Based on many experimental observations the low temperature prop-
erties of glasses, governed by atomic tunneling systems, have long been
viewed as being universal. In the last years, however, measurements
of dielectric two-pulse polarization echoes have revealed that nuclear
electric quadrupole moments involved in atomic tunneling systems can
cause large material-dependent effects in magnetic fields.

To study the possible influence of nuclear electric quadrupoles in
two level systems on the low frequency dielectric and elastic properties
of glasses down to a temperature of 10mK, we measured vitreous sil-
ica and the multicomponent glass N-KZFS11, which contains 25 mass
percent of tantalum oxide. As 181Ta carries a very large nuclear elec-
tric quadrupole moment, N-KZFS11 seems to be an ideal candidate to
determine the influence of nuclear electric quadrupole moments on the
physical properties of glasses at low temperatures.

Our measurements not only show a non-universal dieletric and elas-
tic behaviour for these two glasses, but the results also differ signifi-
cantly from various predictions of the standard tunneling model. We
discuss these new findings and possible implications in terms of the
tunneling model.

CPP 11.11 Mon 17:30 Poster C
1/𝑓 flux noise induced by spin glasses in superconducting
qubits — ∙Juan Atalaya — Institut für Theoretische Festkörper-
physik, Karlsruher Institut für Technologie, Karlsruher, Deutschland.
Recently, it has been realized that the coherence time of flux qubits is
limited by unknown sources of flux noise, which exhibits a 1/𝑓 spec-
trum at low frequencies 𝑓 . 10kHz and at low temperatures . 5K.
Experiments suggest that the main contribution to the flux noise may
be produced by paramagnetic spins located on the surface of the super-
conducting loop. We consider a spin glass system of classical Heisen-
berg spins and investigate the low frequency dynamics of the total
magnetization at temperatures near the spin glass freezing tempera-
ture. We discuss the role of anisotropy and temperature on the shape
of the noise spectrum.

CPP 11.12 Mon 17:30 Poster C
Glassy dynamics of orientation fluctuations in modulated
phases — ∙Christian Riesch, Günter Radons, and Robert
Magerle — Institut für Physik, Technische Universität Chemnitz,
D-09107 Chemnitz
We report on glassy dynamics and aging behavior in a 2D stripe-
forming system free of topological defects. Numerical simulations
based on model B with Coulomb interactions were performed for a
wide range of noise strengths. The autocorrelation function of the local
stripe orientation obeys the scaling form 𝐶𝜃(𝑡, 𝑡𝑤) ∼ 𝑡−𝑏

𝑤 ·𝑓(𝑡/𝑡𝑤), typ-
ical for glassy dynamics, and we argue that the relaxation time of the
orientation fluctuations diverges. Spatial correlations are anisotropic,
exhibiting a fast decay parallel to the stripes and an emerging power-
law behavior in the perpendicular direction. We also investigate aging
effects in other modulated phases, such as a hexagonal system in 2D
and a lamellae-forming system in 3D.

CPP 11.13 Mon 17:30 Poster C
Theoretical methods to analyse scattering patterns in the
systems of self-assembling anisotropic particles — ∙Sofia
Kantorovich1,2, Elena Pyanzina1, Cristiano De Michele2, and
Francesco Sciortino2 — 1Ural Federal University, Lenin av. 51,
620000, Ekaterinburg, Russia — 2Sapienza, University of Rome, Pi-
azza A. Moro 5, 00185, Rome, Italy
Self-assembly is a phenomena which can be observed on the broad
range of scales: starting from simple molecules to colloidal particles.
This effect of spontaneous equilibrium formation of reversible aggre-
gates might serve as a key to the synthesis of new smart materials,
once self-assembly mechanisms are well understood. The aggregates

formed in the systems might lead to significant changes in macroscopic
responses of the systems, thus, becoming very important in soft matter
and biophysics. One of the examples of self-assembling building blocks
is short blunt-ended DNA duplexes which form chains. At low densi-
ties these chains form an isotropic phase, whereas, at high densities,
these particular DNA solutions are known to order into the nematic
liquid crystal phases. Here, we put forward a theoretical approach,
which suggests how to predict the average chain length and the stack-
ing free energy, based on the experimental scattering patterns. We
show that the proposed method is rather general and might be used
for any self-assembling anisotropic particles, as long as the chain-size
distribution is exponential.

CPP 11.14 Mon 17:30 Poster C
Dissociation behavior of pyridine coordination compounds
in aqueous solutions — ∙Manuel Gensler1, Christian
Eidamshaus2, Artur Galstyan2, Ernst-Walter Knapp2, Hans-
Ulrich Reissig2, and Jürgen P. Rabe1 — 1Institut für Physik,
Humboldt-Universität zu Berlin — 2Institut für Chemie und Bio-
chemie, Freie Universität Berlin
The pyridine core is ubiquitous in natural products and widely used
for the construction of supramolecular structures [1]. We analyzed
coordination compounds of mono- and bivalent pyridines with Cu(II)
and Zn(II) by SFM based single molecule force spectroscopy (SMFS)
in aqueous solutions. Using the Bell-Evans-Kramers model we deter-
mined surprisingly long rupture lengths from 0.25 nm for the mono-
valent pyridin with Cu(II) up to 0.52 nm for the bivalent pyridine
with Cu(II). DFT calculations suggest a stepwise dissociation through
an intermediate product in which a water ligand inserts in between
the pyridine and metal ion. Such process is different to the known
solvent-ligand-exchange mechanism of a pyridine-palladium complex
in DMSO with a rupture length of only 0.17 - 0.19 nm [2]. Therefore
additional water ligands may attribute to the mechanical properties
of metallosupramolecular compounds and their corresponding natural
systems.

[1] L.E. Kapinos and H. Sigel Inorg. Chim. Acta 2002, 337, 131-
142. [2] F.R. Kersey et al. J. Am. Chem. Soc. 2006, 128, 3886-3887.

CPP 11.15 Mon 17:30 Poster C
Probing the electronic structure of gas phase methanol
by soft RIXS — ∙Andreas Benkert1,2,3, Frank Meyer1,
Monika Blum4, Regan G. Wilks5, Marcus Bär4,5, Wanli
Yang6, Friedrich Reinert2,3, Clemens Heske1,4,7, and Lothar
Weinhardt1,4,7 — 1Inst. for Photon Science and Synchrotron Radi-
ation, Karlsruhe Institute of Technology (KIT) — 2Exp. Physik VII,
Universität Würzburg — 3Gemeinschaftslabor für Nanoanalytik, KIT
— 4Dept. of Chemistry, University of Nevada, Las Vegas — 5Solar
Energy Research, Helmholtz-Zentrum Berlin f. Mat. u. Energie —
6Advanced Light Source, Lawrence Berkeley National Laboratory —
7ANKA Synchrotron Radiation Facility Karlsruhe, KIT
We have investigated methanol in gas phase at atmospheric pressure
using resonant inelastic soft x-ray scattering (RIXS). RIXS maps of
both, the O K and C K edge, will be presented, and it will be
shown that the observed emission lines can be attributed to differ-
ent molecular orbitals in accordance to DFT-based calculations of iso-
lated methanol molecules. This demonstrates the local character of
the RIXS process.

In detail, we observe strong spectator shifts of up to 0.9 eV upon
excitation into different absorption resonances at the O K edge. Fur-
thermore, we find evidence for nuclear dynamics on the time scale of
the x-ray emission process, leading to a dissociation of the hydrogen
atom from the hydroxyl group. In addition, measurements of deuter-
ated methanol allow us to separate the contributions of intact and
dissociated methanol molecules in the emission spectra.
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CPP 12.1 Mon 17:30 Poster C
Experimental Observation of the wetting property of ho-
mopolymer on a grafted polymer on a curved substrate
— ∙Chang Jong Kim1, Markus Mazurowski2, Jun Yu Li1,
Markus Gallei2, Katrin Sondergeld2, Henrich Frielinghaus3,

Matthias Rehahn2, and Bernd Stühn1 — 1Experimental Con-
densed Matter Physics, TU Darmstadt — 2Ernst-Berl-Institute for
Technical and Macromolecular Chemistry, TU Darmstadt — 3Jülich
Centre for Neutron Science, Forschungszentrum Jülich GmbH
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The wetting property of homopolymer on a grafted polymer on a
nanoparticle surface is greatly influenced by the ratio of the molar
mass of the polymer on the surface (N) and the matrix polymer (P).
Grafting density and the ratio of the length of grafted polymer (R𝑔)
to the radius of a core (R𝑐) may play an important role in the wetting
property as well. The change of the wetting property, the wetting-
dewetting transition, is therefore expected to be induced by a combi-
nation of three parameters: P/N, R𝑔/R𝑐 ratio and grafting density.
In our experiment, Polystyrene (PS) was grafted from the surface of
nanoparticles (silica and deuterated PS). These particles were then dis-
persed in deuterated PS matrices and measured by Small Angle X-ray
Scattering (SAXS) and Small Angle Neutron Scattering (SANS). P/N
ratio was varied from <1 to ≫1 and R𝑔/R𝑐 ratio was tuned by using
two different molar masses of the grafted chain onto which the same
core was used. In particular the analysis of the SANS results allows
to determine thickness and conformation of the polymer brush on the
curved substrate.

CPP 12.2 Mon 17:30 Poster C
Electrochemical Approach to Control CdSe/ZnS Quantum
Dot Fluorescence — ∙David Plotzki, Nicole Amecke, and
Frank Cichos — Molecular Nanophotonics Group, University of
Leipzig
The fluorescence behaviour of colloidal semiconductor nanocrystals can
be tuned by adjusting the electric conditions of their close environment.
We aim to electrochemically manipulate the charge concentration on
the nanocrystal surfaces in order to alter the occupancy of trap states.
Recent research indicates that such surface traps strongly influence
nonradiative decay channels.

We investigate single colloidal CdSe/ZnS Quantum Dots on ZnO-
coated ITO surfaces. Using a confocal microscope setup with the
ability to study lifetimes and spectra, we explore the fluorescence be-
haviour under specific electrochemical potentials.

From ensemble as well as single QD measurements we find poten-
tial ranges where the nanocrystal fluorescence is either enhanced or
suppressed, accompanied by a decrease or increase of the total non-
radiative decay rate. Additionally, sudden potential changes cause a
delayed fluorescence response. These results hint at a rearrangement
of the occupancy of trap states.

CPP 12.3 Mon 17:30 Poster C
Influence of gold nanoparticle distributions on SERS en-
hancement factors — ∙Thomas Sander1, Hongmei Liu2, Xinping
Zhang2, and Peter J. Klar1 — 1I. Physikalisches Institut, Justus-
Liebig-Universität Giessen — 2College of Applied Sciences, Beijing
University of Technology
Surface enhanced Raman spectroscopy (SERS) of metallic nanostruc-
tured substrates can provide Raman intensities increased by several
orders of magnitude making even the detection of single molecules
possible. Two different mechanisms contribute to the enhancement of
the Raman signals: The electromagnetic enhancement is due to ex-
cited surface plasmons of the metal structure causing locally increased
electromagnetic fields. The chemical enhancement is due to various
effects, e.g. the chemical interaction between the molecules and the
surface.

Here we present Raman spectra of rhodamine 6G on gold nano-
structures fabricated by solution processible gold nanoparticles on Si
substrates. The properties of the gold nanostructures can easily be
varied by annealing at different temperatures as shown by AFM and
SEM. A gold coordinate grid on the Si substrate allows one to correlate
the recorded Raman spectra with the AFM and SEM measurements.
Thus the influence of the gold nanoparticle distribution on the signal
enhancement is accessible in detail. Raman spectra will be discussed
with respect to different excitation lasers and polarizations as well as
the achieved enhancements with respect to the local environment of the
gold nanoparticles. COMSOL simulations of the enhancement factors
will be compared with the experimental results.

CPP 12.4 Mon 17:30 Poster C
Optical switchable properties of polymer-carbon-nanotubes
nanocomposites based on photochromic molecules — ∙Viktor
Schneider1, Thomas Strunskus1, Mady Elbahri2, and Franz
Faupel1 — 1Technische Fakultät der Uni Kiel, Institut für
Materialwissenschaft-Materialverbunde — 2Technische Fakultät der
Uni Kiel, Institut für Materialwissenschaft-Nanochemistry and Nano-
engineering
Photochromic molecular switches are a class of organic molecules that

allow a reversible control over the molecular structure or the molecular
dipole moment with light. This attributes provide the possibility of
photoswitching of bulk properties of composite materials like electrical
conductance or dipole moment. In this work, azobenzene based chro-
mophores were incorporated into polymer-carbon-nanotubes nanocom-
posites, and the photoswitching properties were investigated in a self
made electro-optical measuring station. The changes in electrical re-
sistance by illumination with ultraviolet (360 nm) and blue light (480
nm) were measured. For the multi wall carbon nanotubes, switching
amplitudes of several percent were achieved, while single wall carbon
nanotubes showed even changes up to 30 percent in resistance. The
switching and conductance change mechanisms will be discussed.

CPP 12.5 Mon 17:30 Poster C
Synthesis and characterization of silica-encapsulated Ni
nanorods — ∙Florian Krämer, Andreas Tschöpe, and Rainer
Birringer — Universität des Saarlandes, Saarbrücken
Ni nanorods are uniaxial ferromagnetic particles which can be used in
nanorheology to probe local viscoelastic properties of soft matter. The
present study is focused on the encapsulation of the nanorods by a
silica layer which provides a well-defined interface for subsequent sur-
face functionalization. Alumina templates with hexagonally arranged
pores were synthezised by two step anodization of aluminum. The
alumina-layer was separated by a voltage reversal technique. The bar-
rier oxide at the pore-bottom was dissolved by chemical etching re-
sulting in free-standing mesoporous membranes with completely open
pore morphology. The whole surface of the membrane including the
porewalls was coated with a thin silica layer by atomic layer deposition.
Ni nanorods were synthesized by direct current electro-deposition of
Ni into the pores. The filled templates were characterized by static
magnetization measurements revealing a coercivity of 𝜇0𝐻𝐶 = 56 mT.
Afterwards the rods were released from the template by dissolution
of the alumina in NaOH. Transmission electron microscopy revealed a
rod diameter of 60 nm and a thickness of the silica layer of 3 nm. The
anisotropic optical properties of the rods which are the physical basis
for magneto-optical rheometry, were investigated with regards to the
influence of the silica layer and the size of the nanorods.

CPP 12.6 Mon 17:30 Poster C
Sol-Gel Templated Zinc Oxide Films for Applications in Hy-
brid Photovoltaics — ∙Erik Braden, Kuhu Sakar, and Peter
Müller-Buschbaum — TU München, Physik-Department, LS Funk-
tionelle Materialien, James-Franck-Str. 1, 85748 Garching, Germany
In recent years a broad field of research concerning hybrid solar cells
has been developed as they show a high potential to become an impor-
tant source of green energy. Hybrid solar cells consist of an inorganic
electron acceptor and an organic hole-conductor. In the present study,
zinc oxide is utilized as the inorganic material in the form of nanos-
tructures. Zinc oxide (ZnO) nanostructures are synthesized on silicon
substrates forming grid-like morphology. The synthesis is done by us-
ing a sol-gel mechanism coupled with an amphiphilic diblock copolymer
poly(styrene-block-4-vinyl pyridine) P(S-b-4VP), acting as a template.
The morphology is synthesized by using zinc acetate dihydrate (ZAD)
as a suitable commercial ZnO precursor on silicon (100) substrates us-
ing different deposition techniques. This involves spin-coating, spray-
coating, dip-coating, blade-coating and solution casting. It is tried to
produce a homogenous film with a certain thickness range between 300
nm and 500 nm which is expected to be most favorable for the solar cell
performance. The influences of the different coating techniques on the
morphology are investigated by optical microscopy, scanning electron
microscopy (SEM) and atomic force microscopy (AFM). The thickness
is measured with white light interferometry and height profilometry.
An overview about the surface roughness of the films is obtained via
atomic force microscopy (AFM).

CPP 12.7 Mon 17:30 Poster C
Thermal and mechanical properties of styrene butadiene rub-
ber/alumina nanocomposites — ∙Rymma Sushko, Jörg Baller,
Marlena Filimon, and Roland Sanctuary — Laboratory for the
Physics of Advanced Materials, University of Luxembourg, 162a av-
enue de la Faiencerie, L-1511, Luxembourg
SBR is a rubber material with high technical relevance. In order to en-
hance the mechanical properties of the rubber we dispersed inorganic
nanoparticles in the polymer matrix. By doing so, the properties of a
given composite can be tuned either by changing the nanoparticle con-
centration or by modifying the surface properties of the fillers. Both
interventions have indeed the potential to take influence on the struc-
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ture and properties of the interphases emerging between the fillers and
the polymer matrix. In this contribution we report on the glass tran-
sition behavior of SBR/alumina nanocomposites when the concentra-
tion and surface properties of the alumina nanoparticles are changed.
We also discuss the influence of the fillers on the shear stiffness of the
rubber material. The samples were investigated by TMDSC and DMA
methods. TMDSC investigations shed light on a surprising behavior of
the glass transition temperature when the nanoparticle concentration
is changed: at low filler contents the glass transition temperature Tg
passes through a minimum. While further increasing the nanoparticle
content Tg increases to finally saturate at high concentrations. One
of the main DMA results is that increasing of the alumina concentra-
tion induces a quasi-solid-like frequency-independent response of the
nanocomposites in the low frequency regime.

CPP 12.8 Mon 17:30 Poster C
Novel approach for the rapid thermal processing of polymer-
metal composites using 2.45 GHz microwave radiation —
∙Andreas Wurm1, Radu Nicula2, Kotaro Ishizaki2, Manuela
Stir2, Sebastien Vaucher2, Evgeny Zhuravlev1, and Christoph
Schick1 — 1University of Rostock, Institute of Physics — 2Swiss Fed-
eral Laboratories for Materials Science and Technology - Empa, Ad-
vanced Materials Processing
In contrast with traditional polymer melt-processing methods, new
opportunities for improved material properties are sought by vari-
ous R&D and industrial groups through the use of powder processing
technologies, in particular for polymer-matrix composites. For exam-
ple, in the field of new biomaterials for acetabular cup prosthetics,
UHMWPE composites comprising AlCuFe quasicrystalline (QC) par-
ticles were shown to exhibit significantly improved wear loss properties
compared to pure UHMWPE or Al2O3/UHMWPE composites, with-
out loosing the excellent biocompatibility of the UHMWPE matrix.
Further improvement of the wear resistance of such composite materi-
als is nowadays sought in the better anchoring of the metal particles
to the polymer matrix. Towards this objective, a novel rapid thermal
processing approach is proposed that mainly exploits the selective ab-
sorption of microwave field energy by the metal particle constituent of
the composite material.

CPP 12.9 Mon 17:30 Poster C
Fast Spectral Analysis of Quantum Dot Blinking —
∙Clemens Göhler, Cornelius Krasselt, and Christian von
Borczyskowski — Chemnitz University of Technology, Institute of
Physics, Germany
While investigating individual semiconductor nanocrystals (quantum
dots, QDs) using single molecule techniques, photoluminescence in-
termittency (blinking) can be observed. This means emission is tem-
porarily suppressed under constant excitation. This behaviour can
be explained by a trapping model, assuming electron and hole to be
localised in trap-states in QD interfaces or the environment [1].

It has been shown that a two-level-system with on- and off-intensity
does not exactly describe the blinking process since experiments imply
the existence of intermediate intensities as well [2]. According to the
trapping model, this may refer to a hole-trapping mechanism. Addi-
tionally, the localised charge will influence the recombination process
due to the quantum-confined Stark effect, resulting in spectral shifts
within the photoluminescence.

In our experiments we investigate this spectral diffusion in relation
to the intermediate intensities. Confocal microscopy is used to de-
tect photoluminescence light from single ZnS/CdSe QDs. Moreover,
emission light is separated onto two individual photodiodes by passing
a dichroic beam splitter and the intensity levels are determined from
recorded photon arrival times using a Change-Point-Algorithm.
[1] F. Cichos, C. von Borczyskowski, M. Orrit: COCIS 12(2007), 272.
[2] R. Schmidt, C. Krasselt, C. von Borczyskowski: Chem. Phys.
406(2012), 9.

CPP 12.10 Mon 17:30 Poster C
Morphology studies for titania nanoparticle based hybrid so-
lar cells — ∙Stephan Pröller, Volker Körstgens, and Peter
Müller-Buschbaum — TU München, Physik Department, LS Funk-
tionelle Materialien, James-Franck-Str. 1, 85748 Garching, Germany
Thin films containing titania nanoparticles have a variety of applica-
tions. For applications in photovoltaics a high absorption coefficient
and a large surface area are desirable. Blends of organic and inorganic
semiconductors are denoted as hybrid solar cells. Those hybrid so-
lar cells combine the advantages of inorganic semiconductors with the

film-forming polymer. Properties of inorganic nanoparticles are size
tunability, high absorption coefficients and high mobilities. We use
nanoparticles as acceptors in polymer-titania hybrid solar cells. Fur-
thermore, we investigate the influence on the performance of solid-state
dye sensitized solar cells based on ruthenium dye and spiro-OMeTAD
as hole transport material. The thin films are prepared via spin-coating
and solution casting, respectively. The surface structure is investigated
with SEM. Thickness and structure of the layer are studied with XRR,
the optical properties with UV/Vis spectroscopy and the efficiency of
the different solar cells is measured under AM 1.5 conditions.

CPP 12.11 Mon 17:30 Poster C
Thin films of sponge-like titania nanostructures with control-
lable thickness — ∙Lin Song, Martin A. Niedermeier, and Pe-
ter Müller-Buschbaum — TU München, Physik Department, LS
Funkt. Mat., James-Franck-Str. 1, 85748 Garching, Germany
Titania nanostructures have a huge application potential, e.g. in pho-
tovoltaics, photocatalysis and gas sensing. For all these applications,
a high surface area is important. Sponge-like titania nanostructures
are especially promising due to their morphology with a high surface
area and an interconnected network. The titania nanostructures are
prepared from block copolymer templating in combination with sol-gel
chemistry. The templated titania sol-gel is deposited on a substrate by
spin-coating, via calcination the polymer template is combusted and
nanostructured crystalline titania thin films are obtained. Addition-
ally, the sol-gel approach allows for a control of the film thickness. The
surface morphology is investigated with scanning electron microscopy
(SEM) and optical microscopy (OM), the optical properties and the
film thickness are probed with UV/Vis spectroscopy and ellipsometry.

CPP 12.12 Mon 17:30 Poster C
Ultrafast Spectroscopy of excitonic states in an individual
CdSe nanowire — ∙Thorsten Schumacher1,2, Harald Giessen2,
and Markus Lippitz1,2 — 1Max Planck Institute for Solid State Re-
search, Stuttgart — 24th Physics Institute, University of Stuttgart
We investigate the spectrally resolved ultrafast carrier dynamics of ex-
citonic states of a single CdSe nanowire at room temperature. The
transient absorption spectra show characteristic short and long living
effects that we attribute to a highly excited electron-hole plasma and
excitonic state bleaching. We discuss both phenomena and show a very
good agreement between the detected bleaching signal and the dipole
allowed excitonic transition energies, calculated by a six band-effective
mass model. Furthermore we extract the lifetime of various transitions
and set them in comparison to the corresponding photoluminescence
response. Here we obtain hints on radius fluctuations within a single
wire leading to an enhanced probability of spontaneous emission at
these large radius defects.

CPP 12.13 Mon 17:30 Poster C
Analyzing the electrical properties of percolating carbon
nano-tubes or nano-fibers in composite-materials — ∙Michael
Konter1, Pablo Carballeira2, Bernd Wetzel2, and Rolf
Pelster1 — 1Fachrichtung 7.2 Experimentalphysik, Universität des
Saarlandes, Saarbrücken, Germany — 2Institut für Verbundwerkstoffe
GmbH, Kaiserslautern, Germany
We compare different types of composite materials containing carbon
nano-fibers (CNF) or carbon nano-tubes (CNT) with fillings ranging
from 0-2%. These were dispersed in an epoxy resin either with a three
roll calendar device or with a torus mill laboratory mixing device. After
polymerization solid samples are obtained that were characterized via
temperature dependent dielectric spectroscopy (10 Hz - 2 GHz, 40 K -
290 K). For samples above the percolation threshold (𝑓𝑐 = 0, 08𝑣𝑜𝑙.%)
we observe a broad polarization process, that is correlated with the
dc-conductivity. An effective medium analysis reveals several intrinsic
parameters. Here we discuss (i) the ratio of the inter-fiber or inter-
tube contact resistance to the intrinsic resistance, 𝑅𝑐𝑜𝑛𝑡𝑎𝑐𝑡/𝑅𝑐𝑎𝑟𝑏𝑜𝑛

and (ii) the product of percolation strength and intrinsic CNT or CNF
conductivity, 𝐶 ·𝜎𝑐𝑎𝑟𝑏𝑜𝑛, as well as its activation energy. The data re-
veals the quality of the inter-fiber contacts and thus reflects differences
in the sample preparation.

CPP 12.14 Mon 17:30 Poster C
Structure-Property relationships of Nanocomposites Based
on Polylactide and Layered Double Hydroxides — ∙Jing
Leng1, Purv Purohit1, De-Yi Wang2,3, and Andreas
Schoenhals1 — 1BAM Federal Institute for Materials Research and
Testing, Unter den Eichen 87, 12205 Berlin, Germany — 2Madrid Insti-
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tute for Advanced Studies of Materials, C/Eric Kandel 2, 28906 Getafe,
Madrid, Spain — 3Center for Degradable and Flame-Retardant Poly-
meric Materials (ERCEPM-MoE), College of Chemistry, Sichuan Uni-
versity, Chengdu 610064, China
Abstract: Polymer based nanocomposites prepared by melt blending
of synthesized NiAl layered double hydroxides (NiAl-LDH) and poly-
lactide (PLA) were investigated by combination of differential scanning
calorimetry (DSC), small- and wide-angle X-ray scattering (SAXS and
WAXS) and broadband dielectric spectroscopy (BDS). In the case of
NiAl-LDH based nanocomposites the degree of crystallinity at first in-
creases and then decreases as a function of LDH concentration. By
extrapolation a limiting concentration of NiAl-LDH ca.15% where the
crystallization of PLA is completely suppressed by the nanofiller. The
dielectric spectra of the nanocomposites show several relaxation pro-
cesses related to dynamic glass transition and localized fluctuations
were identified and analyzed in detail to understand the morphol-
ogy. The results of the PLA based nanocomposites with NiAl-LDH
as nanofillers were further compared with PLA based nanocomposites
with MgAl-LDH as nanofillers.

CPP 12.15 Mon 17:30 Poster C
Ultrafast strain-mediated response of functionalized polyelec-
trolyte nanolayers — ∙Steffen Mitzscherling — Universität
Potsdam
We prepared layered functional nanostructure samples by spin-assisted
layer-by-layer deposition of polyelectrolytes. In analogy to our previ-
ous study on spherical gold nanoparticles we show that gold nanorods
exhibit even larger spectral shifts and amplitude variations when their
dielectric environment is modified.[1,2]

We use the plasmon resonance of the metallic particles to detect
ultrashort strain pulses travelling through polymeric layer structures.
These hypersound waves are generated by excitation of azobenzene-
containing layers. We characterize the strain pulse by ultrafast broad-
band Brillouin-scattering [3] in order to derive conclusions on the actu-
ation and nonlinear propagation in such complex polymeric nanolayer
systems.

[1]Kiel et al., Langmuir, 28, 4800 (2010).
[2]Kiel et al., Langmuir, 26, 18499 (2012).
[3]Bojahr et al., Physical Review B, 86, 144306 (2012).

CPP 12.16 Mon 17:30 Poster C
Analysis of Particle-Particle Interaction Potentials in Aque-
ous Nanoscale Systems — ∙Julian Schulze1, Michael Paulus1,
Johannes Möller1, Metin Tolan1, and Roland Winter2

— 1Fakultät Physik / DELTA, Technische Universität Dortmund,
44221Dortmund, Germany — 2Fakultät Chemie, Technische Univer-
sität Dortmund, 44221 Dortmund, Germany
In previous studies small angle X-ray scattering (SAXS) was used to
study the interaction potential of proteins in aqueous solution under
the influence of varying conditions such as pressure, temperature or fur-
ther cosolvents. A non-linear correlation between the strength of the
protein-protein interaction and hydrostatic pressure was found with a
minimum at 2 kbar. Adding salts led to a linear increase of the attrac-
tive part of the interaction potential, while adding Trimethlyaminoxid
(TMAO) causes a shift of the minimum to higher pressures.In the
presented work the pressure dependent behavior of the interaction po-
tential of nano particles is determined by SAXS. Furthermore, the
pressure dependent structure of the solvent is explored by wide angle
X-ray scattering (WAXS). Spherical nanoparticles are used because
their structure factor is easy to model. Besides the WAXS data is
not influenced by the scattering signal from the complex inner struc-
ture of proteins, so that changes of the water structure factor can be
determined.

CPP 12.17 Mon 17:30 Poster C
Spectroscopic Ellipsometry of Anisotropic Nanocomposites
— ∙Johannes F. H. Risch1, Bastian Besner2, Maryam Hashemi2,
Matthias Schwartzkopf1, Adeline Buffet1, Berit Heidmann1,
Gerd Herzog1, Volker Körstgens3, Ezzeldin Metwalli3,
Jan Perlich1, Andre Rothkirch1, Monika Rawolle3, Kai
Schlage1, Peter Müller-Buschbaum3, Ralf Röhlsberger1,
Rainer Gehrke1, Michael A. Rübhausen2, and Stephan V.
Roth1 — 1DESY, Hamburg, Germany — 2Uni. Hamburg, Institut
für Angewandte Physik, Hamburg, Germany — 3TU München, Physik
Department E13, Garching, Germany
Optical anisotropic thin films have a wide field of application like an-

tenna, sensors or LEDs. Vacuum sputter deposition, which is com-
monly used in industry has been proven a reliable method for prepar-
ing thin films. Glancing angle deposition (GLAD) [1] of gold on top
of a colloidal array of polystyrene nanospheres was used to create
anisotropic optical properties in nanocomposite thin films. Using spec-
troscopic ellipsometry, we investigated the change of optical properties
caused by asymmetric deposition of gold clusters. Since commercial
standard software does not enclose applicable fitting models, a new an-
alyzing software is developed fulfilling the complex demands to model
anisotropic media. In order to extract the optical response of each ac-
tive layer, a systematic sample analysis comprising the measurements
of single components of GLAD samples was performed. As a result,
an energy depending change of azimuthal symmetry is observed. [1]
Gonzalez-Garcia et al., ChemPhysChem 11, 2005 (2010)

CPP 12.18 Mon 17:30 Poster C
Spectroscopic Ellipsometry of Anisotropic Nanocomposites
— ∙Johannes F. H. Risch1, Bastian Besner2, Maryam Hashemi2,
Matthias Schwartzkopf1, Adeline Buffet1, Berit Heidmann1,
Gerd Herzog1, Volker Körstgens3, Ezzeldin Metwalli3,
Jan Perlich1, Andre Rothkirch1, Monika Rawolle3, Kai
Schlage1, Peter Müller-Buschbaum3, Ralf Röhlsberger1,
Rainer Gehrke1, Michael A. Rübhausen2, and Stephan V.
Roth1 — 1DESY, Hamburg, Germany — 2Uni. Hamburg, Institut
für Angewandte Physik, Hamburg, Germany — 3TU München, Physik
Department E13, Garching, Germany
Optical anisotropic thin films have a wide field of application like an-
tenna, sensors or LEDs. Vacuum sputter deposition, which is com-
monly used in industry has to be proven a reliable method for prepar-
ing thin films. Glancing angle deposition (GLAD) [1] of gold on
top of a colloidal array of polystyrene nanospheres was used to cre-
ate anisotropic optical properties in nanocomposite thin films. Using
spectroscopic ellipsometry, we investigated the change of optical prop-
erties caused by asymmetric deposition of gold clusters. Since com-
mercial standard software does not enclose applicable fitting models,
a new analyzing software is developed fulfilling the complex demands
to model anisotropic media. In order to to extract the optical re-
sponse of each active layer, a systematic sample analysis comprising
the measurements of single components of challenging GLAD samples
was performed. As a result, an energy depending change of azimuthal
symmetry is observed. [1] Gonzalez-Garcia et al., ChemPhysChem 11,
2005 (2010)

CPP 12.19 Mon 17:30 Poster C
OLED structures utilizing silicon nanoparticles — Hans
Volker Stegemann1, ∙Jens Theis1, Axel Lorke1, and Hart-
mut Wiggers2 — 1Fakultät für Physik and CENIDE, Universität
Duisburg-Essen — 2Institut für Verbrennung und Gasdynamik and
CENIDE, Universität Duisburg-Essen
We have fabricated electroluminescence devices based on silicon
nanoparticles (Si-NP) and conducting polymers. The Si-NPs have been
synthesized from the gas phase in a low-pressure microwave plasma us-
ing SiH4 as a precursor.

Two different sample designs were developed and characterized. For
the first kind of samples, the NPs were embedded in a layer structure
consisting of hole-conducting and electron-conducting polymers. For
electrical contact an evaporated silver film was used as cathode and a
transparent indium tin oxide (ITO) coated glass slide as anode. For
the second sample structure, the NPs were embedded between two
electrodes in a conducting polymer matrix. Here ITO/glass was used
as anode. For the cathode different metals have been employed to
investigate their influence on the luminescence.

Carrying out electroluminescence measurements, we obtain visible
light emission for both sample structures. The spectra showed two
broad bands which could be identified by additionally performed PL-
measurements as the emission from the Si-NPs and the polymers, re-
spectively.

CPP 12.20 Mon 17:30 Poster C
Photoluminescence of CdSe, Au and Hybrid Nanoparticle
Systems — ∙Daniel Braam1, Zheng Ma1, Pin-Wen Wang1,2,
Jens Theis1, Günther M. Prinz1, Philipp Wagener3, Stephan
Barcikowski3, and Axel Lorke1 — 1Fakultät für Physik and
CENIDE, University of Duisburg-Essen, Lotharstraße 1, 47057 Duis-
burg, Germany — 2Harvard School of Engineering and Applied Sci-
ences Pierce Hall 29 Oxford Street Cambridge, MA 02138, USA —
3Fakultät für Chemie and CENIDE, University of Duisburg-Essen,
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Universitätsstraße 7, 47057 Duisburg, Germany
Gold and Gold/Silver nanoparticles were fabricated with laser ablation
and characterized with SEM, TEM, UV/VIS and photoluminescence
measurements. They show a large size distribution and agglomeration,
as well as a broad PL signal, which results from the decay of a particle
plasmon within the model of Dulkeith et al [1]. Continuous excita-
tion with a 405nm diode laser steadily shifts the peak wavelength to
lower energies and reduces the intensity, which regenerates to some
extend after exposure. In a second step we examine the interaction
between metal and semiconductor nanoparticles by adding CdSe/ZnS
quantum dots to the Au and Au/Ag NP solutions. First spectrum
and peak analysis show mixed emission, which can be explained by a
simple superposition of the Au and the CdSe NP PL. No indication
of interaction between metallic and semiconductor nanoparticles is ob-
served in the emission energies, presumably due to insufficient mixing,
leading to a large distance between both components.

[1] E. Dulkeith et al., PRB 70, 205424 (2004)

CPP 12.21 Mon 17:30 Poster C
AFM and physicochemical characterization of Upconversion
Nanoparticles — ∙Heba S. Mohamad1, Peter Nestler1, Harm
Wulff1, Stefanie Perfahl2, Patrick Bednarski2, and Chris-
tiane A. Helm1 — 1Inst. für Physik, Uni Greifswald, D-17487 Greif-
swald — 2Inst. für Pharmazie, Uni Greifswald, D-17487 Greifswald
Recently, the development of upconversion nanoparticles (UCNPs) for
fluorescence imaging and drug delivery monitoring attracted attention.
For biological labeling, cancers diagnosis and detection, NaYFH4O:
Yb,Er is a promising candidate. The sequential absorption of two or
more photons in the near infrared (NIR) leads to an emission in the
visible range. The NaYFH4O:Yb,Er nanoparticles aggregate in water.
Therefore their surface is modified using different approaches. Since
the upconversion depends strongly on the crystallographic structure of
the UCNPs (either cubic or hexagonal), the ratio of both species within
an adsorbed layer needs to be optimized to improve the upconversion
property. Main goals of this investigation are formation of homoge-
nous and well distributed UCNPs layers, to examine the upconversion
properties.

To determine the size of UCNPs, Atomic Force Microscopy (AFM)
is used. The crystalline structure is characterized by the X-ray diffrac-
tion (XRD) pattern, to correlate optical with crystallographic proper-
ties. The absorption properties are determined with UV-Vis absorp-
tion spectroscopy. With a 980 nm laser excitation source the upcon-
verting properties are investigated.

CPP 12.22 Mon 17:30 Poster C
Correlation of optical characteristics of gold nanoparticle-
DNA networks with size and internal structure — ∙Malte
Linn1, Anne Buchkremer2, Jan Timper3, Thomas Eckert4,
Walter Richtering4, Joachim Mayer3, Gero von Plessen1, and
Ulrich Simon2 — 1Inst. of Physics (IA), RWTH Aachen Univer-
sity — 2Inst. of Inorganic Chemistry, RWTH Aachen University —
3Central Facility for Electron Microscopy, RWTH Aachen University
— 4Inst. of Physical Chemistry, RWTH Aachen University
The application of nanoplasmonic materials relies on the fabrication
of metallic nanostructures with well defined sizes and geometries.
By mixing different ratios of DNA-functionalized gold nanoparticles
(AuNPs), various kinds of DNA-AuNP networks can be tailored. The
size and internal structure of these networks determines their optical
properties, due to interparticle coupling. The networks are thermally
and photothermally addressable and therefore interesting for possi-
ble applications in the fields of drug release or gene regulation. In
this work, we analyze the size and internal structure of DNA-AuNP
networks by combining optical extinction spectroscopy, dynamic light
scattering, small angle X-ray scattering, in situ-TEM measurements
and generalized Mie calculations. Using these techniques, we deter-
mine the different interparticle distances in the networks. For small
networks, they are consistent with a center-shell geometry.

CPP 12.23 Mon 17:30 Poster C
Broadband Dielectric Spectroscopy and Rheology on Poly-
isoprene Silica Nanocomposites — ∙Adrian Hamm1, Gerald J.
Schneider2, Lutz Willner1, Wim Pyckhout-Hintzen1, Reiner
Zorn1, and Dieter Richter1 — 1Jülich Centre for Neutron Science
JCNS-1, Jülich, Deutschland — 2Jülich Centre for Neutron Science
JCNS-FRM-II, Garching, Deutschland
Even though polymer nanocomposites have been playing a crucial role

in our daily life for many years, the microscopic origin of the material
properties is not fully understood. Therefore, we performed dielectric
spectroscopy and rheology experiments on simple model-like polyiso-
prene silica nanocomposites.

In general, the response of polymer melts to an external perturba-
tion, such as an electric field or a mechanical stress, causes a signal that
depends on the sample and on the method. Even in case of identical
samples, the measured relaxation function can be different and thereby
reveal different details on the molecular origin of the measured values.
In our contribution, we demonstrate how to ascribe the different re-
laxation functions measured by rheology and by broadband dielectric
spectroscopy in nanocomposites to the different origins inherent with
the different methods.

CPP 12.24 Mon 17:30 Poster C
Computational Simulation of Molecular Motors — ∙Abbas Ali
Dehghan Baghi — Ruhr-University Bochum, Bochum, Germany
We have used molecular mechanics simulations based on Force Field
methods to study the molecular systems which would be able to per-
form a rotation motion. The research intends to understand the fun-
damental principles of these molecular motions. We used classical sim-
ulations methods by using TINKER package to optimize such molec-
ular systems and do the basic analysis of these systems. But, we
have checked our results with quantum chemistry calculations meth-
ods. The ab initio electronic structure calculations were performed
using the TURBOMOLE package where DFT calculations have been
done on the B97-D (GGA) level with Triple-Zeta Valence Plus Polar-
ization (TZVPP) basis sets and the dispersion correction in the package
is based on the atom-pair wise DFT+D2 level. We have focused on
the binding energy of the molecular structures as a key factor to our
analysis on both classical and quantum chemistry methods. We are
interested in supramolecular motors whose stator and rotor are not
covalently attached to each other, but are held mechanically and act
like a "Ball and Bowl" which rotate without axle to each other. The
fullerene C60 corresponds to the ball and is referred as a guest and
Tribenzotriquinacen molecule corresponds to the Bowl and is referred
as a host. We have investigated that the interaction between the host
and the guest is solely due to dispersive interactions which has been
certified by a negligible charge transfer from the host to the guest C60

upon binding and such systems are among physisorption systems.

CPP 12.25 Mon 17:30 Poster C
Surfactant modified silica particles at the air/water interface
— ∙Adrian Carl, Anne Bannuscher, and Regine von Klitz-
ing — TU Berlin, Straße des 17. Juni 124, Institut für Physikalische
Chemie, Stranski Laboratorium
The combination of nanoparticles and suitable surfactants has been
shown to increase aqueous foam stability compared to the same sys-
tem without nanoparticles. The origin of the increased stability is
not fully resolved, yet. Unmodified, hydrophilic nanoparticles show
no attachment to the water/air interface. On addition of surfactant,
the particles are rendered hydrophobic and adsorb to the interface.
In equlibrium, a specific surface coverage is obtained. At the inter-
face, a comparatively rigid particle layer, withstanding compression, is
formed. The location within the interface is governed by the particle’s
wetting properties which are expressed by the contact angle.

We conduct x-ray reflectivity (XRR) measurements to characterize
the equilibrium state of the adsorbed particle layer. The results are
related to surfactant adsorption isotherms and the adsorption kinetics
are obtained from dynamic surface tension measurements.

CPP 12.26 Mon 17:30 Poster C
Erbsenzählerei ? Wieso Nanopartikel gezählt werden müs-
sen, und wie das gehen kann. — ∙Wendel Wohlleben, Jules
Mikhael und Volodymyr Boyko — BASF SE, Material Physics
Aufgrund der EU regulatorischen Definition von *Nanomaterial* müs-
sen zehntausende von partikulären Produkten auf ihre Anzahlvertei-
lung der enthaltenen Nanopartikel untersucht werden. Das trifft die
Physik und Messtechnik unvorbereitet. Mit Ringversuchen und ge-
zielten Validierungen wurden die Grenzen der Anwendbarkeit von
etablierten und neuen Methoden ausgelotet.[1] Einzelpartikel- und
Fraktionierungs-Methoden wie NTA, EZS, FFF, AUC haben Vorteile
bei den inhomogenen, polymorphen, durch Wechselwirkung mit ih-
rer Umgebung veränderten Materialien[2,3], können aber oft Partikel
unter 20nm oder über 1mum nicht erfassen. Streu-Methoden wie DLS
oder SLS scheitern an der Polydispersität, andere wie AFM und TEM-
Tomographie sind statistisch nur marginal belastbar. Eine regelrechte
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Messstrategie muss mit 1D, 2D und 3D Nanomaterialien validiert wer-
den, bevor unbekannte Proben als regulatorisches Nanomaterial iden-
tifiziert werden können.

[1] J. Nanopart. Res. (2012) DOI 10.1007/s11051-012-1300-z
[2] Nanoscale (2012) DOI: 10.1039/c2nr32711b
[3] ACS Nano 6 (2012) 4603

CPP 12.27 Mon 17:30 Poster C
Microscopic Investigation of Polymer Chain Dynamics
in Nanocomposites with Strong Attractive Interaction —
∙Thomas Glomann1, Gerald J. Schneider2, Jürgen Allgaier2,
and Dieter Richter2 — 1Jüllich Centre for Neutron Science & In-
stitute for Complex Systems, Forschungszentrum Jülich, 52425 Jülich,
Germany — 2Jülich Centre for Neutron Science, Forschungszentrum
Jülich, Outstation at FRM 2, Lichtenbergstraße 1, 85747 Garching,
Germany
The mechanical properties of polymer based nanocomposites are essen-
tially determined by surface interactions between the chains and filler
particles. In particular the strong hydrogen bonding interaction energy
causes dynamic adsorption of chain segments on hydrophilic surfaces
which is often reported to yield an immobilized layer of mostly sup-
pressed or “glassy” dynamics.

Using high-resolution quasi-elastic neutron scattering techniques we
found experimental evidence for highly flexible chain dynamics within
the adsorbed layers on both the large and local length scale. We present
results of neutron spin-echo and time-of-flight measurements on PEO-
Silica model systems where the interaction energy was tuned using
differently terminated polymers.

CPP 12.28 Mon 17:30 Poster C
In-situ Synthesis of Semiconductor Nanoparticles Decorat-
ing Tubular J-aggregates — ∙Yan Qiao, Frank Polzer, Holm
Kirmse, Egon Steeg, Stefan Kirstein, and Jürgen P. Rabe —
Institut für Physik, Humboldt-Universität zu Berlin, Newtonstr. 15,
12489 Berlin, Germany
Organic/inorganic hybrid nanomaterials, that combine the strengths
of the individual organic and inorganic materials while compensating
for their deficits, have recently attracted more and more attention.
Quasi one-dimensional (1-D) nanomaterials, such as wires and tubes,
have been intensively investigated owing to the benefit of dimension-
ality on electronic and optical properties [1]. Based on our previous
results on silver [2], this work focuses on the fabrication of quasi 1-
D organic/inorganic hybrid nanostructures consisting of nanotubular
J-aggregates self-assembled from amphiphilic cyanine dyes, and semi-
conductor nanoparticles such as CdS decorating the surface of the nan-
otubes. Electrostatic interaction between the negative surface poten-
tial of the aggregates and the Cd2+ leads to the enrichment of Cd2+
within the ionic double layer close to the aggregate surface. Addition
of thioactamide leads to the formation of CdS nanocrystals with di-
ameters less than 6 nm. With investigation of cryo-TEM and UV-Vis
spectroscopy, It is found that CdS nanoparticles are exclusively formed
at the surface of the aggregates. This opens a route to the formation
of efficiently electronically coupled organic/inorganic systems.

[1] Y. N. Xia et al., Adv. Mater. 2003, 15, 353.
[2] D. M. Eisele et al., J. Am. Chem. Soc. 2010, 132, 2104.

CPP 12.29 Mon 17:30 Poster C
Tuning the electronic properties of the CuInS2 nanoparti-
cles for application in hybrid solar cells — ∙Rany Miranti1,
Christopher Krause1, Dorothea Scheunemann1, Johannes
Neumann2, Daniela Fenske2, Joanna Kolny-Olesiak1, Holger
Borchert1, and Jürgen Parisi1 — 1Univ. of Oldenburg, Dept. of
Physics, Energy and Semiconductor Research Laboratory, 26111 Old-
enburg, Germany — 2Fraunhofer IFAM, Marie-Curie-Str.1-3 26129
Oldenburg, Germany
CuInS2 (CIS) is one interesting material in solar cell applications be-
cause of the wide absorption range extending into the NIR and a lower
toxicity. Despite much research in the CIS-based solar cells, the perfor-
mance of CIS nanocrystal (NC) solar cells remains low so far. In case

of CIS/polymer bulk heterojunction solar cells the surface properties of
the NCs are one important issue in this field. Modifiying these surface
properties is a promising method to influence the performance of the
solar cells. Varying Cu to In precursor ratio in the synthesis leads to
differences in the Cu and In concentrations in the CIS NCs’ surfaces.
CIS NCs prepared with Cu excess seem to accept more electrons than
those with In excess. In the present work, CIS NCs were synthesized
and characterized by XRD and TEM. Furthermore, we studied the
composition of the NCs and the ligand shells by EDX and TGA, as
well as the I-V characteristics in the hole and electron only devices.
The influence of the Cu to In precursor ratio during the synthesis of
CIS NCs on the performance of solar cells will also be discussed.

CPP 12.30 Mon 17:30 Poster C
Gold nanoparticles decorated with oligo(ethylene glycol) thi-
ols: surface charges, and interactions with proteins in so-
lution — ∙Fajun Zhang1, Moritz Schollbach1, Felix Roosen-
Runge1, Maximilian W. A. Skoda2, Robert M. J. Jacobs3, and
Frank Schreiber1 — 1IAP, Universität Tübingen — 2STFC, ISIS,
Rutherford Appleton Laboratory, UK — 3University of Oxford, UK
We have studied the stability of OEG SAM decorated gold nanoparti-
cles (AuOEG) and their interactions with proteins in solutions using
DLS and zeta-potential measurements. We show that AuOEG parti-
cles carry a low net negative charge and are stable under a wide range
of experimental conditions [1]. When mixed with proteins, negatively
charged proteins do not adsorb to the colloid surface. However, with
positively charged protein (lysozyme), zeta-potential values increase
with protein concentrations and lead to a charge inversion, indicating
adsorption of lysozyme to the colloid surface. The colloidal solutions
become unstable near zero charge. Washing protein-bound colloids by
centrifugation can remove only part of the adsorbed lysozyme. The
effective charge inversion and rather strongly bound lysozyme on the
colloid surface suggest that in addition to the charges formed at the
SAM-water interface, there are defects on the surface of the colloid,
which are accessible to the proteins [2]. The results of this study of
surface charge, and stability shed light on the interaction with proteins
of SAM coated AuNPs and their applications. [1] F. Zhang, et al. J.
Phys. Chem. A 2007, 111, 12229. J. Phys. Chem. C 2009, 113, 4839.
[2] M. Schollbach, et al. 2012, Submitted

CPP 12.31 Mon 17:30 Poster C
Optical and electrical properties of novel C60/C1−3 carbon
cluster material. — ∙Dmitry Strelnikov and Manfred M.
Kappes — KIT, Institute of Physical Chemistry II, Fritz-Haber-Weg
2, 76131 Karlsruhe
C60 and C1,C2,C3 clusters were co-deposited on SiO2 substrate under
high-vacuum conditions. Produced films were annealed to various tem-
peratures up to 1200 K. Raman, UV-Vis spectra were measured ex-situ
to characterize electronic and structural properties of the obtained car-
bon material. 4-point resistivity measurements were also performed.
The obtained material may be interesting for carbon-based electronics.

CPP 12.32 Mon 17:30 Poster C
Fluorine patterning in C2Fx determined by solid-state NMR
and DFT — ∙Anastasia Vyalikh and Ulrich Scheler — IPF
Dresden
A combination of solid-state NMR and DFT has been used to elucidate
the structure of room-temperature synthesized graphite fluorides C2Fx
intercalated with acetonitrile. 13C MAS NMR spectra confirm that all
carbon sheets have been subjected to fluorination irrespective of the
fluorination degree. However, the presence of graphite-like domains
has been evidenced in the material with a low fluorination degree. By
combining the 19F MAS NMR with DFT calculations, we demonstrate
that all kinds of fluorine decoration patterns (isolated, end chain, mid-
chain, cyclic and branched CF groups as well as infinite CF arrays and
peripheral CF2 defects) may exist in the low-temperature produced
graphite fluorides. Analysing the data with different degree of fluori-
nation, an evolution of fluorine patterns was proposed, involving CF
chain formation and propagation towards the increasing chain length.
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Invited Talk CPP 13.1 Tue 9:30 H34
Hierarchical Multi-Step Folding of Polymer Bilayers —
Georgi Stoychev1,2, Sebastien Turcaud3, John Dunlop3, and
∙Leonid Ionov1 — 1Leibniz Institute of Polymer Research Dresden,
Hohestr. 6, 01069, Dresden, Germany — 2Technische Universität
Dresden, Physical Chemistry of Polymer Materials, 01062, Dresden,
Germany — 3Department of Biomaterials, Max Planck Institute of
Colloids and Interfaces, Am Mühlenberg 1, 14424, Potsdam, Germany
We investigated the actuation of patterned bilayers placed on a sub-
strate. We found that films display several kinds of actuation behav-
ior such as wrinkling, bending and folding that result in a variety of
shapes. Based on experiments and modeling, we argued that rectan-
gular bilayers start to roll from the corners due to quicker diffusion of
water. Rolling from long-side starts later and dominates at high aspect
ratio[1].

It was also demonstrated that one can introduce hinges into the
folded structure by proper design of the bilayers external shape without
having to use site selective deposition of active polymers. Experimental
observations lead us to derive four empirical rules backed up by theoret-
ical understanding as well as simulations. We then demonstrated how
those rules can be used to direct the folding of edge-activated polymer
bilayers through a concrete example - the design of a 3D pyramid[2].

[1] Stoychev et al, ”Hierarchical Multi-Step Folding of Polymer
Bilayers”, Adv.Func.Mat., published online Nov 26, 2012

[2] Stoychev et al, ”Shape-Programmed Folding of Stimuli-
Responsive Polymer Bilayers”, ACS Nano, 2012, 6(5), 3925-3934

CPP 13.2 Tue 10:00 H34
Mechanical properties of poly-L-lysine (PLL) / hyaluronic
acid (HA) multilayer films measured by AFM — ∙Johannes
Hellwig, Cagri Üzüm, and Regine von Klitzing — Stranski-
Laboratorium, Institut für Chemie,TU Berlin, Strasse des 17. Juni
124, 10623 Berlin, Germany
In recent years smart biomaterials have become a highly developing
field of interest for biomedical applications, e.g. drug delivery. The
layer-by-layer (LbL) technique gives the opportunity to build up self
assembled polyelectolyte multilayer films (PEM) with defined archi-
tecture, physical and chemical properties. PEM made of poly-L-lysine
(PLL) and hyaluronic acid (HA) were produced by using the LbL
technique. Potential applications of these PEMs require controlling
of the adhesion behaviour by tuning their elastic/viscoelastic prop-
erties. In this study mechanical properties of LbL coated poly(L-
lysine)/hyaluronan PLL/HA films were studied by scanning- and
colloidal-probe atomic force microscopy as a function of indentation
velocity, number of polymer deposition steps and temperature. Film
growth was investigated by two independent AFM methods: scratch-
and-scan and full-indentation[1]. Film thickness increases linearly with
polymer deposition steps. The Young*s modulus ranges between 15
and 40 kPa and does not depend on the film thickness. Stress relax-
ation and creep compliance measurements indicate a viscoelastic film
behaviour with multiple relaxation mechanisms.

[1] Üzüm, C.; Hellwig, J.; Madaboosi, N.; Volodkin, D.; v. Klitzing,
R. Beilstein J. Nanotechnol. 2012, 3, 778*788.

CPP 13.3 Tue 10:15 H34
Single-Virus Force Measurements on sialic acid — ∙Valentin
Reiter1, Sumati Bhatia3, Manuel Gensler1, Christian Sieben2,
Daniel Lauster2, Andreas Herrmann2, Rainer Haag3, and Jür-
gen P. Rabe1 — 1Department of Physics, Humboldt-Universität zu
Berlin — 2Department of Biology, Humboldt-Universität zu Berlin —
3Department of Chemistry, Freie Universität Berlin
We study the multivalent effects in the binding and dissociation pro-
cesses of sialic acid with the viral membrane protein hemagglutinin
using scanning force microscopy (SFM) based single-virus force mea-
surements (SVFM). Since an infectious disease has to start with the
attachment of a virus to the cell membrane, this binding as well as its
dissociation has to be carefully analyzed [1]. This is done by creating
a mixed self assembled monolayer (MSAM) on gold from synthesized
compounds, terminated by lipoic acid. The compounds are functional-
ized with sialic acid and disfunctionalized with hydroxide. Inactivated
influenza viruses are attached to a silicon nitrate SFM cantilever via
a polyethylene glycol spacer. With this setup SVFM is performed

in aqueous solution. The ratio of functionalized to disfunctionalized
molecules on the MSAM enables the control of the degree of multiva-
lency of the binding and therefore the realization of mono-, bi-, and
trivalent connections. On the other hand SVFM are performed at
different loading rates to estimate specific binding parameters, such as
the average rupture length and bond life time.

[1] C. Sieben et al., PNAS, 2012, 109, 34, 13626-13631.

CPP 13.4 Tue 10:30 H34
Response of major ampullate silk of Nephila pilipes to
pressure and tensile stress as measured by FTIR spec-
troscopy — ∙Markus Anton1, Wilhelm Kossack1, Christof
Gutsche1, Roxana Figuli2, Periklis Papadopoulos3, and
Friedrich Kremer1 — 1Universität Leipzig, Institut für Experimen-
tal Physik I, Linnéstraße 5, 04103 Leipzig, Germany — 2Karlsruher
Institut für Technologie, Institut für Technische Chemie und Poly-
merchemie, Engesserstraße 18, 76128 Karlsruhe, Germany — 3Max
Planck Institut für Polymerforschung, Ackermannweg 10, 55128 Mainz,
Germany
Nanocrystals composed mainly of 𝛽-sheet polyalanine are reposonsi-
ble for the high toughness of major ampullate (dragline) spider silk.
Fourier-Transform infrared (FTIR) spectroscopy is employed to study
their response to (i) uniaxial stress and (ii) hydrostatic pressure. In
the former a red shift and in the latter a blue shift of the vibration
of polyalanine 𝛽-sheets at 965 cm−1 is observed. In both cases a lin-
ear dependence is evident, which bends off for hydrostatic pressure
greater than 1.4 GPa and is fully reversible up to 7 GPa. The seam-
less connection of negative and positive pressure regimes corroborate
quantitatively our structural model of spider silk [P. Papadopoulos et
al., Eur. Phys. J. E 24 (2007) 193, P. Papadopouloset al., Colloid
Polym. Sci. 287 (2009) 231, R. Ene et al., Soft Matter 5 (2009) 4568]
as composed of pre-stressed alanine-rich nanocrystals embedded in a
glycine-rich amorphous matrix. It is also confirmed that nanocrystals
withstand high pressures without undergoing structural transition or
deteriorating their mechanical properties.

CPP 13.5 Tue 10:45 H34
Polarized confocal Raman microscopy and EBSD: A compar-
ative study studying calcite crystalline regions within the ter-
gite cuticle of terrestrial isopods. — ∙Christian Reisecker1,
Erika Griesshaber2, Bastian Seidl3, Andreas Ziegler3, and
Sabine Hild1 — 1Institute of Polymer Science, Johannes Kepler Uni-
verstät Linz, Altenbergstr. 69, 4040 Linz, Austria — 2Department
of Earth and Environmental Sciences, LMU, Theresienstr. 41, 80333
München, Germany — 3Facility for Electron Microscopy, University
of Ulm, Albert-Einstein-Allee 11, 89069 Ulm, Germany
Recently, isopods gained increasing amount of interest in terms of
biomometics as they combine quite diverse properties within their ter-
gite cuticle such as hardness in the outer parts of the cuticle and soft-
ness in the more inner part, where muscles will be attached. This
is achieved via a strong hierarchical arrangement of organic-chitin-
protein fibers, which are arranged in a twisted plywood structure and
inorganic materials. The organic matrix is hardened by carbonates
in crystalline (calcite) and non-crystalline modification (amorphous
calcium carbonate, ACC). This study focusses on the outer, mainly
crystalline parts within the tergite cuticle of isopods. Confocal Ra-
man microscopy is a useful tool to study the chemical and structural
composition of isopods, as it provides a spatial resolution below 300
nm. Polarized confocal Raman microscopy and EBSD will be utilized
to determine different domains and layers of calcite crystals. It has
been demonstrated that depending on the species, the calcite region
consists of domains with different orientations concerning its bravais
lattice.

CPP 13.6 Tue 11:00 H34
Mineralization of calcium containing compounds at the
liquid-liquid interface — ∙Steffen Bieder1, Florian Wieland2,
Patrick Degen3, Michael Paulus1, Julia Nase1, Andre
Steffen1, Bridget Murphy4, Heinz Rehage3, and Metin Tolan1

— 1Fakultät Physik/DELTA, Technische Universität Dortmund, D-
44221 Dortmund, — 2Helmholtz Zentrum Geesthacht, Max-Planck-
Straße 1, D-21502 Geesthacht — 3Fakultät Chemie, Technische Uni-
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versität, D-44221 Dortmund — 4Institut für Experimentelle und Ange-
wandte Physik, CAU, Leibnizstraße 19, D-24098 Kiel
Nature forms structures from inorganic and organic components for
different purposes, e.g. protection or stabilization. Accordingly, organ-
isms have developed the concept of biomineralization providing highly
controlled growth processes under ambient conditions. For instance
the formation of teeth, bones or shells demonstrates the high degree
of perfection and control, which can not be reached by human tech-
nology until now. We studied the mineralization of calcium containing
compounds at the liquid-liquid interface. A solution of water and cal-
ciumhydrogencarbonat is covered by toluene. We added different fatty
acids in order to investigate their influence on the growing layer at the
liquid-liquid interface. We observed the layer formation by grazing in-
cidence diffraction (GID) and x-ray reflectivity (XRR). The extracted
data show an formation of calcium soaps at the interface. GID data
reveal that the forming crystallites are highly orientated with the 00l
axis perpendicular to the sample surface. We acknowledge BMBF(05
K10 FK2) and (05K10PEC) for financial support.

15 min. break

CPP 13.7 Tue 11:30 H34
Probing the electronic structure of Proline in aque-
ous solution by soft RIXS — ∙Frank Meyer1, Andreas
Benkert1,2,8, Sankaranarayanan Nagarajan3, Regan Wilks4,
Marcus Bär4, Wanli Yang5, Michael Zharnikov3, Clemens
Heske2,6,7, Lothar Weinhardt2,6,7, and Friedrich Reinert1,8 —
1Exp. Phys. VII, Universität Würzburg — 2Inst. for Photon Science,
KIT — 3Angew. Phys. Chemie, Universität Heidelberg — 4Solar
Energy Research, HZB — 5ALS, Lawrence Berkeley National Labo-
ratory — 6Dept. of Chemistry, University of Nevada, Las Vegas —
7ANKA Synchrotron Radiation Facility, KIT — 8Gemeinschaftslabor
für Nanoanalytik, KIT
Amino acids are organic molecules that are highly relevant for many bi-
ological macro-molecules. Defining their function, the electronic struc-
ture of these molecules and, in particular, the interaction with bio-
logically relevant solvents is of fundamental interest. In contrast to
the majority of amino acids in which the functional groups (carboxyl,
amino, side chain) are connected via one carbon atom, in proline the
amino group and the side chain are connected in a heterocyclic com-
pound, forming a pyrrolidine ring. We present resonant inelastic soft
x-ray scattering (RIXS) maps of proline in aqueous solution at differ-
ent pH values. Upon protonation and deprotonation, strong changes in
the maps are observed. The results will be compared with RIXS data
of solid state and gas phase proline, as well as other amino acids (i.e.,
glycine, cysteine). We find a distinctly different electronic structure
than that observed for glycine and cysteine, as well as a significantly
influence of the water environment.

CPP 13.8 Tue 11:45 H34
Structure formation in homologous peptides:
Ac-Ala6-Lys(H+) versus Ac-𝛽Ala6-Lys(H+) — ∙Franziska
Schubert, Carsten Baldauf, Mariana Rossi, Volker Blum, and
Matthias Scheffler — Fritz-Haber-Institut der MPG, Berlin
𝛽-peptides are non-natural peptides composed of 𝛽-amino acid residues
that feature one additional methylene group in the backbone compared
to natural 𝛼-amino acids. Due to their larger flexibility, 𝛽-peptides are
valuable for the design of new peptides with specific chemical or phar-
macological properties. We here investigate the differences in struc-
ture formation between 𝛼- and 𝛽-peptides from first principles em-
ploying density-functional theory (DFT) with the PBE functional cor-
rected for van der Waals interactions[1]. We focus this presentation
on a comparison of Ac-𝛽Ala6-Lys(H+) and Ac-Ala6-Lys(H+) under in
vacuo “clean-room” conditions and compare to experimental ion mo-
bility spectrometry[2]. Our conformational search is based on replica
exchange molecular dynamics. After generating a large pool of force
field-based structures, we relax thousands of conformers with DFT. For
the 𝛽-peptide, the finite-T vibrational free energy part is essential to
recover a conformational hierarchy consistent with experiment. While
Ac-Ala6-Lys(H+) is found to be 𝛼-helical at 300K, Ac-𝛽Ala6-Lys(H+)
is seen to vary between 310, 𝛼, and 𝜋 analog helices. Our simulations
show that conformational entropy plays a critical role, and an ab initio
quantitative assessment is a big challenge that we (and the field) must
meet next. [1] A. Tkatchenko, M. Scheffler, PRL 102, 073005 (2009);
[2] S. Warnke, K. Pagel, G. von Helden, Fritz-Haber-Institut.

CPP 13.9 Tue 12:00 H34
Structure and Dynamics of Myelin Basic Protein as a
Model System for Intrinsically Disordered Proteins —
∙Andreas Stadler1, Laura Stingaciu2, Aurel Radulescu3,
Olaf Holderer3, Clement Blanchet4, Ralf Biehl1, and Di-
eter Richter1 — 1Forschungszentrum Jülich, JCNS-1/ICS-1, 52425
Jülich, Germany — 2Forschungszentrum Jülich, JCNS, Outstation at
the Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831, USA
— 3Forschungszentrum Jülich, JCNS, Outstation at FRM II, 85747
Garching, Germany — 4EMBL, Hamburg Unit, EMBL c/o DESY,
Notkestrasse 85, Hamburg 22607, Germany
Myelin basic protein (MBP) is a major component of the myelin sheath
in the central nervous system. In aqueous solution MBP is primarily
unstructured. From a biophysical point of view, the disordered pro-
tein can serve as a model system to study the physical properties of
disordered or unfolded proteins.

Neutron and X-ray scattering experiments were performed on the
protein in solution. Small angle scattering and neutron spin-echo spec-
troscopy allowed us to gain quantitative information on the structural
and the dynamical properties of MBP. The results of these experiments
will be presented and compared to different models of polymer theory.

CPP 13.10 Tue 12:15 H34
Structure and disintegration of nanoparticles from clini-
cally relevant polymers — ∙Margarita Dyakonova1, Anna
Bogomolova2, Sergey Filippov2, Aurel Radulescu3, and Chris-
tine M. Papadakis1 — 1TU München, Physik-Department, Physik
weicher Materie, Garching — 2Institute of Macromolecular Chemistry,
Prague, Czech Republic — 3JCNS at FRM II, Garching
We investigate clinically relevant polymers based on N-(2-
hydroxypropyl methacrylamide) (HPMA) which carry both a cancer
drug, namely doxorubicin, and a hydrophobic targeting group, namely
cholesterol derivatives. We focus on the dependence of the structure of
the nanoparticles formed by these conjugates on the polymer architec-
ture, the cholesterol content of cholesterol and the pH value [1]. Fluo-
rescence correlation spectroscopy showed that the onset of nanoparticle
formation depends on the cholesterol content. A step-like increase of
the hydrodynamic radius with conjugate concentration indicates that
the existing nanoparticles associate rather than to grow continuously.
SANS revealed that even small amounts of cholesterol derivatives re-
sults in the formation of nanoparticles. At neutral pH values, these
are ellipsoids, whereas under acidic conditions, cholesterol is released
and forms large crystals. Time-resolved SANS during a stopped-flow
experiment showed that, in dependence of the hydrophobicity of the
cholesterol derivatives, a change in pH leads to changes of the confor-
mation of the HPMA chains.

[1] S. Filippov, M. Dyakonova, C.M. Papadakis et al., Biomacro-
molecules 13, 2594 (2012)

CPP 13.11 Tue 12:30 H34
Reduction - oxidation photocycle dynamics of flavins in
starch films — ∙Alfons Penzkofer — Fakultät für Physik, Uni-
versität Regensburg, Universitätsstrasse 31, D-93053 Regensburg, Ger-
many
The blue-light photo-reduction and dark re-oxidation of the flavins
riboflavin and lumiflavin in starch (𝛼-amylose) films was studied by
absorption and luminescence spectroscopy. Blue-light sample exci-
tation caused an absorption, fluorescence, and phosphorescence de-
crease which recovered in the dark. The photo-reduction and dark re-
oxidation cycle could be repeated. The efficiency of photo-reduction
decreased with exposed excitation energy, and the speed of re-oxidation
in the dark slowed down with time after excitation. The absorption did
not fully recover. The fluorescence efficiency after long time of storage
in the dark increased beyond the initial oxidized flavin fluorescence
efficiency. Flavin photo-excitation is thought to cause a starch-flavin
restructuring (static fluorescence quenching center formation) enabling
enhanced photo-induced starch to flavin electron transfer with subse-
quent flavin reduction and starch oxidation (oxystarch formation). In
the dark after light switch-off, thermal reversion of flavin reduction
and starch oxidation occurred and fluorescence quenching decreased.

CPP 13.12 Tue 12:45 H34
Study of phase transitions on DPPC bilayers deposited by
PVD on top of low viscosity chitosan scaffolds of different
thicknesses — ∙Maria J. Retamal, Carmen Gonzalez, Mauri-
cio Sarabia, Marcelo Cisternas, and Ulrich G. Volkmann —
Surface Lab, Fac. de Fisica, P. Universidad Catolica de Chile, Chile
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The porous nature of chitosan and its non-solubility in water could be
an efficient matrix able to absorb water molecules and their delivery
to a system. Chitosan of low viscosity (CH) and 1,2 *dipalmitoyl-
sn-3-phosphoglycerocholine (DPPC) over silicon wafer (SiO2/Si(100))
as substrate were used to conform an artificial membrane, silicon
wafer/CH-DPPC. The deposition was made by Physical Vapor De-
position (PVD) and thickness was controlled in situ with Very High
Resolution Ellipsometry (VHRE), achieving chitosan films with precise
thicknesses between 10Å and 200Å, and a 60Å thin DPPC bilayer on
top. We focus on the precise thickness control of the thin films, and

the related formation of interstitial channels, that favor the prolonged
humidification in the system and the discovery of the most suitable
thickness of the chitosan scaffold for best artificial membrane forma-
tion and stability. The characterization of the artificial membrane was
realized using VHRE, IE (Imaging Ellipsometry) and Atomic Force
Microscopy (AFM), with the finality to determine the possible phase
transition temperatures.

M.J. R. and C. G. acknowledges CONICYT and VRI Nr. 10/2010
(PUC), respectively. Work supported by FONDECYT project Nr.
1100882.

CPP 14: Crystallization, Nucleation and Self Assembly I

Time: Tuesday 9:30–13:00 Location: H39

CPP 14.1 Tue 9:30 H39
Protein clustering as a precursor of crystallization —
∙Fajun Zhang1, Andrea Sauter1, Marcell Wolf1, Felix
Roosen-Runge1, Michael Sztucki2, Roland Roth3, and Frank
Schreiber1 — 1Institut für Angewandte Physik, Universität Tübin-
gen — 2ESRF, Grenoble, France — 3Institut für Theoretische Physik,
Universität Tübingen
Protein clusters are normally considered as a major impurity for
growth of high quality single crystals. Here we show that pre-assembled
protein clusters formed via cation bridging can serve as a building block
of crystallization. Globular proteins, human serum albumin and beta-
lactoglobulin have been crystallized from solution in the presence of
multivalent metal ions. These negatively charged globular proteins un-
dergo a reentrant condensation phase behavior [1]. Crystallization near
phase boundaries follows different mechanisms [2]. DLS and SAXS
reveal the formation of protein clusters near both phase boundaries.
Real time SAXS measurements demonstrate that protein clusters act
as precursors of nucleation with a reduced energy barrier [3]. Crystal-
lographic analysis provides direct evidence of the crystal structure and
cation binding sites [2]. Although the binding sites do not necessar-
ily form the crystal lattice, they enhance interactions between protein
contacts. The limited binding number (2-4) ensures the flexibility of
proteins within clusters, which is crucial for the conformation relax-
ation during nucleation. [1] F. Zhang, et al. Phys. Rev. Lett. 2008,
101, 148101. [2] F. Zhang, et al. J. Appl. Cryst. 2011, 44, 755. Soft
Matter 2012,8, 1313. [3] F. Zhang, et al. Faraday Discuss. 2012, 159,
313.

CPP 14.2 Tue 9:45 H39
Structural evolution of a dense liquid phase in protein solu-
tions — ∙Andrea Sauter, Fajun Zhang, and Frank Schreiber
— Universität Tübingen, Institut für Angewandte Physik
Liquid-liquid phase separation (LLPS), the reversible transformation
from a homogeneous into a protein rich and a protein poor phase,
can be regarded as the equivalent of a gas-liquid transition. Here we
present a study of the structural evolution of LLPS in solutions of
beta-lactoglobulin (BLG) in presence of YCl3. This system was sub-
ject of our research before [1,2] and has turned out to be a good model
system for two-step crystallization. Selected samples were prepared at
35∘C, above their critical temperature T𝑐 of ca 20∘C. When quenched
to 5∘C, the solution phase separates. Using SANS and SAXS, we fol-
lowed the evolution of structures at different length scales. We use
protein clusters based on the crystal structure to calculate theoretical
scattering curves and compare them to the measured data. The results
suggest the hierarchy of protein clusters to change with temperature
and time. Comparison between initial and later measurements shows
an increase at low q (clusters), at 1.8 nm−1 (dimer formfactor) and
several intermediate q regions and a simultanous decrease in others. A
decrease of the monomer-monomer correlation peak at 2.2 nm−1 sug-
gests the mobility of monomers within clusters to be changed in this
process. The mobility of proteins within clusters and their relaxation
are crucial for nucleation, so these findings will help the understand-
ing of two-step crystallization. [1] F. Zhang et al., J. Appl. Cryst.
44, 2011, 755-762; [2] F. Zhang et al., Faraday Discuss. 159, 2012,
313-325.

CPP 14.3 Tue 10:00 H39
Entanglement Related Memory Effect in Primary Nucle-
ation of Polymers — ∙Chuanfu Luo1 and Jens-Uwe Sommer1,2

— 1Leibniz-Institut für Polymerforschung Dresden, Germany —

2Technische Universität Dresden, Germany
Polymer crystallization is a non-equilibrium process and highly depen-
dent on the thermal history. In self-seeding experiments a polymer
melt is prepared by melting semi-crystalline polymer for a short time,
followed by a subsequent cooling process, which can result in strong
position and orientation- correlations of the resulting crystals with the
previously crystalline regions [1-2]. The origin of such a memory ef-
fect is still unclear. We found indications that this memory effect is
related to the state of entanglement in the melt which is still incom-
pletely re-entangled during the heating period. By using MD simula-
tions combined with primitive path analysis (PPA)[3], we reproduced
self-seeding effects in simulations and we can show that crystallization
and in particular self-seeding is directly correlated with the entangle-
ment state of the melt. Also, we show that self-seeding takes place
even for the case that all individual chains are in the molten state be-
fore cooling. [1]A. Mamun et al., Macromolecules 40, 6296-6303 (2007)
[2]J.-J. Xu et al., Nature Mater. 8, 348 (2009) [3]R. Everaers et al.,
Science 303, 823-826 (2004)

CPP 14.4 Tue 10:15 H39
Effect of the Crystalline 𝛼𝑐-Process on the Morphology of
Semicrystalline Polymers: a Comparative SAXS- Study on
Poly-𝜖-Caprolactone and Polyethyleneoxide — Anne Seidlitz,
Thomas Thurn-Albrecht, ∙Ruth Bärenwald, and Kay Saal-
wächter — MLU Halle-Wittenberg, 06120 Halle (Saale)
Semi-crystalline polymers can be classified into two different types, de-
pending on the presence (𝛼𝑐-mobile) or absence (crystal-fixed) of the
𝛼𝑐-relaxation, which provides mobility to the chains in the crystals.
Starting from a hypothesis of Boyd, that all polymers with a high crys-
tallinity are 𝛼𝑐-mobile while all polymers with a low crystallinity are
crystal-fixed, we investigated the morphology of polyethyleneoxide as
a polymer with mobile crystalline chains and poly-𝜖-caprolactone as a
polymer with fixed chains. We performed small-angle X-ray scattering
experiments and developed a simulation based on the paracrystalline
model to derive quantitative morphological information from the SAXS
data. Clear differences between the structure of PEO and PCL were
observed. For PCL the crystalline thickness 𝑑𝑐 is well defined, while
the amorphous thickness 𝑑𝑎 displays a broad distribution. PEO shows
a small, well defined 𝑑𝑎 and a broad thickness distribution of the crys-
talline lamellae.This confirms a different mode of structure formation.
The crystalline lamellae in PEO, where thickening begins already at
the growth front, can reorganize during crystallization until a minimal
𝑑𝑎, possibly reflecting a locally equilibrated entanglement structure, is
established. For PCL no thickening of the initially formed lamellae is
possible and the amorphous parts are randomly filled.

CPP 14.5 Tue 10:30 H39
10-nm structure formation induced by crystallization in
P3HT/PCBM blends — ∙Alessandro Sepe1, Peter Kohn1,
Zhuxia Rong1, Kai H. Scherer1, Michael Sommer2, Peter
Müller-Buschbaum3, Richard H. Friend1, Ullrich Steiner1,
and Sven Hüttner1 — 1Cavendish Laboratory, University of Cam-
bridge, Cambridge, UK — 2Institute of Macromolecular Chemistry,
University of Freiburg, Freiburg, Germany — 3Lehrstuhl für Funk-
tionelle Materialien, Physik-Department, TU München, Garching,
Germany
Structural characterisation of novel semiconducting polymers is of
great importance to the development of new materials for organic
electronic applications. The solubility and aggregation of [6,6]-phenyl
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C61butyric acid methyl ester (PCBM) within a polymer matrix is of
great interest for the development of fullerene based organic photo-
voltaic cells. Our study aims at methodically investigating the loading
of a polymer with PCBM. For our investigation a specially synthesized
mono-disperse regio-regular poly-(3-hexylthiophene-2,5-diyl) (P3HT)
is used. The relative crystallinity of P3HT has been directly related to
the nucleation density for PCBM aggregation. A combination of small,
wide and grazing incident angle X-ray scattering techniques is used to
track PCBM within the polycrystalline superstructure of P3HT. We
have found the solubility limit of PCBM in amorphous P3HT domains,
whereas, above this limit, it segregates out. Our results show that the
crystallization of P3HT with crystal sizes in the range of 10 nm sets
one of the length scales in the phase separation process.

CPP 14.6 Tue 10:45 H39
Heterogeneous Nucleation in Epitaxially Crystallized
Polyethylene on Graphite — ∙Ann-Kristin Löhmann, Thomas
Henze, and Thomas Thurn-Albrecht — Institut für Physik,
Martin-Luther-Universität Halle-Wittenberg, Germany
We investigate the interface between a polymer melt and a crystalline
substrate to get a more microscopic understanding of heterogeneous
nucleation.

As a model system we studied crystallization and melting in thin
epitaxially crystallized LLDPE films on graphite by high temperature
AFM measurements. Upon heating above the melting temperature the
polymer film starts to dewet and leaves a thin (only few nanometres)
ordered film of polyethylene with a temperature dependent thickness
behind. This ordered layer at the polymer-substrate interface shows
the same lamellar structure as the semicrystalline film at lower temper-
atures. The thickness of the ordered layer and as a consequence the
dewetting of molten polymer is reversible. The temperature depen-
dence of the stabilized layer can be described by a phenomenological
thermodynamic theory [1].

In this epitaxial system a stabilized ordered layer completely wets
the substrate at temperatures above the bulk melting point and acts
as a nucleus for crystallization, thus explaining the unusual lamellar
structure of the crystalline film observable at room temperature.

[1] M. Heni and H. Löwen, Phys. Rev. Lett. 85, 3668-3671 (2000)

CPP 14.7 Tue 11:00 H39
Real-time GISAXS-study of DIP thin film growth —
∙Christian Frank1, Jiří Novák1, Rupak Banerjee1, Stefan
Kowarik2, Alexander Gerlach1, and Frank Schreiber1 —
1University of Tübingen, Auf der Morgenstelle 10, 72076 Tübingen,
Germany — 2Humbold University of Berlin, Newtonstr. 15, 12489
Berlin, Germany
We present a real-time in situ grazing incidence small angle X-ray
scattering (GISAXS) study on growth of diindenoperylene (DIP) [1]
thin films on SiOx substrates at various growth rates and substrate
temperatures. DIP is a typical candidate for an active material in or-
ganic photo-voltaic and device applications. It is therefore important
to understand how different growth parameters influence the evolu-
tion of the thin film morphology. By employing high brilliance syn-
chrotron radiation and most recent CCD-area detectors we were able
to monitor specular [2] and diffuse growth-oscillations simultaneously
and in real-time. While the specular scattering contains information
about crystallinity and morphology perpendicular to the sample sur-
face, GISAXS data reflect also the lateral correlation lengths of surface
features of thin films [3]. In this way we are able to monitor formation
and coalescence of molecular islands during the layer-by-layer growth
and the transition to the 3-D growth.
[1] A. C. Dürr et al., Phys. Rev. Lett. 90 (2003), 016104;
[2] S. Kowarik et al., Eur. Phys. J. Special Topics 167 (2009), 11;
[3] S. K. Sinha et al., Phys. Rev. B 38 (1988), 2297

15 min. break

CPP 14.8 Tue 11:30 H39
Melting Temperature and Crystal Growth Rate in Liquid
Mixtures — ∙Konstantin Koschke1, Davide Donadio1, Hans
Jörg Limbach2, and Kurt Kremer1 — 1MPI Polymer Research,
Mainz, Germany — 2Nestlé Research Center, Lausanne, Switzerland
Crystallization of liquids is of uttermost interest for many disciplines,
including materials, atmospheric and food science. The introduction of
additives in solution allows the control of the key thermodynamics and
kinetics parameters of crystallization, namely the transition tempera-

ture and the growth rate. Here we investigate the basic principles of
crystallization of solutions by computing the melting temperature and
simulating crystal growth of Lennard-Jones binary mixtures, by equi-
librium and non-equilibrium molecular dynamics (EMD - NEMD) sim-
ulations. Both melting temperatures and growth rates are computed
exploiting the two-phase method at equilibrium and non-equilibrium
conditions, respectively. The effect of hydrophobic and hydrophilic
solutes at low concentrations (< 3%) is analyzed, scanning systemati-
cally size and concentration. Our MD simulations allow us to connect
macroscopic thermodynamic and kinetic observables, such as phase
coexistence temperature and crystal growth rate, to the microscopic
structure of the solutions and to microscopic processes occurring dur-
ing crystal growth.

CPP 14.9 Tue 11:45 H39
Influence of Organic Ligands on ZnO Nanoparticle Formation
via in-situ XRD — ∙Mirijam Zobel — Lehrstuhl für Kristallogra-
phie und Strukturphysik, Universität Erlangen
Organic ligands are used in solvent-based sol-gel processes to synthe-
size monodisperse, metal oxide nanoparticles for semiconductor indus-
try. The ligand type and chemistry have a decisive influence not only
on the particle size, but also on the structure and kinetics during the
nucleation. Using high-energy synchrotron radiation, it is possible to
study this nucleation in-situ via x-ray wide angle diffraction, even in
salt solutions with very low concentration (30 mM). Our model sys-
tem zinc oxide exhibits a precursor structure of the metal salt, which
is stable for several hours and exists both without and in presence of
additional ligands, e.g. dimethyl-L-tartrate or pentantrione. Addition
of an alkali results in an instantaneous transformation into larger pre-
cursor structures, which - after a further ligand-specific ripening time
- again spontaneously start to nucleate to approx. 2 nm nanoparticles.
This final nucleation of the particles surprisingly takes several hours.
Here we report for the first time that such an in-situ high-energy x-
ray wide angle diffraction experiment with synchrotron radiation is
possible and that it reveals the phase formation and the growth of
nanoparticles within organic solvents. By deducing the pair distribu-
tion function and hence the structure of the different phases present,
more profound structure analysis can subsequently be carried out.

CPP 14.10 Tue 12:00 H39
Real time and in-situ investigations of the nucleation and
diffusion during the growth of the fullerene C60 using X-
ray scattering — ∙Sebastian Bommel1,2, Nicola Kleppmann3,
Christopher Weber2, Holger Spranger2, Jiri Novak4, Pe-
ter Schäfer2, Stephan V. Roth1, Frank Schreiber4, Sabine
H.L. Klapp3, and Stefan Kowarik2 — 1Deutsches Elektronen-
Synchrotron (DESY), Hamburg, Germany — 2Institut für Physik,
Humboldt-Universität Berlin, Berlin, Germany — 3Institut für Theo-
retische Physik, Technische Universität Berlin, Berlin — 4Institut für
Angewandte Physik, Universität Tübingen, Tübingen, Germany
The surface morphology and the structural order during the growth of
the popular organic semiconductor C60 were studied with simultaneous
real-time and in-situ measurements of Grazing Incidence Small-Angle
X-ray Scattering (GISAXS) and anti-Bragg growth oscillations during
organic molecular beam deposition . For the characterization of the
morphology during the growth the island density was extracted from
2D GISAXS patterns. From this we find a dependency of the island
density on thickness and also temperature, i.e. 150 islands/𝜇m2 for
313 K and 10 islands/𝜇m2 for 353 K in the beginning of growth. From
the anti-Bragg growth oscillations high structural order and layer-by-
layer growth during the growth of multilayer films were found. From
a comparison of the nucleation and the growth oscillations with the
analytic Trofimov rate equations model and KMC simulations the dif-
fusion energy and the Ehrlich-Schwoebel barrier can be estimated to
be 0.5 eV and 0.1 eV, respectively.

CPP 14.11 Tue 12:15 H39
Spin Casting of Dilute Solutions to Control Nucleation and
Growth — ∙Stefan Karpitschka, Constans Weber, and Hans
Riegler — MPI für Kolloid- und Grenzflächenforschung, Potsdam,
Germany
We analyze the spin casting of dilute (ideal) binary mixtures of non-
volatile solutes in volatile solvents as a prototype for evaporation-
controlled processes that are increasingly used to deposit specifically
structured (sub)monolayers (evaporation-induced self-assembly). The
first analytical description of the thinning of a volatile liquid film si-
multaneously subject to spinning and evaporation is presented. It
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shows, that the duration of a spin casting process is linked to the pro-
cess parameters via power laws. A diffusion-advection model leads
analytically to the equation governing the spatio-temporal evolution
of the internal film composition. Its solution reveals that the solute
concentration enrichment, its gradient, and its time evolution are re-
lated to the process parameters via power laws. The physics behind
the power laws is uncovered and discussed [1]. This reveales universal
insights into the interplay between the control parameters and their
impact on the spatio-temporal evolution of the film composition of di-
luted mixtures. It also offers palpable guidelines to better understand
and control the spin casting of non-ideal solutions. Experiments are
presented which support the theoretical findings.

[1] S. Karpitschka, C. Weber, H. Riegler, PRL (2012), in revision.

CPP 14.12 Tue 12:30 H39
Nucleation and Growth of Copper Phthalocyanine from Solu-
tion — ∙Fatemeh Ghani and Hans Riegler — Max Planck Institute
f. Colloid & Interfaces, Potsdam-Golm, Germany
Unsubstituted Metal-phthalocyanines (Pc) are excellent electron do-
nating molecules for OSC. Usually organic solar cells with Pcs are
produced by vapor deposition due to low solubility, although solution
based deposition (like spin casting) is cheaper and offers more possi-
bilities to control the structure of the film. It is necessary to find the
appropriate solvents, assess the solution deposition techniques, such as

dip coating, and spin castingand understand the nucleation and growth
process for aggregation/precipitation and to use this knowledge to pro-
duce nanostructures appropriate for OSC. We prepared thin films of
CuPc from solution in ambient air. The parameters (e.g. solution
concentration profile) governing nucleation and growth are calculated
based on the spin casting theory of a binary mixture of a nonvolatile
solute and evaporative solvent and inter-molecular interactions.

CPP 14.13 Tue 12:45 H39
Glass transition and recristallization of alcohols in sil-
ica nanochannels — ∙Daniel Rau1, Rolf Pelster1, Tommy
Hofmann2, Dirk Wallacher3, and Patrick Huber4 — 1FR 7.2
Experimentalphysik, Universität des Saarlandes — 2Helmholtz Zen-
trum Berlin, Inst Complex Magnet Mat, D-14109 Berlin, Germany —
3Helmholtz Zentrum Berlin, Dept Sample Environm, D-14109 Berlin,
Germany — 4Hamburg Univ Technol, Inst Mat Phys & Technol, D-
21073 Hamburg, Germany
We studied the molecular dynamics and glass transition of n-alcohol
confined in electrochemical etched silica nanochannels using broadband
dielectric spectroscopy and neutron scattering. In contrast to the bulk
alcohol confined alcohol exhibits a glass transition upon slow cooling
but partial recrystallization occurs upon heating. This behaviour re-
flects the different temperature dependences of nucleation and crystal
growth.

CPP 15: Organic Electronics and Photovoltaics II (joint session DS/CPP/HL/O)

Time: Tuesday 9:30–12:45 Location: H32

CPP 15.1 Tue 9:30 H32
Influence of triplet excitons on the lifetime of polymer
based organic light emitting diodes — ∙Oili Pekkola, Andrea
Gassmann, Christian Melzer, and Heinz von Seggern — Elec-
tronic Materials Division, Institute of Materials Science, Technische
Universität Darmstadt, Petersenstr. 23, 64287 Darmstadt, Germany
Despite the promising development of polymer based organic light
emitting diodes (PLEDs), device lifetime and stability are still among
the most critical issues. One of the lifetime-related factors investigated
to a lesser extent is the influence of the high density of non-emissive
triplet excitons which could be responsible for local heating or act as
traps for charge carriers, leading to a degradation of the device.

This study utilizes PLEDs based on poly(p-phenylene vinylene)
(PPV) derivatives to understand the influence of triplet excitons on
the fatigue by increasing their amount in the PPV film. This increase
is achieved by blending different concentrations of the triplet sensitizer
platinum (II) octaethylporphine ketone (PtOEPK) into the PPV ma-
trix in order to convert PPV singlet excitons to triplets. One observes
that in PLEDs both the t50 and t90 lifetimes are drastically shortened
in the presence of PtOEPK. To rule out a possible influence of the sole
presence of PtOEPK on charge carrier transport, single carrier devices
with different sensitizer contents were prepared. In these devices, no
fatigue is observed regardless of the sensitizer concentration, suggest-
ing that the decrease in the lifetimes of the bipolar diodes is indeed
caused by the increased triplet population in the diodes with sensitized
polymer films and not by the sensitizer additive as such.

CPP 15.2 Tue 9:45 H32
Homogeneity of thin ZnTPP-films on silicon measured with
reflectance anisotropy spectroscopy and Raman spectroscopy
— ∙Stephan Peter Kate1, Simona Pop1, Jörg Rappich2,
and Karsten Hinrichs1 — 1Leibniz-Institut für Analytische Wis-
senschaften - ISAS - e.V., Albert-Einstein Str. 9, Berlin, 12489
Germany — 2Helmholtz-Zentrum for Materials and Energy GmbH,
Kekulestraße 5, Berlin, 12489, Germany
Organic devices for electronic applications are an important field of
research. To improve the efficiency of those components, the analysis
of structure and homogeneity of thin films is of crucial importance. In
this study we demonstrate that Reflectance Anisotropy Spectroscopy
(RAS) and Raman spectroscopy are useful to investigate the homo-
geneity of thin films of zinc-tetra-phenyl-porphyrin (ZnTPP) on sili-
con substrates. The RAS spectra of the thin films show an optical
anisotropy in the visible spectral range. Analyzing the anisotropy,
conclusions about the homogeneity of the thin films can be drawn.
The vibrational modes of the molecules seen with resonant Raman

spectroscopy are sensitive to the film structure. A pyrrole-bending
mode in the region of 1075 cm-1 serves us as a marker for the film
homogeneity. The RAS and Raman results are correlated with AFM
measurements.

CPP 15.3 Tue 10:00 H32
Morphology evolution of diblock copolymer based ZnO
nanostructures upon solvent vapor treatment — ∙Kuhu
Sarkar, Christoph Schaffer, Anna Naumann, Daniel Mosegui
Gonzalez, and Peter Müller-Buschbaum — TU München, Physik
Department, LS Funktionelle Materialien, James-Franck-Str. 1, 85748
Garching, Germany
Nanostructured inorganic metal oxides with tunable morphologies are
desirable for optimizing many potential applications in the field of
gas/chemical sensing, catalysis and energy storage. Zinc oxide (ZnO)
is chosen in the present study owing to its outstanding optical and elec-
trical properties. Different ZnO nanostructures are synthesized using a
suitable diblock copolymer template via sol-gel chemistry. Zinc acetate
dihydrate is used as the suitable commercial precursor for ZnO. There
are several possibilities to tune the morphology as most of the diblock
copolymers respond to the external fields such as temperature and sol-
vent vapor. Hence, tetrahydrofuran solvent vapor treatment has been
employed to the as-prepared thin films corresponding a grid-like mor-
phology for different annealing times. Grazing incidence small angle
X-ray scattering (GISAXS) has been performed to probe the struc-
tural order over the entire film volume. Evolution of the morphology
has been followed by GISAXS studies as a function of different sol-
vent treatment times. The annealed films are subsequently calcined
at a higher temperature in order to understand the preservation of
higher orders in the ZnO structure even after removal of the diblock
copolymer.

CPP 15.4 Tue 10:15 H32
Correlation of morphology and electronic properties of MoO3

doped CBP layers I: TEM and electrical properties —
∙Daniela Donhauser1,2, Levin Dieterle1,2, Paul Heimel3,2, To-
bias Glaser3,2, Maybritt Kühn4,2, Mustapha Al-Helwi5,2, Ras-
mus R. Schröder6, Eric Mankel4,2, Michael Kröger1,2, and
Wolfgang Kowalsky1,2 — 1Institut für Hochfrequenztechnik, TU
Braunschweig, Braunschweig — 2InnovationLab GmbH, Heidelberg
— 3Kirchhoff-Institut für Physik, Universität Heidelberg, Heidelberg
— 4Institut für Materialwissenschaft, TU Darmstadt, Darmstadt —
5BASF SE, Ludwigshafen — 6CellNetworks, Universität Heidelberg
Since electrochemical doping can significantly improve the performance
of organic devices, the understanding of the fundamental properties of
doped thin films is crucial. For a variety of different material systems
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a very low doping efficiency was observed, although from energeti-
cal considerations a very efficient charge transfer is expected. Using
bright-field TEM and electron tomography we show for MoO3-doped
CBP ((4,4’-Bis(N-carbazolyl)-1,1’-biphenyl) thin films that this low
doping efficiency is due to filament-like dopant agglomeration which
can be controlled by changing the substrate temperature during the
evaporation process [1]. The observed morphology is finally correlated
with electrical properties like charge carrier density and mobility and
depending on the dopant concentration an anisotropic charge trans-
port is observed.
[1] Donhauser et al., Adv. Funct. Mater., 2012,
10.1002/adfm.201202089

CPP 15.5 Tue 10:30 H32
Correlation of morphology and electronic properties of
MoO3-doped CBP layers II: IR spectroscopic study —
∙Tobias Glaser1,5, Sebastian Beck1,5, Daniela Donhauser2,5,
Maybritt Kühn3,5, Bernd Lunkenheimer4,5, Andreas Köhn4,5,
Eric Mankel3,5, and Annemarie Pucci1,5 — 1Universität Heidel-
berg, Kirchhoff-Institut für Physik — 2Technische Universität Braun-
schweig, Institut für Hochfrequenztechnik — 3Technische Univer-
sität Darmstadt, Fachbereich Materialwissenschaft, Fachgebiet Ober-
flächenforschung — 4Universität Mainz, Institut für Physikalische
Chemie — 5InnovationLab GmbH, Heidelberg
In order to obtain a further understanding on the charge transfer pro-
cess in p-type doping using transition metal oxides, we performed in-
situ FTIR-spectroscopy on thin layers of 4,4’-Bis(N-carbazolyl)-1,1’-
biphenyl (CBP) doped with MoO3. In the doped layers, charge transfer
complexes (CTCs) are formed, that exhibit a broad electronic excita-
tion in the near IR region. These CTCs are located at the interface of
the MoO3 agglomerates and the organic matrix, inducing an interface
dipole. The intensity of this electronic excitation in the spectra of lay-
ers with various doping concentrations indicates a linear increase of the
agglomerates’ surface area with MoO3 concentration. The vibrational
changes in the spectra of the doped layers indicate a charge transfer of
Z=1e within the CTCs. By cooling the substrate during the deposition
process, the agglomeration of the dopants can be suppressed.
Financial support by BMBF (project MESOMERIE) is gratefully ac-
knowledged.

CPP 15.6 Tue 10:45 H32
Correlation of morphology and electronic proper-
ties of MoO3-doped CBP layers III: XPS and UPS
study — ∙Maybritt Kühn1,4, Eric Mankel1,4, Daniela
Donhauser2,4, Tobias Glaser3,4, Thomas Mayer1,4, and Wol-
fram Jaegermann1,4 — 1Technische Universität Darmstadt,
Fachgebiet Materialwissenschaft — 2Technische Universität Braun-
schweig, Institut für Hochfrequenztechnik — 3Universität Heidelberg,
Kirchhoff-Institut für Physik — 4InnovationLab GmbH, Heidelberg
Electro-chemical doping is a prerequisite to improve efficiency and con-
ductivity of organic OLED materials. Here the p-type doping behav-
ior of MoO3 is analyzed using photoelectron spectroscopy (XPS/UPS).
The doped CBP layers were evaporated and analyzed under UHV con-
ditions. Concerning the Fermi level shift three different regimes can
be distinguished: At low doping concentrations (< 9mol%) a rapid
shift towards the HOMO level of CBP can be observed, becoming less
strong and finally saturating at a maximum shift of 1 eV at a doping
concentration of 45mol%. The electron transfer from CBP to MoO3

leads to the formation of reduced MoO3. Determining the amount
of these species we get information of the surface to volume ratio of
the MoO3 clusters in dependence of the doping concentration. Also
here three different regimes can be distinguished. The morphology and
Fermi level shift regimes will be correlated discussing the dopant mor-
phology as shown in Talk I. Finally the amount of transferred charges
is calculated regarding the reduced MoO3 species and is compared with
the number of cations determined by IR-spectroscopy (Talk II).

Coffee break (15 min)

CPP 15.7 Tue 11:15 H32
Organic semiconductor devices on fibre shaped structures for
smart textile applications. — ∙Tobias Könyves-Toth, Andrea
Gassmann, and Heinz von Seggern — Electronic Materials Depart-
ment, Institute of Materials Science, Technische Universität Darm-
stadt, Petersenstraße 23, 64287 Darmstadt, Germany
In the development of smart textiles already realized prototypes utilize

embedded LEDs, displays or interactive communication devices based
on inorganic semiconductor technology. Yet, these wearable smart tex-
tiles are not always comfortable since inorganic devices are stiff and
rigid. On the other hand, organic electronic devices can be realized
on flexible substrates employing very thin active layers of only about
100 nm thickness. The aim of the present work is to process organic
semiconductor based devices directly on fibre surfaces. This task is
challenging as manufacturing related problems due to the cylindrical
shape of the fibre substrates and their small diameter of about 200
nm have to be overcome. Here, we present our findings on functional
OLEDs on fibre substrates. Also the choice of proper fibre materials,
ways to acquire smooth fibre surfaces and the structuring and encapsu-
lation of fibre-shaped devices will be discussed. Additionally, methods
to characterize the functionality of the devices, like angle dependence
emission, will be presented.

CPP 15.8 Tue 11:30 H32
Doping of organic semiconductors in case of dopant precipi-
tation: the internal interface charge transfer doping model —
∙Thomas Mayer1,2, Eric Mankel1,2, Corinna Hein1, and Wol-
fram Jaegermann1,2 — 1Technische Universität Darmstadt, Insti-
tute of Materials Science, Surface Science Division — 2Innovation Lab
Heidelberg
Doping of organic semiconductors is of paramount interest for de-
vice optimization as in addition to improved conductivity, engineering
of space charge regions at interfaces e.g. of donor acceptor hetero-
junction solar cells is achieved. Photoemission data taken at the syn-
chrotron BESSY on co-sublimed and bilayer films of prototypical or-
ganic semiconductors as CuPc and spiro-MeoTAD and prototypical p-
type organic and inorganic dopants as TCNQ and WO3 show similar
electronic trends, which can be explained assuming phase separation of
the dopants within the matrix material. For metal oxides the precipita-
tion is directly observed using TEM. For the doping induced variations
of the matrix Fermi level in such semiconductor-dopant composites we
propose the internal interface charge transfer doping model. According
to this model the doping limit can be predicted from pristine matrix
and pristine dopant electronic band diagrams. The model also admits
of deriving measures that can be taken to improve doping efficiency.

CPP 15.9 Tue 11:45 H32
Molecular orientation at heterojunctions for organic pho-
tovoltaics studied by NEXAFS — ∙Andreas Opitz1, Nor-
bert Koch1, Ulrich Hörmann2, Wolfgang Brütting2, Christo-
pher Lorch3, Alexander Hinderhofer3, Frank Schreiber3, and
Ellen Moons4 — 1Inst. f. Physik, Humboldt-Universität zu Berlin,
Germany — 2Inst. of Physics, University of Augsburg, Germany —
3Inst. of Applied Physics, University of Tübingen, Germany — 4Dept.
of Physics and Electrical Engineering, Karlstad University, Sweden
Organic/organic heterojunctions are widely used in organic photo-
voltaic cells. The morphology at the interface, where the charge carrier
separation takes place, plays an important role. In this contribution
the interfaces between sexithiophene (6T) as donor and the acceptor
materials fullerene (C60) and diindenoperylene (DIP) [1] were anal-
ysed by angle resolved near-edge X-ray absorption fine structure spec-
troscopy and the results were compared to X-ray scattering data.

Different orientations are observed for molecules in the bulk, at free
surfaces and at buried interfaces. Here, the orientation at the free sur-
faces depends on the substrate temperature during deposition for 6T
but not for DIP. Furthermore, the acceptor molecules influence the ori-
entation of the underlying 6T molecules. An improved crystallization
and pronounced upright standing of the molecules in the underlying
6T film was observed upon deposition of C60. In contrast the deposi-
tion of DIP on top of 6T leads to an orientational relaxation of the 6T
molecules to the bulk inclination angle.

[1] U. Hörmann et al., phys. stat. sol. RRL 5 (2011) 241.

CPP 15.10 Tue 12:00 H32
Electronic interface properties of PCBM using photoelectron
spectroscopy — ∙Julia Maibach1,2, Eric Mankel1,2, Thomas
Mayer1,2, and Wolfram Jaegermann1,2 — 1Technische Univer-
sität Darmstadt, Fachbereich Materialwissenschaft — 2InnovationLab
GmbH, Heidelberg
The electronic interface properties of wet processed organic materials
are of current interest as many fabrication techniques for organic elec-
tronic devices are based on inks. Photoelectron spectroscopy (PES)
has proven to be a powerful method to investigate the electronic struc-
ture at semiconductor contacts. Due to high surface sensitivity of
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PES, the interface is generally prepared step by step in UHV. For
films deposited from solution we integrated a newly developed ultra-
sonic nebulizer unit to the UHV cluster-tool of the analytic competence
center at the InnovationLab, Heidelberg. Dilute solutions of Phenyl-
C61-butyric acid methyl ester (PCBM) in Chlorobenzene were used to
deposit the material on ozone and polymer treated ITO as well as on
gold to investigate the contact behavior of PCBM. With the nebulizer
method layer thicknesses in the range of 10-20 Å can be achieved while
repeated exposure to the nebulae increased step by step the emission
intensities of the PCBM. Furthermore drop-casting of thicker layers
has been performed allowing in combination the thickness dependent
determination of the electronic properties. In case of PCBM on ozone
treated ITO the HOMO spectra shift 0.4 eV to higher binding energy
with increasing thickness, indicating the formation of a space charge
region in PCBM due to electron transfer from ozone treated ITO.

CPP 15.11 Tue 12:15 H32
Carbon Nanotubes and Organic Solar Cells — ∙Gerhard
Lackner1, Richard Boucher2, Vladimir Shvartsmann1, Viktor
Bezugly2, Ingolf Endler3, Mario Krug3, Frank Meissner3,
Martin Mkandawire4, and Doru C. Lupascu1 — 1Universität
Duisburg-Essen, Essen, Germany — 2Technische Universität Dresden,
Dresden, Germany — 3Fraunhofer-Institut für Keramische Technolo-
gien und Systeme IKTS, Dresden, Germany — 4Verschuren Centre for
Sustainabilty in Energy and the Environment, Cape Breton University,
Canada
Materials like carbon nanotubes (CNT) attracted much attention by
researchers all around the world due to their exceptional electrical,
mechanical and chemical properties. Especially single-walled carbon
nanotubes (SW-CNT) offer great opportunities in the field of new
electrical devices, for instance field effect transistors based on their
semiconductor properties. CNT are also used in organic photovoltaics
(OPV) as acceptor material, to enhance charge carrier transport within

organic layers or as transparent electrodes. The application of CNT
as acceptor material and for charge carrier enhancement is the main
topic of this work. Therefore, we studied the photovoltaic device
performance of different material combinations of CNT, regio regu-
lar Poly(3-Hexylthiophen-2,5-diyl) (rr-P3HT), Phenyl-C61-butric acid
methyl ester (PCBM) and copper phthalocyanine (CuPc). Further-
more, different device architectures were investigated and compared
with each other.

CPP 15.12 Tue 12:30 H32
n-channel percolation in a pentacene-C60 ambipolar or-
ganic thin film transistor — Simon Noever, Stefan Fischer,
and ∙Bert Nickel — Ludwig-Maximilians-Universität, Fakultät für
Physik & CENS, München, D
We present [1] a well balanced ambipolar organic field effect transis-
tor with high hole and electron saturation mobilities of 0.28 cm*/Vs
and 0.18 cm*/Vs, respectively. The structure and morphology of the
respective films are analyzed using AFM and GIXS methods. Fur-
thermore, we track the formation of a pentacene-C60 heterojunction
by in-situ measurements during deposition of C60. Upon percolation
of the n-channel, the heterojunction charges, acting as an additional
top gate for the hole conducting channel. The fact that the p-channel
threshold does not shift before the n-channel develops highlights two
interesting findings for bilayer ambipolar TFTs. Apparently, before
the C60 film percolates, the fullerene islands are electronically floating
and the charging of the interface is confined to the pentacene-C60 con-
tact area. Secondly, the threshold voltage shift of the p-channel upon
fullerene percolation implicates the generation of a second hole con-
ducting channel at the pentacene top surface. The introduced method
demonstrates a way to evaluate the electrostatic situation in operating
organic heterojunction devices. [1] S. Noever, S. Fischer, B. Nickel,
Advanced Materials (in press)

CPP 16: Interfaces and Thin Films II (joint session with DECHEMA and VDI)
The session is a joint session with ProcessNet "Grenzflächenbestimmte Systeme und Prozesse" of
DECHEMA and VDI.
Organizers: Thomas Danner (BASF), Leo Nick (DECHEMA) and Regine v. Klitzing.

Time: Tuesday 9:30–13:00 Location: H40

Invited Talk CPP 16.1 Tue 9:30 H40
Functional nanolayers made from colloidal building blocks
— ∙Andreas Fery — University Bayreuth, Physical Chemistry II
and Bayreuth Center for Colloids and Interfaces, Universitaetsstr. 30,
95444 Bayreuth, Germany
Colloidal particles are attractive building blocks for forming functional
nanolayers. Already at the single particle level, even multiple func-
tionalities like optical functionality or stimulus sensitivity can be es-
tablished. These functionalities can be easily integrated into nanolay-
ers, as particle immobilization typically does not require sophisticated
specific coupling chemistry, but in many cases, physisorption relying
on unspecific interactions is sufficient. Finally, multi-layer formation
and/or lateral patterning can unlock novel properties, which arise from
synergistic functional, as well as local or long range coupling effects.

We illustrate this concept with examples from the area of stimulus
responsive layers using microgel- or block-copolymer building blocks.
The stimulus sensitivity of those can be used for controlling the inter-
action of cells with surfaces, allowing for novel concepts in switchable
cell culture surfaces or anti-fouling. As well, we discuss how non litho-
graphic patterning of metallic colloidal particles can be used for con-
trolling plasmonic coupling effects, leading to applications in sensorics
and plasmonics.

CPP 16.2 Tue 10:00 H40
Vapor treatment of diblock copolymer thin films with per-
pendicular lamellar structure — ∙Jianqi Zhang1, Alessandro
Sepe2, Dorthe Posselt3, Jan Perlich4, Xuhu Shen1, Detlef-M
Smilgies5, and Christine Papadakis1 — 1TU München, Physikde-
partment, Fachgebiet Physik weicher Materie, Garching, Germany —
2University of Cambridge, Department of Physics, UK — 3Roskilde
University, IMFUFA, Denmark — 4HASYLAB at DESY, Hamburg,
Germany — 5Cornell University, CHESS, Ithaca NY, USA

Solvent vapor treatment results in complex swelling kinetics in self-
assembled thin films. We have investigated the structural changes
of P(S-b-B) diblock copolymer thin films with perpendicular lamellar
structure using in-situ, real-time grazing-incidence small-angle X-ray
scattering. Cyclohexane (CHX), which is slightly selective for the PB
block, was used to vapor-treat the films. For the as-prepared film, the
image displays straight diffuse Bragg rods (DBRs), which indicate the
perpendicular lamellar orientation. During vapor treatment, the DBRs
bend inwards which we attribute to tilting of a fraction of the lamel-
lae away from the purely perpendicular orientation. Upon subsequent
drying, straight DBRs reappear, i.e. the perpendicular orientation is
recovered. Additional narrow and elongated DBRs appear during the
final stage of the drying process. This finding points to the protrusion
of PS domains at the film surface because the PB domains dry more
slowly.

CPP 16.3 Tue 10:15 H40
Internal structure and dynamics of microgel films at solid
interfaces — ∙Stefan Wellert1, Yvonne Hertle2, Marcel
Richter1, Peter Müller-Buschbaum3, Thomas Hellweg2, and
Regine von Klitzing1 — 1Stranski Laboratorium, Inst.f. Chemie,
TU Berlin, 10623 Berlin — 2Fakultät f. Chemie, Physikalische Chemie
III, Universität Bielefeld, 33615 Bielefeld — 3Physikdepartment E13,
TU München, 85747 Garching
The physico-chemical properties of stimuli-responsive polymers attract
great interest in basic research and lead to a lively discussion of poten-
tial technical applications. A prominent example are microgel systems,
which undergo a temperature induced phase transition correspond-
ing to a discontinuous shrinking with increasing sample temperature.
Microgel particles can be organized as ultra-thin films at solid sur-
faces, e.g. silicon single crystal surfaces. This leads to changes in the
shrinking behaviour and the LCST. For example, the LCST is reduced
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between 1∘C and several ∘C with respect to the bulk phase. These
findings raise the question how the interactions with the solid surface
affect the internal structure and dynamics of the microgel particles. In
a series of surface sensitive scattering experiments we addressed this
question mainly focussing on the correlation length in the polymer net-
work. Here, we present GISANS measurements investigating a micro-
gel containing the monomer NIPAM, cross-linked with BIS (2 mol-%
with respect to the mass of NIPAM). Additionally, first measurements
addressing the internal dynamics in this system using neutron spin-
echo spectroscopy under grazing incidence (GINSE) are discussed.

CPP 16.4 Tue 10:30 H40
Determination of the inner morphology of organic solar
cells with grazing incidence small angle neutron scattering
— Matthias A. Ruderer1, Robert Meier1, Lionel Porcar2,
Robert Cubitt2, and ∙Peter Müller-Buschbaum1 — 1TU
München, Physik Department, LS Funktionelle Materialien, James-
Franck-Str. 1, 85748 Garching, Germany — 2Institut Laue Langevin
(ILL), 6 Jules Horowitz, 38042 Grenoble, France
Organic photovoltaic devices based on conducting polymers are of in-
creasing interest. The device efficiency of an organic solar cell is deter-
mined by the inner morphology of the active layer. However, such inner
morphologies are not easily detectable by real space imaging methods
such as electron microscopy. In contrast, grazing incidence small angle
neutron scattering (GISANS) is a unique tool for the characterization
of the active layer morphology, in particular for donor-acceptor systems
with polymer donor and small molecule acceptor blends. The scatter-
ing length density contrast in such blends is typically large, which
makes special deuteration dispensable and real systems can be stud-
ied. For the example of P3HT:PCBM bulk heterojunction thin films
the inner morphology is determined with GISANS. The phase sepa-
ration structure and the amount of molecular intermixing are investi-
gated as a function of the overall PCBM content. For the symmetric
P3HT:PCBM ratio, which is typically highly efficient in photovoltaic
devices, a structure size in the range of the exciton diffusion length, the
largest PCBM phases and 18 vol% dispersed PCBM in the amorphous
P3HT phase are found.

CPP 16.5 Tue 10:45 H40
Investigation of structure and molecular nature of the con-
jugated polymer films by hard and soft x-ray reflectivity
and XAFS in reflection mode — ∙Arman Davtyan, Souren
Grigorian, Dmitry Ksenzov, and Ullrich Pietsch — University
of Siegen, Siegen, Germany
Structural and optical properties of the conjugated polymers were mea-
sured close and outside the K- absorption edge of carbon. Hard and
soft x-ray reflectivity measurements are characterizing samples made
of P3AT (poly(3-alkylthiophene)) thin films covered onto SiO2 coated
silicon substrates. The general structures of films were determined
by combined fitting of hard and soft x-ray reflectivity curves. Addi-
tional chemical information was taken from the shape of curves taken
by ReflEXAFS in the energy range of the Carbon K-edge (275-340
eV). It turns out that structural properties depend on the preparation
technique used. Considering all information a three-layer model was
appropriate to simulate the hard and soft x-ray reflection curves and
the C K-edge ReflEXAFS profiles of the spin coated thin films.

CPP 16.6 Tue 11:00 H40
Hierarchical multiscale modelling of polymer-solid interfaces
— ∙Karen Johnston1 and Vagelis Harmandaris2 — 1Max Planck
Institute for Polymer Research, Mainz, Germany — 2Department of
Applied Mathematics, University of Crete, Greece
Polystyrene films sandwiched between two parallel gold surfaces were
studied using hierarchical multiscale modelling. Classical all-atom
polymer-surface interface potentials were developed based on density
functional theory calculations that account for van der Waals forces
[1]. All-atom molecular dynamics simulations were then used to study
the structure and dynamics of 10mer polystyrene thin films up to 10
nm thick [2]. To study longer chains and thicker films a coarse-grained
model was used [3] and the coarse-grained surface potentials were de-
veloped based on all-atom potential of mean force calculations. The
results of the coarse-grained and all-atom simulations were compared
for a 5 nm film of 10mer polystyrene and the results were in good
agreement. The coarse-grained model was used to simulate 10 and
20 nm films for chain lengths of up to 200mer and the dependence
of the structure, dynamics and interphase width on chain length were
investigated.

[1] Johnston and Harmandaris, J. Phys. Chem. C 115, 14707 (2011)
[2] Johnston and Harmandaris, Soft Matter, 8, 6320 (2012)
[3] Fritz et al. Macromolecules, 42, 7579 (2009)

15 min. break

CPP 16.7 Tue 11:30 H40
Relaxation of non-equilibrium entanglement networks in
thin polymer films — Paul D. Fowler, ∙Joshua D. McGraw,
Melissa L. Ferrari, and Kari Dalnoki-Veress — Department of
Physics & Astronomy and the Brockhouse Institute for Materials Re-
search, McMaster University, Hamilton, ON, Canada
It is well established that polymer films, prepared by spincoating,
inherit non-equilibrium chain conformations which can affect macro-
scopic film properties. Here we present the results of crazing measure-
ments [1] that elucidate the non-equilibirum chain configurations in
spin-cast films. Furthermore, we find that the entanglement network
equilibrates on a time scale comparable to one reptation time. In a
second set of experiments, we confine polymers to films with thickness
comparable to the molecular size. By stacking two such films at room
temperature, a glassy bilayer film with a buried entropic interface is
created. According to Silberberg’s reflection principle, such an inter-
face has an entropic cost associated with the restricted configurations
of molecules that cannot cross the mid-plane of the bilayer. In the
melt, the interface heals as chains from the two layers mix and entan-
gle with one another. Crazing measurements reveal that it takes less
than one bulk reptation time for a bilayer to become indistinguishable
from a single film.

[1] McGraw et al., EPJE (2012 - submitted).

CPP 16.8 Tue 11:45 H40
Nano-scale Roughness of Phase Boundaries in Heterogeneous
Polymers: The rigid-mobile Interphase — ∙Matthias Roos and
Kay Saalwächter — Institute of Physics, Martin-Luther-Universität
Halle-Wittenberg, Germany
Many macroscopic features of polymers rely on microscopic and nano-
scale characteristics, so their morphology, in particular nano-scale dy-
namic heterogeneities, is of great importance. Based on the possible
distinction of differently mobile parts of the sample by proton NMR,
we use an effect called spin diffusion (i.e, transport of spin magnetiza-
tion among the nuclei) to investigate neighborhood relations between
rigid and mobile (below or above Tg, respectively) components in semi-
crystalline polymers and block copolymers. In addition, a phase of
intermediate mobility can be identified.

If there is a selective magnetization of the rigid phase, first the mag-
netization induced signal of the interphase rises, followed by the mag-
netization of the mobile phase. That is to say, the magnetization
diffuses from the rigid phase to the mobile one but must cross the re-
spective interphase. Contrary to this, if a selective magnetization of
the mobile phase is created, the rigid phase will gain its magnetization
simultaneously with the interphase.

It was possible to replicate this effect by simulating the diffusive
behavior of magnetization when taking into account a thickness vari-
ation of the rigid phase, where the interphase is mainly situated in
“depressions” of the rigid phase, i.e., in regions that are less exposed
to the mobile phase.

CPP 16.9 Tue 12:00 H40
Glassy dynamics of densely packed semi-isolated polymer
chains — ∙Martin Tress, Emmanuel Mapesa, and Friedrich
Kremer — Universität Leipzig, Leipzig, Germany
The glassy dynamics of randomly distributed, densely packed semi-
isolated poly(2-vinylpyridine) (P2VP) polymer chains is studied by
means of Broadband Dielectric Spectroscopy (BDS). Therefore, a re-
cently developed nano-structured electrode arrangement is refined to
achieve an electrode-to-electrode distance of only 40 nm. On one of
the ultra-flat, highly conductive silicon electrodes semi-isolated poly-
mer coils are deposited. Atomic Force Microscopy scans of the identical
sample before and after the BDS measurement reveal that, even for
different molecular weights, the mean volume of the coils resembles
5 to 10 times the volume expected for a single chain. Accordingly,
the dynamics of coils on average consisting of 5 to 10 (therefore semi-
isolated) polymer chains is measured and it compares well with that
of bulk though the mean relaxation rate is slowed down by up to half
a decade. This is attributed to attractive interactions of the P2VP
segments with the supporting silica surface.
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CPP 16.10 Tue 12:15 H40
Electric polarization in thin films of polyvinylidene fluoride
doped with the ionic liquid 1-ethyl-3-methylimidazolium ni-
trate — ∙Alexander Lack, Peter Frübing, Feipeng Wang, and
Reimund Gerhard — Applied Condensed-Matter Physics Group, De-
partment of Physics and Astronomy, Faculty of Science, University of
Potsdam, Karl-Liebknecht-Strasse 24-25, 14476 Potsdam, Germany
Dielectric properties of spin-coated polyvinylidene fluoride (PVDF)
films containing a small amount (0.01 - 10 wt%) of the ionic liquid (IL)
1-ethyl-3-methylimidazolium nitrate [EMIM+][NO−3 ] and sandwiched
between aluminium electrodes are investigated. Films with more than
about 1 wt% IL exhibit pronounced current-voltage hysteresis which
indicates the existence of a ferroelectric polarization. The dielectric
spectra show pronounced charge-carrier polarizations with huge per-
mittivities. In films with more than 0.1 wt% IL electrode polarization
dominates. From its signatures the DC conductivity is estimated: for
films with 1 wt% IL values of 10−7 and 10−4 S/cm are found at room
temperature and 100 ∘C, respectively. The relaxation associated with
the glass transition in PVDF tends to disappear for samples containing
more than 1 wt% IL, though the crystallinity is only moderately en-
hanced. These findings refer to an ordered crystalline structure where
ions are immobilized by Coulomb interaction with molecular dipoles
within the polymer chain. The details of this interaction have still to
be understood.

CPP 16.11 Tue 12:30 H40
Segmental and chain dynamics in thin layers of poly(cis-
1,4-isoprene) — ∙Emmanuel Urandu Mapesa1, Martin Tress1,
Manfred Reiche2, and Friedrich Kremer1 — 1University of
Leipzig, Linnestraße 5, 04103 Leipzig, Germany. — 2Max Planck Insti-
tute of Microstructure Physics, Weinberg 2, 06120 Halle an der Saale,
Germany.
Broadband Dielectric Spectroscopy (BDS) - in combination with a
nanostructured electrode arrangement - is used to study thin layers
of poly(cis-1,4-isoprene) (PIP). Being a Type A polymer, PIP enables
the investigation of two distinct relaxation modes taking place at two
different length scales: the segmental motion which involves structures

of about one nanometer in size and the normal mode which represents
the global dynamics of the chain. For molecular weights (Mw = 24.5,
44.5, 53 and 75 kg/mol) much greater than Mc (the critical molecular
weight, Mc = 10e+04), down to thicknesses comparable to the respec-
tive radii of gyration, it is observed that: (i) the segmental mode as a
local relaxation process is unaltered by the confinement in thin layers;
(ii) the normal mode becomes faster with decreasing layer thickness,
and (iii) this change in the normal mode is molecular-weight depen-
dent. For Mw approximately equal to Mc, both the segmental and
normal modes remain unaffected by changes in layer thickness.

CPP 16.12 Tue 12:45 H40
Azo-propellers as nanoscopic actuators in light-induced
deformation of azobenzene polymer films — ∙Marina
Saphiannikova1, Vladimir Toshchevikov1, and Jaroslav
Ilnytskyi2 — 1Leibniz-Institut für Polymerforschung Dresden e.V.
— 2Institute for Condensed Matter Physics, Lviv, Ukraine
We present the theoretical and MD simulation studies of thin azoben-
zene polymer films based on side-chain azo-oligomers having a stiff
backbone and short spacers. Up to the glass transition temperature
Tg the polymer backbone can be considered as a rigid prolate ellipsoid
with a number of azobenzenes attached to it. Polar and azimuthal dis-
tributions of chromophores were studied at different temperatures and
laser intensities. Their analysis was done in terms of nematic order
parameters calculated in respect to the backbone. These parameters
served then as input into a theoretical expression for the striction stress
[1], which was found to be positive and above the yield stress. This
explains irreversible elongation of the illuminated thin films below Tg,
as found previously in experiment and MD simulations [2].

The light-induced reorientation of typical propeller-like structures
is shown to be a microscopic reason of the sample elongation. Thus,
molecular azo-propellers work as nanoscopic actuators which convert
the light energy into material deformation. This finding opens a way
for prediction of photomechanical properties of glassy azo-compounds
directly from their chemical structure.

[1] V.Toshchevikov et al., J. Phys. Chem. B 113, 5032 (2009).
[2] J. Ilnytskyi et al., J. Chem. Phys. 135, 044901 (2011).

CPP 17: Glasses II (joint session DY/DF/CPP)

Time: Tuesday 9:30–12:30 Location: H46

CPP 17.1 Tue 9:30 H46
Towards reliable structural information of multicomponent
glass systems — ∙Christoph Scherer1,2, Friederike Schmid1,
and Martin Letz2 — 1Johannes Gutenberg-Universität, Mainz,
Deutschland — 2Schott AG, Mainz, Deutschland
Glasses have a huge range of applications, however, they are still the-
oretically not well understood. Also experimental access to the struc-
ture of glasses is limited. This motivates the study of glass systems by
means of computer simulations.

In this work, a set of glass structures is generated on the computer
by equilibrating a system of a few hundred atoms at high temperature,
well above the glass transition temperature, with a classical molecular
dynamics simulation (MD). Afterwards the system is cooled down to 0
K and structurally relaxed to the next (local) minimum by means of a
quantum mechanical density functional (DFT) calculation. The glass
properties before and after the structural relaxation are compared to
experimental results. Especially, the phonon density of states is of
interest, as it provides access to thermodynamical quantities.

This sets the basis for the next steps: The force fields for the MD
simulation are generated by means of a structural fitting procedure.
Here, the force field parameters are fitted in a way that the structure,
namely the radial distribution function, of a short MD run at high tem-
perature matches as closely as possible that one of a short DFT run at
the same temperature. The dependence of the fitting accuracy of the
classical force field on the final glass structure and glass properties is
examined.

CPP 17.2 Tue 9:45 H46
On the behavior of supercooled liquid water in Confinements
formed by frozen water molecules: a molecular dynamics sim-
ulation study — ∙Felix Klameth and Michael Vogel — Institut
für Festkörperphysik, TU Darmstadt, 64289 Darmstadt

Molecular dynamics simulations are performed to study the influence
of an amorphous ice confinement on liquid water. Investigating water
in confinement is believed to reveal information unaccessible for bulk
water due to crystallization. Therefore, there are numerous studies on
confined water, which claim, e.g., existence of a second critical point as-
sociated with a liquid-liquid phase transition in the supercooled regime
[1]. However, transfer of information from confined water to bulk wa-
ter is not straightforward because introducing walls changes the static
properties of water due to specific interactions at the interfaces. To
avoid this drawback, we use a neutral confinement comprised of immo-
bilized water molecules. We compare static and dynamical properties
found in pores with different radii to that of bulk water. The static
characteristics, like the tetragonal order parameter, are not changed
even near the pore wall. On the contrary, the dynamics inside the
pore are dramatically influenced. We find a tremendous increase of
the structural relaxation time of liquid water when approaching the
pore wall. Thus, we observe a strong change of the local dynamics,
which is neither accompanied by a variation of the local structure nor
caused by specific wall-liquid interactions. Possible origins for this
effect are discussed. [1] P. Kumar et al, PRL (2006), 97, 177802

CPP 17.3 Tue 10:00 H46
Deuteron-NMR investigation on the dynamics of super-
cooled, confined water — ∙Matthias Sattig and Michael Vogel
— TU Darmstadt, Institut für Festkörperphysik
The dynamical behaviour of water in the regime of the supercooled
liquid is a topic of large interest. In particular, the existence of a
fragile-to-strong transition (FST) at T=225K related to the transition
between two distinct phases of liquid water is controversially discussed
[1]. Due to crystallization the temperature range proposed for the FST
is hardly accessible in bulk water. Therefore, we confine heavy water
to narrow pores in the mesoporous sillicate MCM-41. This suppresses



Chemical and Polymer Physics Division (CPP) Tuesday

the freezing of a substantial fraction of water, enabling direct investi-
gation of the interesting temperatures. Deuteron-NMR methods are
utilised to determain the rotational correlation times 𝜏 of water on time
scales from ns up to s. The spin-lattice-relaxation time 𝑇1 exhibits a
typical minimum at about T=230K. Above this minimum the correla-
tion times follow a Vogel-Fulcher-Tammann law. Below the minimum,
two relaxation processes could be observed. The low-temperature pro-
cesses show a different temperature dependence, where the curves 𝜏(T)
of all processes intersect at about T=230K. A comparison with litera-
ture data [2] from neutron scattering and dielectric spectroscopy gives
rise to the idea that the observed crossover is due to this intersection
of processes rather than to a FST. To test this idea studies on wa-
ter confined to MCM-41 with different pore sizes and fillings are in
progress.

[1] Mishima; Nature, Vol. 396, 329(1998) [2] Hedström; EPJST 141,
53(2007)

CPP 17.4 Tue 10:15 H46
Modelling the relaxation of glass-forming systems at low tem-
peratures: a potential energy approach — ∙Andreas Heuer
and Christian Rehwald — Institute for Physical Chemistry, Cor-
rensstr. 28/30, D-48149 Münster
Based on finite-size effects of a model glass-forming system we have
introduced a model which allows one to express the dynamics of a
macroscopic glass-former in terms of coupled subunits of temperature-
independent size and temperature-dependent coupling constant [1].
The results are obtained from computer simulations on a binary mix-
ture Lennard-Jones model, interpreted in terms of the underlying po-
tential energy landscape. The model is denoted coupled landscape
model (CLM).

After a short review of the CLM we present key predictions of this
approach for temperatures far below the range accessible by computer
simulations. In particular we present results for the violation of the
Stokes-Einstein relation (connecting diffusivity and structural relax-
ation) and the validity of the time-temperature superposition. Finally,
the CLM is compared with other models presently discussed for the
explanation of the glass-transition phenomena.

[1] C. Rehwald, O. Rubner, A. Heuer, Phys. Rev. Lett. 105, 117801
(2010)

[2] C. Rehwald, A. Heuer, Phys. Rev. E 86, 051504 (2012)

CPP 17.5 Tue 10:30 H46
Microrheology on supercooled liquids in terms of a Poten-
tial Energy Landscape approach — ∙Carsten Friedrich Erich
Schroer and Andreas Heuer — Westfälische Wilhelms-Universität
Münster, Münster, Germany
We perform MD simulations of a binary Lennard-Jones mixture where
an external force is applied on a single tracer particle. The dynamics of
the tracer particle includes several interesting features like non-linear
mobilities and anomalous diffusion parallel to the force direction. Our
main focus relies in the investigation of the underlying Potential En-
ergy Landscape (PEL), especially in the energetic minima the system
explores during its time evolution. Equally to equilibrium systems a
coarse graining of these minima to mesoscopic regions allows the de-
scription of the system dynamics in terms of a continuous time random
walk (CTRW). Extending the concept of the CTRW towards stationary
non-equilibrium systems turns out to be an efficient tool for the under-
standing of non-equilibrium dynamics. First, the approach contains
a decomposition between linear and non-linear effects, thus enables
a detailed study of the transition between these dynamical regimes.
Second, it allows the quantitative understanding of the anomalous dif-
fusion of the tracer particle. Third, for the first time a connection
between the non-Gaussian parameter 𝛼2 in equilibrium and superdif-
fusivity in non-equilibrium can be established. With the help of the
underlying PEL, important information can be gained about the dy-
namics, e.g. about the onset of non-linear effects. The non-linear
regime can be discussed in terms of a rejuvenation scenario.

15 min. break.

CPP 17.6 Tue 11:00 H46
Simulation of Aging in SiO2: Single Particle Jump Analy-
sis — ∙Katharina Vollmayr-Lee1, Robin Bjorkquist2, and Lan-
don Chambers3 — 1Bucknell University, USA — 2Cornell University,
USA — 3Texas A&M, USA
Using molecular dynamics computer simulations, we study the aging

dynamics of amorphous SiO2. Starting from fully equilibrated config-
urations at high temperatures the system is quenched to temperatures
which are below Tc. We then observe the resulting microscopic dy-
namics as a function of the waiting time tw, the time elapsed since
the temperature quench. We use single particle trajectories to iden-
tify ”jumps” when the particle’s average position changes over a short
time interval significantly compared to its fluctuations. We find that
the only tw-dependent microscopic quantity is the number of jumping
particles per unit time. Similar to previous studies for fragile glass
formers, we show here for the strong glass former SiO2 that neither
the distribution of jump lengths nor the distribution of times spent in
the cage are tw-dependent. We therefore find a surprising similarity of
the jump dynamics of fragile and strong glass formers.

CPP 17.7 Tue 11:15 H46
Excess free energy of supercooled liquids at disordered walls
— ∙Ronald Benjamin and Jürgen Horbach — Institut für Theo-
retische Physik II - Soft Matter, Heinrich-Heine-Universität Düsseldorf
We perform NVT molecular dynamics simulations of a supercooled
liquid confined between identical walls of two types. In the first case
flat structureless walls, represented by an external field are considered.
In the second case we consider disordered walls consisting of the same
supercooled liquid frozen into an amorphous configuration. Using a
thermodynamic integration scheme [R.Benjamin and J. Horbach, J.
Chem. Phys. 137, 044707 (2012)] we are able to obtain the excess
free energy of the supercooled liquid with respect to both kinds of
walls. While a positive excess free energy (of the order of 10𝑘𝐵𝑇/𝜎2)
is obtained with respect to a flat structureless wall, the excess free
energy between the supercooled liquid and the frozen disordered walls
turns out to be negative (≈ −0.5𝑘𝐵𝑇/𝜎2) even though the potential
energy of the supercooled liquid in presence of the disordered walls is
the same as that of the bulk. This shows the purely entropic contri-
bution to the excess free energy of the supercooled liquid in presence
of the disordered walls. The existence of a negative excess free en-
ergy also shows that the thermodynamic properties of such a confined
supercooled liquid is not identical to that of the bulk.

CPP 17.8 Tue 11:30 H46
Multiple reentrant glass transitions of soft spheres at high
densities — ∙Michael Schmiedeberg — Institut für Theoretis-
che Physik 2: Weiche Materie, Heinrich-Heine-Universität Düsseldorf,
40204 Düsseldorf, Germany
We study the dynamics of soft spheres by using Molecular Dynamics
simulations. The relaxation time varies non-monotonically as a func-
tion of density at constant temperature (cf. [1,2]). We determine and
study the jamming phase diagrams that indeed show multiple reen-
trant glass transitions if temperature and density are used as control
parameters. However, if we switch to a new formulation of the jamming
phase diagrams [3], where temperature over pressure and pressure are
employed as control parameters, no non-monotonic behavior can be
observed.
[1] L. Berthier, A.J. Moreno, and G. Szamel, Phys. Rev. E 82,
060501(R) (2010).
[2] M. Pica Ciamarra and P. Sollich, arXiv:1209.3334.
[3] T.K. Haxton, M. Schmiedeberg, and A.J. Liu, Phys. Rev. E 83,
031503 (2011).

CPP 17.9 Tue 11:45 H46
Exact Nonlinear Response in the driven lattice Lorentz gas
— ∙Sebastian Leitmann and Thomas Franosch — Institut für
Theoretische Physik, Universität Erlangen-Nürnberg, Staudtstraße 7,
91058, Erlangen, Germany
We determine the nonlinear time-dependent response of a tracer on a
lattice with randomly distributed hard obstacles as a force is switched
on. The calculation is exact to first order in the obstacle density and
holds for arbitrarily large forces. In particular, we show that the non-
linear mobility in the stationary state becomes non-analytic in the
driving force. Furthermore we demonstrate that the stationary veloc-
ity is approached exponentially fast for any finite values of the force,
in striking contrast to the power-law relaxation predicted within linear
response. We discuss the range of validity of our analytic results by
comparison to Monte Carlo simulations.

CPP 17.10 Tue 12:00 H46
From beta-relaxation to alpha-decay: Atomistic picture from
molecular dynamics simulations for glass-forming Ni0.5Zr0.5
melt — ∙Helmar Teichler — Inst. Materialphysik, Univ Göttingen
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In glass-forming melts the decay of structural fluctuation shows the
well known transition from beta-relaxation (von-Schweidler law with
exponent b) to alpha-decay (KWW law with exponent beta). Here
we present results from molecular dynamics simulations for a metal-
lic glass forming Ni0.5Zr0.5 model aimed at giving an understanding
of this transition on the atomistic scale. At the considered temper-
ature below mode coupling Tc, the dynamics of the system can be
interpreted by residence of the particles in their neighbour cages and
escape from the cages as rare processes. Our analysis yields that the
fraction of residing particles is characterized by a hierarchical law in
time, with von-Schweidler b explicitly related to the exponent of this
law. In the alpha-decay regime the stretching exponent reflects, in ad-
dition, floating of the cages due to strain effects of escaped particles.
Accordingly, the change from beta-relaxation to alpha-decay indicates
the transition from low to large fraction of escaped particles.

CPP 17.11 Tue 12:15 H46
Interaction between tunnelling systems in glasses — ∙Gudrun
Fickenscher1, Christian Schötz1, Paul Faßl1, Alexander
Archer1, Alexander Burin2, Manfred von Schickfus1, An-
dreas Fleischmann1, and Christian Enss1 — 1Kirchhoff-Institut

für Physik, Universität Heidelberg — 2Tulane University, New Or-
leans, USA
The low-temperature properties of glasses are governed by tunnelling
systems as described in the well-established standard tunnelling model.
Interactions between tunnelling systems and phonons lead to energy
relaxation. In addition, the interaction between individual tunnelling
systems, as predicted by spectral diffusion theory, causes phase de-
coherence phenomena. To study these interaction processes we have
measured the decay of different types of polarization echoes in the stan-
dard glass BK7 with respect to the delay time at temperatures between
7.5mK and 70mK. The decay of 2- and 3-pulse echoes is strongly influ-
enced by spectral diffusion. In the case of 3-pulse echoes we expect, in
addition, a significant contribution to the decay by energy relaxation
processes. On comparing the measured data to numerical calculations
we find that the decay of the echo amplitude is slower than predicted
by the standard theory at all temperatures. This leads us to the as-
sumption, that there exists a small subspace of tunnelling systems
which interact very little with phonons due to a very small coupling
constant. Including this subspace in the calculations we can accurately
fit the data for all echo types and temperatures with one consistent set
of parameters.

CPP 18: Poster: Polymer Dynamics
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CPP 18.1 Tue 18:15 Poster C
Transport of Polyelectrolytes in Rotational and Pulsed-DC
Electric Fields in Confining Cylindrical Geometries — Sorin
Nedelcu1 and ∙Jens-Uwe Sommer1,2 — 1Leibniz Institute of Poly-
mer Research Dresden e.V., Hohe Strasse 6, D-01069 Dresden, Ger-
many — 2Technische Universität Dresden, Institute of Theoretical
Physics, Zellescher Weg 17, D-01069 Dresden, Germany
We consider molecular dynamics simulations of the electrophoretic mo-
tion of charged polymers in a confining straight cylinder under the
influence of an electric field which has a time-independent component
orientated along the axis of the cylinder and a component perpendicu-
lar to the symmetry axis which rotates with constant angular velocity.
The fluid is modeled explicitly, and also the co-ions, counterions and
the charged polymer monomers. At moderate applied electric field in
the axial direction, and nearly complete separation of the positive from
the negative free charges, the electrophoretic velocities of the charged
polymer chains in a narrow window of rotational frequencies are found
to depend strongly on hydrodynamic friction effects related to changes
in the frontal cross-section area and extension due to axial and cen-
trifugal forces. We also investigate electrophoresis in cylinders with
a periodic variation (or modulation) of the diameter. In these modu-
lated geometries, the charged polymer chains can be separated only at
low fields. At large fields we observe separation effects in modulated
geometries if a pulsed electric field is applied. We propose scaling
arguments to explain the observed behavior.

CPP 18.2 Tue 18:15 Poster C
Behavior of AB-Diblock-Copolymer chains under the in-
fluence of external Stimuli - An AFM Study — ∙Kirsten
Dammertz, Anne-Marie Saier, Masoud Amirkhani, Martin
Mueller, and Othmar Marti — Institute of Experimental Physics,
Ulm University
Concerning the constantly growing demand of advanced materials with
special characteristics on nanoscale, e.g. reconfigurable nanowires, the
properties and interactions of various polymers adsorbed on surfaces
are still a research topic of major interest. Several methods to ini-
tiate conformational changes and reorientations are described in lit-
erature by different authors. Vapors or 2D pressure can be used to
induce a collapse/decolapse cycle of single polymer chains in conse-
quence of a coadsorption process, electric fields can be applied to align
the molecules just as well as to change the surface properties of the
substrate. Although the mechanisms of these observations are often
analyzed, the basic driving forces are still not well understood.

In this work, novel effects of externally stimulated linear- and AB-
block-copolymer chains interacting with several surfaces are presented.
The molecules gain unexpectedly high mobility and show conforma-
tional changes under specific conditions and the presence of an exter-
nal electric field. Varying from single molecule chains to thin polymer

films, the underlying physical effects are systematically investigated
and discussed.

CPP 18.3 Tue 18:15 Poster C
IPMCs as a artificial muscle — ∙Parisa Bakhtiarpour, Ma-
soud Amirkhani, and Othmar Marti — Institute of Experimental
Physics, Ulm University, Albert-Einstein-Allee 11, 89081 Ulm, Ger-
many
IPMCs(Ionic Polymer Metal Composite) are classified as EAPs(electro
active polymers), that their properties change by electrical stimulation.
The shape and size of these polymers alter when electrical voltage ap-
ply to their opposite interfaces. In additional, IPMCs bending can
produce electrical signal in back movement. By patterning the metal
electrodes during the IPMCs sample fabrication, movement with mul-
tiple degree of freedom is possible. The performance of IPMC can
be control and monitor with several sensing methods such as surface
resistivity connected in bridge configuration.

In this research, we developed Simultaneous actuating and sensing
methods for IPMCs sample. We consider the sample as variable re-
sistance which displacement of sample could be detected by proper
electrical circuit design. The benefit of this method is reducing the
noise and also possibility of measurement for each part of patterned
sample independently.

CPP 18.4 Tue 18:15 Poster C
Annealing Effects of Thin Polymer Films and Single Chains of
Poly(methyl methacrylate) on Various Substrates — ∙Daniel
Geiger, Kirsten Dammertz, Masoud Amirkhani, and Othmar
Marti — Institute of Experimental Physics, Ulm University
As previously stated by Guiselin [1], polymer solutions can form an
irreversible adsorbed, brush-like layer on a solid interface. Napolitano
and Wübbenhorst [2] concluded that the contradictory reports, con-
cerning the dynamics of thin films, are possibly due to the formation
of an irreversible adsorbed layer. Therefore, the properties of thin
films are strongly dependent of the sample history, in particular of the
annealing time and temperature.

The investigation of the influence of different substrates (e. g. sili-
con and mica) on the formation of the irreversible adsorbed layer is one
of the main goals of this work, as well as the study of the temperature
dependence of the irreversible adsorbed layer growth process. Further-
more, we study the behavior of single molecules on solid substrates
after annealing.

[1] O. Guiselin, Irreversible Adsorption of a Concentrated Polymer
Solution, Europhys. Lett., 17, 225-230, 1992

[2] S. Napolitano, M. Wübbenhorst, The lifetime of the deviations
from bulk behaviour in polymers confined at the nanoscale, Nat Com-
mun, 2, 260, 2011
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CPP 18.5 Tue 18:15 Poster C
Analysis of polymer flow in nanopores with time-resolved
SAXS — ∙Manuela Lukas and Bernd Stühn — Experimental
Condensed Matter Physics, TU Darmstadt, Germany
The flow of polymers due to capillary pressure in nanopores is inves-
tigated. Polycarbonate samples are irradiated with swift heavy ions,
treated with UV light and etched in NaOH solution. The nanopores
are aligned strictly parallel and examined by Small-Angle X-ray Scat-
tering (SAXS). To observe the filling behavior, time resolved SAXS
measurements are performed at different temperatures.

Polydimethylsiloxane was chosen with different molecular weights.
With different radii of gyration and various pore diameters a wide
range of 𝑅𝑔/𝐷 is considered.

The filling process is shown by the steady decrease in scattering in-
tensity with time. The whole scattering curves are fitted at every time
step. It ist thus possible to analyse change of intensity and form factor
with time.

The intensity variation with time follows the Lucas-Washburn equa-
tion. The

√︀
(𝑡) -dependency of the filling height is reproduced well

throughout the whole filling process.
The current aim is to determine the factors that influence flow be-

havior in nanopores.

CPP 18.6 Tue 18:15 Poster C
Oxidation dependent magnetism in Polyvinylferrocene-b-
Poly-2-Vinylpyridine diblock copolymer — ∙Haiko Didzoleit1,
Markus Gallei2, Johannes Elbert2, Matthias Rehahn2, and
Bernd Stühn1 — 1TU Darmstadt, Experimental Condensed Mat-
ter Physics — 2TU Darmstadt, Ernst-Berl-Institut für Technische und
Makromolekulare Chemie
Switching of conformation triggered by an external stimulus is a de-
sired ability of a variety of polymers. In focus of our research is the
ferrocene containing diblock copolymer polyvinylferrocene-b-poly-2-
vinylpyridine (PVFc-P2VP) with molecular weights between 8000 and
16000 g/mol−1 synthesized via sequential living anionic polymeriza-
tion. The first block is a hydrophilic pyridine based polymer while the
second part consists of a hydrophobic polymer containing a ferrocene
moiety. This moiety has a strong influence on the properties such as
magnetism, dynamic and solubility. SQUID measurements reveal that
the magnetic susceptibility of the polymer can be changed by an oxi-
dation agent from diamagnetic to paramagnetic. This effect depends
on the characteristics of the polymer such as oxidation ratio and chain
length. Furthermore the oxidation effects the conformational structure
of the diblock copolymer which we investigate using X-Ray diffraction.
The amphiphilic property enables the polymer to be analyzed as a
monolayer on solid substrates as well as dissolved on a liquid surface,
this gives the opportunity to change polymer conformation dependent
on the mean molecular area. Results from the X-Ray reflectometry
reveal a dependency of the layer thickness regarding oxidation.

CPP 18.7 Tue 18:15 Poster C
Entropic DNA segregation in bacteria — ∙Elena Minina and
Axel Arnold — Institute for Computational Physics, University of
Stuttgart, Allmandring 3, 70569, Stuttgart, Germany
Cell division is a complex process consisting of two main parts - DNA
replication and segregation. In all higher organisms, both parts in-
volve active mechanisms. In particular, the mechanism for segregation
is too complex to be employed by primitive bacteria like Escherichia
coli. During replication DNA of the mother cell is copied into two
daughter strands, which segregate, i.e. move towards opposite sides
of the rod-shaped cell. It was previously shown that the segregation
can be driven by entropy only, without need for an active mechanism
[A. Arnold and S. Jun, Phys. Rev. E 76 (2007)]. The time scale
for this entropic segregation is much faster than simple diffusion, and
sufficient to explain DNA segregation in primitive bacteria. However,
there is barrier towards entropic segregation, which has to be overcome
by diffusion and would be a major obstacle towards purely entropic
segregation.

In the present study we use MD simulations in order to investigate
the influence of finite replication speed on the segregation. We model
the replication by unzipping of two initially cross-linked, ladder-like
strands, and compare to a more realistic model, where a second strand
is added gradually. Our results show that the finite replication speed
allows to overcome the induction time, which is only an artifact of
spontaneous segregation. Without the need for induction, entropic
segregation is indeed a promising candidate to explain bacterial DNA

segregation without active mechanisms.

CPP 18.8 Tue 18:15 Poster C
Passive and active microrheology of a polymer melt stud-
ied by molecular dynamics simulation — ∙Anja Kuhnhold and
Wolfgang Paul — Institut fuer Physik, Martin-Luther-Universitaet,
06099 Halle
The rheology of polymer melts can be observed from the behaviour
of suspended particles (microrheology). Therefore MD simulations of
a bead-spring polymer melt model including one or two nanoscopic
particles are carried out. Passive microrheology yields linear response
properties of the polymer melt by looking at the thermal motion of the
nanoparticles. From the mean square displacement of the nanoparti-
cles the complex modulus 𝐺*(𝜔) of the melt is determined by using
a generalized Stokes-Einstein equation . Results for one- and two-
particle microrheology are compared. Furthermore the nonlinear re-
sponse of the polymer melt is investigated by applying forces to the
melt. Here a nanoparticle-oscillator is used; i.e. two nanoparticles are
connected by a harmonic potential and the compressed oscillator is put
into the polymer melt. The resulting oscillation of the nanoparticles is
studied for different melt temperatures and different spring constants.

CPP 18.9 Tue 18:15 Poster C
Growth process of monodisperse cylindrical polymer micelles
measured by SAXS, DLS and TEM — ∙Christina Lederle1,
Johannes Elbert2, Markus Gallei2, Matthias Rehahn2, and
Bernd Stühn1 — 1Experimental Condensed Matters Physics, TU
Darmstadt, Germany — 2Makromolekulare Chemie, TU Darmstadt,
Germany
Cylindrical micelles are grown on the basis of seeds formed
by aggregates of the block copolymer polyferrocenylsilane-b-
poly(dimethylsiloxane) (PFS-b-PDMS) in hexane (selective for the sec-
ond block). The seeds were produced by 4 hours sonication. Adding
a second block copolymer (Polyisoprene-b-PFS) in Tetrahydrofurane
(good solvent for both blocks) to these seeds cylindrical micelles are
grown. Their length depends on the addition of a specified amount of
PI-b-PFS in THF.

We study these aggregates with Dynamic Light Scattering (DLS)
and Transmission Electron Microscopy (TEM). TEM - pictures show
a big length difference between PFS-b-PDMS seeds after applied 4
hours sonication (40 - 60 nm) and grown cylinders (200 nm - 1000
nm). Diffusion coefficients, measured by DLS, decrease with increas-
ing addition of further chains. Furthermore we observe the growth
process via measured intensity in light scattering experiments, started
from seeds and added PI-b-PFS in solution during the measurement.
The intensity increases until a plateau appears after days.

We plan to orientate those grown cylinders in solution via applica-
tion of an electric field and measure its effect by SAXS.

CPP 18.10 Tue 18:15 Poster C
Neutron Scattering and Simulations on Polymers confined in
Silica Nanopores — ∙Matthias Muthmann, Reiner Zorn, and
Dieter Richter — Jülich Centre for Neutron Science JCNS and In-
stitute for Complex Systems ICS Forschungszentrum Jülich GmbH,
Germany
We will present neutron scattering experiments on confined polymers.
The confinement was realized by nanoporous silica. It consists of silica
particles (Ø approx. 2𝜇m) that are covered by hexagonal pores with
a diameter of approximately 5nm. These pores channel through the
whole particle and can be filled with the polymer. A neutron backscat-
tering measurement has been performed at the SPHERES instrument
and a complementary time of flight experiment at the TOFTOF in-
strument. Both are located at the FRM2 reactor in Munich. We dis-
covered a significant slowdown of the local dynamics oft the confined
polymer. To investigate the chain dynamics, we did a the measure-
ment at the neutron spin echo spectrometer at Oak Ridge National
Laboratory. The experiment yielded a slowdown of the dynamics of
the whole chain.

The spectra obtained from our neutron scattering experiments have
been compared to the results from atomistic simulations. We created
a system of polymer chains, confined in a silica nanopore, similar to
the system of our experiments. For this purpose, we used the commer-
cial software Discover by Accelrys. The simulations yielded trajectory
files of the simulated polymer chains. These trajectories then allowed
a comparison to experimental results.

CPP 18.11 Tue 18:15 Poster C
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A Detailed Study on Heterogeneous Dynamics in Polymers
Close to Tg by SM Techniques — ∙Subhasis Adhikari, Markus
Selmke, and Frank Cichos — Inst. of Expt. Physics I, University
of Leipzig,Germany
The temperature dependent rotational dynamics of a single perylene
dimide (PDI)dye molecule in Poly (methyl acrylate)(PMA) and in poly
(vinyl acetate) (PVAc) have been studied. The autocorrelation of lin-
ear dichroism (LD) of a single PDI molecule is stretched exponential.
The dynamics of a single probe molecule is temporally heterogeneous.
The rotational times and stretching exponents are widely distributed.
All SM results are discussed using a simple model of dynamical het-
erogeneity based on a Gaussian distribution of activation energies. SM
average rotational times follow Debye - Stokes - Einstein (DSE) law for
polymer viscosity. Dielectric measurements shows that probe rotation
may or may not couple to segmental motion. Probe with different size
follow same temperature dependence as predicted from DSE law.

Detailed information on heterogeneous dynamics is further expected
from an extension of two - point nanorheology to single molecule op-
tical studies based on fluorescence resonance energy transfer (FRET).
We have therefore synthesized bi - labeled (Alexa 488 and Alexa 594)
polystyrene polymer. Lifetime and intensity based smFRET are re-
ported.

CPP 18.12 Tue 18:15 Poster C
Study of PEG loaded Nonionic Microemulsions using DLS
— ∙Philipp Gramlich, Andreas Bischof, Andreas Weber, and
Bernd Stühn — Experimental Condensed Matter Physics, TU Darm-
stadt
We study the behaviour of polymer loaded nonionic w/o-
microemulsions in droplet phase using dynamic light scattering meth-
ods. The microemulsions are water-C12E4-octane mixtures with dif-
ferent concentrations of PEG 1500. We keep a steady relation 𝜔 = 10
between water molecules per surfactant molecules as well as a con-
stant volume fraction 𝜑 = 0.1 of water plus surfactant to total volume
while varying the polymer content. Experiments are performed in a
temperature range from 10 to 70 degrees Celsius. Coefficents of trans-
lational and rotational diffusion are measured and used to compute
hydrodynamic radii. Special attention is given to the possible change
between droplets and lamellar/bicontinuous structures in the proxim-
ity of phase transistions. Additionally we performed SANS and SAXS
as well as transmissional and dielectric measurments.

The addition of PEG 1500 strongly affects the hydrodynamic radii
extracted by DLS. Furthermore the hydrodynamic radii differ greatly
for different temperatures which cannot be explained solely by a change
of viscosity for any of the components.

CPP 18.13 Tue 18:15 Poster C
Novel thermoresponsive polymers in various architec-
tures — ∙Konstantinos Kyriakos1, Sarah Ottinger1, Anna
Miasnikova2, André Laschewsky2, Peter Müller-Buschbaum1,
and Christine M. Papadakis1 — 1TU München, Physikdepartment,
Physik weicher Materie, Garching — 2Universität Potsdam, Fakultät
für Chemie, Potsdam-Golm
Amphiphilic copolymers with a thermoresponsive block have attracted
interest, mainly because of their ability to self-assemble into micelles
with a thermoresponsive shell in water. Poly(methoxy diethylenegly-
col acrylate) (PMDEGA) is a new thermoresponsive polymer, which
exhibits critical temperatures in the range 35-45 ∘C.

We report here on fluorescence correlation spectroscopy (FCS) ex-
periments on various PMDEGA-PS systems, focusing on the effect of
the different molecular architectures.We studied a P(S-b-MDEGA) di-
block, a P(S-b-MDEGA-b-S) triblock and a (P(MDEGA-b-S))3 three-
arm star copolymer. Information about the critical micelle concen-
tration (CMC) and the hydrodynamic radius (r𝐻) were obtained. In
agreement with our previous results [1], we observe a strong depen-
dence of the different chain architectures on the CMC of the studied
systems. Moreover, the r𝐻 of the micelles varied with chain architec-
tures.

[1] A. Miasnikova, A. Laschewsky, C.M. Papadakis, P. Müller-
Buschbaum, et al., Langmuir (2012), 28, 4479

CPP 18.14 Tue 18:15 Poster C
Cononsolvency of PNIPAM in water/methanol mixed solu-
tions — ∙Konstantinos Kyriakos1, Martine Philipp1, Joseph
Adelsberger1, Sebastian Jaksch1, Anna Miasnikova2, André
Laschewsky2, Isabelle Grillo3, Peter Müller-Buschbaum1,
and Christine M. Papadakis1 — 1TU München, Physikdepartment,

Physik weicher Materie, Garching — 2Universität Potsdam, Fakultät
für Chemie, Potsdam-Golm — 3Institut Laue-Langevin, Grenoble,
France
Thermoresponsive polymer poly(N-isopropyl acrylamide) (PNIPAM)
exhibits a lower critical solution temperature (LCST) of 32 𝑜C in
aqueous solution. Upon the addition of a second polar solvent, e.g.
methanol, a miscibility gap appears, which is termed as cononsolvency.
Diblock copolymers consisting of a long PNIPAM block and a short
polystyrene block, e.g. P(S-b-NIPAM), form micelles with a thermore-
sponsive shell [1].

We report here on a stopped-flow experiment with time-resolved
SANS on an aqueous solution of a PNIPAM homopolymer or a P(S-
b-NIPAM) diblock copolymer to which methanol was added. This re-
sulted in a collapse transition of the linear chains or the micellar shell,
respectively, and on the subsequent aggregation. For both systems the
aggregation path and the final size of the formed aggregates depend
on the mixing ratio. Interestingly, the size of the formed aggregates is
much bigger for the homopolymer compared to the diblock copolymer.

[1] J. Adelsberger, A. Laschewsky, P. Müller-Buschbaum, C.M. Pa-
padakis et al., Colloid Polym. Sci. 2011, 289, 711

CPP 18.15 Tue 18:15 Poster C
Synthesis and dynamic studies of H-bonded double networks
— ∙Barbara Gold, Wim Pyckhout-Hintzen, Claas Hövelmann,
Jürgen Allgaier, Ana Bras, Andreas Wischnewski, and Dieter
Richter — Forschungszentrum Jülich GmbH, Jülich Centre for Neu-
tron Science (JCNS-1) & Institute of Complex Systems (ICS-1), 52425
Jülich
In the framework of a recently granted EU project on SelfHealing In-
novative Elastomers (SHINE) newly developed elastomers containing
both permanent and/or transient crosslinks in different concentrations
in rubbers will be investigated by different measurement methods.

The chemical concept of SHINE involves two types of linkages in
the molecular structure of the self-healing elastomers: strong covalent
bonds that do not undergo reversible changes to provide strength and
rigidity to the material and transient bonds that thermodynamically
can be broken. Re-combination of the broken segments will result in
the novel self-healing properties.

We present the synthesis of our model network, which consists of
monodisperse polydienes (PI) where the backbone and extremities are
modified with H-bonding active groups. Furthermore first results of
rheological experiments will be shown to get a basic impression of how
chain dynamics change due to the networking process and will be in-
fluenced of thus permanent and transient crosslinks with respect to
self-healing mechanism.

CPP 18.16 Tue 18:15 Poster C
POCLMD: A Flexible GPU Accelerated Molecular Dynamics
Code — ∙Chuanfu Luo1 and Jens-Uwe Sommer1,2 — 1Leibniz-
Institut für Polymerforschung Dresden, Germany — 2Technische Uni-
versität Dresden, Germany
Recently, general-purpose computing on Graphics Processing Units
(GPU) or coprocessor cards becomes a trend in high performance
computing. Many newly built super-computers are equipped with
powerful GPUs or coprocessors. Currently, several companies pro-
vide high performance accelerating cards and all of them support the
open standard OpenCL programing. The code writing in OpenCL
can run on multiple-core CPUs, GPUs, and coprocessors without any
changes. POCLMD is designed to be a fast, flexible and easy-to-use
MD code, which is programed in Python and OpenCL through Py-
OpenCL [1]. The kernel code written in OpenCL is compiled and
loaded on the fly during the running, thus the executing kernel of
POCLMD is very small and efficient. Benefited by the powerful tem-
plate programing of Python, POCLMD can support an easy and flexi-
ble way to add some custom potentials without asking users to modify
the codes. The first benchmark of LJ liquids shows that the perfor-
mance of POCLMD can catch up 90% of HOOMD-blue [2] (the fastest
CUDA based MD code) on the same NVIDIA’s GPUs. The best per-
formance is achieved on an AMD’s HD7970 card, on which POCLMD
runs over 80 times faster than LAMMPS on a single core Q6600
CPU (2.4GHz). [1] http://mathema.tician.de/software/pyopencl [2]
http://codeblue.umich.edu/hoomd-blue/

CPP 18.17 Tue 18:15 Poster C
Molecular Dynamics and Conductivity of Solid Polymer
Electrolytes based on Poly(butylene)oxide and LiClO4

— ∙Bernhard Hopfenmüller1, Gerald Schneider1, Jürgen
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Allgaier2, Reiner Zorn2, and Dieter Richter2 — 1Jülich Center
for Neutron Science JCNS, Forschungszentrum Jülich GmbH, Outsta-
tion at FRM II, Lichtenbergstr.1, 85747 Garching — 2Institute of Com-
plex Systems (ICS-1) and Jülich Center for Neutron Science (JCNS),
Forschungszentrum Jülich GmbH, 52425 Jülich
Solid polymer electrolytes play a crucial role in our daily life, e.g. as
polymer-based batteries. Such systems are build up of mixtures con-
taing a polymer and a salt. The charge carrier mobility and therefore
the conductivity is inherently coupled with the molecular dynamics of
the polymer itself. Addition of salt changes the stiffness of a poly-
mer and hence again the conductivity is affected.The most simple and
therefore much studied systems are based on poly(ethylene)oxide. This
polymer cristallizes at ambient temperature. Though solid polmyer
electrolytes based on it have a reduced conductivity in solid state.
Therefore we wanted to study systems based on poly(butylene)oxide
(PBO) and lithium perchlorate (LiClO4). PBO has an additional side-
group that prevents cristallization at all temperatures. Dielectric spec-
troscopy allows to study both, conductivity and molecular dynamics
with the same technique. In our presentation we want to show results
of dielectric spectroscopy on solid PBO electrolytes with different salt
contents. We want to demonstrate that the the conductivity and the
molecular dynamics are mainly coupled by the segmental dynamics.

CPP 18.18 Tue 18:15 Poster C
Dielectric spectroscopy on polymer loaded microemulsions
based on C12E4 — ∙Andreas Bischof, Andreas Weber,
Christina Lederle, and Bernd Stühn — Experimental Condensed
Matter Physics, TU Darmstadt
We study the droplet phase of pure and polymer loaded nonionic w/o
microemulsions composed of the surfactant C12E4 by the combination
of different experimental methods, e.g. light transmission, dielectric
spectroscopy and SAXS.

For different droplet sizes and concentrations the phase behaviour
and structure are well understood. It is known that the addition of a
polymer to a microemulsion may change structure and dynamic of the
droplets. For an investigation of the effect on dynamics we compare
the dielectric spectra of the pure microemulsion and of microemulsions
loaded with the water soluble PEG. We found several relaxations, vary-
ing in relaxation time and strength, depending on the structural and
dynamical changes and applied temperature.

Further we observe a strong effect of system composition and poly-
mer concentration on the stability of the droplet phase. We will discuss
the dielectric ralaxations in pure and polymer loaded systems.

CPP 18.19 Tue 18:15 Poster C
The Jülich Neutron Spin Echo Spectrometer: Dynamics
with Depth Resolution — ∙Oxana Ivanova1, Olaf Holderer1,
and Michael Monkenbusch2 — 1Jülich Centre for Neutron Sci-
ence, Forschungszentrum Jülich, Aussenstelle am FRM II, Garching —
2Jülich Centre for Neutron Science, Forschungszentrum Jülich, Jülich,
Germany
Neutron spin-echo (NSE) spectroscopy is a neutron scattering tech-
nique with the highest energy resolution. It enables investigation of
very slow dynamic processes and via scattering vector gives access to
the spatial information. The accessible time and length scales are rel-
evant for observation of thermal fluctuations in mesoscopic systems.
High energy resolution, low background and good instrumental sta-
bility of J-NSE spectrometer at FRM II research reactor in Garch-
ing enables the use of grazing incidence technique (GINSES). Along
with conventional NSE spectroscopy, GINSES is developed to be used
as ’push-buttom’ option to resolve depth dependent near surface dy-
namics. Scientific applications of J-NSE instrument include dynam-
ics of classical and critical microemulsions, microgels, polymer blends,
polymers in solution and different confinement, membranes and so on.
Some examples of recent experiments will be presented.

CPP 18.20 Tue 18:15 Poster C
Huge material transport in azobenzene polymer films in-
duced by highly intense laser light of 534 nm — ∙zahra molla1,
regina rosenhauer2, joachim stumpe2, and ullrich pietsch1 —
1Universität Siegen, Festkörperphysik,Siegen, Germany — 2FHI für
Angewandte Polymerforschung, Potsdam, Germany
Photochemical polymers undergo permanent trans to cis isomerisation
under illumination with UV or visible light. In the past this prop-
erty has been used to generate surface relief lattices via illumination of
thin films of an azobenzene polymer, for example, by an interference

pattern of polarized light. For this purpose typically Ar+ lasers emit-
ting at 488nm with power < 250mW have been used. Meanwhile new
lasers, such as disc lasers emitting at 534nm, are available with beam
power up to 2W. In order to study light induced nano-movement, a
thin film of the photopolymer Holomix5 was irradiated under normal
incidence by an expanded beam of the disc laser. The induced change
in film height has been probed by He-Ne laser (633nm) under an an-
gle of 30o. Recorded by a photo diode the reflected intensity shows
dramatic changes while illumination. The intensity increases immedi-
ately by several percent switching the disc laser with power > 500mW
on followed by intensity oscillation with time period of few seconds.
The intensity drops back to the initial values switching the disc laser
off. The number of oscillations depends on laser power. The scatter-
ing data are interpreted in terms of Fresnel equations and refer to the
creation of a column formed by polymer material with height up to
several 100nm and column diameter equal to that of the laser beam.

CPP 18.21 Tue 18:15 Poster C
Li-dynamics in amorphous PEO electrolytes in supercooled
liquid states — ∙Joyjit Chattoraj, Diddo Diddens, and An-
dreas Heuer — Institute of Physical Chemistry, Westfälische Wil-
helm Universität Münster, Corrensstr. 28/30 , D-48149 Münster, Ger-
many
The effect of ionic liquids on Li-dynamics is investigated via MD sim-
ulation in a poly(ethylene oxide) PEO-based polymer electrolyte ma-
terial containing Li-TFSI salt and MPPY-TFSI ionic liquid (IL) for a
vast temperature regime ranging from above the freezing temperature
to the vicinity of the glass transition temperature of PEO. Li cations
are complexed with ether oxygen atoms and move via continuous bond
breaking and making. Three key mechanisms of cation transport in
polymer melts had already been identified at temperatures well above
the freezing point. These are 𝑀1: intrachain motion, 𝑀2: segmental
motion and 𝑀3: interchain motion. In addition, a plasticizing effect
of ionic liquid had been noticed by Diddens et al [arXiv:1211.3413].
In this paper we show that the three mechanisms also hold for low
temperatures and a simple Rouse model could be applied to explain
these mechanisms as done in the case of high temperature polymer
melt. The plasticizing effect of ionic liquid diminishes as we find that
the diffusion coefficient of Li tends to collapse for all IL concentrations
while approaching the glass transition.

CPP 18.22 Tue 18:15 Poster C
Rheology of Complex Fluids: Mathematical Modeling —
∙Jose Manuel Munoz Villegas — Universidad de Guadalajara,
Guadalajara, Mexico
In this work is introduced the SMV model. This model mixes Giesekus
model and Johnson-Segalman model. Dynamic simulations (shear
stress) are showed under steps shear rate. First and second normal
stress differences are also showed. This model predicts well steady and
unsteady nonlinear flow.

CPP 18.23 Tue 18:15 Poster C
Dynamic consequences of missing chain ends — ∙Sebastian
Gooßen, Ana Rita Brás, Wim Pyckhout-Hintzen, Andreas
Wischnewski, Margarita Krutyeva, Jürgen Allgaier, and Di-
eter Richter — Jülich Centre for Neutron Science, Forschungszen-
trum Jülich GmbH, 52425 Jülich, Germany
The dynamics of cyclic polyethylene glycol (PEG) in a melt was stud-
ied by neutron spin echo spectroscopy (NSE) and PFG-NMR for three
distinct molecular weights. In comparison with their linear analogs
the ring polymers showed a significantly faster center of mass diffu-
sion. This turns out to be an explicit violation of the Rouse model
for the smallest rings (∼1 Me). Slightly bigger rings (∼3 Me) fulfill
the Rouse behavior perfectly taking into account the different mode
structure due to the ring architecture, while linear chains are already
slowed down due to the onset of entanglements. For even bigger rings
(∼5 Me) the Rouse dynamics does not apply anymore. Obviously topo-
logical ring-ring-interactions lead to slower dynamics. However, while
for linear chains these topological interactions can be described by en-
tanglements, for the rings they are still not fully understood. Further
studies dealt with blends of cyclic and linear PEG. Cyclic polymers in
a linear matrix are slowed down effectively with increasing chain length
of the linear matrix. On the other hand slightly entangled linear chains
(∼3 Me) in a matrix of cyclic polymers of the same molecular weight
diffuse much faster than in a linear environment. This very first molec-
ular weight dependent case study on the dynamics of ring polymers in
the melt is compared to recent simulation work.



Chemical and Polymer Physics Division (CPP) Tuesday

CPP 18.24 Tue 18:15 Poster C
Switching single macromolecules at modified graphene sur-
faces — ∙Chien-Li Lee1, David Bléger2, Stefan Hecht2, and
Jürgen Rabe1 — 1Institut für Physik, Humboldt-Universität zu
Berlin — 2Institut für Chemie, Humboldt-Universität zu Berlin
Introducing azobenzene moities into polymers has recently been shown
to allow for optically switching the aggregation behavior of the polymer
in solution, which has been attributed to rod-coil transitions [1]. Due to
the difficulty of isolating single switchable azobenzene-containing poly-
mers on solid substrates, they were studied so far in aqueous solutions,
thin films and bulk materials, thereby reflecting ensemble properties.

Here we present an approach to switch single macromolecules immo-

bilized on a modified graphene surface. A synthetic rigid-rod polymer
[1] incorporating azobenzene photoswitches in the backbone was de-
posited from aqueous solution onto a graphite surface precoated with
an oriented monolayer of octadecylamine [2]. Single rod-like poly-
mers aligned by the substrate have been imaged by scanning force
microscopy. Photoisomerization back and forth between trans and cis
at different wavelengths leads to shrinking and stretching, respectively,
as well as some local movements of the macromolecules on the surface.

[1] David Bléger, T. Liebig, R. Thiermann, M. Maskos, J. P. Rabe,
and S. Hecht Angew. Chem. Int. Ed. 2011, 50, 12559.; [2] N. Severin,
I.M. Okhapkin, A.R. Khokhlov, and J.P. Rabe, Nano Lett. 2006, 6
1018
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Time: Tuesday 18:15–20:15 Location: Poster C

CPP 19.1 Tue 18:15 Poster C
The formation of polymeric honeycomb structure in the pres-
ence of different organic liquids — Farid Farajollahi, Ma-
soud Amirkhani, and ∙Othmar Marti — Institute of Experimental
Physics, Ulm University, Albert-Einstein-Allee 11, 89081 Ulm, Ger-
many
Micro porous polymer structures have several applications in photonic
devices, cell culturing scaffolds and super hydrophobic surfaces. Re-
cently, self assembly of polymers into micro structures have gained
more attention and different methods have been suggested for fabrica-
tion desirable patterns. Condensation of water on a volatile polymeric
solution which called Breath Figure is one of the new method to pro-
duce order micro structure. The ability to make order bubble pattern
with one step precess have provided unique properties for breath figure
method.

In this research, we made the micro bubble structure by adding a
small amount of different organic liquid to linear polystyrene solution.
By adjusting the concentration of organic liquid, the shape and struc-
ture of honeycomb pores can be tuned. For different organic liquid,
the effect of length of carbon chain on the self assembled pattern have
been investigated

CPP 19.2 Tue 18:15 Poster C
Transcrystallinity in isotactic polypropylene: synchrotron
IR microspectroscopy and microfocus X-ray scattering —
∙Gonzalo Santoro1, Shun Yu1, Stephan V. Roth1, Ulrich
Schade2, and Gary Ellis3 — 1HASYLAB at DESY, Notkestr. 85,
22607, Hamburg, Germany. — 2BESSY-II, Helmholtz-Zentrum Berlin,
Albert-Einstein-Str. 15, 12489, Berlin, Germany. — 3Institute of Poly-
mer Science and Technology, ICTP-CSIC, Juan de la Cierva 3, 28006
Madrid, Spain.
Isotactic polypropylene (iPP) is one of the most widely-used consumer
polymers. It is a semicrystalline thermoplastic exhibiting four different
polymorphs: the monoclinic 𝛼 phase (thermodynamically the most sta-
ble and predominant under regular processing conditions), the trigonal
𝛽 phase (promoted under special processing conditions, like crystal-
lization under shear), the orthorhombic 𝛾 phase (present in materials
with low molecular weight or regular chain defects) and a mesomor-
phic phase (a semi-ordered phase) [1]. Moreover, when crystallization
takes place in the presence of fibers, transcrystalline morphologies can
develop.

This work presents polarization modulated synchrotron IR mi-
crospectroscopy and microfocus X-ray scattering studies on the tran-
scrystalline 𝛽-cylindritic phase of iPP, showing evidence for lamellar
twisting along the growth direction [2,3].

[1] B. Lotz et al. Polymer 37, 22, 4979 (1996).
[2] J. Torre et al. Macromolecules 39, 16, 5564 (2006).
[3] G. Santoro et al. J. Phys.: Conf. Ser. 359, 012005 (2012).

CPP 19.3 Tue 18:15 Poster C
Unusual crystallization kinetics in poly(1,1-dimethyl sila-
cyclobutane) — ∙Junyu Li1, Schönberger Astrid2, Kuttich
Björn1, Johannes Elbert2, Gallei Markus2, Stühn Bernd1, and
Rehahn Matthias2 — 1Experimental Condensed Matter Physics,
TU Darmstadt — 2Ernst-Berl-Institute for Technical and Macromolec-
ular Chemistry, TU Darmstadt
The crystallization behavior of poly(1,1-dimethyl silacyclobutane)

(PDMSB) with molecular weight ranging between 3.000 and 50.000
kilodalton has been studied through Small Angle X-ray Scattering
(SAXS), X-ray Diffraction (XRD) and Differential Scanning Calorime-
try (DSC). Well-defined PDMSB homopolymers with polydispersity
index less than 1.2 have been prepared by living ring-opening anionic
polymerization. It has been found that in the cooling process only
one crystallization peak was observed by DSC, however, in subsequent
heating process two obvious melting peaks appeared. SAXS results
show that there is only one long range order. DSC measurements
also show that when isothermal crystallization temperature T𝑐 is low
enough, there will be two melting peaks, but only one melting peak
when T𝑐 is high. The value of lower melting peak T𝑚1 increases with
T𝑐, showing the increase of lamella thickness due to increase of T𝑐.
However, the value of higher melting peak T𝑚2 stays constant with
T𝑐. In addition,surface-attached PDMSB on polystyrene particle was
studied. DSC results show that only one melting peak was observed
independent of T𝑐. Based on these observations, re-crystallization is
suggested to explain this interesting phenomenon.

CPP 19.4 Tue 18:15 Poster C
Effect of Shear Stress on Crystallization of Isotactic
Polypropylene from a Structured Melt — ∙Bin Zhang1,2,3,
Jingbo Chen3, Barbara Heck1, and Günter Reiter1 — 1Institute
of Physics, University of Freiburg, Germany — 2Hermann Staudinger
Graduate School, University of Freiburg, Germany — 3School of Ma-
terials Science & Engineering, Zhengzhou University, Peoples Republic
of China
Based on a control of the melt structure at temperatures near but
below the equilibrium melting point we investigated the role of shear
stress imposed by the wall of the capillary die on crystal morphol-
ogy of isotactic polypropylene (iPP). The nanoscale bundles of par-
tially ordered chain segments within the quiescent melt at tempera-
tures between the nominal melting temperature (𝑇𝑚) and the equilib-
rium melting point (𝑇 0

𝑚) allowed for the possibility of shear-induced or
shear-assisted formation of crystalline cylindrites which were investi-
gated by means of polarized optical microscopy and small/wide-angle
X-ray scattering. The SAXS patterns of near melting point struc-
tured melt monitored at 180 ∘C can be fitted by using a form factor
for polydisperse cylinders. It was found that the average radius and
height of the bundles of partially ordered chain segments was about 17
nm and 40 nm, respectively. For a given structured melt, the number
of cylindrites increased with shear stress, concomitantly, the nucle-
ation density of 𝛼-iPP within a single cylindrite structure increased
with shear stress at the expense of 𝛽-iPP nucleation density.

CPP 19.5 Tue 18:15 Poster C
MUSIC-mode AFM of self-assembled oligothiophene fibrils —
∙Martin Feifer1, Eike-Christian Spitzner1, Robert Magerle1,
Roman Marty2, and Holger Frauenrath2 — 1Chemische Physik,
TU Chemnitz, D-09107 Chemnitz — 2Ecole Polytechnique Fédérale
de Lausanne (EPFL), Switzerland
We investigate the structure of self-assembled oligothiophene fibrils,
that may be of interest as organic semiconducting nanowires. Spin-
coated on a substrate, the fibrils are about 26 nm wide and have
an average height of 2.9 nm. For analysis we use multi-setpoint in-
termittent contact (MUSIC) mode atomic force microscopy (AFM),
which provides with unprecedented spatial resolution data on the fib-
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rils nanomechanical properties and gives a detailed insight into the
inner structure. The fibrils consist of a rigid core from tetrathiophene
terminally attached with oligopeptides that form a soft shell. We also
present results on different substrates and discuss their influence on
the fibril’s configuration. Furthermore we compare results using stan-
dard AFM tips to high-resolution data, obtained by super sharp AFM
tips.

CPP 19.6 Tue 18:15 Poster C
Free energies of fcc, hcp, and bcc phases of hard sphere crys-
tals — ∙Mohammad Hossein Yamani and Martin Oettel — In-
stitut für Angewandte Physik, Universität Tübingen, Germany
We use density functional theory of fundamental measure type (FMT)
to evaluate the fully unconstrained minimized periodic fcc, hcp and bcc
crystal profiles. Previous FMT results in the case of fcc compare very
well to simulation results [1]. hcp and fcc differ only in the stacking
sequence of hexagonally packed planes of particles, and thus one ex-
pects only a small free-energy difference between these two structures.
FMT predicts hcp to be more stable than fcc by a free energy differ-
ence per particle of the order of 0.001 𝑘𝐵𝑇 . Instead, simulation results
show that fcc is more stable than hcp by about the same free energy
difference. We rationalize these findings using Stillinger’s expansion
[2] for the crystal partition function in the number 𝑛 of correlated, free
particles in a matrix of frozen particles at ideal lattice positions. It
turns out that the stability of hcp over fcc holds for a truncation at
𝑛 = 2, giving approximately the same hcp-fcc free energy difference as
FMT. For a reversal of stability truncation at higher 𝑛 is required.
[1] M. Oettel et al., Phys. Rev. E 82, 051404 (2010).
[2] W. G. Rudd et al., J. Chem. Phys. 49, 4857 (1968).

CPP 19.7 Tue 18:15 Poster C
Crystalline microstructure of thin elastomeric polypropy-
lene films — ∙Julia Seemann, Martin Neumann, and Robert
Magerle — Chemische Physik, TU Chemnitz, D-09107 Chemnitz
Elastomeric polypropylene (ePP) is a semi-crystalline polymer with a
low degree of crystallinity of < 20%. We study with atomic force mi-
croscopy (AFM) the crystalline microstructures forming in thin films
of ePP crystallised from solution or melt. One objective is to find
ideal conditions for the formation of the crosshatch structure. The
films were prepared on silicon substrates via spin coating or dip coat-
ing and were annealed under inert conditions for a few hours up to 4
weeks at temperatures between 90∘C and 150∘C. With dip coating,
gradient films have been prepared, showing a continuous increase in
film thickness over the lateral extent. This allows for correlation of
the film thickness with the crystalline microstructure. With increasing
film thickness the size of hedrites decreases and their number increases.
The degree of crystallinity depends on the annealing temperature and
time, which is in line with general trends reported in the literature.

CPP 19.8 Tue 18:15 Poster C
Polymer blend lithography: A versatile method for fab-
ricating nanopatterned self-assembled monolayers — Cheng
Huang1,2, Markus Moosmann1,2, Jiehong Jin1,2, Tobias
Heiler1,2, ∙Paul Vincze1,2, Stefan Walheim1,2, and Thomas
Schimmel1,2 — 1Institute of Nanotechnology, Karlsruhe Institute of
Technology — 2Institute of Applied Physics and Center for Functional
Nanostructures, Karlsruhe Institute of Technology
Polymer blend lithography is introduced as a rapid method to pro-
duce patterned self-assembled monolayers on solid substrates featur-
ing different chemical functionalities. For the pattern generation the
phase separation of two immiscible polymers, polystyrene (PS) and
poly(methylmethacrylate) (PMMA), as a blend solution is used for
coating by a spin-coating process. By controlling the spin-coating pa-
rameters and conditions, including the humidity, the molar mass of
the PS and PMMA, and the mass ratio between the two polymers in
the blend solution, the formation of a purely lateral morphology can
be reproducibly induced. By selectively dissolving one component, a
monolayer copy of the corresponding polymer phase morphology can
be created. The patterning process is applied with various functional
molecules forming self-assembled monolayers (SAM). This process is

suitable for the rapid preparation of quasi two-dimensional nanopat-
terned functional substrates [1].

[1] Huang, C.; Moosmann, M.; Jin, J.; Heiler, T.; Walheim,
S.; Schimmel, T. Beilstein J. Nanotechnol. 2012, 3, 620-628.
doi:10.3762/bjnano.3.71

CPP 19.9 Tue 18:15 Poster C
Deformation mechanisms in semi-crystalline polymers inves-
tigated by x-ray scattering — ∙Konrad Schneider — Leibniz-
Institut für Polymerforschung Dresden, Germany
Depending on the molecular structure the crystallization behaviour of
different polymers is different. This is the reason for differences also
in the deformation mechanisms of these materials. The lecture com-
pares the deformation mechanisms of different polymers investigated
by simultaneous synchrotron small and wide angle scattering during
deformation.

CPP 19.10 Tue 18:15 Poster C
Control over crystallization and crystallite orientation in con-
ducting polymer blend films — ∙Eva M. Herzig1, Ammara
Akthar1, Anna Naumann1, Claudia M. Palumbiny1, Weijia
Wang1, Shuai Guo1, Gregory Tainter1, Jan Perlich2, Shun
Yu2, Stephan V. Roth2, and Peter Müller-Buschbaum1 — 1TU
München, Physik Department, LS Funktionelle Materialien, James-
Franck-Str. 1, 85748 Garching, Germany — 2HASYLAB at DESY,
22603 Hamburg, Germany
Various parameters can be exploited to influence the morphology and
therefore the performance of conducting polymer blends used in photo-
voltaic applications [1]. In particular charge transport is anisotropic in
many conducting polymers and hence is sensitive to molecular orienta-
tion and presence of crystalline domains. Therefore it is highly desir-
able to have control over crystallization and crystallite orientation. We
demonstrate for the well-studied system P3HT:PCBM the response of
molecular ordering to the addition of two different passive components.
The thorough investigation of these systems, using advanced scatter-
ing techniques, spectroscopy and microscopy measurements, allow us
to select well-defined preparation protocols to deliberately choose the
predominant orientation of crystalline domains in the thin conducting
polymer blend films.

[1] M. A. Ruderer, and P. Müller-Buschbaum, Soft Matter 7, 5482
(2011)

CPP 19.11 Tue 18:15 Poster C
Structure and Dynamics of self-healing model polymers
in the melt — ∙Ana Rita Brás, Margarita Krutyeva,
Wiebke Antonius, Claas Hövelmann, Jürgen Allgaier, Wim
Pyckhout-Hintzen, Andreas Wischnewski, and Dieter Richter
— Forschungszentrum Jülich, JCNS-1/ICS-1, D52425 Jülich, Germany
One fascinating aspect of a self-assembly of supramolecular polymers
carrying functional endgroups is the possibility of controlling the struc-
ture, adding functionalities, adjusting the macroscopic properties and
taking profit of the non-trivial dynamics associated to the reversibil-
ity of hydrogen bonds. The most recent application of these polymers
is the self-healing ability. Models of such materials have been syn-
thesized, in which appropriate end-functionalization was performed
by using DNA-inspired end-groups like Thymine(Thy)(A) and Di-
aminotriazine (Triaz)(B). These homoditopic mixtures AA/BB build
exclusively key-lock systems A-B. The pre-polymer was polyethy-
lene(glycol)(PEG). Both, Small Angle Neutron Scattering and Neutron
Spin-Echo Spectroscopy were performed in the melt allowing to quan-
titatively access the assembly process. The structure was described
for the first time by a Random Phase Approximation generalized to
multiblock copolymers consisting of H and D based hydrogen-bonded
supramolecular copolymers including interactions. Moreover, it was
shown that by NSE the dynamics of hydrogen bonded macromolecules
can indeed be accessed. The results could be described in terms of
a significantly changed mode structure of the supra-chain based on
the suppression of long wavelength Rouse modes. Supported by DFG-
SPP1568 and EU-Dynacop
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CPP 20.1 Tue 18:15 Poster C
Many-body effects for critical Casimir forces — ∙Thiago
Mattos1,2, Ludger Harnau1,2, and Sigfried Dietrich1,2 — 1Max
Planck Institute for Intelligent Systems, Stuttgart, Germany — 2IV.
Institute for Theoretical Physics, Stuttgart University, Stuttgart, Ger-
many
Within mean-field theory we calculate the scaling functions associated
with critical Casimir forces for a system consisting of two spherical
colloids immersed in a binary liquid mixture near its consolute point
and facing a planar, homogeneous substrate. For several geometri-
cal arrangements and boundary conditions we analyze the normal and
the lateral critical Casimir forces acting on one of the two colloids.
We find interesting features such as a change of sign of these forces
upon varying either the position of one of the colloids or the tem-
perature. By subtracting the pairwise forces from the total force we
are able to determine the many-body forces acting on one of the col-
loids. We have found that the many-body contribution to the total
critical Casimir force is more pronounced for small colloid-colloid and
colloid-substrate distances, as well as for temperatures close to criti-
cality, where the many-body contribution to the total force can reach
up to 25%.

CPP 20.2 Tue 18:15 Poster C
Viscosity of polyelectrolyte solutions and nanoparticle sus-
pensions measured by AFM cantilevers — ∙Cagri Üzüm,
Alexandra Abraham, Howard Setyamukti, and Regine von Kl-
itzing — Stranski-Laboratorium, Institut für Chemie, TU Berlin,
Strasse des 17.Juni 124, 10623 Berlin, Germany
Density and viscosity of fluids can be determined locally i.e. in micro-
scale using the frequency response of atomic force microscopy (AFM)
cantilevers [1]. This contribution aims to measure the viscosity of poly-
electrolyte solutions and nanoparticle suspensions at interfaces and at
various volume scales. The interfacial viscosity can be manipulated
by modifying the surface of the AFM cantilever (charge, hydropho-
bicity, etc.). The volume of interest can be controlled by tuning the
resonance amplitude of the cantilevers via magnetic excitation [2]. In
general, the viscosity of flexible polyelectrolyte (NaPSS, PAMPS) or
small (9nm) particle systems measured by AFM increases with reso-
nance amplitude and approaches the bulk viscosity. On the contrary,
rigid polyelectrolyte (DNA, Chitin) or larger particle (26nm) systems
have a significantly reduced micro-scale viscosity as compared to bulk.
The entropic and kinetic sources of this difference will be addressed.

[1] Boskovic, S. et al. J. Rheol., 2002, 46, 891-899
[2] McLoughlin, N. et al. Appl. Phys. Lett., 2006, 89

CPP 20.3 Tue 18:15 Poster C
Dielectric spectroscopy of spherical Water/AOT/Decane mi-
croemulsions in the GHz regime — ∙Björn Kuttich, Robert
Wipf, and Bernd Stühn — Experimental Condensed Matter Physics,
TU Darmstadt, Germany
Microemulsions are widely used ternary mixtures in industrial as well
as fundamental research. Besides structural properties like the temper-
ature depending shape and size of the microstructure, the dynamics of
the microemulsions, especially in the spherical phase are of great inter-
est. Focusing on spherical microemulsions in particular it is possible
to change the properties of the existing surfactant shell by adding e.g.
polymers either to the core or the matrix phase of the system. Inves-
tigating such polymer loaded spherical microemulsions slid into focus
of recent research because they can be considered a model systems for
the interaction between proteins and cell membranes.

Broadband dielectric spectroscopy is a commonly used method to in-
vestigate the dynamics of microemulsions. Using AOT based water in
oil microemulsions it is possible to observe in addition to an enormous
temperature dependency of the conductivity due to dynamic percola-
tion also dielectric relaxations. The shell relaxation resulting from ion
reorganisation in the surfactant shell evolves to the so called cluster
relaxation while approaching the percolation temperature, which in
turn can be influenced by adding different polymers. Following this
relaxation up to the GHz regime allows now to investigate closer the
formation of clusters during the percolation process.

CPP 20.4 Tue 18:15 Poster C

Temperature dependent behaviour of droplet and droplet
shell in decan/AOT/H2O microemulsions — ∙Markus Dom-
schke, Sabine Best, and Rudolf Feile — TU Darmstadt, Institut
für Festkörperphysik, Hochschulstraße 8, 64289 Darmstadt,Germany
The behaviour of water/AOT/decan microemulsions in the droplet
phase of different sizes (𝜔 = 2 − 40) and droplet volume fractions of
𝜑 = 0.1− 0.4 is studied in a wide temperature range.

Combining differential scanning calorimetry (DSC) and refractive
index measurements induce a new perspective of AOT-bound water in
the droplets [1]. Small angle X-Ray scattering (SAXS) allows contin-
uous analysis of the droplet structure between supercooling tempera-
ture of bulk water and phase separation temperature within a unique
model. We introduce a combined structure factor of hard spheres [2]
and Ornstein-Zernicke type [3].

[1] M. van Dijk et al., J. Phys. Chem. 93, 2506 (1989)
[2] N. W. Ashcroft and J. Lekner, Phys. Rev. 145, 83 (1966)
[3] M. Kotlarchyk et al. , Phys. Rev. A 28, 508- (1983)

CPP 20.5 Tue 18:15 Poster C
Vibrational density of states and molecular dynamics of dis-
cotic liquid crystals in the bulk and in the nanoconfined state
investigated by neutron scattering — ∙Christina Krause1,
Bernhard Frick2, Reiner Zorn3, and Andreas Schönhals1 —
1BAM Federal Institute for Materials Research and Testing, Unter
den Eichen 87, 12205 Berlin, Germany — 2Institut Laue Langevin,
6, rue Jules Horowitz, B.P. 156, F-38042 Grenoble Cedex 9, France
— 3Juelich Centre for Neutron Science, Forschungszentrum Juelich,
52425 Juelich, Germany
Discotic liquid crystals (DLC) consist of a flat and rigid aromatic core
substituted by flexible aliphatic chains. While the former is responsible
for the pi-stacking, the latter increases the solubility and gives rise to
a rich thermotropic behavior. DLCs are self-assembled materials. The
disc-shaped molecules organize into columns that further assemble into
two-dimensional arrays with a hexagonal mesophase. The alkyl chains
fill the intercolumnar space giving rise to a nanophase separated state.
Two triphenylene derivatives as model systems for DLCs were inves-
tigated by neutron scattering in the bulk and confined in nanometre
wide channels of anodic alumina membranes. The vibrational density
of states as well as the molecular dynamics on a time scale of ca. 1 ns
(elastic scans) were considered. The influence of both the molecular
structure (length of the aliphatic chains) and the confinement will be
discussed in detail.

CPP 20.6 Tue 18:15 Poster C
Micro-fabricated ionic liquid colloid emitter based on SU-8
capillaries with electroplated front electrodes — ∙Katharina
Huhn, Markus Piechotka, Torsten Henning, and Peter
J. Klar — Justus-Liebig-Universität, I. Physikalisches Institut,
Heinrich-Buff-Ring 16, 35392 Gießen, Germany
We manufactured a colloid emitter device using the negative resist SU-
8 with multiple step photolithography. In the first step thin capillaries
were manufactured with an inner diameter varying between 10 to 100
microns whilst the height is about 40 microns. In the second step a
spacer layer was patterned. A metal grid structure was deposited onto
the top of the surface of the spacer layer using evaporation, electroplat-
ing as well as ion beam etching. Afterwards the substrate was removed
by wet chemical etching. For testing the device was bonded on a tank
filled with an ionic liquid. An electric field was applied between the
ionic liquid and the extraction electrode by using a high voltage source.
The electro-spray emission was observated via videoscopy. We inves-
tigated the influence of different ionic liquids and capillary diameters
on the required extraction voltage.

CPP 20.7 Tue 18:15 Poster C
Pressure calculation for polydisperse magnetic fluids —
∙Elena Minina1,2, Ekaterina Novak1, and Sofia Kantorovich1,3

— 1Ural Federal University, Lenin av. 51, Ekaterinburg,620000, Rus-
sia — 2Institute for Computational Physics, University of Stuttgart,
Allmandring 3, 70569, Stuttgart, Germany — 3Sapienza University of
Rome, Piazzale A. Moro 5, 00185, Rome, Italy
Magnetic fluids (the systems of magnetic dipolar particles suspended
in nonmagnetic liquids) possess a wide range of physical properties
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which are currently under study. Typically, the synthesis of industrial
magnetic fluids leads to a broad particle size distribution or so-called
polydispersity of the system. Even in the absence of an external mag-
netic field the polydispersity plays a crucial role in cluster formation
and significantly changes the microstructure of magnetic fluids what
is confirmed by the work [C. Holm at al, J. Phys.: Cond. Mat. 18
(2006)]. In the present study we would like to elucidate how polydis-
persity influences one of the experimentally measurable macroscopic
properties such as pressure of the system. We consider bidisperse sys-
tem of magnetic dipolar soft or hard particles as the simplest case of
polydisperse magnetic fluid. For such system we perform theoretical
calculation of pressure using method of diagram expansion that is in a
good agreement with data obtained via by molecular dynamics simula-
tions in ESPResSo. The final analysis of pressure for bidisperse system
confirms that the pressure is very sensitive to the polidispersity of the
system.

CPP 20.8 Tue 18:15 Poster C
The Effect of Different Polymer Length on Water Droplets of
Reverse AOT microemulsion — ∙Masoud Amirkhani1, Soheil
Sharifi1, Sérgio Funari2, and Othmar Marti1 — 1Institut für Ex-
perimentelle Physik, Universität Ulm, Albert-Einstein-Allee 11 89081
Ulm — 2HASYLAB, Notkestrasse 85, D-22607 Hamburg, Germany
We study the effect of polyethylene glycol (PEG) on the dynamic and
structure of the reverse AOT microemulsion. The mixture of water
and oil with anionic surfactant AOT (sodium bis-(2-ethylhexyl) sulfo-
succinate) can form microemulsion. The dynamic of microemulsion in
the presence of PEG is investigated by photon correlation spectroscopy
technique. We mainly focus on the variation of the translational dif-
fusion behavior as a function of the polymer concentration and poly-
mer length scale. By increasing the content of the lowest PEG length
scale (Mn=285) the dynamic of microemulsion slows down. In addi-
tion, one relaxation process is distinguished for all polymer concen-
tration. However, for the two higher polymer length scale (Mn=2200
and 6000) two relaxations are observed and the dynamic of microemul-
sion speed up. We used the small angle X-ray scattering technique to
monitor the size and the polydispersity of the mixture system (AOT-
microemulsion/PEG).

CPP 20.9 Tue 18:15 Poster C
A multicolor interferometer for the simultaneous measure-
ment of contrast factors — ∙Thomas Triller and Werner Köh-
ler — Physikalisches Institut, Universität Bayreuth, 95440 Bayreuth,
Germany
During the last years thermodiffusion in ternary fluid mixtures has
been the subject of gaining interest. Currently, optical experiments
are performed both in a microgravity environment on board of the in-
ternational space station (ISS) using an interferometric device (SODI)
and on ground using the beamdeflection technique [1]. These ex-
periments make use of a change in the refractive index 𝑛 to analyse
changes in the concentration of the mixtures. To interpret the data,
a precise knowledge of the so called contrast factors (𝜕𝑛/𝜕𝑐i)𝑝,𝑇,𝑐𝑗 ̸=𝑖

and (𝜕𝑛/𝜕𝑇 )𝑝,𝑐𝑖 is essential. Monte Carlo simulations have shown
that errors in the refractive index need to be as low as 10−5 to get
reliable values for the Soret coefficients. As a step to reach such preci-
sion, we present a new setup capable of measuring contrast factors at
five different wavelengths simultaneously. The basic outline consists
of a Michelson-Interferometer with a special sample cell.

[1] Königer, A., Wunderlich, H. and Köhler, W., J. Chem. Phys, 132,
pp. 174506, 2010.

CPP 20.10 Tue 18:15 Poster C
Self assembly in a two-dimensional system of hard disks
with quadrupolar interaction — ∙Malte Kähne and Sabine H.
L. Klapp — Institut für Theoretische Physik, TU Berlin, Harden-
bergstraße 36, D-10623 Berlin, Germany
Using standard Monte Carlo algorithms in the grand canonical en-
semble, we examine the thermodynamic properties and the structural
behaviour of a two-dimensional hard disk fluid with quadrupolar in-
teraction potential. At low temperatures, this liquid exhibits a cluster
phase. We locate this cluster phase and study the aggregation of these
clusters as well as their size distribution. We analyse the structure of
these clusters by local bond-angle order parameters and the pair corre-
lation function. Our results illustrate the likelihood of the T-structure,
which is also found as a stable crystal structure for three-dimensional
quadrupolar fluids [1].

[1] C. Vega, B. Garzon, S. Lago and P. A. Monson, J. Mol. Liq 73,
157 (1998)

CPP 20.11 Tue 18:15 Poster C
Network formation in polydisperse colloidal systems induced
by an uni-axial external field — Heiko Schmidle, Sebastian
Jäger, ∙Florian Kogler, and Sabine H.L. Klapp — Institut für
Theoretische Physik, TU Berlin, Hardenbergstr. 36, D-10632 Berlin,
Germany
Using Molecular Dynamics and Monte Carlo simulations we investi-
gate a theoretical model of two-dimensional colloids with one or two
(anti-parallel orientated) induced dipole moments mimicking recent
experiments on mixtures of polysterene colloids with and without gold
patches in the presence of an external electric field [1]. Such sys-
tems percolate in field direction and perpendicular to it. We are able
to determine percolation transitions for both cases and identify basic
connection types of different colloids [2]. Furthermore the percolated
model system shows strongly hindered translational dynamics indicat-
ing gelation.

[1] S. Gangwa, A. Pawar, I. Kretzschmarb and O. D. Velev, Soft
Matter, 6:1413-1418 (2010)

[2] H. Schmidle, S. Jäger, C. K. Hall, O. D. Velev, and S. H. L.
Klapp, Two-dimensional colloidal networks induced by a uni-axial ex-
ternal field, submitted (2012)

CPP 20.12 Tue 18:15 Poster C
Magnetic Field Controlled Composite Paramagnetic-
Diamagnetic Colloidal Phases — ∙Fabian Wagle, Ayan Ray,
and Thomas Fischer — EPV, Uni Bayreuth
We report on differently ordered colloidal phases of a mixture of para-
magnetic and diamagnetic colloids subject to a quickly varying time
dependent magnetic field. Effectively paramagnetic and effectively
diamagnetic colloids are created from paramagnetic and nonmagnetic
colloids immersed into a thin film of aqueous ferrofluid. The time-
averaged dipole interaction between induced dipoles can be charac-
terized by a uniaxial external precession angle and a biaxial eccen-
tricity characterizing the anisotropy of the external field modulation.
The variation of both control parameters causes a sequence of tran-
sitions between differently correlated orientation order between the
paramagnetic and diamagnetic colloids. We observe the formation of
bonds between paramagnets and diamagnets along one or two direc-
tions with a staggered order of the magnetic moments. Bonds between
similar particles with uniform order of the magnetic moments form
along directions orthogonal to bonds between different particles along
the staggered directions. When the external precession angle passes
the magic angle, the particle order rearranges and staggered directions
with bonds between different particles change into uniformly ordered
directions with bonds between similar particles and vice versa. The
transition in order occurs in two steps with a biaxial phase intervening
between the two uniaxial ordering phases.

CPP 20.13 Tue 18:15 Poster C
Noninvasive measurement of dissipation in colloidal sys-
tems — ∙Jakob Mehl1, Boris Lander2, Udo Seifert2, and
Clemens Bechinger1,3 — 12. Physikalisches Institut, Universität
Stuttgart, Germany — 2II. Institut für Theoretische Physik, Univer-
sität Stuttgart, Germany — 3Max-Planck-Institute for Intelligent Sys-
tems, Stuttgart, Germany
According to Harada and Sasa [Phys. Rev. Lett. 95, 130602 (2005)],
heat production generated in a nonequilibrium steady state can be
inferred from measuring response and correlation functions. In many
colloidal systems, however, it is a nontrivial task to determine response
functions, whereas details about spatial steady state trajectories are
easily accessible. Using a simple conditional averaging procedure, we
show how this fact can be exploited to reliably evaluate average heat
production. By combining paramagnetic colloidal particles, rotating
laser tweezers and digital video microscopy, we apply the new method
to two nonequilibrium steady states, which can be coupled by an ex-
ternally controlled magnetic field. We show, that the average heat
production is nonmonotonic in the coupling strength and even for
low statistics quite robust results are available [Phys. Rev. E. 86,
030401(R) (2012)].

CPP 20.14 Tue 18:15 Poster C
Structure of confined microemulsions in AAO nanopores —
∙Frederik Lipfert and Henrich Frielinghaus — Jülich Centre for
Neutron Science, Forschungszentrum Jülich GmbH, 85747 Garching
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Microemulsions are used in a variety of different applications such
as detergence or oil recovery where they are exposed to a variety
of surfaces and confinements. We analyzed the structure of sym-
metrical microemulsions with different surfactant concentrations in
two-dimensional confinement using cylindrical nano pores arranged
hexagonally on anodized aluminum oxide (AAO) membranes. The
microemulsions we used have a water-oil domain sizes in the range of
200Å while the pores we used have diameters of 180nm and 400nm.
We found the microemulsion exhibiting a lamellar, shell-like structure
at the interface even tough their equilibrium state is bicontinuous. We
used small angle neutron scattering for the analysis because of the
neutron wavelength being comparable to the examined structures and
the possibility of contrast matching the microemulsion to the AAO
membranes by partly replacing the H2O with D2O. This matching
suppresses the scattering from the membrane which would overshadow
the scattering from the microemulsion and makes the microemulsion
scattering accessible. The scattering from the interface near lamellar
structure is Bragg like while the scattering from the bicontinuous mi-
croemulsion in the pore center is isotropic. Both structures have the
same domain size so in order to distinguish between both structures we
set up the sample perpendicular to the incoming neutron beam then
turned it 15∘ making the scattering from the lamellar structure visible.

CPP 20.15 Tue 18:15 Poster C
Directional locking and dynamical ordering of fluid colloidal
monolayers driven across quasiperiodic substrate potentials
— ∙Thomas Bohlein, Christoph July, and Clemens Bechinger
— 2. Physikalisches Institut, Universität Stuttgart, Germany
Particles driven across an ordered potential energy surface may either
follow the direction of the driving force or become entrained along any
of the commensurate directions of the substrate. Such directional lock-
ing effects are of great technological relevance since they allow sorting
of particles according to their size or refractive index. Here we exper-
imentally study the sliding behavior of a two dimensional disordered
colloidal monolayer interacting with quasiperiodic light induced sub-
strate potentials. When the direction of the driving is varied with
respect to the substrate, we find directional locking at angles corre-
sponding to the symmetry axes of the underlying potential. On the
locking steps the colloids assemble into dynamically ordered structures
which consist of periodically spaced bands. We show that such ordered
colloidal phases can be understood within the framework of periodic
average structures which stems from the structure determination of
complex metal alloys.

CPP 20.16 Tue 18:15 Poster C
Fundamental mixed measure theory for fluids of hard parti-
cles — ∙René Wittmann and Klaus Mecke — Institut für Theore-
tische Physik, Friedrich-Alexander-Universität Erlangen-Nürnberg,
Staudtstraße 7, 91058 Erlangen, Germany
A density functional for anisotropic hard bodies can be constructed in
terms of weighted densities which depend on geometry and position of
only one single oriented particle [1]. We study the liquid crystalline
behavior of a system of hard spherocylinders and compare the results
to Monte-Carlo simulations.

The density profile and the director dependence at the isotropic-
nematic interface show the correct behavior. The functional also
provides closed formulas for the Frank elastic coefficients via the
Poniewierski-Stecki equations. The original fundamental measure the-
ory is improved by eliminating the divergence in the free energy of the
otherwise unstable smectic phase.

We propose a new geometric method to derive the low-density limit
of the exact density functional. Here, so-called mixed measures of
two bodies are used rather than weighted densities of only one single
particle. This might evade present approximations and lead to an
improved density functional for liquid crystals.

[1] H. Hansen-Goos and K. Mecke, Phys. Rev. Lett. 102, 018302
(2009).

CPP 20.17 Tue 18:15 Poster C
Measuring thermal diffusion of binary mixtures using a two
color optical beam deflection technique — ∙Matthias Geb-
hardt and Werner Köhler — Physikalisches Institut, Universität
Bayreuth, D-95440 Bayreuth, Germany
We have measured and analyzed in detail the Soret, diffusion and ther-
mal diffusion coefficients of the binary mixtures of dodecane, isobutyl-
benzene and 1,2,3,4-tetrahydronaphthalene, the benchmark systems

that are currently also investigated on board the International Space
Station ISS in the DCMIX program, at various concentrations. The
measurements were performed using a two color optical beam deflec-
tion technique, which is equipped with two laser diodes one at 405nm
and the other at 635nm. With these two wavelengths we can measure
one sample and receive simultaneously two deflection signals. The two
signals can be used independently to evaluate the transport coefficients
in order to verify the results. The measured beam deflection signal is
strongly determined by the so called contrast factors. These contrast
factors are the derivatives of the refractive index with respect to con-
centration and temperature, which have to be determined with high
accuracy. We use the Lorentz-Lorenz equation and also the modified
equation by Looyenga, to calculate the contrast factors using the re-
fractive index, density and molecular polarizability, as described by Li
et al [1]. In order to obtain a quantitative agreement with the experi-
mental data, it is necessary to take the temperature dependence of the
molecular polarizabilities into account.

[1] W. B. Li et al., The Journal of Chemical Physics 101, 5058 (1994)

CPP 20.18 Tue 18:15 Poster C
Particle dynamics in dense suspensions flowing through mi-
crochannels — ∙Michel Duits — MESA+ Institute, University of
Twente, PO Box 217, 7500 AE Enschede, The Netherlands
We will report on a systematic study, aimed at understanding the
dynamics of colloidal hard spheres inside microfluidic channels. Real-
time confocal microscopy is used to visualize the structure, diffusion
and flow of model suspensions of 1 micron diameter silica spheres. By
controlling the flow speed, we cover a range of Peclet numbers (<<1
and >>1) so we can study both the diffusion-controlled and the flow-
controlled dynamics. Analysis of the apparent diffusion coefficient in
the direction perpendicular to the flow reveals a clear spatial depen-
dence of the diffusivity on the distance to the wall(s). While this is
found both at low and at high Peclet numbers, the manifestations and
underlying mechanisms are very different.

CPP 20.19 Tue 18:15 Poster C
Influence of molecular structure on rheological properties
of hydrogen bonded supramolecular polymeric melts —
∙Tingzi Yan1, Klaus Schröter1, Florian Herbst2, Wolfgang
Binder2, and Thomas Thurn-Albrecht1 — 1Institute of Physics,
Martin-Luther University Halle-Wittenberg, Halle 06120, Germany, —
2Institute of Chemistry, Martin-Luther University Halle-Wittenberg,
Halle 06120, Germany,
Combining SAXS and rheology the relation between self-assembly and
mechanical properties has been studied. A semi-quantitative under-
standing of the influence of structure on the rheological properties in
the bulk state has been achieved. Three polyisobutylene samples with
thymine/2,6-diaminotriazine functional end groups were used as model
system. Two different solidification scenarios were observed. In one
case ordering of micelles at lower temperatures can be observed. In
the second case the formation of disordered hydrogen bonded network
leads to gelation at lower temperatures.

CPP 20.20 Tue 18:15 Poster C
Friction of colloidal monolayers on a periodic substrate —
∙Christoph July, Thomas Bohlein, and Clemens Bechinger —
2. physikalisches Institut, Universität Stuttgart
Friction is an ubiquitous and fundamental phenomenon in our every
day life. While its precise control is highly desirable for technical ap-
plications, a comprehensive understanding of friction is still lacking.
On the macroscopic level asperities mediate a partial contact between
two surfaces leading to the well known static and dynamic friction.
However, many interesting friction effects only happen on an atomic
scale. Friction phenomena of sliding atomic monolayers in this regime
are theoretically described by the Frenkel-Kontrova model. One par-
ticular effect, that is predicted by this theory, is the so called Aubry-
Transition. This transition gives rise to a jump from static friction to a
superlubric state (frictionless) between two incommensurate monolay-
ers as the interaction between the atoms of a single monolayer grows
in strength and exceeds a critical value. Yet systems of nano meter
size are very hard to observe experimentally. To overcome this diffi-
culty we devised a colloidal model system to emulate the nanoscopic
world, enabling us to measure nano tribologic effects with microscopic
particles. For this purpose we employ para-magnetic particles, which
allow us to tune the particle-particle interaction by applying an ex-
ternal magnetic field. Monolayers of these particles are situated on a
potential landscape generated by a light field and pulled across this
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periodic substrate. In doing so, we are able to directly observe the
Aubry transition for the first time.

CPP 20.21 Tue 18:15 Poster C
Gradient diffusion in mono- and bidisperse magnetic fluids —
∙Alla Muratova1, Alexey Ivanov1, and Sofia Kantorovich1,2

— 1Ural Federal University, Lenin av. 51, 620000, Ekaterinburg, Rus-
sia — 2Sapienza, University of Rome, Piazza A. Moro 5, 00185, Rome,
Italy
We present the results on the mobility and diffusion coefficients in the
systems of magnetic dipolar particles. In our study we firstly inves-
tigate the influence of chain formation and polydispersity of particles
on self-diffusion. Here, we use Density Functional Approach and di-
rect calculations to elucidate why the formation of chains leads to the
average decrease of mobility in monodisperse systems, but in the case
of a bidisperse particle size distribution the particle mobility becomes
a function of the fractional composition. As the second step we calcu-
late the diffusion coefficients using the mobility coefficients obtained
before for both mono- and bidisperse systems of magnetic particles.
Here, we mainly focus on the diffusion induced by the gradient of the
total ferroparticle density. Finally, we use the diffusion coefficients to
calculate the distribution of chains in the gravity gradient. We exten-
sively compare our results to the simulation data and find them in a
good agreement.

CPP 20.22 Tue 18:15 Poster C
Synthesis of Hematite particles monitored using in-situ SAXS
and WAXS — ∙Alexander Schavkan, Fabian Westermeier,
Ingo Steinke, Jan Perlich, Birgit Fischer, Gerhard Grübel,
and Michael Sprung — DESY Deutsches Elektronen-Synchrotron,
Notkestraße 8, 22607 Hamburg, Deutschland
To study the statistical physics of phase transitions, colloidal suspen-
sions are often used as model systems. Due to their complex phase
diagrams, suspensions of anisotropic nanoparticles, like hematite par-
ticles, are particularly interesting. These particles can be synthesized
with varying size aspect ratios and can be aligned in an external mag-
netic field. The described experiments aimed to investigate the evolu-
tion of the synthesis and the appearance and growth of the magnetic
moment during the chemical reaction.

Two syntheses were performed under an applied static magnetic
field and monitored using in-situ SAXS and WAXS. While in one of
these syntheses the growth of anisotropic, spindle shaped particles was
induced by the addition of NaH2PO4, the second chemical reaction
yielded isotropic, cubic shaped particles. By SAXS measurements the
appearance of a magnetic moment in the particles and the develop-
ment of the particle size and size distribution was investigated. WAXS
experiment monitored the change in the chemical composition of the
particles from Iron(III)chloride to hematite (𝛽-Iron(III)oxide).

This contribution shows the details and the results of the experi-
ment.

CPP 20.23 Tue 18:15 Poster C
Interactions of colloids and DNA with confining charged
nano-channels: Analysis of numerical solutions of the
Poisson-Boltzmann equation and molecular dynamics sim-
ulations. — ∙Dmitry Rozhkov1, Alexander Schlaich2, Sofia
Kantorovich1,3, and Marcello Sega4 — 1Ural Federal University,
Lenin av. 51, 620000, Ekaterinburg, Russia — 2Fachbereich Physik,
Freie Universität Berlin, Arnimallee 14, D-14195 Berlin — 3Sapienza,
University of Rome, Piazza A. Moro 5, 00185, Rome, Italy — 4Tor
Vergata University of Rome, via della Ricerca scientifica 1, I-00133
Rome, Italy
Nanoscopic confinement of ionic solutions is often met in both biolog-
ical systems and technical applications but the computation of elec-
trostatic interactions in electrolyte solutions is still challenging. The
Poisson-Boltzmann equation can be used for the simple case of mono-
valent ions. The numerical solution usually implies that the boundary
conditions are known a priori, but in strongly confined systems such
as charged nano-channels or for strongly overlapping Debye-layers the
usual assumptions of constant potential or constant flux boundary con-
ditions break down. Molecular dynamics simulations proved to be
an efficient tool to analyse systems with dielectric mismatch. How-
ever, realistic salt concentrations and confinements are rarely feasible
in simulations. We use both a numerical Poisson-Boltzmann scheme
and molecular dynamics simulations for calculating the effects of col-
loidal particles and DNA in confinement in order to elucidate the effect
observed by Krishnan et al [Nano Lett., 7, 1270 (2007)].

CPP 20.24 Tue 18:15 Poster C
Controlling the cross-linker distribution and shell thickness
of gold-poly-NIPAM core-shell colloids — ∙Matthias Karg1,
Paul Mulvaney2, Sabine Rosenfeldt3, and Sarah Jaber2 —
1Universität Bayreuth, Physikalische Chemie - Kolloidale Systeme —
2University of Melbourne, School of Chemistry & Bio21 Institute —
3Universität Bayreuth, Physikalische Chemie I
The encapsulation of inorganic nanoparticles with responsive polymer
networks has attracted significant interest in recent years, since such
materials can combine properties of their different components. Most
effort so far was devoted to the encapsulation of different inorganic
cores such as silica, gold and silver nanoparticles. It has been demon-
strated that cores with a broad range of sizes can be used to build up
such core-shell colloids. The present contribution focuses on the con-
trol of the polymer network structure rather than on the nanoparticle
core. We encapsulated 15 nm gold nanoparticles into thermorespon-
sive polymer shells composed of NIPAM with a constant feeding of the
cross-linker BIS during the polymerization. This leads to core-shell col-
loids with single nanoparticle cores well encapsulated in homogenously
cross-linked poly-NIPAM shells. Additional polymerization steps can
be used to overgrow the shells still keeping the cross-linker distribution
homogeneous. Analysis using TEM, AFM and UV-Vis-spectroscopy
will be presented. The shell morphology was investigated with SANS.
An Ornstein-Zernicke analysis of the scattering profiles clearly reveals
a homogenous network structure with correlation lengths of approx.
1.5 nm.

CPP 20.25 Tue 18:15 Poster C
Sedimentation and orientational order of active bottom-
heavy particles — ∙Katrin Wolff, Marc Hennes, and Hol-
ger Stark — Institut für Theoretische Physik, Technische Universität
Berlin
Self-propelled particles in an external gravitational field have been
shown to display both an increased sedimentation length and polar
order even without particle interactions [1,2]. Here, we investigate self-
propelled particles which additionally are bottom-heavy, that is they
feel a torque aligning them to swim against the gravitational field.
We study their dynamics in an external gravitational field analytically
and numerically using Brownian dynamics simulations. For bottom-
heavy particles the gravitational field has the two opposite effects of i)
sedimentation and ii) upward alignment of the particles’ swimming di-
rection. Depending on the strength of gravity, the particles’ swimming
speed and the aligning torque, we observe either effective sedimenta-
tion with increased sedimentation length (compared with the passive
case but also the active case without bottom-heaviness) or inversion
where particles swim towards the top of the box. We will give ana-
lytical results for sedimentation lengths and polar order in the dilute
limit and numerical results for the case with hydrodynamic interactions
where particles form vortices and columns.

[1] J. Palacci et al., Phys. Rev. Lett. 105, 088304 (2010)
[2] M. Enculescu and H. Stark, Phys. Rev. Lett. 107, 058301 (2011)

CPP 20.26 Tue 18:15 Poster C
Clustering and chemotactic collapse in a system of self-
phoretic active particles — ∙Oliver Pohl and Holger Stark
— Institut für Theoretische Physik, Technische Universität Berlin, D-
10623 Berlin, Germany
Recent experiments of active colloids show a coexistence of single par-
ticles and clusters [1]. In such a "hot-cluster state" the clusters are
themselves active and their sizes vary in time. In our model we sepa-
rate two phoretic effects where the first accounts for activity and the
second for interactions between the particles. Each colloid produces
a gradient of a chemical which generates phoretic motion of nearby
colloids; similar to bacteria moving along gradients of chemicals.

A hot-cluster state is reproduced which, depending on two param-
eters controlling interaction and activity, may exhibit a collapse to a
single-cluster state. Such a collapse as well as the hot-cluster state
have experimentally been observed in colonies of self-propelling bacte-
ria [2,3]. The hot-cluster state is characterized by a power-law cluster
distribution. Using a theory for nucleation and growth of clusters, we
explain how clustering initiated by chemotaxis may be distinguished
from clustering of particles with purely steric interactions.

[1] I. Theurkauff, C. Cottin-Bizonne, J. Palacci, C. Ybert, and L.
Bocquet, Phys. Rev. Lett. 108, 268303 (2012).

[2] F. Peruani, J. Starrus, V. Jakovljevic, L. Søgaard-Andersen, A.
Deutsch, and M. Bär, Phys. Rev. Lett. 108, 098102 (2012).
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[3] E. Budrene, and H. Berg, Nature 349, 630 (1991).

CPP 20.27 Tue 18:15 Poster C
Immunoglobulin G in Solution with Polyethylene Glycol:
Protein Interaction and Phase Transitions — ∙Bo Jing1, Anas-
tasia Dietrich1, Saliba Barsaume1, Fajun Zhang1, Michael
Sztucki2, and Frank Schreiber1 — 1Institute of Applied Physics,
University of Tübingen — 2ESRF, Grenoble, France
Immunoglobulin G (IgG) plays a crucial role in the immune response
by interacting with the proteins of pathogens. In addition, the interac-
tion of IgG with itself and the resulting liquid-liquid phase separation
(LLPS) or crystallization is also of great interest, e.g. for the under-
standing of cryoglobulinemia and for pharmaceutical applications. In
these cases, it is desirable to control the phase behaviour of IgG in
solution. We achieve this through the addition of polyethylene glycol
(PEG) to bovine plasma IgG solutions, which allows us to tune the
range and strength of short-range attractive interactions between IgG
molecules. We measured the IgG PEG solutions by small-angle X-ray
scattering (SAXS) and we observed a significant dependence of the
interaction on IgG concentration, PEG molecular weight and concen-
tration as well as temperature. The two-Yukawa potential is used to
fit our data, and the so obtained potential parameters are associated
with the detailed phase diagrams which we compiled over the same
four parameters. Thereby, we identify quantitative conditions on the
interaction potential under which phase transitions occur in IgG PEG
solutions. These findings allow us to assess the significance of specific,
anisotropic interactions between IgG molecules in the explanation of
the observed SAXS data and macroscopic phase behaviour.

CPP 20.28 Tue 18:15 Poster C
On the Formation of Clusters in Protein Solutions Upon
Addition of Multivalent Ions — ∙Daniel Soraruf1, Fajun
Zhang1, Felix Roosen-Runge1, Tilo Seydel1, Ralf Schweins2,
and Frank Schreiber2 — 1Institut für Angewandte Physik, Tübin-
gen — 2ILL, Grenoble, France
Formation of clusters of proteins in solution are currently of strong
fundamental interest, and also of enormous practical interest, from
amyloidogenic diseases to food and pharma industry. Current research
focuses on the mechanism of protein clustering, its role in phase tran-
sitions, the lifetime and stability of clusters. We investigate protein
solutions of bovine serum albumin (BSA) with YCl3. The system ex-
hibits a reentrant transition, characterized by the boundaries 𝑐* and
𝑐** for the concentration of Y3+ ions; in between the system is in a
condensed regime[1]. We study the formation of clusters approach-
ing 𝑐* by means of SLS/DLS, obtaining information about diffusion
coefficient, compressibility, and size of the clusters[2]. A continuous
decrease in diffusion coefficient and increase in overall scattered inten-
sity reveal the formation of aggregates of 100 nm in solution, which
are stable over days. The inverse forward scattering intensity decreases
linearly over a broad salt concentration range and the compressibility
diverges close to 𝑐*. Results from different protein concentrations can
be rescaled into a master curve as a function of normalized 𝑐salt/𝑐*.
The formation of the clusters could be related to charge balance and
patchy attraction of the proteins. [1] F. Zhang et al., PRL 101, 2008,
148101;[2] Roosen-Runge et al., PNAS 108,2012, 11815.

CPP 20.29 Tue 18:15 Poster C
Phase separation patterns in colloidal suspensions of
anisotropic pigment particles — ∙Kathrin May, Alexey
Eremin, and Ralf Stannarius — Institute of Experimental Physics,
Faculty for Natural Science, Otto von Guericke University Magdeburg,
Universitätsplatz 2, 39106 Magdeburg, Germany
The physics of colloidal suspensions of anisotropic particles has been
a topic of research since almost a decade now. Such suspensions
show a variety of unique properties depending on the particle con-
centration and on external fields. Here, we report the relaxation of
electric-field-induced inhomogeneities in particle concentration. The
occurring patterns can be static or dynamic. For our experiments,
we use electro-responsive suspensions of pigment particles ’Novoperm
Carmine HF3C’ (Clariant) with an aspect ratio of about 1:5 in a non-
polar solvent.

CPP 20.30 Tue 18:15 Poster C
Mechanical load on colloidal and granular systems observed
by fast confocal microscopy — ∙Günter K. Auernhammer,
Marcel Roth, Manos Anyfantakis, Jennifer Wenzl, and Hans-
Jürgen Butt — Max-Planck-Institut für Polymerforschung, Mainz,

Germany
Densely packed colloidal and granular systems under mechanical load
may show significant internal reorganization on a microscopy level.
On a macroscopic level these reorganizations lead to permanent (plas-
tic) deformations of the sample even at vanishing deformations of the
colloids or granulates [1,2]. We use a combination of fast confocal mi-
croscopy (frame rate up to 500 Hz) [3] and nano indentation to explore
the influence of a finite speed of the deformation on the reorganization
dynamics. We also address specific changes that arise when switching
form deformation controlled to stress controlled experiments.

[1] M. Roth, C. Schilde, Ph. Lellig, A. Kwade, G. K. Auernhammer,
Eur. Phys. J. E 35 (2012) DOI 10.1140/epje/i2012-12124-8.

[2] M. Roth, C. Schilde, Ph. Lellig, A. Kwade, G. K. Auernhammer,
Chem. Lett. 41 (10), 1110-1112 (2012).

[3] G. K. Auernhammer, M. Roth, and H.-J. Butt, Patent DE-10
2012 101 344.6

CPP 20.31 Tue 18:15 Poster C
Wettability controlled transfer of colloidal assemblies from
wrinkled elastomers — Christoph Hanske1, ∙Mareen Müller1,
Vera Bieber1, Moritz Tebbe1, Sarah Jessl1, Alexander
Wittemann2, and Andreas Fery1 — 1University of Bayreuth, Ger-
many — 2University of Konstanz, Germany
Assemblies of nanoparticles are promising building blocks for future
sensoric devices. Highly ordered arrays of nanoparticles can be re-
alized by convective assembly on surface-wrinkled elastomers.[1] Re-
cently, this lithography-free procedure was developed further to allow
subsequent particle transfer to solid substrates, which is a prerequisite
for many technological applications.[2] Compatibility with a variety of
functional particles was also demonstrated. In this contribution we
discuss the roles of capillary forces and surface wettability for the wet
transfer of colloidal assemblies. In contrast to adhesion-based printing
or lift-off methods, conformal contact between the particles and the
target substrate is not required. However, successful particle trans-
fer depends on the wettability of the target substrate and is inhib-
ited efficiently by a hydrophobic monolayer.[3] We demonstrate that
chemically patterned substrates are sufficient to control the particle
transfer locally with excellent precision. Our method is robust enough
to conduct multiple deposition steps, resulting in hierarchical colloidal
structures with potential applications in plasmonic sensing or the con-
struction of metamaterials. [1] C. Lu, et al., Soft Matter 2007, 3, 1530.
[2] M. Müller, et al., Nanoscale 2012, 4, 2491. [3] C. Hanske, et al.,
Langmuir 2012. 10.1021/la304028f

CPP 20.32 Tue 18:15 Poster C
Hydrodynamic dispersion of micron-sized colloids in mi-
cro structured porous media — ∙Frank Wirner1, Christian
Scholz1, and Clemens Bechinger1,2 — 12. Physikalisches Institut,
Universität Stuttgart, Germany — 2Max-Planck-Institut für Intelli-
gente Systeme, Stuttgart, Germany
Hydrodynamic dispersion of solutes and colloids in porous media oc-
curs under the combined actions of a spatially varying velocity field
that is caused by the morphology of the porous matrix and molecular
diffusion. This spreading apart of initially adjacent colloids is im-
portant to a wide variety of processes such as secondary oil recovery,
groundwater pollution or blood perfusion inside the body.

We study the dispersion of diluted suspensions of micron-sized col-
loids in quasi-2D microporous structures, created using soft lithogra-
phy, over a wide range of Péclet numbers and porosities. A camera
system is used to track individual particles and analyze their trajecto-
ries. From the obtained trajectories we calculate the velocity field of
the particles and determine the first-passage-time distributions that in
turn are related to the dispersion coefficients. The porous structures
are artificially designed and therefore the structural parameters like
Minkowski functionals and pore size distributions are fully known and
can be related to the first-passage-time distributions. We discuss the
effects that lead to long-tailed distributions.

CPP 20.33 Tue 18:15 Poster C
Positron annihilation lifetime spectroscopy in a porous liq-
uid — ∙Tönjes Koschine1, Klaus Rätzke1, Nicola Giri2, and
Stuart L. James2 — 1Christian-Albrechts-Universität Kiel, Institute
for Material Science - Multicomponent Materials, Kaiserstraße 2, Kiel,
Germany — 2School of Chemistry and Chemical Engineering, Queen’s
University Belfast, Stranmilis Road, Belfast, Northern Ireland
Porous liquids (PL), or liquids with intrinsic porosity, are a new type
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of material [1]. In contrast to well known cavities between molecules
of a liquid (extrinsic porosity), intrinsic porosity refers to empty voids
within the molecules. The materials are composed of rigid cages to
which short hydrocarbon tails or cyclic crown ethers are attached to
endow liquid-like behavior, or very high solubility in liquid crown ether
solvents respectively. The main question is whether such side groups
or solvent molecules remain outside the cage cavities or whether they
are able to occupy the cage cavities over time. Positron annihilation
lifetime spectroscopy (PALS) is a suitable tool to detect empty pores
in the sub-nanometer range. The measured orthopositronium lifetime
is directly related to the pore size by the Tao-Eldrup model. Two dif-
ferent series of PL were studied at various temperatures by PALS to
find evidence for permanent intrinsic porosity. A detailed analysis of
the spectra as function of temperature, involving both PL and con-
trol materials, allowed clear separation of the lifetime due to the side
groups and lifetime due to the empty pores in the PL. Thus, we were
able to prove that the pores in these liquids are indeed permanently
empty.

[1]O Reilly, N.; Giri, N.; James, S.L.:Chem.Eur.J.,13,2007,3020-
3025.

CPP 20.34 Tue 18:15 Poster C
The effect of topology on the conformations of cyclic poly-
mers in melts — ∙Michael Lang1, Jakob Fischer1,2, and Jens-
Uwe Sommer1,2 — 1Leibniz Institut für Polymerforschung Dresden,
Hohe Straße 6, 01069 Dresden — 2Institut für Theoretische Physik,
Technische Universität Dresden, 01069 Dresden
The bond fluctuation method is used to simulate solutions and melts
of entangled and interpenetrating cyclic polymers. The swelling of in-
terpenetrating rings upon dilution follows the same laws as for linear
chains. We find an exponential decay of the knotting probability of
cyclic polymers as function of the number of blobs per chain. A power
law dependence 𝑓𝑛 ∼ 𝜑𝑅2 ∼ 𝜑0.77𝑁 for the average number 𝑓𝑛 of
linked rings of 𝑁 monomers per cyclic polymer at polymer volume
fractions 𝜑 larger than the overlap volume fraction of rings 𝜑* is de-
termined from the simulation data. The fraction of non-concatenated
cyclic polymers displays an exponential decay 𝑃𝑂𝑂 ∼ exp(−𝑓𝑛), which
indicates 𝑓𝑛 to provide the entropic effort for not forming concatenated
conformations. These observations indicate four different regimes for
the conformations of cyclic polymers in melts separated by character-
istic lengths 𝑁𝑂𝑂, 𝑁𝐶 and 𝑁* that describe the onset of the effect of
non-concatenation, the cross-over between weak and strong compres-
sion and the cross-over to an overlap dominated concatenation contri-
bution respectively. In these regimes, ring size scales as 𝑁𝛼 with 𝛼 =
1/2, 2/5, 3/8, and 4/9 respectively. The available data is in agreement
with the first three regimes. The last regime is still unconfirmed due
to the extremely large 𝑁 necessary to reach this regime.

CPP 20.35 Tue 18:15 Poster C
In-situ spray deposition of colloidal thin films - a mi-

crobeam GISAXS study — ∙Stephan Volkher Roth1, Gun-
thard Benecke1,2, Sebastian Bommel1, Berit Heidmann1, Gerd
Herzog1, Roman Mannweiler1, Jan Perlich1, Johannes Risch1,
Gonzalo Santoro1, Matthias Schwartzkopf1, Shun Yu1, Kuhu
Sarkar3, and Peter Müller-Buschbaum3 — 1DESY, Notkestraße
85, D-22607 Hamburg — 2MPI Coll. Inter. Golm, Abt. Biomat., Wis-
senschaftspark Potsdam-Golm, D-14424 Potsdam — 3Lehrst. funkt.
Mat., TU München, James-Franck-Str. 1, D-85748 Garching
Fast, flexible and reliable production of thin films in organic pho-
tovoltaic devices has led to the use of fluid spray deposition as one
method of choice [1,2]. This method is easy to employ while at the
same time yielding fully functionally devices with comparable efficien-
cies. Spray deposition is a complex fluidic process based on nanolitre
droplets. To tailor the structure-function relationship starting from
the nanoscopic level, it is therefore mandatory to understand the layer
formation during the spraying process in-situ. We combined colloidal
solution spraying and grazing incidence small-angle x-ray scattering
in-situ to explore the rapid structural build-up during spraying as a
function of different solvents and especially as a function of temper-
ature. We present our results on this high-throughput combinatorial
study and show that especially the latter parameter is crucial to obtain
homogenous thin polymeric films. [1] Vak et al., Appl. Phys. Lett.
91, 081102 (2007) [2] Alaa et al., Adv. Funct. Mat. 22, 4078 (2012)

CPP 20.36 Tue 18:15 Poster C
Determining the shear viscosity of a solvent in the presence of
electric fields — ∙Zoran Miličević1, David M. Smith2, and Ana-
Sunčana Smith1 — 1Institut für Theoretische Physik and Cluster of
Excellence: Engineering of Advanced Materials, Universität Erlangen-
Nürnberg, Erlangen, Germany — 2Computer Chemie Centrum, Uni-
versität Erlangen-Nürnberg, Erlangen, Germany
The shear viscosity is a very important kinetic property characterizing
the macroscopic properties of molecular systems and is hence useful
for the parametrization of reliable force fields. However, calculating
the shear and bulk viscosities from molecular dynamics simulations is
still a challenging task.

Here we study the shear viscosity of water by performing extensive
MD simulations using the GROMACS software package and SPC/E
model of water (rigid and flexible) as a function of the electric field
strength. The latter breaks the otherwise isotropic nature of the sol-
vent. The shear viscosity is related to the autocorrelation function of
the off-diagonal elements of the pressure tensor by the Green-Kubo re-
lation, which is used to analyze pure water simulations. Alternatively,
the viscosity is calculated from the mobility of a spherical particle,
the latter arising from the diffusion constant evaluated in independent
simulations. Apart from the fact that different treatments show excel-
lent agreement, we find that the field decreases the component of the
shear viscosity perpendicular to the field and increases the components
parallel to the field.

CPP 21: Transport: Molecular Electronics (joint session TT/CPP/HL/MA)

Time: Wednesday 9:30–12:45 Location: H2

CPP 21.1 Wed 9:30 H2
Inelastic scattering effects and electronic shot noise — ∙Amin
Karimi, Markus Herz, and Elke Scheer — Department of Physics,
University of Konstanz, 78457 Konstanz, Germany
The study of shot noise for junctions formed by single molecules offers
interesting new information that cannot be easily obtained by other
means. At low bias it allows determining the transmission probability
and the number of current carrying conductance channels [1]. We in-
vestigate the effects of phonon scattering on the electronic current noise
through nano junctions with mechanically controllable break junction
(MCBJ). Equivalent measurements have recently been reported to be
able to reveal inelastic transport contributions to the current through
gold atomic contacts [2]. We developed a new and versatile measure-
ment system enabling measurements of the noise in a rather broad
range of conductance values from 0.01 G0 to 1 G0 without the ne-
cessity of double wiring. First results on gold atomic contacts and
benzendithiol will be presented.
[1] D. Djukic and J. M. van Ruitenbeek, Nano Lett. 6, 789-793 (2006)
[2] M. Kumar, R. Avriller and J. M. van Ruitenbeek, Phys. Rev. Lett.

108, 146602 (2012)

CPP 21.2 Wed 9:45 H2
Electrical Characterization of Single Molecules via MCBJ
— ∙Matthias Wieser1, Torsten Sendler1, Shou-Peng Liu2,
Samuel Weisbrod2, Zhuo Tang2, Andreas Marx2, Jannic
Wolf2, Elke Scheer2, Francesca Moresco3, Grebing Jochen1,
and Artur Erbe1 — 1Helmholtz-Zentrum Dresden-Rossendorf e.V.,
D-01328 Dresden — 2Universität Konstanz, D-78457 Konstanz —
3Max Bergmann Center of Biomaterials, D-01069 Dresden
For future molecular electronics applications the detailed knowledge
about the electrical transport properties of single molecules is very im-
portant. To achieve this goal we are using the mechanical controllable
break junction technique in liquid environments in combination with
insulating substrates. We characterize the electrical conductance and
I-V characteristics of single molecules which consist of three phenyl
rings connected by triple carbon bonds with two oxygen sidegroups
binding to the central ring. The I-V characteristics are further in-
vestigated by creating 2D histograms for hundreds of I-V curves and
by fitting a single level model which provides us the metal-molecule
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junction coupling constants and the molecular energy level.

CPP 21.3 Wed 10:00 H2
Charge transmission through a molecular junction driven by
a time–dependent voltage — ∙Yaroslav Zelinskyy1,2, Yoram
Selzer3, and Volkhard May1 — 1Institut für Physik, Humboldt
Universität zu Berlin, Newtonstraße 15, D-12489 Berlin, Germany —
2Bogolubov Institute for Theoretical Physics, National Academy of
Science of Ukraine, 14-b Metrologichna str., UA-03683, Kiev, Ukraine
— 3School of Chemistry, Tel Aviv University, Ramat Aviv, 69978 Tel
Aviv, Israel
Time-dependent electron transport through a molecular junction
driven by voltage pulses with a duration even in the sub-ps region
is investigated theoretically. The transient behavior of the current is
analyzed in focusing on the sequential transport regime and in utilizing
a density matrix approach. As a quantity detectable in the experiment
the averaged dc-current resulting from a sequence of voltage pulses is
also calculated. The obtained data are analyzed with respect to their
dependence on the voltage pulse shape, the magnitude and asymme-
try of the lead-molecule coupling, and the mechanism and strength of
intramolecular relaxation. All the findings are confronted with recent
computations on transient currents due to optical excitation of the
junction [1,2].
[1] L. Wang and V. May, Phys.Chem.Chem.Phys. 13, 8755 (2011)
[2] Y. Zelinskyy and V. May, Nano Lett. 12, 446 (2012)).

CPP 21.4 Wed 10:15 H2
Surface Plasmon Enhanced Electroluminescence of a Molec-
ular Junction — ∙Yuan Zhang1,2, Yaroslav Zhelinskyy1, and
Volkhard May1 — 1Institut für Physik, Humboldt Universität zu
Berlin, Newtonstraße 15, D-12489 Berlin, Germany — 2University of
Science and Technology Beijing, XueYuan Road 30, 100083 Beijing, P.
R. China
There are some first experiments indicating surface plasmon enhanced
emission of a molecular junction. We present a coherent theory for this
phenomenon, which is based on our previous work on molecule metal
nanoparticle complexes [1,2,3,4]. Ultilizing a density matrix descrip-
tion our theory accounts for electron transfer in junction, photon emis-
sion and energy exchange coupling between the molecule and spherical
leads. As a central result, we report on a three order of magnitude
enhanced molecular photon emission, which dependence on molecular
and junction parameters are also discussed.
[1] Y. Zelinskyi, Y. Zhang, and V. May, J. Phys. Chem. A, DOI:
10.1021/jp305505c
[2] Y. Zhang, Y. Zelinskyy, and V. May, J. Phys. Chem. C, accepted
[3] Y. Zhang, Y. Zelinskyy, and V. May, J. Nanophot., in press
[4] Y. Zelinskyy and V. May, Nano Lett. 12, 446 (2012)

CPP 21.5 Wed 10:30 H2
Dynamics of a nano-scale rotor driven by single-electron
tunneling — Alexander Croy2 and ∙Alexander Eisfeld1 —
1MPIPKS Dresden — 2Chalmers University of Technology S-412 96
Göteborg, Sweden
We investigate theoretically the dynamics and the charge transport
properties of a rod-shaped nano-scale rotor, which is driven by a similar
mechanism as the nanomechanical single-electron transistor (NEM-
SET). We show that a static electric potential gradient can lead to
self-excitation of oscillatory or continuous rotational motion. We iden-
tify the relevant parameters of the device and study the dependence
of the dynamics on these parameters. We discuss how the dynamics
are related to the measured current through the device. Notably, in
the oscillatory regime we find a negative differential conductance. The
current-voltage characteristics can be used to infer details of the sur-
rounding environment which is responsible for damping.
[1] A. Croy and A. Eisfeld, EPL (Europhys Lett) 98, 68004

CPP 21.6 Wed 10:45 H2
First-principles investigation of electron transport through
molecular junctions in an STM configuration — ∙Shigeru
Tsukamoto, Vasile Caciuc, Nicolae Atodiresei, and Stefan
Blügel — Peter Grünberg Institut & Institute for Advanced Sim-
ulation, Forschungszentrum Jülich and JARA, D-52425 Jülich
Molecular electronics is exciting by the perspective that various types
of functionalities are potentially realized only by single molecules with
unique electronic structures. A number of interesting experiments on

the transport properties have been performed in an STM configuration,
in which a probing tip approaches a molecule on a metal surface.

By means of first-principles methods, we report about a systematic
series of calculations on electron transport through molecules in the
STM configuration. The molecules to be investigated are a Tereph-
thalic acid molecule and its derivatives, which chemisorb on Cu(110)
surfaces.

Electron transmissions are investigated by varying the tip–molecule
distance in an STM configuration, as well as by tuning molecular elec-
tronic structures. As approaching the tip toward the molecule, some
of the transmission peaks originating from unoccupied states move to
lower energy due to the hybridization of tip and molecular states. This
peak-shift contributes to increasing the electron transmission around
the Fermi energy, which is an essential property in molecular devices.
This exhibits that in molecular electronics, not only the molecule it-
self but also the geometrical configuration between a molecule and the
electrodes is an important parameter to determine the functionality.

15 min. break

CPP 21.7 Wed 11:15 H2
STM theory for 𝜋-conjugated molecules on thin insulating
films — ∙Benjamin Siegert, Andrea Donarini, Sandra Sobczyk,
and Milena Grifoni — Institut für Theoretische Physik, Universität
Regensburg, D-93040 Regensburg
We present a microscopic STM theory, based on the reduced density
matrix formalism, which is able to describe transport and topographi-
cal properties of interacting 𝜋-conjugated molecules on thin insulating
films. Simulated current-voltage characteristics and constant height
and constant current STM images for a Cu-Phthalocyanine (CuPc)
molecule are presented as experimentally relevant examples. We pre-
dict negative differential conductance resulting from interference be-
tween degenerate many-body states of CuPc [1]. Criteria are given
to find and identify the interference blocking scenario in experimental
measurements.
[1] A. Donarini, B. Siegert, S. Sobczyk, and M. Grifoni, PRB 86,
155451 (2012).

CPP 21.8 Wed 11:30 H2
Influence of Electronic Properties of Graphene on Current-
Voltage Characteristics of Molecule-Graphene Nanojunctions
— ∙Ivan A. Pshenichnyuk, Pedro B. Coto, André Erpenbeck,
and Michael Thoss — Institut für Theoretische Physik, Friedrich-
Alexander-Universität Erlangen-Nürnberg, Staudtstr. 7/B2, D-91058
Erlangen, Germany
Graphene, thanks to its peculiar mechanical and electronic properties,
is today considered as a perspective material in future electronics. Its
well-known band structure with ”zero band-gap” as well as the exis-
tence of so-called edge states leads to a non-trivial density of states
distribution in graphene-based devices. This causes, in particular, dis-
tinctive current-voltage characteristics of molecule-graphene nanojunc-
tions, where a single molecule is connected to two graphene nanosized
contacts. We study the transport characteristics of graphene-based
nanojunctions using tight-binding models and first-principles DFT cal-
culations combined with the Landauer transport formalism.

CPP 21.9 Wed 11:45 H2
Electron Transport properties of metallic carbon nanotubes
with metal contacts — ∙Andreas Zienert1, Jörg Schuster2,
and Thomas Gessner1,2 — 1Center for Microtechnologies, Chemnitz
University of Technology, Chemnitz, Germany — 2Fraunhofer Insti-
tute for Electronic Nano Systems, Chemnitz, Germany
Metallic carbon nanotubes (CNTs) are quasi ballistic one-dimensional
conductors capable to carry large current densities. This makes them
ideal candidates for applications in future microelectronic devices, par-
tially replacing state-of-the-art copper interconnect lines. The perfor-
mance of such a system not only depends on intrinsic properties of the
CNTs but is also strongly affected by its size and the contact.

We investigate the transport properties of metal–CNT–metal de-
vices theoretically, applying semiempirical (extended Hückel theory)
and ab initio (density functional theory) electronic structure methods,
combined with a Green’s function formalism for ballistic transport at
low bias. The study focuses on (6, 0) CNTs of different length compar-
ing the metal contacts Al, Cu, Pd, Pt, Ag, Au in a highly symmetric
end-to-end configuration.

It turns out that Al forms the most transparent contacts, followed by
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Pd, Pt and Cu. The noble metals Au and Ag perform worse. Results
are visualized and discussed in terms of the local density of states of
the combined metal–nanotube systems and its isolated parts, as well
as their contact distances, binding energies, and work functions.

CPP 21.10 Wed 12:00 H2
First principles study of charge and heat transport through
𝜋-stacked molecules — ∙Thomas Hellmuth1, Marius Bürkle2,
Fabian Pauly3, and Gerd Schön1 — 1Institut für Theoretische Fes-
tkörperphysik, Karlsruhe Institute of Technology, 76131 Karlsruhe,
Germany — 2Nanosystem Research Istitute, National Institute of
Advanced Industrial Science and Technology, Japan — 3Theorie der
Nanostrukturen, Universität Konstanz, 78457 Konstanz, Germany

We analyze charge and heat transport properties of 𝜋-stacked, multi-
layered paracyclophane molecules using density functional theory com-
bined with non-equilibrium Green’s function techniques. The conduc-
tance of that class of molecules was measured in Ref. 1. Beside the elas-
tic conductance we investigate the not yet measured thermopower and
inelastic electron tunneling spectra (IETS). The transmission eigen-
channels show that the current is mainly carried by the 𝜋 system of
the paracyclophane molecules and by taking into account different con-
tact geometries, we find that this is independent of the binding motif.
While the conductance decays exponentially with increasing molecu-
lar length, the thermopower increases linearly and may change its sign.
Similarly, we analyze how the IETS and the heat transport depend on
the molecular length and vibrational modes in the specific junction
geometries.
[1] S. T. Schneebeli et al. J. Am. Chem. Soc. 133, 2136 (2011)

CPP 21.11 Wed 12:15 H2
Spin selective transport in chiral systems — ∙Rafael Gutier-
rez, Thomas Brumme, and Gianaurelio Cuniberti — Institute for
Materials Science and Max Bergmann Center of Biomaterials, Dresden
University of Technology, 01062 Dresden, Germany
Recent experiments have demonstrated that the transmission of elec-
trons through layers of chiral molecules can be strongly spin-dependent
[1,2]. Here, we extend a previous model [3] to discuss the interre-
lation between the observed effect and the presence of a spin-orbit
coupling interaction induced by helical electrostatic fields. Hereby, we

present a minimal model Hamiltonian based on a representation of the
Schroedinger equation on a helical pathway and discuss the influence of
several parameters on the spin polarization. Complementary to it, full
3D wave packet propagation is discussed in the presence of spin-orbit
coupling. Our results suggest that a spin polarization can be induced
as a result of the symmetry of the system. However, it appears that a
full 3D description of the problem may be necessary.
[1] B. Goehler, V. Hamelbeck, T. Z. Markus, M. Kettner, G. F. Hanne,
Z. Vager, R. Naaman, H. Zacharias, Science 331, 894 (2011)
[2] Z. Xie, T. Z. Markus, S. R. Cohen, Z. Vager, R. Gutierrez, R. Naa-
man, Nano Letters 11, 4652 (2011)
[3] R. Gutierrez, E. Diaz, R. Naaman, G. Cuniberti, Phys. Rev. B 85,
081404(R) (2012)

CPP 21.12 Wed 12:30 H2
Full ab initio description of strong electronic correlations in
molecular devices — ∙David Jacob — Max-Planck-Institut für
Mikrostrukturphysik, Halle
In order to obtain a full first-principles description of the correlated
electronic structure and transport properties of nanoscopic devices we
combine the so-called Coulomb-Hole-Screened-Exchange (COHSEX)
approximation with more sophisticated many-body techniques such as
the Dynamical Mean-Field Theory (DMFT). While the former yields
an effective mean-field description of the weakly correlated conduction
electrons, the latter describes the dynamic correlations of the strongly
interacting electrons in the 3𝑑- or 4𝑓 -shells of transition metal atoms.
The combination of DMFT with COHSEX instead of Density Func-
tional Theory (DFT) improves upon our recently developed "Molecular
DMFT" approach [1,2] in two important aspects: First, the COH-
SEX yields the effective Coulomb interaction U for the strongly in-
teracting electrons. Second, unlike in DFT+DMFT calculations the
double-counting correction for COHSEX+DMFT is exactly known and
straight-forward to calculate. With this approach it is now possible to
actually predict e.g. the occurance of the Kondo effect in magnetic
atoms and molecules on metal surfaces and attached to metallic leads,
and to investigate the complex nature of the Kondo effect in these
sytems.
[1] D. Jacob et al., PRL 103, 016803 (2009); PRB 82, 195115 (2010)
[2] M. Karolak et al., PRL 107, 146604 (2011)

CPP 22: Focus: Wetting on smooth and rough surfaces: From spreading to
superhydrophobicity I

Wetting determines the morphology and dynamics of a liquid on a surface. In particular for rough,
structured, or deformable surfaces the dynamic contact angles are poorly understood. Progress in
experimental and numerical techniques permit time resolved three-dimensional investigations of wetting,
providing new insight into the interplay between the contact angle, hysteresis, and pinning.
Organizers: Hans-Jürgen Butt (Mainz), Stephan Herminghaus (Göttingen), Doris Vollmer (Mainz)

Time: Wednesday 9:30–13:00 Location: H34

Invited Talk CPP 22.1 Wed 9:30 H34
Liquid drops on soft solids — ∙Jacco Snoeijer — University of
Twente, The Netherlands
The wetting of a liquid on a solid usually assumes the substrate to
be perfectly rigid. However, this is no longer appropriate when the
substrate is very soft: capillary forces can induce substantial elastic
deformations, as has been demonstrated e.g. for drops on elastomers.
In this talk we discuss the fundamentals of elasto-capillary interac-
tions. Theory, simulations and experiments reveal the surprising na-
ture of capillary forces, which turn out to be different from anything
proposed in the literature. We also discuss how the law for the contact
angle (Young’s law) is modified for soft substrates.

CPP 22.2 Wed 10:00 H34
How soft viscoelastic surfaces control the time scales of drop
spreading — Longquan Chen1, ∙Elmar Bonaccurso1, and Mar-
tin Shanahan2 — 1Center of Smart Interfaces, Technische Universität
Darmstadt, Petersenstr. 17, 64287 Darmstadt, Germany — 2Univ.
Bordeaux, I2M, UMR 5295, F-33400 Talence, France
It is known that liquid droplets spreading on a soft, viscoelastic sub-
strate can be slowed down considerably by the formation of a wetting

ridge, or protrusion of the substrate near the triple phase contact line
(TPCL) due to capillary forces. Viscoelastic dissipation in the sub-
strate can prevail over viscous dissipation in the liquid and dominate
the spreading process. In this contribution we show how the internal
time scales of the viscoelastic solid interact with a spreding droplet.

After contact of a droplet and a viscoelastic substrate a short, rapid
spreading stage occurs. The necessary balance determining speed of
motion of the TPCL is initially between capillary and inertial forces.
As spreading proceeds, inertia lessens while the lower spreading speed
allows for viscoelastic effects to emerge. We study the transition be-
tween inertial and viscoelastic regime by high-speed video microscopy
and propose a simple model for relating the transition time with prop-
erties of the liquid and the viscoelastic substrate.

CPP 22.3 Wed 10:15 H34
The wetting properties of graphene in the light of molecular
dynamics simulations — ∙Frédéric Leroy, Fereshte Taherian-
Tabasi, Valentina Marcon, and Nico van der Vegt — Center of
Smart Interfaces, TU Darmstadt, Darmstadt, Germany
It has recently been shown that monolayer graphene may serve as a
protective coating for metals and nonpolar solid substrates while pre-
serving the wetting properties of these surfaces with respect to water.
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The question arises as to whether such coating would preserve the
wetting properties of all nonpolar surfaces.

To answer this question, the contact angle of water droplets on sus-
pended isolated graphene must be known. Experimental work suggests
that graphene may yield a value of the contact angle as high as 127∘,
whereas other studies suggest a weak enhancement in comparison with
the value of 95∘ on graphite.

We have developed an argumentation supported by molecular dy-
namics simulations to show that a value of the contact angle of water on
graphene cannot exceed 100∘. In agreement with recent experimental
work, it is thus anticipated that graphene coating is not transparent to
the wetting properties of nonpolar subtrates which yield contact angles
larger than 100∘.

Furthermore, our study leads to the conclusion that the work of
adhesion of water on graphene includes a non-negligible entropy con-
tribution. Based on the theory of solvation, we introduce the idea that
this entropy contribution is related to the fluctuations in the water-
substrate interaction energy.

CPP 22.4 Wed 10:30 H34
History-dependent dynamic receding contact angles of aque-
ous surfactant solution slugs flowing through polymeric capil-
laries — Manos Anyfantakis, Daniela Fell, Hans-Jürgen Butt,
and ∙Günter K. Auernhammer — Max Planck Institute for Poly-
mer Research, Mainz, D-55128, Germany
The time-dependent dewetting behavior of surfactant solution slugs
which are forced to move in fluorinated ethylene propylene (FEP)
micro-tubes was experimentally investigated. The dynamic receding
contact angle at a given wetting velocity, measured by high-speed imag-
ing of the receding menisci, was found to decrease as the solid-liquid
contact time increased. Long-time kinetics of several hundred s led
to a final state displaying a 0o dynamic receding contact angle. The
receding contact angle kinetics was found to strongly depend on the
slug velocity. Higher speeds led to a faster decrease in the receding
contact angles. Qualitatively similar results were obtained for anionic
(sodium dodecyl sulfate) and cationic (hexadecyltrimethylammonium
bromide) aqueous surfactant solutions at concentrations below and
equal to the corresponding critical micellar concentration. Employing
a different hydrophobic surface (polycarbonate micro-tubes) led to an
analogous dewetting behavior, presumably indicating a generic effect
for hydrophobic solid surfaces. This history effect was absent in simple
liquids (2-propanol, water), where the dynamic receding contact angle
does not depend on the contact time.

M. Anyfantakis et al., Chem. Lett. 2012, 41, 1232

CPP 22.5 Wed 10:45 H34
Mixed Wettability on the Mesoscopic scale: Effect of wetting
correlation length in porous media — ∙Julie Murison1, Benoit
Semin2, Jean-Christophe Baret1, Stephan Herminghaus1,
Matthias Schröter1, and Martin Brinkmann1 — 1Max Planck
Institute of Dynamics and Self Organisation, Göttingen, Germany —
2Laboratoire de Physique Statistique, ENS, Paris, France
In order to better understand the behavior of immiscible two phase
flow through mixed wetting porous media, we have designed a series
of experiments to test the effect of isolated and controlled microscopic
heterogeneities (sub-grain) on a larger sample scale (20 mm). Here
we present the effect of wetting correlation length on the sub-pore
to multi-pore (aprox 1mm) scale. Initial results indicate that sam-
ple composition alone cannot adequately describe the fluids behavior,
but rather the size of the heterogeneity creates different wetting envi-
ronments. In particular sub-pore heterogeniety causes large hystere-
sis in fluid displacement profiles. Recently we combine gravametric
measurements of fluid displacement with X-ray microtomography to
characterise and quantify effective trapping environments for droplets
within the porous media.

CPP 22.6 Wed 11:00 H34
Dewetting of mixtures as described by a gradient dynamics
model — ∙Uwe Thiele, Desislava Todorova, and Hender Lopez
— Department of Mathematical Sciences, Loughborough University,
Loughborough, Leicestershire, LE11 3TU, UK
We show that the dynamics of free surface films of mixtures (polymer
blends, nanoparticle suspensions) may be described by a hydrodynamic
long-wave model that is written thermodynamically inspired gradient
dynamics form based on an underlying free energy functional (account-
ing for wettability and capillarity). For an ideal mixture whose compo-
nents do not differ in their wettability, the *classical* hydrodynamic

model used, e.g., in Refs. [1,2] is recovered. The gradient dynamics
form allows us to extend the model to incorporate (i) solute-dependent
wettability, and (ii) solute-solvent decomposition [3]. We illustrate ex-
tension (i) by an investigation of the dewetting of a film of a mixture
and show that a film may become unstable through the coupling of
film height and concentration fluctuations. The resulting nonlinear
dynamic behaviour and equilibrium states are discussed [4]. The out-
look discusses how the idea also applies to surfactant-covered films [5].
We acknowledge support by the EU (PITN-GA-2008-214919).

[1] M. Warner, R. Craster and O. Matar. J. Colloid Interface Sci.
267, 92 (2003). [2] L. Frastia, A.J. Archer, U. Thiele, Phys. Rev.
Lett. 106, 077801 (2011); Soft Matter 8, 11363 (2012). [3] U. Thiele,
Eur. Phys. J. Special Topics, 197, 213-220 (2011). [4] D. Todorova,
H. Lopez and U. Thiele, in prep. [5] U. Thiele, A.J. Archer and M.
Plapp, Phys. Fluids 24, 102107 (2012).

15 min. break

Invited Talk CPP 22.7 Wed 11:30 H34
Wetting transitions in polymer decorated nanostructured
surfaces — ∙Jürgen Rühe — Institut für Mikrosystemtechnik, Uni-
versität Freiburg, 79110 Freiburg
We describe the generation of well defined micro- and nanostructured
surfaces with surface-attached polymer monolayers. To this high as-
pect ratio micro- and nanostructured surfaces are generated in sili-
con through lithography, the Bosch process or DRIE process. In the
first case well defined post structures, in the latter silicon nanograss
structures are obtained. The silicon structures are coated with self-
assembled monolayers containing benzophenon groups. These mono-
layers are used for a photoinduced attachment of polymer monolayer
to these surfaces. We study the wetting properties of such surfaces as
a function of the surface energy of the polymer involved. Superwet-
ting, Wenzel-type of wetting and superhydrophobic properties can be
observed. In some cases roll-off angles well below <1∘ are observed.
It is found that such surfaces show very distinct wetting transitions,
where even minor changes in the surface energy of the coating cause
huge changes in the contact angle.

CPP 22.8 Wed 12:00 H34
Dynamics of water droplets on nanostructured hydrophobic
surfaces with step gradients — ∙Tobias Neckernuß, Stefan
Wiedemann, Alfred Plettl, and Paul Ziemann — Institute of
Solid State Physics, University of Ulm
Droplets on a surface exhibiting different contact angles (CA) along
their three-phase-contact-line experience a net force due to uncompen-
sated Young forces. These forces play a major role in the dynamics of
both, CA hysteresis and gradient-induced movement. A simple analyt-
ical model is developed based on these uncompensated Young compo-
nents combined with geometrical constraints when a droplet laterally
crosses a wettability step. Such steps are prepared with a micellar tech-
nique in combination with a hydrophobic Teflon-like coating leading to
arrays of nanopillars (typical height: 100 nm, diameter: up to 40 nm).
As a result, CAs of about 165∘ and 150∘ are observed for advancing
and receding droplets, respectively. By varying parameters like pillar
density and diameter, the forces acting on a moving droplet can be
adjusted. The dynamics of moving droplets are investigated with a
modified commercial CA measurement setup. To move a droplet to-
wards the wettability step, the substrate can be tilted, allowing control
of its shape and velocity in the vicinity of the step. Comparison of ex-
perimental data to the model prediction shows remarkable agreement.

CPP 22.9 Wed 12:15 H34
Dynamic Measurement of the Force Required for Moving
a Liquid Drop on a Solid Surface — ∙Dominik Pilat, Perik-
lis Papadopoulos, David Schäffel, Doris Vollmer, Rüdiger
Berger, and Hans-Jürgen Butt — Max-Planck-Institut für Poly-
merforschung, Ackermannweg 10, 55128 Mainz, Germany
A novel setup for direct measurement of the force needed to move a
drop on a solid surface was developed. The forces were measured by
means of a vertical deflectable capillary stuck in the drop. The drop
adhesion force instrument (DAFI) allowed us to investigate the dy-
namic lateral adhesion force of water drops of 0.1 to 2 𝜇L volume at
defined velocities. On flat PDMS surfaces, the dynamic lateral adhe-
sion force increases linearly with the diameter of the contact area of the
solid liquid interface and linearly with the sliding velocity. We further
investigated a 3D superhydrophobic pillar array. The depinning of the
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receding part of the rim of the drop occurred almost simultaneously
for four to five pillars, giving rise to peaks in the lateral adhesion force.
The spatial resolution of the lateral adhesion force, which is possible
with the DAFI, is not only interesting for scientific applications, but
also for industrial applications like quality control of surfaces made in
large scale processes.

CPP 22.10 Wed 12:30 H34
Exploring the high-pressure wetting resistance of springtail
skin by in situ plastron collapse tests and numerical simu-
lations — ∙René Hensel1, Ralf Helbig1, Julia Nickerl1, Se-
bastian Aland2, Hans-Georg Braun1, Axel Voigt2, Christoph
Neinhuis3,4, and Carsten Werner1,4 — 1Max Bergmann Center
of Biomaterials, Leibniz Institute of Polymer Research Dresden, Ger-
many — 2Institute of Scientific Computing, TU Dresden, Germany —
3Institute of Botany, TU Dresden, Germany — 4B CUBE Innovation
Center for Molecular Bioengineering, TU Dresden, Germany
Springtails (Collembola),wingless arthropods are adapted to cutaneous
respiration in temporarily rain-flooded habitats due to a non-wetting
skin surface. They immediately form a plastron protecting them
against suffocation upon immersion into water and even low-surface-
tension liquids. Herein, we present the design principles for pressure
resistance of such plastrons against collapse. Therefore, the skin mor-
phology of springtails was studied by transmission electron microscopy.
The micrographs reveal cavity side-wall profiles with characteristic
overhangs. These were fitted by polynomials to allow access for analyt-
ical calculations of the breakthrough pressure, i.e., the barrier against
plastron collapse. The actual dynamics of an enforced wetting transi-
tion from heterogeneous to homogeneous wetting state were performed
by in situ plastron collapse tests and numerical simulations based on
a diffuse interface approach for two phase flow. Furthermore, model

profiles with well-defined geometries were used to develop a general
design principle for the most robust surface structures.

CPP 22.11 Wed 12:45 H34
Design of the self-repairable materials using colloidal par-
ticles — ∙Nikolay Puretskiy1,2, Georgi Stoychev1,2, Alla
Synytska1, and Leonid Ionov1 — 1Leibniz-IPF Dresden, 01069
Dresden, Germany — 2TU Dresden, 01062 Dresden, Germany
We suggest an approach for the design of materials with self-repairable
switchable and hydrophobic properties. The approach is based on use
of colloidal particles located on a surface of hydrophobic oil. Due to
surface forces, the colloidal particles segregate at the wax surface after
melting and change its wetting properties. Since the degree of parti-
cle immersion in the wax depends on the environment (hydrophilic or
hydrophobic), the roughness, as well as the wetting properties of the
particle-wax composite surface, can be switched. The obtained mor-
phology can be ”frozen” by cooling down below oil melting point [1].
Notably, since the colloidal particles are homogeneously distributed
in the wax bulk, removal of the topmost particle-wax layer does not
result in disappear of switchable properties. After remelting the parti-
cles segregate again at newly formed surface and switchable properties
are recovered. The similar approach is used for the design of mate-
rials with self-repairable ultrahydrophobic properties. The materials
are based on perfuorinated decane with incorporated colloidal parti-
cles. Due to the highly pronounced tendency of this perfuorinated
decane to crystallize, the formation of blends with rough fractal sur-
faces was observed [2]. [1] N. Puretskiy, G. Stoychev, M. Stamm and
L. Ionov; ACS Applied Materials and Interfaces, 2010, 2, 2944-2948 [2]
N. Puretskiy, G. Stoychev, A. Synytska and L. Ionov; Langmuir, 2012,
28, 3679-3682

CPP 23: Polymer Dynamics

Time: Wednesday 9:30–13:00 Location: H39

Invited Talk CPP 23.1 Wed 9:30 H39
Polymers, rings and pores: A neutron scattering study —
∙Andreas Wischnewski — Jülich Centre for Neutron Science JCNS-
1 and Institut for Complex Systems ICS-1, Forschungszentrum Jülich,
Germany
Polymers are one of the most important and fascinating soft matter
materials both from the fundamental point of view as well as with re-
spect to their wide range of applications. Industrial processing, design,
fabrication and application depends to a large extend on the under-
standing of the rheological properties on a microscopic level. Neutron
scattering is a powerful tool to access the microscopic characteristics
of polymeric systems and has already significantly contributed to the
understanding of the static and dynamic properties of polymers with
different architectures and in different, complex environments. Re-
cently, ring polymers have attracted ample interest both from simula-
tion experts and experimentalists. The absence of chain ends, which
determine the dynamics of linear chains and in particular branched
polymers, allows to examine fundamental aspects of polymer theory.
Neutron spin echo spectroscopy reveals significant differences in ring
dynamics compared to the linear counterpart. In particular rings can-
not build up easily the tube confinement as known from long linear
chains. In contrast to that, polymers in nano-pores are subject to a
stronger topological confinement as compared to the bulk system if
a surface-polymer interaction is present. Neutron scattering studies
combined with complementary techniques are presented.

CPP 23.2 Wed 10:00 H39
The collapse transition of poly(2-oxazoline) gradient copoly-
mers - a multistep process — Sebastian Jaksch1, Konstantinos
Kyriakos1, Jianqi Zhang1, Isabelle Grillo2, Anita Schulz3,
Rainer Jordan3, and ∙Christine M. Papadakis1 — 1TU München,
Physik-Department, Physik weicher Materie, Garching — 2Institut
Laue-Langevin, Grenoble — 3TU Dresden, Department Chemie, Pro-
fessur für Makromolekulare Chemie
Thermoresponsive poly[(iso-propyl-2-oxazoline) (PiPrOx) polymers in
aqueous solution exhibit a strong change in solubility and chain confor-
mation when heated above their cloud point (CP). The CP decreases
strongly upon insertion of few hydrophobic monomers.

We investigated poly[(iso-propyl-2-oxazoline)-grad-(n-nonyl-2-
oxazoline)] (P[iPrOxNOx]𝑔𝑟𝑎𝑑) gradient copolymers with a varying
fraction of NOX moieties. In temperature-resolved SANS experi-
ments, we have found a two-step collapse and aggregation behavior
of the gradient copolymers at the cloud point which is not present
in the homopolymer [1]. Time-resolved SANS allowed us to monitor
the structural evolution of the aggregates when rapidly heating the
solutions from below the CP to different temperatures above. We
found that, the higher the target temperature, the more pronounced
is the collapse. Moreover, the aggregates present in the intermediate
regime are stable and do not transform into those found at higher
target temperatures.

[1] S. Salzinger, S. Jaksch, C.M. Papadakis et al., Colloid Polym.
Sci. 290, 385 (2012).

CPP 23.3 Wed 10:15 H39
Local, global and collective dynamics in a short polymer sys-
tem. — ∙Humphrey Morhenn1,2, Sebastian Busch3, and Tobias
Unruh2 — 1Forschungs-Neutronenquelle Heinz Maier-Leibnitz (FRM
II) and Lehrstuhl für Funktionale Materialien, Technische Universität
München, Germany — 2Lehrstuhl für Kristallographie und Struktur-
physik, Friedrich-Alexander-Universität Erlangen-Nürnberg, Germany
— 3Department of Biochemistry, University of Oxford, United King-
dom
The 𝑛-alkane C100H202 is an oligomer on the edge of being a polymer.
Although its chains are shorter than the entanglement length and long
enough to show Gaussian chain statistics, the Rouse model fails to
predict the chain dynamics. Detailed quasielastic neutron scattering
experiments and extensive molecular dynamics simulations were per-
formed, providing complementary pictures on the molecular motions.
Three distinct relaxation processes on the pico- to nanosecond time
regime were separated, eventually leading to molecular self-diffusion.
Two relaxations were found to correspond to local torsional and global
rotational motions of single molecules, whereas a third, intermediate
relaxation can be explained by intermolecular collective motions. Tak-
ing these contributions into account a physical model describing molec-
ular self-diffusion is being developed.

CPP 23.4 Wed 10:30 H39
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Selective Solid-State NMR Investigations of Polymer Dynam-
ics — Ute Böhme, Anastasia Vyalikh, and ∙Ulrich Scheler —
Leibniz-Institut für Polymerforschung Dresden e.V.
NMR relaxation provides information on the molecular dynamics over
a wide range of correlation times. To achieve spectral resoltion in solid
polymers high-resolution solid-state NMR based on CRAMPS (com-
bined multipulse and rotation spectroscopy) has been applied. The
spectral resolution permits to resolve different components in copoly-
mers and mixtures in proton NMR spectra. The sensitivity in the
proton spectra will permit the study of thin films as well. Selective
swelling of single components which is accompanied by enhanced seg-
mental dynamics has been observed in both spn-spin-relaxation (T2)
and spin-lattice relaxation in the rotating frame (T1rho). Spectral res-
olution permits the identification of the components and assignments
of their local mobility.

CPP 23.5 Wed 10:45 H39
Studies of entangled polymer dynamics by NMR: valid-
ity of tube model variants and nanoparticle effects —
∙Filipe Furtado1, Joshua Damron1, Marie-Luise Trutschel1,
Mansi Agarwal2, Charles Zukoski2, and Kay Saalwächter1 —
1Institut f. Physik-NMR, Martin-Luther-Univ. Halle, Deutschland —
2University of Illinois at Urbana-Champaign, USA
The validity of fixed-tube model remains a matter of intense debate.
Ongoing discussions include the dynamics of the tube itself and of
contour-length fluctuations (CLF) and constrained release (CR) ef-
fects. Suitable NMR experiments [1] were used to investigate CR ef-
fects by probing the dynamics of diluted protonated polybutadiene
(PB) chains in matrices of deuterated (NMR-invisible) high molecular
weight PB chains. Such dilution experiments have been reported to be
subject to a bias due to interchain correlations in NMR T1 relaxation
experiments [2], but these effects have been shown to not significantly
affect our experiments. CLF was investigated on deuterated pseu-
dotriblock copolymers (2H-1H-2H). Furthermore, we hereby present
the first NMR experiments clearly confirming the recently predicted
nanoparticle effect on chain disentanglement [3] on a molecular scale
by monitoring the influence of polyhedral oligomeric silsesquioxanes
(POSS) on the disentanglement time of polyethyleneoxide melts.

[1] F. V. Chávez et al., Phys. Rev. Lett., 2010, 104, 198305
[2] A. Herrmann et al., Macromolecules, 2012, 45, 6516
[3] Y. Li et al., Phys. Rev. Lett., 2012, 20121, 09, 118001

CPP 23.6 Wed 11:00 H39
Deformation Dynamics of Thin Stretched Polymer Films —
∙Stefan Krause, Martin Neumann, Melanie Bibrach, Robert
Magerle, and Christian von Borczyskowski — Fakultät für
Naturwissenschaften, TU Chemnitz, D-09107 Chemnitz
The fluorescence of polymer embedded reporter molecules reacts very
sensitive on environmental changes such as mechanical stress. Espe-
cially polarization effects of these fluorophores allow for the spatial
and temporal observation of the deformation within drawn polymer
films while the utilization of ultra sensitive force sensors enables to
measure the global mechanical deformation behaviour of the polymer
film. We report on fluorescence (single molecule) microscopy, atomic
force and mechanical force investigations of thin films of viscoelastic
polymethylacrylate (PMA). The films are stretched using a micro ten-
sile testing setup. Simultaneously, perylenediimide dyes functionalized
with different side chains were embedded in the film and report via
their molecular dynamics changes within their local environment.

15 min. break

CPP 23.7 Wed 11:30 H39
Dynamics of Regular Hyperbranched Polymers — ∙Florian
Fürstenberg, Maxim Dolgushev, and Alexander Blumen —
Theoretische Polymerphysik, Universität Freiburg, Hermann-Herder-
Str.3, D-79104 Freiburg, Deutschland
Theoretical investigations of hyperbranched polymers are enjoying
growing attention. Up to now, analytic work focused on regular fully-
flexible hyperbranched polymers such as dendritic structures. Here
we investigate the dynamics of semiflexible dendrimers of arbitrary
functionality 𝑓 and generation 𝑔. We focus on the solution of the
corresponding Langevin equations which can be formulated in an an-
alytic form[1]. Moreover, we show that the corresponding diagonal-
ization problem can be drastically simplified by using a complete
set of eigenmodes, which is similar to the set for fully-flexible den-

drimers known from the literature[4,5]. Another advantage of our
diagonalization scheme is that it provides automatically the eigen-
values’ degeneracies[4]. The presented scheme for dendrimers paves
the way for theoretical investigations of more complex polymeric
architectures[5].

[1] M Dolgushev and A. Blumen, J. Chem. Phys. 131, 044905
(2009).
[2] C. Cai and Z.Y. Chen, Macromolecules 30, 5104 (1997).
[3] A. A. Gurtovenko, D.A. Markelov, Y.Y. Gotlib, and A. Blumen, J.
Chem. Phys. 119, 7579 (2003).
[4] F. Fürstenberg, M. Dolgushev, and A. Blumen, J. Chem. Phys.
136, 154904 (2012).
[5] F. Fürstenberg, M. Dolgushev, and A. Blumen, submitted.

CPP 23.8 Wed 11:45 H39
Unwinding polymer globules under stretching force: A
Monte Carlo study — ∙Christoph Jentzsch1,2, Marco
Werner1,2, and Jens-Uwe Sommer1,2 — 1Leibniz-Institut für Poly-
merforschung Dresden, Germany — 2Technische Universität Dresden,
Germany
We investigate linear polymer chains under poor- and non-solvent con-
ditions using the bond fluctuation model with explicit solvent. By
implementing many-body effects implicitly, this model allows for free
diffusion of polymer globules under non-solvent conditions on the same
time scale as in good solvent while keeping the computational effort
low as compared to off-lattice calculations. We analyze static and
dynamic properties of polymer globules in poor solvent. We further
calculate the force acting on chain ends, when they are fixed at a given
distance. Our results for the force-extension curve are qualitatively
in good agreement with recent experiments and with numerical results
using a self-consistent field approach. For distances slightly larger than
the globule diameter, we observe a tadpole regime where one stretched
part of the chain is in equilibrium with a single residual globule. The
force necessary to form a stable tadpole conformation as function of
solvent quality can be understood using scaling arguments based on
the thermal blob size. For increasing distances, we observe a decay of
the tadpole into smaller globules and stretched chain parts. Here, the
stretching force shows a local minimum and a quantitative explanation
for the observed shape of the force-extension curve remains a challenge.
For larger distances a cross-over to a strongly stretched chain behavior
is found.

CPP 23.9 Wed 12:00 H39
Translocation of macromolecules with different architec-
tures through polymer brush covered microchannels —
∙Irina Neratova1, Torsten Kreer1, and Jens-Uwe Sommer1,2

— 1Leibniz-Institut für Polymerforschung Dresden e.V., Hohe Straße
6, D-01069 Dresden, Germany — 2Technische Universität Dresden, In-
stitut für Theoretische Physik, Zellescher Weg 17, D-01069, Dresden,
Germany
Polymer brush covered channels have attracted a lot of attention in
recent years for both engineering and biomedical applications. They
play an important role in the design of novel microfluidic devices, the
control of targeted drug delivery, stabilization of colloids, and lubrica-
tion. Although the equilibrium properties of polymer brushes are well
understood, many non-equilibrium phenomena have not been studied
to date. One example is the translocation of macromolecules through
a brush covered microchannel.

In this study, Molecular Dynamics simulations are employed to in-
vestigate the influence of the architecture of macromolecules on their
ability to pass through a brush covered channel. The properties of
linear and star polymers embedded in the microchannel are studied
in thermodynamic equilibrium and within Poisseuille flows of various
strengths. It is shown that, in equilibrium, a linear macromolecule
diffuses faster than a polymer star of the same molecular weight. On
the other hand, a pressure gradient may be regarded as a driving force
for faster motion of the star polymer.

CPP 23.10 Wed 12:15 H39
A Simulation Study of the Lithium Transport Mechanism
in Ternary Polymer Electrolytes – The Critical Role of the
Segmental Mobility — ∙Diddo Diddens and Andreas Heuer —
Institut für physikalische Chemie, Westfälische Wilhelms-Universität
Münster
Polymer electrolytes – typically consisting of PEO and a lithium salt
such as LiTFSI – are promising candidates for light-weighted but pow-
erful energy storages. However, at ambient temperatures, the con-
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ductivity of most polymer electrolytes is still too low for an efficient
technological use. Among several other remedies, the incorporation of
an ionic liquid (IL) seems to be a fruitful improvement of these mate-
rials. Here, it was observed that depending on the ratio of PEO ether
oxygens to lithium ions, the lithium diffusion coefficient significantly
increases with the IL concentration or, alternatively, is roughly con-
stant [Passerini et al., Electrochim. Acta, 2012]. In order to unravel
the microscopic scenario giving rise to these observations, we use MD
simulations in combination with a Rouse-based analytical transport
model, which has originally been devised for classical polymer elec-
trolytes. It turns out that the mobility of the PEO segments plays a
decisive role for the precise value of the macroscopic lithium diffusion
constant due to the cooperative motion of the lithium ions with the
polymer segments. For the latter, two opposing effects are present in
the ternary systems: the slowing-down due to the coordinating lithium
ions and the plasticizing effect of the IL. Thus, for the design of novel
battery materials, one should ensure that the latter effect dominates.

CPP 23.11 Wed 12:30 H39
Multi-scale Modelling of Phase Inversion Membranes —
∙Richard J Broadbent, James S Spencer, Andrew G Liv-
ingston, Arash A Mostofi, and Adrian P Sutton — Imperial
College London, United Kingdom
It is expected that by 2025 two-thirds of the world’s population will
live in countries with water supply problems[1]. Separation processes
account for 40-70% of capital and operating costs in industry[2]. Mem-
brane technology is expected to be key to addressing both these issues.
Organic solvent nano-filtration membranes are widely used by indus-
try.

Understanding and predicting the performance of nano-filtration
membranes remains unsolved and is an area in which theory and sim-
ulation is yet to have a major impact. One of the challenges for
the development of accurate and predictive models of the structure
of polymer membranes is that they must span multiple length- and
time-scales: the membranes are manufactured over a period of sec-
onds from chemicals which diffuse on a picosecond time scale; the

pores within the membranes are often less than a nanometer in size,
while the polymers they are made from are often almost a micrometer
long. By combining Density Functional Theory, Molecular Dynamics
and Monte Carlo methods it is possible to capture all these key scales
and advance our understanding of this important technology.

[1] http://www.un.org/ecosocdev/geninfo/sustdev/waterrep.htm
[2] Jimmy L. Humphrey and George E. Keller II. Separation Process

Technology. New York, McGraw-Hill, 1997.

CPP 23.12 Wed 12:45 H39
Interplay of morphology and rheology during foaming of
block copolymers of polystyrene and poly(methyl methacry-
late) — Golda Louis Chakkalakal1, ∙Ulrich A. Handge1,
Ulla Vainio2, and Volker Abetz1 — 1Institute of Polymer Re-
search, Helmholtz-Zentrum Geesthacht, Max-Planck-Straße 1, 21502
Geesthacht, Germany — 2Deutsches Elektronen-Synchrotron (DESY),
Notkestraße 85, 22607 Hamburg
Porous and cellular polymers are technologically used in a variety of ap-
plications, e.g. in lightweight applications or for acoustic and thermal
insulation. Furthermore, porous polymers with an open-cell structure
can be used as membranes for microfiltration purposes. If a block
copolymer is chosen for preparation of a porous or cellular polymer,
then the phenomenon of microphase-separation yields an additional
degree of freedom to prepare nanostructured materials. In this study,
we systematically investigate the influence of morphological and rhe-
ological properties on the preparation of foams of polystyrene (PS)-
b-poly(methyl methacrylate) block copolymers. The foams were pre-
pared using the technique of batch foaming with carbon dioxide as
blowing agent. The analysis of rheological data reveals that molec-
ular weight and morphology strongly influence the complex modulus
and the creep compliance. The solution of carbon dioxide in PS-b-
PMMA block copolymers leads to a reduction of the glass transition
temperature of the PS and the PMMA phase. Generally, foaming of
PS-b-PMMA block copolymers with a cylindrical morphology leads to
foams with a lower density than the foams with a lamellar morphology.

CPP 24: Organic Semiconductors

Time: Wednesday 9:30–13:00 Location: H40

Invited Talk CPP 24.1 Wed 9:30 H40
Factors determining the contact resistance in organic thin-
film transistors — Manfred Gruber1, ∙Egbert Zojer2, Ferdi-
nand Schürrer1, and Karin Zojer1 — 1Institute of Theoretical
and Computational Physics, Graz University of Technology, A-8010
Graz, Austria — 2Institute of Solid State Physics, Graz University of
Technology, A-8010 Graz, Austria
The contact resistance is known to severely hamper the performance of
organic thin-film transistors. This is particular true when dealing with
large injection barriers, high mobility organic semiconductors, or short
channel lengths. A common assumption is that the primary quantity
determining the value of the contact resistance is the injection bar-
rier at the source electrode. Using drift-diffusion based simulations we
show that in sharp contrast to this assumption also the actual device
geometry (top- vs. bottom contact), the mobility of the used active
material as well as the operation condition of the device can change the
contact resistance by several orders of magnitude.[1] The final value of
the contact resistance arises from a subtle interplay of all these factors
as it is crucially determined by local fields and carrier densities. We
also find that the dominant mode of injection (thermionic vs. tunnel-
ing) is strongly affected by the above parameters and that (in analogy
with the findings of Brondijk et al. [2]) the inclusion of barrier shap-
ing fields, mirror charge effects and recombination at the electrode
surfaces [3] is essential to obtain qualitatively meaningful results. [1]
Adv. Funct. Mater., prov. accepted, [2] Org. El. 13, 1526 (2012); [3]
Org. El. 13, 1887 (2012)

CPP 24.2 Wed 10:00 H40
Stochastic modeling of molecular charge transport networks
— ∙Ole Stenzel1, Bjoern Baumeier2, Carl Poelking2, Denis
Andrienko2, and Volker Schmidt1 — 1Ulm University, Ulm, Ger-
many — 2Max Planck Institute for Polymer Research, Mainz, Ger-
many

Theory and simulations have substantially contributed to our under-
standing of charge and energy transfer processes in amorphous organic
semiconductors.[1] In this talk, we present a stochastic network model
for charge transport simulations in amorphous organic semiconductors,
which generalizes the correlated Gaussian disorder model to more real-
istic (off-grid) morphologies, where the information on positional dis-
order (and other properties) are gained by microscopic simulations.[2]
The network model is based on tools from stochastic geometry. It in-
cludes an iterative dominance-competition model for positioning hop-
ping sites in space, distance-dependent distributions for the vertex
connectivity and electronic coupling elements, and a moving-average
procedure for spatially correlated site energies. The field dependence
of the hole mobility of the amorphous organic semiconductor, tris-(8-
hydroxyquinoline)aluminum, which was calculated using the stochastic
network model, showed good quantitative agreement with the predic-
tion based on a microscopic approach. The stochastic model can be
used to simulate large system sizes in realistic device geometries.

[1] V. Rühle et al., J. Chem. Theory Comput., 2011, 7 (10), 3335-
3345
[2] B. Baumeier et al., Phys. Rev. B, 2012, 86, 184202

CPP 24.3 Wed 10:15 H40
The Impact of energetic disorder on the charge transport
in organic molecular crystals — ∙Sebastian Radke, Rafael
Gutierrez, and Gianaurelio Cuniberti — Institute for Materials
Science and Max Bergmann Center of Biomaterials, Dresden Univer-
sity of Technology, 01062 Dresden, Germany
In a theoretical study combining molecular dynamics simulations,
quantum-chemical calculations, and Marcus theory-based charge mi-
gration simulations, we investigate the electronic structure and the
charge transport of three members of a promising class of organic near-
infrared absorber materials: aza-BODIPYs, which are partially already
successfully used as the donor material in organic solar cells.[1] The
local character of the frontier molecular orbitals and their coupling to
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the intramolecular dynamics significantly influence the size of the total
charge carrier mobility and determine whether a material has a higher
electron or hole conductance. These effects depend also on the molecu-
lar packing and correspondingly on steric effects causing differences in
the ratio between the electron and the hole mobility of highly ordered
materials. Interestingly, the fluctuations of the transfer integrals can
influence both the total value of the charge carrier mobility as well as
its anisotropy. This demonstrates that both local and non-local ener-
getic disorder effects have to be considered to formulate design rules
for the class of aza-BODIPY derivatives to help to further improve the
efficiency of organic solar cells.

[1] T. Mueller et al. Solar Energy Materials & Solar Cells 99, 176-181
(2012).

CPP 24.4 Wed 10:30 H40
A comprehensive picture of p-doping P3HT with the molecu-
lar acceptor F4TCNQ — ∙Patrick Pingel and Dieter Neher —
Institute of Physics and Astronomy, University of Potsdam, D-14476
Potsdam
Molecularly doped semiconducting polymers can exhibit exceptionally
high electrical conductivity, making them suitable for use in solution-
processed organic circuitries. It has, however, been shown that the
density of the created free charges is well below the density of applied
dopant molecules, which has been attributed to aggregation of the
dopants and/or insufficient charge carrier dissociation. We used optical
absorption spectroscopy, surface potential and conductivity measure-
ments to unravel the mechanism leading to reduced doping efficiency in
blends of poly(3-hexylthiophene), P3HT, doped with tetrafluorotetra-
cyanoquinodimethane, F4TCNQ. Within the broad range of doping
ratios investigated, we find that almost every F4TCNQ dopant un-
dergoes full charge transfer with a P3HT donor site. The majority
of these charge pairs remains, however, strongly bound and only ca.
5% of the doping-induced holes on P3HT are mobile and contribute
to electrical conduction. The conductivity turns from a sublinear in-
crease (i.e., a decrease of mobility) at low-to-moderate doping ratios
towards a superlinear increase at high doping ratios. This dependency
is quantitatively reproduced applying a numerical mobility model of
Arkhipov et al. [Phys. Rev. B 72, 235202 (2005)], which considers
the broadening of the energetic landscape for charge transport upon
doping by the Coulomb potential of the left-behind F4TCNQ anions.

CPP 24.5 Wed 10:45 H40
Characteristics of the temperature dependent excitonic
transport of organic semiconductors — ∙A. K. Topczak1 and
J. Pflaum1,2 — 1Exp. Phys. VI, University of Würzburg, D-97074
Würzburg — 2ZAE Bayern, D-97074 Würzburg
The excitonic transport in organic materials is described either by a
temperature activated incoherent hopping model (polymers) or by a
band-like coherent transport (single crystals) [1]. To gain insights into
the respective behavior we performed temperature dependent Photolu-
minescence (PL) quenching measurements on the excitonic transport of
the archetypical material C60 and Diindenoperylene (DIP). The mor-
phological thin film structure of these two materials differs substan-
tially. Whereas C60 is X-ray amorphous, DIP shows high crystalline
order along the direction of exciton transport. By the PL quenching
technique we obtained information of the temperature dependence of
exciton diffusion and thereby on the related activation energies in cor-
relation to the underlying film morphology. In the case of DIP we
observed indication for a temperature independent exciton motion be-
low 80 K and below a critical thickness of 80 nm. Together, this hints
at a coherent exciton transport within the single crystalline domains
of DIP and which becomes thermally activated if the exciton has to
cross grain boundaries within the layer. This result emphasizes the
importance of long range crystalline order to achieve maximum exci-
ton harvesting in planar heterojunction photovoltaic cells and thereby
to enhance their performance. Financial support by the DFG (project
SPP1355). [1] P. Stallinga, Adv. Mater. 23 (2011) 3356-3362

CPP 24.6 Wed 11:00 H40
Unraveling the extraordinary conformational flexibility of
poly(3-hexyl thiophene) by single-molecule spectroscopy —
∙Florian Steiner1, Jan Vogelsang1,3, Alex Thiessen2, Takuji
Adachi1,3, and John Lupton1,2 — 1Universität Regensburg —
2University of Utah — 3University of Texas at Austin
Poly(3-hexyl thiophene) (P3HT) has been used for many years for or-
ganic solar cells and field-effect transistors due to effective intermolec-
ular selforganization in bulk films. It has been shown that the optical

properties strongly depend on the processing conditions. Using single-
molecule spectroscopic techniques we are able to link the conformation
of the P3HT chains embedded in a host matrix with their photophys-
ical properties. We show that the conformation of a single polymer
chain can be influenced by the polarity of the environment, which has
been identified by measuring the excitation polarization dependence by
wide-field fluorescence microscopy. Additionally, by performing confo-
cal microscopy we could relate the conformation to specific fluorescence
characteristics: an ordered conformation leads to a large red-shift of
the fluorescence emission of more than 100 nm, accompanied by strong
photon anti-bunching, longer fluorescence lifetime and a decrease of the
fluorescence quantum yield as compared to a disordered conformation.
The data clearly exemplifies the large conformational and spectroscopic
variability of P3HT at the single molecule level. We propose that the
vast unprecedented variability in single-chromophore transition ener-
gies actually drives selforganization in the solid, offering a challenge
for future materials and device optimization.

15 min. break

CPP 24.7 Wed 11:30 H40
Molecular Ordering and Charge-Transport Properties of
Semi-Crystalline Conjugated Polymers via Computer Sim-
ulations — ∙Carl Poelking1, Eunkyung Cho2, Alexander
Malafeev3, Viktor Ivanov3, Kurt Kremer1, Chad Risko2,
Jean-Luc Bredas2, and Denis Andrienko1 — 1Max Planck Insti-
tute for Polymer Research, Ackermannweg 10, 55128 Mainz, Germany
— 2Center for Organic Photonics and Electronics, Georgia Institute
of Technology, Atlanta, USA — 3Physics Department, Moscow State
University, Moscow, Russia
We establish a link between the microscopic ordering, charge-transport
parameters and carrier mobilities for semi-crystalline polymeric semi-
conductors using a computational multiscale approach. As mate-
rial examples, we investigate poly(bithiophene-alt-thienothiophene)
(PBTTT) and the polymorphic poly(3-hexyl-thiophene) (P3HT). We
identify the structural origin of the regioregularity effect on mobility
as a broadened energetic density of states and resolve how the packing
of side chains, ranging from highly crystalline to amorphous, affects
dynamics and distributions of site energies and electronic couplings
via orthogonal modes of the backbone paracrystallinity. Simulated
hole mobilities are in excellent agreement with experimental values
for organic field-effect transistors. The results underline that to se-
cure efficient charge transport in conjugated polymers, (i) electronic
couplings should present fast dynamics next to high average values,
and (ii) backbone paracrystallinity (intimately related with energetic
disorder) should be small.

CPP 24.8 Wed 11:45 H40
Triplet state kinetics of anthracen studied by pulsed electron
paramagnetic resonance — ∙Silvia Domingo Köhler, Sebas-
tian Höfel, and Malte Drescher — Universität Konstanz, 78457
Konstanz, Germany
Photoexcited triplet states (total spin S = 1) of anthracen in a glassy
toluene matrix were investigated using pulsed UV-laser photoexcita-
tion and pulsed EPR spectroscopy. The optical spin polarization was
studied time dependently resulting in the determination of the triplet
lifetime and the triplet relaxation rates between the high-field eigen-
states. The relative triplet state populations in zero-field and high-field
are quantitatively analyzed. The kinetics of the triplet states were
measured for different orientations of the molecule.

CPP 24.9 Wed 12:00 H40
Model systems for interchromophoric interactions in con-
jugated polymer materials — ∙Thomas Stangl1, Sebastian
Bange1, Daniela Schmitz2, Dominik Würsch1, Sigurd Höger2,
Jan Vogelsang1, and John M. Lupton1 — 1Universität Regens-
burg, Regensburg, Deutschland — 2Universität Bonn, Bonn, Deutsch-
land
A set of pi-conjugated oligomer dimers templated in molecular scaf-
folds is presented as a model system of the interactions between chro-
mophores in conjugated polymers. Single-molecule spectroscopy was
used to reveal energy transfer dynamics and electronic aggregation
between two oligomers in either parallel conformation with different
well-defined distances or oblique-angle geometry. First, it is concluded
that the model systems presented here can be used to investigate the
impact of H-aggregation as a function of interchromophoric distance by
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lifetime and single-molecule spectral measurements. Second, the long-
term non-equilibrium dynamics of energy transfer within the weakly
coupled bichromophoric systems, however, is found to be accessible
by studying the linear dichroism in emission at the single-molecule
level, revealing reversible switching of the emission between the two
oligomers. In bulk polymer films, strong and weak interchromophoric
coupling impacts the functionality, e.g. the emission colour and the
migration of excitation energy to quenching sites. Realizing the pres-
ence and dynamics of such interactions is crucial for understanding
limitations in quantum efficiency of larger conjugated polymer mate-
rials.

CPP 24.10 Wed 12:15 H40
Probing charge carrier - exciton interactions in Diindenop-
eryleneby the photoluminescence response of thin film tran-
sistors — ∙N.H. Hansen1, C. Wunderlich1, A.K. Topczak1,2,
and J. Pflaum1,3 — 1Experimental Physics VI, Julius Maximilians
University of Würzburg, 97074 Würzburg — 2Center for Nanosystems
Chemistry, 97074 Würzburg — 3ZAE Bayern, 97074 Würzburg
Exciton loss mechanisms play a significant role in organic devices such
as organic photo-voltaic cells (OPVs) or organic light emitting diodes
(OLEDs). We present a novel approach to investigate the interplay
between excitons and charge carriers by means of photoluminescence
(PL) measurements on organic thin film transistors (OTFT). For this
purpose, the organic semiconductor Diindenoperylene was utilized as
active OTFT material. The OTFT geometry benefits from a spatially
defined zone for the interaction between charges and photo-generated
excitons leading to an intensity reduction of the DIP photolumines-
cence of up to 4.5%. This effect is found to correlate with the accu-
mulated hole carrier density below the threshold voltage and provides
access to the non-radiative exciton-hole recombination rate. Taking
into account the respective measurement geometry, the estimated re-
combination rate of about 0.3 · 10−10 𝑐𝑚3

𝑠
compares sufficiently well

with data reported on single crystals [1]. From the similarity of the
threshold voltage and the saturation voltage above which the quench-
ing becomes constant, we conclude the quenching process to be prefer-
entially mediated by trapped holes within the DIP accumulation layer.
[1] N. Wakayama and D.F. Williams, J. Chem. Phys., 57(4):1770, 1972

CPP 24.11 Wed 12:30 H40
Particularities of Charge Carrier Localization in
(DOEO)4[HgBr4]·TCE Single Crystals — ∙Alisa

Chernenkaya1,2, Katerina Medjanik1, Aleksandr Kotov2, An-
drei Gloskovskii3, Oksana Koplak2, Eduard Yagubskii2, Gerd
Schönhense1, and Roman Morgunov2 — 1Inst. für Physik, Univ.
Mainz, Germany — 2Inst. of Problems of Chem. Phys., Rus. Acad.
of Science, Russia — 3HASYLAB/DESY, Hamburg, Germany
The combination of classical conductivity measurements with electron
spin resonance (ESR) spectroscopy, hard X-ray photoelectron spec-
troscopy (HAXPES, experiment has been performed at PETRA III
(beamline P09)) and near edge X-ray absorption fine structure (NEX-
AFS) make it possible to characterize electronic processes around the
critical temperatures in the organic charge transfer salts. We discuss
the example of (DOEO)4[HgBr4]·TCE that was studied by means of
the methods mentioned above [1, 2]. It was found that the charge car-
rier localization begins at 𝑇 = 140 K and at 𝑇 ≤ 70 K there is clear
evidence of two types of centers. Electrons in the crystal give different
signals below the critical temperatures: there is an additional line in
ESR spectra, a sharp jump in the temperature dependence of SQUID
data and shifts of core-level positions in the HAXPES spectra.

Funded via DFG (Transregio SFB TR49) and BMBF (05K 12 UM2).
[1] A. Bardin et al., 𝐶𝑜𝑜𝑟𝑑.𝐶ℎ𝑒𝑚., 32, 88 (2006)
[2] A. Chernenkaya et al., 𝑆𝑦𝑛𝑡ℎ.𝑀𝑒𝑡., submitted

CPP 24.12 Wed 12:45 H40
Organic 𝜋-conjugated copolymers as molecular charge-qubits
— ∙Cesar Augusto Mujica Martinez, Peter Nalbach, and
Michael Thorwart — I. Institut für Theoretische Physik, Univer-
sität Hamburg, Jungiusstra𝛽e 9, 20355 Hamburg, Deutschland
Organic 𝜋-conjugated polymers are systems that combine the elec-
tronic properties of semiconductors and the mechanical properties of
plastics. Similar to their inorganic semiconductor heterostructures
counterparts, it is possible to control the spatial degrees of freedom of
charge carriers by constructing unimolecular organic heterostructures
from 𝜋-conjugated block copolymers. We propose a design for molec-
ular charge-qubits based on poly-(p-phenylene) and poly-diacetylene
𝜋-conjugated heterostructures and determine their electronic structure
as well as their vibrational active modes. By tuning the length of the
constituent oligomers, the tunnel coupling in the charge qubit and its
decoherence properties due to molecular vibrations can be chemically
engineered. Long coherence times are observed even when the qubit is
operated at room temperature. It is found that the molecular vibra-
tional spectrum induces strong non-Markovian electronic effects which
support the survival of quantum coherence.

CPP 25: Biomaterials and Biopolymers II (joint session BP/CPP)

Time: Wednesday 9:30–12:45 Location: H43

Topical Talk CPP 25.1 Wed 9:30 H43
Processing of recombinant proteins for biomaterials appli-
cations: about spider silk and more — ∙Thomas Scheibel —
Universität Bayreuth, Lehrstuhl Biomaterialien, 95440 Bayreuth, Ger-
many
Proteins reflect one fascinating class of natural polymers with huge
potential for technical as well as biomedical applications. One well-
known example is spider silk, a protein fiber with excellent mechanical
properties such as strength and toughness. During 400 million years
of evolution spiders became outstanding silk producers. Most spider
silks are used for building the web, which reflects an optimized trap for
flying prey. We have developed biotechnological methods using bacte-
ria as production hosts which produce structural proteins mimicking
the natural ones. Besides the recombinant protein fabrication, we an-
alyzed the natural assembly processes and we have developed spinning
techniques to produce protein threads closely resembling natural silk
fibers. In addition to fibers, we employ silk proteins in other applica-
tion forms such as hydrogels, particles or films with tailored properties,
which can be employed especially for biomaterials applications.

CPP 25.2 Wed 10:00 H43
Nano-confined protein anchors, structured by STED lithog-
raphy, probed by dSTORM. — ∙Richard Wollhofen1,
Moritz Wiesbauer1,2, Kurt Schilcher2, Jaroslaw Jacak1,2, and
Thomas A. Klar1 — 1Johannes Kepler University, Linz, Austria —
2Upper Austria University of Applied Sciences, Linz, Austria
The ability to place individual proteins onto nano-confined struc-

tures plays a constantly growing role in bioscience, from basic stud-
ies in biology to development of nanosensors. One of the possibili-
ties to generate sub-micrometer sized structures is direct laser writ-
ing (DLW) lithography. The resolution of DLW can be enhanced
by stimulated emission depletion (STED) for assembly of polymeric
structures down to several tens of nanometers [1]. Using a pulsed
780nm laser for two-photon DLW and a 532nm laser for STED,
we are able to obtain structure sizes of down to 55nm and man-
ufacture two clearly separated lines with 120nm distance [2]. The
structures show good biocompatibility and allow an easy biofunc-
tionalization with proteins down to the single protein level. We
use direct stochastic optical reconstruction microscopy (dSTORM),
which enables determination of protein density at a nanoscale level
[3]. Combining STED lithography with dSTORM allows us to pro-
duce and characterize biocompatible structures, applicable to many
biological assays. [1]J. Fischer et al.,Adv.Mat.,Vol.22,Nr.32,pp.3578-
3582(2010); [2]R.Wollhofen et al.,submitted; [3]S. van de Linde et
al.,Photochem.&Photobiol.Sc.,Vol.8,Nr.4,pp.465-469(2009);

CPP 25.3 Wed 10:15 H43
Influence of direct laser written three-dimensional topogra-
phies on osteoblast-like cells — ∙Judith K. Hohmann1, Erik
H. Waller1, Rainer Wittig2, Rudolf Steiner2, and Georg von
Freymann1 — 1Physics Department and Research Center OPTIMAS,
University of Kaiserslautern — 2Institute for Laser Technologies in
Medicine and Metrology (ILM) at the University of Ulm
Biological cells react to various signals of their environment. While bio-
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chemical pathways have been investigated for decades, the influence of
physical characteristics of the cellular environment has only been stud-
ied in the very recent past [1]. Especially information on the interac-
tion with three-dimensional structures is barely available, since com-
mon chemical and/or physical surface treatments (e.g. acid-etching,
sand blasting) lead to randomly shaped surface topographies. In gen-
eral, results generated in such two-dimensional systems can hardly be
transferred to natural, three-dimensional conditions.

Our well-defined three-dimensional templates are fabricated by di-
rect laser writing and coated with titanium dioxide via atomic layer
deposition. This allows us to provide biocompatible substrates.

We aim at understanding the relation between various three-
dimensional structures and viability parameters of osteoblastic cells.
To observe cellular behavior, SaOs-2 osteosarcoma cells are seeded onto
the structures in order to test proliferation, morphology, adhesion and
differentiation via fluorescence and staining techniques. These results
might lead to novel dental implant surfaces which promote osseointe-
gration. [1]Nikkhah et al. Biomaterials 33 (2012) 5230-5246

CPP 25.4 Wed 10:30 H43
Biocompatibility of Fe-Pd ferromagnetic shape memory al-
loys - influence of surface roughness and protein coatings —
∙Uta Allenstein1,2,3, Yanhong Ma2, Ariyan Arabi-Hashemi2,
Stefan G. Mayr2,3,4, and Mareike Zink1 — 1Division of Soft
Matter Physics, Institute for Experimental Physics I, University of
Leipzig — 2Leibniz-Institute for Surface Modifications (IOM) —
3Translational Center for Regenerative Medicine (TRM), University
of Leipzig — 4Faculty of Physics and Earth Sciences, University of
Leipzig
Recent decades have seen a huge turn in implantology and biomaterial
development towards regenerative medicine. The approach in ortho-
pedic surgery is no longer to just replace damaged tissue by a passive
implant that evokes the least possible interference with biological tis-
sue, but rather to provide active stimulation and actuation. Fe-Pd
ferromagnetic shape memory alloys are a promising new class of smart
materials with a unique set of properties ideal for biomedical appli-
cations, including superelasticity, magnetically switchable strains and
biocompatibility. In this study the latter was shown by in vitro exper-
iments with NIH 3T3 fibroblasts, MCF 10A epithelial cells and HOB
osteoblasts on vapor-deposited single crystalline Fe70Pd30 thin films
and roughness graded polycrystalline splat-quenched samples. Pro-
liferation, adhesion and morphology were assessed on substrates of
different surface roughness and different adhesive coatings, such as fi-
bronectin, laminin and poly-L-lysine, as well as RGD peptides.

CPP 25.5 Wed 10:45 H43
Sorption of proteins to charged microgels: characterizing
binding isotherms and driving forces — ∙Cemil Yigit, Nicole
Welsch, Matthias Ballauff, and Joachim Dzubiella — Soft
Matter and Functional Materials, Helmholtz-Zentrum Berlin, Hahn-
Meitner Platz 1, 14109 Berlin, Germany
We present a set of Langmuir binding models in which electrostatic
cooperativity effects to protein sorption is incorporated in the spirit of
Guoy-Chapman-Stern models, where the global substrate (microgel)
charge state is modified by bound reactants (charged proteins). Ap-
plication of this approach to lysozyme sorption to oppositely charged
core-shell microgels allows us to extract the intrinsic, binding affin-
ity of the protein to the gel, which is salt-concentration independent
and mostly hydrophobic in nature. The total binding affinity is found
to be mainly electrostatic in nature, changes many orders of magni-
tude during the sorption process, and is significantly influenced by
osmotic deswelling effects. The intrinsic binding affinity is determined
to be about 7 kT for our system. We additionally show that Langmuir
binding models and those based on excluded-volume interactions are
formally equivalent for low to moderate protein packing, if the nature
of the bound state is consistently defined. Having appreciated this, a
more quantitative interpretation of binding isotherms in terms of sep-
arate physical interactions is possible in future for a wide variety of
experimental approaches.

CPP 25.6 Wed 11:00 H43
Diffusion and Adsorption of Proteins in Mesoporous En-
vironments — ∙Sebastian Mörz1 and Patrick Huber2 —
1Experimental Physics, Saarland University — 2Materials Physics and
Technology, Hamburg University of Technology
In the recent years, several studies discussed the encapsulation of
biomolecules in mesopourous materials and its potential applications

in e.g. protein chromatography or as novel means of controlled drug
release. Both the diffusion of biomolecules under such confinement
and the interaction with the surface of the host material are crucial to
these applications.

In this study, we examine the adsorption of bovine heart cytochrome
c onto the pore surface of the porous silica material SBA-15. Compar-
ison between the folded and unfolded state of this protein allows us to
separate the contributions from the different interaction mechanisms
involved i.e. coulombic and hydrophobic interaction. Furthermore, we
attempt a qualitative validation of the Stokes-Einstein equation for the
diffusion of proteins in a porous anodized aluminum oxide membrane
and its applicability for protein separation.

15 min break

CPP 25.7 Wed 11:30 H43
FACS-sorting of particles to reduce the data variance in Opti-
cal Tweezers assisted Dynamic Force Spectroscopy measure-
ments — ∙Tim Stangner1, David Singer2, Carolin Wagner1,
Christof Gutsche1, Olaf Ueberschär1, Ralf Hoffmann2, and
Friedrich Kremer1 — 1Universität Leipzig, Institut für Exper-
imentelle Physik I, Linnéstraße 5, 04103 Leipzig, Deutschland —
2Biotechnologisch-Biomedizinisches Zentrum Leipzig, Fakultät für
Chemie und Mineralogie, Deutscher Platz 5, 04103 Leipzig, Deutsch-
land
By combining Optical Tweezers assisted dynamic force spectroscopy
experiments with fluorescence activated cell sorting (FACS), we
demonstrate a new approach to reduce the data variance in mea-
suring receptor-ligand-interactions on a single molecule level by en-
suring similar coating densities. Therefore, the carboxyfluorescein-
labeled monophosphorylated peptide tau226-240[pThr231] is anchored
on melamine resin beads and these beads are sorted by FACS to achieve
a homogeneous surface coverage. To quantify the impact of the fluores-
cence dye on the bond parameters between the phosphorylated peptide
and the corresponding phosphorylation specific anti-human tau mon-
oclonal antibody HPT-104, we perform dynamic force spectroscopy
and compare the results to data using unsorted beads covered with
the non-fluorescence peptide analogue. Finally, we demonstrate that
the data variance of the relative binding frequency is significantly de-
creased by a factor of 3.4 using presorted colloids with a homogeneous
ligand coating compared to unsorted ones.

CPP 25.8 Wed 11:45 H43
Thermal vibrations reduce the efficacy of sacrificial bonds —
∙Soran Nabavi1, Matthew J. Harrington2, Peter Fratzl2, Os-
kar Paris1, and Markus A. Hartmann1 — 1Institute of Physics,
Montanuniversitaet Leoben, Leoben, Austria — 2Max Planck Insti-
tute of Colloids and Interfaces, Department of Biomaterials, Potsdam,
Germany
Mussel byssal threads are a fascinating biological material combining
high stiffness, toughness and extensibility. Experimental studies sug-
gest that these outstanding properties are achieved by using so called
sacrificial bonds (SBs) which are weaker than the covalent bonds hold-
ing the structure together and that can form and open reversibly [1].
The SBs break before the covalent bond rupture, providing hidden
length and allowing for efficient energy dissipation.

In this study computer simulations are used to investigate the effect
of SBs on the mechanical properties of a single polymeric chain. Spe-
cial emphasis was put on the interplay of covalent and sacrificial bonds
and the effect of thermal vibrations that have been largely overlooked
in the description of SBs so far. In a simple setting with only one SB it
is found that molecular chain fluctuations reduce the efficacy of SBs.
Even for SBs with rather high binding energies of ~1 eV backbone
fluctuations lead to a rupture of SBs before external loading sets in.
Thus, the theoretical strength of SBs is reduced more than a factor of
two. This effect increases with increasing polymeric chain length and
with increasing temperature.

[1] M. J. Harrington et al., J. Struct. Biol. 167, 47 (2009)

CPP 25.9 Wed 12:00 H43
Benchmarking the water-peptide interaction — ∙Sucismita
Chutia, Mariana Rossi, and Volker Blum — Fritz-Haber-Institut
der MPG, Faradayweg 4-6, 14195 Berlin
The interaction between water molecules and the hydration sites of
peptides is critical for any quantitative modeling of solvated pep-
tides. We address this interaction for the successive hydration of two
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peptides for which accurate experimental reference data exist: Ac-
Ala5-LysH+ (non-helical) and Ac-Ala8-LysH+ (helical). In particular,
finite-temperature Gibbs reference water binding energies Δ𝐺0 and
equilibrium constants are known [1,2]. However, earlier force-field pre-
dicted preferred water binding sites do not agree with one another. We
present an exhaustive first-principles study (density-functional theory
based on the van der Waals corrected PBE functional) that demon-
strates [3]: (i) There is a close competition between possible hydration
sites (protonated carboxyl group or ammonium group). The preferred
first hydration site breaks an intramolecular bond of the ammonium
group in the unsolvated molecule. (ii) Calculated Δ𝐺0(T) are in re-
markable agreement with experimental data. Lowest-energy H2O H-
bond networks are predicted for up to five H2O molecules, and the
connection to the solvated state is explored by ab initio molecular dy-
namics with up to 152 H2O molecules. [1] Liu, Wyttenbach, Bowers,
IJMS. 236, 81 (2004) [2] Kohtani, Jarrold, JACS. 126, 8454 (2004) [3]
Chutia, Rossi, Blum, JPCB DOI: 10.1021/jp3098268

CPP 25.10 Wed 12:15 H43
Biomolecular translocation through nanopores: from statis-
tics to real DNA conformations — ∙Maria Fyta1, Simone
Melchionna2, Sauro Succi3, and Efthimios Kaxiras4 — 1Institut
für Computerphysik, Universität Stuttgart, Germany — 2IPCF-CNR,
Università La Sapienza, P.le A. Moro 2, 00185 Rome, Italy — 3IAC-
CNR, Via dei Taurini 19, 00185 Rome Italy — 4Department of Physics
and School of Engineering and Applied Sciences, Harvard University,
Cambridge MA 02138, U.S.A
We apply a multiscale computational scheme to model a biomolecule
translocating through a narrow pore, an intensively studied subject due
to its variety of applications such as ultra-fast DNA sequencing. The
model uses a mesoscopic lattice Boltzmann method to treat the solvent
and a Molecular Dynamics scheme to deal with the biomolecule. Our

first results involve an anonymous polymer translocating in pure water.
We have obtained important insight into the statistics and dynamics
of the process. The translocation time exponent compares well with
the experimental values, while we were able to monitor multiconforma-
tional translocation. As a next step, we include electrokinetic effects,
i.e. ions, as well as a realistic quantum-mechanically derived potential
for double stranded DNA. We are now able to reveal in more detail
the structural conformations of the DNA molecule as well as the ion
distribution within the pore. The results also provide a qualitative and
quantitative understanding of the ionic conductance and DNA block-
ade as compared to the experiments. Our conclusions also involve the
effect of the pore geometry in the DNA translocation process.

CPP 25.11 Wed 12:30 H43
Driving forces in corneocyte expansion: a geometric per-
spective — ∙Myfanwy Evans1 and Roland Roth2 — 1Institut
für Theoretische Physik, Universität Erlangen-Nürnberg, Deutschland
— 2Theoretische Physik, Universität Tübingen, Deutschland
The arrangement of keratin in corneocytes, the dead cells in the outer
layer of mammalian skin, are likely a highly ordered packing of heli-
cal filaments. This specific geometric arrangement allows the exotic
physical property of cell expansion on prolonged exposure to water to
occur in a mechanically stable and reversible regime. We examine the
solvation free energy of a water-like solvent filling the volume of the
corneocytes around the hydrophilic keratin fibres by the morphometric
approach to energy landscapes. We find that the energy minimisation
drives the system to absorb water and expand where water is available.
During this expansion, the elastic energy in the keratin intermediate
filaments increases, and the balance of the two forces forms a natural
limit for the expansion process and the system maintain full reversibil-
ity.

CPP 26: Focus: Wetting on smooth and rough surfaces: From spreading to
superhydrophobicity II

Wetting determines the morphology and dynamics of a liquid on a surface. In particular for rough,
structured, or deformable surfaces the dynamic contact angles are poorly understood. Progress in
experimental and numerical techniques permit time resolved three-dimensional investigations of wetting,
providing new insight into the interplay between the contact angle, hysteresis, and pinning.
Organizers: Hans-Jürgen Butt (Mainz), Stephan Herminghaus (Göttingen), Doris Vollmer (Mainz)

Time: Wednesday 15:00–16:30 Location: H34

Invited Talk CPP 26.1 Wed 15:00 H34
Leidenfrost Dynamics — ∙David Quéré — ESPCI & Ecole poly-
technique, Paris
We discuss the Leidenfrost phenomenon, and particularly focus on its
dynamical aspects: how can liquids levitate on a hot solid? what are
their particular shape and evolution? what is the friction of these liq-
uid hovercrafts when they move? how do they behave on an irregular
solid? is it possible to create a Leidenfrost situation without heat?
We’ll see that the absence of contact between a substrate and a liquid
deeply modifies the usual laws of wetting.

CPP 26.2 Wed 15:30 H34
Directed motion of droplets on asymmetrically structured vi-
brating substrates: a Molecular Dynamics study — ∙Nikita
Tretyakov and Marcus Müller — University of Göttingen
We study a transport of coarse-grained polymer droplets on asym-
metrically structured (sawtooth shaped) and vibrating substrates by
means of Molecular Dynamics. The temperature of the system is
controlled by the DPD thermostat. Due to a continuous supply of
power by substrate vibrations and the asymmetry of its topography,
the droplets are driven in a preferred direction. This directed motion is
investigated as a function of the size of the droplets, linear dimension
of the substrate corrugation and the period of substrate vibrations.
To this end, our main concern consists in resolving two questions: (i)
what is the driving mechanism and (ii) what is the character of the
flow inside the droplet?

A typical mechanism of driving is the one provided by droplet’s con-
tact lines, as the responses of the advancing and receding contact lines
on the vibrating asymmetric substrate are not identical. We, moreover,

find a range of vibration periods that lead to an additional driving by
the contact area of the substrate between the contact lines.

For the character of the droplet motion there are, in general, three
possibilities: sliding, rotating and a combination of both. All of them
dissipate the input power by different means. We find that for most
of the parameters the droplets are sliding, but the linear size of the
substrate corrugation may give a rise to an additional rotation.

CPP 26.3 Wed 15:45 H34
Trapping and release of drops by electrically tunable wet-
ting defects — Dieter ’t Mannetje1, Rudy Lagraauw1, Simon
Otten1, Arun Banpurkar1,2, Arjen Pit1, Dirk van den Ende1,
and ∙Frieder Mugele1 — 1University of Twente, Physics of Complex
Fluids, MESA+ institute for Nanotechnology, Enschede, The Nether-
lands — 2University of Pune, Department of Physics, Pune, India
Drops driven across heterogeneous by gravity, viscous drag, and air
flow can get stuck at pinning sites that are sufficiently strong compared
to the external driving force. Using defects of continuously variable
strength generated by electrowetting we study the critical conditions
required to pin and depin drops of sliding down an inclined plane. We
show that the strength of the electrical defects scales with the square
of the applied voltage and with the radius of the drop. A general-
ized model incorporating the variable strength of the defect, viscous
dissipation, and inertia of the sliding drop provides a general pinning
criterion in excellent agreement with the experiments. We demonstrate
the potential of electrically tunable defects as tools to manipulate and
guide drops on inclined planes and in microfluidic devices.

CPP 26.4 Wed 16:00 H34
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Wetting of non regular rough 3D surfaces — ∙Ciro Sempre-
bon, Stephan Herminghaus, and Martin Brinkmann — MPI-DS,
Göttingen, Germany
Modelling wetting of disordered rough surfaces is a challenging problem
as the liquid interface can adopt a large number of different topologies
in mechanical equilibrium. A recent study of regular surface topogra-
phies demonstrates that topological changes of the interface are im-
portant to understand the variety of emerging advancing and receding
contact angles [1]. Here, we present a method to compute interfacial
equilibria on arbitrary substrate topographies while allowing for vary-
ing interface topology. In this method the material contact angle can
be controlled via a short ranged interface potential. To demonstrate
its applicability, we studied drying of a rough substrate while decreas-
ing the Laplace pressure of the wetting film. The results are compared
to drying during a decrease of the total liquid volume or an increasing
material contact angle at fixed Laplace pressure.

CPP 26.5 Wed 16:15 H34
Understanding the behaviour of super-cooled liquid on nanos-
tructured surfaces: A molecular dynamics study — Jayant

Singh1,2 and ∙Florian Müller-Plathe1 — 1Technische Universität
Darmstadt, Theoretical Physical Chemistry, Petersenstr. 22, 64287
Darmstadt — 2Department of Chemical Engineering, Indian Institute
of Technology Kanpur, Kanpur, India -208016, India
Understand the role of roughness of the surface in suppressing the ice
formation is of critical importance in the design of ice-free nanostruc-
tured surfaces. While recent work has provided some insight to the
design of superhydrophobic surfaces for deicing applications, yet it is
not clear that having roughness leading to hydrophobicity itself is good
enough for the smart design of ice-free nanostructure surface.

In this work, using extensive molecular dynamics we have investi-
gated the behaviour of super cooled water on smooth and rough sur-
faces. Roughnesses of the order of 1-2 nm were created on graphite like
surfaces. Water is modeled as monatomic water model. In particular,
we investigate the role of surface fraction (fraction of solid on the inter-
face) and roughness on the onset of crystallization while cooling from
270 K to 190 K with a cooling rate of 0.5-1K/ns. We also present in
detail ice cluster growth and ice phases as observed for different rough
surfaces.

CPP 27: Nanoparticles and Composite Materials II

Time: Wednesday 15:00–16:30 Location: H39

CPP 27.1 Wed 15:00 H39
Growth of silver nanowires within nanotubular J-Aggregates
— ∙Egon Steeg, Holm Kirmse, Frank Polzer, Yan Qiao, Jür-
gen Rabe, and Stefan Kirstein — Institut für Physik, Humboldt-
Universität zu Berlin
It was demonstrated earlier [1] that ultrathin but long Ag nanowires
with diameters less than 7 nanometer and length exceeding microm-
eters can be fabricated by reduction of silver salt using uniform nan-
otubular J-Aggregates of amphiphilic cyanine dyes as templates. Here,
we report on the growth mechanism of these Ag wires as revealed
by conventional and cryogenic transmission electron microscopy. The
growth is initiated by short illumination with UV light and observed
over time scales ranging from minutes to days. In an early stage, within
the tubular aggregates silver nanoparticles are formed which act as
seeds for continous growth of separate pieces of wires. The diameter of
the wires is determined by the inner diameter of the tubes. In the final
state, the pieces of wire totally fill the aggregate. As revealed by high
resolution TEM, the fragmented growth of the wires from separate
seeds leads to silver nanowires consisting of single crystalline domains
exceeding 100 nm in length. The growth process indicates transport of
Ag-ions through the tubular wall membrane. The experiments demon-
strate that these J-aggregates may also act as a soft template for the
growth of other wire-like inorganic materials.

[1] D.M. Eisele et al., J. Am. Chem. Soc. 132 (2010) 2104.

CPP 27.2 Wed 15:15 H39
Adhesion Forces between TiO2 Nanoparticles in Agglom-
erates — ∙Rebecca Scholz1, Samir Salameh2, and Lutz
Mädler2 — 1Ruhr-Universität Bochum, Physical Chemistry I, Uni-
versitätsstraße 150, 44801 Bochum — 2Foundation Institute of Materi-
als Science (IWT), Department of Production Engineering, University
of Bremen, Badgasteiner Str. 3, 28359 Bremen
Nanoparticle aggregates and their films have wide spread applications
such as catalysis, sensing, and hybrid materials. The adhesion force
between the aggregates plays a major role for their functionality and in-
fluence mechanical but also chemical stability. Therefore, information
on key parameters influencing the particle-particle-contact are very
important. However, direct measurements of the contact forces for
particles in size ranges of about 10 nm are rather challenging. Here,
we present a method to determine these forces [1], which includes a
statistical analysis of the force curves measured by atomic force mi-
croscopy (AFM) and in-situ measurements of the rearrangements of
the nanoparticles in an AFM/TEM setup. We use this method to first
clarify the question of the influence of the primary TiO2 particle size
on the contact force and to then investigate the agglomerate size. In
order to separate the influence of the agglomerate size we generated
monodisperse agglomerates. Our results show that sliding and rolling
events increase with agglomerate size. These findings, especially of the
influence of the agglomerate size on the contact force, will be presented

and discussed in this presentation.

CPP 27.3 Wed 15:30 H39
Fluorescence spectroscopy of individual semiconductor
nanocrystals in solution — ∙Sandra Flessau and Alf Mews
— Institute for Physical Chemistry, University of Hamburg
Colloidal II-VI semiconductor nanocrystals are crystalline fragments
of the corresponding bulk material with sizes of 1 to 10 nm. In this
range, the surface-to-volume ratio is considerably large. For a CdSe
nanocrystal of 3 nm in diameter, already one third of its atoms is at
the surface. The states of the surface influence charge carriers which
are three-dimensionally confined within this volume, and therefore be-
come important in determining many of the nanocrystal properties like
fluorescence intensity, fluorescence lifetime and blinking behavior.

Here, we present experiments on the impact of chemical or physical
modification of the surface on individual nanocrystals. Therefore, the
nanocrystals are immobilized within microfluidic channels which are
fabricated by soft lithography. Time-resolved single particle fluores-
cence spectroscopy is performed to explore the details of photophysical
changes of one and the same nanocrystal before and after rinsing the
channel with varying solutions, e.g. with different dielectric properties
or which contain different molecules that can attach to the nanocrystal
surface.

CPP 27.4 Wed 15:45 H39
Electrochemical Manipulation of Single CdSe/ZnS Quantum
Dots — ∙Nicole Amecke, David Plotzki, and Frank Cichos —
Molecular Nanophotonics Group, University of Leipzig
Despite immense research on semiconductor quantum dots (QDs), the
mechanisms of their intensity fluctuations remain a highly specula-
tive subject. Most fluctuations are attributed to non-radiative decay
channels arising from charges and fluctuating trap states at the QD
interface, surface or close environment. A more specific assignment is
difficult, especially due to the extraordinary statistics, which resemble
power law distributions of bright and dark periods over several decades
in time. With electrochemistry we can access those trap states as well
as charges, while simultaneously monitoring QD intensity, lifetime and
spectra. In this way we can observe the influence of reduction and
oxidation processes on the fluorescence of each single QD. We find,
that there is a preferred electrochemical potential for QD-fluorescence.
Lower potentials introduce electrons in the conduction band, while
higher potentials introduce trap states for the electron. The desired
potentials depend on substrate, QD size and vary from dot to dot.
The time dependence of the reaction to a potential step indicates a
rearrangement of traps and charges in the QD environment.

CPP 27.5 Wed 16:00 H39
New Tools for reliable photoluminescence quantum yield
measurements of near-infrared emissive quantum dots —
∙Soheil Hatami1, Susanne Leubner2, Vladimir Lesnyak2, Niko-
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lai Gaponik2, Christan Würth1, Markus Grabolle1, Alexan-
der Eychmüller2, and Ute Resch-Genger1 — 1BAM Federal
Institute for Materials Research and Testing, Berlin, Germany —
2Physical Chemistry/Electrochemistry, TU Dresden, Dresden, Ger-
many
Semiconductor quantum dots (QDs) are applied as fluorescent labels
and active components in optical devices. QDs emitting in the near-
infrared (NIR) region like CdTe, and CdHgTe are of increasing im-
portance, due to their high photoluminescence quantum yields (QY)
compared to any other chromophore at wavelengths above 900 nm.
The characterization of the performance of these NIR and IR QDs re-
quires reliable methods for the determination of QY under biological
application-relevant conditions. For often performed relative optical
measurements, standard dyes with precisely known QY are mandatory,
with the lack of reliably assessed QY standards for the NIR hampering
the performance of such measurements. This encouraged us to design
a new integrating sphere setup for the absolute measurement of QY
values in the spectral range of 600 nm to 1700 nm and to develop pro-
cedures for the relative and absolute determination of QY of emissive
materials in this wavelength region. Here, the design of our setup and
its calibration will be presented as well as first QY measurement of
NIR dyes and CdTeHg QDs of varying size and material composition.

CPP 27.6 Wed 16:15 H39

Absolute Photoluminescence Quantum Yield of Hexagonal
𝛽-NaYF4:Er3+,Yb3+ Upconversion Nanoparticles — ∙Martin
Kaiser1, Würth Christian1, Resch-Genger Ute1, Hyppänen
Iko2, and Soukka Tero2 — 1BAM Bundesanstalt für Material-
forschung und -prüfung, Richard-Willstätter-Str. 11, 12489 Berlin —
2Department of Biotechnology, University of Turku, Tykistökatu 6A,
FI-20520 Turku, Finland
Hexagonal 𝛽-NaYF4 doped with Er3+ and Yb3+ is currently the most
efficient upconversion (UC) phosphor to convert near-infrared (NIR)
to green light. For the design of nm-sized UC particles, there is a need
for reliable spectroscopic tools for the characterization of the signal-
relevant optical properties of these materials like the absolute quantum
yield (QY), which equals the ratio of emitted to absorbed photons. Due
to the upconverting nature of the photoluminescence and the lack of
UC QY standards and conventional QY standards with absorption at
980 nm, the QY of these particles can be presently measured only abso-
lutely. This presents a considerable challenge due to the low absorption
coefficient of these materials and the power density dependence of QY.
We present here a custom-designed integration sphere setup equipped
with a power-stabilized 980 nm-laser diode for spectrally resolved and
power density-dependent measurements of the absolute UC QY as well
as the transmission and reflection of UC materials in suspension and in
the solid state. The characterization of this setup is detailed as well as
first QY of nm-sized 𝛽-NaYF4:Er3+, Yb3+ in different environments.

CPP 28: Crystallization, Nucleation and Self Assembly II

Time: Wednesday 15:00–16:30 Location: H40

Invited Talk CPP 28.1 Wed 15:00 H40
Self Organization of Colloidal Crystals and of Co-operative
Propulsion by Salt Gradient Induced Flows — ∙Thomas Pal-
berg — Inst. of Physics, Johannes Gutenberg Univ., Mainz, Germany
Colloidal crystallization from a meta-stable colloidal melt has been
extensively studied with optical techniques. Most studies of charged
colloidal spheres in aqueous suspension. were performed at low and
homogeneous salt concentrations in a quiescent solvent. Recently we
focused on the influence of salt gradients on the formation of crystals
and their micro-structure. Gradients were obtained from a granular,
electrolyte releasing particle settled under gravity onto the charged
substrate. Depending on the electrolyte chosen and the charge sign of
the substrate, strong, radially symmetric solvent flow is induced along
the substrate, either towards or away from the granule. Release of HCl
combined with an anionic substrate leads to a convergent flow. We use
this flow to assemble micron sized colloidal particles sedimented to the
substrate and swept towards the granule. Crystal formation kinetics
are well understood in a simple theoretical model. Emerging micro-
structures are well reproducible. An equivalent behavior is also seen
in three dimensions. Together this offers a flexible way to manipulate
and pattern the micro-structure of colloidal solids, which may be use-
ful for the fabrication of photonics related materials. Very recently
we observed that beyond the self organization of structures, the flow
patterns may also be useful to self organize the linear propulsion of the
granule-colloid complex. This possibly offers an alternative approach
to swimming at low Reynolds numbers

CPP 28.2 Wed 15:30 H40
Self-Assembly of Janus-particles in critical fluids — ∙Marcel
Labbé-Laurent1,2, Matthias Tröndle1,2, Ludger Harnau1,2,
and Siegfried Dietrich1,2 — 1Max-Planck-Institut für Intelligente
Systeme, Stuttgart, Germany — 2Universität Stuttgart, Germany
Critical fluctuations in simple fluids or binary liquid mixtures give
rise to forces acting on immersed colloidal particles. These Casimir-
like forces are attractive or repulsive depending on the chemical sur-
face properties [1]. Spacial ordering of colloids opposite to chemically
structured surfaces, induced by the critical Casimir effect, is observed
experimentally for colloidal particles immersed in a critical water-2,6-
lutidine mixture and is in agreement with theory [2]. Janus-particles
immersed in a critical fluid are subject to orientation-dependent sta-
bilizing and destabilizing forces. Within density functional theory we
study the phase diagram of cylindrical and spherical Janus-particles.
We find first and second order phase transitions between isotropic and
structured colloidal phases. Janus-particles self-assemble into a dou-
blelayer phase, which is tunable by temperature, density and external

potentials.
[1] C. Hertlein, L. Helden, A. Gambassi, S. Dietrich, and C.

Bechinger, Nature 451, 172 (2008).
[2] M. Tröndle, O. Zvyagolskaya, A. Gambassi, D. Vogt, L. Harnau,

C. Bechinger, and S. Dietrich, Mol. Phys. 109, 1169 (2011)

CPP 28.3 Wed 15:45 H40
Heterogeneous Nucleation in colloidal melts at periodically
structured substrates — ∙Achim Lederer1 and Hans Joachim
Schöpe2 — 1Johannes Gutenberg Universität, Mainz, Germany —
2Max Planck Institut für Polymerforschung, Mainz, Germany
Monodisperse suspensions of colloidal spheres with known interac-
tion are a terrific model system for testing predictions by statistical
physics. Their typical length scales are accessible via optical methods
like light scattering in reciprocal and microscopy in real space. We
investigate heterogeneous nucleation and the microstructure evolution
of colloidal model systems with hard sphere like behavior by Confocal
Laser Scanning Microscopy (CLSM) observing local parameters on a
single particle scale. In our studies we observe heterogeneous nucle-
ation at fcc(111) patterned substrates as function of lattice spacing.
By analyzing local order parameters we locate crystalline particles in
clusters, determining cluster sizes and shape during nucleation and
growth. By varying the lattice spacing we observe a transition from a
commensurable to an incommensurable situation.

CPP 28.4 Wed 16:00 H40
Nanoparticle Assembly in a modular Fluidic System —
∙Dominik Gerstner, Philip Born, and Tobias Kraus — Leibniz-
Institut für Neue Materialien (INM), Campus D2.2, 66123 Saarbrücken
Nanoparticles are widely used in industrial and research applications.
Agglomeration occurs in most use cases. We investigate structure
formation during agglomeration to find which mechanisms govern
the morphology of the agglomerates. For alkylthiol-stabilized gold
nanoparticles with 6 nm core diameter, we found that the morphol-
ogy depends crucially on the exact behavior of the ligand monolayer.
Crystalline agglomerates only formed for a molten monolayer. Based
on this study, we suggest that the particles’ microscopic packing is
dominated by contact mechanics rather than colloidal interactions [1].

The ligands’ directing effect may be partially kinetic. We will discuss
experiments to study agglomeration under defined mixing conditions
and for different ligands efficiently. A modular fluidic system enables
the preparation and direct observation of agglomerating nanoparticles
in flow. Nanoparticle dispersion and agglomeration agent are merged
in a micromixer. UV/Vis spectrometers or Light Scattering detectors
subsequently provide characteristics of the growing agglomerates. The
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versatility of the setup allows rapid experimentation with a wide range
of particles and conditions. Correlation of spectroscopic and real-space
TEM data yields a detailed understanding of agglomerate morpholo-
gies. We use it to search for ligands that lead to agglomerates with
predictable morphologies applicable in hybrid materials.

[1] T. Geyer et al. Phys. Rev. Lett. 109 (2012), 128302.

CPP 28.5 Wed 16:15 H40
Free energy and concentration of thermal vacancies in closed-
packing solids — ∙Mostafa Mortazavifar, Mohammad Hossein
Yamani, and Martin Oettel — Institut für Angewandte Physik,
Eberhard Karls University of Tübingen, Tübingen, Germany
The free energy and the equilibrium concentration of thermally excited

vacancies in crystals has been studied since long ago using simulations
in classical statistical mechanics or theoretical considerations on the
phonon spectrum in the solid with vacancies. Here, we present a simple
estimate of the vacancy free energy and concentration in close-packing
solids using the leading-order term in an expansion in correlated free
particles in a frozen, crystalline matrix [1]. For hard spheres, results
are in excellent agreement with available simulation data, and have an
intuitive interpretation in terms of available volumes of a free particle
in the frozen matrix either next to a vacancy or in a perfect, crystalline
surrounding. For solids of atoms interacting with soft potentials, com-
putations can be easily done for broad ranges of temperature and den-
sity. We present results for the Lennard-Jones system and compare to
available data from simulation and other theory.

[1] Stillinger et al, J. Chem. Phys. 43, 932 (1965).

CPP 29: Organic Electronics and Photovoltaics III (joint session O/CPP/DS/HL)

Time: Wednesday 16:00–19:00 Location: H33

CPP 29.1 Wed 16:00 H33
Effects of nuclear dynamics on light absorption, charge injec-
tion, recombination, and dye regeneration conditions in dye-
sensitized solar cells — ∙Sergei Manzhos1, Hiroshi Segawa2,
and Koichi Yamashita3 — 1Department of Mechanical Engineering,
National University of Singapore, Blk EA #07-08, Singapore 117576 —
2RCAST, University of Tokyo, 4-6-1, Komaba, Meguro-ku, Tokyo 153-
8904, Japan — 3Department of Chemical System Engineering, Univer-
sity of Tokyo, 7-3-1, Hongo, Bunkyo-ku, Tokyo 113-8656, Japan
We present molecular dynamics studies of effects of nuclear motions on
light absorption and charge injection, recombination, and dye regener-
ation conditions for two organic dyes adsorbed on anatase (101) surface
of TiO2 in mono- and bi-dentate configurations. We studied the ef-
fects of temperature, deuteration, and co-adsorbed water. Averaged
over nuclear motions driving forces for injection and regeneration can
differ significantly from their static estimates computed in most works.
As a result, injection rate could be different by orders of magnitude.
As the expectation value of the ground state energy is higher than its
optimum geometry value (by up to 0.1 eV), nuclear motions will affect
dye regeneration by recently proposed redox shuttle-dye combinations
operating at low driving forces. Dye orientation motions are predicted
to increase back-donation rate by orders of magnitude. Dye structure,
adsorption mode, and the presence of water affect strongly the dynam-
ics of energy level matching. Temperature in the range of 300-350K
and deuteration have little effect on driving forces but red-shift of the
absorption spectrum by a few %.

CPP 29.2 Wed 16:15 H33
Photoemission Studies of Highly Reactive Organic Photo-
sensitizers — ∙Mathias Fingerle1, Maximilian Hemgesberg2,
Yvonne Schmitt2, Sebastian Schmitt2, Dimitri Imanbaew2,
Harald Kelm2, Eugen Risto2, Stefan Lach1, Markus
Gerhards2, Christoph van Wüllen2, Werner Thiel2, and
Christiane Ziegler1 — 1Fachbereich Physik, Erwin-Schrödinger-
Str. 56, D-67663 Kaiserslautern, Germany — 2Fachbereich Chemie,
Erwin-Schrödinger-Str. 52, D-67663 Kaiserslautern, Germany
Substituted phenothiazines (PTs) are promising candidates for appli-
cations in the field of organic electronics. Due to the fact, that the
electronic, magnetic and geometrical properties of the phenothiazine
compared to its radical cation differ substantially, PT redox couples
are of great interest for organic devices like dye sensitized solar cells
(DSSCs). Here, the electronic properties of N-substituted phenoth-
iazine dyes derived from 3.8-dithien-2-ylphenothiazine (DTPT), among
them the first PT containing an olefinic moiety with an electron with-
drawing group close to the nitrogen atom, were probed via photoe-
mission spectroscopy. The thin film growth of the dyes and their oxi-
dized species after spin coating was analyzed by X-ray photoelectron
spectroscopy (XPS) and qualitatively visualized by scanning force mi-
croscopy (SFM). Through UV-photoelectron spectroscopy (UPS) and
inverse photoelectron spectroscopy (IPES), the occupied and unoccu-
pied energy levels could be attained and compared to data acquired by
UV/Vis spectroscopy and DFT calculations. It is shown, that chemical
oxidation by NOBF4 leads to a dramatic decrease of the band gap.

CPP 29.3 Wed 16:30 H33
Investigation of the electronic structure of phosphorescent

Platinum(II) complexes on Au(111) by STM and STS —
∙Pascal Raphael Ewen, Hasmik Harutyunyan, Jan Sanning,
Matteo Mauro, Cristian Alejandro Strassert, and Daniel
Wegner — Physikalisches Institut - Westfälische Wilhelms Univer-
sität Münster
Quenching effects still limit the efficiency of state-of-the-art organic
light emitting diodes (OLEDs) at higher doping concentrations of the
triplet emitter molecules within the emission layer. A possible candi-
date for avoiding of the loss of luminescence are recently synthesized
Pt(II) complexes that do not show quenching even when aggregated
into fibers or gels. The efficient implementation of such complexes in
electronic devices requires a fundamental understanding of the interac-
tion of the molecules with the local environment. A systematic investi-
gation of the adsorption and the electronic structure of slightly different
phosphorescent Pt(II) complexes offers information about the influence
of ligands and substituents on the complexes as well as their interac-
tions with neighbours and the substrate. We have studied the impact of
molecule-surface and intermolecular interactions on the self-assembly
and electronic structure of Pt-complex monolayers on Au(111) using
scanning tunneling microscopy (STM) and spectroscopy (STS) at low
temperature. By determining energies and spatial distributions of sev-
eral frontier orbitals, we are able to evaluate the impact of hybridiza-
tion on the molecular electronic structure with important consequences
for the optical properties.

CPP 29.4 Wed 16:45 H33
Overcoming the limitations of work-function modifications
induced by adsorption of self-assembled monolayers —
∙Oliver T. Hofmann, Yong Xu, Patrick Rinke, and Matthias
Scheffler — Fritz-Haber Institut der MPG, Berlin, Germany
Controlling the work function of electrodes critically determines
charge-injection barriers and is of high importance for organic elec-
tronic devices. Such control can be easily achieved by adsorbing dipo-
lar self-assembled monolayers. Despite the common application of this
method, its limitations remain largely unexplored. It has, however,
been demonstrated that charge-transfer occurs as soon as the molec-
ular LUMO comes into resonance with the Fermi-energy when the
molecular dipole moment is systematically increased by adding multi-
ple repeat units. This Fermi-level pinning limits the achievable work-
function modification. In turn, we argue that molecules with nega-
tive electron affinities never reach this limit and can reduce the work-
function in principle all the way down to zero. As a proof of concept,
we study the interaction between the ZnO(101̄0) surface and pyridine
using hybrid density functional theory with a variable fraction of exact
exchange and a correction scheme for screened van-der-Waals forces.
In agreement with experimental observations, we find an adsorption-
induced work-function reduction of up to -2.9 eV. For a hypothetical
ultra-dense pyridine monolayer the work-function reduction could even
reach -4.3 eV for this surface.

CPP 29.5 Wed 17:00 H33
Surface electronic structure and electron dynamics for pris-
tine and adsorbate-covered ZnO(1010) — ∙Jan-Christoph
Deinert, Daniel Wegkamp, Michael Meyer, Julia Stähler, and
Martin Wolf — Fritz-Haber-Institut der MPG, Abt. Physikalische
Chemie, Faradayweg 4-6, 14195 Berlin
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Zinc oxide is a promising electrode material for organic optoelectronics,
because of its large optical band gap, possible n-type conductivity and
its abundance. Despite many years of research, the electronic struc-
ture of interfaces between ZnO and - possibly functional - molecules or
even its vacuum interface are not well understood. We use femtosec-
ond time- and angle-resolved two-photon photoemission spectroscopy
(2PPE) to analyze both the occupied and unoccupied electronic states
and dynamics at such interfaces. We show that hydrogen adsorption,
even for very low coverage, leads to the formation of a surface electron
accumulation layer and thus surface metallicity. Above band gap ex-
citation with 3.8 eV fs laser pulses leads to ultrafast relaxation of hot
electrons in the ZnO(1010) conduction band and the alleged formation
of an excitonic state with a lifetime in the 100 ps range. Furthermore,
we demonstrate that molecules with negative electron affinity allow for
massive work function reduction of ZnO(1010), e. g. by ΔΦ = −2.9 eV
in the case of a monolayer of pyridine. This opens a pathway to the
design of cathodes with optimal electron injection barriers. We fur-
thermore examine the changes in interfacial electronic structure upon
biphenyl adsorption, which serves as a model system for optoelectron-
ically functional poly(p-phenylene)-type molecules.

CPP 29.6 Wed 17:15 H33
Defect-Driven Interfacial Electronic Structure at a Hybrid
Organic / Inorganic Heterojunction — ∙Oliver Monti1, Leah
Kelly1, Laura Schirra1, Paul Winget2, Hong Li2, and Jean-
Luc Bredas2 — 1The University of Arizona, Tucson, AZ, USA —
2Georgia Institute of Technology, Atlanta, GA, USA
We present a combined experimental and theoretical study of the in-
terfacial electronic structure of highly defined thin films of organic
semiconductors on ZnO. We discuss the importance of shallow donor
states in the near-surface region of ZnO in determining energy-level
alignment and electronic structure at such interfaces. Using ultravi-
olet and x-ray photoelectron spectroscopy together with two-photon
photoemission and first-principles calculations we investigate the na-
ture of hybrid interface states inside the bandgap of ZnO. These states
display strong charge-transfer character and may play an important
role in charge-harvesting events in organic photovoltaic cells.

CPP 29.7 Wed 17:30 H33
Electronic structure and excited states dynamics in polythio-
phene — ∙Lea Bogner1, Gaurav Gupta2, Michael Sommer3,
Mukundan Thelakkat4, Thomas Thurn-Albrecht2, and Pe-
tra Tegeder1,5 — 1Freie Universität Berlin, Fachbereich Physik
— 2Martin-Luther-Universität Halle-Wittenberg, Institut für Physik
— 3Albert-Ludwigs-Universität Freiburg, Institut für Makromoleku-
lare Chemie — 4Universität Bayreuth, Makromolekulare Chemie I —
5Rubrecht-Karls-Universität Heidelberg, Physikalisch-Chemisches In-
stitut
Semiconducting conjugated polymers exhibit promising properties for
applications in optoelectronic devices such as organic photovoltaic
cells. Poly(3-hexylthiophene) (P3HT) and other poly- and oligothio-
phenes are auspicious electron donor materials due to their high charge
carrier mobility. In this study thin films of semi crystalline P3HT with
different degree of crystallinity [1] have been investigated by means
of time- and angle-resolved two-photon photoemission (2PPE). We
observed several unoccupied and occupied electronic states (bands)
including the valence and conduction band. In addition two excited
states are found which possess lifetimes in the order of hundred pi-
coseconds.

Ref.: [1] Z. Wu, A. Petzold, T. Henze, T. Thurn-Albrecht, R. H. Lo-
hwasser, M. Sommer, M. Thelakkat, Macromolecules, 2010, 43, 4646-
4653.

CPP 29.8 Wed 17:45 H33
Charge transfer at the interface between substituted pen-
tacene nanorods and gold single crystals — ∙Sabine-Antonia
Savu, Maria Benedetta Casu, and Thomas Chassé — Institute of
Physical and Theoretical Chemistry, University of Tübingen, Tübin-
gen, Germany
Pentacene is one of the most investigated organic molecules due to its
successful application in organic electronics. Substitution in pentacene
gives the opportunity to tailor the properties which are needed for ap-
plications; therefore it is necessary to investigate its influence on molec-
ular aggregation and thin film formation. In particular, here we report
our investigations on nanorods of three newly synthesized substituted
pentacenes with different degrees of fluorination. We performed X-
ray photoemission spectroscopy (XPS), near edge X-ray absorption

fine structure (NEXAFS) spectroscopy, and atomic force microscopy
(AFM) on nanorods deposited on Au(111) and Au(110) single crys-
tals. XPS thickness dependent spectra in combination with NEXAFS
investigations show that the screening of the core hole occurs via charge
transfer from the metal to the molecule. In addition, the morphology
of the nanorods has been investigated by using AFM, evaluating the
nanorod characteristics also from a statistical point of view and taking
the different degree of fluorination into account.

CPP 29.9 Wed 18:00 H33
Photoemission Investigation of the Electronic Structure of
P3HT:PCBM Bulk-Heterojunctions using a lift-off tech-
nique — ∙Angela Eckstein1,2, Dirk Hauschild1,2, Julia
Kern3, Markus Mingebach3, Carsten Deibel3, Vladimir
Dyakonov3, Achim Schöll1,2, and Friedrich Reinert1,2 —
1Experimentelle Physik VII, Universität Würzburg, 97074 Würzburg
— 2Gemeinschaftslabor für Nanoanalytik, Karlsruher Institut für
Technologie KIT, 76021 Karlsruhe — 3Experimentelle Physik VI, Uni-
versität Würzburg, 97074 Würzburg
Poly(3-hexylthiophene): phenyl-[6,6]-C61 butyric acid methyl ester
(P3HT:PCBM) bulk heterojunctions (BHJ) are prototype active lay-
ers for organic solar cells. The electronic structure at the internal
interface can be accessed by photoelectron spectroscopy (PES), thus
providing insight into the alignment of the electronic levels and the
occurrence of possible interface dipoles. However, the very surface sen-
sitive PES investigation is complicated in case of P3HT:PCBM bulk
heterojunctions since the film preparation by spin-coating creates a
P3HT wetting layer on the film surface. In order to avoid this prob-
lem we used a lift-off technique to access the interface to the spin
coating substrate (SiO2), which has shown to resemble the bulk situa-
tion [1]. P3HT:PCBM samples with different mixing ratio, which can
be lift-off-prepared under UHV-condition thus avoiding contamination
by ambient conditions, have been investigated by x-ray- and UV-PES
as well as by inverse PES with particular respect to the influence of
degradation and radiation damage. [1] Kahn et al. (Org. El. 11 (2010)
1779-1785)

CPP 29.10 Wed 18:15 H33
Bottom-up synthesis of self-aligned conjugated polymers
— Sören Krotzky1, ∙Rico Gutzler1, Vijay Vyas1,2, Bettina
Lotsch1,2, and Klaus Kern1,3 — 1Max Planck Institute for Solid
State Research, Stuttgart, Germany — 2Department of Chemistry,
University of Munich (LMU), Munich, Germany — 3Institut de
Physique de la Matière Condensée, Ecole Polytechnique Fédérale de
Lausanne, Switzerland
We investigate the synthesis of self-assembled organometallic struc-
tures and well-defined long 1D polymers by the surface-supported Ull-
mann reaction on an Ag(111) surface. The brominated semiconducting
precursor molecule (2,7-dibromobenzothieno[3,2-b]benzothiophene) is
sublimed under UHV conditions on the crystalline surface where
a dehalogenation step is induced at room temperature. STM re-
veals self-assembly of the dehalogenated ditopic molecule into short
organometallic coordination polymers that arrange in a ladder-like
monolayer. Annealing to 420 K leads to C-C coupling of the molecules
via ejection of the coordinated metal atom. At this temperature the
newly formed 1D polymer strands align in a side-by-side manner with
three preferred directions with respect to the high-symmetry directions
of the surface. DFT calculations show that the length of the synthe-
sized polymers is sufficient to reduce the HOMO-LUMO gap to its
value at infinite length of the polymer. Together with the calculated
band-structure this suggests possible unidirectional charge mobility
within the well-ordered semiconducting polymeric monolayer.

CPP 29.11 Wed 18:30 H33
How contact groups influence metal molecule hybrid struc-
tures under voltage — ∙Simon Liebing, Torsten Hahn, and Jens
Kortus — TU Bergakademie Freiberg, Freiberg, Germany
In order to use molecules in electronics it is not only important to
understand the properties of molecules themself but also properties of
metal-molecule interfaces. Recent contributions discussed the behav-
ior of thiole [1] and amino linker groups [2]. To get a more systematic
understanding the authors have chosen a model system of benzene
with variable linker groups between gold electrodes. Such groups can
be thiole, amino, thiophen, nitrile, pyrol and cyanide. This allows
for example to study the differences between 𝜎- and 𝜋- like symme-
try with respect to the individual interface geometry. The theoretical
study combines the calculation of single molecule properties by density
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functional theory [3] with the nonequilibrium Greens functions tech-
nique [4] to calculate the transport properties [5] of the device. [1]
Markussen, T. et al. JCP 132 , 224104 ( 2010)

[2] Angela, D. et. al. Nano Letters 10, no. 7 (2010)
[3] Pederson, M. et. al. Phys. Status Solidi b 217, 197. (2000)
[4] Datta, S. Nanotechnology 15, 433. (2004)
[5] Brandbyge, M. Phys. Rev. B 65, 165401 (2002)

CPP 29.12 Wed 18:45 H33
Improving the contact materials of organic electronic de-
vices: Polymeric dipole layers vs. self assembling monolay-
ers — ∙Janusz Schinke1,2, Julian Heusser3,2, Marc Hänsel3,2,
Julia Maibach4,2, Wolgang Kowalsky1,2, Michael Kröger1,2,
Eric Mankel4,2, and Wolfram Jaegermann4,2 — 1TU Braun-
schweig, Institut für Hochfrequenztechnik — 2Innovation Lab GmbH
— 3Universität Heidelberg, Kirchhoff-Institut für Physik — 4TU
Darmstadt, Materials Science Institute, Surface Science Division

In organic electronic devices, charge injection at the contacts is crucial
for high electrical performance. Most of these devices require at least
one electrode with a sufficiently low work function (WF). Low-WF elec-
trodes like alkaline earth metals are easily available; however, they are
chemically very reactive and oxidize in ambient atmosphere. A smart
way to overcome this problem is the use of molecular or polymeric
dipole layers (PDLs). The use of PDLs to tune an electrodes work
function can be advantageous over self assembled monolayers(SAMs)
as the PDL concept can be applied to a wider range of electrode materi-
als like ITO, Ag, Au or Al. We have used two different PDLs: branched
polyethylenimine (PEI) and polyethyleneimine ethoxylate (PEIE). We
studied the the properties of PDL treated substrates via AFM, am-
bient Kelvin probe and XPS/UPS. Both interlayers lower the metal
substrate work function by approx. 1000meV. On ITO we reach abso-
lute values of about 3.0eV which leads to strongly enhanced electron
injection in model devices.

CPP 30: Poster: Focus: Wetting on smooth and rough surfaces: From spreading to
superhydrophobicity

Time: Wednesday 16:30–18:30 Location: Poster C

CPP 30.1 Wed 16:30 Poster C
Polymer brushes in poor solvent - A Monte Carlo Study —
∙Christoph Jentzsch1,2 and Jens-Uwe Sommer1,2 — 1Leibniz-
Institut für Polymerforschung Dresden, Germany — 2TU-Dresden, In-
titut für theoretische Pyhsik, Germany
We use a new variant of the bond fluctuation model with explicit sol-
vent to study polymer brushes under poor solvent conditions. Exten-
sive simulations were performed in order to cover a wide range of graft-
ing densitys for large systems. For high grafting densitys we observe
a dense uniform brush. By decreasing the grafting density, we observe
stable holes penetrating through the brush. A further decrease of the
grafting density leads to a semicontinous morphology due to a segre-
gation between the solvent and the polymers. For very low grafting
densitys we observe octopus micelles of different sizes. We investigate
those regimes and their transitions.

CPP 30.2 Wed 16:30 Poster C
Droplet morphologies upon growing and shrinking on tri-
angular grooved substrates — ∙Carsten Herrmann1, Ciro
Semprebon2, Martin Brinkmann1,2, and Ralf Seemann1 —
1Saarland University, 66041 Saarbrücken — 2Max Planck Institute
for Dynamics and Self-Organization, 37018 Göttingen
We experimentally investigate the morphologies of droplets sitting on
triangular grooved micro-structures upon volume change. The droplet
morphologies are characterized by their eccentricity, i.e. the ratio of
width to length, as function of the number of wetted grooves. The ec-
centricity of small droplets wetting just a few grooves characteristically
varies upon an increase in drop volume and arrives at a constant value
for sufficiently large droplets. In contrast droplets are almost perfectly
round upon volume reduction for sufficiently small droplet volumes.
In both cases the morphological changes depend sensitively on the
wettability and the wedge angle of the triangular grooved substrate.
The experimental results are compared quantitatively with numerical
results computed by minimizing surface energies.

CPP 30.3 Wed 16:30 Poster C
Liquid-liquid dewetting — ∙Stefan Bommer1, Sebastian
Jachalski2, Dirk Peschka2, Ralf Seemann1, and Barbara
Wagner2 — 1Saarland University, 66041 Saarbrücken — 2Weierstraß-
Institute, 10117 Berlin
The transient morphologies towards equilibrium of liquid droplets
dewetting on another liquid are considered experimentally and theoret-
ically. As liquids short chained polystyrene and polymethylmethacry-
late are used which are glassy at room temperature and which can
be considered as Newtonian liquids well above their glass transition
temperatures. The liquid/air interfaces are imaged in situ by scan-
ning force microscopy whereas the liquid/liquid interface is imaged
after solidifying the sample and removing the dewetting polystyrene.
The obtained droplet shapes are compared to numerical results in lu-
brication approximation which are calculated for the surface tensions
and contact angles which are extracted from the equilibrium shapes of

the droplets. A remarkably independence of the transient shapes on
the start conditions was found for sufficiently ’mature’ droplets which
allows for the quantitative comparison.

CPP 30.4 Wed 16:30 Poster C
Light induced switching of surface wetting of azobenzene dec-
orated silicon nanograss surfaces — ∙Jonas Groten and Jürgen
Rühe — Universität Freiburg, IMTEK
The wetting behavior of high aspect ratio nanorough surfaces depends
on the surface energy of the involved materials. Depending on the value
of the surface energy superwetting, Wenzel type wetting or superhy-
drophobicity can be observed. These wetting regimes are separated by
sharp transitions at well defined surface energies. We have coated a
silicon surface consisting of high aspect ratio nanoscale needles (“black
silicon”) with a polymer monolayer containing a fluorinated azobenzene
moiety. The azobenzene moiety can be switched between the cis and
the trans state through illumination with light of appropriate wave-
lengths. In the described system the surface energy of the polymer
coating is adjusted to the energy value which separates the distinct
wetting regimes of the nanorough surface. This coupling allows for
large changes in the surface wetting behavior even when the surface
energy upon illumination is only rather small. As a consequence the
surface can be reversibly switched from a superhydrophobic state with
roll off tilt angle < 2∘ to a completely sticky surface with no roll off
at all or from a strong Wenzel-type wetting state to a superwetting
surface.

CPP 30.5 Wed 16:30 Poster C
Transformation of black candle soot into a transparent ro-
bust superamphiphobic coating — ∙Xu Deng, Lena Mammen,
Periklis Papadopoulos, Maxime Paven, Hans-Jürgen Butt,
and Doris Vollmer — Max Planck Institute for Polymer Re-
search,Ackermannweg 10, D-55128, Mainz, Germany
Coating is an essential step in adjusting the surface properties of ma-
terials. Superhydrophobic coatings with contact angles greater than
150∘ and roll off angles below 10∘ for water have been developed, based
on low energy surfaces and roughness on the nano- and micrometer
scales. However, these surfaces are still wetted by organic liquids such
as surfactant-based solutions, alcohols, or alkanes. Coatings that are
simultaneously superhydrophobic and superoleophobic are rare. We
designed an easily fabricated, transparent, and oil-rebounding super-
amphiphobic coating. A porous deposit of candle soot was coated with
a 25 nm thick silica shell. The black coating became transparent after
calcination at 600∘C. After silanization the coating is superamphipho-
bic and remained so even after its top layer was damaged by sand
impingement.

CPP 30.6 Wed 16:30 Poster C
The Salvinia Effect: Superhydrophobic Surfaces with
Hydrophilic Pins for Air Retention Under Water —
∙Daniel Gandyra1, Birte Böhnlein1, Matthias Mail1,2, Aaron
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Kobler1, Anke Kaltenmeier1, Matthias Barczewski1, Ste-
fan Walheim1, Kerstin Koch4, Jan-Erik Melskotte3, Mar-
tin Brede3, Alfred Leder3, Wilhelm Barthlott2, and Thomas
Schimmel1 — 1Institute of Applied Physics, Institute of Nanotech-
nology, and Center for Functional Nanostructures (CFN), Karlsruhe
Institute of Technology — 2Nees Institute for Biodiversity of Plants,
University of Bonn — 3Chair of Fluid Mechanics, University of Ros-
tock — 4Biology and Nanobiology, Hochschule Rhein-Waal
Air-retaining surfaces are of great technological, economic and ecolog-
ical interest, e.g., for low-friction fluid transport and drag reduction
in ship coatings. An innovative mechanism for long-term air retention
under water is found in the sophisticated surface design of water fern
Salvinia molesta. Its floating leaves are evenly covered with complex
hydrophobic hairs retaining a layer of air when submerged under wa-
ter. The terminal cells of the hairs, however, are hydrophilic. These
hydrophilic patches at the end of the hairs pin the air-water interface,
thus preventing the loss of air by preventing the formation and de-
tachment of air bubbles [1]. This ”Salvinia Effect” opens intriguing
perspectives for developing artificial, biomimetic surfaces with long-
term air retention under water. [1] W. Barthlott, T. Schimmel et al.:
The Salvinia Paradox. Advanced Materials 22, 2325-2328, 2010.

CPP 30.7 Wed 16:30 Poster C
Drop impact on superamphiphobic surfaces — ∙Xu Deng1,
Frank Schellenberg1, Periklis Papadopoulos1, Longquan
Chen2, Maxime Paven1, Lena Mammen1, Jihua Zhang1, Doris
Vollmer1, and Hans-Jürgen Butt1 — 1Max Planck Institute for
Polymer Research, Mainz — 2Center of Smart Interfaces, Technical
University Darmstadt
The spreading and retraction kinetics of liquid drops impacting on
superamphiphobic,[1] i.e. superhydrophobic and superoleophobic, sur-
faces is studied by high speed video microscopy. To investigate the
influence of interfacial tension and viscosity on spreading and retrac-
tion kinetics mixtures of ethanol-water and glycerin-water are chosen.
The main findings are identical for both systems, including the depen-
dence of the impact scenario on drops’ Weber and Reynolds number.
At low impact velocity the drops rebound, however, the contact time
increases when approaching the pinning regime. Drop spreading is
dominated by inertia, independent of whether a drop rebounds or pins
on the surface. The retraction phase is split into two regimes: a fast
inertia dominated retraction of the drop’s contour, followed by a slow
decrease of the drop’s contact diameter for diameters below the initial
diameter of the drop before impact. Impact causes partial penetra-
tion and pinning of the liquid in the coating, even though the drop
rebounds completely.

[1] X. Deng, L. Mammen, H.-J. Butt, and D. Vollmer; Candle soot
as a template for a transparent robust superamphiphobic coating, Sci-
ence, 335 (2012), 67-70.

CPP 30.8 Wed 16:30 Poster C
Simulating immiscible multi-phase flow and wetting by means
of stochastic rotation dynamics (SRD) - A 3D modeling ap-
proach — ∙Thomas Hiller, Marta Sanchez de la Lama, Martin
Brinkmann, and Stephan Herminghaus — Max Planck Institute for
Dynamics and Self-Organization, Göttingen, Germany
We use the mesoscopic particle simulation method SRD to simulate
immiscible multi-phase flow on the pore and sub-pore scale in three
dimensions. As an extension to the standard SRD method, we present
a novel approach on implementing complex wettability on heteroge-
neous surfaces. Our preliminary results demonstrate the capability of
this method to address a variety of applications. For instance, on the
pore-scale SRD is a valuable tool to study the formation of capillary
bridges in an assembly of three or four spherical beads. Addition-
ally, we show the simulation of flow through an artificial porous media
(packing of spherical beads) where the substrate exhibits different spa-
tial wetting characterisitcs and how this influences the dynamics, in
terms of percolation and residual saturation, through the porous me-
dia. As an outlook we also present how SRD can be applied to simulate
droplets flowing in microfluidic channels.

CPP 30.9 Wed 16:30 Poster C
Transparent silica nano- and microchannels for microfluidic
devices — ∙Lena Mammen, Xu Deng, Kathrin Friedemann,
Frank Schellenberger, Periklis Papadoupolos, Daniel Cre-
spy, Hans-Jürgen Butt, and Doris Vollmer — Max Planck Insti-
tute for Polymer Research, Mainz, Germany

Nano- and microchannels are attractive model systems for fundamen-
tal studies like filling kinetics, diffusion processes or transport phenom-
ena. In this work transparent nano- and few-micrometer-sized silica
channels were prepared by coating different polymer fiber templates
with silica performing a modified Stöber synthesis and subsequent re-
moval of the organic material by calcination. As templates either PVA
or polystyrene electrospun or spider silk fibers were used. The chan-
nels have a circular cross-section with uniform diameter and smooth
surface. We measured the capillary filling speed of water and glyc-
erol/water mixtures and castor oil using laser scanning confocal mi-
croscopy (LSCM) what is a convenient technique to observe the filling
velocities close to the channel entrance. By comparing our results with
the theoretically predicted values according to the classical Washburn
kinetics we found a deviation for small filling times (< 0.1 s) from the
power law.

CPP 30.10 Wed 16:30 Poster C
Microcones and Nanograss: Towards mechanically robust su-
perhydrophobic surfaces — ∙Vitaliy Kondrashov and Jürgen
Rühe — University of Freiburg, Freiburg, Germany
We report on the generation of superhydrophobic surfaces, which are
resistant to strong mechanical forces, especially against high shear
stress. To this we generate surfaces, which have two roughness levels:
micrometer sized silicon microcones surrounded by superhydrophobic
silicon nanograss. The fabrication process of the surface is mask-free,
and both microcones and nanograss are fabricated in consecutive pro-
cesses by Deep Reactive Ion Etching (DRIE) in the overpassivation
regime. Varying the process parameters, microcones of different size
and density were fabricated, while nanograss size and distribution were
kept constant.

When shear is applied, the microcones take the load and prevent
contact of the shearing surface with the mechanically instable silicon
nanograss. As the microcones can cause pinning of the contact line,
the height and density of the microcones are important parameters
for the influence of wear onto the wetting properties. As result, the
shear-stress experiments show that surfaces with high density of large
microcones are able to sustain high shear loads without noticeable loss
in superhydrophobicity. However, the larger the microstructures the
larger shaved hydrophilic area which increases pinning to the drop.
This shows that, the control over microcones size and density is a key
factor in realization of mechanically robust superhydrophobic surfaces.

CPP 30.11 Wed 16:30 Poster C
Influence of subsurface interactions on the dynamic con-
tact angle of liquids on mixed organic monolayers — David
Polster1 and ∙Harald Graaf2 — 1Department of Physics, Univer-
sity of Konstanz, D-78464 Konstanz, Germany — 2nanoMA (Center
for nanostructured Materials and Analytics), Chemnitz University of
Technology, D-09107 Chemnitz, Germany
The functionalisation of surfaces by organic monolayers is a well known
way to influence the surface properties e.g. the adhesion forces. Mixed
monolayers consisting of similar molecules with two or more various
headgroups can tune the obtained surface properties like the hydropho-
bicity. In the present study silicon surfaces are modified by alkene
molecules. By using two different alkenes mixed monolayers of various
ratios the hydrophilizity of the surface can be tuned. A water ring
formation around single and double ester groups increase the effective
hydrophilic area, which leads to a deviation from the expected change
in static contact angle measurements.[1] In a recent study we found
on such mixed monolayers a hysteresis of the dynamic contact angle
of different liquids.[2] Several approaches are discussed in literatur the
hysteresis (and also differences in wetting and dewetting energies) par-
tially to long range interactions between the liquid and the underlying
silicon, which is very reasonable as the monolayer thickness is only
about two nanometers.

[1] Polster et al. Langmuir 26 (2010) 8301, [2] Polster et al.
Appl.Surf.Sci. DOI 10.1016/j.apsusc.2012.10.128

CPP 30.12 Wed 16:30 Poster C
Universal Phase Diagram for Wetting on Mesoscale Rough-
ness — ∙Stephan Herminghaus — MPI für Dynamik und Selbstor-
ganisation
The wetting properties of solid substrates with mesoscale (between van
der Waals tails and the capillary length) random roughness are con-
sidered as a function of the microscopic contact angle of the wetting
liquid and its partial pressure in the surrounding gas phase. It is shown
that the well-known transition occurring at Wenzel’s angle is accom-
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panied by a transition line at which a jump in the adsorbed liquid
volume occurs. This should be present generally on surfaces bearing
homogeneous, isotropic random roughness. While a similar abrupt
filling transition has been reported before for certain idealized groove
or trough geometries, it is identified here as a universal phenomenon.
Its location can be analytically calculated under certain (rather mild)
conditions.

CPP 30.13 Wed 16:30 Poster C
Patterning of YVO4:Eu3+ luminescent films by soft lithog-
raphy — ∙Wenxin Wang1, Ziyong Cheng2, Jun Lin2, and Yong
Lei1 — 1Fachgebiet 3D-Nanostrukturierung, Institut fuer Physik &
IMN MacroNano (ZIK), Institute for Physics and IMN MacroNano
(ZIK), Technische Universitaet Ilmenau, Prof. Schmidt Str. 26,
98693 Ilmenau, Germany — 2State Key Laboratory of Rare Earth
Resource Utilization, Changchun Institute of Applied Chemistry, Chi-
nese Academy of Sciences, 5625 Renmin Street, Changchun 130022,
P.R.China
Ordered square and dot luminescent YVO4:Eu3+ array patterns were
fabricated by two kinds of soft lithography processes, namely, mi-
crotransfer molding (uTM) and microcontact printing (uCP), respec-
tively. Both soft-lithography processes utilize a PDMS elastomeric
mold as the stamp combined with a Pechini-type sol-gel process to
produce luminescent patterns on quartz plates. The difference is that
square pattern can be direct obtained via uTM, but with method of
uCP, we print hydrophobic SAMS on the hydrophilic quartz to in-
duce the dewetting process of sol precursor to form dot pattern array.

The ordered luminescent YVO4:Eu3+ patterns are revealed by optical
microscopy and their microstructures, consisting of nanometer-scale
particles, is unveiled by scanning electronic microscopy (SEM) observa-
tions. Additionally, photoluminescence and cathodoluminescence were
carried out to characterize the patterned YVO4:Eu3+ samples.

CPP 30.14 Wed 16:30 Poster C
Wetting of silica spheres on the micro-scale — ∙Jennifer
Wenzl, René Stangenberg, and Günter K. Auernhammer —
Max Planck Institute for Polymer Research, Mainz, Germany
We present here a model system for wet granular matter on the mi-
crometer scale, which we are able to observe in 3D with confocal mi-
croscopy. We use a 3-phase-system consisting of polydisperse silica
particles, dispersed in a mixture of an aqueous salt solution (sodium
thiocyanate) and an organic solvent (cis-decaline). By mere shaking of
the sample mixture, we generate capillary bridges and pickering emul-
sion droplets with cis-decaline as the binder liquid. Surface modifica-
tion with methyl silyl groups allows us to adjust a finite contact angle of
the interface between the binder liquid and the aqueous salt solution.
With the combination of the confocal microscopy and a home-build
nano-manipulation, we are able to apply a compression or shear load
and observe simultaneously the sample structure in 3D.

We investigated the particle-droplet structure in 3D under compres-
sion and shear. In this presentation we show the wetting behavior
of this interface and discuss the change of the emulsion droplet num-
ber and the corresponding volumes with time. We present also the
structural changes of the particles depending on the applied load.
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CPP 31.1 Wed 16:30 Poster C
Templating effects of 6T layers for organic DIP layers —
∙Christopher Lorch, Alexander Hinderhofer, Rupak Baner-
jee, Christian Frank, Johannes Dieterle, Alexander Gerlach,
and Frank Schreiber — Institut für Angewandte Physik, Universität
Tübingen, Auf der Morgenstelle 10, 72076 Tübingen, Germany
Recently, the donor-acceptor combination of the two compounds, 𝛼-
sexithiophene (6T) [1] and diindenoperylene (DIP) [2], respectively,
has shown an extraordinarily high open circuit voltage in organic solar
cells with a planar heterojunction (PHJ) architecture [3].

Synchrotron based real-time in situ X-ray diffraction experiments
were performed to study the temperature-dependent growth charac-
teristics of 6T. Furthermore, the influence of the structural properties
of the 6T layer on the top DIP layer were investigated. In this contri-
bution, the following points are discussed: i) Dependence of the ratio
of lying and standing domains in the top DIP layer on the correspond-
ing ratio in the bottom 6T layer. ii) The thickness dependence of the
DIP layer structure. iii) Possible reorganization effects in the bottom
layer during the growth of the top layer. iv) The dependence of top
layer structure on the temperature.
[1] W. Steinkopf et al., Justus Liebigs Ann. Chem. 546, 180-199 (1941)
[2] A. C. Dürr et al., Phys. Rev. Lett. 90, 016104 (2003)
[3] U. Hörmann et al., Phys. Status Solidi RRL 5, 241-243 (2011)

CPP 31.2 Wed 16:30 Poster C
Solution processing of self-assembled monolayers as charge
injection layers in organic FETs. — ∙Milan Alt1,4,
Janusz Schinke2,4, Kaja Deing3,4, Uli Lemmer1, and Norman
Mechau1,4 — 1Karlsruher Institute of Technology — 2TU Braun-
schweig — 3Merck KGaA, Darmstadt — 4InnovationLab, Heidelberg
All-solution processed organic field effect transistors (OFETs) are ex-
pected to play a key role in the mass production of organic electronic
devices via high throughput printing techniques. In this study we fo-
cus on solution processing of self-assembled monolayers (SAMs) for en-
hancement of charge carrier injection at the metal-semiconductor inter-
face. One necessity in order to make SAMs printable is an understand-
ing of molecular assembly in dependency to process parameters like
accumulation time and molecular concentration in the solution. We
used well established benchmark materials to investigate the function-
ality of different benzyl-mercaptan and alkanethiol SAMs in OFETs.
The methodic evaluation of OFET devices, in which the transistor ef-
fectively serves as a characterization tool, revealed an expected corre-

lation between metal work function shift and device threshold voltage.
More interestingly, an optimum ratio of accumulation time/SAM con-
centration has been identified. In contrast, investigations of SAM isle
accumulation on crystalline Au 111 surfaces in literature reveal a sat-
uration of work function shift when approaching a closed monolayer.
This demonstrates that understanding of SAM growth mechanisms
gained on single crystalline surfaces cannot naturally be transferred to
assembly on printed or evaporated metal contacts.

CPP 31.3 Wed 16:30 Poster C
Photophysical Processes in Polymer:PDI Solar Cells —
∙Dominik Gehrig, Valentin Kamm, Hannah Mangold, Ian
Howard, Glauco Battagliarin, Chen Li, Klaus Müllen, and
Frédéric Laquai — Max-Planck-Institute for Polymer Research,
Mainz, Germany
We present the implementation of different polymers as donors in com-
bination with new PDI-based acceptors in organic solar cells. Increas-
ing the absorption of the photoactive layer is a rational strategy that
could give rise to an enhanced photon harvesting and hence an im-
provement of the photocurrent. The contribution of PDI to the pho-
tocurrent generation can be proved by EQE measurements. Addition-
ally exciton and charge carrier dynamics as well as loss mechanisms
are investigated by sub-picosecond to millisecond pump-probe tran-
sient absorption spectroscopy (TA) and time-resolved photolumines-
cence (TRPL) spectroscopy. The former tracks the dynamics of non-
radiative species whereas the latter enables the observation of emissive
decay channels. Supplementary experiments like the evaluation of the
morphology by AFM and charge transport experiments by the time-of-
flight (TOF) technique and space-charge-limited-current (SCLC) mea-
surements deliver additional information which allow to derive mean-
ingful structure-property-relations.

CPP 31.4 Wed 16:30 Poster C
Increased conductivity of PEDOT:PSS for application in
organic solar cells: electrical and morphological investiga-
tions — ∙Christoph Heller1, Claudia M. Palumbiny1, Volker
Körstgens1, Yuan Yao1, Weijia Wang1, Stephan V. Roth2, and
Peter Müller-Buschbaum1 — 1Lehrstuhl für Funktionelle Materi-
alien, Physik-Department, Technische Universität München, James-
Franck-Str. 1, 85748 Garching, Germany — 2HASYLAB at DESY,
Notkestrasse 85, 22603 Hamburg, Germany
Poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate)(PEDOT:PSS)
is commonly used as a transparent electrode for flexible electronic de-
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vices. Its conductivity plays a crucial role for the device performance.
In our study, the conductivity of PEDOT:PSS films has been in-

creased via a post treatment method reaching the conductivity order
of indium tin oxide (ITO) which is commonly used as an electrode in
organic solar cells. Among other techniques the effect of the post treat-
ment has been investigated using advanced scattering methods such as
grazing incident small angle x-ray scattering (GISAXS). Furthermore,
the influence of doping PEDOT:PSS, different post treatments, the
treatment time and the effect of the number of post treatments have
been investigated focusing on conductivity and morphological changes.
The results are very promising for using post treated PEDOT:PSS as
an electrode in ITO-free organic solar cells.

CPP 31.5 Wed 16:30 Poster C
Low-bandgap DPP-type Polymers for OPVs: Relation be-
tween Device Performance and Photophysical Properties —
∙Julian Ochsmann1, Mathieu Turbiez2, Deepak Chandran3,
Ian Howard1, Kwang-Sup Lee3, and Frédéric Laquai1 — 1Max
Planck Institute for Polymer Research, Mainz, Germany — 2BASF,
Basel, Switzerland — 3Hannam University, Seoul, Korea
Low-bandgap polymers are promising materials to serve as electron
donors in the photoactive layer of bulk heterojunction solar cells. In
combination with a suitable electron acceptor such as PC70BM the
photoactive layer covers a broad absorption range spanning from the
visible to the near-infrared spectral region leading to increased photon
harvesting and thus a higher photocurrent compared to mid-bandgap
polymers such as P3HT.

In this study the photovoltaic performance of several low-bandgap
polymers based on the diketopyrrolopyrrole (DPP) unit was evaluated
in Organic Photovoltaic Cells (OPVs) prepared with different solvent
mixtures. Depending on the polymer structure and preparation condi-
tions maximum power conversion efficiencies between 1.6 and 5 % could
be reached. The photophysical properties of the photoactive layers of
the OPVs were investigated by steady-state photoinduced absorption
and broadband transient absorption pump-probe spectroscopy (TA) to
get further insight into the exciton and polaron dynamics as well as
into the efficiency-limiting mechanisms of the devices.

CPP 31.6 Wed 16:30 Poster C
Investigation of Polyethylenimine and Polyethylenimine-
ethoxylated as electron injection layers in solution pro-
cessed organic light-emitting diodes. — ∙Sebastian Stolz1,4,
Ingo Ringle2, Eric Mankel3,4, Janusz Schinke4, Michaela
Agari2, Gerardo Hernandez-Sosa1,4, Wolfram Jaegermann3,4,
Uli Lemmer1, and Norman Mechau1,4 — 1Light Technology Insti-
tute, Karlsruhe Institute of Technology — 2Pre-development, Heidel-
berger Druckmaschinen AG — 3Materials Science Institute, Technis-
che Universität Darmstadt — 4InnovationLab GmbH, Heidelberg
One obstacle for inexpensive solution processed organic light-emitting
diodes (OLEDs) is the current use of low work-function metals like
calcium or barium as cathode materials. These metals are highly
reactive, which is why they cannot be easily solution processed but
have to be prepared in UHV. In this work, we investigate two organic
polymers, Polyethylenimine (PEI) and Polyethylenimine-ethoxylated
(PEIE), which are known to reduce the work-function of various met-
als, for their applicability as electron injection layers. Therefore,
both polymers are dissolved in 2-Methoxyethanol with varying con-
centrations and are then spin coated on top of Aluminum substrates.
The concentration dependent change in work-function is determined
by kelvin probe measurements and ultraviolet photoemission spec-
troscopy. Furthermore, OLEDs using PEI, or PEIE respectively, as
electron injection layer are prepared by spin coating. Compared to
reference devices with calcium as electron injection material, these
OLEDs show comparable turn on voltages and luminance values of
more than 50%.

CPP 31.7 Wed 16:30 Poster C
Surface morphology of P3HT, PCBM and blends of
both — ∙Martin Dehnert1, Mario Zerson1, Sven Hüttner2,
Zhuxia Rong2, Ullrich Steiner2, and Robert Magerle1 —
1Fakultät für Naturwissenschaften, Technische Universität Chemnitz,
Chemnitz, Germany — 2Cavendish Laboratory, JJ Thomson Av-
enue,Cambridge,U.K.
We investigate the surface morphology of thin films of pure poly(3-
hexylthiophene) (P3HT), [6,6]-phenyl C61-butyric acid methyl ester
(PCBM) and blends of P3HT and PCBM using atomic force mi-
croscopy (AFM) operated in multi-set point intermittent contact (MU-

SIC) mode. This allows for depth-resolved mapping of the mechanical
properties of the top surface layer of the specimen. AFM images of
pure P3HT and PCBM before and after annealing show the crystalli-
sation behaviour of the pure materials at the film surface. Blends of
P3HT and PCBM with different composition were used for investigat-
ing the morphology, the nanomechanical properties, and the composi-
tion of the top surface layer. Our results indicate that for large range of
blend compositions the volume ratio of P3HT and PCBM is constant
within the top surface layer. Furthermore, we observe crystallisation
of PCBM in films annealed at 175∘C. We discuss the impact of the
surface morphology of P3HT:PCBM blends and the crystallisation of
PCBM on the efficiency and lifetime of organic solar cells.

CPP 31.8 Wed 16:30 Poster C
Probing charge carrier dynamics in organic solar cells based
on merocyanines — ∙Steven Graf1, Martin Lenze1, Ju-
lian Krumrain1, Dirk Hertel1, Klaus Meerholz1, and Frank
Würthner2 — 1Department für Chemie, Universität zu Köln, Lux-
emburger Straße 116, 50939 Köln — 2Institut für Organische Chemie,
Universität Würzburg, Am Hubland, 97074 Würzburg
Organic photovoltaics offer a very promising green energy alternative.
Highly efficient organic solar cells can be produced by cost-effective
methods such as coating from solution (SOL) or depositing under high
vacuum conditions (VAC). In our approach we investigate merocya-
nines (MC), a class of low-molecular-weight colorants, as donor ma-
terial in organic BHJ solar cells. These molecules are processable via
both deposition techniques showing remarkable power conversion effi-
ciencies (PCE) beyond 4% for SOL- and 6% for VAC-processed devices.
Towards even higher PCEs it is mandatory to obtain a better insight
into fundamental charge carrier processes such as generation, trans-
port and recombination. We use steady state and time resolved pho-
toluminescence spectroscopy to examine charge-transfer (CT) states
in pure and blended merocyanine thin films. The role of these CT
states in solar cells is further studied by field and temperature de-
pendent measurements of the external quantum efficiency (EQE). By
varying processing conditions as well as blend compositions the influ-
ence of morphology on the solar cells is illustrated. The investigations
are supported by temperature and electric field dependent studies of
charge recombination and transport via photo-CELIV technique.

CPP 31.9 Wed 16:30 Poster C
Influence of different alkyl side chains on merocyanine dye
performance in organic solar cells — ∙Julian Krumrain1,
Alhama Arjona Esteban2, Steven Graf1, Martin Lenze1,
Dirk Hertel1, Frank Würthner2, and Klaus Meerholz1 —
1Department für Chemie, Universität zu Köln, Luxemburger Straße
116, 50939 Köln (Germany) — 2Institut für Organische Chemie, Uni-
versität Würzburg, Am Hubland, 97074 Würzburg (Germany)
In recent years, organic photovoltaics have attracted great attention
as an alternative energy source due to their reduced cost and easier
proccessibility, compared to inorganic materials. Specifically, small-
molecule dyes have achieved great strides in recent years reaching
power conversion efficiencies up to 7%. These dyes have advantages
over polymers, most notably their simplified, large-scale syntheses and
purification. Furthermore small molecules can be processed either by
solution or vapor-deposition processes. We have investigated organic
solar cells based on merocyanine (MC) dyes as an electron donor ma-
terial in vacuum-deposition processed bulk-heterojunctions (BHJ). In
order to get a better understanding of the influence of side chains on
the MC dyes in BHJ, we have synthesized MC dyes with different alkyl
side chain lengths. We have carried out temperature and light inten-
sity dependent current-voltage measurements as well as atomic force
microscopy studies. It becomes apparent that the BHJ morphology
is strongly influenced by the side chain length. The short-circuit cur-
rent density degreases enormously for increasing side chain length in
complete contrast to the solubility of the MC dyes.

CPP 31.10 Wed 16:30 Poster C
Absorption and exciton management in DIP/C60 bilayer
photovoltaic cells — ∙A. Steindamm1,2, M. Brendel1,2, K.
Topczak1, and J. Pflaum1,2 — 1Exp. Phys. VI, University of
Würzburg, 97074 Würzburg — 2ZAE Bayern, 97074 Würzburg
The combination of the promising material Diindenoperylene (DIP)
with the acceptor C60 has led to overall efficiencies up to 4 % in or-
ganic photovoltaic cells (OPVCs) [1]. A drawback in performance is
found in the rather poor light absorption of the crystalline DIP layer
due to its unfavorable orientation of transition dipoles perpendicular
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to the electric field vector of incident light. Therefore we pursued
different approaches for increasing the current density. First, the ori-
entation of the individual DIP molecules was altered by varying the
growth conditions in order to increase light absorption. Second, the
interface effects of an Bathophenanthroline (BPhen) exciton blocking
layer (EBL) on the exciton management in DIP/C60 were investigated
by a complementary study of current density, external quantum effi-
ciency, and photoluminescence quenching for various EBL thicknesses.
These investigations reveal exciton losses by contact metal quenching
in both active layers if no EBL is applied. In contrast, an optimal
trade-off between exciton blocking, suppression of metal penetration,
and electron transport is achieved for a 5 nm thick BPhen layer yielding
an improvement of power conversion efficiency by more than a factor
of 2 [2]. Financial support by BMBF (GREKOS) and DFG (SPP1355)
is acknowledged.

[1] A. Opitz, et al., IEEE J. Sel. Top. Quant. El. 16, 1707 (2010)
[2] A. Steindamm, et al., Appl. Phys. Lett. 101, 143302 (2012)

CPP 31.11 Wed 16:30 Poster C
The effect of fluorination on the performance of F𝑛ZnPc/C60

organic photovoltaic cells — ∙M. Brendel1,2, A. Steindamm1,2,
F. Staub1, and J. Pflaum1,2 — 1Exp. Phys. VI, University of
Würzburg, 97074 Würzburg — 2ZAE Bayern, 97074 Würzburg
The material class of phthalocyanines has proven to be a suited donor
material in small molecule organic photovoltaic cells (OPVCs). Planar
heterojunctions based on zinc phthalocyanine (ZnPc) in combination
with the acceptor C60 show high short circuit currents (j𝑠𝑐) of 6.3
mA/cm2 and fill factors (FF) of 51 % [1]. However, due to the small
effective band gap E𝑔,𝑒𝑓𝑓 of only 1 eV between ionisation potential
of the donor and electron affinity of the acceptor, the correlated open
circuit voltage (V𝑜𝑐) is limited to 0.5 V. As a possible approach energy
levels of Pcs can be modified by substituting hydrogen atoms. With
increasing degree of fluorination the position of the HOMO and LUMO
levels are shifted to lower energies. In this contribution we investigated
the impact of E𝑔,𝑒𝑓𝑓 on V𝑜𝑐 for a varying degree of fluorination (n =
0, 4, 8, 16) in F𝑛ZnPc/C60 OPVCs. First results revealed a significant
V𝑜𝑐 improvement of 20 % to 0.6 V for F4ZnPc based cells compared
to ZnPc, while j𝑠𝑐 and FF ideally remained unaffected. However, the
gain in V𝑜𝑐 is smaller than expected by the difference in ionisation
potential which accounts for 0.2 - 0.4 eV. This discrepancy will be an-
alyzed in our studies and will lead to a deeper insight into the origins
of V𝑜𝑐 and its correlation to the energetics on the molecular entities.
Financial support by the BMBF (project GREKOS) and by the DFG
(program SPP1355). [1] Z. R. Hong, et al., Appl. Phys. Lett. 2007,
90, 203505

CPP 31.12 Wed 16:30 Poster C
Surface Structure of organic solar cells based on PBDTTT-C
and PC70BM — ∙Mario Zerson1, Andreas Zusan2, Carsten
Deibel2, and Robert Magerle1 — 1Chemische Physik, Technische
Universität Chemnitz, Chemnitz, Germany — 2Experimental Physics
VI, Julius-Maximilians-University of Würzburg, Würzburg, Germany
We study the surface structure of organic heterojunction solar
cells based on blends of poly[4,8-bis-(2-ethylhexyloxy)-benzo[1,2-
b:4,5-b’]dithiophene-2,6-diyl-alt-(4-(2-ethylhexanoyl)-thieno[3, 4-
b]thiophene))-2,6-diyl] (PBDTTT-C) and Phenyl-C70-butyric acid
methyl ester (PC70BM) with a weight ratio of 1:1,5. The additive
diiodooctane (DIO) is used with ratios between 0% and 10% to in-
crease the compatibility of the two components. We investigate the
surface structure of the devices with amplitude modulation atomic
force microscopy (AFM). Conventional AFM height and phase images
are complemented with data obtained from maps of amplitude-phase-
distance (APD) curves. This allows us to determine the unperturbed
(true) surface and the mechanical properties of the soft surface layer
of the specimen. The AFM height and phase images of PBDTTT-
C:PC70BM blends produced with different ratio of DIO indicate, that
the additive plays a fundamental role in the structure formation pro-
cess. Blends with DIO ratios between 1,8% and 5% show the best
power conversion efficiency (PCE) up to 6,9%. We discuss the struc-
ture and the structure of the interface between donor and acceptor
components in view of their impact on charge carrier dynamics and
solar cell performance.

CPP 31.13 Wed 16:30 Poster C
Triplet Excitons and Cations in DCV4T-Me:C60 blends
with different mixing ratio — ∙Daniel Schütze1, Christian
Koerner1, Roland Fitzner2, Egon Reinold2, Peter Bäuerle2,

Karl Leo1, and Moritz Riede1 — 1Institut für Angewandte Pho-
tophysik, Technische Universität Dresden, Germany — 2Institut für
Organische Chemie II und Neue Materialien, Universität Ulm, Ger-
many
Dicyanovinyl end-capped oligothiophenes (DCVnT) have demon-
strated their ability of achieving high power conversion efficiencies of
up to 6.9% in a bulk heterojunction solar cell1. Besides that, they act
as a model system because of the possibility of changing properties by
varying the length of backbone or side chains.

In this work, we use DCV4T with two methyl side chains at the first
and the last thiophene ring. By photoinduced absorption spectroscopy
(PIA) measurements we probe the long-living (𝜇s-ms) excited states
(triplet excitons, cations) after photoexcitation of our samples. With
PIA, their generation and recombination behavior can be investigated.
Here, we report our results obtained on a series of DCV4T-Me:C60

blends with varying mixing ratio from 3:1 to 1:2. We found strong
influence of the mixing ratio on the generation rate of triplet excitons
and also an influence in the generation rate and the activation energy
of free charge carriers with increasing temperature. The results are
compared to solar cells containing identical blend layers as active layer
to investigate the dependence of the photo current on the mixing ratio.

1 Fitzner et al., J. Am. Chem. Soc. 2012, 134, 11064 (2012)

CPP 31.14 Wed 16:30 Poster C
Nucleation and Growth of Copper Phthalocyanine from Solu-
tion — ∙Fatemeh Ghani and Hans Riegler — Max Planck Institute
f. Colloid & Interfaces, Potsdam-Golm, Germany
Silver nanoparticles are usually synthetized by physical vapor depo-
sition or through compli-cated methods like ion implantation or wet
chemistry. A self-assembly method is of interest due to its simplic-
ity and cost-efficiency [202]. By combining physical vapor depo-sition
and solvent treatment (spin casting), We applied a simple hybrid
method to produce ap-propriate silver nanoclusters for organic solar
cells. Through evaporation of the silver film (~ 5 nm), nanoclusters (of
~4 nm height and ~ 25 nm widths) cover the surface. By spin casting
the solvent, a thin liquid film covers the evaporated film. The silver
clusters redistribute in the solution film and by evaporation of the sol-
vent, they aggregate in larger clusters (~20 nm height and ~45 nm
width). The process is influenced via physical parameters of growth
from solution like evaporation rate and liquid film concentration. We
show that the size of the clusters can be controlled by the thickness of
the deposited film, type of solvent, and spin casting speed. We applied
this method to increase the efficiency of a hybrid solution processed
and vac-uum deposited unsubstituted copper phthalocyanine/fullerene
organic solar cells.

CPP 31.15 Wed 16:30 Poster C
Charge generation in solid-state dye-sensitized solar cells us-
ing peryleneimide sensitizers — ∙Yoojin Kim, Michael Meis-
ter, Ian Howard, Felix Hinkel, Glauco Battagliarin, Chen Li,
Klaus Müllen, and Frédéric Laquai — Max Planck Institute for
Polymer, Mainz, Germany
Solid-state dye-sensitized solar cells (DSCs) have attracted a lot of at-
tention owing to their advantages compared to liquid-electrolyte DSCs
such as ease of fabrication and the absence of corrosive electrolytes
that are typically used in liquid-electrolyte cells. However, fast charge
recombination between electrons in the titania nanoparticle films and
dye/hole conductor cations, incomplete pore-filling, and the decreased
thickness of titania films necessary for efficient charge extraction cur-
rently limit the power conversion efficiency. In this contribution we
compare the charge generation and recombination processes in a se-
ries of peryleneimide-sensitized DSCs studied by steady-state photoin-
duced absorption (PIA) and ultrafast broadband transient absorp-
tion spectroscopy (TAS) covering the sub-picosecond to millisecond
timerange. By fitting the dynamics to a photophysical model we ex-
tract the parameters relevant for the photovoltaic efficiency such as the
yield of electron injection and the recombination rate constants which
allows us to derive meaningful structure-property relations.

CPP 31.16 Wed 16:30 Poster C
Sequentially solution-processed bulk-heterojunction
CuPc/PCBM - bilayer for organic solar cells — ∙Markus
Regnat, Fatemeh Ghani, and Hans Riegler — Max Planck Insti-
tut of Colloids and Interfaces, Potsdam-Golm, Germany
Copper Phthalocyanine (CuPc) is a commonly used electron donor ma-
terial in vacuum-processed organic solar cells (OSC) due to its suitable



Chemical and Polymer Physics Division (CPP) Wednesday

electronic properties, chemical stability and low material cost. Recent
studies have revealed appropriate solvents for CuPc [1] and thus also
opened a way for cost-efficient wet-deposition techniques, like spin cast-
ing or dip coating. Based on this, a working hybrid solution/vacuum
processed OSC with a CuPc film prepared by wet-processing (spin cast)
could be obtained [2]. The nanostructures of the CuPc film have an
important influence on the efficiency of the OSC. A systematic study
reveals the impact of various process parameters on nucleation and
growth of wet-processed CuPc films and allows the optimization of the
nanostructures. By using appropriate orthogonal solvents, even both
essential optoelectronic layers (CuPc, PCBM) can now be sequentially
wet-deposited for a bulk-heterojunction CuPc/PCBM - bilayer OSC.

[1] Ghani, F.; Kristen, J.; Riegler, H., Solubility properties of unsub-
stituted metal phthalocyanines in different types of solvents, J. Chem.
(2012)

[2] Fatemeh Ghani; Ivelin Bochukov; Konstantinos Fostiropoulos;
Hans Riegler, Hybrid solution/vacuum-processed bilayer heterojunc-
tion organic solar cells: Structural characterization and performance,
Thin Solid Films (2012)

CPP 31.17 Wed 16:30 Poster C
Preferential orientation of molecular dipoles in amorphous
vacuum deposited films studied by surface potential mea-
surements — ∙Christian Weigel, Sami Hamwi, and Wolfgang
Kowalsky — Institut fuer Hochfrequenztechnik, TU Braunschweig
Amorphous thin films of semiconducting small molecules are commonly
used in organic optoelectronic devices to avoid detrimental effects of
grain boundaries in polycrystalline thin films. Studies of surface po-
tential development with film thickness have shown that sublimation
of common OLED molecules such as Tris(8-hydroxyquinolinato) alu-
minum (Alq3) or 1,3,5-tris(2-N-phenylbenzimidazolyl)benzene (TPBi)
results in amorphous films with a preferential orientation of the molec-
ular dipoles. Kelvin probe measurements provide a sensitive tool to
detect a shift in the average molecular dipole orientation by as little
as 5 degrees from the isotropic case. The detected shift in surface po-
tential is characteristic for each molecules and is found in the order of
several volts per 100 nm, comparable to operating voltages of organic
electronic devices. The recorded increase in surface potential is largely
independent of material or preparation of the substrate upon which
the amorphous film is grown (barring the different interface dipoles
between substrate and film), so that anisotropy at the organic film to
vacuum interface drives the preferential orientation. Upon optical ex-
citation, the measured potential vanishes, presumably due to mobile
charges screening the dipole field.

CPP 31.18 Wed 16:30 Poster C
Encapsulation of small molecule organic devices by a
functional thin top layer of tetratetracontane — ∙Florian
Staub1, Andreas Steindamm1,2, Michael Brendel1,2, and
Jens Pflaum1,2 — 1Experimental Physics VI, Julius-Maximilians-
University, 97074 Würzburg — 2ZAE Bayern, 97074 Würzburg
Providing long-term stability for organic devices is still a challeng-
ing task due to the sensitivity of molecular materials as well as or-
ganic/metal interfaces on water incorporation and oxidation processes.
The straight-chain alkane tetratetracontane (TTC) is capable to pro-
tect organic devices from those degradation mechanisms by forming
closely packed and highly crystalline films [1]. TTC is transparent in
the visible range, highly hydrophobic and chemically inert and there-
fore suited to conserve the opto-electronic properties of the underly-
ing films. In this contribution we apply nanometer thick top layers
of TTC by thermal vacuum deposition onto planar heterojunction or-
ganic photovoltaic cells (OPVCs) based on zinc phthalocyanine (ZnPc)
and diindenoperylene (DIP) in combination with the acceptor C60, re-
spectively. For ensuring best comparability, encapsulated and bare
cells are prepared under identical conditions on the same substrate.
We investigate the degradation mechanisms by measuring the external
quantum efficiency and the IV-characteristics over time under expo-
sure to various environmental conditions (vacuum, nitrogen, air). The
occurring changes in the opto-electronic device performance will be
discussed in relation with structural data obtained by AFM and X-ray
diffraction. [1] M. Göllner et al., Adv. Mater. 2010, 22, 4350-4354

CPP 31.19 Wed 16:30 Poster C
Brightly Blue and Green Emitting Copper Compounds for
Singlet Harvesting in OLEDs — ∙Markus Leitl1, Fritz-
Robert Küchle2, Lars Wesemann2, and Hartmut Yersin1 —
1Institut für Physikalische und Theoretische Chemie, Universität Re-

gensburg, D-93040, Germany — 2Institut für Anorganische Chemie,
Universität Tübingen, D-72076, Germany
In this contribution, a series of four Cu(I) complexes is presented.
All substances exhibit high emission quantum yields of up to 65 %
at relatively short emission decay times of several 𝜇𝑠. The emission
wavelength varies from the blue (460 𝑛𝑚) to the green (505 𝑛𝑚). This
is induced by defined modifications of the chemical structure. De-
tailed photophysical investigations reveal that the energy separation
Δ𝐸(𝑆1 − 𝑇1) between the triplet state 𝑇1 and the singlet state 𝑆1 is
small and lies in the range of 500 𝑐𝑚−1. As a consequence, emission
at ambient temperature originates dominantly (> 99 %) from the 𝑆1

state which is thermally populated from the energetically lower lying
𝑇1 state. For this reason, the emission at ambient temperature repre-
sents a thermally activated delayed fluorescence (TADF). It is proposed
to utilize this property for collecting both singlet and triplet excitons
in the lowest excited singlet state for light generation in OLEDs. This
effect represents the singlet harvesting mechanism.

CPP 31.20 Wed 16:30 Poster C
Interface trap density investigation by impedance spec-
troscopy of MIS structures for different surface treatments
— ∙Hippolyte Hirwa, Steve Pittner, and Veit Wagner — Ja-
cobs University bremen,Campusring 1, D-28759 Bremen, Germany
For high performance electronic devices, reliability and stability are
crucial parameters. Since reliabilities and stabilities issues in field ef-
fect transistors are mainly related to the semiconductor-gate insulator
interface properties, a MIS (Metal-insulator-semiconductor) capacitor
structure can be equally used for investigation of interface traps. We
report on impedance measurements carried out on MIS capacitors fab-
ricated using silicon oxide as insulator prepared under 3 different sur-
face treatments and poly(3-hexylthiophene) as semiconductor. The
conductance technique was used to extract the interface trap density.
For this a proper equivalent circuit for our MIS structures had to be
chosen. The results reveal first the formation of a double layer with 2
different conductivities in the semiconductor layer, secondly the pres-
ence of interface trap states and finally they show that the interface
states density and energy distribution is related to the sample surface
treatment.

CPP 31.21 Wed 16:30 Poster C
Combined photoemission and X-ray absorption study of
the ’rods-in-belt’ supramolecular complexes containing gold-
copper and gold-silver clusters — ∙Anna Makarova1,2,
Elena Grachova2, Dmitry Krupenya2, Julia Shakirova2, Igor
Koshevoy3, Eckart Rühl4, Clemens Laubschat1, Sergey
Tunik2, and Denis Vyalikh1 — 1Technische Universität Dres-
den, Dresden, Germany — 2St.-Petersburg State University, St.-
Petersburg, Russia — 3University of Joensuu, Joensuu, Finland —
4Freie Universität Berlin, Berlin, Germany
Recently created self-assembled Au(I)-Cu(I) and Au(I)-Ag(I) ’rods-
in-belt’ supramolecular complexes display intriguing phosphorescence
properties. Another important issue is the tunability of their electronic
structure, and consequently their photophysical properties through
modification of the ligand environment that opens great perspectives
for their implementation in light-emitting devices and in bio-imaging.
It is believed that high structural ordering and self-assembling proper-
ties of such objects can open a new avenue for the design of artificial
nanostructures that may potentially be ideal building blocks for next
generation electronics. Nonetheless, the electronic structure of these
materials has not been investigated experimentally by now. We have
demonstrated that photoemission and X-ray absorption techniques can
be successfully applied for systematic investigation of the series of these
unique complexes. It has been shown that the all complexes inside
the series exhibit similar electronic structures, however, the electronic
states near the HOMO reveal notable differences.

CPP 31.22 Wed 16:30 Poster C
A multiscale modeling study of loss processes in block-
copolymer-based solar cell nanodevices — ∙Sergii Donets, An-
ton Pershin, and Stephan Baeurle — University of Regensburg,
Institut of Physical and Theoretical Chemistry, D-93053
Flexible photovoltaic devices possess promising perspectives in opto-
electronic technologies, where high mobility and/or large-scale appli-
cability are important. However, their usefulness in such applications
is currently still limited due to the low level of optimization of their
performance and durability. For the improvement of these properties a
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better understanding and control of small-scale annihilation phenom-
ena of the elementary particles involved in the photovoltaic process,
such as exciton loss and charge carrier loss, are necessary. Here, we
explore the causes for their occurrence with a novel field-based solar-
cell algorithm on the example of self-organizing nanostructured block-
copolymer systems, which possess a broad variability in their chemical
and physical characteristics, and explore new routes to optimize their
performance. From our calculations, we deduce that in the regime from

low up to intermediate chi-parameters the charge transport efficiency
(CTE) and internal quantum efficiency (IQE) of both block-copolymer
systems increase up to a maximum, characterized by a minimum in the
number of charge losses due to charge recombinations. In the regime of
high chi-parameters they form nanostructures with a large number of
bottlenecks and dead ends, leading to a large number of charge losses
due to charge recombination, charge trapping and an impaired exciton
dissociation.

CPP 32: Poster: Organic Semiconductors

Time: Wednesday 16:30–18:30 Location: Poster C

CPP 32.1 Wed 16:30 Poster C
Organic Magnetooptoelectronics: Magnetoresistive Organic
Field-Effect Transistors — ∙Thomas Reichert, Carolin Isen-
berg, Tobat Saragi, and Josef Salbeck — Macromolecular Chem-
istry and Molecular Materials (mmCmm), Department of Mathematics
and Science and Center for Interdisciplinary Nanostructure Science and
Technology (CINSaT), University of Kassel, Heinrich-Plett-Strasse 40,
34132, Kassel, Germany.
In organic semiconductors the spin-correlation between quasiparticles
can be influenced by low magnetic fields, which leads to large (up to
20% at 10mT) magnetoresistance at room temperature. This organic
magnetoresistance (OMAR) is not only highly interesting for address-
ing fundamental questions about spin-transport and spin-manipulation
in organic materials, but also for the realization of lightweight, flex-
ible, multifunctional magnetooptoelectronic applications. We were
able to develop different types of magnetoresistive organic field-effect
transistors (OFETs) and present an overview about the correspond-
ing magnetic-field dependent effects (Photoinduced magnetoresistance;
Magnetoresistance based on donor/acceptor blends; Photoinduced sign
change of magnetoresistance) as well as the underlying fundamental
physical processes. These results do not only pave the way for the
application of organic semiconductors in future multifunctional mag-
netooptoelectronic devices but also help to identify the details of spin-
dependent processes in organic semiconductors.

CPP 32.2 Wed 16:30 Poster C
Self-aggregation of fullerene derivatives in water: a molec-
ular dynamics simulation study — ∙Srinivasa Rao Varanasi1,
Olga Guskova1, Andreas Jonn1, Peter Friedel1, and Jens-Uwe
Sommer1,2 — 1Leibniz Institute of Polymer Research, Dresden, Ger-
many — 2TU Dresden, Dresden, Germany
Some of the amphiphilic derivatives of fullerene are known to self-
assemble in solution at the nanoscale into various shapes (spherical,
rod-like and vesicle depending on the length of the side chain, func-
tionality of the substituent, concentration and temperature). This self
aggregation behaviour seems to determine their photophysical as well
as photochemical activities. The understanding of self aggregation be-
haviour in water is not only useful in photovoltaic applications but also
in biomedical applications (for example, effects on lipid membranes) .
We present here a molecular dynamics simulation study on amphiphilic
fullerene derivatives in water. We used PCFF force field along with
Girifalco‘s parameters for modeling fullerene derivatives and TIP3P
model for water. In this study, we analyze various structural and dy-
namic properties related to fullerene derivatives as well as water.

CPP 32.3 Wed 16:30 Poster C
Charge generation and loss processes in polymer-polymer
solar cells — ∙Hannah Mangold1, Ian A. Howard1, Mar-
cel Schubert2, Dieter Neher2, and Frédéric Laquai1 — 1Max
Planck Institute for Polymer Research, Mainz, Germany — 2Institute
of Physics, University of Potsdam, Germany
All-polymer solar cells, where both donor and acceptor component
are 𝜋-conjugated polymers, have the advantage of a broad absorp-
tion over the entire visible wavelength range. In this contribution
we use broadband visible and near-infrared transient absorption spec-
troscopy covering the picosecond to microsecond timescale to inves-
tigate the charge generation and loss processes in various blends of
the well-known donor polymer P3HT with a naphthalenediimde(NDI)-
based copolymer exhibiting maximum power conversion efficiencies up
to 1.4%. We demonstrate that the anticorrelation between the NDI-
aggregation and solar cell performance recently reported by us [1] is

caused by a variation of the fraction of contact sites between the donor
and acceptor polymer that can facilitate free charge generation and
that this fraction is strongly influenced by the choice of solvents used
for film preparation. [1] Schubert et al, Adv. Energy Mat. 2012, 2,
369.

CPP 32.4 Wed 16:30 Poster C
Linear X-ray dichroism of perylene diimide derivatives and
its correlation with their transport properties — ∙Nina
Zeilmann1, Susanne Backes2, Benedikt Rösner1, Andreas
Späth1, Katrin Ludwig1, Andreas Hirsch2, and Rainer H. Fink1

— 1FAU Erlangen-Nürnberg, Physical Chemistry II and ICMM, Er-
langen, Germany — 2FAU Erlangen-Nürnberg, Organic Chemistry II
and ZMP, Erlangen, Germany
The development of organic semiconductors for organic electronic ap-
plications has undergone notable progress during the last years. While
hole transporting p-type semiconductors have already shown perfor-
mances comparable to their inorganic analogues, competitive electron
transporting n-type materials still pose a challenge. Among these ma-
terials, perylene diimide derivatives are very promising and interesting
candidates. Since the transport properties are often strongly corre-
lated with the microstructure of the organic films, microscopic probes
that provide high chemical specificity and sensitivity to molecular ori-
entation at high spatial resolution are required. Scanning transmis-
sion X-ray microspectroscopy (STXM) ideally combines these require-
ments. Within this contribution we present a microspectroscopic anal-
ysis of thin films of various perylene diimide derivatives prepared on
Si3N4 membranes. Polarization dependent light microscopy gives clear
evidence on the growth of large domains with preferential molecular
orientations. Using STXM, film and orientational homogeneities can
directly be correlated with the electronic transport properties. The
project is funded by the BMBF, contract 05K10WEA.

CPP 32.5 Wed 16:30 Poster C
Structural Aging and Degradation of Polymer Solar Cells —
∙Christoph Schaffer1, Jan Perlich2, Stephan V. Roth2, and
Peter Müller-Buschbaum1 — 1Technische Universität München,
Physik-Department - Lehrstuhl Funktionelle Materialien, James-
Franck-Str. 1, 85748 Garching — 2HASYLAB at DESY, Notkestr.
85, 22607 Hamburg
One of the major challenges in OPV is to elongate their lifetimes. Sev-
eral mechanisms of organic solar cell degradation have been proposed in
literature within the last years. Most of the mechanisms are related to
chemical alteration of the applied materials, such as photo-bleaching
and oxidation of the active organic layer and the metal contacts or
the diffusion of oxygen or water into the organic layer. However, in-
sufficient research has been done on determining transitions of the
nanomorphology of the active layer of bulk heterojunction (BHJ) poly-
mer solar cells as an effect of aging. These transitions are expected to
strongly affect the properties of solar cells since the active layer mor-
phology plays a crucial role in the energy conversion process. In our
investigations, we study the influence of illumination on the morphol-
ogy of the active layers of PCPDTBT:PC71BM solar cells. Therefore,
advanced scattering techniques such as grazing incidence small angle
x-ray Scattering (GISAXS) are performed both in-situ on operating
PCPDTBT:PC71BM solar cells and ex-situ on pre-aged polymer-blend
films. The findings are supplemented with UV/Vis and characteristic
IV curve measurements.

CPP 32.6 Wed 16:30 Poster C
The influence of processing additives on the morphology
of bulk herterojunction films — ∙Weijia Wang1, Martine
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Philipp1, David Magerl1, Jean-Francois Moulin2, and Peter
Müller-Buschbaum1 — 1TU München, Physik Department, LS
Funktionelle Materialien, James-Franck-Str. 1, 85748 Garching, Ger-
many — 2HZ Geesthacht at FRM II, Lichtenbergstr.1, 85748 Garching,
Germany
In the last decades, photoactive polymers and its applications in or-
ganic photovoltaic have attracted tremendous attention. Compared
with standard inorganic solar cells, there are plenty of advantages for
these materials, such as light weight, easy processibility and low cost.
Currently the main drawback is still the low efficiency. It is already
observed that the morphology of the herterojuction film plays an im-
portant role in organic solar cells. In this work, in order to modify the
morphology, different amount of additives are applied in blend sys-
tem rrP3HT:C61-PCBM. The internal structure is investigated with
grazing incidence small angle neutron scattering (GISANS) in time-of
flight (TOF) mode. Additionally, the surface morphology is probed
with optical microscopy and atomic force microscopy. The effect on
molecular level is investigated by absorption.

CPP 32.7 Wed 16:30 Poster C
Systematic investigation on ternary bulk heterojunction so-
lar cells based on PTB7:PC70BM — ∙Christian Jendrzejew-
ski, Shuai Guo, and Peter Müller-Buschbaum — TU München,
Physik-Department, LS Funktionelle Materialien, James-Franck-Str.
1, 85748 Garching, Germany
Organic solar cells hold great promise for future applications in pho-
tovoltaics as they have several advantages, like the potentially lower
production costs, much lower weight and flexibility in comparison to
inorganic solar cells. In the present investigation the new, high efficient
chlorobenzene based PTB7:PC71BM bulk heterojunction system are
prepared and investigated with the addition of different third compo-
nents. These kind of ternary systems have shown a promising result,
which combines the advantages of the host material as well as the
third component, and therefore improves the final power conversion
efficiency. The inner structure of the ternary blend films is probed via
X-ray reflectivity (XRR) and grazing incidence small angle X-ray scat-
tering (GISAXS). The surface morphology is investigated with atomic
force microscopy (AFM) and scanning electron microscopy (SEM). Via
integrating XRR, GISAXS, AFM and SEM data, the inner 3D struc-
ture of the ternary films is obtained. As a consequence, the correlation
between the nano-morphology of the films and the efficiency of the
polymer- based solar cells is addressable.

CPP 32.8 Wed 16:30 Poster C
Molecular orientation and growth mode of organic molec-
ular beam deposited ultrathin HBC films on SiO2 — ∙Paul
Beyer1,2, Tobias Breuer3, Saliou Ndiaye3, Gregor Witte3, and
Stefan Kowarik2 — 1Fachbereich Physik, Freie Universität Berlin,
14195 Berlin, Germany — 2Institut für Physik, Humboldt-Universität
zu Berlin, 12489 Berlin, Germany — 3Fachbereich Physik, Philipps-
Universität Marburg, 35032 Marburg, Germany
Hexa-peri-hexabenzocoronene (HBC) is a polycyclic aromatic hydro-
carbon that is investigated in supramolecular electronics due to its
high electron mobility of up to 1𝑐𝑚2/𝑉 𝑠. We examine the real-time
growth kinetics of organic molecular beam deposited ultrathin HBC
films on silicon dioxide using x-ray diffraction and x-ray spectroscopy.

With grazing incidence x-ray diffraction (GIXD) we observe a larger
cristallinity at higher substrate temperatures of 150∘C but rough films.
We observe smooth films as indicated by growth oscillations of specular
x-ray reflectivity (XRR) during growth of HBC at lower temperatures
of 25∘C. The growth oscillations show changes in the molecular ar-
rangement during the first monolayers. To test whether the molecular
orientation changes we use near edge x-ray absorption fine structure
(NEXAFS) spectroscopy at the BESSY II synchrotron. NEXAFS is
used to determine the orientation of the 𝜋* orbitals and therefore the
orientation of the HBC molecules in (sub)mono- and multilayer films.
We find that the molecules on average are tilted by an angle of 74∘
relative to the surface plane.

CPP 32.9 Wed 16:30 Poster C
Vibronic spectra of excitons in 2-D polyacene lattices —
∙Christoph Warns1, Thomas Hartmann1, Ivan Lalov2,1, and Pe-
ter Reineker1 — 1Institute for Theoretical Physics, Ulm University,
89069 Ulm, Germany — 2Faculty of Physics, Sofia University, Sofia
1164, Bulgaria
Vibronic spectra of excitons in various 2-dimensional lattices, which

model the (ab)-plane of polyacene crystals, have been investigated.
We have considered interacting FEs and molecular vibrations, taking
into account linear and quadratic coupling. The linear optical suscep-
tibility of the 2-D crystal was calculated using the Green’s function
method and the vibronic approach. Various 2-D crystal lattices were
assumed: actual anthracene, tetracene and pentacene crystal lattices,
a hypothetical graphene-like lattice, all with two molecules per unit
cell, and a simple hexagonal lattice with only one molecule per unit
cell. In the computation of the vibronic spectra we used the measured
excitonic and vibrational parameters of polyacene crystals (based on
data by Petelenz et al.).

CPP 32.10 Wed 16:30 Poster C
Aggregate Structures and Electron Transport Anisotropy in
High Mobility n-type Low Bandgap Copolymer — ∙Robert
Steyrleuthner1, Riccardo di Pietro1, Scott Himmelberger2,
Brian Collins3, Frank Polzer4, Holm Kirmse4, Marcel
Schubert1, Zhihua Chen5, Harald Ade3, Alberto Salleo2, An-
tonio Facchetti5, and Dieter Neher1 — 1University of Potsdam,
Institute of Physics — 2Stanford University, Materials Science and En-
gineering — 3North Carolina State University, Department of Physics,
— 4Humboldt University Berlin, Institute of Physics — 5Polyera Cor-
poration, Illinois
We have recently explored the photophysics of the high electron mobil-
ity (0.85 cm2/Vs) conjugated copolymer P(NDI2OD-T2), also known
as Polyera ActivInk N2200. From these studies we could estimate, that
approx 45% of the polymer chains in thin films exist in an aggregated
(pi-stacked) conformation mainly independent of the preparation rou-
tine [1]. However, special solvents mixtures can induce changes of the
orientation and the molecular structure of the chain aggregates which
we prove by GIXD and TEM measurements. We further investigate
the structure property relation by correlating the morphology with the
electron transport anisotropy in P(NDI2OD-T2). [1] R. Steyrleuthner
et al., J. Am. Chem. Soc., 2012, 134 (44)

CPP 32.11 Wed 16:30 Poster C
Understanding changes in optical absorption of thin organic
films during growth — Ines Trenkmann1, Christopher Keil2,
Derck Schlettwein2, and ∙Harald Graaf1 — 1nanoMA (Cen-
ter for nanostructured Materials and Analytics), Chemnitz University
of Technology, D-09107 Chemnitz, Germany — 2Institute of Applied
Physics, Justus-Liebig-University Giessen, D-35392 Giessen, Germany
The optical absorption of organic thin films changes during growth.
Here mainly the lowest energy transition shows a red shift with increas-
ing film thickness. Different explanations are given in the literature:
e.g. increasing island sizes leading to larger coupled systems [1] or a
change in the ratio between the numbers of molecules in the bulk com-
pared to surface molecules [2]. We investigated three perylene deriva-
tives showing all the expected red shift of the lowest energy transition.
They are characterized by different morphologies and growth modes:
One shows a layer-by-layer growth and two (an amorphous and a crys-
talline) show island growth. The shift for the layer-by-layer perylene
can be explained by a combination of the two above mentioned expla-
nation. The shift for the first approximately 1.5 monolayers can be
understood by a two-dimensional island growth with increase of cou-
pled chromophoric systems. Further film growth lead to an increase of
the ratio between the number of molecules in the bulk with respect to
the surface molecules. For the other two molecules the experimental
results on the red-shift can be explained by a new theoretical model.

[1] Chau et al. J.Phys.Chem 97 (1993) 2699, [2] e.g. Heinemeyer et
al. Phys.Rev.Lett. 104 (2010) 257401

CPP 32.12 Wed 16:30 Poster C
Optoelectronic Processes in Squaraine Dye-Doped OLEDs
for Emission in the Near-Infrared — ∙B. Stender1, S. F.
Völker2, C. Lambert2, and J. Pflaum1,3 — 1Experimental Physics
VI, University of Würzburg, D-97074 Würzburg — 2Institute of Or-
ganic Chemistry and Center for Nanosystems Chemistry, University of
Würzburg, D-97074 Würzburg — 3ZAE Bayern, D-97074 Würzburg
Organic light-emitting diodes (OLEDs) for emission in the near-
infrared (NIR) offer the great advantage of room temperature op-
eration due to inherently high exciton binding energies (several 100
meV) in contrast to their inorganic counterparts. Despite several ap-
proaches have been presented with reasonable efficiency, purely or-
ganic NIR-emitters are barely investigated due to degradation of the
organic compound. To cope with this challenge a novel organic host-
guest system consisting of the polymer SY-PPV and the squaraine
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dye monomer M has been investigated. Optical excitation reveals a
highly efficient energy transfer from the visible range to the NIR (750
nm) with a doping concentration of less than 2.0 wt.% and an asso-
ciated Förster radius of 3.8 nm. As will be demonstrated, electrically
driven NIR-emission yields an efficiency of 0.65% at a current density
of 2.26 mA/cm2 with a turn-on voltage of 2.0 V at a doping concentra-
tion of only 0.05 wt.%. Comparison between steady-state photo- and
electroluminescence provides access to the opto-electronic processes on
molecular length scales, thereby indicating that NIR-OLED emission
in this system is controlled by charge carrier dynamics rather than by
exciton transfer.

CPP 32.13 Wed 16:30 Poster C
Modeling Mesoscale Morphology of Polymeric Semicon-
ductors using Soft Models — ∙Patrick Gemünden1,2, Carl
Pölking1, Kurt Kremer1, Denis Andrienko1, and Kostas
Daoulas1,2 — 1Max-Planck-Institut für Polymerforschung, Mainz,
Germany — 2InnovationLab GmbH, Heidelberg, Germany
Polymeric semiconductors are characterized by hierarchical structuring
where the mesoscopic morphology is affected by details of molecular
architecture and interactions. Here we will discuss a strategy for de-
veloping models for the description of these materials by combining
systematic coarse-graining with phenomenological descriptions. As a
case study we will consider a model for P3HT systems where each
bead corresponds to a single hexylthiophene unit. The bonded inter-
actions are obtained from underlying atomistic configurations using the
VOTCA package. The non-bonded interactions are captured by com-
bining soft isotropic and orientation-dependent potentials. The former
controls the equation of state of the material in the amorphous state
while the latter leads to liquid-crystalline mesophases with a stack-like
structuring.

Using the above model, Monte Carlo simulations of systems with
device-relevant dimensions (~ 50 nm) were performed. We will discuss
the effect of the molecular weight on the morphology. The conforma-
tions of the polymer chains for stack-like structuring will be analyzed
and related to charge transport properties.

CPP 32.14 Wed 16:30 Poster C
Morphological aspects of the exciton transport in thin films
of Diindenoperylene — ∙Alexander Steeger1, Anna Katha-
rina Topczak1, and Jens Pflaum1,2 — 1Experimental Physics VI,
Julius Maximilian University of Würzburg, 97074 Würzburg — 2ZAE
Bayern, 97074 Würzburg
The exciton diffusion length (EDL) is a key criterion for an optimized
design of organic thin film devices. As a tight correlation between

morphology and charge carrier as well as exciton transport properties
has been evidenced in previous studies, the extension of crystalline do-
mains has been proposed beneficial for long range exciton transport
[1]. To address this point we have varied the morphology of Diindeno-
perylene (DIP) thin films by means of the substrate temperature (𝑇S).
X-ray diffraction analysis revealed an almost amorphous phase of DIP
grown at 𝑇S = 100K, whereas 𝑇S = 300K and 400K yield to long
range ordered polycrystalline films of higher crystallinity with increas-
ing 𝑇S. Photoluminescence-quenching measurements together with an
advanced modeling were performed to correlate the EDL to the DIP
morphology. Long range ordered DIP layers grown at 𝑇S = 300K and
400K show a high EDL (59 nm and 115 nm, respectively), whereas the
EDL of DIP deposited at 𝑇S = 100K is significantly smaller. This
result emphasizes the importance of long range structural order to
achieve superior transport properties of photo-generated electron-hole
pairs. Financial support by the DFG focus program SPP 1355 is grate-
fully acknowledged. [1] R. R. Lunt et al., Adv. Mater 22 (2010) 1233-
1236

CPP 32.15 Wed 16:30 Poster C
Determination of molecular transition dipole orientation of
organic emitters by angular-dependent photoluminescence
measurements — ∙Christian Mayr, Tobias Schmidt, Bert
Scholz, Lars Jäger, and Wolfgang Brütting — Institute of
Physics, University of Augsburg, 86135 Augsburg, Germany
Organic light-emitting diodes (OLEDs) have been investigated for
more than 20 years and are standing now at the frontier to mass
production. Current research focuses on the enhancement of light
outcoupling efficiency which is reduced especially due to the energy
dissipation to surface plasmons (SPs). Numerical simulations show
that a horizontal emitter orientation with respect to the substrate can
enhance the efficiency by up to 50% due to reduced coupling to SPs.
An expeditious method to determine the orientation of the transition
dipole moment of molecules has been developed using angular depen-
dent photoluminescence spectroscopy. By comparing measurement
with simulations, the orientation can be quantitatively determined.
Although other methods to measure molecular orientation exist, the
presented method not only makes it possible to study molecular orien-
tation in neat thin films but also of small amounts of emitters doped
into a matrix material without knowing any detailed information of
the optical properties of the dopant. Hence, this method is particu-
larly useful for the investigation of newly developed materials. The
method is applied to Iridium-based phosphorescent emitters in order
to gain a consistent efficiency analysis of OLEDs and possibilities to
enhance light outcoupling.

CPP 33: Poster: Charged Soft Matter

Time: Wednesday 16:30–18:30 Location: Poster C

CPP 33.1 Wed 16:30 Poster C
Why is the partition coefficient of some ionic liquids
concentration-dependent? — ∙Axel Arnold1,3, Dirk Reith2,3,
and Thorsten Köddermann3 — 1Institute for Computational
Physics, University of Stuttgart, Stuttgart, Germany — 2Bonn-
Rhein-Sieg University of Applied Studies, Sankt Augustin, Germany
— 3Fraunhofer-Institute for Algorithms and Scientific Computing
(SCAI), Sankt Augustin, Germany
The partition coefficient of a substance measures its solubility in oc-
tanol compared to water, and is frequently used as a rough estimate
of toxicity. If a substance is hardly soluble in octanol, it is practically
impossible for it to enter (human) cells, and therefore is less likely
to be toxic. While for simple substances, the partition coefficient is
concentration-independent, this is not true for a few important classes
of complex molecules, such as ionic liquids or tensides.

We present a simple model for the partition coefficient of ionic
liquids based on the association and dissociation of ion pairs.
Using solvation free energies in water and octanol from com-
puter simulations, this model can reproduce the partition coeffi-
cient of the commonly used ionic liquid 1-Butyl-3-methylimidazolium
bis(trifluoromethylsulfonyl)imide [C4MIM][NTf2] for a wide range of
concentrations. Our findings show that the concentration dependence
of the partition coefficient is mostly an entropic effect due to the strong
tendency of the ionic liquid to associate in water, but dissociate in oc-

tanol.

CPP 33.2 Wed 16:30 Poster C
Coupling of surface charge and pH effects: charge inversion
and reentrant condensation in protein solutions with multiva-
lent cations — ∙Felix Roosen-Runge1, Benjamin Heck1, Fajun
Zhang1, Oliver Kohlbacher2, and Frank Schreiber1 — 1Institut
für Angewandte Physik, Universität Tübingen — 2Zentrum für Bioin-
formatik, Universität Tübingen
Charge regulation of proteins is a fundamental mechanism in biologi-
cal systems, depending on the pH of the solution and condensation of
counterions. We report on charge inversion and the related reentrant
phase behavior in solutions of globular proteins with different multi-
valent metal cations [1,2], addressing the coupling of pH effects and
charge regulation. For several proteins and both acidic and neutral
metal salts, charge inversion as measured by electrophoretic light scat-
tering is found to be a universal phenomenon, whose extent depends
on the specific protein-salt combination. Reentrant phase diagrams
show a much narrower phase-separated regime for acidic salts. The
experimental findings are reproduced with good agreement by an ana-
lytical model accounting for ion condensation, pH effects due to metal
hydrolysis and charge regulation of side chains. Using a DLVO pic-
ture, reentrant phase behavior can be explained. Finally, the relation
of charge inversion and reentrant condensation is discussed, suggest-
ing that pH variation in combination with multivalent cations provides
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control of both attractive and repulsive interactions between proteins.
[1] F. Zhang, et al., Soft Matter 8 (2012) 1313
[2] F. Zhang, et al., PRL 101 (2008) 148101

CPP 33.3 Wed 16:30 Poster C
Using Super-Heterodyne Laser Doppler Velocimetry for mea-
surements in low concentration suspensions of charged col-
loids — ∙Bastian Sieber and Thomas Palberg — Institut für
Physik, Johannes Gutenberg Universität Mainz, Staudingerweg 7, D
55122 Mainz
Soft condensed matter is characterized both by its softness and an
internal structure on a mesoscopic scale. This allows convenient opti-
cal access to system structure and dynamics in equilibrium. Among
the various soft matter systems, charge stabilized colloidal dispersions
have gained recognition as tremendously useful model condensed mat-
ter systems because of their structural ordering and rich phase be-
haviour. Experimentally, we studied electrokinetic flow in closed cells
with electroosmotic solvent flow. Super heterodyning renders the data
of interest free of homodyne contributions and low frequency noise.
We used this method to study an aqueous charged sphere suspension
driven under the influence of an external electric field. Measurements
have been performed on suspensions of various concentrations by di-
luting the suspension further between measurements to reach very low
concentrations in the process. Preliminary results show an increase in
the electro-osmotic velocity with lower concentration while the electro-
phoretic velocity is decreasing. Further data on this topic will be pro-
vided and discussed.

CPP 33.4 Wed 16:30 Poster C
Small differences with big impact: Reentrant phase behav-
ior induced by multivalent cations in protein solutions —
∙Marcell Wolf, Fajun Zhang, Felix Roosen-Runge, and Frank
Schreiber — Institut für Angewandte Physik, Auf der Morgenstelle
10, 72076 Tübingen
Subtle difference between proteins can lead to remarkably big differ-
ences in their resulting behavior. Using a multivalent cation, yttrium
chloride (YCl3), a reentrant condensation (RC) with a liquid-liquid
phase separation (LLPS) within the condensed regime has been estab-
lished in a negatively charged protein system [1,2]. Here we compare
the phase behavior of two serum albumins, BSA and HSA. They are
highly similar in the primary structure but the comparison between
the RC behavior of these two albumins shows that minor differences in
the primary protein structure have a strong influence on such a system.
The range of the condensed regime is much broader for HSA. Optical
microscopy also shows a shift of the LLPS region to lower salt and
protein concentrations in the case of HSA, where the LLPS region is
much broader. The formation of clusters in the condensed regime and
outside the LLPS region is systematically studied by SAXS, SLS/DLS
and we observe that the cluster size is much smaller by using HSA.
Differences of the primary structure between the two proteins leads
to changes in the hydrophobicity and charge distribution of the pro-
teins. These changes in BSA and HSA phase diagrams can be related
to differences in protein structure. [1] F. Zhang et al., PRL 101, 2008,
148101; [2] F. Zhang et al., Soft Matter 8, 2012, 1313.

CPP 33.5 Wed 16:30 Poster C
Thin films of lithium containing block copolymer electrolyte
— ∙Simon Brunner1, Ezzeldin Metwalli1, Martin Baumann1,
William Hefter1, Man Nie1, Volker Körstgens1, Jan
Perlich2, Stephan V. Roth2, and Peter Müller-Buschbaum1

— 1TU München, Physik Department, LS Funktionelle Materialien,
James-Franck-Str. 1, 85748 Garching, Germany — 2HASYLAB at
DESY, Notkestr. 85, 22603 Hamburg, Germany
In the light of an increasing demand on power sources for portable
electronic devices, nano-scaled lithium based membranes pave the way
for new opportunities regarding design, application and integration
of rechargeable batteries. In this work, thin hybrid films [1] based
on block copolymer electrolytes and lithium salt are investigated using
grazing-incidence small angle x-ray scattering (GISAXS) and real space
techniques such as SEM, AFM and optical microscopy. In both bulk
and thin film format of the lithium-polymer nanocomposite, lithium
ions were found to prevent the crystallization of PEO and an en-
hanced micro-phase separation is observed as evident by both SAXS
and GISAXS investigations. Probes of lithium containing thin films
sandwiched between two metal electrodes were prepared and the film
conductivity is measured using impedance spectroscopy. The effects of
salt concentration and membrane morphology on the ionic conductiv-

ity are demonstrated.
[1] E. Metwalli, M. Nie, V. Körstgens, J. Perlich, S.V. Roth, P.

Müller-Buschbaum, Macromol. Chem. Phys. 212, 1742-1750 (2011).

CPP 33.6 Wed 16:30 Poster C
Adsorption Behavior of Oppositely Charged Polyelec-
trolyte/Surfactant Mixtures: Neutron Reflectivity from
Alkyltrimethylammonium Bromides (CTABs) and poly[tris
(hydroxymethy)methyl]acrylamide (PAMPS) mixtures at
the Air/Water Interface — ∙Heiko Fauser, Nora Kristen-
Hochrein, Marin Uhlig, and Regine von Klitzing — Technische
Universität Berlin, 10623 Berlin, Deutschland
If a polyelectrolyte and a surfactant of opposite charge are mixed, the
two ions associate forming a large variety of complexes. Different in-
terfacial adsorption behavior leads to different foaming properties.

Former studies done in our group on mixtures of the negatively
charge polyeletrolyte PAMPS with the positively charged CTAB re-
vealed a different adsorption behavior in foam film lamellas and at the
air-water interface.

To gain a detailed insight into the structure and composition of the
film interfaces, we performed neutron reflectometry measurements at
the air/water interface.

Our approach focusses on a fixed surfactant concentration while
varying the amount of polyelectrolyte. In order to get information
about the composition and layer structure we investigated mixtures
of different isotopic contrast. Also the influence of different surfac-
tant chain lengths (C12,C14) and variation in electric charge of the
polyelectrolytes are investigated.

CPP 33.7 Wed 16:30 Poster C
Charge transport and electrode polarization at the interface
between glass forming ionic liquids (ILs) and metal electrodes
— ∙Ludwig Popp, Ciprian Ghiorghita Iacob, Wycliffe Kiprop
Kipnusu, Martin Treß, Joshua Rume Sangoro, and Friedrich
Kremer — Institute of Experimental Physics I, Leipzig, Germany
Charge transport and electrode polarization phenomena are investi-
gated in a homologous series of imidazolium-based ionic liquids by
broadband dielectric spectroscopy (BDS) in a large temperature (190
- 300 K) and frequency range (10−3 − 105 Hz). The dielectric spectra
are dominated − on the low frequency side − by electrode polariza-
tion, while, for higher frequencies, charge transport (in a disordered
matrix) is the underlying physical mechanism. The absolute values of
dc conductivity vary over 5 decades upon systematic variation of ILs
structure and electrode material. A microscopic model is applied to
quantitatively describe the electrode polarization. The applicability
of the model to the experimental data in a broad frequency range is
discussed in more details [1-4].

References: [1]. Serghei, A. et al. (2009), Phys. Rev. B, 80(18),
184301-5, [2]. Dyre, J. C. (1988), Phys. Rev. B, 37(17), 10143-10149,
[3]. Sangoro, J. R., Ph.D. Thesis, (2010), University of Leipzig, [4].
Kremer, F., Schönhals, A. (2003), Broadband Dielectric Spectroscopy,
Springer, Berlin.

CPP 33.8 Wed 16:30 Poster C
Manning condensation on DNA fragments with monovalent
and divalent counterions — ∙Damir Vurnek1,2, Marija Sorić2,
and Tomislav Vuletić2 — 1Institut für Theoretische Physik and
Cluster of Excellence: EAM, Universität Erlangen-Nürnberg, Erlan-
gen, Germany — 2Institut za fiziku, Zagreb, Croatia
We obtained the Manning free (uncondensed) counterions fraction 𝜃 for
dilute aqueous solutions of rodlike polyions: 150 bp DNA fragments,
across a range of concentrations, 𝑐(monomer) = 0.03 − 8 mM. Con-
ductometric measurements were done on Na+DNA and Mg++DNA,
in 1mM added salt (NaCl and MgCl2, respectively) as well as in pure
water conditions.

We remind that the high linear charge of polyions Manning con-
denses a fraction of counterions close to the polyion. This partly
neutralizes polyion charge, and reduces the effective solution conduc-
tivity. Our conductivity study of DNA in added salt confirms the-
oretical values 𝜃 = 0.24 and 0.12 for Na+DNA and Mg++DNA, re-
spectively. However, in pure water conditions, towards lower DNA
concentrations the effective 𝜃 increases well above the Manning values.
UV-absorbance measurements showed that this is not due to DNA de-
naturation. Denaturation may occur in pure water conditions due to
a reduction in the electrostatic screening; as single stranded DNA has
a lower linear charge it also has a correspondingly higher 𝜃 fraction.
We concluded that in dilute solutions more counterions must become



Chemical and Polymer Physics Division (CPP) Wednesday

decondensed as the entropy gain overcomes the electrostatic cost, as
Deshkovski et al. (Phys.Rev.Lett. 2001) indeed have discussed.

CPP 33.9 Wed 16:30 Poster C
The effects of reactive oxygen species on single polycation
layers — ∙Florian Berg1, Stephan Block2, Steffen Drache1,
Rainer Hippler1, and Christiane A. Helm1 — 1Inst. für Physik,
Uni Greifswald, D-17487 Greifswald — 2ZIK HIKE, D-17487 Greif-
swald
Positively charged, branched polyethylenimine (PEI) adsorbed onto
silicon wafers are attacked by free hydroxyl radicals. With AFM Col-
loid Probe technique, the surface forces between the PEI layers are
measured. The force profiles show that freshly deposited PEI layers
are flat, i.e., electrostatic repulsion dominates the interaction. After
radical attack both, surface potential and surface charge density, are
reduced by a factor of about two, while the Debye length remains
unchanged. Force volume measurements show a homogeneous distri-
bution of the surface charge on the 𝜇m scale. To probe the nm-scale,
negatively charged gold nanoparticles (NP) are adsorbed. After radical
attack we find a 10 % decrease of saturation coverage consistent with
the decreased surface charge density if the electrostatic three-body in-
teraction is considered. Nevertheless, the NP adsorption kinetics is
slowed down suggesting that the PEI-layer is inhomogeneous on the
nm-scale after radical attack.

CPP 33.10 Wed 16:30 Poster C
Polyelectrolytes Adsorbed onto Oppositely Charged Lipid
Monolayers - Reduced Charge Densities — Thomas Ortmann1,
∙Heiko Ahrens1, Andreas Gröning1, Frank Lawrenz1, Andre
Laschewsky2, and Christiane A. Helm1 — 1Inst. für Physik, Uni
Greifswald, D-17487 Greifswald — 2Fraunhofer Institute for Applied
Polymer Research, Potsdam-Golm, Germany
Polyelectrolytes in dilute solutions (10−5monoMol/L) adsorb in a two-
dimensional lamellar phase to oppositely charged lipid monolayers
at the air/water interface. To investigate the influence the electro-
static interaction, a statistic copolymer with 90% and 50% charged
monomers and mixtures between charged and uncharged lipids are
used. With grazing incidence diffraction the separation between
stretched polyelectrolyte chains is determined. The monomer/lipid
ratio is calculated. When the fraction of charged monomers is reduced
to 50%, the chain distance decreases from 4.5nm to 3nm (at an area
per lipid of 80Å2) i.e. less than proportional and the ratio of lipids to
charged monomers decreases form 0.7 to 0.5. Similarly, when the frac-
tion of charged lipids is decreased the distance of the polyelectrolyte
chains is increased sub-proportionally.

CPP 33.11 Wed 16:30 Poster C
Quaternized Brushes of Weak Polyelectrolytes (PE): Brush
Structure Studied with Neutron Reflectometry — ∙Zuleyha
Yenice1, Jan Genzer2, Regine v.Klitzing1, and Ralf Köhler1,3

— 1Stranski Lab, Inst. of Chemistry, TU Berlin, Germany — 2Dept.
of Chemical & Biomolecular Engineering, NCSU, Raleigh, USA —
3Inst. of Soft Matter and Functional Materials, HZB Berlin, Germany
PE-brushes are used for surface modifications because of properties
as specific adsorption, permeability and stimuli responsive behavior.
PDMAEMA* is a weak PE with pH-dependent properties, giving room
for further modifications like protonizing by varying the pH, or turning
them into strong PE by quaternization. The PDMAEMA-brush was
gradually quaternized with deuterated iodomethane. Deuterium si-
multaneously labels the brush for neutron reflectometry (NR) without
altering its chemistry. NR was applied to detect the inner structure,
density, and thickness after partially quaternizing the brush, to see the
iodide distribution in the brush, lateral and vertical to the substrate.
First results indicate an increase of the iodide content at the surface in
lateral direction what is paralleled by an increase of brush thickness.
Up to now, the vertical distribution of iodide is still unclear but is
probed by incorporation of charged gold nanoparticles (Au-NP) along
the charge gradient. Penetration depth and distribution of deposited
Au-NP was investigated with ellipsometry. Specular and off-specular
NR will be used to determine possible internal structures to clarify
the potential of PE-brushes as functionalized substrate and as tool for
nano-templating. *poly[2-(dimethylamino) ethyl methacrylate]

CPP 33.12 Wed 16:30 Poster C
Polyelectrolyte Multilayers (PEM) of different charge densi-
ties in humid atmospheres: Structural changes and swelling
mechanics — Ingo Dönch1, Patrick Ott2, André Laschewsky2,

Andreas Fery3, Rumen Krastev4, and ∙Ralf Köhler1,5 —
1Interfaces, MPI-KGF Potsdam/Golm — 2Applied Polymer Chem-
istry, University of Potsdam — 3Physical Chemistry II, University of
Bayreuth — 4Biomaterials, NMI at University of Tübingen — 5Soft
Matter and Functional Materials, HZB Berlin: Germany
PEM consist of complexed layers of two organic polyions of opposite
charge build-up by layer-by-layer deposition. They are known for a
high tunability of their structural properties, e.g. thickness and rough-
ness on nanoscale. The interplay of internal interactions and structure
of PEM is investigated by means of swelling experiments, i.e. an in-
ternal mechanical stress in the films is induced by incorporation of
solvent molecules from adjacent solvent vapour (H2O). Neutron reflec-
tometry is used to test for structure parameters of the sample and its
specific material content of polymer and solvent. Three different PEM
systems made from PSS/PDADMAC* by spraying technique are in-
vestigated; each containing a derivative of the polycation PDADMAC
of 75, 89, or 100% charge density (ChD) along the molecular chain,
also the number of adsorbed layers of polyions, i.e. the film thickness,
is varied. The swelling characteristics changes continuously and sys-
tematically with the number of adsorbed bilayers indicating internal
transitions of structure and swelling. Lower ChD results in thicker
films. * poly-(styrene sulphonate)/ poly-(diallyldimethyl ammonium)

CPP 33.13 Wed 16:30 Poster C
The structure of fluids with impurities — ∙Markus Bier and
Ludger Harnau — Max Planck Institute IS, Stuttgart, Germany,
and University of Stuttgart, Germany
The influence of dilute impurities on the structure of a fluid solvent
is investigated theoretically. General arguments, which do not rely
on particular models, are used to derive an extension of the Ornstein-
Zernike form for the solvent structure factor at small scattering vectors.
It is shown that dilute impurities can influence the solvent structure
only if they are composed of ions with significantly different sizes. Non-
ionic impurities or ions of similar size are shown to not alter the solvent
structure qualitatively. This picture is compatible with available ex-
perimental data. The derived form of the solvent structure factor is
expected to be useful to infer information on the impurity-solvent in-
teractions form measured scattering intensities.
Reference:
[1] M. Bier and L. Harnau, Z. Phys. Chem. 226, 807 (2012).

CPP 33.14 Wed 16:30 Poster C
molecular dynamics simulations of polyeletrolyte brushes un-
der poor solvent conditions — ∙guili he1, holger merlitz2, and
jens-uwe sommer1 — 1Leibniz-Institut fuer Polymerforschung Dres-
den, 01069 Dresden, Germany — 2Department of Physics and ITPA,
Xiamen University, Xiamen 361005, P.R. China
Molecular dynamics simulations have been applied to investigate salt-
free planar polyelectrolyte brushes under poor solvent conditions with
respect to the molecular backbone under the variation of the chain
degree of polymerization, the brush grafting density and the charge
fraction (strength of the electrostatic interaction). We found that,
with decreasing the system temperature (changing solvent quality) far
below the theta point, the brush first displays lateral phase separation
with respect to the solvent and eventually collapses vertically [see also
J.-M. Y. Carrillo and A. V. Dobrynin, Langmuir 2009, 25(22)]. The
lateral phase separation leads to cylindrical morphologies (bundles of
chains) which has been observed for different charge fraction, degree
of polymerization and grafting density. Even changing the size and
solvent selectivity of the counterions cannot prevent lateral structure
formation in the poor solvent state. This phenomenon can be explained
by an entropy gain of counterions in the cylindrical state as compared
to the homogeneously collapsed state at the same temperature.

CPP 33.15 Wed 16:30 Poster C
Charge and Mobility of Polyelectrolyte Complex Nanopar-
ticles — Karsten Gelfert, Uwe Lappan, Simona Schwarz, and
∙Ulrich Scheler — Leibniz-Institut für Polymerforschung Dresden
e.V.
Polyelectrolyte Complex nanoparticles formed from poly(maleicanhydride-
coethylene) and poly(diallyldimethylamonium chloride) have been
studied by a combination of NMR, EPR and light scattering under
variation of the overall composition of the complexes. Dynamic light
scattering and PFG NMR yield complementary information on the
hydrodynamic size, where PFG NMR is more sensitive to primary
complexes and DLS to the nanoparticles. The importance of primary
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particles for the total stability of the system has been shown. Elec-
trophoresis NMR permits the measurement of the effective charge
of both the primary complexes and nanoparticles. In conjunction
with the NMR spectroscopic on the chemical species involved, free
polyelectrolytes are excluded all excess material is contained in pri-

mary complexes. Selective placements of spin labels on the polyanion
permits the investigation of molecular dynamics by EPR lineshape
analysis showing strong hinderance of teh local mobility in the minor-
ity component.

CPP 34: Poster: Wetting, Micro and Nano Fluidics

Time: Wednesday 16:30–18:30 Location: Poster C

CPP 34.1 Wed 16:30 Poster C
3D-Velocimetry by Photonic Rutherford Scattering —
∙Markus Selmke and Frank Cichos — Universität Leipzig, molec-
ular nanophotonics
We propose of a new kind of 3D-velocimetry using absorbing nanopar-
ticles and a variant of photothermal single particle microscopy. Using
a Quadrant photodiode detector we reveal that photons are deflected
by a photonic potential which is created by a local refractive index
change around a laser-heated absorbing nanoparticle. The deflection
experienced is shown to be the analog to the deflection of a massive
particle wave-packet in unscreened (spin-less) Coulomb scattering, i.e.
the quantum mechanical analog to Rutherford Scattering. The exper-
imentally found focal detection geometry reveals an adjustable lateral
split sub-volume feature which allows new (cross-) correlation-based
3D-velocimetry experiments of absorbing particles with ultra-high sen-
sitivity.

CPP 34.2 Wed 16:30 Poster C
Genie in a Channel — ∙Stefan Reutter — TU Darmstadt
When high-energy heavy ions are shot at a thin sample (< 100 𝜇m),
they leave a large number of parallel ion tracks. These can be etched
to obtain mesoscopic cylinders with a narrow diameter distribution
whose mean can be varied between 30 nm and 1 𝜇m.

These channels can then be filled with a liquid to investigate prop-
erties such as diffusion and phase behaviour when trapped in a volume
small enough that confinement effects become significant, but at the
same time large enough that surface effects do not have a dominating
influence on liquid dynamics.

I will present the results of diffusometry measurements on simple
liquids and binary liquid systems in ion track channels obtained by
Static Field Gradient Echo NMR experiments.

CPP 34.3 Wed 16:30 Poster C
Faster than spinodal dewetting: Ultra-thin liquid polystyrene
films on silanized Si wafers — ∙Matthias Lessel1, Oliver
Bäumchen2, Markus Rauscher3, and Karin Jacobs1 —
1Department of Experimental Physics, Saarland University, D-66041
Saarbrücken, Germany — 2Department of Physics and Astronomy,
McMaster University, Hamilton, ON, Canada L8S 4M1 — 3Max
Planck Institute for Intelligent Systems, Heisenbergstr. 3, D-70569
Stuttgart, Germany
In recent years, many studies showed that a thin liquid film on a solid
surface in air bears more complexity than expected from a simple three-
layer-system: e.g. a highly mobile surface layer in case the liquid is
an unentangled polystyrene (PS) melt (Yang et al., Science 2010; See-
mann et al., J. of Polym. Sci. 2006) or a nearly full slip boundary
condition for the PS melt on a solid substrate (Bäumchen et al., PRL
2009). Our study focuses on such phenomena and explores their influ-
ence on dewetting. We use hydrophilic and -phobic Si wafers, either
covered by a highly ordered silane self-assembeld monolayer or by a
thin layer of an amorphous fluoropolymer. On each of the substrates,
one expects for a certain set of parameters spinodal dewetting for the
PS melt (Seemann et al., PRL 2001). However, contrary to expec-
tations, we observed a thermally activated nucleation process of hole
formation instead of spinodal dewetting. The observed behavior is
similar to results on free standing polymer films (Croll et al., Macro-
molecules 2012). A theory based on the capillary model of Croll et al.
taking the effective interface potential into account will be presented
to describe the results.

CPP 34.4 Wed 16:30 Poster C
Advanced in situ GISAXS investigations of drying
and adsorption kinetics — ∙Berit Heidmann1,2, Matthias
Schwartzkopf1, Gonzalo Santoro1, Shun Yu1, Gerd

Herzog1,2, Roman Mannweiler1, Johannes F.H. Risch1, Wil-
fried Wurth2, and Stephan V. Roth1 — 1Deutsches Elektronen-
Synchrotron (DESY), Notkestr. 85, D-22607 Hamburg, Germany
— 2Universität Hamburg, Institut für Experimentalphysik, Luruper
Chaussee 149, 22761 Hamburg, Germany
Tailored gold nanoparticle assemblies play an important role for tech-
nological applications like solar cells, nanocatalysts and bioelectronics
[1]. Solution casting is a promising process that enables low-cost fabri-
cation of such devices. Grazing incidence small-angle X-ray scattering
(GISAXS) is a powerful tool for in situ investigations of fast surface
processes on nanoscale [2]. We have combined GISAXS and a contact
angle apparatus to perform drop drying kinetic measurements with
improved accuracy and flexibility. Using advanced drop casting de-
position technique, we investigated in situ the drying kinetics during
self-assembly of gold nanoparticles and the influence of different func-
tionalized silicon surfaces on the process. In order to investigate the
effect of the X-ray beam on sample surfaces, we compared in situ and
ex situ drop drying experiments. Furthermore, the setup allows for
investigation of different wetting behaviors as a function of X-ray ra-
diation dose. [1] Bauer at al., Nanotechnology, 14, 1289-1311 (2003)
[2] Roth et al., J. Phys.: Condens. Matter , 23, 254208 (2011)

CPP 34.5 Wed 16:30 Poster C
Forced Displacement Experiments in quasi 2D Porous Me-
dia. — ∙Michael Jung1,2, Marta Sanchez de la Lama2, Daniel
Herde2, Stephan Herminghaus2, Martin Brinkmann1,2, and
Ralf Seemann1,2 — 1Universität des Saarlandes, Saarbrücken, Ger-
many — 2Max Planck-Institute for Dynamics and Self-Organization,
Göttingen, Germany
As a model for a forced liquid displacement process into porous me-
dia, we study two-dimensional flow experiments in microfluidic devices.
The devices and the porous structures are fabricated from oil-resistant
UV-curable glue using soft-lithography. The devices were first satu-
rated with oil (silicon oils, fluorinated oils or alkanes) and subsequently
the oil was displaced by either a volume or pressure controlled water
flush. We observe the global and local dynamic behavior of the ad-
vancing liquid fronts and the residual oil distribution using high speed
microscopy as function of wettability, viscosity, flow velocity, and ge-
ometry of the pore space. On the length scale of individual pores
we also investigate the influence of pressure fluctuations, which occur
when a liquid front invades a throat. These experimental results are
compared to numerical simulations based on multiple particle collisions
for analogous pore geometry and wetting conditions.

CPP 34.6 Wed 16:30 Poster C
A new approach to measure the Depth of Correlation in
micro-PIV — ∙Michael Hein1, Bernhard Wieneke2, and Ralf
Seemann1,3 — 1Department of Experimental Physics, Saarland Uni-
versity, Saarbrücken, Germany — 2LaVision GmbH Göttingen, Ger-
many — 3MPI for Dynamics and Self-Organization, 37073 Göttingen,
Germany
In recent years micro-particle image velocimetry (micro-PIV) has be-
come the most frequently used tool to measure flow profiles in microflu-
idics. Micro-PIV uses volume-illumination and imaging of fluorescent
tracer particles through a microscope objective. The velocity-vectors
are obtained by correlating two images captured shortly after each
other. Thus the obtained velocity field depends on all imaged parti-
cles within an interrogation window, even on the defocused particles.
Accordingly, the system dependent knowledge of the height extension
of the measured plane (Depth of Correlation, DOC) is crucial when
considering three dimensional flow profiles. We present a novel ap-
proach to determine the DOC based on artificial volume data derived
with the same optical setup as used for the experiments. Using this
method we examine the DOC in dependence of out-of-plane velocity



Chemical and Polymer Physics Division (CPP) Wednesday

gradients for commonly used microscope objectives.

CPP 34.7 Wed 16:30 Poster C
X-ray photon correlation spectroscopy (XPCS) study of
nanospheres in parabolic microflow — ∙Raphael Urbani1,
Fabian Westermeier2, Bernd Struth2, and Thomas Pfohl1 —
1Chemistry Department, University of Basel, 4056 Basel, Switzer-
land — 2Hasylab, Deutsches Elektronen-Synchrotron, 22607 Hamburg,
Germany
The combination of state-of-the-art microfluidics with small angle
X-ray scattering (SAXS) and X-ray photon correlation spectroscopy
(XPCS) has been successfully used for dynamic investigations of col-
loidal particles in microflow with different geometric constraints.

Using a coherent X-ray beam of small size (about 10 𝜇m x 10 𝜇m)
allows us to measure static and dynamic properties at different spatial
positions within in the microfluidic channel system. We are able to
measure autocorrelation functions at fixed 𝑞-positons in the range of
10−6 - 10−1 s with an APD-detector and simultaniously at a wide 𝑞-
range in a temporal range of 4 x 10−3 - 102 s using a 2D fast readout
detector. Analyzing the autocorrelation functions, we obtain detailed
information about advective and diffusive transport within the mi-
crofluidic flow of different velocities and in different channel geometries
such as curvatures and constrictions.

By means of the combination of XPCS with microfluidcs we probe
spatially dependent the influence of microfluidic velocity fields, shear
stress, hydrodynamic (wall) interactions and inertia effects on the
transport behavior of the nanoparticles.

CPP 34.8 Wed 16:30 Poster C
Microfluidic Platform for Membrane Fusion Studies —
∙Nabor Vargas1, Jean-Baptiste Fleury1, and Ralf Seemann1,2

— 1Experimental Physics, Saarland University, D-66041 Saarbrücken
— 2MPI for Dynamics and Self-Organization, D-37073 Göttingen
Membrane fusion is essential for the life of eukaryotic cells, it is known
as the process whereby two separate lipid bilayers merge to become
one by means of a family of fusogenic proteins. Research on mem-
brane fusion has been intense along past decades, but we are still far
from unveiling the whole phenomena. We are exploring a new microflu-
idic approach to study single membrane fusion events in a controllable
geometry. This experimental setup shall allow for the production of
stable lipid bilayers, easy variation of the lipid membrane composition
like the insertion of proteins, and superior control of the fusion pro-
cess by e.g. by optical and electrical access. Lipid bilayers created
inside the microfluidic chip can be moved and manipulated making
them interact with each other resembling cell membrane fusion.

CPP 34.9 Wed 16:30 Poster C
Gold nanostructure assisted thermophoretic trapping of sin-
gle nano-objects — ∙Marco Braun and Frank Cichos — Insti-
tute for Experimental Physics I, University of Leipzig, Linnéstraße 5,
D - 04103 Leipzig
The manipulation and trapping of nano-objects that undergo Brownian
motion are of great interest in soft-matter sciences. Optical tweezing
is the most common technique for the trapping of individual particles
in solution and is based on the optical gradient force. Hence, a suf-
ficiently high polarizability of the particle in the solution is required.
While it is thus easy to trap single dielectric particles larger than 100
nm, a trapping of smaller objects such as single molecules by means
of optical tweezers can hardly be realized. Molecular trapping can
be achieved by a technique called Anti-Brownian Electrokinetic trap
(ABEL trap), which exploits the feedback controlled electric field of
four electrodes. Hence, the latter technique requires electrical contacts,
which introduce difficulties when fabricating multiple traps. Here, we
present an all-optical technique which replaces the electric fields by
highly localized thermal fields. The so-called thermophoretic trap ex-
ploits thermophoretic forces that act on a particle placed in a temper-
ature gradient, which e.g. locally distorts the screening of the surface
charges and by that induce a particle drift. In our approach the tem-
perature field is generated by an optically heated Au nanostructures.
Due to the small dimensions of the heat sources, even a small temper-
ature increase introduces large temperature gradients causing a strong
thermophoretic drift by which the motion of a diffusing particle can
by manipulated.

CPP 34.10 Wed 16:30 Poster C
Imaging of drops on superhydrophobic surfaces in the Cassie
and Wenzel states — ∙Periklis Papadopoulos, Lena Mammen,

Xu Deng, Doris Vollmer, and Hans-Jürgen Butt — Max Planck
Institute for Polymer Research, Mainz, Germany
A droplet deposited or impacting on a superhydrophobic surface rolls
off easily, leaving the surface dry and clean. This remarkable prop-
erty is due to a surface structure which favors the entrainment of air
cushions beneath the drop, leading to the so called Cassie state. The
Cassie state competes with the Wenzel (impaled) state, where the liq-
uid fully wets the substrate. To utilize superhydrophobicity, impale-
ment of the drop into the surface structure needs to be prevented.
Recently, we demonstrated the capability of laser scanning confocal
microscopy (LSCM) to image water drops on an array of micropillars
[1]. While the drop evaporates from a pillar array, its rim recedes
via step-wise depinning from the edge of the pillars. Once the pres-
sure becomes too high, or the drop too small, the drop slowly impales
the texture. The thickness of the air cushion decreases gradually. As
soon as the water-air interface touches the substrate, complete wetting
proceeds within milliseconds. LSCM opens a novel approach to study
wetting dynamics, which is of high scientific and technological interest.

[1] P. Papadopoulos et al., Langmuir 2012, 28, 8392-8398

CPP 34.11 Wed 16:30 Poster C
Effect of Wettability on Water-Oil Front Progression in
Porous Media — ∙alen kabdenov1,2, hagen scholl1, ka-
maljit singh2,3, marco di michiel3, mario scheel3, stephan
herminghaus2, and ralf seemann1,2 — 1Saarland University, Exper-
imental Physics, D-66041 Saarbrücken, Germany — 2Max Planck In-
stitute for Dynamics and Self-Organization, D-37073 Göttingen, Ger-
many — 3European Synchrotron Radiation Facility, BP 220, F-38043
Grenoble, France
The effect of wettability on the three dimensional water-oil front pro-
gression in an initially oil filled porous medium during a water flood
is observed in situ using ultrafast synchrotron X-ray tomography. The
wettability of the porous media was controlled by using different clean-
ing and coating procedures, using different bead material or by using
a variety of combinations of experimental fluids. It is shown that for
smaller contact angles, the front progresses in a compact shape without
any oil trapping and a single pore-volume of water flood is sufficient
to reach the final state. By contrast, the front roughens in the case of
larger contact angles, and forms several enlarged fingers due to front
stopping at smaller throats. These fingers bypass several oil filled
pore-pockets leading towards significant oil trapping and water flood-
ing of more than three pore-volumes is required to achieve the final
oil distribution. The trapped oil ganglia remain in place due to strong
interfacial forces which is difficult to overcome in the tested regime of
small capillary numbers.

CPP 34.12 Wed 16:30 Poster C
Laser interferometric observations of capillary rise in ar-
rays of silicon nanochannels — ∙Mark Busch, Felix Koch, and
Patrick Huber — Hamburg University of Technology, Hamburg, Ger-
many
We present measurements on the capillary filling of nanochannels in
mesoporous silicon films with organic solvents, polymers and epoxy
resins. The time-dependent rise level of the liquids within the chan-
nels has been determined with laser interferometry [1]. This allows us
to analyze the filling process with a high temporal (milliseconds) and
spatial (micrometer) resolution. We found distinct changes in the im-
bibition dynamics as a function of the filling direction, from the top to
the bottom or from the bottom to the top of the film. These peculiari-
ties will be discussed with respect to a gradient in the porosity and/or
a monotonic variation in the mean channel diameter as a function of
channel length.

[1] L. Acquaroli et al.: Capillary Filling in Nanostructured Porous
Silicon, Langmuir 27 (2011), No. 5, p. 2069-2072

CPP 34.13 Wed 16:30 Poster C
Structure and Dynamics in Hydrophilic Confinement from
First Principles — ∙Christoph Allolio, Tobias Watermann,
and Daniel Sebastiani — Institute of Chemistry, Martin Luther
University Halle-Wittenberg, Von-Danckelmann-Platz 4, 06120 Halle
(Saale)
Geometric confinement has a strong effect on water, making it quite
different from the bulk.[1] To understand e.g. protein agglomeration,
and folding, it is necessary to develop a better understanding of water
under confinement.

We investigate the anomalous behavior and hydrogen bond network
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of water molecules confined at various interfaces using ab-initio molec-
ular dynamics and spectroscopy. In addition to structural data, we
use proton NMR chemical shifts as a measure for the strength of the
hydrogen-bonding network. Our calculations illustrate the modifica-
tions of the 1𝐻 NMR chemical shifts of confined water with respect to
bulk water.[2] In the vicinity of silanols, weakly hydrogen bonded liq-
uid water is observed, while at greater distances the hydrogen bonding
network is enhanced with respect to bulk water. In addition we ana-
lyze the dynamics, finding e.g. a considerable slowing down of water
diffusion at a water silica interface.

[1] N. Giovambattista, P. J. Rossky, P. G. Debenedetti, Annu. Rev.
Phys. Chem. 63 (2012), 179.
[2] X. Y. Guo, T. Watermann, S. Keane, C. Allolio, D. Sebastiani, Z.
Phys. Chem. 226 (2012), 1415.

CPP 34.14 Wed 16:30 Poster C
Fouling layer removal investigations under cross-flow con-
ditions — ∙Gerd Herzog1,2, Adeline Buffet1, Matthias
Schwartzkopf1, Gunthard Benecke1,3, Frans J. de Jong4,
Volker Körstgens5, Kuhu Sarkar5, Peter Müller-
Buschbaum5, Wilfried Wurth2, and Stephan V. Roth1

— 1HASYLAB at DESY, Notkestr. 85, D-22607 Hamburg —
2Universität Hamburg, Institut für Experimentalphysik, Luruper
Chaussee 149, D-22761 Hamburg — 3MPI of Colloids and Interfaces,
Department of Biomaterials, Am Mühlenberg 1, D-14476 Potsdam-
Golm — 4TU Hamburg-Harburg, Institut für Mehrphasenströmungen
(V-5), Eißendorfer Straße 38, 21073 Hamburg — 5TU München,
Physik-Department E13, James-Franck-Str. 1, 85748 Garching
The process of scaling and fouling under cross-flow conditions as well
as the removal of deposit layers is important for many technical appli-
cations like membranes, heat exchangers and ship hull coatings.

We used grazing incidence small-angle X-ray scattering (GISAXS)
and a microfluidic cell for an in-situ investigation of the removal of an
annealed polystyrene colloid layer on a glass substrate under a flow of
deionized water. The sample was scanned several times in horizontal
direction and the obtained data show the continuous transition from
a polymer-covered to a pure glass substrate.

CPP 34.15 Wed 16:30 Poster C
Study of the interface of droplets using pH change —
∙Birte Riechers, Quentin Brosseau, Florine Maes, and Jean-
Christophe Baret — Max Planck Institute for Dynamics and Self-
Organization, Göttingen, Germany
Interfaces are prevalent in many systems such as emulsions and foams.
They can be stabilized using surfactant molecules. Amphiphilic
molecules influence the properties of the interface (e.g. surface tension,
interfacial rheology) as well as the bulk properties of the two phases
(e.g. pH). The understanding of these properties is fundamental for
the control of emulsion encapsulation for biological compartimental-
ization [Baret, Lab Chip 12 (2012), 422; Baret et al., Langmuir 25
(2009), 6088].

In our study, the effect of surfactants on the pH inside the droplets
of emulsions is investigated. We combined a microfluidic fluorescence
setup with a pH sensitive dye to monitor pH changes with time. Ionic
surfactant molecules are dissolved in the continuous phase and upon
adsorption to the interface release protons into the dispersed phase.
Our results regarding the change of pH inside the droplets will bring
quantitative information on interfacial surfactant coverage and thus
allowing to conclude the stability of the interface for microencapsula-
tion.

CPP 34.16 Wed 16:30 Poster C
Acoustic Sorting of Drops and Cells — ∙Lothar Schmid1 and
Thomas Franke1,2 — 1Universität Augsburg, Experimentalphysik I,
Soft Matter Group, Augsburg, Germany — 2Department of Physics
and School of Engineering and Applied Science, Harvard University,
Cambridge, USA
We use a surface acoustic wave (SAW) device for manipulating fluids,
droplets and cells in microfluidic channels.

The acoustic wave is coupled into the channel at specific regions,
generating pressure gradients or microvortices. Electric control of the
wave generator allows for precise regulation and fast switching times.

We show an application of the technique by demonstrating a mi-
crofluidic fluorescence-activated sorter for cells and droplets at high
rates. Our acoustic sorter combines the advantages of traditional
fluorescence-activated cell sorting (FACS) and droplet sorting (FADS)

and is applicable to a multitude of objects. We can sort aqueous
droplets at rates as high as several kHz into two or more outlet chan-
nels. We demonstrate cell sorting in one-phase flow using fibroblasts
cells without prior encapsulation into drops directly from the bulk
phosphate buffered saline media. Our acoustic micro-FACS meets con-
ventional laboratory practice but at the same time allows for modular
integration into more complex microfluidic setups.

CPP 34.17 Wed 16:30 Poster C
Nonlinear chemical reactions in a droplet — ∙Maria Schwarzl,
Robert Niedl, Igal Berenstein, and Carsten Beta — Institute
of Physics and Astronomy, University of Potsdam, Germany
Over the last decade, microfluidic systems with water in oil droplets
have developed into a widely used design principle for chemical and
biological applications. In particular, the use of droplets as small
micro-reactors has stimulated enormous research activities. Among
other aspects, the mixing behavior inside such droplets has been a
topic of wide interest. It was observed that inside a droplet, aqueous
solutions with different viscosities may exhibit faster mixing as com-
pared to components with equal viscosity. Related to this observation,
we have found that a nonlinear clock reaction, when operated in a
linear microfluidic channel, can be accelerated by using fluids of differ-
ent viscosities. To further characterize the effects that are responsible
for these observations, we compare measurements of enzymatic and
inorganic autocatalytic reactions in linear microchannels with those
measured in a droplet system.

CPP 34.18 Wed 16:30 Poster C
Hydrogel driven microfluidics in structured paper substrates
— ∙Robert Niedl and Carsten Beta — Institute of Physics and
Astronomy, University of Potsdam, Germany
Many clinical tests require a purified analyte in combination with
freshly prepared biological solutions. Under working conditions far
away from standard clinical laboratories, e.g. in developing countries,
such prerequisites are often difficult to establish. Here, we present a
system that offers a solution to such problems. We extend the recently
developed concept of paper-based microfluidics by incorporating a hy-
drogel into the paper device. The swollen hydrogel stores a defined
volume of fluid on the sensor substrate. Through a thermally driven
collaps of the hydrogel, the liquid is released to drive the fluidic sys-
tem without any pumps or other sophisticated equipment. Sensitive
chemicals deposed in initially dry sections of the paper substrate can
be dissolved and transported across fluidic channels imprinted in the
paper substrate. In this way, different chemicals can be supplied in a
well-controlled and timely fashion to a reaction area, in which a specific
assay may be performed. We demonstrate this concept by implement-
ing a standard glucose test in this type of hydrogel-driven paper-fluidic
device.

CPP 34.19 Wed 16:30 Poster C
The interplay of capillary rise and vapour phase adsorption
in nanoporous Vycor glass — ∙Sebastian Kiepsch, Nico Bohr,
and Rolf Pelster — FR 7.2, Experimentalphysik, Universität des
Saarlandes, Campus E2.6, D-66123 Saarbrücken, Germany
The spontaneous imbibition of polar organic liquids, primarily n-
decanol (C10H21OH), has been studied for nanoporous Vycor glass
by means of dielectric spectroscopy. Vycor glass is an interconnected
pore network with pore diameters 𝑑𝑝 ≈ 7.5 nm and volume porosity
Φ ≈ 35%. For large times 𝑡, the imbibition dynamics can be described
by the Lucas-Washburn law, ℎ(𝑡) = 𝑐ℎ

√
𝑡. Here, ℎ denotes the capil-

lary height and the prefactor 𝑐ℎ depends on fluid parameters (viscosity,
surface tension) and matrix parameters (porosity, radius ...). However,
during the initial phase of the process, a systematic deviation from the
square root behaviour occurs. We address the question whether the
imbibition dynamics are a simple superposition of capillary rise and
concurrent vapour phase adsorption. The time dependence of the lat-
ter process is measured in a controlled environment using the same
technique.

CPP 34.20 Wed 16:30 Poster C
Capillary Levelling of Stepped Polymer Films - A Nanofluidic
Probe of the Slip Boundary Condition — ∙Oliver Bäumchen1,
Thomas Salez2, Joshua D. McGraw1, Michael Benzaquen2,
Paul Fowler1, Elie Raphaël2, and Kari Dalnoki-Veress1 —
1Department of Physics & Astronomy and the Brockhouse Institute
for Materials Research, McMaster University, Hamilton, ON, Canada,
L8S 4M1 — 2Laboratoire de Physico-Chimie Theorique, UMR CNRS
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Gulliver 7083, ESPCI, Paris, France
For flows on small length scales, the hydrodynamic boundary condition
of a liquid at a solid surface plays an enormous role. In recent years
much has been learned about this slip boundary condition from flows
that are driven by internal, capillary, forces such as dewetting of thin
liquid films. For the case of dewetting, holes in the film grow, driven by
exposing the underlying substrate. Here, we present the opposite ap-
proach: We show that the capillary levelling of initially curved surfaces,
in our case stepped polymer films, is sensitive to the nano-rheological
properties of the liquid [1] and the slip boundary condition at the
buried liquid/substrate interface. A thin film model which includes
the hydrodynamic boundary condition enables us to quantify slip at
the buried interface and to extract its dependence on the molecular
weight of the polymer.

[1] J.D. McGraw, T. Salez, O. Bäumchen, E. Raphaël, and K.
Dalnoki-Veress, Physical Review Letters 109, 128303 (2012).

CPP 34.21 Wed 16:30 Poster C
Theory of water and charged liquid bridges —
∙Klaus Morawetz — Münster University of Applied Sci-
ences,Stegerwaldstrasse 39, 48565 Steinfurt, Germany — International
Institute of Physics (IIP)Av. Odilon Gomes de Lima 1722, 59078-400
Natal, Brazil — Max-Planck-Institute for the Physics of Complex
Systems, 01187 Dresden, Germany
The phenomena of liquid bridge formation due to an applied electric
field is investigated. The effect of electromagnetic fields on a charged
catenary is described by a new solution which allows to determine the
static and dynamical stability conditions where charged liquid bridges
are possible. The creeping height, the bridge radius and length as well
as the shape of the bridge is calculated showing an asymmetric profile
in agreement with observations. The flow profile is calculated from
the Navier Stokes equation leading to a mean velocity which combines
charge transport with neutral mass flow and which describes recent
experiments on water bridges.
AIP Advances 2 (2012) 022146, Phys. Rev. E 86 (2012) 026302

CPP 34.22 Wed 16:30 Poster C
Early stages of nanoparticle attachment to polyelectrolyte
layers - in-situ GISAXS investigations with microfluidics and
dipcoating — ∙Volker Körstgens1, David Magerl1, Neelima

Paul1, Martine Philipp1, Jan Perlich2, Stephan V. Roth2, and
Peter Müller-Buschbaum1 — 1TU München, Physik Department,
LS Funktionelle Materialien, James-Franck-Str. 1, 85748 Garching,
Germany — 2HASYLAB at DESY, 22603 Hamburg, Germany
In an application of the combination of microfluidics with in-situ
GISAXS (grazing incidence small angle x-ray scattering) we investi-
gate the early stages of the attachment of gold nanoparticles to poly-
electrolyte layers. The study clearly shows the differing kinetics of
the surface coverage of slightly negativly charged nanoparticles onto
negatively charged layers of polystyrene sulfonate (PSS) and positively
charged polyallylamine hydrochloride (PAH), respectively. With the
microfocussed beam of a highly brillant x-ray third generation syn-
chrotron a high time resolution is achieved. The microfluidic investi-
gation with a special designed cell [1] is accompanied by GISAXS dip
coating experiments [2] also performed in-situ.

[1] J.-F. Moulin et al., Rev. Sci. Instrum. 79, 015109 (2008).
[2] J. Perlich et al., Phys. Status Solidi RRL 6, 253 (2012).
This work has been financially supported by the BMBF (grant num-

ber 05K10WOA).

CPP 34.23 Wed 16:30 Poster C
Oscillations and Avalanches in Two-Dimensional Flowing
Crystals — ∙Jean-Baptiste Fleury1, Ohle Caussen2, Stephan
Herminghaus2, Martin Brinkmann2, and Ralf Seemann1,2 —
1Experimental Physics, University of Saarland, Saarbrücken, Germany
— 2Max-Planck Institute for Dynamics and Self-Organization, Göttin-
gen, Germany
We study the mechanical response and the stability of monodisperse
droplet packings in quasi 2d micro-channels under longitudinal com-
pression. Depending on the exact choice of parameter a static droplet
arrangement can be mechanically unstable and segregate into domains
of higher and lower packing fraction. When these droplet arrangements
with negative compressibility slowly flow along a microfluidic channel
periodic density oscillations between the stable droplet packings can
be found. For increasing flow velocity the sections of larger and lower
packing fraction increase, finally leading to complex non-equilibrium
droplet re-arrangements similar to avalanches. We will experimentally
and theoretically discuss the mechanisms of the dynamical droplet re-
arrangements in an out-of-equilibrium microfluidic system.

CPP 35: Poster: Biomaterials and Biopolymers (joint session BP/CPP)

Time: Wednesday 16:30–18:30 Location: Poster C

CPP 35.1 Wed 16:30 Poster C
Structur formation of a coarse-grained bead model — ∙Benno
Werlich1, Mark Taylor2, and Wolfgang Paul1 — 1Institut
für Physik, Martin-Luther University Halle-Wittenberg, Halle(Saale),
Germany — 2Department of Physics, Hiram College, Ohio, USA
We study structure formation of single stiff, coarse-grained hard-sphere
chains by means of Wang-Landau type Monte Carlo simulations. Stiff-
ness is introduced by allowing a varying degree of overlap of bonded
hard spheres. Collapse of these chains is introduced by a square-well
attraction between non-bonded spheres. Depending on the degree of
stiffness different, non-trivial morphologies like, e.g., helical structures,
occur in the collapsed state. The transitions between different states
are determined by an analysis of thermodynamic response functions.
For the simulations we implemented the so-called Stochastic Approxi-
mation Monte Carlo method which has the advantage of implementing
a very general and simple iteration scheme.

CPP 35.2 Wed 16:30 Poster C
Nano-Mechanics of Type I Collagen Fibrils in Aqueous Solu-
tion — ∙Diana Voigt, Julia Hann, Eike-Christian Spitzner, and
Robert Magerle — Chemnitz University of Technologie, Institut of
Physics, Germany
We investigate purified type I collagen extracted from bovine hide. In
aqueous solution, triple helices of collagen molecules (tropocollagens)
form fibrils driven by hydrogen bonding processes. Single collagen
fibrils, deposited on a silicon substrate, were exposed to an aqueous
solution with controlled pH and salt concentration. We use in-situ
multi-setpoint intermittent contact mode (MUSIC-Mode) atomic force
microscopy for quantitative imaging of collagen fibrils and their me-

chanical properties in aqueous solution. Furthermore we control the
electrochemical potential between the sample and the AFM probe.

CPP 35.3 Wed 16:30 Poster C
Ab-initio molecular dynamics of photoacids in aqueous en-
vironment — ∙Gül Bekcioglu, Christoph Allolio, and Daniel
Sebastiani — Institute of Chemistry, Martin Luther University Halle-
Wittenberg, Von-Danckelmann-Platz 4, 06120 Halle (Saale)
Biophysical processes often take place based on proton relay along a
hydrogen bonded chain.[1] Such proton transfer reactions along "water
wires" are difficult to observe directly inside a protein. Photosensitive
acid/base systems provide a method to control and study ultrafast pro-
ton transport via infrared spectroscopy.[2] Hydroxyquinolines (HQ) are
simultaneously photoacids and photobases. Departing from our suc-
cessful simulation of the excited state dynamics and fluorescence shift
of the related N-methyl-6-quinolone [3], we study the ground and ex-
cited state solvation of different HQs, focussing on the identification of
water wires and excited state protonation dynamics.
[1] H. Luecke, H.-T. Richter, J. K. Lanyi, Science 280 (1998), 1934.
[2] O. F. Mohammed, D. Pines, J. Dreyer, E. Pines and E. T. J. Nib-
bering., Science 310 (2005), 5745.
[3] C. Allolio, M. Sajadi, N. P. Ernsting and D. Sebastiani, Angew.
Chem. Int. Ed. accepted, (2012).

CPP 35.4 Wed 16:30 Poster C
Water absorption of cellulose fibers and possible morpho-
logical influences — ∙Patrice Kreiml1,2, Christian Ganser1,2,
Roland Morak1, Oskar Paris1, Robert Schennach2,3, and
Christian Teichert1,2 — 1Institute of Physics, Montanuniversität
Leoben, Franz Josef - Str. 18, 8700 Leoben, Austria — 2Christian



Chemical and Polymer Physics Division (CPP) Wednesday

Doppler Laboratory for Surface Chemical and Physical Fundamentals
of Paper Strength, Graz University of Technology, Petersgasse 16/2,
8010 Graz, Austria — 3Institute of Solid State Physics, Graz Univer-
sity of Technology, Petersgasse 16/2, 8010 Graz, Austria
Fibers are used in textiles, hygiene products, and medical applica-
tions. The water absorption is an important property in the applica-
tions mentioned. In this study, the water absorption of different fiber
types was measured. The method of choice is a micro balance, which
allows to detect a change in mass by increasing and decreasing the par-
tial water vapor pressure at a constant temperature. The result is an
isothermal hysteresis that yields the water absorption and desorption
with respect to the relative humidity. Additionally, the morphology of
two sets of viscose fibers was characterized by atomic-force microscopy
(AFM). The two sets of samples were produced under the same condi-
tions, but exhibited a difference in water absorption. A comprehensive
roughness analysis showed no significant differences in the roughness
parameters. However, on the surfaces of all samples trenches could
be observed. Preliminary results indicate an influence of trench den-
sity on the water absorption. Supported by Kelheim Fibres and the
Christian Doppler Research Society, Vienna Austria.

CPP 35.5 Wed 16:30 Poster C
Hierarchical Multi-Step Folding of Polymer Bilayers —

∙Georgi Stoychev1,2, Sebastian Turcaud3, John Dunlop3, and
Leonid Ionov1 — 1Leibniz Institute of Polymer Research Dresden,
Hohestr. 6, 01069, Dresden, Germany — 2Technische Universität
Dresden, Physical Chemistry of Polymer Materials, 01062, Dresden,
Germany — 3Am Mühlenberg 1, 14424, Potsdam, Germany
We investigated the actuation of patterned bilayers placed on a sub-
strate. We found that films display several kinds of actuation behav-
ior such as wrinkling, bending and folding that result in a variety of
shapes. Based on experiments and modeling, we argued that rectan-
gular bilayers start to roll from the corners due to quicker diffusion of
water. Rolling from long-side starts later and dominates at high aspect
ratio[1].

It was also demonstrated that one can introduce hinges into the
folded structure by proper design of the bilayers external shape without
having to use site selective deposition of active polymers. Experimental
observations lead us to derive four empirical rules backed up by theoret-
ical understanding as well as simulations. We then demonstrated how
those rules can be used to direct the folding of edge-activated polymer
bilayers through a concrete example - the design of a 3D pyramid[2].

[1] Stoychev et al, ”Hierarchical Multi-Step Folding of Polymer
Bilayers”, Adv.Func.Mat., published online Nov 26, 2012

[2] Stoychev et al, ”Shape-Programmed Folding of Stimuli-
Responsive Polymer Bilayers”, ACS Nano, 2012, 6(5), 3925-3934

CPP 36: Poster: (Hydro)gels and Elastomers

Time: Wednesday 16:30–18:30 Location: Poster C

CPP 36.1 Wed 16:30 Poster C
The distribution of segmental order in polymer networks —
∙Michael Lang1 and Jens-Uwe Sommer1,2 — 1Leibniz Institut für
Polymerforschung Dresden, Hohe Straße 6, 01069 Dresden — 2Institut
für Theoretische Physik, Technische Universität Dresden, 01062 Dres-
den
We discuss the distribution function of the segment orientation order
parameter in entangled networks. The distribution function is derived
from a tube model of polymer entanglements assuming random walk
statistics of the tube. Monomer fluctuations along the tube are as-
sumed to follow the phantom model as shown in a previous work [M.
Lang, J.-U. Sommer, Physical Review Letters 104 (2010) 177801]. The
predictions are compared with simulation data of model networks that
were created using the bond fluctuation method. The comparison re-
veals that local fluctuations of the tube statistics do not affect the
distribution function as averaged over the full sample. Instead, length
fluctuations of the confining tube control the shape of the distribution
function. Furthermore, a narrowing of the distribution function is de-
termined, if the cross-linking occurs on the time scale of the relaxation
of the network strands. Almost instantaneously cross-linked polydis-
perse samples do not show this narrowing and are well described by
tube length fluctuations that agree to previous work on the dynamics
of melts of star polymers.

CPP 36.2 Wed 16:30 Poster C
Poly(N-isopropylacrylamide) chains adsorbed on silica
nanoparticles: A dielectric study of the phase transition
of interfacial pNIPAM — ∙Marieke Füllbrandt1,2, Sarah T.
Turner1, Regine von Klitzing1, and Andreas Schönhals2 —
1Stranski-Laboratorium für Physikalische und Theoretische Chemie,
Technische Universität Berlin, Strasse des 17. Juni 124, D-10623 Berlin
— 2BAM Bundesanstalt für Materialforschung und -prüfung, Unter
den Eichen 87, D-12205 Berlin
Poly(N-isopropylacrylamide)(pNIPAM) is adsorbed on silica nanopar-
ticles. In bulk phase linear pNIPAM shows a lower critical solution
temperature (LCST) at about 32∘C. In general the physical properties
of constrained polymers differ from those of the bulk phase. Adsorbed
pNIPAM on surfaces can have interesting applications in functionalized
interfaces with thermosensitive properties. Such applications require
fundamental knowledge of the transition behaviour and mobility of
adsorbed pNIPAM chains.

Dielectric Relaxation Spectroscopy (DRS) is applied in a frequency
range of 10^-1 to 10^6 Hz. By using charges as probes the phase
transition of pNIPAM can be monitored by both the temperature de-
pendence of the DC conductivity and the frequency dependence of
the complex conductivity spectra [1]. The formation of a Si/pNIPAM

core/shell particle where charges are trapped/ blocked at the inter-
face evokes a Maxwell/Wagner/Sillars polarization. For structural in-
formation DLS measurements and TEM images are added. [1] M.
Füllbrandt, R. von Klitzing and A. Schönhals, Soft Matter, 2012, 8,
12116-12123.

CPP 36.3 Wed 16:30 Poster C
Kinetics of aggregation in micellar solutions of ther-
moresponsive triblock copolymers: influence of concentra-
tion, start and target temperature — Joseph Adelsberger1,
Amit Kulkarni1, Isabelle Grillo2, Melissa Sharp3, Achille
M. Bivigou-Koumba4, André Laschewsky4, Peter Müler-
Buschbaum1, and ∙Christine M. Papadakis1 — 1TU München,
Physik-Department, Physik weicher Materie, Garching — 2Institut
Laue-Langevin, Grenoble, France — 3European Spallation Source,
Lund, Sweden — 4Uni Potsdam, Institut für Chemie, Potsdam-Golm
Micellar solutions of thermoresponsive block copolymers respond to
a small change of temperature across the cloud point with a strong
volume change. We have investigated triblock copolymers having a
long poly(N-isopropylacrylamide) (PNIPAM) middle block and two
short polystyrene (PS) end blocks. Temperature-resolved SANS with
contrast matching revealed the collapse of the micellar shell and the
subsequent aggregation [1]. Time-resolved SANS during a temperature
jump showed that the process involves a number of steps, such as the
formation of small imperfect aggregates, their densification and their
growth by attachment of single micelles and finally by coagulation [2].
The time constants depend on polymer concentration, start and target
temperature [2].
1. J. Adelsberger, C.M. Papadakis et al., Macromolecules 43, 2490
(2010) and Colloid Polym. Sci. 289, 711 (2011).
2. J. Adelsberger, C.M. Papadakis et al., Macromol. Rapid Commun.
33, 254 (2012) and Soft Matter, DOI:10.1039/C2SM27152D

CPP 36.4 Wed 16:30 Poster C
Rheological characterization of PDMS-based magnetoelas-
tomers — ∙Rudolf Hasslacher1, Vitor C. Barroso1, Franz
Hiptmair2, Zoltan Major2, Kerstin Schindler3, Christian
Wolfrum3, and Sabine Hild1 — 1Institute of Polymer Science, Jo-
hannes Kepler University of Linz, Altenberger Strasse 69, 4040 Linz,
Austria — 2Institute of Polymer Product Engineering, Johannes Ke-
pler University of Linz, Altenberger Strasse 69, 4040 Linz, Austria —
3Eckart GmbH, Guentersthal 4, 91235 Hartenstein, Germany
Magnetoelastomers are hybrid materials based on elastomers and mag-
netic particles. Due to their magnetic features, their mechanical prop-
erties and shape can be controlled by external magnetic fields. Appli-
cations as mechanical actuators, mechanical dampers or for vibration
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reduction are conceivable.
Depending on the particle material, size and their distribution and

arrangement inside the cured elastomeric matrix, the obtained mechan-
ical properties (and possible applications) can be varied. Ultimately
the movement of the particles is heavily dependent on the viscosity of
the whole composite.

During this work, the preparation of the magnetoelastomeric ma-
terial and corresponding rheological characterisation were carried out.
The isotropic materials consisted of a crosslinkable polydimethylsilox-
ane (PDMS) matrix filled with different iron particles (distinguishable
by shape and functionalities). The aim is to study the crosslinking
behaviour and its dependence on the particle characteristics by means
of time resolved rheological measurements.

CPP 36.5 Wed 16:30 Poster C
Wetting induced structure formation in elastic porous media
— ∙Zrinka Gattin, Ohle Claussen, Stephan Herminghaus, and
Martin Brinkmann — MPI DS, Am Fassberg 17, 37077 Gottingen,
Germany
The interplay between the elasticity of a porous matrix and interfa-
cial stresses can give rise to a wide variety of unexpected phenomena
including spontaneous symmetry breaking and pattern formation.

Many properties of a fibre network undergo large changes when ex-
posed to a wetting liquid. The mechanical response of an elastic fibre
network, for example, to compression or shear changes noticeably be-
tween the dry and the wet state. A number of processes can lead to
the formation of liquid domains in a fibre network. This includes phase
separation of the ambient fluid, impact of aerosol droplets on fibres, or
spontaneous imbibitions of liquid. In all of these cases the elasticity of
the elastic matrix in combination with its wetting properties will have
an effect on the dynamics of these processes.

Motivated by experiments on the demixing of binary liquids in poly-
mer gels we study the formation and interaction of liquid droplets in
a dilute elastic medium. To model the phase separating liquids we use
a lattice gas model while the elastic matrix is represented by a net-
work of tethered particles which are interacting with the fluid phases.
Here, we present preliminary results on the deformation of the network
due to interfacial stresses for different configurations of the liquid do-
mains after demixing. The results of our simulations are compared to
predictions of a simple continuum model of the elastic matrix.

CPP 36.6 Wed 16:30 Poster C
Dielectric strength and electro-mechanical instability in soft
insulating elastomers — ∙Stefan Best, Matthias Kollosche,
and Reimund Gerhard — ACMP, Institut für Physik und As-
tronomie , Universität Potsdam, Karl-Liebknecht-Str. 24/25, 14476
Potsdam-Golm, Germany
The dielectric breakdown strength of polymer materials is of particular
interest for many technological applications such as cable insulation,
polymer capacitors and emerging systems that rely on soft polymers,
such as energy harvesting or voltage tunable optics. We present ex-
perimental strategies to assess the impact of material properties and
preparation methods on the dielectric breakdown strength of soft in-
sulating polymers. This is studied on un-stretched Elastomers of var-
ious material stiffnesses, which can be varied through the preparation
methods. Also, the breakdown strength was measured as a function of
stretch ratio. The breakdown strength of un-stretched elastomers was
found to increase with material stiffness, since breakdown occurs due to
an electro-mechanical instability mechanism. Relatively higher break-

down strength was observed on pre-stretched, clamped elastomers. It
is found, that very high pre-stretch prevents the electro-mechanical
instability such that dielectric breakdown strength becomes indepen-
dent of stretch ratio and thus the true material breakdown strength
is observed. The results are found to compare well with theories in
literature.

CPP 36.7 Wed 16:30 Poster C
About the elastic nature of the demixing transition of aque-
ous PNIPAM solutions — ∙Martine Philipp1, Ulrich Müller2,
Ralitsa Aleksandrova2, Roland Sanctuary2, Peter Müller-
Buschbaum1, and Jan K. Krüger2 — 1TU München, Physik-
Department, LS Funktionelle Materialien, Garching, Germany —
2Université du Luxembourg, LPM, Luxembourg, Luxembourg
The demixing transition of aqueous solutions of poly(N-
isopropylacrylamide) (PNIPAM) has been widely investigated in basic
and applied research. It is of the lower critical solution temperature
type. Due to the large volume change accompanying this phase sep-
aration, it is denoted as a volume transition. Only few experiments
were dedicated to the elastic properties at this transition. However,
one hint exists that the longitudinal elastic modulus may be its inverse
order parameter susceptibility [1]. Here we discuss the competitive
behaviour of mass density and the longitudinal elastic modulus across
the demixing transition in dependence of temperature and PNIPAM
concentration [2]. Brillouin spectroscopy indeed proves the govern-
ing role of the longitudinal elastic modulus for this phase separation
mechanism. Moreover, Brillouin spectra recorded across the phase
transition allow following the growth of PNIPAM-rich agglomerates
with gel-like mechanical consistency embedded in the liquid PNIPAM-
poor phase. This result clearly disproves the widespread opinion that
the demixed PNIPAM-rich agglomerates are glassy.

[1] S. Hirotsu, Phase Transitions 47, 183 (1994) [2] M. Philipp, U.
Müller, R. Aleksandrova et al., Soft Matter 8, 11387 (2012)

CPP 36.8 Wed 16:30 Poster C
Co-non-solvency effect of adsorbed thermo-responsive gel
particles — ∙Marcel Richter, Melanie Hunnenmörder, and
Regine von Klitzing — TU Berlin
During the last decades microgels made of N-isopropylacrylamide (NI-
PAM) have attracted much interest and were studied by several tech-
niques like atomic force microscopy (AFM) and dynamic light scat-
tering (DLS) [1]. These polymer particles show thermo responsive
behaviour and can therefore be classified as *smart* materials. The
Co-non-solvency effect in the different water/ solvent compositions are
well investigated for the bulk phase [2, 3] but not at the surface. Those
colloidal particles are of great interest as carrier systems and sensors
[4]. For this purpose the understanding of such particles in different
organic solvent mixtures is necessary. The presented study focuses on
the swelling behaviour of PNIPAM and PNIPAM-co-AAA microgels in
different water/ solvent compositions. The question will be answered:
How much the particles swell from the dry to the liquid state? Further-
more, the particle size in different water/ solvent ratio is investigated.
The used solvents are ethanol, iso-propanol and tetrahydrofuran. T
The size of microgels is determined by Dynamic Light Scattering and
Scanning Force Microscopy. [1] K. Kratz, T. Hellweg, W. Eimer, Poly-
mer (2001), 42, 6531 [2] B. Saunders et al, Macromolecules (1997), 30,
482 [3] Christine Scherzinger et al, Macromolecules (2010), 43, 6829
[4] J. Kim, Angewandte Chemie (2005), 117, 1357

CPP 37: Poster: Focus: Van der Waals at soft matter interfaces: structure and dynamics

Time: Wednesday 16:30–18:30 Location: Poster C

CPP 37.1 Wed 16:30 Poster C
Structure and Dynamics in Frustrated Liquid Crystal Films
Influenced by Subsurface Substrate Material — ∙Kathrin
Radscheit, Daniela Täuber, and Christian von Borczyskowski
— nanoMA, TU-Chemnitz, Institut für Physik
Liquid crystals are known to be very sensitive to chemical and topolog-
ical properties of confining interfaces. Recently we found an influence
of the subsurface substrate composition on the structure in thin frus-
trated 8CB liquid crystal films on Si with native or 100 nm thermal
oxide [1]. Observation in polarization resolved reflected light during

heating from the smectic A to the nematic phase and subsequent cool-
ing, reveales different timescales of the phase transition of thin 8CB
films on the two types of substrate. We ascribe the observed differ-
ences to van der Waals interactions with the underlying silicon in case
of the native oxide, whereas the thermal oxide suffices to shield those
interactions. Additional information about the dynamics in thin liq-
uid crystal films is obtained from correlations of s- and p-polarization
resolved fluorescence intensities from diffusing tracer molecules, ex-
tending previous studies in unpolarized light [2].

[1] B. Schulz, D. Täuber, J. Schuster, T. Baumgärtel and C. von
Borczyskowski, Soft Matter 7 (2011) 7431. [2] B. Schulz, D. Täuber,
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F. Friedriszik, H. Graaf, J. Schuster and C. von Borczyskowski, PCCP
12 (2010) 11555.

CPP 37.2 Wed 16:30 Poster C
Bimodal MUSIC Mode Atomic Force Microscopy on Poly-
mers — ∙Eike-Christian Spitzner1, Christian Dietz2, and
Robert Magerle1 — 1Chemische Physik, TU Chemnitz, D-09107
Chemnitz — 2Center of Smart Interfaces, TU Darmstadt, D-64287
Darmstadt
Multi-set point intermittent contact (MUSIC) mode atomic force mi-
croscopy (AFM) is based on point wise recording amplitude and phase
of an AFM cantilever as the tip sample distance is reduced (APD

curves). The technique emulates intermittent contact mode AFM
without a feedback loop that causes artifacts in height and phase im-
ages. Here, we demonstrate multifrequency MUSIC mode AFM by
simultaneous excitation of the first two eigenmodes of the cantilever.
Furthermore, the frequency of the first eigenmode is kept at resonance
during approach to prevent damping of the amplitude caused by at-
tractive interactions. Thus, the attractive regime in the APD curves
is suppressed. This enables a straight forward calculation of the tip
indentation also on surfaces that exhibit strong attractive interactions
between tip and sample. We show results for collagen fibrils in bovine
tendon as well as other polymeric surfaces. Furthermore, enhanced
contrast in the phase images of the second eigenmode is demonstrated.

CPP 38: SYMM: Computational Challenges in Scale-Bridging Modeling of Materials

Time: Thursday 9:30–12:00 Location: H1

Invited Talk CPP 38.1 Thu 9:30 H1
Challenges for first-principles based computation of proper-
ties of oxide materials — ∙Karsten Albe — TU Darmstadt, FB
11, FG Materialmodellierung, Petersenstr. 32, D-64287 Darmstadt
Calculations based on density functional theory (DFT) have been the
mainstay of theoretical studies of the properties of semiconductor and
oxide materials over the past few decades. Despite of their significant
successes, challenges remain in adapting these methods for predictive
simulations that are quantitatively useful in predicting complex de-
vice properties. Increasing computing power and improved theoretical
methods taking advantage of ever more powerful computer hardware
offer the possibility that computational modelling may finally allow a
virtual materials design by truly predictive simulations. In this con-
tribution, I will give examples for successes and failures in calculating
bulk, point defect and surface properties of transparent conducting as
well as ferroelectric oxides and describe the remaining challenges.

Invited Talk CPP 38.2 Thu 10:00 H1
Deformation and Fracture of Solids: Tough Nuts at
Atomic and Continuum Scales — ∙Peter Gumbsch1,2, Ma-
tous Mrovec1,2, Kinshuk Srivastava1, and Daniel Weygand1 —
1Institut for Applied Materials IAM, Karlsruhe Institute of Technology
KIT — 2Fraunhofer IWM, Freiburg
Multiscale modeling of deformation processes in crystalline materials
poses several challenges although the basic physical process, the mo-
tion of dislocations, is well understood. I will use the deformation of
single crystalline alpha-iron to illustrate these challenges.

To feed dislocation dynamics with realistic atomistic information re-
quires a reliable and computationally efficient description of the atomic
interactions. We use a recently developed magnetic bond-order poten-
tial (BOP). Dislocation mobility laws for discrete dislocation dynamics
(DDD) studies of large dislocation ensembles then require considera-
tion of the full local stress state in a mesoscopic mobility law since it
turned out that the effect of non-glide stresses and orientation of the
applied loading is crucial for capturing the non-Schmid behavior.

Averaging the behavior of discrete dislocations into continuum me-
chanical equations is even more difficult. It requires a homogenization
of the dislocation fields including a description of their multiplication
and mutual interaction. The mathematical framework for such a con-
tinuum field theory is still not available. I will present a kinematically
consistent continuum description of the dynamics of curved dislocation
systems as a first approach to such a continuum field theory.

Invited Talk CPP 38.3 Thu 10:30 H1
Crucial Issues and Future Directions of Through-Process
Modeling — ∙Guenter Gottstein — RWTH Aachen University,
Institut of Physical Metallurgy and Metal Physics, Aachen, Germany
Computer simulation of materials processing and properties has ad-
vanced to an established field and indispensible research topic in ma-
terials science and engineering during the past decade. Moreover, it
has grown to a powerful and accepted tool for commercial alloy and
process development. While the general theory has been laid out,
physics based scale-bridging modeling approaches have been developed
and are currently employed also in industrial environments, flexible in-

terfacing has become available and automated simulation is currently
being tested, there are still bottlenecks that impede the ease of ap-
plication and the predictive power of these tools and urgently need
to be addressed. Such needs include reliable experimental databases,
the bridging of knowledge gaps on critical phenomena like nucleation,
interacting microstructural evolution processes that require vastly dif-
ferent computation times, inverse modeling algorithms etc. Finally,
despite of the remarkable advances in available computer power, com-
puter simulation still suffers from too low computational speed to ad-
dress statistically significant system sizes and to lend itself to process
control. More recent concepts will be introduced, in particular in view
of the changing philosophy of computer architecture and the increasing
availability of massively parallel computing power, which may actually
require a departure from conventional and established modeling con-
cepts.

Invited Talk CPP 38.4 Thu 11:00 H1
Adaptive Resolution Simulations for Soft Matter: Applica-
tions and New Developments — ∙Kurt Kremer — Max Planck
Institute for Polymer Research
The relation between atomistic structure, architecture, molecular
weight and material properties is a basic concern of modern soft matter
science. A typical additional focus is on surface and interface aspects
or the relation between structure and function in nanoscopic molecular
assemblies. Here computer simulations on different levels of resolution
play an increasingly important role. To progress further, adaptive
schemes are being developed, which allow for a free exchange of parti-
cles (atoms, molecules) between the different levels of resolution. The
lecture will concentrate on these methods to couple particle based sim-
ulations. In addition first approaches to connect particle based sim-
ulations to continuum as well as to include quantum effects will be
presented. Furthermore the extension to open systems MD as well as
new recent methodology advances will be explained. A general review
on the first part can be found in M. Praprotnik, L. Delle Site, and K.
Kremer, Ann. Rev. Phys. Chem. 59, (2008) and recent advances in
S. Fritsch et al. Phys. Rev. Lett. 108, 170602 (2012)

Invited Talk CPP 38.5 Thu 11:30 H1
Materials by design — ∙Markus Buehler — MIT, 77 Mass. Ave,
Cambridge, MA 02139
Biological materials are synthesized, controlled and used for an aston-
ishing variety of purposes including structural support, force genera-
tion, mass transport, catalysis, or energy conversion. By incorporating
concepts from biology and engineering, computational modeling has
led the way in identifying the core principles that link the molecular
structure of biomaterials at scales of nanometers to physiological scales
at the level of tissues. The use of the world’s fastest supercomputers
allows us to predict properties of complex materials from first prin-
ciples, realized in a multiscale modeling approach that spans massive
ranges in scale. Combined with experimental studies, such in silico
models allow us to simulate disease, understand catastrophic failure
of tissues, and enable us to translate concepts from the living world
into material designs that blur the distinction between the living and
non-living systems. We discuss challenges and opportunities in new
methods of scale bridging.



Chemical and Polymer Physics Division (CPP) Thursday

CPP 39: Organic Electronics and Photovoltaics IV (joint session CPP/HL/O/DS)

Time: Thursday 9:30–13:00 Location: H34

Invited Talk CPP 39.1 Thu 9:30 H34
Influence of morphology on organic solar cell performance
comparing crystalline diindenoperylene (DIP) and its amor-
phous derivative tetraphenyldibenzoperiflanthene (DBP) —
Stefan Grob, Mark Gruber, Ulrich Hörmann, and ∙Wolfgang
Brütting — Institute of Physics, University of Augsburg, Germany
The DIP molecule, consisting of seven benzene and two cyclopentadi-
ene rings, forms the backbone of the DBP molecule, which has two fur-
ther benzene rings and four additional, rotatable phenyl groups. Com-
pared to the planar arrangement of DIP, the four phenyl groups give
DBP a more three-dimensional shape, changing the growth behavior in
thin films completely. While we observe crystalline domains of almost
upright standing DIP, layers of DBP exhibit an amorphous character
and therefore a relatively small exciton diffusion length, being about
ten times shorter than that of its crystalline counterpart. However,
the drawback of the upright standing arrangement of DIP molecules
is the unfavorable orientation of the transition dipole moment result-
ing in a low absorption coefficient. In contrast, the structural disorder
in DBP combined with a little smaller optical gap leads to light ab-
sorption which is about eight times higher than in DIP, whereby the
short-circuit current density almost doubles in corresponding solar cell
devices. Moreover, open circuit voltages are high and - due to similar
energy level alignments - comparable, by using the materials both as
donor with C60 (0.9 V) and as acceptor with 6T (1.2 V). Based on
these results, we discuss the influence of different film structure and
morphology on electrical transport and device performance.

CPP 39.2 Thu 10:00 H34
Influence of fluorine content in manipulating the nanomor-
phology of PTB7:PC70BM bulk heterojunction systems —
∙Shuai Guo1, Jing Ning1, Volker Körstgens1, Yuan Yao1,
Chen Lin1, Stephan Roth2, and Peter Müller-Buschbaum1

— 1TU München, Physik Department, LS Funktionelle Materialien,
James-Franck-Str. 1, 85748 Garching, Germany — 2HASYLAB at
DESY, 22603 Hamburg, Germany
Polymer-based photovoltaics have drawn tremendous attention in both
basic research and application fields during the last decade. Here,
the up-to-date highest efficient bulk heterojunction system PTB7 with
varied fluorine content and the fullerene derivative PC70BM are thor-
oughly investigated. It is known that the amount of fluorine along the
polymer chain strongly influences the film formation and therefore the
solar cell performance. Additionally, it is of great interest to explore
the effect of solvent additive 1,8-diiodooctane (DIO) on differently flu-
orinated films. To address the relation between the morphology and ef-
ficiency completely, a series of measurements have been done. The film
surface structure is investigated by optical microscopy and AFM. The
inner film structures, crystal orientation as well as the crystallinity are
probed by advanced scattering techniques such as XRR, GISAXS and
GIWAXS. By integrating all data, the three-dimensional morphology
of the active layer is detected. Consequently, the different morpholo-
gies introduced by varying the fluorine content and the addition of DIO
are determined and compared with the corresponding performance of
these systems.

CPP 39.3 Thu 10:15 H34
Influence of nanostructural changes on the charge carrier dy-
namics in PTB7 based solar cells — ∙Andreas Zusan1, Andreas
Baumann2, Jens Lorrmann1, Carsten Deibel1, and Vladimir
Dyakonov1,2 — 1Experimental Physics VI, Julius-Maximilians-
University of Würzburg, D-97074 Würzburg — 2Bavarian Centre for
Applied Energy Research e.V. (ZAE Bayern), D-97074 Würzburg
For organic bulk heterojunction solar cells, the blend morphology is one
of the most crucial parameters influencing the device performance. In-
ducing nanostructural changes by means of the use of processing addi-
tives is a common practice to increase the power conversion efficiency.
Hence, understanding the effect of modified structural properties of
organic layers on the charge carrier transport and lifetime is a key is-
sue for further progress in organic photovoltaics. In this context, we
applied our novel charge extraction technique OTRACE (Open Cir-
cuit Corrected Transient Charge Extraction) to high efficiency solar
cells made from the low-bandgap polymer PTB7 in combination with
PC70BM using the solvent additive diiodooctane (DIO). The results

show two different nongeminate decay regimes identified as a fast direct
recombination of free polarons and a trap assisted decay. We find that
the DIO induced alteration of the morphology significantly reduces
the recombination order of the first regime, whereas it has no influ-
ence on the second part arising from the delayed emission of trapped
charges. Our explanation based on a multiple-trapping-and-release ap-
proach clarifies the large impact of phase separation on charge carrier
dynamics.

CPP 39.4 Thu 10:30 H34
Diffusion limited charge generation from fullerene excitons
in low bandgap polymer solar cells — ∙Clare Dyer-Smith, Ian
Howard, and Frédéric Laquai — Max Planck Institut für Polymer-
forschung, Mainz, Germany
Organic solar cells with high power conversion efficiencies have been
realised in recent years by the use of low bandgap polymers in combi-
nation with C70-based electron acceptors to provide good absorption
coverage across the entire solar emission spectrum. Diffusion-limited
charge generation from fullerene excitons has been observed in such
blends, including the high-performance PTB7:PC70BM blend system
which is the subject of the present study. We characterise the diffusion-
limited charge generation from fullerene excitons in this system using
transient absorption and photoluminescence spectroscopy. Fitting to
a simple exciton quenching model allows us to determine the size of
fullerene domains in the blend, showing quantitatively how blend mor-
phology limits device performance, and allowing us to identify selec-
tion criteria for the optimum blend morphology in devices based upon
light-absorbing fullerene acceptors.

CPP 39.5 Thu 10:45 H34
Impact of molecular weight on the intrinsic charge car-
rier mobility of Si-PCPDTBT:[C70]PCBM thin films —
∙Andreas Fritze1, Andreas Sperlich1, Andreas Zusan1,
Carsten Deibel1, and Vladimir Dyakonov1,2 — 1Experimental
Physics VI, Julius Maximilian University of Würzburg, 97074
Würzburg — 2ZAE Bayern, 97074 Würzburg
We investigated the influence of the molecular weight on the perfor-
mance of solar cells from solution processed Si-PCPDTBT:[C70]PCBM
blends. A significant increase in the short circuit current density 𝑗𝑆𝐶

was found with increasing molecular weight of the polymer. To ex-
plain this behavior, we performed transient microwave conductivity
(TRMC) experiments and found much higher intrinsic mobilities in
thin films based on the higher molecular weight donor. In order to
distinguish between the influence of intra- and intermolecular charge
transport on the obtained intrinsic TRMC mobility, we used two dif-
ferent solvents to influence the molecular environment in the film. We
discuss our findings in view of the impact of the local order, influenced
by the molecular weight on the performance of organic solar cells.

CPP 39.6 Thu 11:00 H34
Charge generation and recombination in PCPDTBT:PCBM
and PSBTBT:PCBM bulk heterojunction photovoltaic
blends — ∙Fabian Etzold, Ian Howard, Michael Meister, and
Frédéric Laquai — Max Planck Research Group for Organic Op-
toelectronics, Max Planck Institute for Polymer Research, Ackerman-
nweg 10, 55128 Mainz, Germany
We present a comparative study of the photophysical processes lead-
ing to photocurrent generation and photocurrent loss in photovoltaic
blends of the low-bandgap polymer PCPDTBT with PCBM and its
silicon-substituted analogue PSBTBT with PCBM studied by Vis-NIR
transient absorption pump-probe spectroscopy and variable time-delay
double-pump photocurrent extraction experiments. Our experiments
demonstrate that the power conversion efficiency of PCPDTBT:PCBM
blends is largely limited by sub-nanosecond geminate recombination
of interfacial charge-transfer states plus fast non-geminate recombina-
tion of free charges competing efficiently with charge extraction. In
comparison photovoltaic blends of the silicon-substituted polymer PS-
BTBT with PCBM exhibit significantly less geminate recombination
in conjunction with much slower non-geminate recombination of free
charges leading in turn to substantially higher photocurrents and fill
factors and thus overall increased photovoltaic performance. We also
observed a pronounced excitation wavelength dependence of the pho-
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tophysical processes occurring after excitation of either the polymer or
the fullerene component of the blend at different photon energies. [1]
F. Etzold et al., J. Am. Chem. Soc. 2012, 134 (25), 10569-10583.

15 min. break

CPP 39.7 Thu 11:30 H34
Charge Generation in PBDTTPD:PCBM and Si-
PCPDTBT:PCBM Solar Cells: The Influence of Excess Pho-
ton Energy and Electronic Energy Level Offsets — ∙Steve
Albrecht1, Koen Vandewal2, Alberto Salleo2, and Dieter
Neher1 — 1University of Potsdam, Soft Matter Physics, Potsdam,
Germany — 2Stanford University, Department of Materials Science
and Engineering, Stanford, USA
In the last years a dramatic increase in organic solar cell efficiency
has been reported with polymers and fullerene derivatives processed
from solution. However, the fundamental process involved in the con-
version of absorbed photons to free charges is still not fully under-
stood. In this work, we use time delayed collection field (TDCF)
[1] with variable excitation wavelength to gain inside into the ef-
fect of the excess photon energy on the quantum efficiency and field-
dependence of free charge carrier generation. With two high effi-
ciency model systems showing either field independent CT-state split-
ting (PBDTTPD:PCBM) or a weak field-dependence of free charge
formation (Si-PCPDTBT:PCBM), we show how the field-dependence
changes with direct CT state excitation in the absorption region below
the band-gap. Additionally, we show how generation and bimolecular
recombination is affected when the fullerene derivative PCBM is ex-
changed by higher LUMO adducts ICMA, ICBA or ICTA with reduced
driving force for CT-state splitting.

[1] Albrecht, S.; Janietz, S.; Schindler, W.; Frisch J.; Neher D.,
Journal of the American Chemical Society 134 (36), 14932 (2012).

CPP 39.8 Thu 11:45 H34
Sub-Bandgap Absorption in Polythiophene–Fullerene Het-
erojunctions: Experiment and Theory — ∙Wichard Beenken,
Felix Herrmann, Martin Presselt, Harald Hoppe, Sviatoslav
Shokhovets, Gerhard Gobsch, and Erich Runge — Technische
Universität Ilmenau, Institut für Physik and Institut für Mikro- und
Nanotechnologien, 98693 Ilmenau, Germany
Most high-performance organic solar cells base on P3HT/PCBM bulk-
heterojunctions. Spectroscopy of the sub-bandgap region, i.e., below
the bulk absorption of the individual components, provides unique
opportunities to study interface-related properties. In order to charac-
terize some of the unsettled spectral features, we applied quantum-
chemical calculations of a oligothiophene–fullerene model complex,
which in particular allow us to identify spectral signatures of charge-
transfer excitons in the sub-bandgap absorption and external quantum
efficiency.

CPP 39.9 Thu 12:00 H34
A new multiscale modeling method for simulating the loss
processes in polymer solar cell nanodevices — ∙Anton Per-
shin, Sergii Donets, and Stephan A. Baeurle — Institute of Phys-
ical and Theoretical Chemistry, University of Regensburg, D-93040
Regensburg, Germany
The photoelectric power conversion efficiency of polymer solar cells is
till now, compared to conventional inorganic solar cells, relatively low
with maximum values ranging from 7% to 8%. This essentially re-
lates to the existence of exciton and charge carrier loss phenomena,
significantly reducing the performance of polymer solar cells. Here,
we introduce a new computer simulation technique [1], which per-
mits to explore the causes for the occurrence of such phenomena at
the nanoscale and to design new photovoltaic materials with opti-
mized opto-electronic properties. Using our approach, we find that
the disjunction of continuous percolation paths leads to the creation
of dead ends, resulting in charge carrier losses through charge recom-

bination. Moreover, we observe that defects are characterized by a
low exciton dissociation efficiency due to a high charge accumulation,
counteracting the charge generation process. Finally, by analyzing
the photovoltaic behavior of the nanostructures under different circuit
conditions, we demonstrate that charge injection at the electrodes de-
termines the impact of the defects on the solar cell performance. [1] A.
Pershin, S. Donets, S.A. Baeurle, J. Chem. Phys. 136, 194102 (2012).

CPP 39.10 Thu 12:15 H34
Morphology and Charge Transport in Polythiophene/PCBM
Blends: Insight from Molecular Simulations — ∙Olga
Guskova1, Julia Romanova2, Andreas John1, Peter Friedel1,
and Jens-Uwe Sommer1,3 — 1Leibniz Institute of Polymer Research,
Dresden, Germany — 2University of Namur, Namur, Belgium — 3TU
Dresden, Dresden, Germany
Combined structural-computational approach to study the organic
photovoltaic materials, namely mixtures of polythiophenes (donor, D)
and [6,6]phenyl-C61-butyric acid methyl ester (acceptor, A) was ap-
plied. The quantum mechanical computational level was used (1)
to improve the force field for subsequent molecular dynamics (MD)
modeling, (2) to calculate the ionization energies, electron affinities,
HOMO/LUMO energies and charge transfer characteristics of D/A
pair. We have performed a large-scale all-atomistic MD simulation to
investigate both the geometry of D/A interface between two crystals
and the D/A blend morphology in self-organized systems (the ordering
and molecular orientation, the formation of polythiophene paracrys-
talls and PCBM-rich phases in amorphous regions of polythiophene).

CPP 39.11 Thu 12:30 H34
Electroabsorption spectroscopy on organic pin solar cells —
∙Ellen Siebert-Henze, Vadim G. Lyssenko, Janine Fischer,
Karl Leo, and Moritz Riede — Institut für Angewandte Photo-
physik, George-Bähr-Str. 1, Dresden, Germany
The built-in voltage has a significant impact on the solar cell per-
formance, but its origins are controversially discussed. In our work
we determine the built-in voltage of small molecule organic solar cells
based on the pin concept by electroabsorption spectroscopy (EA).

EA detects the change in absorption caused by an electrical field
(Stark effect). A change in DC bias on the device results in a variation
of the Stark signal. It is probed adding an AC voltage on top of the
DC bias enabling the detection using a lock-in amplifier. Thus, the
information about the built-in voltage can be evaluated.

As a model system, flat heterojunction solar cells containing C60

as acceptor and MeO-TPD as donor material are investigated. The
doping concentration of both the hole and the electron transport layer
is modified and it is shown that there is an influence of the consequen-
tial change of their work functions on the built-in voltage. Both the
short-circuit current as well as the fill factor increase for larger built-in
voltages.

CPP 39.12 Thu 12:45 H34
First-principles calculations of the TCO-Organic interface in
an OLED — ∙Arno Fey1, Paul Erhart2, and Karsten Albe1 —
1Fachbereich Material- und Geowissenschaften, Technische Universität
Darmstadt, Darmstadt, Germany — 2Department of Applied Physics,
Chalmers University of Technology, Gothenburg, Sweden
The ongoing development in the field of organic light emitting diode
(OLED) technology and the continuously improvement towards higher
efficiencies has created a need to understand the interaction between
the different layers in an OLED. In this contribution we focus on the
interface of the transparent conductive oxide (TCO) and the organic
molecule. The interaction between the polar and hydrophilic oxide
surface on the one side and the organic and non-polar thin film on
the other side determines the growing of the organic film and there-
fore directly influences the conductivity. The calculations based on
the density functional theory (DFT) were carried out using the Vi-
enna ab initio simulation Package (VASP) with Generalized Gradient
Approximations (GGA).
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CPP 40: Focus: Van der Waals at soft matter interfaces: structure and dynamics
While vdW interactions are successfully taken into account to explain adhesion and repulsion of soft
matter at solid interfaces, it is yet not fully understood how dynamic processes are affected. The focus
session is aimed to give an overview over recent studies and to address open questions concerning the
influence of vdW interactions on structure and dynamics at interfaces including soft matter.
Organizers: Daniela Täuber (Chemnitz) and Karin Jacobs (Saarbrücken)

Time: Thursday 9:30–11:15 Location: H39

Invited Talk CPP 40.1 Thu 9:30 H39
Collective van der Waals Interactions in Molecules, Solids,
and Interfaces — ∙Alexandre Tkatchenko — Fritz-Haber-
Institut der MPG, Berlin, Germany
Van der Waals (vdW) interactions are ubiquitous in molecules, con-
densed matter, and hybrid organic/inorganic interfaces. These inter-
actions are inherently quantum mechanical phenomena that arise from
concerted fluctuations between many electrons within a given molecu-
lar system. Despite this fact, the vast majority of theoretical calcula-
tions determine long-range vdW interactions based on a simple effec-
tive interatomic pairwise model. We have recently introduced efficient
methods that accurately describe the long-range many-body vdW en-
ergy for molecules and materials [PRL 108, 236402 (2012); PNAS 109,
14791 (2012); PRL 108, 146103 (2012)]. In this talk, we demonstrate
that many-body vdW interactions can successfully explain the recent
experimental observations that vdW interactions act at much longer
distances than conventionally assumed, and their contribution can sig-
nificantly exceed the highly coveted “chemical accuracy” for molecules
and materials. Our findings suggest that inclusion of the many-body
vdW energy is essential for obtaining quantitative and sometimes even
qualitatively correct results in materials modeling.

CPP 40.2 Thu 10:00 H39
Enhanced surface tension of liquid–vapour interfaces at meso-
scopic scales — ∙Felix Höfling and Siegfried Dietrich — Max
Planck Institute for Intelligent Systems, Stuttgart, and Institute for
Theoretical Physics IV, Universität Stuttgart, Germany
Due to the simultaneous presence of bulk-like and interfacial fluctu-
ations the understanding of the structure of liquid–vapour interfaces
poses a long-lasting and ongoing challenge for experiments, theory, and
simulations. In this context, we have generated high-quality molecular
dynamics data for a Lennard-Jones fluid mimicking long-ranged van
der Waals attraction. Upon lowering the temperature from that of the
critical point to that of the triple point, the wavenumber-dependent
surface tension develops a maximum at non-zero wavenumber so that
its functional form changes from concave to convex at mesoscopic
length scales.

Invited Talk CPP 40.3 Thu 10:15 H39
The influence of van der Waals interactions on the adsorption
of proteins to solid/liquid interfaces — ∙Hendrik Hähl — Insti-
tute of Physical Chemistry, University of Zurich, Winterthurerstrasse
190, 8057 Zurich, Switzerland
Protein adsorption to interfaces is an ubiquitous phenomenon. In par-
ticular on solid/liquid boundaries, adsorbed proteins precondition the
surface for a later biofilm colonization. Therefore, a better understand-
ing of this first step in biofilm development is highly desirable. The
adsorption of proteins to the solid/liquid interface is driven by the in-
teractions between proteins and substrates. Yet, particularly van der
Waals (vdW) forces and their dependence on the substrate’s composi-
tion are mostly neglected in experiments as well as in simulations.

For the investigation of the influence of vdW forces on protein ad-
sorption, we judiciously chose substrates, with which only the vdW
potential could be varied. Therefore, silicon wafers with different sil-

icon oxide thicknesses proved to be an excellent substrate system [1].
Adsorption kinetics as well as the structure of the final adsorbate of
several globular proteins were determined on these substrates. Varying
the oxide layer thickness caused changes in adsorption rates, course of
the adsorption kinetics as well as in the density of the adsorbate irre-
spective of the surface energy [2]. Thus, it could be shown that the
vdW forces between substrate and protein influence the adsorption
process and the relaxation of the adsorbate in particular.
[1] P. Loskill et al. Adv. Coll. Interf. Sci. 107 (2012) 179182.
[2] H. Hähl et al. Langmuir 28 (2012) 7747.

CPP 40.4 Thu 10:45 H39
Influence of van der Waals interactions on morphology and
dynamics in ultrathin liquid films at silicon oxide interfaces —
∙Daniela Täuber and Christian von Borczyskowski — nanoMA,
TU-Chemnitz, Institut für Physik
Liquids show molecular layering close to interfaces with solids [1]. Its
extend is influenced by substrate roughness, humidity and the type
of liquid. From studies on wetting behavior, the influence of sub-
strate material on film thickness is known, while also structure forma-
tion and dynamics in thin liquid crystal films appeared to depend on
the type and thickness of the silicon oxide [2]. Single molecule tracer
diffusion studies of evaporating ultrathin tetrakis-2-ethyl-hexoxysilane
(TEHOS) films on silicon with 100 nm thermal oxide reveal a slowdown
of the tracer mobility 1-2 nm above the substrate [3]. An ellipsometric
study of thinning TEHOS films on silicon with 100 nm thermal or 2
nm native oxide yields further information. On the thermal oxide, a
lateral flow of the liquid is observed, while the film on the native oxide
forms an almost flat surface and shows negligible flow. In addition, we
found a significantly smaller initial film thickness in case of the native
oxide. We ascribe these differences to van der Waals interactions with
the underlying silicon in case of the native oxide, whereas the thermal
oxide suffices to shield those interactions [3].

[1] M. L. Forcada, C. M. Mate, Nature 363 (1993) 527. [2] B. Schulz,
D. Täuber, J. Schuster, T. Baumgärtel, and C. von Borczyskowski,
Soft Matter 7 (2011) 7431. [3] D. Täuber, I. Trenkmann, and C. von
Borczyskowski, submitted.

CPP 40.5 Thu 11:00 H39
Interface effects on the glass transition temperature
in thin supported polymer layers — ∙Dominik Wöll1,2,
Beate Stempfle1, Bente Flier1, and Andreas Zumbusch1 —
1Fachbereich Chemie, Universität Konstanz, 78457 Konstanz —
2Zukunftskolleg, Universität Konstanz, 78457 Konstanz
Experimental approaches to study the influence of interfaces on poly-
mer dynamics are challenging. In our contribution, we present wide-
field fluorescence microscopy studies to investigate the motion of sin-
gle dye molecules of different size in thin glass-supported polystyrene
films up to temperatures of 150 ∘C. Heterogeneities in the diffusion
coefficients of single molecules were attributed to interface effects in-
fluencing the glass transition temperature. Monte Carlo random walk
simulations with glass transition temperature profiles taken from liter-
ature could rationalize our experimental results, thus confirming that
changes in the glass transition temperature at the polymer-air interface
can reach only few nm into the polymer film.
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CPP 41: Colloids and Complex Liquids I

Time: Thursday 9:30–13:00 Location: H40

Invited Talk CPP 41.1 Thu 9:30 H40
Out-of-Equilibriumness of Light Activated Colloids —
∙jeremie Palacci, Stefano Sacanna, Asher Preska Steinberg,
Adrian Vatchinsky, Kasey Hanson, David Pine, and Paul
Chaikin — NYU, CSMR, USA
Self-propelled micro-particles are intrinsically out-of-equilibrium. This
renders their physics far richer than that of passive colloids while re-
laxing some thermodynamical constraints and give rise to a wealth
phenomena e.g. collective behavior, swarming...

I will present various properties of an assembly of synthetic active
microparticles. I will notably introduce a new form of self-assembly
originating from non-equilibrium driving forces. When activated by
light, a set of new self-propelled particles spontaneously assemble into
living crystals which behaves as ” self-propelled colloidal carpets” steer-
able with an external magnetic field. We will show that this phe-
nomenon is intrinsically out-of-equilibrium and originates in the com-
petition between self-propulsion, particles collisions and attractive in-
teractions. The applications and the use of this system for colloidal
cargo transportation in microfluidic will also be discussed.

CPP 41.2 Thu 10:00 H40
Individually tunable Micromachines driven by laser induced
self propelled thermophoresis — ∙Andreas Bregulla1, Bian
Qian2, Haw Yang2, and Frank Cichos1 — 1Universitiy of Leipzig,
Germany — 2Princeton University
Trapping and guiding individual micro- or nano-objects in solution
by optical means is one important task for nanotechnology. Living
cells have developed strategies to transport objects with the help of
molecular motors. Thus combining active motion with optical control
may deliver new pathways for micro and nanomanipulation. Here we
present a new concept based on self-thermophoretic action. A parti-
cle which is capped by a thin metal layer is heated by an laser beam
causing a temperature gradient along the particle surface. This tem-
perature gradient leads to a directed thermophoretic propulsion of the
particle. This directed motion, however, is randomized by rotational
Brownian motion and just enhanced the diffusive motion on a large
timescale. To overcome this randomizing a stochastic feedback mecha-
nism can be developed, which employs the rotational Brownian motion
to suppress their action. This method can be extended to the control
of multiple individual particles on independent pathways and provides
numerous new perspectives for nano-manipulations in liquids.

CPP 41.3 Thu 10:15 H40
Active Brownian motion of asymmetric particles — ∙Felix
Kümmel1, Ivo Buttinoni1, Giovanni Volpe3 und Clemens
Bechinger1,2 — 12. Physikalisches Institut, Universität Stuttgart,
Germany — 2Max-Plack-Institut für Intelligente Systeme, Stuttgart,
Germany — 3Bilkent University, Ankara, Turkey
Recently, various systems of active Brownian particles with simple geo-
metries have been studied. Lately, a novel type of spherical active par-
ticles being propelled by the local demixing in a binary liquid has been
experimentally realized [1]. Here, we investigate the active Brownian
motion of asymmetric (L-shaped) particles. We observe an effective
torque acting on the particles which results in a circular motion. We
investigate this motion both under bulk conditions and close to walls
where the torque leads either to the reflection or a sliding along the
wall, depending on the direction of the torque. In addition, we investi-
gate the self-propulsion of asymmetric particle under the influence of
an external gravitational field. The resulting symmetry breaking cau-
ses a gravitactical behavior which strongly depends on the shape and
the driving force of the swimmer.

[1] Volpe, G., I. Buttinoni, et al, Soft Matter 7, 8810 (2011)

Invited Talk CPP 41.4 Thu 10:30 H40
Mesoscale Simulations of Active Colloids — ∙Gerhard Gomp-
per — Institute of Complex Systems, Forschungszentrum Juelich, Ger-
many
Both in soft matter and in biology, there are numerous examples of
swimmers and self-propelled particles. With a typical size in the range
of a several micro-meters, both low-Reynolds-number hydrodynamics
and thermal fluctuations are essential to determine their dynamics.
Prominent examples are bacteria like E. coli which move forward by a

rotational motion of their spiral-shaped flagella, and synthetic Janus
colloids which catalyze a chemical reaction on their surface.

A powerful tool to study the non-equilibrium dynamics of active are
mesoscale hydrodynamics simulation techniques, such as multi-particle
collision dynamics (MPC), which describe the hydrodynamic behavior
of a wide range of complex fluids very well [1].

We focus here on the cooperative behavior of active spherical and
rod-like colloids [2], and on the dynamic properties of individual mi-
croswimmers near surfaces [3]. Active colloids display a strong surface
excess in confined geometries and a pronounced clustering behavior
in the bulk. The effects of self-propulsion, hydrodynamic interactions,
microswimmer shape, and noise on these phenomena will be discussed.

[1] G. Gompper, T. Ihle, D.M. Kroll, R.G. Winkler, Adv. Polym.
Sci. 221, 1 (2009).

[2] Y. Yang, V. Marceau, G. Gompper, Phys. Rev. E 82, 031904
(2010); I.O. Goetze & G. Gompper, Phys. Rev. E 82, 041921 (2010).

[3] J. Elgeti & G. Gompper, EPL 85, 38002 (2009).

CPP 41.5 Thu 11:00 H40
Two-dimensional active Brownian motion of asymmetric mi-
croswimmers — ∙Borge ten Hagen1, Felix Kümmel2, Raphael
Wittkowski1, Ivo Buttinoni2, Giovanni Volpe3, Clemens
Bechinger2,4, and Hartmut Löwen1 — 1Institut für Theoretis-
che Physik II: Weiche Materie, Heinrich-Heine-Universität Düsseldorf
— 22. Physikalisches Institut, Universität Stuttgart — 3Department
of Physics, Bilkent University, Cankaya, Ankara, Turkey — 4Max-
Planck-Institut für Intelligente Systeme, Stuttgart
We study the Brownian dynamics of asymmetric self-propelled parti-
cles in two dimensions. In our theoretical model based on the Langevin
equations the propulsion mechanism is taken into account by means of
an effective internal force. For asymmetric particles a non-central drive
and translation-rotation coupling lead additionally to an effective in-
trinsic torque. When external forces are neglected, such particles move
on a circular trajectory and the noise-averaged trajectory is predicted
to be a logarithmic spiral. Under gravity several qualitatively differ-
ent types of motion are found: Either a straight downward or upward
motion (gravitaxis) occurs or the particle describes a periodic circling
motion. Our theoretical description, which is very general and holds
for arbitrarily shaped microswimmers, is verified in experiments with
L-shaped model swimmers.

15 min break

CPP 41.6 Thu 11:30 H40
Swimming trajectory of an active droplet — ∙Max Schmitt
and Holger Stark — Institut für Theoretische Physik, TU Berlin
In recent experiments a spherical microswimmer was realized by plac-
ing a micron-sized droplet of water and bromine into a surfactant rich
oil medium [1]. This active droplet then started to swim in a ran-
dom direction. However it did not swim in a straight line but rather
changed its swimming direction on a timescale much shorter than that
of thermal rotational diffusion.

The swimming motion arises due to a chemical reaction of the
bromine with the surfactant monolayer at the droplet interface. The
reaction product is a surfactant with a higher surface tension. As a
consequence, local gradients in surface tension will lead to a fluid flow
in the adjacent fluid inside and outside of the droplet. Due to this
so-called Marangoni effect, the resting state of the droplet becomes
unstable and the droplet starts to move. Simulations of a model in ax-
isymmetric geometry, based on a free energy functional for the droplet
interface, confirm the basic swimming motion of the droplet [2].

In a next step we want to explain the increased rotational diffusion
relative to the simple thermal diffusion of a sphere. For this we in-
clude thermal fluctuations in the surfactant mixture at the interface
and omit the axisymmetric constraint. The aim is to connect thermal
fluctuations at the interface to the dynamics of the swimming direction
of the whole droplet.

[1] Thutupalli S. et al 2011 New J. Phys. 13 073021
[2] Schmitt M. and Stark H. 2012 arXiv 1210.2560

CPP 41.7 Thu 11:45 H40
Collective dynamics of spherical microswimmers in a quasi-
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2D geometry — ∙Andreas Zöttl and Holger Stark — TU Berlin
Microorganisms like bacteria, algae or spermatozoa typically move in
an aqueous environment where they interact via hydrodynamic flow
fields and confining boundaries. Recent experiments studied the collec-
tive motion in dense bacterial suspensions where swarming and large-
scale turbulence emerged. Moreover, spherical artificial microswim-
mers, so-called squirmers, have been constructed and studied in a
quasi-2D geometry.

First we show that a microswimmer moving in Poiseuille flow in a
narrow channel performs van der Pol-like oscillations. Then we present
a numerical study of the collective dynamics of squirmers confined in
quasi-2D between two parallel walls. Because of their spherical shape
the reorientation of squirmers is solely due to noise and hydrodynamic
interactions via induced flow fields. This is in contrast to elongated
swimmers like bacteria which locally align due to steric interactions.

We study the collective motion of pushers, pullers and potential
swimmers at different densities. At small densities the squirmers are
oriented parallel to the walls and pairwise collisions determine the re-
orientation rate. In dense suspensions rotational diffusion is greatly
enhanced and pushers, in particular, tend to orient perpendicular to
the walls. This effects the dynamics of the emerging clusters. In very
dense suspensions we observe active jamming and long-lived ordered
structures. The critical area fractions for the formation of crystalline
phases is different for pushers, pullers and potential swimmers.

Invited Talk CPP 41.8 Thu 12:00 H40
Orientational Order and Packings of Non-Spherical Parti-
cles — ∙Klaus Mecke, Rene Wittmann, Sebastian Kapfer, and
Gerd Schröder-Turk — Institut für Theoretische Physik, FAU,
91058 Erlangen, Germany
Since the seminal work by Y. Rosenfeld in 1989 for fluids of hard
spheres a density functional theory is much sought after, which can
describe quantitatively hard colloidal particles with arbitrary shapes.
A new functional, which is based on fundamental mixed measures
known from translative integral geometry, captures nematic and smec-
tic phases correctly and can be used to determine surface tensions and
Frank elastic constants.

The bond-orientational order parameter introduced in 1983 by Stein-
hardt et al. became a standard tool for local structure characterization
in colloidal systems, with applications on jamming, crystallization or
cluster formation. Unortunately, the definition of the particle neigh-
borhood significantly affects their interpretation for disordered sys-
tems. Mixed measures as well as the related Minkowski tensors can be
used to remedy the deficiencies and to characterize local orientational
order of non-spherical particles in fluid phases, liquid crystals and also
in disordered packings.

CPP 41.9 Thu 12:30 H40

Density functional theory for liquid crystals — ∙René
Wittmann and Klaus Mecke — Institut für Theoretische Physik,
Friedrich-Alexander-Universität Erlangen-Nürnberg, Staudtstraße 7,
91058 Erlangen, Germany
Fluids of hard spherocylinders exhibit rich phase behavior including
isotropic, nematic and smectic phases. The Fundamental Measure
Theory for arbitrarily shaped hard particles [1] is applied to this model
system within the so-called 𝜁-approximation.

The spatial homogeneous phases as well as perfectly aligned systems
can be treated analytically. Systematically adding higher order terms
improves upon the original 𝜁-correction but remains computationally
inefficient for inhomogeneous phases.

We present new results for the phase behavior, the isotropic-nematic
interface and the Frank elastic coefficients for the nematic phase. A
qualitative comparision with Monte-Carlo simulations confirms the
DFT results and for the isotropic-nematic transition we recover the
exact Onsager-limit.

[1] H. Hansen-Goos and K. Mecke, Phys. Rev. Lett. 102, 018302
(2009).

CPP 41.10 Thu 12:45 H40
Phase behavior of plate-like block copolymer single crystal
suspensions — Chunbo Jiang1, Haiying Huang1, Cungui Ma1,
Tianbai He1, and ∙Fajun Zhang2 — 1State Key Laboratory of Poly-
mer Physics and Chemistry, CIAC, CAS, China — 2Institut für Ange-
wandte Physik, Universität Tübingen
We have studied the influence of particle size and tunable lateral in-
teraction on the isotropic-nematic phase transition of a plate-like col-
loidal system. The particles are single crystals of a block copolymer
PS-b-PLLA prepared using a self-seeding procedure in solutions [1].
These lozenge shape crystals have uniform thickness and narrowly
distributed lateral size. The phase behavior is characterized under
crossed-polarizers for all systems with size ranging from 500 to 4000
nm. It is surprising to see that the I-N transition occurs at a much
lower volume fraction than the theoretical predicted value. However, if
adding ethanol into the solution the I-N transition is significantly sup-
pressed. These results demonstrate the existence of a lateral attraction
between crystals and it is most likely due to the polar interaction be-
tween the crystalline PLLA. Because of the sandwich structure of the
crystals, the confinement by the amorphous PS layers renders the at-
traction highly orientation dependence. In this way, larger plate-sheets
are formed via lateral attraction and give a much lower critical volume
fraction. To further demonstrate this highly orientational attraction,
we have further prepared a composite single crystal with a PLLA ho-
mopolymer. Indeed, the resulting liquid crystalline phases show much
less horizontal ordering. [1] Jiang C. et al. Langmuir 2011, 27, 4351

CPP 42: New Instruments and Methods

Time: Thursday 11:30–13:00 Location: H39

CPP 42.1 Thu 11:30 H39
Design of neutron spin-echo spectrometers for ESS —
∙Stefano Pasini1, Michael Monkenbusch1, and Melissa Sharp2

— 1Jülich Center for Neutron Science, FZJ, Germany — 2ESS AB,
Lund, Sweden
Neutron spin echo (NSE) is the technique with the highest energy res-
olution for probing the dynamics of materials. Within the German
European Spallation Source design update project, the Research Cen-
tre Jülich is optimizing a high-resolution (HRNSE) and a wide-angle
neutron spin-echo (WANSE) spectrometer. The specifications of the
polarization system will be analogous for both instruments: A straight,
8cmx8cm neutron guide with a comparatively short (~2.6m) polariz-
ing bender or eventually a single polarizing mirror inducing a kink in
the guide. A potential beam extension and focusing in horizontal di-
rection for the WANSE is still under investigation. For the design of
the magnetic layout of the HRNSE, we combined the active stray field
compensation techniques used at the SNS-NSE, enabled by supercon-
ducting coils, and a coil-geometry optimization versus minimization of
field-integral inhomogeneity, depolarization and stray-field. We found
a solution with 3 times reduced intrinsic inhomogeneity of field inte-
grals and low stray fields allowing for a working configuration up to

2Tm field integral. The limitations of the correction elements will be
partly resolved by the increased field homogeneity. The strategy of
low intrinsic inhomogeneity has been pursued also for the WANSE.
This should allow us to reach a resolution comparable with that of the
current high resolution J-NSE@FRM-II.

CPP 42.2 Thu 11:45 H39
Combining advanced sputter deposition and GISAXS - new
avenues for in-situ experiments — Ralph Doehrmann1, Gun-
thard Benecke1,2, Sebastian Bommel1, Stephan Botta1, Berit
Heidmann1, Gerd Herzog1, Roman Mannweiler1, Johannes
Risch1, Matthias Schwartzkopf1, Gonzalo Santoro1, Shun
Yu1, and ∙Stephan Volkher Roth1 — 1Deutsches Elektronen-
Synchrotron (DESY), Notkestraße 85, D-22607 Hamburg, Germany —
2MPI Colloids and Interfaces Golm, Abt. Biomat., Wissenschaftspark
Potsdam-Golm, D-14424 Potsdam, Germany
Nanocomposite structures play an important role in organic photo-
voltaics. To elucidate their structure-function relationship and to tailor
them on the nanoscale, in-situ investigations following their formation
are mandatory. These investigations have to cover the nano/molecular
level to the mesoscale domain. This necessitates the use of scatter-
ing techniques like small- and wide angle x-ray scattering. Sputter
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deposition often is the final step in producing an electric contact in
organic photovoltaic devices. We present a novel in-situ sputter de-
position chamber for grazing incidence small- and wide-angle x-ray
scattering investigations using microfocused x-ray beams [1,2]. We
present first results of in-situ metal sputter deposition on inorganic
and polymeric surfaces, using its unique high-temperature annealing
and high-throughput capacities. This allows for the first time combina-
torial in-situ microbeam GISAXS investigations to scan the parameter
range during sputter deposition. [1] Roth et al., J. Phys: Cond. Mat-
ter 23, 254208 (2011) [2] Buffet et al., J. Synchr. Radiation 19, 647
(2012)

CPP 42.3 Thu 12:00 H39
Nanocharacterization of Organic Semiconductors using
NanoXAS, a Combined Scanning Transmission X-ray Mi-
croscopy/Scanning Probe Microscopy instrument — Peter
Warnicke1, Nicolas Pilet1, Benjamin Watts1, Rainer Fink2,
Christoph Quitmann1, and ∙Jörg Raabe1 — 1Paul Scherrer Insti-
tut, 5232 Villigen, Switzerland — 2Univ. Erlangen-Nürnberg, 91058
Erlangen, Germany
Properties of organic semiconducting materials are strongly linked to
the interplay between chemical composition and microstructure. As
techniques providing simultaneous information on these characteris-
tics are lacking there is a great need for more complete characteri-
zation tools. Here we present a novel instrument (NanoXAS) which
combines two powerful techniques, scanning probe microscopy (SPM)
and x-ray absorption spectroscopy (XAS), in order to fully character-
ize organic semiconducting materials and devices. SPM can measure
physical properties such as sample topography, elasticity, adhesion, or
friction on lateral scales down to nanometers. XAS gives direct ac-
cess to the local chemical composition, electronic structure, molecular
orientation, order, and absolute density. The instrument consists of
a SPM and a scanning transmission x-ray microscope (STXM) in a
coaxial arrangement. A semi-transparent sample is scanned through
the x-ray beam and the transmitted x-rays are detected by a pho-
todiode or by a SPM tip thus enabling high-resolution imaging with
element sensitivity. To demonstrate the function of the instrument we
present measurements on polymers and polymer blends.

CPP 42.4 Thu 12:15 H39
Confocal and polarized 𝜇-RAMAN Imaging-Spectroscopy as
a tool for the estimation of crystallinity and orientation of iPP
films and Pirouette rings — ∙Krisztina Vincze-Minya1, Sabine
Hild1, Sibylle Jilg2, and Reinhard Forstner2 — 1Institute of
Polymer Science, Johannes Kepler University, Linz, Austria — 2TCKT
- Transfer Center for Polymer Technology GmbH, Wels, Austria
The morphology of iPP polypropylenes strongly depends on conditions
of sample preparation. While stretching and temperature induced
changes in polymer microstructure are widely explored the influence
of shear stress is only sparsely investigated. Pirouette-dilatometer en-
able to prepare samples at defined temperature, pressure and cooling
conditions may show local variations in crystallinity and orientation.
Polarized confocal Raman microscopy (pCRM) will be used to investi-
gate local variation crystallinity and orientation of iPP samples sheared
by Pirouette-dilatometer. Therefore, pCRM imaging was applied on
iPP cast and MDO films, which have an orientation measured via
WAXS revealing the suitability of the method for the investigation of

crystallinity and orientation with high spatial resolution. The Her-
mans orientation function was as well estimated and found to be also
in good correlation with the WAXS data. Cast films: high depolar-
ization ratio, low orientation, higher crystallinity degree. MDO films:
low depolarization ratio, high orientation, lower crystallinity degree.
The slow cooled Pirouette-samples have a lower crystallinity then the
fast cooled samples, and the differences between the stretch and un-
stretched samples are also presented.

CPP 42.5 Thu 12:30 H39
Larmor precession in ultralow magnetic fields detected by
Field Cycling NMR — ∙Benjamin Kresse — Institut für Festkör-
perphysik, TU Darmstadt, Hochschulstr. 6, 64289 Darmstadt
Field Cycling (FC) relaxometry is a powerful tool to measure the mi-
croscopic dynamics at a wide range of Larmor frequencies. Typically,
the highest accessible magnetic field of about 1 Tesla is limited by the
power of the magnet, while the low frequency limit is the noise of the
current source. The present work deals with experiments in the low
frequency range.

For reaching low magnetic fields in an FC experiment it is impor-
tant to (i) compensate the earth field, (ii) avoid a zero field overshoot
during the fast field switch from high to low field, (iii) stabilize the low
field and (iv) measure the low field at the sample position.

Our way to solve these problems is to implement a set of five inde-
pendently controlled coils into our home built FC magnet. This setup
allows us to perform non-adiabatic field switch down to a low evolution
field which is controlled by an active fluctuation compensation. In a se-
ries of test experiments the lowest stable magnetic field we reached and
measured directly by Larmor precession of protons in a water sample
was about 0.3 microTesla corresponding to 𝜈0(1𝐻) = 12 Hz [B. Kresse,
A. Privalov, F. Fujara / Solid State Nuclear Magnetic Resonance 40
(2011) 134-137]. With this setup it is also possible to measure 𝑇1 and
the evolution field combined in one and the same measurement.

CPP 42.6 Thu 12:45 H39
Pseudo-critical behavior of the static and the dynamic
expansion coefficient at the volume phase transition of
PNIPAM solutions as seen by Temperature Modulated
Optical Refractometry — ∙Ralitsa Aleksandrova1, Mar-
tine Philipp1,2, Ulrich Müller1, Roland Sanctuary1, Peter-
Müller Buschbaum2, and Jan K. Krüger1 — 1Université du Lux-
embourg, LPM, Luxembourg, Luxembourg — 2TU München, Physik-
Department, LS Funktionelle Materialien, Garching, Germany
The volume phase transitions of aqueous PNIPAM solutions are in-
vestigated by the novel technique of Temperature Modulated Optical
Refractometry (TMOR) as a function of temperature and time. In
addition to the refractive index, TMOR yields information about the
static and dynamic thermo-optical coefficient and eventually the static
and dynamic volume coefficient of thermal expansion [1]. The observed
pseudo-critical behavior of these physical quantities evidences a rather
direct coupling to the order parameter associated with the collapse
of the polymer coils. A preliminary interpretation with regard to the
involved structural changes on mesoscopic and macroscopic scales is
given based on these findings.

[1] M. Philipp, U. Müller, R. Aleksandrova et al., Soft Matter 8,
11387 (2012)

CPP 43: Organic Electronics and Photovoltaics V (joint session CPP/HL/O/DS)

Time: Thursday 15:00–18:45 Location: H34

Invited Talk CPP 43.1 Thu 15:00 H34
Quantum coherence controls the charge separation in a proto-
typical artificial light harvesting system — ∙C. Lienau1, S. M.
Falke1, C. A. Rozzi2, N. Spallanzani2, A. Rubio2, E. Molinari2,
D. Brida3, M. Maiuri3, G. Cerullo3, H. Schramm4, and J.
Christoffers4 — 1Institut für Physik, Carl von Ossietzky Univer-
sität Oldenburg, Germany — 2Istituto Nanoscienze - CNR, Centro
S3, Modena, Italy — 3IFN-CNR, Dipartimento di Fisica, Politecnico
di Milano, Italy — 4Institut für Reine und Angewandte Chemie, Carl
von Ossietzky Universität Oldenburg, Germany
The efficient conversion of light into electricity or chemical fuels is
a fundamental challenge. In artificial photosynthetic and photovoltaic

devices this conversion is generally thought to happen on ultrafast time
scales in the fs to ps range and to involve an incoherent electron trans-
fer process. In some natural biological systems, however, there is now
growing evidence that the coherent motion of electronic wavepackets is
an essential primary step, raising questions about the role of quantum
coherence in artificial devices. Here we investigate the primary charge
transfer process in a supramolecular triad, a prototypical artificial reac-
tion center. Combining high time-resolution femtosecond spectroscopy
and time-dependent density functional theory, we provide compelling
evidence that the driving mechanism of the photoinduced current gen-
eration cycle is a correlated wavelike motion of electrons and nuclei on
a timescale of few tens of femtoseconds. We highlight the fundamen-
tal role of the interface between chromophore and charge acceptor in
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triggering the coherent wavelike electron-hole splitting.

CPP 43.2 Thu 15:30 H34
Simulations of Electron Transfer in a Fullerene Hexa-
Pyropheophorbide-a Complex — ∙Thomas Plehn, Jörg
Megow, and Volkhard May — Humboldt-Universität zu Berlin,
Germany
Electron transfer (ET) is studied between electronically excited chro-
mophores and a C60 fullerene forming a highly flexible complex, which
is dissolved in a solvent. Such investigations are of particular inter-
est with regard to future artificial photosynthetic reaction centers and
respective applications in future components of photovoltaic devices.
The whole discussion is based on extended MD-simulations. To ob-
tain reliable ET results three differently advanced theories are used.
The first treatment uses the classical Marcus theory. Respective Mar-
cus parameters are obtained from literature [1]. A generalized ansatz
can be derived by the Landau-Zener theory [2]. Secondly, a semi-
classical surface-hopping method [3] is chosen. For this approach the
conformation-dependent free-energy surfaces and Marcus parameters
are calculated directly from the MD-trajectory. The third approach
uses the dispersed-polaron/spin-boson model [3]. This method enables
the approximation of a quantum-mechanical harmonic oscillator bath
and thus the treatment of nuclear tunneling. A comparative discussion
of the outcome of these three methods also in relation to experiment
[1] is given finally.

[1] Regehly M. et al., J. Phys. Chem. B 2007, 111, 998
[2] Hilczer M. et al., J. Photochem. Photobiol. A 2003, 158, 83
[3] Warshel A. et al., Q. Rev. Biophys. 2001, 34, 4, 563

CPP 43.3 Thu 15:45 H34
Highly conductive PEDOT:PSS for flexible structured ITO-
free solar cells — ∙Claudia M. Palumbiny1, Christoph Heller1,
Robert Meier1, Gonzalo Santoro2, Stephan V. Roth2, and Pe-
ter Müller-Buschbaum1 — 1TU München, Physik Department, LS
Funktionelle Materialien, James-Franck-Str.1, 85747 Garching, Ger-
many — 2HASYLAB at DESY, Notkestr. 85, 22603 Hamburg, Ger-
many
PEDOT:PSS is widely used as selective intermediate electrode in flex-
ible electronics. The mechanical stability of the electrodes yet play
a crucial role and is limited by the instability of the ITO/FTO elec-
trode and the low conductivity of PEDOT:PSS. We investigate a re-
cently developed post treatment method enhancing the conductivity of
PEDOT:PSS reaching the order of ITO. For a deeper understanding
the nanomorphology is investigated with surface imaging techniques
(AFM, SEM) and the inner morphology and crystallinity is addressed
with GISAXS and GIWAXS. The morphological changes are conse-
quently related to the electronically changes. Furthermore, we intro-
duce a novel structuring routine for PEDOT:PSS, plasticizer assisted
soft embossing [1]. Being able to control the interface between the
transparent electrode and the active material, the device efficiency of
OPVs under oblique light can be increased. Combining highly conduc-
tive PEDOT:PSS with controlled structuring, these results reveal new
paths for flexible structured ITO-free solar cells of enhanced efficiency.

[1] R. Meier, C. Birkenstock, C.M. Palumbiny and P. Müller-
Buschbaum, Phys. Chem. Chem. Phys., 14, 15088-15098 (2012)

CPP 43.4 Thu 16:00 H34
Electropolymerized polythiophenes as contact layers in or-
ganic solar cells — ∙Sidhant Bom and Veit Wagner — Jacobs
University Bremen, Campus Ring 1, 28759 Bremen, Germany
Electropolymerized thiophene offers additional advantages to solution
processable thiophenes because the doping concentration can be con-
trolled with electrical parameters. The in-situ electrochemical doping
provides a handle for the optimization of organic solar cells, either as a
bulk polymer in the active layer or as an electron blocking layer. Here
in this study, thiophenes are grown electrochemically with a standard
three electrode system on Indium Tin Oxide (ITO) contacts. Charac-
terization by UV-Vis measurements reflects the tunable final oxidation
state of the thiophene layer. Thin layers are used in diode configuration
using metal contacts like Au, Ag, Al and Cu. Static IV measurement
allows the characterization of the contact according to Schottky model.
Impedance measurements are used to determine the doping level of the
layer. The doping level is found to be systematically depending on the
applied negative bias during growth at the working ITO electrode with
respect to the counter electrode. Applying a negative bias for a short
interval at the end of the growth results in highly doped layers which
are suitable for contact layers in solar cells.

CPP 43.5 Thu 16:15 H34
Efficient solution processed p-type doping for OLEDs —
∙Christian Töpel, Thorsten Umbach, André Joppich, Jeanette
Böckmann, Anne Köhnen, and Klaus Meerholz — University of
Cologne, Chemistry Department
Organic light emitting diodes (OLEDs) have drawn much attention
in science and industry. Application such as new generation lighting
and display devices contribute strongly. However, drawbacks are inef-
ficient charge carrier injection into and low conductivity of the organic
materials. A promising solution for this problem is molecular dop-
ing which is commonly used in vacuum processed OLEDs, yielding in
highly efficient luminescent devices (pin concept). In this case, the
molecular doping leads to partial redoxchemical doping. As vacuum
deposition is very cost intensive and does not allow high volume pro-
cessing, researchers focus more and more on solution processing. Here,
we present efficient molecular p-type doping using various crosslinkable
small-molecule hole transporting materials combined with a range of
molecular dopants. Unipolar devices feature an increase in current
density by several orders of magnitude compared to the undoped de-
vices at the same voltage. We will also introduce these layers into
all-solution-processed multiple-layer OLEDs. These devices are com-
pared with their vacuum-processed counterparts to show the influence
of the deposition method and doping ratio on OLED lifetime and de-
vice performance.

CPP 43.6 Thu 16:30 H34
Degradation induced decrease of the radiative quantum
efficiency in organic light-emitting diodes — ∙Tobias D.
Schmidt1, Daniel S. Setz2, Michael Flämmich3, Bert J.
Scholz1, Arndt Jaeger2, Carola Diez2, Dirk Michaelis3, Nor-
bert Danz3, and Wolfgang Brütting1 — 1Institute of Physics,
University of Augsburg, 86135 Augsburg, Germany — 2OSRAM Opto
Semiconductors GmbH, Leibnizstrasse 4, 93055 Regensburg, Germany
— 3Fraunhofer Institute for Applied Optics and Precision Engineering,
07745 Jena, Germany
The efficiency decrease during electrical operation of organic light-
emitting diodes is a crucial issue for both applied and fundamental
research. In order to investigate degradation processes, we have per-
formed an efficiency analysis for phosphorescent state-of-the-art de-
vices in the pristine state and after an accelerated aging process at
high current density resulting in a luminance drop to less than 60% of
the initial value. This loss in efficiency can be explained by a decrease
of the radiative quantum efficiency of the light-emitting guest/host sys-
tem from 70% to 40%, while other factors determining the efficiency
are not affected.

15 min. break

CPP 43.7 Thu 17:00 H34
Enhanced light outcoupling from corrugated top-emitting
OLEDs — ∙C. Fuchs1, T. Schwab1, A. Zakhidov1,2, K. Leo1,
M. C. Gather1, and R. Scholz1 — 1Institut für Angewandte Pho-
tophysik, Technische Universität Dresden, George-Bähr Str. 1, 01069
Dresden — 2Fraunhofer COMEDD, Maria-Reiche-Str. 2, 01109 Dres-
den
We analyse the emission spectra of phosphorescent top-emitting
OLEDs grown on corrugated substrates. The corrugation is produced
using photolithography. Thereby photoresist, spin-coated on a glass
substrate is illuminated by an incoherent UV source across a contact
mask with periodic structures in the sub-𝜇m range. The optical mi-
crocavity of the OLED grown on top is defined by a thick metallic bot-
tom contact, organic layers following the p-i-n concept, a thin metallic
top contact, and an organic capping layer maximizing the outcoupling
efficiency. Depending on the periodicity of the substrate, Bragg scat-
tered wave guide modes may interfere constructively or destructively
with the cavity mode inside the air light cone, hence enhancing or
decreasing light emission with respect to a planar microcavity. Thus,
the emission pattern deviates strongly from a Lambertian shape, but
the angle-integrated external quantum efficiency can be enhanced by
up to a factor of about 1.2 with respect to a fully optimized planar
reference. Besides a quantitative assignment of sharp features in the
emission spectra, an analysis of Bragg scattering for different period-
icities can be used for designing a particular angular emission pattern,
e.g. very strong forward characteristics.

CPP 43.8 Thu 17:15 H34
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Characterization of Gravure Printed Polymer Light-Emitting
Electrochemical Cells — ∙Gerardo Hernandez-Sosa, Ralph
Eckstein, Serpil Tekoglu, Florian Mathies, Uli Lemmer, and
Norman Mechau — Lichttechnisches Institut, Karlsruher Institut für
Technologie , Karlsruhe, Deutschland
In this work we present the fabrication, characterization and ink formu-
lation of gravure printed polymer light-emitting electrochemical cells
(LECs). These light emitting devices are fabricated by sandwiching
a blend of a semiconducting polymer with a solid polymer electrolyte
(SPE) between two electrodes, regardless of their work function. When
applying a voltage to the device, the ionic species in the active film will
help to form p or n doped layers at the corresponding electrode. Fol-
lowing the injection of carriers, the light emission will come from the
semiconductor through the formation and successive recombination of
excitons in the intrinsic layer between the p and n doped regions. We
correlate the LEC ink formulation to the film quality and device per-
formance. The properties of the formulation are characterized by vis-
cosity and contact angle measurements while the properties of the film
are studied by impedance spectroscopy and atomic force microscopy.

CPP 43.9 Thu 17:30 H34
Strongly Fluorescent Copper Complexes for Application in
OLEDs Using the Singlet-Harvesting Effect — ∙Rafal Czer-
wieniec and Hartmut Yersin — Institut für Physikalische und The-
oretische Chemie, Universität Regensburg, D-93040, Germany.
A series of strongly luminescent Cu(I) complexes is presented. The
emissions cover a broad spectral range from the blue to the orange.
The ambient temperature quantum yields are as high as 90 % and the
decay times lie in the order of several microseconds. From a detailed
analysis of the photophysical behavior, the ambient temperature emis-
sion is assigned to a thermally activated delayed fluorescence (TADF).
This is in contrast to the situation at low temperatures, e.g. below 100
K, at which the emission stems from the lowest triplet state decaying
as long-lived phosphorescence (order of several hundred microsec-
onds). The observed photophysical properties are related to small
energy separations between the 𝑆1 (singlet) and 𝑇1 (triplet) excited
states. The results demonstrate the high potential for application of
these materials as OLED emitters by exploiting the recently reported
singlet harvesting mechanism.

Literature:
1. R. Czerwieniec, J. Yu, H. Yersin, Inorg. Chem., 2011, 50, 8293-
8301.
2. H. Yersin, A. F. Rausch, R. Czerwieniec, T. Hofbeck, T. Fischer,
Coord. Chem. Rev., 2011, 255, 2622-2652.

CPP 43.10 Thu 17:45 H34
Insight into the photophysics of photocatalytically ac-
tive polymeric carbon nitride: an optical quasi-monomer
— ∙Christoph Merschjann1, Tobias Tyborski1,2, Steven
Orthmann1,3, Florent Yang1, Klaus Schwarzburg1, Michael
Lublow1,4, and Thomas Schedel-Niedrig1 — 1Helmholtz-
Zentrum-Berlin für Materialien und Energie — 2Max-Born-Institut für
nichtlineare Optik und Kurzzeitspektroskopie, Berlin — 3Technische
Universität Berlin — 4Leibnitz-Institut für Katalyse, Rostock
A comprehensive investigation of the luminescent properties of pho-
tocatalytically active carbon nitride polymers, based on tri-s-triazine
units, has been conducted for the first time. Steady-state temperature-
and excitation-power-dependent as well as time-resolved measurements
with near-UV excitation (𝜆 = 325nm & 405 nm) yield strong photo-
luminescence, covering the visible spectrum. The spectral, thermal
and temporal features of the photoluminescence can be satisfactorily
described by the excitation and radiative recombination of molecular
excitons, localized at single tri-s-triazine units. The discussed model is
in accordance with the recently reported absorption features of carbon
nitride polymers. Thus, from the point of view of optical spectroscopy,
the material effectively behaves as a monomer rather than a classical
semiconductor.

CPP 43.11 Thu 18:00 H34
Polymer semiconductors for electro chemical measurements
in biosensing applications — ∙Martin Schmid — Helmholtz Zen-
trum München, Munich, Germany
There is an increasing need in medical diagnosis for reliable fast and
simple biosensing devices. Sensors based on organic semiconducting
polymers, which are suitable for large-area, low-cost, flexible, and
eventually single-use throwaway electronics, provide a unique oppor-
tunity in that sense. We report on organic field-effect transistors
(OFETs) with regioregular poly(3-hexylthiophene) (P3HT) operable
at low-voltages in liquid solutions, suitable for in vitro biosensing ap-
plications. Measurements in electrolytes have shown that the perfor-
mance of the transistors did not deteriorate and they can be directly
used as ion-sensitive transducers. Here we show the detection of pH
alterations in a wide linear range. With the intention to use the sen-
sors as biosensing devices in biomedical applications, the experiments
were performed under physiological conditions and temperature.

CPP 43.12 Thu 18:15 H34
Magnetoresistive Field-Effect Transistors based on Spiro-
TAD/Spiro-PFPy Donor/Acceptor-Blends — ∙Thomas Re-
ichert, Carolin Isenberg, Tobat Saragi, and Josef Salbeck —
Macromolecular Chemistry and Molecular Materials (mmCmm), De-
partment of Mathematics and Science and Center for Interdisciplinary
Nanostructure Science and Technology (CINSaT), University of Kas-
sel, Heinrich-Plett-Strasse 40, 34132, Kassel, Germany.
One promising opportunity for the realization of next generation mag-
netooptoelectronic devices is the use of the electron spin as an addi-
tional control parameter. In organic semiconductors the spin states of
quasiparticles can be adjusted with low magnetic fields, which leads to
large (up to 20% at 10mT) magnetoresistive effects at room temper-
ature. We show that the sign of magnetoresistance (MR) in organic
field-effect transistors (OFETs) can be tuned from positive to negative
by simply applying illumination. In darkness an external magnetic-
field increases the resistance (positive MR) while a magnetic-field in-
duced resistance decrease (negative MR) can be achieved under illu-
mination. The key aspect of this promising effect is the application
of co-evaporated Spiro-TAD/Spiro-PFPy blends as the charge trans-
port layers in OFETs. Due to the hole (electron) stabilizing properties
of Spiro-TAD (Spiro-PFPy) a mixed donor/acceptor blend is formed,
which leads to the observed photoinduced MR sign change. This effect
can pave the way to future multifunctional spintronic devices.

CPP 43.13 Thu 18:30 H34
In-wire device: combination of organic semiconductors with
electrodes in an individual nanowire — ∙Chengliang Wang,
Huaping Zhao, Liaoyong Wen, Yan Mi, and Yong Lei — Fachge-
biet 3D-Nanostrukturierung, Institut fur Physik & IMN MacroNano*
(ZIK), Technische Universitaet Ilmenau, Prof. Schmidt Str. 26, 98693
Ilmenau, Germany
One-dimensional wires constituted with kinds of segments attracted
much attention due to the their potential application in nanogaps ob-
tained from on-wire lithography, plasmonic disk arrays, optimized Ra-
man *hot spots* and heterojuction structures1. Here, we will talk
about the in-wire device, which combined the organic semiconductor
and the electrodes in an individual nanowire, based on anodic alumina
oxide (AAO) template2-3. This kind of nanodevice could be applied in
organic diodes, transistors or memories, which attracted extensive at-
tention due to the flexibility, the ease to be functionalized, the colorful
and the low cost4.

Reference:
[1] S. J. Hurst, E. K. Payne, L. Qin, C. A. Mirkin, Angew. Chem.

Int. Ed. 2006, 45, 2672.
[2] Y. Lei, S. Yang, M. Wu, G. Wilde, Chem. Soc. Rev. 2011, 40,

1247.
[3] Y. Lei, W. Cai, G. Wilde, Progress in Materials Science 2007, 52,

465.
[4] C. Wang, H. Dong, W. Hu, Y. Liu, D. Zhu, Chem. Rev. 2012,

112, 2208.
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CPP 44: Wetting, Micro- and Nanofluidics

Time: Thursday 15:00–18:45 Location: H39

Invited Talk CPP 44.1 Thu 15:00 H39
Dynamic reorganization of droplets: from Foams to Phonons
— ∙Ralf Seemann1,2, Jean-Baptiste Fleury1, Ulf D. Schiller3,
Shashi Thutupalli2, Ohle Claussen2, Stephan Herminghaus2,
Gerhard Gompper3, and Martin Brinkmann1,2 — 1Experimental
Physics, Saarland University, Germany — 2MPI for Dynamics and
Self-Organization, Göttingen, Germany — 3Theoretical and Soft Mat-
ter Biophysics, FZ Jülich, Germany
The stability and the mechanical response of monodisperse droplet
packing in quasi 2d micro-channels are discussed for different pack-
ing density under static and dynamic conditions: Very dense droplet
arrangements are analogous to foam and can be described by geo-
metrical means provided the friction with the side walls is low. At
reduced droplet fraction where the droplets are still in mechanical
contact, the resulting droplet arrangements are stabilized by virtue
of the Laplace pressure. Depending on the exact choice of parameter
a droplet packing can have a negative compressibility separating into
stable domains of higher and lower packing fraction. When flowing
along a microfluidic channel these unstable droplet arrangements de-
velop complex non-equilibrium re-arrangements similar to avalanches.
Reducing the droplet fraction even further so that the droplets do not
touch each other, the flowing droplets experience each other by dipole-
like hydrodynamic interactions and can be excited to show collective
oscillations which can be described by a phonon-type behavior.

CPP 44.2 Thu 15:30 H39
Optimal Particle Separation in Microfluidic Systems Using
Inertial Lift Forces — ∙Christopher Prohm and Holger Stark
— Institut für Theoretische Physik, TechnischeUniversität Berlin, D-
10623 Berlin, Germany
At intermediate Reynolds numbers, particles in a microfluidic chan-
nel assemble at fixed distances from the channel axis and bounding
walls [1]. This Segré-Silberberg effect can be described in terms of an
effective lift force acting on the particles.

Devices utilizing inertial lift forces for the separation of bacteria and
red blood cells have recently been demonstrated [2]. The separation is
most efficient for large size differences since the inertial lift force scales
with the third power of the particle radius.

Here, we show that one can use external forces generated, for ex-
ample, by optical tweezers to separate particles similar in size. We
determine the inertial lift force by mesoscopic simulations [3] and use
it to set up a Smoluchowski equation which describes the particle mo-
tion in lateral direction. We then employ the formalism of optimal
control [4] to determine profiles of the external force, which help to
steer particles and thereby maximize particle separation.

[1] G. Segré and A. Silberberg, Nature, 189, 209 (1961).
[2] A. J. Mach and D. Di Carlo, Biotechnol. Bioeng., 107, 302 (2010).
[3] C. Prohm, M. Gierlak, and H. Stark EPJE, 35, 80 (2012).
[4] F. Tröltzsch, Optimal Control of Partial Differential Equations,

American Mathematical Society, first edition (2010).

CPP 44.3 Thu 15:45 H39
Microfluidic Rocking ratchet for the separation of
magnetically labeled cells — ∙Lars Helmich1, Matthias
Schuermann2, Alexander Auge1, Frank Wittbracht1, Chris-
tian Kaltschmidt2, and Andreas Huetten1 — 1Thin films and
Physics of Nanostructures, Department of Physics, Bielefeld University
— 2Department of Cell Biology, Bielefeld University
The aim of so called lab-on-a-chip devices is to integrate all laboratory
tasks on one microfluidic chip. Employing magnetic materials particu-
larly magnetic beads in these systems has gained great interest during
the last decades [1,2].

One way of controlling and directing the motion of magnetically
functionalized particles is the use of Rocking ratchet structures [3].

We present a separation device consisting of a micro structured spa-
tially periodic array of conduction lines beneath a microfluidic channel
and an additional external magnetic gradient field. Human embry-
onic kidney cells were labeled with magnetic beads. Depending on the
choice of field strengths and switching times it is possible to separate
cells by diffusivity and magnetic moment. Parameter optimization
studies were carried out by means of finite element method based nu-
merical simulations.

[1] A. Auge et al., Appl. Phys. Lett 94, 183507 (2009)
[2] N. Pamme, Lab On A Chip, 6(1) 24-38 (2006)
[3] P. Reimann, Physics Reports, 361 57-265 (2002)

CPP 44.4 Thu 16:00 H39
Fluctuating Boundary Conditions in Hydrodynamics —
∙Martin Reichelsdorfer and Klaus Mecke — Institut für Theo-
retische Physik, Universität Erlangen-Nürnberg, Staudtstraße 7, 91058
Erlangen
Fluctuating internal stresses are ubiquitous in the hydrodynamics of
small systems. The correlations of these ‘noise’ terms are closely re-
lated to the viscosities, which is an example of a fluctuation dissipation
relation. Here, we extend this fundamental principle to fluid interfaces
with slip boundary conditions. We demonstrate that fluid-fluid and
fluid-substrate interactions can be treated consistently in a unified way
by introducing a fluctuating boundary force. In the spirit of Bocquet
and Barrat [1] the correlations of the latter give rise to the friction
coefficient between fluid and substrate. Moreover, we show that cross-
correlations with the fluctuating stresses inside the liquid can lead to
even strongly enhanced slip, described by an effective slip length. As
an application we study the dewetting dynamics of thin liquid films [2].

[1] L. Bocquet and J.-L. Barrat. Physical Review E, 49(4):3079,
1994.

[2] R. Fetzer et al. Physical Review Letters, 99:114503, 2007.

CPP 44.5 Thu 16:15 H39
Influence of Slip on the Rayleigh-Plateau Rim Instability
in Dewetting Polymer Films — ∙Sabrina Haefner1, Oliver
Bäumchen1,2, Ludovic Marquant1, Matthias Lessel1, Ralf
Blossey3, Andreas Münch4, Barbara Wagner5, and Karin
Jacobs1 — 1Saarland University, Experimental Physics, D-66041
Saarbrücken, Germany — 2McMasters University, Dept. of Physics &
Astronomy, Hamilton, ON, Canada — 3Interdisciplinary Research In-
stitute (IRI), CNRS USR 3078, Villeneuve — 4Mathematical Institute,
University of Oxford, Oxford OX1 3LB, UK — 5Technical University
of Berlin, Institute for Mathematics, 10623 Berlin, Germany
A dewetting polymer film develops a characteristic fluid rim at its re-
ceding edge due to mass conservation. In the course of the dewetting
process the rim becomes unstable via an instability of Rayleigh-Plateau
type. An important difference exists between this classic instability of
a liquid column and the rim instability in the thin film as the growth
of the rim is continuously fueled by the receding film. We explain
how the development and macroscopic morphology of the rim insta-
bility are controlled by the slip of the film on the substrate. A single
thin-film model, valid for all slip lengths, captures quantitatively the
characteristics of the evolution of the rim observed in our experiments.

CPP 44.6 Thu 16:30 H39
Self-Similarity and Energy Dissipation in Stepped Poly-
mer Films — ∙Joshua D. McGraw1, Thomas Salez2, Oliver
Bäumchen1, Elie Raphaël2, and Kari Dalnoki-Veress1 —
1Department of Physics & Astronomy and the Brockhouse Institute
for Materials Research, McMaster University, Hamilton, ON, Canada
— 2Laboratoire de Physico-Chimie Theorique, UMR CNRS Gulliver
7083, ESPCI, Paris, France
We have recently learned how to prepare polymer films whose only
feature is a step in the height profile [1]. In the melt, Laplace pressure
drives a flow that levels the topography, with the excess energy of the
height step being dissipated by viscosity. It has been observed that the
profiles are self-similar in time for a variety of molecular weights and
geometries. Given the surface tension, this simple observation allows
a precise measurement of the viscosity by comparison with numerical
solutions [2] of the thin film equation. It is also possible to derive a
master expression for the time dependence of the excess surface energy
as a function of the material properties and film geometry. Thus, all
geometries and molecular weights fall on a single temporal curve. The
material parameter allowing this collapse is the capillary velocity: the
ratio of the surface tension to the viscosity.

[1] McGraw et al., PRL (2012).
[2] Salez et al., EPJE (2012).
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15 min. break

Invited Talk CPP 44.7 Thu 17:00 H39
Wetting behaviour in inkjet printed droplets — ∙Patrick
Smith and Jonathan Stringer — University of Sheffield, Kroto Re-
search Institute, Broad Lane, Sheffield, S3 7HQ, England
Understanding how droplets behave is essential to using inkjet print-
ing if inkjet is to be successful as a manufacturing process. This talk
discusses the lifetime of droplets from when they are ejected from a
nozzle, their impact with a substrate and their drying behaviour.

In this contribution I will discuss how, by varying the height of a
printhead nozzle above a substrate, the final dried droplet diameter
of a polymer ink can be decreased. I will also show that at higher
concentrations of polymer, the solute forms a skin on the surface of
the inkjet printed droplet, which inhibits the in-flight evaporation of
the solvent. I will also discuss a study into the spreading of inkjet
printed droplets of a polystyrene/toluene solution with varied molar
masses on solid dry surfaces. The experimental results were compared
to theoretical models and found to have a good fit. The spreading fac-
tor was found to decrease as molar mass increased, which is explained
in terms of increased viscosity. Finally, I will discuss how the size of a
suspended particle can influence the size of the final dried morphology
of a printed feature.

CPP 44.8 Thu 17:30 H39
Marangoni Modified Drop Fusion and Drop Motion —
∙Stefan Karpitschka and Hans Riegler — MPI für Kolloid- und
Grenzflächenforschung, Potsdam, Germany
Sessile droplets on solid surfaces will fuse due to capillary forces. The
droplet fusion can be delayed if the droplets consist of different (but
still completely miscible) liquids. Quite unexpected, even after initial
contact at the three phase line, the main droplet bodies remain sep-
arated. The droplets are connected only through a neck via a thin
liquid film and move together over the substrate surface [1]. This
non-coalescing state can last up to minutes. Its origin are the different
surface energies of the liquids: The difference induces a Marangoni flow
between the droplets which keeps them separate [2]. Based on new ex-
periments, we present – for the first time – an analytical treatment in
the framework of a thin film description. The key ingredient is a bal-
ance of advective and diffusive transport mechanisms in the vicinity of
the neck, which induces a Marangoni flow. By piece-wise asymptotic
matching of meso- and microscopic solutions we determine the global
free surface topology and the capillary number [3]. We find traveling
wave solutions in quantitative agreement with the experimental obser-
vations. The findings are generally relevant for (shallow, steady-state)
free surface flows that involve (are caused by) surface tension gradients
(e.g. due to local compositional variations).

[1] H. Riegler, P. Lazar, Langmuir 24, 6395 (2008).
[2] S. Karpitschka, H. Riegler, Langmuir 26, 11823 (2010).
[3] S. Karpitschka, H. Riegler, PRL 109, 066103 (2012).

CPP 44.9 Thu 17:45 H39
Droplet morphologies in a cylindrical tube — ∙Ciro Sempre-
bon, Stephan Herminghaus, and Martin Brinmann — Max Planck
Institute for Dynamics and Self-Organization, Göttingen, Germany
Equilibrium conformations of droplets on cylindrical fibers and their
transitions during changes of volume and contact angle have been stud-
ied for almost a century. Liquid morphologies in a tube, however, have
received only little attraction. Here, we present the results of a com-
bined analytical and numerical study of droplet shapes wetting the
inside of a cylinder at zero buoyancy. For any contact angle the liquid
forms a plug bounded by two spherical surfaces if the volume is suffi-
ciently large. In the opposite limit of small volumes, the liquid interface
adopts the shape of a spherical cap which is slightly deformed by the
curved surface. At intermediate volumes and small contact angle an
annular morphology is observed which can be described as the analog
to the barrel droplet on a fiber. In contrast to the barrel droplets the
mechanical stability of this morphology is limited by the appearance
of either an axisymmetric or a non-axisymmetric soft mode. Stability
with respect to the latter type of mode can be related to the existence
of an inflection point in the droplet contour as already demonstrated
for barrel droplets [1]. Based on our findings a complete morphology
diagram is constructed in terms of contact angle and volume.

[1] H B Eral et al.: ”Drops on functional fibers: from barrels to
clamshells and back” Soft Matter 7 (2011) 5138

CPP 44.10 Thu 18:00 H39

Dynamics of Immiscible Fluid Flow through Porous Media
— ∙Kamaljit Singh1,2,3, Hagen Scholl3, Alen Kabdenov2,3,
Marco Di Michiel1, Mario Scheel1, Stephan Herminghaus2,
and Ralf Seemann2,3 — 1European Synchrotron Radiation Facil-
ity, BP 220, F-38043 Grenoble, France — 2Max Planck Institute for
Dynamics and Self-Organization, D-37073 Goettingen, Germany —
3Saarland University, Experimental Physics, D-66041 Saarbruecken,
Germany
The pore-scale dynamic behavior of water imbibition into an initially
oil filled porous medium was investigated in situ using synchrotron
X-ray tomography. We investigated the effect of various factors, in-
cluding wettability, viscosity and density of fluids, flow velocity and
pore structure, on the quantitative and qualitative behaviour of the
fronts. The findings reveal that for low capillary numbers the water-oil
front behavior is independent of all other factors except for wettabil-
ity. The wettability decides the nature of the front and the final oil
saturation after a complete water flood. The front is more compact
for small contact angles of the imbibing water phase. This compact
front results in almost no oil trapping after a complete flood. How-
ever, the front roughens with increasing contact angle and progresses
in elongated capillary fingers for large contact angles. The formation
of fingers results in significant oil trapping (10-15%).

CPP 44.11 Thu 18:15 H39
Imbibition of electrolytes into nanoporous gold and elec-
trocapillary effects — ∙Yahui Xue1,2, Jürgen Markmann1,3,
Patrick Huber3, Huiling Duan2, and Jörg Weissmüller1,3

— 1Helmholtz-Zentrum Geesthacht, Institut für Werkstoffforschung,
Werkstoffmechanik, 21502 Geesthacht, Germany — 2State Key Labo-
ratory for Turbulence and Complex System, Department of Mechanics
and Aerospace Engineering, College of Engineering, Peking University,
Beijing 100871, China — 3Technische Universität Hamburg-Harburg,
Institut für Werkstoffphysik und -technologie, 21073 Hamburg, Ger-
many
Electrocapillary techniques exhibit great advantages in nonmechani-
cal electrofluidic manipulation, e.g., flow actuation in micro-/nano-
channels. One issue of interest is the spontaneous imbibition of fluids
in bodies with a nanoscale pores size. Contrary to previous studies
we here use a metallic nanoporous body. This allows us to control
the electrode potential at the solid-fluid interface. Nanoporous gold
(NPG) with uniform pore- and ligament size of ~45 nm was fabri-
cated by dealloying an Ag75Au25 alloy. Spontaneous imbibition of
aqueous electrolytes obeys the Lucas-Washburn law. Electrocapillary
effects were then used to manipulate the imbibition dynamics. Due
to the enhanced wetting, the Washburn law predicts an acceleration
of the imbibition by ~60%. Yet, imbibition experiments show only
~25% acceleration. A possible explanation is that the ion transport
capability through nanopores limits the charging of the double layer
at the invasion front, which is confirmed by potential step coulometry
experiments.

CPP 44.12 Thu 18:30 H39
Microfluidics of ordered fluids — ∙Anupam Sengupta, Chris-
tian Bahr, and Stephan Herminghaus — Max Planck Institute for
Dynamics and Self Organization, Am Fassberg 17, 37077 Göttingen
Flow of ordered fluids (e.g. liquid crystals) is inherently complex due to
the coupling between the flow and the long-range orientational order.
Experiments carried out at micro scales further reveal the influence of
surface properties on the static and dynamic outcomes. We use mi-
crofluidics as a platform to tune one or more of the above competing
components, and explore the resulting equilibrium states. The delicate
but intricate balance between the viscous, elastic and surface forces
was consequently used to devise opto-fluidic and micro-scale-transport
applications. On one hand the novel applications complement the con-
ventional microfluidic capabilities, and on the other hand, broaden the
reach of ’isotropic’ microfluidics by offering competitive advantages.
Standard microfluidic techniques and a combination of polarizing op-
tical microscopy, fluorescence confocal polarizing microscopy and par-
ticle tracking methods were employed for the investigations.

[1] Nematic textures in microfluidic environment by A. Sengupta, U.
Tkalec, Ch. Bahr, Soft Matter 7, 6542, 2011.

[2] Functionalization of microfluidic devices for investigation of liq-
uid crystal flows by A. Sengupta, B. Schulz, E. Ouskova, Ch. Bahr,
Microfluidics and Nanofluidics, DOI: 10.1007/s10404-012-1014-7, 2012.

[3] Opto-fluidic velocimetry using liquid crystal microfluidics by A.
Sengupta, S. Herminghaus, Ch. Bahr, Applied Physics Letters 101,
164101, 2012.
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CPP 45: Colloids and Complex Liquids II

Time: Thursday 15:00–18:45 Location: H40

Invited Talk CPP 45.1 Thu 15:00 H40
Interacing colloidal fluids self-assembled from supramolec-
ular polymers — Tingzi Yan1, Klaus Schröter1, Flo-
rian Herbst2, Wolfgang Binder2, and ∙Thomas Thurn-
Albrecht1 — 1Institute of Physics, Martin-Luther University Halle-
Wittenberg — 2Institute of Chemistry, Martin-Luther University
Halle-Wittenberg
It is well established that small or medium sized molecules carrying
groups with specific interactions can form supramolecular polymers
and networks. In many cases, the specificity of the underlying interac-
tions is most prominent in dilute solution. We present a supramolec-
ular system based on polyisobutylene polymers with thymine and 2,6-
diaminotriazine functional end groups forming well-defined micellar
aggregates in the melt whose properties can be described as that of
an interacting colloidal fluid. The concentration of micelles depends
on temperature leading to a solid-fluid ordering transition for mono-
functional polymers which shows up in structure as well as in the rhe-
ological properties. Bifunctional polmyers on the other hand can form
hydrogen-bonds between micelles leading to a temperature dependent
solidification by gelation without ordering.

CPP 45.2 Thu 15:30 H40
New particle-to-mesh scheme for modeling high-molecular
weight dense polymer systems — ∙Guojie Zhang1, Kostas
Ch. Daoulas1,2, and Kurt Kremer1 — 1Max-Planck-Institut
für Polymerforschung, Ackermannweg 10, 55128 Mainz, Germany —
2Innovation Lab GmbH, Speyerer Straße 4, 69115 Heidelberg, Ger-
many
We consider a recently proposed model of high-molecular weight poly-
meric systems representing the molecules by chains of soft spheres
with fluctuating size. Within this description, we develop a grid-based
Monte Carlo method for efficient modeling of polymer melts. The soft
spheres represent Gaussian density distributions of segments of under-
lying microscopic sub-chains. The coordinates and the radii of the
spheres are defined in continuum space and simple bonded potentials
keep the chain connectivity. The non-bonded interactions are defined
via a discretized functional of the local density, obtained by mapping
the density clouds of the spheres onto a grid, without requiring a neigh-
bor list. The accuracy of the method is verified by comparing the re-
sults of the grid-based simulations with data obtained from a standard
potential-based description. In contrast to most lattice-based descrip-
tions, the approach allows for simulations in the isothermal-isobaric
ensemble. Subsequently, the perspectives of the new scheme for creat-
ing equilibrated configurations of long polymer melts with microscopic
level of detail are discussed. For this purpose, we introduce a hierar-
chical strategy increasing gradually the resolution of the model.

CPP 45.3 Thu 15:45 H40
Clustering in 𝛽-lactogloblin and lysozyme protein solutions
studied by SAXS — ∙Bo Jing1, Fajun Zhang1, Felix Roosen-
Runge1, Michael Sztucki2, and Frank Schreiber1 — 1Institute of
Applied Physics, University of Tübingen — 2ESRF, Grenoble, France
The understanding of protein cluster formation provides insight into
protein function, crystallization and protein aggregation induced dis-
eases. 𝛽-lactoglobulin (BLG) is known to form dimers, tetramers, hex-
amers and octamers at certain pH, temperature, and salt concentra-
tions. Here, we present SAXS measurements which indicate oligomer
formation at high protein concentrations, in the absence of salt and
other additives. Scattering curves of BLG solutions display a major
correlation peak which shifts minimally to higher q-values with increas-
ing protein concentration. This observation is indicative of cluster for-
mation or, in this case, oligomerization. We draw a comparison with
the well-studied lysozyme protein system, where we observed a more
pronounced shift of the major correlation peak that has been associ-
ated with the formation of a dynamical cluster phase. In this system,
the peak position also shows a temperature dependence not seen with
BLG solutions. The SAXS data of both systems were fitted to ellipti-
cal form factors and two-Yukawa interaction potentials. We relate the
different clustering models and contrasting temperature responses in
these protein systems to differences in their interaction potential and
the distinct properties of BLG and lysozyme proteins molecules. In
this context, the shortcomings of isotropic interaction models and the

need to consider patchy interactions are also discussed.

CPP 45.4 Thu 16:00 H40
Finding Colloidal Hard Spheres — Markus Franke1, Achim
Lederer1, Sebastian Golde1, Eckhard Bartsch2, and ∙Hans
Joachim Schöpe1,3 — 1Johannes Gutenberg Universität Mainz, Insti-
tut für Physik, Staudinger Weg 7, 55099 Mainz, Germany — 2Albert-
Ludwigs-Universität Freiburg, Institut für Physikalische Chemie, Al-
bertstr. 21, 79104 Freiburg — 3Max-Planck-Institut für Polymer-
forschung, Postfach 3148, 55021 Mainz, Germany
In two recent publications it was claimed that there are difficulties
in the preparation and characterization of colloids with hard sphere
(HS) like interaction [1, 2]. Using PMMA-PHSA particles dispersed
in organic solvents serious deviations from the ideal HS behavior have
been observed. Furthermore the authors are of the opinion that in
general the experimental determination of the particle volume fraction
suffers from an inaccuracy of 0.03 to 0.06. Using highly cross linked
polystyrene particles dispersed in ethylnaphtalene an optical and grav-
ity matched colloidal model system with HS like interaction can be
realized. We performed a comprehensive characterization of our col-
loidal model system giving us the possibility to determine the particle
volume fraction with an accuracy better than 0.01. Analyzing dif-
ferent physical properties (sedimentation velocity, equilibrium phase
behavior, crystallization kinetics, equilibrium lattice constant, glass
transition dynamics, collective diffusion, short time diffusion) over a
large volume fraction range (0.01 up to 0.74) we can show that this
particles monitor HS behavior over the entire concentration range. [1]
Soft Matter 8, 21 (2012,[2] Soft Matter 9, 17 (2013)

CPP 45.5 Thu 16:15 H40
How elasticity influences the dynamics of bead-spring-chains
in shear flow — ∙Johannes Greber and Walter Zimmermann —
LS Theoretische Physik I, Universität Bayreuth,95440 Bayreuth
Simulations of dumbbells in shear flow show that in the semi-diluted
regime of a dumbbell suspension individual dumbbells make flips after
unpredictable time intervals [1].

With the help of the Fluid Particle Dynamics (FPD) we simulate
suspensions of flexible dumbbells corresponding to high Weissenberg
numbers Wi and low Reynolds numbers Re [2,3]. We investigate how
the flexibility of springs connecting the two beads of a dumbbell (mea-
sured by Wi) influences the mixing behaviour in a dumbbell suspen-
sion. Further we compare the dynamics of the flow of a dumbbell
suspension with the turbulent flow regime in Newtonian fluids at high
Reynolds numbers.

References
[1] J. Bammert et al. (preprint)
[2] H. Tanaka and T. Araki, Phys. Rev. Lett. 85, 1338 (2000)
[3] P. Peyla, EPL 80, 34001 (2007)

CPP 45.6 Thu 16:30 H40
Shear-induced diffusion of spheroidal particles in non-
Brownian suspensions at low Reynolds numbers — ∙Florian
Janoschek, Federico Toschi, and Jens Harting — Eindhoven
University of Technology, Eindhoven, The Netherlands
Hydrodynamic diffusion can strongly enhance mass and heat trans-
port in microfluidic systems. However, while several authors discussed
the shear-induced self-diffusion of spherical particles in experiment,
theory, and simulation at low or vanishing Reynolds numbers, less is
known about the case of non-spherical particles that are present in
suspensions as different as blood, mud, or paint. We present our nu-
merical study of concentrated suspensions of rigid particles at different
oblate and prolate aspect ratios. The hydrodynamic self-diffusion is
compared with the one obtained for spherical particles and the effect
of asphericity at varying volume fractions is discussed.

15 min break

CPP 45.7 Thu 17:00 H40
Gold Nano Rods Close to Charged and Uncharged Sur-
faces: Slowing Down of Rotational and Translational Diffu-
sion — ∙Maryam Haghighi1, Muhammad Nawaz Tahir2, Wolf-
gang Tremel2, Hans-Jürgen Butt1, and Werner Steffen1 —
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1Max Planck Institute for Polymer Research, P.O. Box 3148, 55128
Mainz, Germany — 2Institut für Anorganische Chemie und Analytis-
che Chemie der Johannes Gutenberg-Universität, Duesbergweg 10-14,
D-55099 Mainz, Germany
Diffusion and rotation of gold nanorods close to a solid interface
were studied with two recently introduced techniques: Resonance En-
hanced Dynamic Light Scattering (1) and Waveguide Enhanced Dy-
namic Light Scattering (2). We observed strong, plasmon-enhanced
light scattering. Gold nano rods were stabilized by cetyltrimethylam-
monium bromide (CTAB). They showed an unexpected strong slow-
ing down of the translational diffusion coefficient, whereas for rota-
tional diffusion this slowing down is distinct but less pronounced.
To find the possible influence of charges on the solid interface on
this slowing we varyied the added salt concentration. Another ap-
proach was to cover the metal interface with an electrically neutral
layer of poly-methylmethacrylate. A third approach was to com-
pletely exchange CTAB for its covalently bound, thiolated analogue
16-mercaptohexadecyl trimethylammonium bromide (MTAB), this re-
duces the slowing down considerably. (1) Plum MA, Menges B, Fytas
G, Butt HJ, Steffen W, Rev. Sci Instr. 2011, 82, 015102 (2) Plum MA,
Vianna SDB, Unger A, Roskamp RF, Butt HJ, Menges B, Steffen W,
Soft Matter 2011, 7, 1501

CPP 45.8 Thu 17:15 H40
Phase behavior of colloidal monolayers on one-dimensional
periodic light potentials — ∙Lamiss Zaidouny, Thomas Bohlein,
and Clemens Bechinger — 2. Physikalisches Institut, Universität
Stuttgart, Pfaffenwaldring 57, 70550 Stuttgart, Germany
Phase transitions of colloidal monolayers on light-induced substrate
potentials have been demonstrated to provide novel insights into the
phase behavior of two-dimensional systems on patterned surfaces. Due
to the interplay of repulsive inter-particle forces and their interac-
tion with the substrate, interesting structures will form which are
also observed in atomic systems. Here, we study the phase tran-
sitions of charged colloidal particles on arrays composed of periodic
one-dimensional laser lines which are created by a scanned laser beam.
The colloidal particles used are suspended in an organic solvent with
low polarity that causes the formation of spontaneous hexagonal crys-
tals of large lattice constants as compared to those formed in aqueous
solutions. This fact provided a new regime where phase transitions are
accessed for different periods of the light patterned substrates.

CPP 45.9 Thu 17:30 H40
Percolation thresholds and critical exponents of colloidal sus-
pensions in bulk and confinement — ∙Helge Neitsch and
Sabine H. L. Klapp — Institut für Theoretische Physik, TU Berlin,
Hardenbergstraße 36, D-10623 Berlin, Germany
We performed extensive grand canonical Monte Carlo simulations to
investigate the percolation transition of spherical colloids a) in the
bulk phase and b) confined between two parallel, chemical undecorated
walls (slit pore) [1]. The interaction between the colloids is modeled
through a square-well potential with an attraction range of only 4% of
the hard core diameter to mimic the ultra-short ranged nature of de-
pletion attractions [2]. Applying a finite-size analysis, we investigated
the density threshold of the connectedness percolation at several wall
separations (width of the slit pore). Increasing the wall separation,
we found a shift of the percolation threshold towards the bulk value
obtained from an unconfined, in other respects identical system. We
could explain this shift by scaling arguments, which are usually ap-
plied in the framework of cross-over scaling of the vapor-liquid critical
point of simple liquids in slit pores [3]. In addition we studied the
critical exponents of the percolation transition and found them to be
remarkably insensitive to the width of the slit pore.
[1] H. Neitsch and S. H. L. Klapp, submitted, arXiv:1211.1027 (2012)
[2] P. J. Lu, E. Zaccarelli, F. Ciulla, A. B. Schofield, F. Sciortino, and
D. A. Weitz, Nature 453, 499 (2008)
[3] R. L. C. Vink, K. Binder, and J. Horbach, Phys. Rev. E 73, 056118
(2006)

CPP 45.10 Thu 17:45 H40
Confinement induced repulsion in oscillatory structural
forces — ∙Sebastian Schön and Regine von Klitzing — Stranski-
Laboratorium, Department of Chemistry, TU Berlin, Straße des 17.
Juni 124, D-10623 Berlin
Suspensions of nanoparticles show a layered ordering in the vicinity of
surfaces. Overlap of these regions, as under confinement conditions,

leads to oscillatory changes in the ordering behavior of the particles,
dependent on the exact wall to wall distance. These changes originate
from the entropic excluded volume effect and indicate a break in the
translational symmetry of the bulk system.

Force measurements have been performed by Colloidal Probe Atomic
Force Microscopy (CP-AFM), where the colloidal probe on the can-
tilever and the substrate act as confining surfaces. Forces can be ex-
tracted from the deflection signal of the cantilever and are normalized
with the radius of the colloidal probe to get the corresponding force
curves. These provide a direct means to the structural response of the
nanoparticles during a gradual change of the confinement.

Investigation of suspensions with varying ionic strength and pH, in-
voked via addition of sodiumchloride, sodiumhydroxide or hydrochlo-
ric acid, show an additional repulsion underlying the normal structural
force signal as described by Israelachvili. The key parameters of the os-
cillatory force signal, namely amplitude, wavelength and decay-length
as well as the extra repulsion are compared for suspensions with dif-
ferent additives.

CPP 45.11 Thu 18:00 H40
Phase transitions and phase equilibria in spherical confine-
ment — ∙Antonia Statt, Alexander Winkler, Peter Vir-
nau, and Kurt Binder — Institut für Physik, Johannes Gutenberg-
Universität Mainz, Staudinger Weg 7, D-55099 Mainz, Germany
The interplay of finite size and surface effects for fluids confined in a
sphere is studied via Monte Carlo simulations of the Asakura-Oosawa
model for colloid-polymer mixtures1 using free energy calculations. For
this model the phase separation in a colloid-rich phase and a polymer-
rich phase is well known in the bulk2,3 and we show that spherical
confinement enhances the miscibility of the mixture. Depending on
the wall potentials of the confining surface, the wetting properties can
be controlled, and this interplay between adsorption of one species to
the confining surface and bulk unmixing leads to very special shapes
of the loops observed for the chemical potential of the colloids.

[1] S. Asakura and F. Oosawa, J. Polym. Sci. 33, 183
[2] R.L.C. Vink and J. Horbach, J. Chem. Phys. 121, 3253
[3] R.L.C. Vink, J. Horbach, and K. Binder, Phys. Rev. E 71,011401

CPP 45.12 Thu 18:15 H40
Fluids in extreme confinement — ∙Thomas Franosch1, Simon
Lang1, and Rolf Schilling2 — 1Institut für Theoretische Physik,
Universität Erlangen-Nürnberg, Staudtstraße 7, 91058, Erlangen, Ger-
many — 2Institut für Physik, Johannes Gutenberg-Universität Mainz,
Staudinger Weg 7, 55099 Mainz, Germany
For extremely confined fluids with two-dimensional density 𝑛 in slit
geometry of accessible width 𝐿, we prove that in the limit 𝐿 → 0
the lateral and transversal degrees of freedom decouple, and the lat-
ter become ideal-gas-like [1]. For small wall separation the transverse
degrees of freedom can be integrated out and renormalize the inter-
action potential. We identify 𝑛𝐿2 as hidden smallness parameter of
the confinement problem and evaluate the effective two-body potential
analytically, which allows calculating the leading correction to the free
energy exactly. Explicitly, we map a fluid of hard spheres in extreme
confinement onto a 2d-fluid of disks with an effective hard-core diam-
eter and a soft boundary layer [1]. Two-dimensional phase transitions
are robust and the transition point experiences a shift 𝑂(𝑛𝐿2).

[1] Thomas Franosch, Simon Lang, and Rolf Schilling, Phys. Rev.
Letter (2012) in press

CPP 45.13 Thu 18:30 H40
Coarse-graining strategies for coronene molecules — ∙Thomas
Heinemann and Sabine H. L. Klapp — Institut für theoretis-
che Physik, Technische Universität Berlin, Hardenbergstr. 36, 10623
Berlin
Coarse-graining describes the idea of systematically integrating out ir-
relevant degrees of freedom in order to create an effective Hamiltonian,
which allows to investigate larger length- and time scales. In this con-
tribution we focus on the coarse-graining of coronene molecules from
atomistic detail to mesoscopic molecular detail. So far only a com-
plicated, temperature-independent coarse-grained model for coronene,
used for static calculations, exists [1].
A hierarchy of model potentials generating different many-particle as-
pects of coronene, e.g. crystal stability, aggregation, etc., will be intro-
duced. These models are studied via mesoscopic Molecular Dynamics
simulations. As a basic platform for molecular pair interactions, the
Gay-Berne potential with electric multipoles (GBEMP), which has
been established [2], is used. This ansatz is combined with param-



Chemical and Polymer Physics Division (CPP) Friday

eters characterizing the electronic contributions as well as shape con-
tributions from atomistic, biased Umbrella Sampling simulations. The
fitting procedure of the models will be discussed.

[1] O. I. Obolensky et al., Int. J. Quantum Chem. 107 (2007) 1335.
[2] P. Xu et al., J. Mol. Model. (2012), doi:10.1007/s00894-012-1562-5.

CPP 46: Photovoltaics (joint session HL/CPP/O)

Time: Friday 9:15–13:45 Location: H2

CPP 46.1 Fri 9:15 H2
Simulation of TRPL on thin film solar cells — ∙Matthias
Maiberg, Maria Gaudig, and Roland Scheer — Insti-
tute of Physics, Martin-Luther-University Halle-Wittenberg, Von-
Danckelmann-Platz 3, 06406 Halle, Germany
In the recent years time-resolved photoluminescence (short: TRPL)
on semiconductor devices has been established as a non-destructive,
non-invasive, contactless characterization method. The decay of the
signal has not been fully understood yet. Therefore we studied TRPL
on semiconductor layers and thin film solar cells by simulation with
Synopsys TCAD. At first we investigated the influence of excitation,
diffusion, photon recycling, bulk-defects and defects at the contacts, as
well as space charge and potential fluctuations on the PL-decay sepa-
rately by quasi-onedimensional simulations of absorber layers and thin
film solar cells. We also studied the influence of grain boundaries, since
materials like Cu(In,Ga)Se2 and Cu2ZnSnSe4 are in general polycrys-
talline. We show, that the samples can be characterized by excitation
dependent measurements in the open circuit case. We can explain
some effects found in photoluminescence experiments, like a decrease
of the lifetime with an increasing excitation, a maximum lifetime due
to saturated bulk-defects, and a lifetime of more than 10𝜇𝑠 in case of
charge separation due to the electric field in the space charge region.

CPP 46.2 Fri 9:30 H2
3D reciprocal space imaging of individual Cu(In,Ga)Se2

nanocrystallites inside a thin film solar cell — ∙Taras
Slobodskyy1, Anatoliy Slobodskyy2, Boris Landgraff1,
Christian Heyn1, and Wolfgang Hansen1 — 1Institute for Ap-
plied Physics, University of Hamburg, Jungiusstraße 11, D-20355 Ham-
burg, Germany — 2Karlsruhe Institute of Technology (KIT), Light
Technology Institute (LTI), Kaiserstraße 12, 76131 Karlsruhe, Ger-
many
In this contribution we will present results of an investigation of strain
distributions inside of individual Cu(In,Ga)Se2 nanocyrstallites lo-
cated inside a solar cell absorber layer. The strain is imaged using
synchrotron radiation.

We find that the investigated crystallites are non homogeneously
strained. The strain is produced by surrounding nanocrystals in the
polycrystalline semiconductor film and carries information about the
intercrystalline interactions. The measurements are done non de-
structively and without additional sample preparation or X-ray beam
nanofocusing.

The demonstrated technique provides a way for connecting varia-
tions in the properties of individual crystallites inside of a working
solar cell to the resulting energy conversion efficiency.

CPP 46.3 Fri 9:45 H2
Investigations of chemical gradients in Cu(In,Ga)Se2 thin film
solar cells grown on polyimide substrate by high spatially re-
solved cathodoluminescence microscopy — ∙Stefan Ribbe1,2,
Andreas Rahm1, Frank Bertram2, and Jürgen Christen2 —
1Solarion AG, Ostende 5, 04288 Leipzig, Germany — 2Institute for Ex-
perimental Physics, Otto-von-Guericke-Universität Magdeburg, Ger-
many
Optical properties of Cu(In,Ga)S2(CIGS)-absorber layers for thin film
solar cells have been studied by high spatially resolved cathodolumi-
nescence (CL) at low temperature (T = 5K) to investigate lateral und
vertical changes of the composition within the quaternary absorber.
CIGS layers were grown on flexible polyimide foil by using an ion-beam
assisted roll-to-roll process. To ensure high efficiency sodium fluoride
was evaporated by an additional source during the process. The sub-
strate temperature was varied above the standard value enabled by
using an advanced polyimide substrate resisting higher temperatures.
Cross sections of the thin film solar cells were prepared to investigate
the vertical distribution of composition and its changes influenced by
the substrate temperature. IV measurements showed an increase of

the efficiency with higher substrate temperature suggesting less fluc-
tuation of the composition and a smoother vertical gallium gradient.
Furthermore a variation of the sodium content was made by variation
of the evaporation temperature. Integral luminescence properties were
investigated which showed a red shift and a broadening of the main
peak with increased sodium content.

CPP 46.4 Fri 10:00 H2
Admittance spectroscopy on Cu(In,Ga)Se2 solar cells with re-
spect to sodium content — ∙Felix Daume1,2, Andreas Rahm1,
and Marius Grundmann2 — 1Solarion AG, Ostende 5, 04288
Leipzig, Germany — 2Institut für Experimentelle Physik II, Univer-
sität Leipzig, Linnéstraße 5, 04103 Leipzig, Germany
Solar cells based on Cu(In,Ga)Se2 (CIGSe) absorbers deposited on
flexible polyimide substrate enable cheap manufacturing with roll-to-
roll equipment and the application in new environments such as low-
load rooftops. Among present thin film flexible solar cell technolo-
gies, CIGSe achieves the highest efficiencies. The proper incorporation
of sodium into the CIGSe absorber is indispensable to achieve these
high efficiencies. In this study, sodium fluoride is co-evaporated during
CIGSe deposition.

CIGSe solar cells with different sodium contents were investigated by
admittance spectroscopy. We calculated activation energies for the N1
signature which, in literature, is widely attributed to defects. Overall
concentrations and density profiles across the band gap were derived for
this signature. Additionally, we derived the net doping of the CIGSe
absorbers from capacitance-voltage measurements. A model based on
defects at the CdS(n-type)/CIGSe(p-type) interface is proposed to ex-
plain our observations with respect to the sodium content.

CPP 46.5 Fri 10:15 H2
High-resolution Spectroscopic Mapping of Polymer Fullerene
Blend Films for Organic Solar-Cell Applications — Xiao
Wang, Kai Braun, Alfred J. Meixner, and ∙Dai Zhang — Insti-
tute of Physical and Theoretical Chemistry, Uni. Tübingen, Tübingen
Polymers and fullerenes are widely employed in the field of organic so-
lar cells as the electronic donors and acceptors. The morphology and
the photo-physical properties of the polymer and fullerenes blends at
nanometer scale are critical for achieving a high performance of the
solar cells. Employing a home-built parabolic mirror assisted aper-
tureless near-field optical (Raman and photoluminescence) microscope,
we demonstrated high resolution near-field spectroscopic mappings of
the polymer:fullerene blend films. Our investigation focused on the
additive effect for a C-PCPDTBT:PCBM blend film. From the si-
multaneously recorded morphology and spectroscopic information, the
interplay among the blend film morphology, the local donor and ac-
ceptor molecular distributions, and the photoluminescence quenching
efficiency were discussed. The PL and Raman signals of the electron
donor and acceptor have been probed at an optical resolution of ap-
proximately 10 nm which allow the direct identification of the chemical
nature of the different domains. Moreover, we were able to reveal and
quantify the local quenching, which is related to the electron transfer
from donor to acceptor.

CPP 46.6 Fri 10:30 H2
Investigation of the s-shape caused by the hole selective layer
in organic bulk heterojunction solar cells — ∙Lothar Sims1,2,
Ulrich Hörmann2, René Kogler3, Roland Steim4, Wolfgang
Brütting2, and Pavel Schilinsky1 — 1Belectric OPV GmbH, Land-
grabenstr. 94, 90443 Nürnberg — 2University of Augsburg, Institute
of Physics, Universitätsstr. 1, 86135 Augsburg — 3Evonik Industries
AG, Kirschenallee, 64293 Darmstadt — 4STORM Energy GmbH, Ra-
thenauplatz 2, 90489 Nürnberg
During the operation period of an organic solar cell different failure
mechanisms can occur which limit the lifetime of the device. Among
these failure mechanisms the so called s-shape or second diode, where
the current density-voltage (JV) curve bends towards the origin in the
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4th quadrant, plays an important role. We investigated the origin of
the s-shape caused by the hole selective layer (HSL) using N,N’-bis(3-
methylphenyl)-N,N’-bis(phenyl)-benzidine (TPD) coevaporated with
different amounts of Dipyrazino[2,3-f:2’,3’-h]quinoxaline-2,3,6,7,10,11-
hexacarbonitrile (HATCN) as a model system. The low glass transition
temperature of TPD allows investigating the impact of WF and mobil-
ity of the HSL on device performance and thus s-shape independently
of each other. The observed JV-curves were simulated by solving the
drift-diffusion, i.e. continuity and Poisson equations numerical via the
program PC1D. While WF rather influences the open circuit voltage,
mobility seems to be the reason for the s-shape. The results show that
an accumulation of holes near the hole selective/semiconductor layer
interface might be responsible for the observed s-shape.

CPP 46.7 Fri 10:45 H2
The role of defects in nanocrystalline zinc oxide inter-
layers for polymer-based solar cells — ∙Sebastian Wilken,
Dorothea Scheunemann, Florian Witt, Jürgen Parisi, and
Holger Borchert — University of Oldenburg, Department of
Physics, Energy and Semiconductor Research Laboratory, Carl-von-
Ossietzky-Str. 9-11, 26129 Oldenburg, Germany
In polymer-based bulk heterojunction solar cells, the absorber blend
has intrinsically no preferential transport direction for photogenerated
charge carriers due to the statistical intermixing of both the donor and
acceptor phase. Therefore, additional charge-selective interfacial lay-
ers, which are semipermeable membranes for either electrons or holes
in an ideal case, are widely used in order to achieve efficient charge
extraction at the respective contacts. One well established material
for electron collection is zinc oxide (ZnO), which can be processed at
moderate temperatures and deposited via solution-based techniques in
form of colloidal nanocrystals (NCs). Here, we discuss the influence
of defect states in interlayers made of ZnO NCs on the overall solar
cell performance. For that purpose, ZnO NCs with different surface-
to-volume ratios were wet-chemically synthesized and introduced into
indium tin oxide-free polymer solar cells in the inverted device architec-
ture. As indicated by photoluminescence, we show that surface defects
play a more and more dominant role with decreasing NC size and, thus,
limit the photovoltaic efficiency. For a more detailed analysis of the
involved defect states, photo-induced current transient spectroscopy
(PICTS) was performed for devices with varying amount of surface
defects.

CPP 46.8 Fri 11:00 H2
Solar diode sensor — ∙Hao Shen1, Martin Hoffmann1, Juan
Daniel Prades2, Francisco Hernandez-Ramirez3, and Andreas
Waag1 — 1Institute of Semiconductor Technology, TU Braunschweig,
D-38105 Braunschweig, Germany — 2Department of Electronics, Uni.
Barcelona, E-08028 Barcelona, Spain — 3Catalonia Institute for En-
ergy Research (IREC), E-08930 Barcelona, Spain
The nanodevice architecture presented here has been designed to over-
come the current issues in gas sensor technologies: reducing power con-
sumption and lowering operating temperature. Conductometric sen-
sors based on semiconductor metal oxides need the continuous supply
of the energy in the form of heat or UV light, to activate the chemical
interaction between gases and the sensing surface. New concepts for
energy harvesting units as an in-built module are demanded to make
self-powered gas sensors. Herein we report a solar diode sensor (SDS)
based on new designed CdS@n-ZnO/p-Si nanoelements which unifies
gas sensing (CdS@n-ZnO) and solar energy harvesting (n-ZnO/p-Si
diode) functionalities in a singular material unit and device. The SDS
sensing mechanism (change of open circuit voltage), in comparison to
the well-known conductometric sensors (change of resistance), is sys-
tematically studied and explained in terms of gas-material surface in-
teractions and the subsequent changes in the doping level (ND), which
is manifested in the variation of Voc in CdS@n-ZnO/p-Si. The fabri-
cated SDS was capable of quantitatively detecting oxidising and reduc-
ing gases with reproducible response at room temperature and without
the need of any other energy sources except solar illumination.

CPP 46.9 Fri 11:15 H2
Simulation of temperature distribution in ZnO:Al thin films
for laser annealing experiments — ∙Christian Isenberg, Cay-
Christian Kalmbach, Daniyal Sattarian, Uwe Stute, and
Alexander Horn — Laser Zentrum Hannover e.V., Hollerithallee
8, 30419 Hannover, Germany
Transparent Conducting Oxides (TCOs) have become widespread as
transparent electrodes in photovoltaics and transparent electronics.

Thermal post deposition treatments by furnace annealing have shown
to improve the electrical and optical properties of TCO thin films.
Laser annealing of TCOs allows control over the peak temperature as
well as the spatial and temporal temperature distributions of TCO
thin films and substrates, preserving the substrate by heating only the
TCO layer. Therefore, treating TCOs with tailored laser radiation
allows larger temperature than furnace annealing even on tempera-
ture sensitive substrates. Numerical calculations using Crank-Nicolson
method have been conducted to estimate the temperature distribution
in ZnO:Al thin films during laser annealing process. In the special case
of temperature-independent material parameters, the numerical solu-
tion is reduced to an analytical solution, determined by convolution
of the heating source term with a Green’s function for a geometry of
a thin film on a semi-infinite substrate. Numerical results are com-
pared to temperature measurements, done by a thermographic camera
during laser annealing process.

Coffee break

CPP 46.10 Fri 11:45 H2
Selective laser ablation of Al2O3 passivation layers from op-
tically black silicon surfaces — ∙Martin Otto1, Katharina
Widder1, Tino Rublack1, Matthias Zilk2, Thomas Käsebier2,
Gerhard Seifert1, and Ralf B. Wehrspohn3 — 1Martin-Luther-
University Halle-Wittenberg, Institute of Physics -𝜇 MD Group,
Heinrich-Damerow-Strasse 4, 06120 Halle, Germany — 2Friedrich
Schiller University Jena, Institute of Applied Physics, Max-Wien-Platz
1, 07743 Jena, Germany — 3Fraunhofer Institute for Mechanics of Ma-
terials Halle, Walter-Hülse-Str. 1, 06120 Halle, Germany
Inductive coupled plasma reactive ion etching (ICP-RIE) of silicon en-
ables excellent broad band and wide angle antireflective surface prop-
erties. The stochastically emerging needle like nano-structures let the
silicon surface appear optically black due to its high absorption coeffi-
cient of over 97% integrated from 300 nm to 1175 nm. Concomitant,
highly enhanced surface recombination is introduced. The latter, may
be effectively suppressed by a well suited passivation layer of Al2O3

deposited by thermal ALD. Laser ablation is commonly used in the PV
industry to open local contact areas in dielectric passivation stacks. In
this work we show the feasibility to ablate alumina thin films from
nano-structured black silicon (b-Si) solar cell front surfaces. Micro-
structural geometric analysis by focussed ion beam and SEM reveal
certain structural changes in the zone of ablation which are believed
to be beneficial for contact formation. Simultaneously, neither the de-
position of Al2O3 layers of varying thickness nor their ablation lead to
a very significant degradation of the optical surface properties.

CPP 46.11 Fri 12:00 H2
Surface Modification of Nano-Textured Black Silicon for Pho-
tovoltaic Applications — ∙Michael Algasinger1, Svetoslav
Koynov1, Julie Paye1, Florian Werner2, Max Bernt1, Martin
S. Brandt1, and Martin Stutzmann1 — 1Walter Schottky Insti-
tut, Technische Universität München, 85748 Garching, Germany —
2Institute for Solar Energy Research Hamelin, Am Ohrberg 1, 31860
Emmerthal, Germany
The morphology and the electronic properties of nano-textured silicon,
obtained by a metal-catalyzed wet etching process and its improve-
ment by an additional chemical treatment are examined with regard
to solar cell applications. Photoluminescence and optical reflectivity
measurements show evidence for a nano-porous silicon (np-Si) phase
in the as-prepared nanostructure. It is found that an additional wet-
chemical treatment removes the np-Si fraction and significantly alters
the surface of the nanostructure. Cross-sectional scanning electron
microscopy images reveal a drastic reduction of the surface area, to
values of only 3 - 6 times of that of a planar surface. Electron spin
resonance measurements were performed to investigate the type and
quantity of defects induced by the nano-texturing process. First re-
sults on the passivation of surface defects via atomic layer deposition
of Al2O3 are presented. Photoconductance decay measurements of
passivated nanostructures, which received the additional post-etching
treatment, show a significant increase in effective carrier lifetimes.

CPP 46.12 Fri 12:15 H2
Surface morphology of black silicon produced by metal-
catalyzed wet etching — ∙Maximilian Bernt, Michael Al-
gasinger, Svetoslav Koynov, and Martin Stutzmann — Walter
Schottky Institut, Technische Universität München, 85748 Garching,
Germany
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Nano-textured silicon, also referred to as black silicon (b-Si), is a ma-
terial with an optically graded surface, which shows reflectivity as low
as 1 - 5 % in the whole range of Si absorption and additional light
trapping effects. Due to its unique optical properties, b-Si is an inter-
esting material for photovoltaic applications. However, b-Si produced
by Au-catalyzed wet etching of crystalline Si (c-Si) wafers exhibits a
nano-porous silicon (np-Si) phase in the as-prepared nano-structure.
This np-Si phase leads to an increased surface area which could al-
ter the electrical properties significantly. The formation of the nano-
texture was investigated at different stages of the etch process by cross
sectional scanning electron microscopy. The evolution of the np-Si
phase with increasing etch time was observed by photoluminescence
and optical reflectivity measurements. In addition, the influence of
the doping level of n- and p-type c-Si substrates on the etch process
and the morphology of the resulting nano-texture was studied.

CPP 46.13 Fri 12:30 H2
Valence band offsets estimation of Al2O3 films on silicon by
XPS and UPS measurements — ∙Johannes Ziegler1, Volker
Naumann2, Martin Otto1, Alexander Sprafke1, and Ralf B.
Wehrspohn1,3 — 1Martin-Luther-University Halle-Wittenberg, In-
stitute of Physics, Halle, Germany — 2Fraunhofer Center for Silicon
Photovoltaics CSP,Halle, Germany — 3Fraunhofer Institute for Me-
chanics of Materials Halle, Halle, Germany
A quantitative measurement of valence band offsets in isolator-
silicon junctions might help to realize heterojunction devices such like
semiconductor-isolator-semiconductor (SIS) solar cells. We measured
XPS and UPS spectra of thin (2–50 nm thick) Al2O3 films deposited
on silicon by thermal ALD. The valence band offsets of these struc-
tures are estimated from the XPS spectra using the method of Kraut
et.al. [1] . A slight trend in the valence band offsets 3.3–4.5 eV with
increasing film thickness 2–50 nm was calculated from the XPS spec-
tra. To estimate the valence band offsets from the UPS spectra 3.3–3.4
eV of 2–10 nm thick Al2O3 on silicon, a simple straight forward ap-
proach based on linear regression of the spectra on the band edges is
used. We compare the results of both measurements and discuss pos-
sible sources for the measured increase of the valence band offset with
increasing Al2O3 film thickness.

[1] A. Kraut, R. W. Grant, J. R. Waldrop and S.
P. Kowalczyk, Phys. Rev. Lett. 44,p.1620 (1982),
http://link.aps.org/doi/10.1103/PhysRevLett.44.1620

CPP 46.14 Fri 12:45 H2
Charge trapping in Al2O3 passivation layers for silicon solar
cells — ∙Paul Jordan1, Frank Benner1, Ingo Dirnstorfer1, and
Thomas Mikolajick1,2 — 1NaMLab gGmbH, Dresden, Germany —
2Lehrstuhl für Nanoelektronische Materialien, TU Dresden, Dresden,
Germany
Novel highly efficient silicon solar cells require an excellent level of sur-
face passivation, to minimize recombination losses of photo-generated
carriers. During the last decade, the dielectric Al2O3 became the ma-
terial of choice for the passivation of p-type silicon. The excellent
passivation properties are mainly caused by negative charges located
within the dielectric. In this study the origin of the negative charges is
investigated using capacitance-voltage and microwave detected photo-
conductivity measurements. It will be shown that the negative charges
are partly caused by electrons, injected from silicon into the dielectric.
The trapping dynamics are analyzed by the means of the post program
discharge technique, which is commonly applied for memory devices.
Furthermore, the trapping and detrapping rates depend on the thick-
ness of the ultra-thin SiO2 interface between Si and Al2O3. For an

interface thickness of about 2 nm, the asymmetry of trapping and de-
trapping rates significantly enhances the negative charge density. As
a consequence an optimum interface thickness is essential for the ex-
cellent passivation property of Al2O3.

CPP 46.15 Fri 13:00 H2
Investigation of carrier traps in pn-junctions of fully-
processed silicon photovoltaic cells — ∙Teimuraz Mchedlidze,
Leopold Scheffler, and Jörg Weber — Technische Universität
Dresden, 01062 Dresden, Germany
Mesa-diodes with a surface area about 1 mm2 and a height of 50 𝜇m
were fabricated on top of fully-processed Si photovoltaic-cell wafers for
detection and investigation of carrier traps in pn-junctions. All fabri-
cation steps were performed at room temperature and fully preserved
the initial structure of the cell inside the mesa-diode. Schottky diodes
were fabricated on neighbor locations of the wafers after etching off the
PV-cell structure to a depth of 50 𝜇m. The DLTS spectra detected
for the mesa- and Schottky-diodes show significant difference, namely
the deep carrier traps detected in the mesa-structures were below the
detection limit in the Schottky-diodes. Profiling of the trap density for
the mesa-diodes showed a steep decrease with increasing distance from
the pn-junction. Parameters of the detected traps, their possible origin
and reasons for the differences between spectra detected for mesa- and
Schottky-diodes are presented and discussed.

CPP 46.16 Fri 13:15 H2
Iron acceptor association in compensated multicrystalline sil-
icon — ∙Christian Möller1,2, Kevin Lauer1, Fabien Gibaja3,
Til Bartel3, and Fritz Kirscht3 — 1CiS Forschungsinstitut für
Mikrosensorik und Photovoltaik GmbH, SolarZentrum Erfurt, Konrad-
Zuse-Str. 14, 99099 Erfurt, Germany — 2TU Ilmenau, Institut für
Physik, Weimarer Str. 32, 98693 Ilmenau, Germany — 3Calisolar
GmbH, Magnusstraße 11, 12489 Berlin
Monitoring the acceptor concentration in compensated multicrystalline
silicon by a minority-charge carrier lifetime measurement is applicable
for production control due to the fast and easy lifetime measurement.
The iron acceptor pair association is studied for several acceptors po-
sition dependent over the whole height of a compensated multicrys-
talline ingot. Acceptor pair and height dependent induced differences
in the defect kinetics are visible. The calculated position depending
doping concentrations of several ingots from charge carrier lifetime
measurements are discussed and compared with the expected doping
concentration calculated via Scheil equation.

CPP 46.17 Fri 13:30 H2
Femtosecond laser processed sulfur-emitter solar cells
— ∙Thomas Gimpel1, Kay-Michael Günther2, Anna Lena
Baumann1, Wolfgang Schade1, and Stefan Kontermann1 —
1Fraunhofer Heinrich Hertz Insitute, EnergieCampus, Am Stollen 19B,
38640 Goslar, Germany — 2Energieforschungszentrum Niedersachsen,
EnergieCampus, Am Stollen 19B, 38640 Goslar, Germany
A simple fs-laser process enables structuring and sulfur incorporation
simultaneously. This process is applied on a single side to different sil-
icon substrates independent from the crystal structure. Without any
advanced solar engineer processes like passivation, dopant source layer
deposition, its diffusion and removal, efficiencies of 8.2% are achieved,
at present. Due to an incorporated intermediate band this material
has the potential to convert infrared light even at wavelengths below
the silicon band gap. New applications e.g. in a crystalline silicon
tandem solar cell are under development.

CPP 47: Charged Soft Matter

Time: Friday 9:30–12:00 Location: H34

Invited Talk CPP 47.1 Fri 9:30 H34
Ion transport in polyelectrolyte materials: Mechanisms and
general scaling concepts — ∙Monika Schönhoff, Cornelia
Cramer, Souvik De, and Amrtha Bhide — University of Muen-
ster, Münster, Germany
Polyelectrolyte multilayers (PEM) and polyelectrolyte complexes
(PEC) are interesting materials for application as ion conductors, as
they can be tuned with defined thickness or defined stoichiometry, re-

spectively. Ac conductivity spectra characterize the ionic transport
processes over many decades of frequency, providing a full picture of
long-range as well as local motions. In temperature-dependent spectra
of dry PEC the time-temperature superposition principle (TTSP) is
shown to be valid. For spectra taken at different relative humidity a
new scaling principle in analogy to TTSP termed time-humidity su-
perposition principle is established. This model-free scaling holds for
different materials over several decades in frequency. It implies that
the hydration is activating ion motion over short and long distances
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in a similar general way, a concept so far only established for thermal
energy.

CPP 47.2 Fri 10:00 H34
Single molecule investigation of complexes of oppo-
sitely charged bottle brushes — ∙Ivan Raguzin1,2, Georgi
Stoychev1,2, and Leonid Ionov1 — 1Leibniz-IPF Dresden, 01069
Dresden, Germany — 2TU Dresden, 01062 Dresden, Germany
We experimentally investigated complexation of oppositely charged
bottle polymer brushes at the single-molecule level using AFM
and CryoTEM. It was found that polyelectrolyte complexes have
”scrambled-egg” morphology where oppositely charged polymer chains
are not oriented parallel to each other but are intercrossed. More-
over, we observed that in CryoTEM polymer chains in IPEC appear
brighter compared to the background that is in contrast to darker poly-
mer chains of the individual components. We believe that the reason
for this effect is the release of counter ions of the polymer brushes due
to the neutralization of the charged side groups of the polymer chains
[1].
[1] Soft Matter, 2013, Advance Article

CPP 47.3 Fri 10:15 H34
Substrate Dominated versus Bulk Phase Dominated Poly-
electrolyte Multilayer: The Swelling Effect — ∙Maximilian
Zerball and Regine von Klitzing — Institute of Chemistry,
Stranski- Laboratorium, TU Berlin, 10623 Berlin, Str. 17.Juni 124
For the past twenty years, the Layer-by-Layer technique (LbL) has
made it possible to modify surfaces by covering them with thin films.
This technique gives the opportunity for a wide variety of potential
applications for polyelectrolyte multilayers (PEM), for example chem-
ical reactors, antireflective coatings or microcontainers. For all these
applications, it is from greatest interest to control thickness and struc-
ture of the film perfectly. Additionally it is important to know how
external stimuli change the film properties.

The thickness, more precisely the distance of the film/air interface
away from the substrate influences the structure of the film. For the
initial layers the structure is mainly influenced by the chemical na-
ture of the substrate. After a certain number of layers the effect of
the substrate vanishes completely and the PEM properties are mainly
dominated by the bulk behavior of the polyelectrolyte system. Fur-
ther, these structure changes influencing the swelling behavior of the
PEM.

This study is focusing on the correlation between the structure and
the swelling behavior of PEM in these two different regimes. For that
purpose, the properties of the PEM are monitored after the deposition
as a function of the number of layers by Ellipsometry, Atomic Force
Microscopy and X-Ray Reflectometry under different relative humid-
ity.

CPP 47.4 Fri 10:30 H34
Self assembly of block copolymer films in confined geometries,
electric fields and epitaxy. — ∙Ulrich Welling and Marcus
Müller — Institut für theoretische Physik, Friedrich-Hund Platz 1,
37075 Göttingen
Strategies for controlling the orientation and defect density in self-
assembled structures of copolymers have attracted abiding interest.
Using Single-Chain-in-Mean-Field Monte-Carlo simulations we study
the influence of inhomogeneous electric fields on the self-assembled
morphologies of symmetric, lamella-forming copolymer. We present
results on the influence of electric fields and the effect of solved ions
on the ordering kinetics in thin films and on chemically patterned sub-
strates.

CPP 47.5 Fri 10:45 H34
Rotational and translational diffusion of ionic liquids confined
in nanoporous silica — ∙Ciprian Ghiorghita Iacob, Joshua San-
goro, Wycliffe Kipnusu, Jörg Kärger, and Friedrich Kremer
— Institute of Experimental Physics I, Leipzig, Germany
Charge transport and glassy dynamics of several classes of ionic liquids
confined in uni-directional nanoporous silica membranes are investi-
gated in a wide frequency and temperature range by a combination
of Broadband Dielectric Spectroscopy (BDS), Pulsed Field Gradient
Nuclear Magnetic Resonance (PFG NMR) and Fourier Transform In-
frared spectroscopy (FTIR). Two opposite effects are observed: (i) sur-
face effects and (ii) confinement effects. More than 10-fold systematic
decrease in the effective diffusion coefficient (for HMIM+ -based ionic

liquids with PF6 -, I-, Cl-, Br- anions) from the bulk value is observed
in the silica nanopores. For a second category of ILs including BF4-
and NTf2 -based ionic liquids, it is experimentally demonstrated that
the ionic mobility at lower temperatures is enhanced by more than
two decades under nano-confinement in comparison to the bulk value.
In summary, the resultant macroscopic transport properties of glass-
forming ionic liquids in confining space are determined by a subtle
interplay between surface- and confinement- effects [1-4].

References: [1]. Iacob, C., (2008) J. Chem. Phys., 129 (23) 234511,
[2]. Iacob, C., et al. (2010). Phys. Chem. Chem. Phys., 12, 13798-
13803, [3]. Iacob, C., et al. (2011). Soft Matter, 8, 289-293, [4].
Kremer, F., Schönhals, A.,(2003) Broadband Dielectric Spectroscopy.
, Berlin: Springer.

CPP 47.6 Fri 11:00 H34
Understanding microscopic processes in ionic liquids via MD-
simulations — ∙Volker Lesch and Andreas Heuer — Westfälis-
che Wilhelms-Universität Münster, Münster, Germany
Ionic liquids are promising candidates for electrolyte applications. One
disadvantage is the slow lithium diffusion so improvements related to
this property would be very useful. To investigate such transport pro-
cesses, we employ MD-simulations as a powerful tool for a microscopic
analysis.

Here we compare the properties of bis(fluorosulfonyl)imide (FSI)
and bis(trifluoromethylsulfonyl)imide (TFSI). Although both anions
are quite similar their properties are surprisingly different. More specif-
ically, our research consists out of two parts. First, we study systems
with the same counterion for lithium and EMIM. Many research groups
only work on these systems because they cover different voltage ranges.
In our investigations we focus on dynamical and structural properties.
As one would expect the dynamics of the system which contains TFSI
is much slower. This is related to stronger bonds between TFSI and
lithium ions and an enhanced viscosity due to the sterical demands of
TFSI. Second, we analyzed systems with mixed anions (ratio 1:0.29).
These systems combine the properties of the two anions but unfortu-
nately the electrochemical stability window decreases. Especially, the
effects of FSI on TFSI and vice versa are of particular interest. In-
creasing the amount of TFSI leads to a faster dynamic for TFSI and
slower dynamics for FSI. This contrasts to the results for the systems
with the same counterion for both cations.

CPP 47.7 Fri 11:15 H34
Impedance spectroscopy of ions at liquid-liquid interfaces —
∙Andreas Reindl, Markus Bier, and S. Dietrich — Max Planck
Institute IS, Stuttgart, Germany, and University of Stuttgart, Ger-
many
We consider theoretically the dynamics of the ions in electrolytic cells
with liquid-liquid interfaces by using dynamic density functional the-
ory. This approach leads to a generalized Nernst-Planck equation the
solutions of which are used to determine the experimentally accessible
quantities impedance and dielectricity. We could find alternative cir-
cuits consisting only of the classic components ohmic resistance and
capacitance which approximate the calculated spectra very well. Sup-
ported by the circuits, statements about the ion dynamics at the in-
terface are possible for all frequencies.

CPP 47.8 Fri 11:30 H34
An ionic force field optimization approach: single- and ion-
pair thermodynamic properties — ∙Maria Fyta1,2 and Roland
Netz2,3 — 1Institut für Computerphysik, Universität Stuttgart, Ger-
many — 2Department Physik, Technische Universität München, Ger-
many — 3Fachbereich Physik, Freie Universität Berlin, 14195 Berlin,
Germany
We propose a novel approach to derive well optimized classical ionic
force fields. For this optimization we include single-ion as well as ion-
pair thermodynamic properties simultaneously. Our newly optimized
force fields for different halide and alkali ions are derived in conjunction
to the SPC/E water model at finite ion concentration. We first fix ion-
water parameters based on single-ion solvation free energies, and in a
second step determine the cation-anion interaction parameters (tradi-
tionally given by the mixing rules). From the finite-concentration sim-
ulations, thermodynamic properties, such as the osmotic coefficients
of the salt solutions are calculated and compared to relevant experi-
mental data. For the size-symmetric salt solutions involving bromide
and chloride ions, this scheme using the standard mixing rules works
fine, but not for the iodide and fluoride solutions, which correspond
to the largest and smallest anion we have considered and require a
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rescaling of the mixing rules. Our results show that for iodide, the
experimental activities suggest more tightly bound ion pairing than
given by the standard mixing rules. For fluoride, the simulations show
a large attraction between fluoride and cations. We finally, discuss the
transferability of the proposed ionic force fields.

CPP 47.9 Fri 11:45 H34
Why ions promote first-order wetting — ∙Ingrid Ibagon,
Markus Bier, and S. Dietrich — Max-Planck-Institut für Intel-
ligente Systeme, Stuttgart, Germany
Wetting studies of electrolyte solutions have shown that electrostatic

interactions promote first order wetting transitions [1,2,3]. In this work
we present an analytic expression of the effective interface potential
within a model for an electrolyte solution near a charged wall, which
is derived from an expansion of the density functional around a sharp
kink density profile [4]. The analysis enables us to draw an intuitive
picture of the conditions under which the presence of ions will promote
first-order wetting.

[1] N. A. Denesyuk and J.-P. Hansen, J. Chem. Phys. 121, 3613
(2004).

[2] A. Oleksy and J.-P. Hansen, Mol. Phys. 107, 2609 (2009).
[3] I. Ibagon, M. Bier, and S. Dietrich, in preparation.
[4] I. Ibagon, M. Bier, and S. Dietrich, in preparation.

CPP 48: (Hydro)gels and Elastomers

Time: Friday 9:30–12:00 Location: H39

Invited Talk CPP 48.1 Fri 9:30 H39
The distribution of segmental order in polymer networks —
∙Michael Lang1 and Jens-Uwe Sommer1,2 — 1Leibniz Institut für
Polymerforschung Dresden, Hohe Straße 6, 01069 Dresden — 2Institut
für Theoretische Physik, Technische Universität Dresden, 01062 Dres-
den
The monomer fluctuations and the distribution of segmental order is
derived for a slip tube model of polymer entanglements assuming ran-
dom walk statistics of the tube sections [M. Lang, J.-U. Sommer, Phys-
ical Review Letters 104 (2010) 177801]. The predictions are compared
with simulation data of model networks that were created using the
bond fluctuation method. The comparison reveals that local fluctu-
ations of the tube statistics do not affect the distribution function
as averaged over the full sample. Instead, length fluctuations of the
confining tube control the shape of the distribution function. Further-
more, a narrowing of the distribution function is determined, if the
cross-linking occurs on the time scale of the relaxation of the network
strands. Almost instantaneously cross-linked poly-disperse samples do
not show this narrowing and are well described by tube length fluctu-
ations that agree to previous work on the dynamics of melts of star
polymers. The difference between the stress optical law and the time
average segment orientations is discussed and our results are compared
to previous simulation studies in literature.

CPP 48.2 Fri 10:00 H39
Local chain deformation and stress distributions in strained
elastomers — Maria Ott1, Roberto Pérez-Aparicio2, Horst
Schneider1, Paul Sotta2, and ∙Kay Saalwächter1 — 1Institut
f. Physik-NMR, Martin-Luther-Univ. Halle-Wittenberg, Betty-
Heimann-Str. 7, D-06120 Halle, Germany — 2Laboratoire Polymères
et Matériaux Avancés, CNRS/Rhodia, Saint Fons, France
Macroscopic strain applied to elastomeric networks induces changes
in the orientation fluctuations of the chain segments [1]. This effect
can be used to study the local stretching of elastically active chains
by suitable NMR methods [2]. Importantly, the method also reveals
inhomogeneities, i.e., distributions in local stress, which is particular
relevant for elastomers filled with (nano)particles. We have studied a
series of natural rubber samples with different cross-link densities and
amounts of filler particles. The data is incompatible with predictions of
the well-established affine-Gaussian model [3], but can be reproduced
on the basis of more recent treatments of the local deformation based
upon the tube and phantom models. For the first time, we demonstrate
the existence of matrix overstrain in commercially relevant filled elas-
tomers in agreement with simple hydrodynamic predictions.

[1] J.-U. Sommer et al., Phys. Rev. E 78, 051803 (2008)
[2] K. Saalwächter, Prog. Nucl. Magn. Reson. 51, 1-35 (2007)
[3] P. Sotta, B. Deloche, Macromolecules 23, 1999-2007 1990)

CPP 48.3 Fri 10:15 H39
Elastic properties of squeezed spheres made of superab-
sorbers — ∙Thomas John and Christian Wagner — Experimen-
talphysik, Universität des Saarlandes
Superabsorbent polymers may absorb pure water up to 500 times its
weight. Granulates of mm size can swell up to perfect spheres with
up to 20 mm in diameter. The perfect spherical symmetry may be a
combination of surface tension and inner pressure. Compressing of the
spheres between two plates yields a force-strain relation. We present

a model to calculate this force strain relation. The model conserves
the volume and the restoring force is caused by the change of surface
area made from the deformation. This is opposite to the Hertzian the-
ory in contact mechanics, within the elastic modulus of the material
plays the important role. Our model calculations are compared with
experimental obtained force-strain data.

[1] Lu, W.-M. et al, Powder Technology 116, 1, (2001). [2] Lin, Y.-L.
et al, Chemical Engineering Science 63, 195, (2008).

CPP 48.4 Fri 10:30 H39
Investigation of a multiresponsive hydrogel based on
poly(methoxydiethylenglycol acrylate) (PMDEGA) with
azobenzene moieties — ∙David Magerl1, David Egger1, Anna
Miasnikova2, André Laschewsky2, Christine M. Papadakis1,
and Peter Müller-Buschbaum1 — 1TU München, Physik Depart-
ment, Lehrstuhl Funktionelle Materialien, James-Franck-Str. 1, 85748
Garching, Germany — 2Institut für Chemie, Universität Potsdam,
Karl-Liebknecht-Str. 24-25, 14476 Potsdam-Golm, Germany
Stimuli-responsive hydrogels are of increasing interest because of their
use in a variety of applications such as drug-delivery and sensors. In
this context hydrogels that are responsive to one external stimulus like
temperature, as it is the case for poly(methoxydiethylenglycol acry-
late) (PMDEGA), are widely studied. [1] By addition of moieties of
azobenzene groups to form a statistical copolymer, a second stimulus,
namely light, can be added to the system.

In this study we are investigating in the complex interplay between
the temperature and light sensitive properties in the P(MDEGA-stat-
azoMDEGA) system with varied azoMDEGA content. Dynamic light
scattering is used to probe the hydrodynamic radius in aqueous solu-
tions. On the other hand, white light interferometry gives access to
the time-resolved swelling behavior in thin films at the presence of a
water vapor atmosphere.

[1] Zhong, Q., et al., Soft Matter, 2012. 8(19): p. 5241-5249.

CPP 48.5 Fri 10:45 H39
Evaluation of Fluorophore-Functionalized Thermoresponsive
Copolymers for Sensor Applications — ∙Sahika Inal1, Jonas
D. Kölsch2, Leonardo Chiappisi3, Dietmar Janietz4, Michael
Gradzielski3, André Laschewsky2, and Dieter Neher1 — 1Inst.
of Physics and Astronomy, Univ. of Potsdam, Germany — 2Dept.
of Chemistry, Univ. of Potsdam, Germany — 3Stranski-Laboratory,
Dept. of Chemistry, TU Berlin, Germany — 4Fraunhofer Inst. for
Applied Polymer Research, Potsdam, Germany
Water-soluble polymers respond to changes in solution temperature
by altering their conformation [1]. Although the fundamental mech-
anisms leading to these solubility transitions are comparable for the
most studied LCST-type polymers, e.g., poly(N-isopropylacrylamide)
(pNIPAm) and oligo(ethylene glycol) methacrylate (OEGMA) based
copolymers, each type of polymer backbone has a peculiar solvation
behavior and experiences different changes in the micro-environment
upon phase transition. Here, we investigate the solubility transition
behavior of NIPAm- and OEGMA-based copolymers bearing a dye-
functionalized comonomer through their temperature-dependent pho-
tophysical properties. With the polarity-sensitive dye incorporated to
the side chains, the emission spectra of these copolymers are expected
to undergo similar changes upon phase transition. However, the two
dye-labeled polymers exhibit rather different fluorescence responses,
pointing to particular solvation properties of acryl amide and ethylene
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oxide based polymers, and rendering them useful for different sensing
strategies. [1] V. O. Aseyev et al., Adv. Polym. Sci. 2006, 196, 85.

CPP 48.6 Fri 11:00 H39
Immobilization of water soluble peroxidase within p- NI-
PAM microgel particles for the usage in organic solvents —
∙Kornelia Gawlitza1, Radostina Georgieva2, and Regine von
Klitzing1 — 1Stranski-Laboratorium, Institut für Chemie, Technis-
che Universität Berlin — 2Charité Universitätsmedizin Berlin, Depart-
ment of Enzyme Technology
Enzymes are of high research interest in the field of catalysis. To
reach a high stability in the presence of organic solvents, enzymes can
be immobilized within a polymer matrix. Microgel particles made
of poly- N-isopropylacrylamide (p-NIPAM) are promising as polymer
matrix due to their reversible shrinking above the volume phase tran-
sition temperature (VPTT). In this study, large p-NIPAM microgels
with a cross-linker content of 0.25% were synthesized via surfactant
free emulsion polymerization using a temperature ramp[1]. The poly-
mer particles were characterized by Dynamic Light Scattering (DLS)
and Atomic Force Microscopy (AFM). Afterwards, water soluble per-
oxidase was immobilized within the polymer network using a solvent
exchange from polar to organic solvents[2],[3]. The immobilized sys-
tem shows an enhanced activity in isopropanol and the localization of
the enzymes has been proven by confocal laser scanning microscopy
(CLSM). [1] Meng, Z.; Smith, M. H.; Lyon, L. A. Colloid. Polym. Sci.
2009, 287, 277. [2] Gawlitza, K.; Wu, C.; Georgieva, R.; Wang, D.;
Ansorge- Schumacher, M.-B.; Klitzing, v. R. Phys. Chem. Chem.
Phys. 2012, 14, 9594. [3] Gawlitza, K.; Wu, C.; Georgieva, R.;
Ansorge-Schumacher, M.-B.; Klitzing, v. R. Z. Phys. Chem. 2012,
226, 749

CPP 48.7 Fri 11:15 H39
Mechanical properties of magneto-sensitive elastomers: mi-
croscopic theory versus continuum-mechanics approach
— ∙Dmytro Ivaneyko1,2, Vladimir Toshchevikov2, Marina
Saphiannikova2, and Gert Heinrich1,2 — 1Technische Universität
Dresden — 2Leibniz-Institut für Polymerforschung Dresden e.V.
We compare predictions of continuum-mechanics approach and our
microscopic theory [1,2] for the mechanical behaviour of magneto-
sensitive elastomers (MSEs) under a uniform external magnetic field.
The continuum-mechanics approach is based on the calculation of
deformation-dependent demagnetization factor and predicts the elon-
gation of MSEs. The microscopic theory explicitly considers the point-
like dipole interactions between magnetic particles and gives a different
sign of the magnetostriction depending on the spatial distribution of
particles [1,2]. Also, the sample shape plays an essential role in the
mechanical properties of MSEs. We show that the microscopic the-
ory predicts the same results as continuum-mechanics approach in the
case of ellipsoidal MSE samples with isotropic particle distributions.
Moreover, the values of demagnetization factor are found to be the
same for stochastic and isotropic lattice distributions. They change
however considerably for chain-like particle distributions. Generaliza-
tion of the continuum-mechanics approach for the case of anisotropic
particle distributions is currently in progress.

[1] D. Ivaneyko et al., Macromolecular Theory and Simulations 20,

411 (2011).
[2] D. Ivaneyko et al., Condensed Matter Physics 15, 33601(2012).

CPP 48.8 Fri 11:30 H39
Computer Simulations of Magnetic Gels — ∙Rudolf Weeber1,
Sofia Kantorovich2,3, and Christian Holm1 — 1Institut fuer
Computerphysik, Universitaet Stuttgart, Allmandring 3a, 70569
Stuttg — 2Sapienza, University of Rome, Iazza A. Miro 5, 00185 Italy
— 3Ural Federal University, Lenin Av. 51,Ekatarinburg, 620083 Russia
Magnetic gels consist of magnetic nano-particles embedded in a cross-
linked polymer network. They have potential applications ranging
from medicine to engineering, e.g., drug release systems and artificial
muscles. These applications rely on the combination of the mechani-
cal properties of the polymer network with the ability to modify and
control the sample with external magnetic fields due to the embedded
magnetic nano-particles.

Today, many aspects of the synthesis of ferrogels are understood
and the properties of gels can be characterized and tailored. How-
ever, many questions concerning the microstructure and its influence
on macroscopic properties of magnetic gels are still open. Here com-
puter simulations can help since they allow to study simplified model
systems which focus on certain characteristic features of the material.

In this contribution we present a computer model for a gel, which
is cross-linked by magnetic nano-particles. When the nano-particles
orient to align to an external field, they drag the polymer chains at-
tached to them and thereby deform the gel. In the presentation, we
will explore the deformation mechanism in two and three dimensions
as well as the elastic properties of the system.

CPP 48.9 Fri 11:45 H39
Large-strain detection using elastomeric sensors — ∙Tina
Meißner, Matthias Kollosche, and Reimund Gerhard — Uni-
versität Potsdam, Institut für Physik und Astronomie, Potsdam, Ger-
many
Electroactive polymers (EAP) and soft stretchable conductors have
been studied extensively to develop voltage-tunable dielectric elas-
tomer actuators (DEA) that can achieve large deformations at low
voltage. However, the advantages of this DEA technology can also be
used for strain-sensing solutions. While conventional strain sensors,
e.g. made of piezoelectric materials, are limited to strains not exceed-
ing 2 to 3% due to their mechanical properties, elastomeric sensors are
able to detect both small and large strains, up to 300%. Furthermore,
they offer the advantages of high sensitivity in the low-stress regime,
fast response times, low power consumption, and good weathering sta-
bility.

The proposed capacitive strain sensor consists of a dielectric elas-
tomer film sandwiched between highly stretchable polymeric elec-
trodes. Its functional principle is based upon the coupling between
mechanical deformations and changes in the sensor’s capacitance. We
present experimental strategies to enable large reversible mechanical
deformations as well as the use of ceramic/polymer nano-composites
and molecular composites to adjust strain sensitivity and durability.
One potential application is demonstrated on large-scale experiments:
the sensor serving as a diagnostic tool for the structural health of in-
frastructural facilities.

CPP 49: Colloids and Complex Liquids III

Time: Friday 9:30–12:00 Location: H40

Invited Talk CPP 49.1 Fri 9:30 H40
Interface-controlled property adjustment in ionic liq-
uid/inorganic hybrid materials — ∙Andreas Taubert — Uni-
versity of Potsdam
Ionic liquids (ILs) have classically been used as solvents, for extrac-
tion, and catalysis. Materials synthesis and the adjustment of the
properties of IL/inorganic and IL/polymer hybrid materials (ionogels)
by tuning the interaction between an IL and the host material have
recently attracted growing interest.

The advantage of ILs is that, by virtue of the large number of
available IL components, their properties such as ionic conductivity
or phase behavior can be adjusted.

Among others, IL-based hybrid materials are attractive candidates,
for example, as membranes in fuel cells or batteries, in hybrid magnetic

materials, or in multiresponsive materials. In order to understand,
control, adapt, and extend the application of ionogels, the parame-
ters controlling the structure, thermodynamics, phase behavior, and
transport properties within the ionogels must be known.

The presentation will highlight some recent approaches towards
quantification of these and other properties and highlight new develop-
ments towards transport of protons and ions in these highly complex
nanostructured materials that could be of relevance for, e.g., energy
research.

CPP 49.2 Fri 10:00 H40
In situ high pressure XPS for ionic liquid - gas phase re-
action studies — ∙Inga Niedermaier1, Wei Wei2, Christian
Papp1, Claudia Kolbeck1, Sandra Krick Calderòn1, Florian
Maier1, Peter Schulz2, Peter Wasserscheid2, and Hans-Peter
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Steinrück1 — 1Lehrstuhl für Physikalische Chemie II — 2Lehrstuhl
für Chemische Reaktionstechnik, Egerlandstr. 3, 91058 Erlangen
Ionic liquids (ILs) are molten salts composed solely of ions with a
melting point below 100 ∘C and a negligible vapour pressure at room
temperature. X-ray photoelectron spectroscopy (XPS) has proven to
be a versatile tool for surface investigations of these materials under
ultrahigh vacuum conditions (UHV).[1] It even allows to monitor reac-
tions occurring in the near-surface region of ILs.[2] We demonstrate to
our knowledge the first gas-liquid reaction studies between an IL and a
gaseous species by means of in situ XPS in the mbar pressure regime.
The anion of the IL [Me2N+(CH2CH2OH)2][H2NCH2CH2SO3

−] was
functionalised with an amine group (H2N−), in analogy to aqueous
amine systems for carbon dioxide capture applications. ILs are con-
sidered as potential replacements for these aqueous amines due to the
extremely low vapour pressure and their typically high thermal stabil-
ity. Under CO2 pressures up to 0.9 mbar, in situ XPS reveals reaction
schemes involving carbamate and ammonium formation via carbamic
acid as an intermediate. Supported by the Cluster of Excellence -
Engineering of Advanced Materials. 1. H. P. Steinrück, Phys Chem
Chem Phys, 2012, 14, 5010 2. I. Niedermaier et al., Chemphyschem,
2012, 13, 1725

CPP 49.3 Fri 10:15 H40
Self Assembly in a Magnetic Room Temperature Ionic Liquid
(MRTIL) — ∙Andreas Klee1, Sylvain Prevost1,2, and Michael
Gradzielski1 — 1Stranski Laboratorium für Physikalische und The-
oretische Chemie, TU Berlin, Straße des 17. Juni 124, 10623 Berlin,
Germany — 2Helmholtz-Zentrum Berlin für Materialien und Energie,
Glienicker Straße 100, 14109 Berlin, Germany
Magnetic room-temperature ionic liquids (MRTIL) are a specific class
of RTIL where an ion confers a magnetic susceptibility to the liquid,
which in turn exhibits a paramagnetic behavior. The first occurrence
of this new class of liquid media was discovered in 2004 [1, 2] based
on the organic cation 1-butyl-3-methylimidazolium (bmim+) and the
anion tetrachloroferrate (FeCl−4 ). Thanks to the high spin FeCl−4 ,
a small magnet is enough to modify the meniscus of the fluid, and
stronger macroscopic effects are visible when the surface tension is re-
duced. MRTIL can be used as a solvent for self assembly of surfactant
systems which leads to structures like micelles, liquid crystals, macro-
and microemulsions including magnetic properties [3]. New insights
into the nature of self assembly by studying these water-free, aprotic
systems are expected. [1] S. Hayashi and H. O. Hamaguchi, Chem.
Lett., 33, 1590-1591, (2004) [2] S. Hayashi et al., IEEE Trans. Magn.,
42, 12-14, (2006) [3] A. Klee, S. Prevost, W. Kunz, R. Schweins, K.
Kiefer, M.Gradzielski, Phys. Chem. Chem. Phys., 14, 15355-15360,
(2012)

CPP 49.4 Fri 10:30 H40
Magneto-optical measurement of the rotational relaxation of
nickel nanorod colloidal dispersions in ac magnetic fields —
∙Micha Gratz, Andreas Tschöpe, and Rainer Birringer — Uni-
versität des Saarlandes, Saarbrücken, Deutschland
The dynamical magnetic and magneto-optical response of nickel
nanorod colloidal dispersions in ac magnetic fields was investigated.
The nanorods with an average diameter of ≈ 25nm and an aver-
age length of ≈ 200nm, were prepared by pulsed electrodeposition
of nickel into nanoporous AA0-templates. Dissolution of the alumina
layer in dilute NaOH with polyvinylpyrrolidone (PVP) for steric sta-
bilization followed by separation and purification resulted in a sta-
ble aqueous dispersion of the nanorods. The microstructure of the
nanorods was characterized by electron microscopy and the magnetic
properties were optained from static magnetization measurements and
field-dependent optical transmission of linearly polarized light. Fur-
thermore, the rotational relaxation in ac magnetic fields was investi-
gated by ac-magnetization and ac-magneto-optical transmission mea-
surements. The experimental results were analyzed by comparison
with numerical solutions of the Fokker-Planck equation of rotational
diffusion in ac magnetic fields to derive the characteristic relaxation
time of the nanorods.

CPP 49.5 Fri 10:45 H40
Systems of magnetic anisotropic particles: microstruc-
ture and macroproperties — ∙Elena Pyanzina1 and Sofia
Kantorovich1,2 — 1Ural Federal University, Lenin av. 51, 620000,
Ekaterinburg, Russia — 2Sapienza, University of Rome, Piazza A.
Moro 5, 00185, Rome, Italy

Anisotropic particles form the cutting edge of dipolar soft matter re-
search as they correspond completely to the idea of fine tuning and
designing new materials with controllable properties. In this contribu-
tion we present a theoretical study and computer simulations of the
microstructure and macroproperties of magnetic ellipsoids and cylin-
ders. As the first step, the analysis of the possible ground state struc-
tures (the most energetically favoured configurations at 0 K) for two
and three dimensions is carried out. Then, we propose a method of
calculating analytically the pair correlation function for the combina-
tion of Gay-Berne and magnetic dipole-dipole potential based on the
group integral technique. An extensive comparison of the theoretical
model and the results of molecular dynamics simulations for differ-
ent semi-axes ratios demonstrated a very good agreement for two and
three dimensions for both types of the particles. We conclude, that
even slight shape anisotropy can lead to the drastic change in the mi-
crostructure and, as a result in macroscopic responses of the system.
Changing the asphericity of particles and their density both the ground
states and the equilibrium room temperature properties can be tuned
and effectively controlled.

CPP 49.6 Fri 11:00 H40
Colloidal particles at liquid interfaces — ∙Jens Harting, Ste-
fan Frijters, and Florian Günther — Department of Applied
Physics, Eindhoven University of Technology, Den Dolech 2, 5600MB
Eindhoven
Emulsions stabilized by particles are ubiquitous in the food and cos-
metics industry, but our understanding of the influence of microscopic
fluid-particle and particle-particle interactions on the macroscopic rhe-
ology is still limited. Modern simulation algorithms based on a multi-
component lattice Boltzmann model to describe the solvents combined
with a molecular dynamics solver for the description of the suspended
particles allow to tune the particle size, shape, wettability and surface
tensions between the fluids.

We report on the adsorption of spherical or ellipsoidal particles to liq-
uid interfaces and demonstrate the existence of stable and semi-stable
equilibrium states. On larger scales, different phases of stabilized emul-
sions have been found. While Pickering emulsions are already known
for more than a century, so-called bicontinuous interfacially jammed
emulsion gels (Bijels) where only predicted recently. The particles can
fully arrest domain growth and a transition between both phases can
be found by tuning the concentration, contact angle, or fluid ratio.
Further, by tuning the particle shape additional geometrical degrees
of freedom add additional time scales to the arrest of domain growth.

CPP 49.7 Fri 11:15 H40
SANS study of polymer loaded microemulsions — ∙Andreas
Weber1, Henrich Frielinghaus2, and Bernd Stühn1 —
1Experimental Condensed Matter Physics, TU Darmstadt, Germany
— 2Jülich Centre for Neutron Science, Germany
The interactions between polymers and soft surfactant layers are sub-
ject of current research interest. We study these interactions in mi-
croemulsions in the droplet phase, where surfactant stabilized droplets
of water are dispersed in a matrix of octane. Small angle neutron scat-
tering experiments allowed us to observe directly the effect of a polymer
on an anionic or non-ionic surfactant layer. To microemulsion droplets
of different sizes composed by either AOT or C12E4 we added different
amounts of the hydrophilic polymer PEG. While matrix and water core
of the microemulsion were deuterated, the surfactant and polymer were
protonated, thus, allowing us to observe the surfactant shell influenced
by the polymer. We observe, as predicted by theory and indirect mea-
surements such as dielectric spectroscopy, that the polymer interacts
differently with a nonionic or a anionic surfactant shell: Apart from an
increase of polydispersity of the droplets in both cases, in the former
case the addition of polymer seems not to affect the surfactant shell.
In the latter case, the obtained scattering data show that the anionic
surfactant layer is strongly influenced. We develop a model describing
the scattering of the polymer inside the polymer loaded droplet and
fit it to the data. The obtained results are compared to small angle
x-ray scattering, dynamic light scattering and dielectric spectroscopy
experiments on this system done in our group.

CPP 49.8 Fri 11:30 H40
Bilayer undulation dynamics in unilamellar phospholipid
vesicles: Influence of temperature, cholesterol and tre-
halose — ∙Beate-Annette Brüning1, Sylvain Prévost1,2, Ralf
Stehle1, Roland Steitz1, Peter Falus3, Bela Farago3, and
Thomas Hellweg4 — 1Helmholtz Zentrum Berlin, Hahn-Meitner
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Platz 1, 14109 Berlin, Germany — 2Technische Universität Berlin,
Straße des 17. Juni 135, 10623 Berlin, Germany — 3Institut Laue-
Langevin, B. P. 156, 38042 Grenoble Cedex 9, France — 4Universität
Bielefeld, Universitätsstraße 25, 33615 Bielefeld, Germany
We report a combined dynamic light scattering (DLS) and neutron
spin-echo (NSE) study on lipid vesicles composed of 1,2-dimyristoyl-
sn-glycero-3-phosphatidylcholine (DMPC), respectively under the in-
fluence of temperature and the membrane additives cholesterol and
trehalose. We study bilayer undulation and bulk diffusion dynam-
ics using neutron spin-echo spectroscopy, on two distinct time scales,
namely around 25 ns and 100 ns. Finally, we calculate the respective
bilayer bending rigidities 𝜅 for all types of lipid vesicles. We observe a
bilayer softening around the main phase transition temperature 𝑇𝑚 of
the single lipid model system, and a bilayer stiffening the more choles-
terol is added, whereas the insertion of trehalose hardly changes the
bilayer undulations and membrane rigidity 𝜅 [1]. We explain our find-
ings on the basis of a free volume available to lipid molecules in the
membrane plane, which encounters the most pronounced changes in
the acyl chain regime. [1] B. Brüning, S. Prévost, R. Stehle, R. Steitz,
P. Falus, B. Farago, T. Hellweg, submitted.

CPP 49.9 Fri 11:45 H40
Shaping of Unilamellar Vesicles by the Admixture of Am-

phiphilic Copolymer — ∙Michael Gradzielski1, Katharina
Bressel1, Michael Muthig1, and Theyencheri Narayanan2 —
1Stranski Laboratorium, Institut für Chemie, Technische Universität
Berlin, Berlin, Germany — 2European Synchrotron Radiation Facility
(ESRF), Grenoble, France
In our experiments fast formation kinetics was studied by coupling the
stopped-flow technique to high-flux SANS/SAXS instruments, allow-
ing to obtain detailed structural information with a time-resolution of
5-50 ms. For the case of forming monodisperse unilamellar vesicles
takes place in a way purely governed by diffusion and proceeds via a
disk-like intermediate state. Further aging processes can be observed
which are related to the stability of the vesicles. The structural pro-
gression of such systems can be modelled by simulations which allow to
understand the aging processes in terms simple coalescence processes.
Based on the detailed knowledge of the formation process it was then
possible to manipulate it by the admixture of amphiphilic copolymers.
By doing so systematic control over the vesicle size can be exercised
and in addition the presence of the copolymer enhances the vesicle
stability largely.

In summary, based on knowing the pathway of the formation of the
unilamellar vesicles it can be controlled by the presence of the copoly-
mers and thereby shaping of vesicles occurs in a systematic fashion.


