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CPP 46: Poster Session IV
Topics: Fundamental Physics of Perovskites (46.1-46.7), Hybrid and Perovskite Photovoltaics (46.8-
46.21), Organic Electronics and Photovoltaics (46.22-46.47), Molecular Electronics and Photonics (46.48-
46.51), Excitons, Plasmons and Polaritons in Molecular Systems (46.52-46.53), Electrical, Dielectrical
and Optical Properties of Thin Films (46.54-46.58).

Time: Wednesday 11:00–13:00 Location: Poster A

CPP 46.1 Wed 11:00 Poster A
Control of Charge-Carrier Concentration in Lead-Free Per-
ovskite Thin Films Consisting of Formamidinium Tin Iodide
— ∙Pascal Schweitzer, Jonas Horn, Raffael Ruess, and Derck
Schlettwein — IAP, JLU Giessen, Germany
As a promising substitute material for toxic lead perovskites we in-
vestigated formamidinium tin iodide. Thin films were prepared by
spin-coating in a one-step approach. The crystal structure was con-
firmed by XRD, the microstructure of the films was studied by SEM
and the optical absorption characteristics (Burstein-Moss-shift) were
investigated by UV-vis spectroscopy. To discuss optoelectronic appli-
cations of such films, understanding of the electronic characteristics
is essential. Different measurement geometries and contact materials
were tested in order to provide reliable electrical studies. Inert con-
tact materials and symmetrical electrodes were used to concentrate on
perovskite materials properties rather than the influence of additional
hole- and electron transport layers in typical device structure. To avoid
severely high charge carrier concentrations caused by self-doping, this
was limited by intentional mixing with tin fluoride to compensate tin
vacancies. Current-voltage-characteristics served to discuss hysteresis
in the materials which led to insight into polarization effects that are
crucial, e.g. for perovskite solar cells under working conditions. We ap-
plied impedance spectroscopy to Schottky-type contacts to follow the
space charge capacity under potential variation. Thereby we deter-
mined the charge carrier concentration in dependence of permittivity
via Mott-Schottky analysis.

CPP 46.2 Wed 11:00 Poster A
Charge Injection from 𝐶𝐻3𝑁𝐻3𝑃𝑏𝐼3−𝑥𝐶𝑙𝑥 to Organic Semi-
conductors Detected With sub-ps Transient Absorption
Spectroscopy — ∙Jonas Horn1, Iulia Minda2, Heinrich
Schwoerer2, and Derck Schlettwein1 — 1Institute of Applied
Physics, JLU Giessen, Germany — 2Laser Research Institute, Stellen-
bosch University, South Africa
Presently, inverted perovskite solar cells are heavily studied. The
charge transfer processes between the perovskite layer and the charge
extraction layers is one of the key factors in solar cell performance. In
most of these architectures, a combination of PEDOT:PSS as trans-
parent hole conductor and PCBM as n-type semiconductor is used.
In this study, pump-probe absorption spectroscopy with femtosecond
resolution is used to determine the injection time of photo-generated
charge carriers from the perovskite to the PEDOT:PSS and PCBM
layers. A characteristic signal was identified to be caused by holes in-
jected into the PEDOT:PSS layer by comparing the transient signals
of photo-excited perovskite films with and without PEDOT:PSS in-
terface. This signal appears within the resolution of the measurement
setup (<200 fs) proving ultrafast charge carrier injection. Changes in
the transient signals characteristic for the perovskite layer as reflected
in the time constants obtained by global analysis confirmed this ob-
servation. We could also show ultrafast as well as slow injection of
electrons into PCBM based on the decay of signals characteristic for
the excited state of the perovskite as well as the appearance of char-
acteristic PCBM signals.

CPP 46.3 Wed 11:00 Poster A
In-situ monitoring of sequential conversion of MAPb(IxBr1-
x)3 — ∙Carolin Rehermann, Katrin Hirselandt, Aboma Mer-
dasa, and Eva Unger — Helmholtz-Zentrum Berlin, Young Investi-
gator Group Hybrid Materials Formation and Scaling, Berlin, 12489,
Germany
Metal halide perovskites are an interesting material for tandem so-
lar cells due to their band gap tunability, band gaps up to 3 eV can
be prepared by exchanging halides.1 Burschka et al.2 introduced the
2-step method. Three competing processes might occur: direct con-
version/intercalation, dissolution-reformation and ion exchange.3

In this work, the second step is monitored by in-situ UV-vis mea-

surements. The second step is the conversion from a lead iodide film
into a mixed halide perovskite film MAPb(IxBr1-x)3. Using MABr
we can track the different conversion kinetics between a direct conver-
sion and a dissolution-reformation process. The influence of different
reaction parameters is investigated.

In-situ UV-vis measurements show an initial evolution of a spec-
tral signature characteristic for the absorption onset of the direct con-
version product, MAPbBrI2. Upon progression, this signature disap-
pears in favor of the pure dissolution-reformation product MAPbBr3.
Changes in spectral signature during a post-conversion annealing step
prove that ionic equilibration occurs.

1. Unger et al. Journal of Materials Chemistry A 2017, 5 (23),
11401-11409. 2. Burschka et al. Nature 2013, 499 (7458), 316-319. 3.
Ko et al. Chemistry of Materials 2017, 29 (3), 1165-1174.

CPP 46.4 Wed 11:00 Poster A
Combinatorial Investigation of Co-Evaporated CsPbI3 Thin
Films — ∙Pascal Becker, Justus Just, and Thomas Unold —
Helmholtz-Zentrum Berlin, Germany
Lead halide Perovskite materials have recently emerged as very promis-
ing new material for thin film solar cell absorbers yielding power
conversion efficiencies of above 22%. Highest power conversion effi-
ciencies are found for Pb-based inorganic-organic halides, which tend
to chemically decompose at elevated temperatures. Inorganic lead
halide perovskites such as CsPbI3 are significantly more stable and
well suited candidates for high efficient tandem solar cells due to their
high bandgap of 1.8 eV. However, much less is known about the crystal
structure and optoelectronic properties of these compounds.
We synthesized combinatorial samples of CsPbI3 thin films with a
spatial gradient in composition by co-evaporation of CsI and PbI2.
Applying X-ray diffraction mapping, X-ray fluorescence mapping and
UV-vis mapping on these samples we are able to investigate the phase
diagram of this compound as well as the optoelectronic properties of
the different phases. Depending on the composition and growth tem-
perature we find a transition from the yellow phase to the brown phase
in CsPbI3 as well as segregation of excess CsI and PbI2.

CPP 46.5 Wed 11:00 Poster A
In-Situ Investigation of Ion Migration and Aggregation in
Organolead Halide Perovskite Films — ∙Yu Zhong1, Car-
los Andres Melo Luna2, Richard Hildner2, Cheng Li1, and
Sven Huettner1 — 1Macromolecular Chemistry I, University of
Bayreuth, Bayreuth, Germany — 2Experimental Phyiscs IV, Univer-
sity of Bayreuth, Bayreuth, Germany
During current-voltage(J-V) measurements, perovskite solar
cells(PSCs) exhibit a certain photo-induced instability and hystere-
sis phenomenon. Firstly, we study the light-induced behavior in
CH3NH3PbI3-xClx film in-situ, by employing wide-field photolumi-
nescence(PL) microscopy to obtain both the spatially- and temporally-
resolved PL image. Along with the increase of the PL intensity under
continuous illumination, some areas render PL inactive. A faster and
more obvious PL decay process was observed with a higher excitation
energy. By characterizing this excitation energy dependent PL decay,
we suggest that the PL quenching can be ascribed to an aggregation of
iodide ions. Secondly, by introducing phenyl-C61-butyric acid methyl
ester(PCBM) in PSCs, hysteresis phenomenon is suppressed. The
results of wide-field PL image and temperature dependent J-V curve
measurement confirm that PCBM molecules decrease the mobility and
increase the activation energy of iodide ions. This real-time investiga-
tion of the light soaking of perovskite films provides more details to
improve the performance of PSCs. The suppression of the iodide ions
movement, e.g. involving PCBM, is a concern for better performance
and stability of PSCs.

CPP 46.6 Wed 11:00 Poster A
Influence of hole selective contacts in inverted perovskite
solar cells — ∙Katrin Hirselandt1, Aniela Czudek1, Celline
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Awino2, Steffen Braunger1, Carolin Rehermann1, Thomas
Dittrich2, and Eva Unger1 — 1Helmholtz-Zentrum Berlin, Young
Investigator Group Hybrid Materials Formation and Scaling, Berlin,
12489, Germany — 2Helmholtz-Zentrum Berlin, Institute Silicon Pho-
tovoltaics, Berlin, 12489 Berlin, Germany
Planar solution processed perovskite solar cells have reached efficien-
cies above 20 % and their stability have improved during the past years
[1,2]. In device preparation, reproducibility is a major obstacle due to
perovskite absorber inhomogeneity and interfacial properties [3].

In this study we investigated four different types of planar in-
verted perovskite solar cells, comparting the cesium-containing triple
cation perovskite with the archeotypical methylammonium lead iodide
(MAPI) as absorber materials as well as two different hole transporting
materials (HTMs): Poly[bis(4-phenyl)(2,4,6-trimethylphenyl)amine]
(PTAA) and Poly(3,4-ethylendioxxythiophene) polystyrene (PE-
DOT:PSS) as selective contact layer.

The best and most reproducible performance of 16 % on average
was achieved for MAFACs on PTAA. These devices also exhibited the
least photocurrent hysteresis and are hence the most robust and re-
producible architecture tested.

[1] K. A. Bush et al., Nature Energy (2017), 2, 17009 [2] M. A.
Green et al., Prog. Photovoltaics (2017), 25, 3-13 [3] C. Bi et al.,
Nature Communications (2015), 6, 7747

CPP 46.7 Wed 11:00 Poster A
Measurement development for hysteresis characterization of
perovskite solar cells — ∙Aniela Czudek1, Lukas Kegelmann1,
Amran Al-Ashouri1, Steve Albrecht1, and Eva Unger1,2 —
1Helmholtz-Zentrum Berlin fur Materialien und Energie, Berlin, Ger-
many — 2Lund University, Department of Chemical Physics, Lund,
Sweden
Evaluating the performance of perovskite solar cells can be intricate
due to transient current-voltage phenomena on different time scales.
Current-voltage measurements in different scan directions may exhibit
varying degrees of discrepancy - often referred to as hysteresis - which
makes defining the ’right’ measurement conditions difficult. We here
present a procedure to assess the steady-state solar cell performance
of perovskite devices using an iterative - perturb and observe - max-
imum power point tracking algorithm. This methodology is directly
used to also investigate the transient response of devices upon volt-
age perturbation around maximum power point. The time constants
of transient current response allows for a quantitative comparison of
different device architecture types and determine the minimum delay
time (voltage settling time) required to perform current-voltage mea-
surements at quasi-steady-state condition of the device. We will show
and discuss how this methodology was utilize to quantitatively com-
pare perovskite solar cells of different architecture types, contact layers
and perovskite absorber composition.

CPP 46.8 Wed 11:00 Poster A
Investigation of inorganic nanoparticles and low band-gap
polymers for printed hybrid solar cells — ∙Gaetano Man-
giapia and Peter Müller-Buschbaum — TU München, Physik-
Department, LS Funktionelle Materialien, 85748 Garching
Printed solar cells represent a potential alternative to the use of con-
ventional cells. Because of their low-cost, low-weight, production sim-
plicity, and possibility to be used on curved or flexible substrates, they
have progressively captured the attention of applied research. Printed
hybrid solar cells combine the above mentioned advantages with the use
of hybrid photovoltaics, where two different semiconductors (organic
and inorganic) compose the active layer. Although PCE values need to
be boosted up for industrial applications, the possibility to chemically
modulate the properties of the organic part (e.g. by adding or chang-
ing a functional group) allowed foreseeing the capability to tune both
the optical and electronic properties, an essential requirement for find-
ing new and highly efficient materials. We study bulk heterojunction
hybrid solar cells composed of the low band-gap polymer PTB7 and
its derivatives and inorganic ZnO nanoparticles. We correlate optical
and morphological properties of the active layer. Characterization in-
volves X-ray and neutron scattering techniques in combination with
photophysical measurements.

CPP 46.9 Wed 11:00 Poster A
Hybrid solar cells based on metal oxides and water-soluble
polythiophenes — ∙Jiabin Gui1, Volker Körstgens1, Klara
Stallhofer2, Hristo Iglev2, Reinhard Kienberger2, and Pe-
ter Müller-Buschbaum1 — 1TU München, Physik-Department, LS

Funktionelle Materialien, 85748 Garching — 2TU München, Physik-
Department, LS Laser und Röntgenphysik, 85748 Garching
Environmentally friendly processing of hybrid solar cells with the sol-
vent water is feasible with an active layer consisting of laser-ablated
metal oxides and a water-soluble polythiophene [1]. Zinc oxide and
titanium dioxide particles are processed with laser ablation in water.
The obtained nanoparticles are investigated regarding the size distribu-
tion and crystallinity. Spray-deposition as a cost-effective preparation
method has been utilized as technique to produce films of the laser-
ablated nanoparticles, the active layers including polythiophenes and
the corresponding hybrid solar cells. Films have been characterized
with optical and spectroscopic methods as well as with x-ray charac-
terization techniques. The influence of differences of bandgap, crys-
tallinity and mesoscale morphology on the photovoltaic performance
of the obtained devices is discussed. [1] Körstgens et al., Nanoscale 7,
2900 (2015).

CPP 46.10 Wed 11:00 Poster A
Use of Triphenylamine Dyes With Metal Complex Elec-
trolytes in ZnO-Based Dye-Sensitized Solar Cells . —
∙Andreas Ringleb, Raffael Ruess, and Derck Schlettwein —
IAP, JLU Giessen, Germany
Dye-sensitized solar cells (DSSCs) may serve as an alternative to
silicon-based solar cells because of low energy-payback-times and ex-
pected low costs, in particular, if the porous 𝑍𝑛𝑂 is prepared by elec-
trodeposition. The triphenylamine-based organic dye D35CPDT (also
known as LEG4) has been frequently used as a sensitizer with good
efficiency on 𝑇 𝑖𝑂2 in combination with modern 𝐶𝑜- and 𝐶𝑢-based
electrolytes which have a high redox potential and allow fast and effec-
tive regeneration without high overpotentials. In the present work we
study the combination of these different successful approaches. Porous
𝑍𝑛𝑂 has been electrodeposited on AZO-coated glass. Adsorption of
LEG4 to the 𝑍𝑛𝑂 surface has been studied by varying pre-treatment
of the films and optimized samples have been used to prepare DSSCs.
These have been studied by means of current-voltage characteristics
and detailed photoelectrochemical methods such as impedance spec-
troscopy, dynamic illumination and time-resolved experiments. A fo-
cus has been put on the analysis of recombination of injected electrons
from the 𝑍𝑛𝑂/dye interface to the redox electrolyte as one of the
main loss channels in DSSCs and on mass transport of the electrolyte
through the porous sensitized photo anode as an additional limiting
factor.

CPP 46.11 Wed 11:00 Poster A
Control of surface electronic parameters of ITO using dipo-
lar monomolecular layers. — ∙Meysam Raoufi1, Ulrich
Hörmann1, Emil list Kratochvil2, and Dieter Neher1 —
1University of Potsdam, Institute of Physics and Astronomy, Potsdam-
Golm, Germany — 2Humboldt University, Institute for Physics,
Berlin, Germany
In organic electronic devices, the injection of holes and electrons from
the electrodes into the organic semiconductors is a key issue for their
efficient operation. Different chemical and physical treatments have
been proposed to improve hole injection and minimize the injection
barrier height as a result of increasing the work function of ITO. A
particularly interesting approach is the deposition of dipole layers by
molecular self-assembly[1,2].

Here, by applying self assembled monolayers of different phospho-
nic acids, we study how the efficiency of hole injection across a hy-
brid surface correlates with the change in barrier height. Fine tuning
of the injection barrier is achieved by mixing molecules with differ-
ent electrostatic dipoles. Finally, by incorporating photo-switchable
molecules into the SAM, we gain control over the energetics at the
organic/inorganic interface and its injection properties.

1. A. Sharma, A. Haldi, P. J. Hotchkiss, S. R. Marder, and B. Kip-
pelen, J. Appl. Phys. 105, (2009). 2. I. Lange, S. Reiter, M. Pätzel,
A. Zykov, A. Nefedov, J. Hildebrandt, S. Hecht, S. Kowarik, C. Wöll,
G. Heimel, and D. Neher, Adv. Funct. Mater. 24, 7014 (2014).

CPP 46.12 Wed 11:00 Poster A
Work-Function Modification of Transparent Conductive Elec-
trodes and Investigation of Organic Electron-Transport-
Layers for Use in Perovskite Solar Cells — ∙Berthold
Wegner1,2, Federico Pulvirenti3, Jay Patel4, Nakita Noel4,
Henry Snaith4, Seth Marder3, and Norbert Koch1,2 —
1Helmholtz-Zentrum Berlin, Germany — 2Humboldt-Universität zu
Berlin, Germany — 3Georgia Institute of Technology, Atlanta, USA
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— 4University of Oxford, UK
Minimizing electron-collection losses at the electron-selective contact
in organic-inorganic halide perovskite solar cells is crucial to achieve
better device performance and long-term stability. Here, we report on
the modification of fluorinated tin oxide (FTO) used as transparent
electrode in perovskite devices, and the comparison of two classes of
organic semiconductors with similar electron affinities for their use as
efficient electron-transport-layers (ETL) in perovskite solar cells. Ul-
traviolet photoelectron spectroscopy (UPS) reveals that deposition of
a moderately air-stable organometallic dimer on the FTO surface leads
to a decrease in work-function (WF) by more than 1 eV. Furthermore,
UPS and x-ray photoelectron spectroscopy (XPS) are used to study
the energy level alignment between the dimer-modified FTO and the
ETL layers, and whether the dimer reacts with or diffuses into the
ETL layer. Perovskite solar cells employing such modified electron-
selective contacts were fabricated showing increased power conversion
efficiencies.

CPP 46.13 Wed 11:00 Poster A
Suppressed Ionic Migration in 2D-Ruddlesden-Popper Per-
ovskite — ∙Cheng Li1, Antonio Guerrero2, Huan Long1, Yu
Zhong1, Juan Bisquert2, Jianpu Wang3, and Sven Huettner1

— 1Organic and Hybrid Electronics, University of Bayreuth, Uni-
versitätsstraße 30, 95447 Bayreuth, Germany — 2Institute of Ad-
vanced Materials (INAM), Universitat Jaume I, 12006 Castellö, Spain
— 3Institute of Advanced Materials (IAM), Nanjing Tech University
(NanjingTech), 30 South Puzhu Road, Nanjing 211816, China
Organometal trihalide perovskite solar cells (PSCs) are still suffer-
ing from the problem of hysteresis and stability. Recently, another
class of perovskite - two dimensional (2D) Ruddlesden-Popper (RP)
halide layered perovskites have attracted attention. In this work, first,
we fabricate 2D RP perovskites using 1-naphthylmethylamine iodide
(NMAI) as the precursor. Then we characterize the built-in poten-
tial in the device using electroabsorption spectroscopy. Further, we
utilize time-resolved photoluminescence (PL) image microscopy and
impedance spectroscopy (IS) on perovskite films to investigate both
the spatial and temporal evolution of ion migration under external
electric fields. Our approach enables us to quantitatively characterize
the kinetic processes and determine the mobility of these ions, which
is around one order of magnitude lower compared with the one in 3D
perovskite. Following that, temperature dependent J-V curve enables
us to obtain the activation energy of ions inside. Hence, decrease of
J-V curve hysteresis and the improvement on stability are ascribed to
the suppressed ion migration.

CPP 46.14 Wed 11:00 Poster A
Radiative efficiency in planar metal-organic-perovskite solar
cells — ∙Simon Berger1, Philipp Rieder1, David Kiermasch1,
Kristofer Tvingstedt1, Andreas Baumann2, and Vladimir
Dyakonov1,2 — 1Experimental Physics VI, Julius Maximilian Uni-
versity of Würzburg, 97074 Würzburg — 2Bavarian Center for Applied
Energy Research (ZAE Bayern), 97074 Würzburg
In order to achieve an ideal solar cell with any material system, it
is necessary to strive for the radiative efficiency limit. Here we eval-
uated the capability of planar perovskite solar cells in (p-i-n)-layout
to emit light by EL-spectroscopy. In this technique charge carriers
are injected into the solar cell to recombine and the emitted photons
are being detected. We fabricated and evaluate devices with different
hole transport layers namely PTAA, PEDOT-PSS and p-TPD. The
MAPbI3 and (MAPbBr3)𝑥(FAPbI3)(1−𝑥) perovskites were prepared
by both the one-step and two-step method. We show the impact of
these different charge selective layers and the applied voltage on the
electro-luminescence characteristics and compute V𝑂𝐶,𝑅𝑎𝑑 in the ra-
diative limit for each material.

CPP 46.15 Wed 11:00 Poster A
Charge Carrier Dynamics in Methylammonium Lead Iio-
dide probed by TRMC and TRPL — ∙Nathania Henning1,
Manuel Ullrich1, Liudmila Kudriashova1, Andreas Baumann2,
Andreas Sperlich1, and Vladimir Dyakonov1,2 — 1Experimental
Physics VI, Julius Maximilian University of Würzburg, 97074
Würzburg — 2Bavarian Center for Applied Energy Research (ZAE
Bayern), 97074 Würzburg
Organo lead halide perovskites, such as methylammonium lead iodide
(MAPI), have attracted great attention to the field of thin film pho-
tovoltaics due to their outstanding electrical and optical properties.

The mobility and the lifetime of photogenerated charge carriers are
among the fundamental quantities which define the performance of
solar cell devices. In this work, we perform combined analysis of tran-
sients, provided by two electodeless characterisation techniques: time-
resolved microwave conductivity (TRMC) and time-resolved photolu-
minescence (TRPL). Complementary TRMC and TRPL characterisa-
tion of perovskite thin films aims to improve numerical fits and provide
characteristic lifetimes as global fit parameters.

CPP 46.16 Wed 11:00 Poster A
Time-Resolved Microwave Conductivity on Perovskite Ma-
terials for Solar Cells — ∙Manuel Ullrich1, Nathania
Henning1, Liudmila Kudriashova1, Andreas Baumann2, An-
dreas Sperlich1, and Vladimir Dyakonov1,2 — 1Experimental
Physics VI, Julius Maximilian University of Würzburg, 97074
Würzburg — 2Bavarian Center for Applied Energy Research (ZAE
Bayern), 97074 Würzburg
Perovskite solar cells have attracted much attention in recent years,
since their power conversion efficiencies increased steadily and ex-
ceeded 20 %. To further improve their performance and relate this
to the preparation route, optoelectronic properties need to be investi-
gated. We use time-resolved microwave conductivity (TRMC) to elu-
cidate and quantify charge carrier mobilities and lifetimes. This elec-
trodeless technique is based on the interaction of photoexcited charge
carriers with the applied electro-magnetic field (GHz), leading to a
time-dependent change in conductance. We focus on methylammo-
nium lead iodide (CH3NH3PbI3) as an active layer and examine dif-
ferent processing conditions, which affect the perovskite crystallinity
and finally the charge carrier dynamics. Furthermore the impact of
different transport layers on the charge carrier lifetime is investigated.

CPP 46.17 Wed 11:00 Poster A
Characterization of mm sized CH3NH3PbI3 crystals
grown by Inverse Temperature Crystallization — ∙Stefan
Kiesmüller1, Stefan Väth1, Sebastian Hammer1, Andreas
Baumann2, and Vladimir Dyakonov1,2 — 1Experimental Physics
VI, Julius Maximilian University of Würzburg, 97074 Würzburg —
2Bavarian Center for Applied Energy Research (ZAE Bayern), 97074
Würzburg
Organo lead halide perovskites are an important subject of research
due to their promising properties concerning photovoltaics. Up to now,
mostly thin films with poly-crystalline nature are formed from solution
or vacuum deposition techniques. The role of crystallinity and crystal
domain size on the functionality of the perovskite solar cell is in the
focus of present research. In order to probe the fundamental properties
like the charge carrier transport of the hybrid perovskite semiconduc-
tors and its limitations very often large crystals have been studied.
Here, we used the technique of Inverse Temperature Crystallisation to
grow methylammonium lead iodide (MAPI) crystals of different size
and crystal quality. This growth technique for crystals is based on
the effect of reverse solubility of some materials in special solvents
in remarkably short growth times. The so grown MAPI crystals are
characterized by means of X-ray diffraction and scanning electron mi-
croscopy. The optical properties are studied by photoluminescence.
Finally, Time-of-Flight measurements were performed to investigate
the fundamental charge carrier transport.

CPP 46.18 Wed 11:00 Poster A
Cs2AgBiBr𝑥I1−𝑥: A Novel Lead-Free Material for Per-
ovskite Solar Cells — ∙Melina Armer1, Mathias Fischer1,
Liudmila Kudriashova1, Andreas Baumann2, and Vladimir
Dyakonov1,2 — 1Experimental Physics VI, Julius Maximilian Uni-
versity of Würzburg, 97074 Würzburg — 2Bavarian Center for Applied
Energy Research (ZAE Bayern), 97074 Würzburg
As conventional perovskite solar cells contain lead and therefore suffer
toxicity issues, finding alternative lead-free materials for the applica-
tion in perovskite photovoltaics has become an essential problem to
be solved. In this work, we present a novel lead-free material for solar
cells, Cs2AgBiBr𝑥I1−𝑥, permitting straightforward spin-coating from
solution. The films have been characterized using steady state and
time-resolved optical spectroscopy. The morphology and quality of the
as prepared films has been evaluated using a scanning electron micro-
scope and X-ray Diffraction. It has been found that solution processed
Cs2AgBiBr𝑥I1−𝑥 forms polycrystalline thin films with crystalline do-
mains in the micrometer range. Further, we observed photolumines-
cence in the visible region (around 658 nm) with long lifetimes up to
1,6 𝜇s in the visible region by steady state and time resolved photolu-
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minescence measurements. Due to the encouraging optical properties,
the straightforward solution processing and its uniform polycrystalline
morphology we propose Cs2AgBiBr𝑥I1−𝑥 to be a promising candidate
for the application in lead-free perovskite solar cells.

CPP 46.19 Wed 11:00 Poster A
Rotational dynamics of methyl ammonium ions in the hy-
brid organic-inorganic perovskite CH3NH3PbI2.94Cl0.06 by
means of QENS investigations — ∙Götz Schuck1, Frederike
Lehmann1,2, and Susan Schorr1,3 — 1Helmholtz-Zentrum Berlin
für Materialien und Energie, Berlin, Germany — 2Universität Pots-
dam, Institut für Chemie, Potsdam OT Golm, Germany — 3Institute
of Geological Sciences, Freie Universität Berlin, Berlin, Germany
Perovskites with ABX3 - structure show a huge possibility on ele-
ment substitutions on A-, B- and X-site which leads to a broad variety
of physical properties. Our main field of interest is chloride substi-
tuted methyl ammonium lead triiodide in which A is the organic unit
[CH3NH3]+ = MA, B = Pb2

+ and X = I3−𝑥Cl𝑥. The aim is to get
an inside into the interrelationship of static and dynamic structure of
MAPbI3−𝑥Cl𝑥 and MAPbCl3 by studying the temperature dependent
methyl ammonium dynamics by means of QENS investigations in or-
der to understand the influence of chloride on the rotational dynamics
of the methyl ammonium cation.

In recent QENS investigations on MAPbI3 [1] two quasielastic com-
ponents were identified in the tetragonal (165 K < T < 327 K) and cu-
bic (T > 327 K) phase. From the QENS results, it was interpreted that
in the cubic and tetragonal phases the MA ion exhibit four-fold rota-
tional symmetry perpendicular to the C-N axis (C4) along with three-
fold rotation parallel to the C-N axis (C3), while in the orthorhombic
Pnma phase (T < 165 K) only C3 rotation is present.

[1] Li et al., Nature Communications 2017, 8, 16086

CPP 46.20 Wed 11:00 Poster A
Charge carrier recombination in planar n-i-p and p-i-
n perovskite solar cells - the role of interfaces — ∙D.
Kiermasch1, K. Tvingstedt1, L. Gil-Escirg2, C. Momblona2,
M. Sessolo2, A. Baumann3, H. Bolink2, and V. Dyakonov1,3 —
1Experimental Physics VI, Julius Maximilian University of Würzburg,
97074 Würzburg, Germany — 2Instituto de Ciencia Molecular, Uni-
versidad de Valencia, 46980 Paterna, Valencia, Spain — 3Bavarian
Center for Applied Energy Research (ZAE Bayern), 97074 Würzburg,
Germany
Charge carrier recombination processes in organo-metal halide per-
ovskite solar cells are one of the most studied research topics in this
new class of photovoltaic materials. Usually, time resolved photolumi-
nescence (tr-PL) is used to study recombination in perovskite layers.
Here, crystals or films with or without charge selective layers are being
probed. In contrast, only a few experimental approaches have been
presented on complete perovskite solar cells using charge selective lay-
ers and contacts.

We report on charge carrier recombination dynamics in planar n-i-p
and p-i-n perovskite solar cells with different organic charge selective
layers. The perovskite layers have been prepared by vacuum deposition
leading to efficiencies in the range of 20% for the n-i-p and 17% for the
p-i-n layout. To explain this difference between both type of devices
we studied charge carrier recombination dynamics with steady state
and transient electrical measurements demonstrating the importance
of interface recombination in perovskite solar cells.

CPP 46.21 Wed 11:00 Poster A
Red-shifting the band gap of Perovskite photovoltaics using
Sn/Pb metal mixtures — ∙Antonio Günzler and Michael Sal-
iba — Adolphe Merkle Institute, Fribourg, Switzerland
Perovskite solar cells using only Pb at the metal position currently
achieve record performances. Partial replacement of Pb by Sn has the
advantage of using less toxic Pb.

In addition, Pb-Sn mixtures have an earlier absorption onset towards
the near IR broadening the absorption spectrum. This is especially use-
ful for thin-film perovskite-perovskite tandem cells already achieving
up to 19% efficiency to date with the potential to reach values beyond
40%.

Furthermore, other optoelectronic applications require tunability of
the band gap.

We aim to improve the fundamental understanding of the correla-
tion between the perovskite structure and its optoelectronic properties
under variation of the Sn content.

CPP 46.22 Wed 11:00 Poster A
Interfacial charge transfer and temperature dependent charge
carrier transport in organic heterostructure field-effect tran-
sistors — ∙Eduard Meister, Stefan Schmidt, and Wolfgang
Brütting — Institute of Physics, University of Augsburg, Germany
In this work we studied interfacial charge transfer (CT) happening
in hetero-structure field-affect transistors (FETs) based on vapour
deposited small molecules. We used diindenoperylene (DIP) as
donor (D) and N,N’-bis-(2-ethylhexyl)-1,7-dicyanoperylene-3,4:9,10-
bis(dicarboxyimide) (PDIR-CN2) as acceptor (A) and fabricated D/A
as well as A/D heterostructure FETs and used additionally two dif-
ferent contact materials, tetrathiafulvalene tetracyanoquinodimethane
(TTF-TCNQ) and aluminum, for preferred hole and electron injec-
tion into DIP, respectively. DIP deposited on thermally treated and
smoothed tetratetracontane [1] exhibits a electron as well as a hole
field-effect mobility 𝜇 in the range of 0.1 cm2/Vs, whereas PDIR-
CN2 shows only 𝑒-transport with 𝜇 in the same range. As reported
previously [2] partial ground state CT between DIP and PDIR-CN2

molecules takes place resulting in significant changes in the transis-
tor characteristics. In total, we have identified five different working
regimes of heterostructure FETs. Temperature dependent measure-
ments of the mobility in the donor and the acceptor indicate among
others a significant difference between hole and electron transport in
DIP.

[1] L. Pithan et al., J. Chem. Phys. 143 (2015) 164707.
[2] V. Belova et al. J. Am. Chem. Soc. 139 (2017) 8474.

CPP 46.23 Wed 11:00 Poster A
Conjugated polymers with alternating benzothiadiazole-
diketopyrrolopyrrole units for OTFTs: Synthesis and
DFT/MD simulations — ∙René Daniel Méndez López1,2,
Deyan Raychev1,2, Anton Kiriy1, Olga Guskova1,2, and Jens-
Uwe Sommer1,2,3 — 1Leibniz IPF — 2DCMS, TU Dresden —
3Institute for Theoretical Physics, TU Dresden
Organic semiconducting polymers are adequate for large area and low
cost electronic device applications, such as organic thin film transis-
tors (OTFTs). The joint theoretical/experimental studies are crucial
for understanding the charge transport in ambipolar OTFTs, in which
both electrons and holes are mobile. Here we report on the synthesis,
characterization and simulations of a polymer consisting of diketopy-
rrolopyrrole (DPP) and benzothiadiazole (B) units. DPP is a versatile
building block for OTFTs and its synthesis is straightforward and inex-
pensive. The 𝜋-𝜋 intermolecular interactions, the solid-state packing,
and optical properties are dependent on the nature of the conjugated
blocks adjacent to DPP core. Here, furan (F) is proposed as such an
adjacent unit, linking DPP and B blocks in the conjugated backbone.
The synthesis of the PDPP-FBF copolymer was performed following
Ref.1. From the experiments, the 𝜋-𝜋 distance, the HOMO-LUMO en-
ergy levels and the charge carrier mobilities are characterized. These
values are compared with the results of simulations in order to get a
deeper understanding of the parameters governing the mobility. This
work is funded by ERDF and Free State of Saxony via ESF project
CoSiMa 100231947.[1] P. Sonar et al. Chem. Commun., 2012, 48,
8383.

CPP 46.24 Wed 11:00 Poster A
Investigating the influence of morphology on the charge-
carrier mobility in organic field-effect transistors — ∙Tobias
Meier1, Heinz Bässler1,2, and Anna Köhler1,2 — 1Experimental
Physics II, University of Bayreuth, 95440 Bayreuth, Germany
— 2Bayreuth Institute of Macromolecular Research, University of
Bayreuth, 95440 Bayreuth, Germany
For organic semiconductors it is well known that the charge-carrier mo-
bility depends sensitively on the morphology of the organic semicon-
ductor film. The charge-carrier mobility, however, is one of the most
important properties for the application of organic semiconductors as
it determines the performance of devices such as organic solar cells and
field-effect transistors (OFETs). Yet, there is no comprehensive theo-
retical description available for this complex morphology-mobility rela-
tionship. Here, we use a kinetic Monte Carlo model to simulate charge
transport in OFETs in order to investigate the interplay between the
morphology of the semiconductor and the charge-carrier mobility. We
focus on the role of conjugation length in the charge transport process
and on the importance of ordered domains. Parameters considered
include the temperature dependence, charge-carrier concentration and
film thickness.
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CPP 46.25 Wed 11:00 Poster A
Flexible all-carbon solution-gated FETs for pH sensing
— ∙Daniel Hüger1, David Kaiser1, Christof Neumann1,
Ugo Sassi2, Matteo Bruna2, Maria Küllmer1, and Andrey
Turchanin1 — 1Institute for Physical Chemistry, Friedrich Schiller
University Jena, 07743 Jena, Germany — 2Nokia Bell Labs, Cam-
bridge CB3 0FA, UK
Flexible electronics have shown extensive applications in the areas of
biology, chemistry, and medicine. We employ single-layer graphene
(SLG) grown by methane Chemical Vapor Deposition on Cu foils
transferred on PEN substrates and amino-terminated 1 nm thick car-
bon nanomembranes (CNMs) generated by electron-beam induced
crosslinking of aromatic self-assembled monolayers to engineer hybrid
NH2-CNM/SLG field effect transistors. Passivation of the electrodes
for the operation of the devices in liquid is realized by self-assembly of
hexadecanethiol on the Au contacts. We present the results achieved
with these van der Waals heterostructure devices in solution-gated field
effect transistors for pH-sensing and compare their performance to that
of devices realized on standard SiO2/Si substrates.

CPP 46.26 Wed 11:00 Poster A
Imidazo[1,5-a]pyridine und -quinoline as a New Class of Ma-
terials for Light Emitting Devices — ∙Jasmin Martha Herr1,3,
Georg Albrecht2,3, Hisao Yanagi3, Derck Schlettwein2, and
Richard Göttlich1 — 1Institute of Organic Chemistry, JLU
Giessen, Germany — 2Institute of Applied Physics, JLU Giessen, Ger-
many — 3Nara Institute of Science and Technology, Japan
1,3-disubstituted imidazo[1,5-a]pyridines are receiving increased inter-
est for applications as organic semiconductor thin films, mainly re-
garding organic light emitting diodes (OLED). Characteristic for these
molecules is a blue luminescence with a large Stokes shift and high
quantum yields (QY).[1,2] The goal of this work is to explore the
potential of this class of materials by introducing specific electron-
withdrawing or electron-donating substituents to the chromophore sys-
tem. A microwave-assisted one-pot synthesis was developed for this
purpose which provides a simple and affordable approach towards this
new and interesting class of materials. Thin films were prepared by
physical vapor deposition (PVD) onto quartz glass. These films and
solutions of the molecules were investigated by UV-Vis and fluores-
cence spectroscopy, as well as lifetime measurements of the excited
state to then compare the measurements in solution to those in the
solid phase. [1] G. Volpi, G. Magnano, I. Benesperi, D. Saccone, E.
Priola, V. Gianotti, M. Milanesio, E. Conterosito, C. Barolo and G.
Viscardi, 𝐷𝑦𝑒𝑠𝑃 𝑖𝑔𝑚. 2017, 137, 152-164. [2] F. Shibahara, R. Sug-
iura, E. Yamaguchi, A. Kitagawa and T. Murai, 𝐽.𝑂𝑟𝑔.𝐶ℎ𝑒𝑚., 2009,
74, 3566-3568.

CPP 46.27 Wed 11:00 Poster A
Optimization and Characterization of Blue OLEDs based
on Molecular TADF Emitters — ∙Felix Klingert1, Niko-
lai Bunzmann1, Sebastian Weissenseel1, Andreas Sperlich1,
Nikita Drigo2, Mohammad Khaja Nazeeruddin2, and Vladimir
Dyakonov1,3 — 1Experimental Physics VI, Julius Maximilian Uni-
versity of Würzburg, 97074 Würzburg — 2Group for Molecular Engi-
neering of Functional Materials, EPFL, CH-1951 Sion, Switzerland —
3Bayerisches Zentrum für Angewandte Energieforschung (ZAE Bay-
ern), 97074 Würzburg
Realizing efficient and stable blue organic light emitting diodes
(OLEDs) that meet display requirements has proven to be a challeng-
ing endeavor. Most organic molecules with a bandgap big enough to
emit blue light suffer from either poor efficiency or a short lifespan. A
modern approach of increasing efficiency is a process called thermally
activated delayed fluorescence (TADF). Here, we fabricate blue OLEDs
through thermal evaporation based on a molecular TADF emitter
and characterize them by means of their current-electroluminescence-
voltage characteristics, emission spectra and external quantum effi-
ciency. From these measurements we draw conclusions about the
electro-optical properties of the emitter molecules and their suitability
as a material for blue OLEDs.

CPP 46.28 Wed 11:00 Poster A
Solution-processed Dual Wavelength Organic Near-Infrared
Photodetectors — ∙Yazhong Wang, Zheng Tang, Bernhard
Siegumund, Zaifei Ma, Johannes Benduhn, Donato Spoltore,
and Koen Vandewal — Technische Universität Dresden, Nöthnitzer
Str. 61, 01187 Dresden, Germany

Optical sensors that are capable of detecting photons at two or multi-
ple specific wavelengths are highly interesting because they can iden-
tify target objects or materials much more precisely by detecting the
reflected, transmitted or emitted photons at two or multiple charac-
teristic wavelengths. In this work, optical simulations using Transfer
Matrix Method (TMM) were performed on organic devices to achieve
dual wavelength narrowband detection in the near-infrared spectral
range of 700 ~ 1100 nm. The devices exploit charge-transfer (CT)
states, formed at the interface of blended organic donating and ac-
cepting materials. Combined with a Fabry-Pérot resonant cavity, the
CT absorption can be dramatically enhanced at certain wavelengths.
Our results show that two detection wavelengths can be tuned inde-
pendently from 650 to 1100 nm. The spectral resolution (full width at
half maximum - FWHM) of the detection bands varies between 10 and
30 nm, and we achieved peak EQEs above 10%. A possible application
of such photodetectors is moisture detection, where two of the charac-
teristic absorption peaks of water are located at around 750 and 960
nm. By optimizing the thickness of the two photo-absorbing layers in
a tandem device structure, the detection bands can be tuned to match
with those two wavelengths for simultaneous and precise detection.

CPP 46.29 Wed 11:00 Poster A
Printed fullerene free organic thin films films for photovoltaic
applications — ∙Rodrigo Delgado, Sebastian Grott, and Pe-
ter MüllerBuschbaum — TU München, Physik-Department, LS
Funktionelle Materialien, 85748 Garching
During the past decade, organic photovoltaics (OPVs) have attracted
considerable attention owing to their outstanding characteristics, such
as potential low-cost fabrication, high throughput, light weight, flexi-
bility and easy processability. Fabrication techniques for these OPVs
devices vary depending on the materials used, and include vaccum
evaporation, spin-coating, inkjet printing, doctor-blading, spray cast-
ing, screen printing and roll-to-roll printing. Among these, the scalabil-
ity of the printing processes makes them attractive for industrial appli-
cation. In this study, the influence of different ratios of donor:acceptor
PBDB-T:ITIC for thin film bulk heterojunction (BHJ) OPVs deposited
by printing methods are explored. In order to characterize these solar
cells their current-voltage characteristics as well as their absorbance
spectra are measured. Additionally, the inner morphology of the ac-
tive layers is probed with advanced scattering techniques, to correlate
structure information with the obtained photoelectrical properties of
the devices.

CPP 46.30 Wed 11:00 Poster A
A comparative study of thin organic layers for photovoltaic
applications using spin and spray coating — ∙Debamitra
Chakraborty, Sebastian Grott, and Peter Müller-Buschbaum
— TU München, Physik-Department, LS Funktionelle Materialien,
85748 Garching
Bulk-heterojunction organic solar cells have emerged as a promising
alternative for conventional silicon based solar cells because of their po-
tential to be light weight, flexible and semi-transparent, which makes
them versatile for many applications. Though the most popular scien-
tific method of processing solar cell is spin coating, they can also be
processed with solution based methods which enables the possibility to
use low cost manufacturing processes like roll-to-roll printing or spray
casting. In this study we investigate thin films of different mixtures
of conjugated polymers and small acceptor molecules forming organic
bulk hetero junctions, which were processed by spin coating or spray
casting. Thereby we want to investigate the influence of the differ-
ent processing techniques on the film morphology and photophysical
properties. The structure is analyzed with scattering techniques and
correlated with the obtained photophysical properties.

CPP 46.31 Wed 11:00 Poster A
Investigation of low band-gap polymers for highly efficient
organic solar cells — ∙Christoph Bilko, Franziska C. Löhrer,
and Peter Müller-Buschbaum — TU München, Physik Depart-
ment, LS Funktionelle Materialien, 85748 Garching
In contrast to silicon-based solar cells, organic photovoltaics offer a
wide range of advantages. Due to their flexibility and tunable optical
properties, sun harvesting in areas not accessible to conventional solar
cells could be greatly increased using organic solar cells, e.g. on curved
or flexible surfaces. Other advantages are the lighter weight and po-
tentially lower production costs. In the last years, the formerly poor
efficiencies of organic photovoltaics have been greatly increased. How-
ever, further improvements in the device architecture and stability are
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needed to reach industrially relevant efficiencies. To enhance the per-
formance of solar cells, recent research efforts focus on identifying new
highly efficient materials. One way to achieve this is the development
of low band-gap polymers, which absorb light of lower energies and can,
therefore, increase the overall absorption. Prominent representatives
for these kinds of polymers are PTB7 and its derivatives, which can
achieve efficiencies of over 10 %. Our work focuses on the comparison
of different low band-gap polymers regarding their optical and struc-
tural properties. Applied characterization techniques include optical
absorption and microscopy measurements as well as X-ray scattering
methods. Exploratory solar cells link the power conversion efficiency
to parameters such as the active layer composition and morphology.

CPP 46.32 Wed 11:00 Poster A
Investigation of novel material systems for increasing the ef-
ficiency of organic solar cells — ∙Christian Weindl, Franziska
C. Löhrer, and Peter Müller-Buschbaum — TU München,
Physik Department, LS Funktionelle Materialien, 85748 Garching
In the last decade, interest in organic photovoltaics has increased
strongly with enhanced performance values. Even though organic so-
lar cells cannot compete with conventional solar cells in terms of ef-
ficiency and long-term stability yet, they have reached the point of
industrial application due to a range of unrivaled advantages. Apart
from their light weight and their highly tunable optical and mechanical
properties, organic solar cells can be produced in an easy and cheap,
solution-based way which offers the possibility of mass production via
roll-to-roll processing. Their advantages play a particular role in areas
not accessible for conventional solar cells, such as curved, flexible or
transparent surfaces as well as mobile devices. In our work, we investi-
gate novel material systems used to increase the performance of organic
solar cells in terms of efficiency as well as long-term stability. Here, we
present insights into the correlation of optical and morphological prop-
erties of polymer-based organic photovoltaics by combining real-space
imaging and X-ray scattering techniques with optical spectroscopy.

CPP 46.33 Wed 11:00 Poster A
Spontaneous generation of interlayers in OPVs with silver
cathodes using additives in a P3HT:PCBM layer — Basel
Shamieh1, Gitti Frey1, and ∙Uwe Vogel2 — 1Israel Institut of
Technology, Haifa 32000, Israel — 2Helmholtz-Zentrum Berlin für Ma-
terialien und Energie GmbH
We report a new efficient methodology for processing interlayers by the
spontaneous segregation of an additive to a silver cathode. The driving
force for this special migration is the chemical interaction between the
thiol end group of the additive HEG-DT and the silver. In addition,
we report modification of the silver work function at the interface and
effectively increase the device Voc which enhances the device efficiency
by 76%.

CPP 46.34 Wed 11:00 Poster A
Morphological Investigations on fullerene-free bulk hetero-
junction blends for photovoltaic applications — ∙Sebastian
Grott1, Lorenz Biessmann1, Nitin Saxena1, Wei Cao1, Sigrid
Bernstorff2, and Peter Müller-Buschbaum1 — 1TU München,
Physik-Department, LS Funktionelle Materialien, 85748 Garching —
2Elettra-Sincrotrone Trieste, 34149 Basovizza, Italy
Organic solar cells have been in the focus of research for decades due to
their advantages in versatility, flexibility, low-cost manufacturing pro-
cesses, like roll-to-roll-printing, and the tuneable characteristics. These
properties open up a wide field of applications and represent an alter-
native for conventional photovoltaics. Even though the power conver-
sion efficiency is lower than the ones of conventional, values over 11%
have been reported. In particular, fullerene-free bulk heterojunction
(BHJ) blends receive an increasing attention. We investigate the inner
morphology of such BHJ systems. Different compositions of PBDB-T
and ITIC BHJ films are studied with advanced x-ray scattering tech-
niques. The obtained structure information is correlated with current
density-voltage characteristics and the absorbance of the active layers.

CPP 46.35 Wed 11:00 Poster A
Improvement of Organic Solar Cell Morphology and De-
vice Operation due to Controlled Polymer Aggregation in
Solution — ∙Shahidul Alam1,2, Rico Meitzner1,2, Christian
Kästner3, Christoph Ulbricht4, Daniel A. M. Egbe4, Ul-
rich S. Schubert1,2, and Harald Hoppe1,2 — 1Center for En-
ergy and Environmental Chemistry Jena (CEEC Jena), Friedrich
Schiller University Jena, Philosophenweg 7a, 07743 Jena, Germany

— 2Laboratory of Organic and Macromolecular Chemistry (IOMC),
Friedrich Schiller University Jena, Humboldstrasse 10, 07743 Jena,
Germany — 3Institute of Thermodynamics and Fluid Mechanics,
Technische Universität Ilmenau, Am Helmholtzring 1, 98693 Ilmenau,
Germany — 4Institute of Polymeric Materials and Testing, Johannes
Kepler University, Altenbergerstr. 69, 4040 Linz, Austria
Aggregation of organic semiconductors (OS) generally positively im-
pacts the device performance of polymer solar cells. Aggregation and
specifically intermolecular electronic coupling leads to extended ab-
sorption spectra by formation of new absorption bands. In addition,
more ordered domains of OS improve the free charge carrier generation
yield and also reduce recombination rates of free charges located in the
ordered phases due to energy relaxation within. Thus, aggregation en-
hances charge carrier mobility and lifetime, resulting in an improved
charge extraction under operating conditions. Here we report progress
in controlling polymer aggregation in solution by introduction of anti-
solvent additives. The impact of polymer aggregation on photovoltaic
performance was investigated by various spectroscopic methods.

CPP 46.36 Wed 11:00 Poster A
Investigation of light harvesting complex LHCBM6 for
dye-sensitized solar cells — ∙Fabian Schmid-Michels1, Nina
Lämmermann2, Olaf Kruse2, and Andreas Hütten1 — 1Center
for Spinelectronic Materials and Devices, Physics Department, Biele-
feld University, Germany — 2Faculty of Biology, Algae Biotechnology
& Bioenergy, Bielefeld University, Germany
Light harvesting complexes (LHC) or antenna complexes participate in
photosynthesis by harvesting sunlight and transferring the excitation
energy to the reaction centre. By channelling this energy elsewhere
it is possible to use LHC either as a dye for dye-sensitized solar cells
or as energy harvesters for artificial photosynthesis (AP). Solving this
challenge could lead to a more efficient regenerative fuel production.
To investigate LHCBM6, dye sensitized solar cells were prepared on
ITO glass with the LCHs bound to TiO2 nanoparticles. Different bind-
ing types were evaluated by electrical measurements and microscopy.
Long-term electrical measurements provide insight into the long-term
stability.

CPP 46.37 Wed 11:00 Poster A
Composition control and photovoltaic properties of binary
polymer:fullerene blends — ∙Lorena Perdigón-Toro1, Yueqi
Yang1, Elisa Collado-Fregoso1, Harald Ade2, and Dieter
Neher1 — 1University of Potsdam, Institute of Physics and Astron-
omy, Germany — 2Department of Physics and ORaCEL, North Car-
olina State University, Raleigh, North Carolina 27695, USA
Organic solar cells consist of blends of two or more semiconductors
with distinct electronic structures, namely electron donors and accep-
tors. The morphology of the blend can vary greatly depending on
numerous conditions, such as the nature of the materials or the pro-
cessing. When employing an amorphous polymer and small molecules
such as fullerenes, the morphology comprises at least two phases: one
phase nearly pure in fullerenes and a second where the macromolecules
and fullerenes are intimately intermixed. The initial polymer:fullerene
ratio and the annealing temperature play deciding roles on the com-
position of these two phases. Recent work suggested an unique de-
pendence of the fill factor of solar cells made from binary blends with
composition contrast.

In this work, we use PCDTBT:PC71BM as reference to obtain a sys-
tem ranging from a well-separated blend to a one phase blend. Devices
annealed above the critical temperature exhibit much lower fill factor,
pointing to increased geminate and/or non-geminate recombination.
Various techniques such as bias assisted charge extraction (BACE)
and time delayed collection field (TDCF) are used to disentangle these
processes and analyse field-assisted charge generation and extraction.

CPP 46.38 Wed 11:00 Poster A
Influence of PMMA protection layers on Ozone degradation
of P3HT and MDMO-PPV — ∙Andreas Frueh1, Hans-Joachim
Egelhaaf2, Heiko Peisert1, and Thomas Chassé1 — 1Universität
Tübingen, IPTC, Auf der Morgenstelle 18 D-72076 Tübingen, Ger-
many — 2ZAE Bayern, Auf AEG, Bau 16, 1. OG, Fürther Str. 250,
D-90429 Nürnberg
The fast degradation of organic polymer materials remains a ma-
jor problem in organic electronics and optoelectronic devices. We
study the influence of PMMA cover layers on the photo ox-
idation and the degradation by ozone of two prototype poly-
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mers: poly(3-hexylthiophene) (P3HT) and Poly[2-methoxy-5-(3*,7*-
dimethyloctyloxy)-1,4-phenylenevinylene] (MDMO-PPV) using opti-
cal spectroscopies. PMMA films with layer thicknesses of for example
65 nm slow the ozone-degradation down by a factor of 2600. PMMA
films do not provide protection against photo oxidation at AM 1.5 in
dry or humidified synthetic air.

CPP 46.39 Wed 11:00 Poster A
Printed films of conjugated polymers and small accep-
tor molecules — ∙Kerstin Wienhold and Peter Müller-
Buschbaum — TU München, Physik Department, LS Funktionelle
Materialien, 85748 Garching
Organic photovoltaics are a promising alternative to conventional sil-
icon solar cells as they offer several potential advantages e.g. low
weight, high mechanical flexibility and low-cost production. Resent
research focuses on identifying new high-efficiency polymers and ac-
ceptor molecules to reach high power conversion efficiencies (PCEs).
To date, a PCE of 13% could be obtained with a PBDB-T-SF: IT-4F
based organic solar cell devices. The fluorinated conjugated polymer
PBDB-T-SF acts as a donor whereas the fluorinated small molecule
IT-4F acts as an electron acceptor. Both molecules are promising for
photovoltaic applications as they show higher absorption coefficients,
higher efficiency in exciton separation and charge transport as well
as enhanced chemical stability as compared with their non-fluorinated
counterparts. However, before commercialization, the solar cell perfor-
mance must be optimized and an up-scale of the thin layer deposition
is necessary. Printing of the individual layers of the solar cells can over-
come the up-scale challenge. We print thin PBDB-T-SF: IT-4F films.
Characterization techniques such as UV/Vis spectroscopy, photolumi-
nescence and scattering methods such as GISAXS and GIWAXS are
applied to get a deeper insight into the composition and morphology
of the active layer of the printed films with the aim to further improve
the solar cell efficiencies.

CPP 46.40 Wed 11:00 Poster A
Charge transport in layered organic semiconductors —
∙Anirban Mondal and Denis Andrienko — Max Planck Institute
for Polymer Research, Mainz, Germany
Modern organic electronic devices comprise of many semiconducting
layers. The performance of these heterostructures is predominantly
determined by the relative alignment of ionization potentials and elec-
tron affinities in each layer with respect to each other. Despite the con-
tinued scientific interest, predicting energy-level alignment at organic
heterointerfaces is still a challenge in computational materials science.
Using the adapted to charge systems Ewald summation technique and
exploring the long-range nature of the charge-multipole interactions,
we demonstrate that the density of states is a function of layer thick-
ness and the environment in which this layer is embedded. These
results contribute to the understanding of functional heterointerfaces
for organic light emitting devices.

CPP 46.41 Wed 11:00 Poster A
Charge Localisation and Quantitative Chemical p-Doping in
Single-Wall Carbon Nanotubes — ∙Bernd Sturdza1, Michael
Auth1, Klaus H. Eckstein2, Florian Oberndorfer2, An-
dreas Sperlich1, Tobias Hertel2, and Vladimir Dyakonov1,3 —
1Experimental Physics VI, Julius Maximilian University of Würzburg,
97074 Würzburg — 2Institute of Physical and Theoretical Chem-
istry, Julius Maximilian University of Würzburg, 97074 Würzburg —
3Bavarian Center for Applied Energy Research (ZAE Bayern), 97074
Würzburg
Single-Wall Carbon Nanotubes (SWNTs) meet the requirements for
various applications due to their particular electronic properties. As
in other semiconductors the influence of defects and doping is highly
important for future technologies. Recent studies indicated charge
carrier localisation in AuCl3 doped (6,5) SWNTs implied by changing
exciton dynamics using indirect all-optical measurements [1]. Here we
show direct quantitative studies of p-doping in SWNTs employing elec-
tron paramagnetic resonance (EPR). By comparison to a spin count
reference sample quantitative EPR yields direct access to doping con-
centrations. We were able to quantify the p-doping concentrations on
the SWNTs for various doping ratios, further receiving new insight into
charge carrier confinement.
[1] Eckstein et al., Localized Charges Control Exciton Energetics and
Energy Dissipation in Doped Carbon Nanotubes, ACS Nano 2017,
DOI:10.1021/acsnano.7b05543

CPP 46.42 Wed 11:00 Poster A
Modeling morphologies with liquid crystalline order in
copolymers with conjugated blocks — ∙Jianrui Zhang, Kurt
Kremer, and Kostas Daoulas — Max Planck Institute for Polymer
Research, Mainz, Germany
Block copolymers (BCP) with conjugated blocks are interesting for
organic electronics. Because of the 𝜋-𝜋 stacking interactions between
aromatic rings in the backbone and short side chains, conjugated blocks
can form liquid crystals (LC) with collective planar order or crystalline
phases. Therefore, the phase behavior of BCP with conjugated blocks
is significantly more complex comparing to classical BCP and their
properties are less understood. Here we investigate the effects of collec-
tive planar order on conformational and structural properties of these
materials. For this purpose, we employ a generic model, where conju-
gated blocks can create collective planar order characterized by biaxial
nematic symmetry. We consider diblock copolymers consisting of one
flexible and one conjugated block, and restrict our study to the sim-
plest case – lamellar phase. First Monte Carlo (MC) simulations in the
canonical ensemble are used to locate approximately the region of the
parameter space where lamellae are formed. Then variable box-shape
MC simulations are performed to find optimized lamellae with uni-
form stress. The optimized lamellae comprise alternating amorphous
and biaxial layers, formed by flexible and conjugated blocks respec-
tively. Interestingly, we find that different biaxial layers have the same
preferred chain alignment direction but different 𝜋-stacking directions.
This observation indicates decorrelation between biaxial layers.

CPP 46.43 Wed 11:00 Poster A
Influence of Morphology on Mobility in Perylene Bisimide
Polymer Systems — ∙Hazem Bakr1, Julian Kahle1, Mukun-
dan Thelakkat2, and Anna Köhler1,3 — 1Experimental Physics
II, Uni Bayreuth — 2Macromolecular Chemistry I, Uni Bayreuth —
3BIMF, Uni Bayreuth
We investigate how morphological and conformational order affects
the charge transport in two different perylene bisimide (PBI) based
polymers. The two PBIs used differ in their sidechains, thus leading
to different morphologies. Time resolved photoluminescence measure-
ments in solution and film have shown the presence of two emitting
species, present at different amounts. A long lived one with a life-
time of 20 ns which is attributed to excimer emission and a short lived
one with a lifetime of 4 ns assigned to the PBI monomer emission.
Using electron only devices, we determine the electron mobility using
space charge limited current (SCLC) measurements. The differences
in charge mobilities and their relation to the film morphology are dis-
cussed.

CPP 46.44 Wed 11:00 Poster A
Efficient doping of poly(3-hexylthiophene) using the strong
Lewis acid tris(pentafluorophenyl)borane — ∙Malavika
Arvind1, Patrick Pingel2, Christian Röthel3, Silvia Janietz2,
Ingo Salzmann4, and Dieter Neher1 — 1University of Potsdam,
Germany — 2Fraunhofer Institute for Applied Polymers, Germany —
3Karl-Franzens Universität Graz, Austria — 4Humboldt Universitaet
zu Berlin, Germany
Molecular doping provides a convenient way of improving the conduc-
tivity and transport properties of organic materials. In this study, we
use tris(pentafluorophenyl)borane (BCF)- a well soluble, strong Lewis
acid that is known to serve as a p-dopant[1], to dope the semiconduct-
ing polymer poly(3-hexylthiophene) (P3HT). Analysis of the sub-band
gap signals in the UV-Vis-NIR spectra of BCF doped P3HT solutions
and thin films indicates a doping process similar to that in F4TCNQ-
P3HT, despite the obvious structural dissimilarity between the two
dopants.[2] However, grazing incidence x-ray diffraction (GIXRD) ex-
periments reveal important differences between the two systems. While
co-crystal formation is observed in F4TCNQ-P3HT films[3], such fea-
tures are absent in the BCF-P3HT system. By employing different
techniques for film preparation and doping, we succeeded in fabri-
cating doped films with high structural homogeneity and outstanding
electrical conductivities.

[1] Welch et al., J. Am. Chem. Soc., 133 (2011) 4632
[2] Pingel, Arvind et al., Adv. Electron. Mater., (2016) 2: 1600204
[3] Mendez, Salzmann et al. Nat. Comm., (2015), 6, 8560

CPP 46.45 Wed 11:00 Poster A
Drift, Diffusion, and Immobilization of Organic Dopant
Molecules - Challenges and Prospects — ∙Sebastian Beck1,2,
Patrick Reiser2,3, Heiko Mager1,2, Vipilan Sivanesan1,2,
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Jakob Bernhardt1,2, Frank Simon Benneckendorf2,4, Lars
Müller1,2,5, and Annemarie Pucci1,2 — 1Kirchhoff-Institut für
Physik, Universität Heidelberg — 2InnovationLab, Heidelberg —
3Surface Science Devision, TU Darmstadt — 4Organisch-Chemisches
Institut, Universität Heidelberg — 5Institut für Hochfrequenztechnik,
TU Braunschweig
A precise adjustment of dopant distribution is crucial for the function-
ality of organic electronic devices. Therefore, a lot of effort is made
to control the molecular composition in devices throughout fabrica-
tion. However, diffusion processes as well as drift of organic dopant
molecules can alter the carefully planned device architecture result-
ing in device fatigue. Therefore, detailed studies of diffusion and drift
properties as well as a method to immobilize organic dopant molecules
are needed to further improve device performance. In this study, the
drift of dopant molecules, such as F4TCNQ and Mo(tfdCO2Me)3,
in external electric fields was investigated. IR micro-spectroscopy of
doped P3HT layers in combination with electrical measurements was
used to clarify the underlying processes. Additionally, the diffusion
properties of Mo(tfdCO2Me)3 in sequentially doped P3HT layers with
varying regioregularity were studied by in-situ IR and Photoelectron
spectroscopy. We further present an UV triggered immobilizing pro-
cedure and introduce it to derivatives of the n-type dopant N-DMBI.

CPP 46.46 Wed 11:00 Poster A
Exploring the design of a complex and versatile Kinetic
Monte Carlo code, for organic electronics applications —
∙Leanne Paterson and Denis Andrienko — Max Planck Institute
for Polymer Research, Ackermannweg 10, 55128 Mainz, Germany
There is a vast and continuously growing interest in the field of organic
electronics. Although in it’s infancy with respect to inorganic competi-
tors, it is clear that the use of organic materials in electronic devices
can offer a cheaper, flexible and highly variable alternative. In order
for the field to advance and maximise the capabilities of such devices, it
is vital to understand the molecular processes involved. Kinetic Monte
Carlo (KMC) simulations offer a method to investigate the movement
of charge carriers through the organic material, with the possibility to
incorporate effects such as recombination of carriers and coulomb in-
teraction. Charge carrier movement in organic semiconductors can be
described via a ”hopping” mechanism. Each carrier hop or event, takes
the system from state ”a” to ”b”, there is a corresponding rate for this
transition and a probability for it to occur, which can be represented
by the master equation. KMC is one method of solving this master
equation, giving a randomly generated trajectory of carrier movement
within the organic material. The KMC code presented, uses a two-
level variable step size method (VSSM) algorithm, to increase compu-
tational efficiency. The algorithm proceeds with pre-computed rates,
calculated using Marcus theory, which are grouped corresponding to
carrier type and position.

CPP 46.47 Wed 11:00 Poster A
Structural models of the n-type nickel-tetrathiooxalate poly-
mers: A combined DFT/MD approach — Roman Tkachov1,2,
Lukas Stepien2, Robert Grafe2, ∙Olga Guskova3, Anton
Kiriy3, Heiko Reith4, and Christoph Leyens1,2 — 1TUD,
Helmholtzstr. 7, 01062, Dresden — 2Fraunhofer IWS, Winterbergstr.
28, 01277, Dresden — 3IPF Dresden, Hohe Str. 6, 01069, Dresden —
4IFW Dresden, Helmholtzstr. 20, 01069, Dresden
In this work, the 3D models of the n-type nickel-tetrathiooxalate poly-
mers poly(Ni-tto) and poly[Kx(Ni-ett)] have been studied for the first
time using DFT, the crystal packing prediction, all-atom MD simula-
tions and experiments [1,2]. As a result, possible unit cells for both
polymers are suggested, having densities and the XRD patterns close
to the experimental ones [2]. The predicted 3D packings consist of
two structural elements: the 𝜋-stacked columns and the herringbone
arrangements with counterions intercalating in-between stacks. From
the all-atom MD simulations, the close contacts S...Ni, S...S, the distri-
butions of counterions and the thermal disorder are characterized. This
distinguishes our approach from the previously reported ones either on
a linear idealistic chain [3] or on 3D models without counterions [4].
We are currently focusing on the calculations of the Seebeck coefficient
for 3D models of polymers as promising elements for thermoelectric ap-
plications. This work is supported by SAB (Proj.100245366) and AiF
(IGF-Proj.18165BR). [1] R. Tkachov et al Tetrahedron, 2017, 73, 2250.
[2] R. Tkachov et al Polym. Chem., 2017 (submitted). [3] D. Tiana et
al PCCP, 2014, 16, 14463. [4] T. Vogt et al JACS 1988, 110, 1833.

CPP 46.48 Wed 11:00 Poster A

LT-UHV-STM investigations on single benzylnaphthoic di-
imides adsorbed on metal(111)-surfaces — ∙Bertram Schulze
Lammers1, René Ebeling1, Elena Dirksen2, Thomas J. J.
Müller2, and Silvia Karthäuser1 — 1Peter Grünberg Institut
(PGI-7) and JARA-FIT, Forschungszentrum Jülich GmbH, Germany
— 2Institut für Organische Chemie und Makromolekulare Chemie,
Heinrich-Heine-Universität Düsseldorf, Germany
LT-UHV-STM investigations allow the detailed characterization of the
adsorption behavior and the geometry of 2-dimensional molecules ph-
ysisorbed on atomically flat surfaces up to their orbital structure.
As functionalized naphthalene diimides (NDIs) received current in-
terest due to their possible use as small molecular acceptors for var-
ious applications in molecular electronics, we deduced the adsorption
behavior and the electronic behavior of these molecular compounds
by STM. Here the 2,7-dibenzyl 1,4,5,8-naphthalenetetracarboxylic di-
imide (BNTCDI), which consist of a large 𝜋-conjugated NDI backbone
and two benzyl-groups connected to the central part, have been studied
as prototypical 3-dimensional NDI compounds. Recent results [1] for
BNTCDI on the Pt(111)-surface verified the 3-dimensional structure of
the adsorbed molecule with the phenyl groups standing vertically with
their phenyl plane on the substrate. In addition to these results the
electronic and topographic structure of BNTCDI adsorbed on different
(111)-surfaces was investigated in detail and compared to DFT based
calculations on BNTCDI in the gas phase and its orbital symmetry of
the HOMO and the LUMO. [1] DOI: 10.1021/acs.jpcc.7b09911

CPP 46.49 Wed 11:00 Poster A
Spin crossover iron(II) coordination polymer with fluores-
cent properties: correlation between emission properties
and spin state — Charles Lochenie1, ∙Konstantin Schötz2,
Fabian Panzer2, Hannah Kurz1, Bernadette Maier1, Flo-
rian Puchtler4, Seema Agarwal5, Anna Köhler2,3, and Bir-
git Weber1 — 1Inorganic Chemistry II, Universität Bayreuth —
2Experimental Physics II, Universität Bayreuth — 3Bayreuth Insti-
tute of Macromolecular Research, Universität Bayreuth — 4Inorganic
Chemistry I, Universität Bayreuth — 5Macromolecular Chemistry II,
Universität Bayreuth
Spin crossover complexes show great potential as molecular switches
or data storage devices. For a good performance as such, the switch-
ing between the high spin (HS) and the low spin (LS) state should
be abrupt and show a stable hysteresis in an accessible tempera-
ture region. We report the synthesis and characterization of a spin
crossover coordination polymer exhibiting such attributes. By differ-
ential scanning calorimetry and magnetic measurements, Mössbauer
spectroscopy, and X-ray powder diffraction, we revealed a wide and
stable hysteresis of the spin transition between 𝑇1/2, 𝑢𝑝 = 371 𝐾 and
𝑇1/2, 𝑑𝑜𝑤𝑛 = 323 𝐾, which can additionally be tracked using photolu-
minescence spectroscopy due to a change in emission color.

CPP 46.50 Wed 11:00 Poster A
Phosphorescence Lifetime of a Brominated Diphenylphos-
phine-Alkyl Naphthaleneimide Luminescence Turn-On Dyad
in Different Atmospheres — Sebastian Feulner1, ∙Lothar
Kador1, Paul M. Reichstein2, and Werner Reichstein3 —
1University of Bayreuth, Institute of Physics, 95440 Bayreuth, Ger-
many — 2University of Bayreuth, Macromolecular Chemistry I, 95440
Bayreuth, Germany — 3University of Bayreuth, Bayreuth Materials
Center (BAYMAT), 95440 Bayreuth, Germany
We have studied a brominated diphenylphosphine-alkyl naphthalene-
imide luminescence turn-on dyad which, in its oxidized form, emits
strong fluorescence and moderate phosphorescence when excited with
UV light at 365 nm. In ambient air, the phosphorescence is partly
quenched by triplet-triplet annihilation (TTA) with molecular oxygen.
At lower pressure, TTA is reduced and, therefore, the contribution of
the phosphorescence to the total luminescence and the phosphores-
cence lifetime increase. The phosphorescence signal and the phospho-
rescence lifetime were studied in the frequency domain with modulated
UV excitation at air pressures between 1 bar and vacuum. Both quan-
tities increase strongly below 100 mbar. The phosphorescence was also
investigated in pure oxygen and pure argon atmosphere at 1 bar. As
expected, oxygen causes slightly stronger phosphorescence quenching
than air. Surprisingly, in argon the phosphorescence is significantly
weaker than in vacuum. The experimental data are interpreted in the
so-called polar-plot (or Cole-Cole plot) representation.

CPP 46.51 Wed 11:00 Poster A
Calculation of electron-phonon coupling constants in
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𝜋-conjugated molecules from first principles — ∙Irina
Petreska1,2 and Gertrud Zwicknagl2 — 1Faculty of Natural Sci-
ences and Mathematics, Ss. Cyril and Methodius University in Skopje,
1000 Skopje, Republic of Macedonia — 2Institut für Mathematische
Physik, Technische Universität Braunschweig, 38106 Braunschweig,
Germany
Electron-phonon coupling constants for a class of 𝜋-conjugated
molecules will be calculated using excited states and vibrational spec-
tra obtained from first principles. Electronic excitations will be evalu-
ated in the frame of configuration interaction (CI) picture, as well as
the time-dependent density functional theory (TD-DFT). Hamiltonian
matrix involving electronic and vibronic energies obtained from CI and
TD-DFT calculations will be then composed, which will enable evalu-
ation of the electron-phonon coupling constants. The obtained results
could be further used to parametrize the extended Hubbard-like Hamil-
tonians in order to treat the inelastic transport regime in 𝜋-conjugated
molecules.

CPP 46.52 Wed 11:00 Poster A
Singlet And Triplet Dynamics of Covalently Bound Dite-
tracene in Various Environments — ∙Maximilian Frank1,
Ulrich Müller1, Lena Roos2, Anke Krueger2, and Jens
Pflaum1,3 — 1Experimental Physics VI, Julius Maximilian Univer-
sity of Würzburg, 97074 Würzburg — 2Institute of Organic Chem-
istry, Julius Maximilian University of Würzburg, 97074 Würzburg —
3Bavarian Center for Applied Energy Research (ZAE Bayern), 97074
Würzburg
Singlet fission significantly affects the performance of many organic
photovoltaic cells and light-emitting diodes. In this process a singlet
state decays into two triplet states which strongly depends on the rel-
ative orientation of the participating chromophores. As tetracene con-
stitutes a model system showing efficient, thermally activated singlet
fission, we study covalently bound ditetracene to determine the influ-
ence of the rotation angle between the two tetracene molecules on this
process. Therefore, ditetracene and tetracene doped into different host
systems like a disordered PMMA matrix or a single anthracene crystal
are optically analysed by means of photon-correlation studies together
with lifetime measurements at room temperature. By comparing this
data with that of a tetracene single crystal or the molecules in solution
we are able to identify two different excitonic species in ditetracene and
to show how the influence of the environment and temperature affects
their photophysical characteristics such as the spectral intensity distri-
bution, fluorescence lifetime and quantum efficiency. This project was
funded by the DFG in the framework of the GRK 2112.

CPP 46.53 Wed 11:00 Poster A
Synthesis of a series of brominated TPB molecules to increase
the phosphorescence — ∙Anna Haft1, Felix Fries1, Ramunas
Lygaitis2, Olaf Zeika1, and Sebastian Reineke1 — 1Dresden In-
tegrated Center for Applied Physics and Photonic Materials, TU Dres-
den, Nöthnitzer Str. 61, 01187 Dresden — 2Kaunas University of
Technology, K. Donelaičio g. 73, 44249 Kaunas
Biluminescent emitter molecules are able to show phosphorescence and
fluorescence efficiency at room temperature. N,N,N’,N’-tetraphenyl-
[1,1’-biphenyl]-4,4’-diamine (TPB) is one of these special emitters. By
adding heavy atoms like bromine it is possible to increase the ratio of
phosphorescence to fluorescence by increasing the intersystem crossing
through intramolecular heavy atoms.

To investigate this effect, a series of TPB derivates was synthe-
sized successfully. The pure TPB was obtained using the Ullmann
reaction. A bromination in para position in case of mono to tetra
brominated species was achieved via an electrophilic substitution
with N-bromosuccinimide. The materials were investigated in form
of a host:guest system embedded in a rigid matrix of poly(methyl
methacrylate) PMMA with respect to the internal conversion rates,
where the increased phosphorescence-to-fluorescence ratio with in-
creasing heavy atom decoration was confirmed.

CPP 46.54 Wed 11:00 Poster A
Macroscopic anisotropic optical properties by wrinkling in-
stabilities — ∙Anik Kumar Ghosh1, Bernhard Alexander
Glatz1, Sven Wießner1,2, Amit Das1, Tobias A. F. König1,2,
and Andreas Fery1,2 — 1Leibniz-Institut für Polymerforschung
Dresden e. V., Germany — 2Cluster of Excellence Centre for Ad-
vancing Electronics Dresden (cfaed), Technische Universität Dresden,
Germany

Polymeric wrinkled structures are exquisite, concerning their apparent
advantages with reverence to their flat counterparts. Their repeating
sinusoidal geometry is the result of an energetic instability induced
by a mechanical mismatch between two layers that is easy to handle,
reproducible and very robust. A well-known way to gain such struc-
tures represents the oxidation of a pre-strained polydimethylsiloxane
(PDMS) slab by plasma treatment [Microchimica Acta, 2009, 165, 249
and Soft Matter, 2015, 11, 3332]. It creates in situ a glassy layer
on top, while the consequent strain relaxation of the two-layer sys-
tem results in a mechanical buckling instability that forms permanent
wrinkles. In our setup, we move onward by fabricating blazed grat-
ing structures via angle-dependent thin metal film deposition on top
of the PDMS wrinkles. This enables them for enhanced light-matter
interactions, subsequently a gateway towards high-performance opto-
electronic devices, non-linear optical phenomena which further results
in a key point to build a cost-efficient class of photonic structures. Sup-
ported by finite-difference time-domain simulations, we further discuss
the grating efficiency of the anisotropic structure.

CPP 46.55 Wed 11:00 Poster A
Optical and structural properties of diindenoperylene
and perylene-tetracarboxylic-diimide on ZnO and SiO2 —
∙Clemens Zeiser, Alexander Hinderhofer, Alexander Ger-
lach, and Frank Schreiber — Institut für Angewandte Physik, Uni-
versität Tübingen, Germany
In recent years, heterostructures of donor and acceptor compounds
have attracted significant attention due to their applications in or-
ganic devices [1]. We studied blends of diindenoperylene and perylene-
tetracarboxylic-diimide (PTCDI) deposited by organic molecular beam
deposition on SiO2 as an inert and on ZnO as a strongly interactive
substrate. Uniaxial absorption spectra of films on silicon oxide mea-
sured by spectroscopic ellipsometry could be explained with the molec-
ular structure determined by synchrotron x-ray diffraction. Using dif-
ferential reflectance spectroscopy, also thickness dependent absorption
spectra of films deposited on ZnO and SiO2 have been examined. We
find changes in the vibronic progression of flat-lying monolayer spectra
which could be assigned to molecular interactions with the ZnO surface
[2]. Furthermore, also the changing absorption spectra of the follow-
ing layers could be explained by molecular coupling and morphologic
influences.

[1] A. Hinderhofer, ChemPhysChem 2012, 13, 628-643
[2] P. Winget et. al., Adv. Mater. 2014, 26, 4711-4716

CPP 46.56 Wed 11:00 Poster A
Investigation of opto-electronic properties of ZnPc:F4ZnPc
OLEDs — ∙Simon Wiegand1, Thomas Ferschke1, Gabriel Frei-
herr von Eyb1, Sebastian Hammer1, and Jens Pflaum1,2 —
1Experimental Physics VI, Julius-Maximilian University of Würzburg,
97074 Würzburg — 2Bavarian Center for Applied Energy Research
(ZAE Bayern), 97074 Würzburg
To analyze the electrically driven generation of excitonic and possi-
ble charge transfer states we fabricated organic light emitting diodes
(OLEDs) comprising an emission layer (EML) made out of co-
evaporated neat and partially fluorinated zinc phthalocyanin, ZnPc
and F4ZnPc, respectively. By means of electroluminescence (EL),
photoluminescence (PL) and I(V) characteristics, we studied the opto-
electronic properties of these OLEDs. The additional variation of the
EML thickness provides access to the microscopic mechanisms, such
as local space charging or an unbalanced injection of electrons and
holes, governing the radiative as well as non-radiative relaxation of
excited states. Furthermore, guided by a recent publication of our
group [1] we intend to utilize plasmonic emission enhancement by us-
ing suited electrode materials and electrode geometries matching the
spectral characteristics of our ZnPc:F4ZnPc OLEDs.

[1] V. Kolb, et al., Opt Express, 2017, 25(6), 6678–6689

CPP 46.57 Wed 11:00 Poster A
Study on conductive silver nanowire networks in 3D printed
polymers — ∙Lewis Akinsinde1, Tomke Glier1, Ferdinand
Otto1, Calvin J. Brett2,3, Milena Lippmann3, Stephan V.
Roth3,4, and Michael A. Rübhausen1 — 1Institut für Nanostruktur
und Festkörperphysik, Universität Hamburg — 2Department of Fluid
Physics, Royal Institute of Technology (KTH), Stockholm, Sweden —
3Photon Science, Deutsches Elektronen-Synchrotron (DESY), Ham-
burg, Germany — 4Royal Institute of Technology (KTH), Stockholm,
Sweden
Nowadays, increasing attention has been devoted to transparent con-
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ductive films because of their various applications in Solar cells and
OLEDs. 3D printing is an alternative promising fabrication process.
The embedding of silver nanowires in a UV sensitive polymer matrix
enables 3D printable conductive objects. Hence silver nanowires were
synthesized via the polyol method resulting in an average diameter of
approximately 130 nm and a length up to 100 𝜇m. With optimization
through dry etching sheet electrical resistance could be reduced to ca.
1.5 Ω/square. This is highly competitive with existing candidates such
as indium tin oxide (ITO). As a next step layer systems consisting of
UV cured 1,6-Hexanediol diacrylate (HDDA) and silver nanowires were
prepared. The structure and morphology of the silver nanowire incor-
porated thin films were investigated by scanning electron microscopy
(SEM), atomic force microscopy (AFM), conductivity measurements
and spectroscopic measurements. Inner film morphology was studied
using grazing incidence small-angle X-ray scattering (GISAXS)

CPP 46.58 Wed 11:00 Poster A
Flexible Modulation of Electronic Band Structures of Wide
Band Gap GaN Semiconductors Using Bioinspired, Non-
Biological Helical Peptides — ∙Sven Mehlhose1, Natalya
Frenkel1, Wasim Abuillan1, Sara Lippert3, Gesche Müntze3,

Martin Eickhoff3, Shunsaku Kimura2, and Motomu Tanaka1 —
1Physical Chemistry of Biosystems, Institute of Physical Chemistry,
Heidelberg University, D69120 Heidelberg, Germany — 2Department
of Material Chemistry, Graduate School of Engineering, Kyoto Uni-
versity, 6158510 Kyoto, Japan — 3Institut für Festkörperphysik, Uni-
versität Bremen, Otto-Hahn-Allee, D28359 Bremen
We show the modulation of the electronic band profiles of wide band
gap GaN semiconductors by the macromolecular dipole potentials ex-
erted from ordered monolayers of synthetic, non-biological aldehyde
terminated helical peptides deposited on wet chemically oxidized GaN
surfaces functionalized with aminosilanes. The selective coupling of ei-
ther N- or C-terminal to the amino-terminated surface enables one to
control the direction of the dipole moment. After confirming the forma-
tion of highly ordered peptide monolayers, the impact of macromolec-
ular dipole potentials was quantified by electrochemical impedance
spectroscopy. The same functionalization steps were transferred to
GaN/AlGaN/GaN high electron mobility transistor structures. Stable
and quantitative modulation of the current-voltage characteristics of
the two-dimensional electron gas by the deposition of bio-inspired pep-
tides is a promising strategy for the macromolecular dipole engineering
of GaN semiconductors.
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