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CPP 30.1 Tue 18:15 Poster B2
Microstructure of donor-acceptor conjugated polymer blends
and annealing induced nano-aggregation observed by two-
dimensional polarization fluorescence microscopy — eDANIELA
TauBer!, Yuxi Tian', Yuxin Xia2, OLLeE INcaNAs?, and Ivan
ScHEBLYKIN! — 1Chemical Physics, Lund University, Lund, Swe-
den — 2Biomolecular and Organic Electronics, Linkdping University,
LinkSping, Sweden

Polymer-polymer bulk heterojunction solar cell devices combine solar
energy harvesting with the fortune of polymer materials, which enable
easy and inexpensive processing and flexibility of the material.

Their performance crucially depends on the organization of the con-
jugated polymer molecules. Studying blends of TQ1 and N2200 spin-
cast from solution with two-dimensional polarization fluorescence mi-
croscopy we observe concentration dependent microstructures. Com-
paring polarization parameters from films as prepared with films an-
nealed at 120°C, we find modifications pointing to enhanced nano-
aggregation of the annealed polymer blend. These changes agree with
modifications seen in fluorescence and absorption spectra and in fluo-
rescence lifetime measurements.

D.T. acknowledges a personal research grant DFG-TA 1049/1-1.

CPP 30.2 Tue 18:15 Poster B2
Conformational preferences of conjugated benzothiadiazole-
cored oligomers: the impact of through-space interac-
tions — eDEvAN RavcuEv!2, OLca Guskoval:2) and Jens-Uwk
SoMMER!+2:3 — 1Dresden Center for Computational Materials Science,
TU Dresden — 2IPF Dresden — 3Institute of Theoretical Physics, TU
Dresden

Symmetrical benzothiadiazole-cored oligomers with thiophene or furan
rings are widely used in experiments as structural blocks for organic
electronics. Along with chemical composition, the molecular confor-
mation plays a crucial role in crystal packing/self-assembly of these
building moduli in thin films. In this work, we examine the conforma-
tional preferences analyzing possible through-space interactions (S...N,
O...N, S...H, O...H), steric repulsion, electrostatics and donor/acceptor
orbital interactions for a series of benzothiadiazole-based conjugated
oligomers using DFT calculations (with different functionals and ba-
sis sets and taking into account the effects of the medium) and NCI
procedure [1].

The financial support from ESF Young Investigators Group CoSiMa
(TU Dresden) is highly appreciated.

[1] J. Contreras-Garcia et al. J. Chem. Theory Comput. 7 (3),
625-632 (2011).

CPP 30.3 Tue 18:15 Poster B2
Influence of conformations in DPP-TH based molecular sys-
tem on electronic structure and charge transport proper-
ties — MaRria V. Makaroval, SErcEy G. SEMENOVZ, and eOLca
Guskoval3 — PF Dresden, Dresden, Germany — 2Petersburg
Nuclear Physics Institute, National Research Centre ”Kurchatov
Institute”, Gatchina, Russia — 3Dresden Center for Computational
Materials Science (DCMS), TU Dresden, Dresden, Germany

Such phenomenon as stereoisomerism can strongly influence on phys-
ical and chemical processes in molecular systems. In the present
work, the role of conformational changes on charge transport pro-
cess in diketopyrrolopyrrole-thiophene (DPP-TH) molecular system
was theoretically investigated. Quantum chemical calculations of rela-
tive and reorganization energies, ionization potentials, electron affini-
ties and intermolecular couplings were performed for two TH2-DPP-
TH2 conformers. Calculations were carried out by M06-2X/cc-pVDZ
method using GAUSSTANO09. Crystal structure predictions (Monte
Carlo method) were performed using BIOVIA Materials Studio 8.0.

CPP 30.4 Tue 18:15 Poster B2
Manipulation and controlling the strength of the interfacial
polarisation in OLED devices by doping — eLaRrs JAGER, To-
Bias D. ScuMIDT, and WOLFGANG BRUTTING — Institute of Physics,
University of Augsburg, 86135 Augsburg, Germany

Most of the used electron transporting materials in organic light emit-
ting diodes are known to be polar. This property modifies the in-
ternal electric field distribution of the device and therefore enables

Location: Poster B2

an earlier flat band condition for the hole transporting side, leading
to improved charge injection. Recently the interfacial polarisation
has been investigated with regard to different materials and degra-
dation effects, however, so far the influence of doping has never been
looked at. Here we focus on the behavior in the case of doping of the
polar electron transporting layer tris-(8-hydroxyquinolate) aluminum
(Algs) with the hole transporting material 4,4’-bis[N-(1-naphthyl)-N-
phenylamino|-biphenyl (NPB). By evaluating impedance spectroscopy
data we can show that the limiting parameter is not the effective Algs
thickness. In fact the built up of the polarisation reaches a maxi-
mum for a 50% blend. Taking the permanent dipole moments of the
molecules into account, an increasing contribution was found for a de-
creasing Alqs amount in the blend. This fact can be explained by
a sterically mechanism in addition to the minimization of the dipole-
dipole interaction.

CPP 30.5 Tue 18:15 Poster B2
Printing High Efficiency Solar Cells — eDAN YaANG and PETER
MULLER-BuscuBauM — TU Miinchen, Physik-Department, LS Funk-
tionelle Materialien, 85748 Garching, Germany

Printing techniques hold a promising future for thin organic films. The
realization of fast, low-cost and large areas manufacture lies within
reach. In our work, we combine the printing technique with high
power conversion efficiency (PCE) polymers to prepare organic so-
lar cells. In the past few years, a new state-of-the-art low bandgap
polymer with PCEs exceeding 7%, polythieno [3, 4-b]-thiophene-co-
benzodithiophene (PTB7), has been developed as one of the most
promising donor materials for organic solar cells. So far, research fo-
cused on PTBY films prepared via spin coating to make such solar cells.
In contrast, we prepare solar cells (PTB7 as donor) with printing the
active layers. We measure the device function via I-V curves. In order
to understand the influence of printing, we investigate the morphol-
ogy of the active layers with GISAXS and the crystal orientation with
GIWAXS.

CPP 30.6 Tue 18:15 Poster B2
Degradation processes in high-efficiency polymer solar cells
— oCHRISTOPH SENFTER, FRANZISKA LOHRER, CHRISTOPH SCHAF-
FER, and PETER MULLER-BuscuBauM — TU Miinchen, Physik-
Department, LS Funktionelle Materialien, 85748 Garching, Germany

The application of polymers as active material in solar cells has sev-
eral advantages over conventional silicon solar cells. Organic materials
are typically cheap in production, flexible and lightweight, but their
efficiencies and long term stabilities are far below the ones of their in-
organic counterparts. In the last years, research has been focusing on
the identification of new high-efficiency polymers like PTB7-Th with
reported efficiencies surpassing 10 % in combination with PC71BM.
However, little is known about the long-term stability of this poly-
mer and its blends. Photo-oxidation and morphological changes of the
active layer are two main aging processes, which lower the cell per-
formance over time. To learn more about the degradation process,
we investigate changes of the polymer under illumination using FT-IR
spectroscopy. Additional investigation methods include optical char-
acterization via UV /Vis and PL as well as morphological characteriza-
tion using X-ray diffraction methods. The change in cell performance
is probed by applying IV-measurements.

CPP 30.7 Tue 18:15 Poster B2
Hole mobility in bulk P3HT determined from first princi-
ples — eANDREAS LUcCkE!, FRANK ORTMANNZ, SIMONE SANNAl,
Eva Raurs!, Uwe GErsTMANN!, and WoLrF GERO ScHMIDT! —
1Lehrstuhl fiir Theoretische Physik, Universitit Paderborn, 33095
Paderborn, Germany — 2Institute for Materials Science and Dresden
Center for Computational Materials Science, Technische Universitét
Dresden, Germany

The temperature-dependent hole mobility for ideal Poly(3-
hexylthiophene) (P3HT) crystals is calculated ab initio and compared
with experimental data. Thereby the electronic structure as well as
phonon frequencies and electron-phonon coupling constants are ob-
tained from density functional theory. The P3HT transport properties
are dominated by polarons due to the strong coupling between the
charge carriers and the vibrating lattice. By providing a limit for ideal
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P3HT crystals, our results allow for separating the polaron effects
from disorder contributions onto the temperature dependent mobility.
Furthermore a detailed analysis of important phonon modes is given
that illustrates the polaron effects microscopically.

CPP 30.8 Tue 18:15 Poster B2
Investigation of the donor-acceptor coupling strength in
DBP:C7; solar cells — eTHOMAS ZECHEL, THERESA LINDERL,
Tuaomas Lampe, and WoLFcanG BRUTTING — Institute of Physics,
University of Augsburg, 86159 Augsburg

The strength of the donor (D) acceptor (A) interaction can have an
influence on the open circuit Voltage (Voc) in organic solar cells
as demonstrated by Vandewal et al. [1]. Here it is shown that
the strength of the D-A interaction in Tetraphenyldibenzoperiflan-
then(DBP):Fulleren C7¢ planar mixed hetero junction (PM-HJ) solar
cells decreases with decreasing the amount of DBP in the mixed layer.
However, no significant changes in Vo¢ for this D-A pairing can be
observed. The coupling strength is obtained from electroluminescence
(EL) and external quantum efficiency spectra of working devices. Tem-
perature dependent EL measurements reveal two charge transfer peaks
with different temperature dependence. At the same time the current
voltage characteristics of the different devices show that only a small
amount of DBP is necessary for efficient charge separation.
[1] Vandewal, K. et al., Physical Review B, 2010, 81, 125204

CPP 30.9 Tue 18:15 Poster B2
Light-coupling and light trapping in periodically structured
thin-film solar cells — THoMAs PrADLER and eLLUKAS SCHMIDT-
MEeNDE — Universitat Konstanz

Periodically structured TiO2 electrodes are introduced to thin-film
photovoltaics to tackle the typically partial light absorption. Aris-
ing consequences on light management in such thin-film solar cells are
elucidated. Wavelength-scale patterns are transferred to the electron-
selective TiO2 bottom electrodes via direct laser interference pattern-
ing. In the main absorption region of the employed photoactive mate-
rials, the efficiency of the structure-induced light in-coupling is spec-
troscopically shown to be determined by the refractive index n(active
material) with respect to n(TiO2). Beside the elucidation of light
in-coupling in the main absorption region of the photoactive mate-
rial, structure-induced light-trapping effects targeting at a resonant
enhancement of the very weak tail-state absorption present in poly-
mer:fullerene BHJ solar cells are additionally investigated. The pre-
sented approach paves the way to potentially close the gap between
net optical and electric band gap of organic solar cells, which is stated
as an intrinsic energy loss mechanism in donor-acceptor systems. Fur-
thermore, fully vectorial electromagnetic simulations using the Dis-
continuous Galerkin Time Domain method were performed to obtain
time-averaged Poynting vectors along with spatially resolved depen-
dencies of the power loss densities. The simulations underline the
experimental findings and further outline the tuneability of the ab-
sorption resonances towards arbitrary wavelength regions.

CPP 30.10 Tue 18:15 Poster B2
Disorder effects on Charge Transport in Rubrene Crystals —
eMicHEL Pannans!, DEsaNnka Boskovic?, PaBLo ORDEION?3, and
FraNK ORTMANN! — !Institute for Material Science and Dresden
Center for Computational Material Science, Technische Universitat
Dresden, 01062 Dresden, DE — 2ICN2 - Institut Catala de Nanocien-
cia i Nanotecnologia, 08193 Bellaterra, ES — 3CSIC - Consejo Superior
de Investigaciones Cientificas, 08193 Bellaterra, ES

The understanding of charge transport in small-molecule organic semi-
conductors challenges both experimental and theoretical approaches
since many years. This is mainly because transport phenomena in
organic semiconductors are strongly influenced by vibrations and dis-
order effects (such as traps, dopants, structural disorder, etc.).

We present a charge transport approach based on ab initio calcula-
tions of all relevant parameters of the small molecules that tackles
electron-phonon interactions both quantum-mechanically and semi-
classically and includes disorder effects by suitable real space models.

The p-type charge transport in rubrene single-crystals FET’s serves
as a test case that provides a valuable reference for comparison with our
charge transport simulations of rubrene crystals. Based on the present
theory we studied band-like transport and phonon assisted hopping
transport in the presence of two different sources of disorder and com-
pared them quantitatively to existing experimental data. The analysis
of both models illustrates important aspects of transport mechanisms
occurring in organic small-molecule semiconductors.

CPP 30.11 Tue 18:15 Poster B2
Columnar axial orientation of discotic liquid crystals in
nanoporous solids — eKATHRIN SENTKER, KaTrIN KNorP, and
Parrick HUBER — Institut fiir Werkstoffphysik und -technologie,
Technische Universitdt Hamburg-Harburg

The columnar axial orientation of discotic liquid crystals (DLC) in
nanoporous silica or alumina membranes provides a high electrical
conductivity along the pore axis, which is important for their appli-
cations in e.g. photovoltaic devices. The optical birefringence of the
DLCs is a measure of their orientational order. In contrast to a radial
orientation an axial orientation causes a negative birefringence. We
successfully reproduced the experimental results of Calus et al. [1],
showing that 11-hexakis(hexyloxy)triphenylene DLCs embedded in an
untreated alumina membrane exhibit positive birefringence, hence a
radial orientation. In order to achieve axial orientation we are going
to chemically modify the membranes from hydrophilic to hydrophobic.
Additionally, we are going to perform measurements with coronene-
based DLCs as suggested by Duran et al. 2], supplemented by X-ray
diffraction experiments to probe the translational order.

[1] Sylwia Calus, Andriy V. Kityk, Patrick Huber, Microporous and
Mesoporous Materials 197 (2014)

[2] Hatice Duran et al., ACS Nano 6, 11 (2012)

CPP 30.12 Tue 18:15 Poster B2
Energy losses in DIP/PDIR-CN; based solar cells. —

eEpuARD MEIsTER!, THERESA LINDERL!, STEFAN ScuMIDT!,
2

TrOMAS ZECHEL!, PAauL BEYER2, ANDREAS OPITZ2, VALENTINA
BeLova3, ALEXANDER HINDERHOFER3, FRANK SCHREIBERS, and
WorrcanG BrROTTING! — !Institut fiir Physik, Universitit Augsburg,
Germany — 2Institut fiir Physik, Humboldt-Universitit zu Berlin,
Germany — 3Institut fiir Angewandte Physik, Universitéit Tiibingen,

Germany

Perylene derivatives are widely used in organic electronics. Depend-
ing on the substitution at both ends of the molecular core, either
donor- or acceptor-type behaviour is obtained. In this contribution
we used diindenoperylene (DIP) as donor and N,N’-bis-(2-ethylhexyl)-
1,7-dicyanoperylene-3,4:9,10-bis(dicarboxyimide) (PDIR-CN2) as ac-
ceptor and prepared donor/acceptor (D/A) solar cells with two differ-
ent architectures: planar hetero junction (PHJ) and planar mixed het-
ero junction (PM-HJ). The j-V measurements displayed that the open
circuit voltage Voc of both architectures, PM-HJ and PHJ, is equal,
where the short circuit current density jsc as well as the efficiency for
the PM-HJ cell is lower than for its PHJ pendant. In addition we deter-
mined from electroluminescence (EL) measurement two radiative CT
states and from incident photon-to-current efficiency (IPCE) experi-
ment at least four CT states. Taken as a whole, this D/A combination
yields very low efficiency, most likely due to a strong interaction be-
tween DIP and PDIR-CNj; accompanied by very high non-radiative
energy losses detected with EL and IPCE measurements.

CPP 30.13 Tue 18:15 Poster B2
In situ polymerized insoluble semiconducting polymers for
application in organic solar cells — ¢JENNY LEBERT, ANNA SAN-
INA, Eva KraTzER, and Eva M. Herzic — Technische Universitéit
Miinchen, Munich School of Engineering, Lichtenbergstr. 4, 85748
Garching

Organic semiconducting materials can be applied in optoelectronic de-
vices such as organic light-emitting diodes and organic solar cells. The
polymers employed usually exhibit a conjugated backbone of varying
complexity which is equipped with insulating, alkyl side chains to make
them processable from solution. While nowadays lab scale organic so-
lar cells can easily perform at efficiencies above ten percent, they still
suffer from fast degradation induced amongst others by external im-
pacts such as water, oxygen and UV light. In situ polymerization offers
the possibility to process polymers from solution without the need for
solubilizing side chains. Thereby the amount of electrically insulating
molecular parts in the film are reduced to a minimum. Moreover, the
simplified chemical structure of the polymers leads to a higher stability.
In this work, in situ polymerized polythiophene thin films are investi-
gated in terms of their stability in organic solar cells. For this purpose,
differently post-treated films are analyzed regarding their morphology,
conductivity and optoelectronic properties.

CPP 30.14 Tue 18:15 Poster B2
Investigating the photoactive layer morphology of printed
thin films for organic solar cells — ¢OLIVER FiLonik!2, STEPHAN

PrROLLER!, PETER MULLER-BuscuBAaUM?, and Eva M. Herzic!
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— Technische Universitdt Miinchen, Munich School of Engineering,
85748 Garching, Germany — 2Technische Universitdt Miinchen, LS
Erneuerbare und Nachhaltige Energiesysteme, 85748 Garching, Ger-
many — 3TU Miinchen, Physik-Department, LS Funktionelle Materi-
alien, 85748 Garching, Germany

Organic solar cells yield numerous advantages including flexibility, low
material costs, and independence on rare resources. In particular, so-
lution based processability enables fabrication techniques like printing,
which is up-scalable to large area photovoltaics production in industrial
processes. The photoactive layer morphology, consisting of a donor and
acceptor material blend, is of utmost importance for the performance
of the device due to its impact on the exciton generation, exciton
separation and charge carrier transport in the device. Therefore, a
deeper understanding of the parameters influencing the active layer’s
morphology is crucial.

Using a slot die coater, we print organic thin films used as the pho-
toactive layer of an organic solar cell. We investigate the processing
parameters as well as external influences on the film morphology in
order to obtain insight into the crucial processing parameters for the
photoactive layer. With this knowledge, we are able to optimize the
production process of organic solar cells.

CPP 30.15 Tue 18:15 Poster B2
Diffusion of p-type Dopants in Organic Semiconduc-
tors — eDonaxiaNc Wanc!:2, Lars MOULLER?3?, SEBASTIAN
Beck??, RoBerT Lovrincic?3, ULt LEmMMeER!2, and WoLrFcaNG
KowaLskTy?? — 1KSOP, Karlsruhe Institute of Technology, Ger-
many — 2InnovationLab, Heidelberg, Germany — 3IHF, TU Braun-

schweig, Germany — *KIP, Heidelberg University, Germany

Molecular doping of organic semiconductors is routinely applied in var-
ious devices such as organic light emitting diodes. Nevertheless, issues
like the diffusion of dopants are still not solved for many material com-
binations. In this work, we investigate if this diffusion can be controlled
to improve device performance. The starting device is a diode with
two gold electrodes evaporated onto a substrate and the organic semi-
conductor material (P3HT) doped with certain p-type dopants such as
FATCNQ. Chlorobenzene is used as solvent for the solution-fabricating
process. To get a general understanding of how dopant diffusion can
be controlled, we start with an application of an electric field. Con-
ductivity measurements as well as IR and UV-Vis spectroscopy are
performed for the investigation. We show that the dopant distribution
in the matrix material can indeed be controlled via an applied electric
field. We will discuss how this effect can be utilized to improve the
performance of an organic field effect transistor.

CPP 30.16 Tue 18:15 Poster B2
Influence of crosslinking on charge carrier mobility in PF2/6-
derivatives — eFRaNK-JuLIAN KaHLE!, IRENE BAUER2?, ANNA
KouLER!, and PETER STROHRIEGL? — !Department of Physics, Uni-
versity of Bayreuth, Germany — 2Department of Chemistry, Univer-

sity of Bayreuth, Germany

Cross-linking provides a good means to fabricate optoelectronic devices
with multiple layers via solution processing. In the current work, a se-
ries of especially synthesized PF2/6 derivatives with different fractions
of cross-linkable acrylate groups is investigated. Spectroscopic char-
acterization and mobility measurements are carried out to assess the
influence of introducing acrylate groups and crosslinking on material
performance. For the regime of low to medium charge carrier density,
relevant for OLEDs and OPVs, we used a novel technique based on the
injection of charge carriers from the electrodes of an optoelectronic de-
vice: MIS-CELIV. This technique allows for the selective measurement
of electron or hole mobility. By comparing crosslinked samples with
pure PF2/6 as reference, we could show that the crosslinking process
itself does not significantly influence hole mobility in the investigated
system. An observed reduction of about one order of magnitude is at-
tributed to structural differences caused by the introduction of acrylate
groups. Furthermore, it turned out that the crosslinking process may
be solely triggered by thermal activation and UV-illumination without
the need of any photoinitiator, still achieving a densely linked net-
work. This is of special interest as we have seen that a larger amount
of photoinitiator may introduce traps for charge carrier transport.

CPP 30.17 Tue 18:15 Poster B2
Organic heterojunctions: Contact-induced molecular reori-
entation, interface states, and charge re-distribution — ePauL
BevErR!, TiNno MgEiseL!, ALEXANDER GENERALOVZ, ANA SOFIA

AnseELMO3, and ANDREAS OpiTz! — !Institut fiir Physik, Humboldt-

Universitit zu Berlin, Germany — 2Maxlab, Lund University, Sweden
— 3Helmholtz-Zentrum Berlin fiir Materialien und Energie GmbH,
Germany

Different relative molecular orientations at organic-organic heteroint-
erfaces dictate the orbital overlap between neighboring molecules, as
well as electronic and structural properties, which are crucial for or-
ganic electronic devices. In order to access these properties we utilize a
multi-technique approach, consisting of I/V measurements, absorption
and photoelectron spectroscopy.

As a donor/acceptor combination, we chose two perylene derivatives:
diindenoperylene (DIP) and functionalized perylene alkyldiimide with
cyano groups (PDIR-CN32). The usage of different substrates allows
us to tune the molecular orientation inside the grown thin films. We
investigated different devices with relevant architectures — planar het-
erojunctions (PHJ) and planar mixed heterojunctions (PM-HJ).

From absorption measurements, we observed blend exclusive fea-
tures, proving the creation of new charge transfer states, specifically
charge transfer excitons. Depending on the molecular orientation and,
thus, the interface geometries, we found clear changes in ionization en-
ergies compared to the pristine materials, stemming from differences
in energy level alignment.

CPP 30.18 Tue 18:15 Poster B2
Ultrafast Dynamics of Charge Transfer in Polymer-Fullerene
Systems — eSTEFAN WEDLER!, THoMAs UNGER!, HEINZ BASSLERZ,
and AnNa KouLERD? — lExperimental Physics II, University of
Bayreuth, 95440 Bayreuth, Germany — 2Bayreuth Institute of Macro-

molecular Research (BIMF)

Exciton dissociation in organic semiconductors is a two-step process
that consists first of an initial transfer of an electron from the photoex-
cited donor to the acceptor and second of the subsequent separation
process of the resulting coulomb-bound interfacial electron-hole pair.
Here, we have explored whether the initial electron transfer is ther-
mally activated and can thus be described by a Markus-type rate, or
whether it is a temperature-independent tunneling-type process that
is best modelled by a Miller-Abrahams rate. In order to investigate
the influence of thermal activation on the transfer dynamics, we have
performed temperature dependent ultrafast pump-probe spectroscopy
on films of PCPDTBT-PCBM blends with a resolution of 200fs. The
charge transfer is measured by monitoring the transient absorption of
the polymer cation after excitation. We find no change in transfer
dynamics upon cooling to 12K within our temporal resolution. This
result suggests that initial charge transfer lacks thermal activation.

CPP 30.19 Tue 18:15 Poster B2
Preparation and Characterization of Ionic Transistors —
eMARTIN GEBHARDT!'2, Lars MULLER!2, RoBERT Lovrinciclh2,
and WoLrcane KowaLsky!2 — lInstitute for High-Frequency Tech-
nology, TU Braunschweig, Germany — 2?InnovationLab GmbH, Hei-

delberg, Germany

In contrast to electron based transistors, most transmissions inside
the human body depend on ions and molecules. To have an interface
between electronics and the biological world, ion bipolar junction tran-
sistors (IBJT) were studied. The built IBJTs consist of two organic
bipolar membranes and an electrolyte in between. When applying a
voltage to the base of the IBJT, ions are injected into the junction and
a current of opposite polarized ions flows from emitter to collector. In
cut-off mode the junction is depleted of the base-ions and the current
of the emitter-collector-ions stops. We present the fabrication of IBJTs
and discuss the performance of them with respect to changes of the
geometry.

CPP 30.20 Tue 18:15 Poster B2
Theoretical core level XPS and NEXAFS investigations of
the Cgo derivative PCBM: the influence of oxygen adsorp-
tion — eluLia EwmiLia BrumBoru!, Leir ERricsson?, RICKARD
Hansson2, ELLEN Moons2, OLLE Eriksson?, and BARBARA BRENAT
— !Department of Physics and Astronomy, Uppsala University, SE-
75120 Uppsala, Sweden — 2Department of Engineering and Physics,
Karlstad University, SE-65188 Karlstad, Sweden

In recent years, organic photovoltaics (OPVs) have been developing as
an alternative to silicon solar cells. Some of the advantages of OPVs are
device flexibility, low production cost and low environmental impact.
Device efficiencies have recently reached 10%, a limit that makes OPVs
competitive on the market. One of the main issues that still needs to
be resolved is the stability of the cells. Both the electron donor (or-
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ganic polymer) and the electron acceptor (fullerene derivative) have
been shown to undergo degradation during device functioning. We
have addressed in this study one of the possible degradation mecha-
nisms involving the electron acceptor PCgoBM . Specifically, we have
studied by means of density functional theory (DFT) the possible final
products of oxygen adsorption on the Cgg cage. Several configurations
of PCgoBM with oxygen have been analysed from the point of view of
the molecular structure, of the O 1s near edge x-ray absorption fine
structure (NEXAFS) and of the x-ray photoelectron spectrum (XPS).
We show that a joint O 1s XPS and NEXAFS study could provide
insight into both the nature of the adsorbate (atomic or molecular
oxygen) and the bonding configuration.

CPP 30.21 Tue 18:15 Poster B2
Chemical doping of semiconduting donor-acceptor polymers:

a DFT study of the charge transfer — eFLORIAN GUNTHERDZ,
2

AnToN Kirry®, SiByLLE GeMMING!#, and GOTTHARD SEIFERT
— 1Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany —
2Leibniz-Institut fiir Polymerforschung Dresden,Dresden,Germany —
3Institute of Physical Chemistry and Electrochemistry, Dresden Uni-
versity of Technology, Dresden, Germany — %Institute of Physics,

Technical University Chemnitz, Germany

Donor-acceptor (DA) polymers have recently been considered as
promising candidates for novel organic electronics such as organic field
effect transistors. Combining these systems with organic molecules
having high electron affinity (low ionisation potential) leads to a charge
transfer, and thus to doping of the organic semiconductor.

In this study, we theoretically evaluate the charge transfer between
DA model compounds as Diketopyrrolopyrrole-dithienylthieno|3,2-
b]thiophene (DPP-TT) and p-dopant molecules as tetrafluorotetra-
cyanoquinodimethane (F4-TCNQ) based on density functional theory
(DFT) calculations. Furthermore, different structural formations are
under consideration in order to obtain most stable configurations.

Interestingly, we observe in the lowest energy complex, the dopant
molecule is located quite closely to the acceptor unit of the polymer
(DPP) where the charge transfer process proceeds to the lowest extend.

CPP 30.22 Tue 18:15 Poster B2
Mbolecular doping of conjugated polymers with the strong
Lewis acid tris(pentafluorophenyl)borane — eMALAVIKA
ArvIND!, Parrick PiNceL?, and DieTER NEHER! — !University of
Potsdam, Soft Matter Physics, Potsdam, Germany — 2Fraunhofer In-
stitute for Applied Polymer Research, Potsdam, Germany

In the past years, conjugated polymers have acquired a great deal
of interest as semiconductors in electronic devices due to their at-
tractive properties such as mechanical flexibility and easy process-
ability. Efficient charge transport through the semiconductor lay-
ers is a crucial requirement in electronic devices. Molecular dop-
ing provides an easy means of tuning and improving the transport
properties of these materials. In this work, doping of the conju-
gated polymer poly(3-hexylthiophene) (P3HT) with the strong Lewis
acid tris(pentafluorohenyl)borane (BCF) is studied using UV-Vis spec-
troscopy and conductivity measurements. By assigning the sub-band
gap signals observed in the optical spectra of the doped solutions and
layers to the known spectral signatures of the charged species in P3HT,
the nature of charged species formed, the predominant mechanism of
charge transfer between the dopant and polymer, and the doping ef-
ficiency is analyzed. While charge transfer is rather inefficient in so-
lution, ca. 50 % of the employed dopant molecules undergo integer
charge transfer with the polymer in solid state. Comparison with the
well-known acceptor FATCNQ reveals important differences with re-
gard to the degree of ionization and the quality of the doped layer,
which we assign to the better solubility and bulky structure of BCF.

CPP 30.23 Tue 18:15 Poster B2
Investigation and tuning of merocyanine dye thin films on
ultra-flat substrates — e THORSTEN LiMBOCK, DIRK HERTEL, and
Kraus MEErHOLZ — Institut fiir Physikalische Chemie, Universitat
zu Koln, Luxemburger Str. 116, 50939 Koln

Organic solar cells provide a low cost, yet, due to their thin film archi-
tecture, versatile alternative to the established silicon-based solar cells.
One of the main challenges of organic photovoltaics is the relatively
modest power conversion efficiency. To improve on the efficiency, the
morphology of each individual layer has to be tuned in order to opti-
mize the absorption, charge generation and charge transport. To inves-
tigate the morphology of dipolar molecules a merocyanine dye layer is
grown in a controlled environment via vacuum deposition on ultra-flat

substrates graphite and mica in comparison to conventional organic
photovoltaic electrode materials, such as ITO, MoOs or PEDOT. The
morphologic behavior of its ordered growth and the changes therein for
a variation of different parameters, such as layer thickness, evapora-
tion rate and substrate temperature are investigated via atomic force
microscopy and kelvin probe force microscopy. The achievable tuning
range stretches from an amorphous form to large scale highly ordered
layers with island sizes of several hundred pm?. To investigate electric
transport properties, organic field-effect transistors are build, which
contain engineered layers of the merocyanine dye. The investigation is
extended to other merocyanines having a lower polarity.

CPP 30.24 Tue 18:15 Poster B2
Charge transfer energies for organic donor acceptor pairs
— eJANNA ELISABETH RUCKERT!'2?, SEBASTIAN SCHELLHAMMER!:2:3,
Gi1aNAURELIO CUNIBERTIN23, and FRANK ORTMANND2 — lInstitute
for Materials Science and Max Bergmann Center of Biomaterials, Tech-
nische Universitit Dresden, 01062 Dresden, Germany — 2Dresden
Center for Computational Materials Science, Technische Universitét
Dresden, 01062 Dresden, Germany — 3Center for Advancing Electron-
ics Dresden, Technische Universitat Dresden, 01062 Dresden, Germany

Organic solar cells depend heavily on the energetics close to the
donor acceptor interface. We theoretically investigate the excitations
of donor acceptor pairs based on C60 molecules and varying donor
species. By means of time-dependent density functional theory sim-
ulations, we analyze the charge transfer energy and the absorption
strength. We investigate the influence of the geometric configuration
on the excitation energy and on the oscillator strength and find that
the configuration of the molecular dimer has a strong impact on the
absorption strength while the CT energy is weakly affected.

CPP 30.25 Tue 18:15 Poster B2
Effect of the donor orientation on the Vpc losses in small
molecule organic bilayer solar cells. — eSTEFFEN RoLAND!, N1va
RaN?, THUc-QUYEN NcuveN?, and DieTER NEHER! — !University
of Potsdam, Institute of Physics and Astronomie, Potsdam, Germany
— 2University of California Santa Barbara, Center for Advanced Or-
ganic Photovoltaics, USA

Bilayer solar cells based on the donor molecule p-SIDT(FBTThs2)2 and
the acceptor molecule Cgg show a significant difference in the Voo of
about 110 mV depending on whether the donor molecule exhibit an
edge-on or face-on orientation. Here, we perform a detailed analysis of
the losses determining the Vo in these devices. By analyzing EQE
and EL spectra related to the CT state, we find the effect of donor
orientation on the CT energy not to be sufficient to explain the full
Voc difference. In accordance to this, we see almost no change of the
HOMO energy in dependence of the orientation of the donor molecules.
On the other hand, the absolute EL efficiency is significantly reduced
in the bilayer cell with the edge-on oriented donor compared to the
cell with face-on oriented donor molecules, pointing to increased non-
radiative CT recombination.This shows that the molecular orientation
can play a key role in determining non-radiative V¢ losses in organic
photovoltaics.

CPP 30.26 Tue 18:15 Poster B2
Spatial Orientation and Order of Structure-Defining Sub-
units in Thin Films of a High Electron Mobility n-
Type Copolymer (P(NDI20D-T2)) as Studied by Infrared
Transition Moment Orientational Analysis (IR-TMOA) —
eARTHUR MARKUS ANTON!, ROBERT STEYRLEUTHNERZ?3, WIL-
uELM Kossack!, Fauk Frenzer!, DieTer NEHER2, and FRIEDRICH
KreEMER! — !Universitéit Leipzig, Institut fiir Experimentelle Physik
I, Leipzig, Germany — 2Universitit Potsdam, Intitut fiir Physik und
astronomie, Potsdam, Germany — S3Freie Universitit Berlin, Fach-
berecih Physik, Berlin, Germany

In order to investigate the molecular order in thin layers of P(NDI20D-
T2) the method of infrared transition moment orientational analysis
(IR-TMOA), is employed. Structure-specific vibrational bands are
analyzed in dependence on polarization and inclination of the sample
film with respect to the optical axis. By means of IR specificity we de-
duce the molecular order parameter tensor for the respective moieties
with regard to the sample coordinate system and determine indepen-
dently the orientation and order of atomistic planes defined through the
naphthalenediimide (NDI) and bithiophene (T2) units relative to the
substrate, and hence, relative to each other. We observe that the poly-
mer backbones in a 150 nm-thick film exhibit a pronounced in-plane
anisotropy proving self-aggregated long range order, even though the
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sample is spin-coated from solution. For pum-thick films the anisotropy
vanishes while the inclination of the NDI unit remains basically unaf-
fected. [Anton et al., J. Am. Chem. Soc. 137 (2015) 6034]

CPP 30.27 Tue 18:15 Poster B2

Charge Transport in Donor-Acceptor Polymeric Systems un-
der Electric Fields — eANja FORsTERY'2, FLORIAN GUNTHER2:3,

SiBYLLE GEMMINGZ3, and GoTTHARD SEIFERT!'2 — ITheoretical
Chemistry, TU Dresden, Dresden, Germany — 2Center for Advanc-
ing Electronics Dresden (cfaed), Dresden, Germany — 3Helmholtz-

Zentrum Dresden-Rossendorf, Dresden, Germany

Printable and foldable organic transistors are meant to revolutionize
electronic applications. However, in comparison to their silicon coun-
terparts their performance is currently still lacking. Thus, we inves-
tigate possible options of improving the charge transport in donor-
acceptor polymers via DFT calculations.

The first focus point is the influence of gate-induced electric
fields. Here, we concentrate on the preferable orientation of
diketopyrrolopyrrole-dithienylthieno[3,2-b|thiophene (DPPT-TT) in-
side the transistor. We further analyze if source-drain induced electric
fields have to be taken into consideration when describing the trans-
port in DPPT-TT. We show that strong electric fields are required to
yield significant changes in the transport properties.

A second option to improve the charge transport process is to func-
tionalize DPPT-TT via fluoroalkyl chains. Here, the fluorine atoms
introduce dipole fields and electron withdrawing sites. We concentrate
on finding the composition of fluoroalkyl chains that yields the highest
improvement in the charge transport process.

CPP 30.28 Tue 18:15 Poster B2
Nucleation of C70-aggregates on pentacene thin films for
nanostructuring organic interfaces — eJANINA ROEMER, SIMON
NOEVER, STEFAN F1scHER, CLEMENS LIEWALD, and BERT NICKEL —
Ludwig-Maximilians-Universitit, Fakultat fiir Physik, Miinchen, Ger-
many

Organic heterojunctions with well defined, nanostructured interfaces
are desired for the investigation of interface effects. We use molecu-
lar beam deposition to create model-like, nanoscale interfaces by self-
assembly of C70-aggregates on pentacene thin films. Size and distribu-
tion of these fullerene-islands can be tuned by the choice of evaporation
rate and sample temperature.

An accompanying growth study utilizing x-ray Bragg scattering in
reflection geometry, grazing incidence diffraction and atomic force mi-
croscopy on pentacene-C70 bilayer systems gives insight into the basic
growth mechanism of the fullerene. In combination with in-situ mea-
surements of thin film transistor characteristics during growth of the
active layer, this allows us to correlate electronic effects, such as charg-
ing phenomena at the interface, with nanomorphology.

In future measurements we plan to apply photoresponse microscopy
to study charge transfer at the pentacene-C70 heterojunction.

CPP 30.29 Tue 18:15 Poster B2

Rational design of thermally activated delayed fluorescence
materials: The competition between internal conversion and
non-radiative decay processes — ePauL KLEINE!, RAMUNAS
Lyvcarris!?2, Lupwic Poprp!, FLoriaN WosT!, OLar Zrikal, Si-
MONE LENK!, REINHARD ScHorz!, and SEBASTIAN REINEKE! —
Hnstitut fiir Angewandte Photophysik, Technische Universitit Dres-
den, Germany — 2Department of Polymer Chemistry and Technology,

Kaunas University of Technology, Lithuania

Under electroluminescence operation, about 75 % of the excitons
formed in organic light-emitting diodes (OLEDs) come to life as triplet
states. While phosphorescent OLEDs make use of rare metal com-
plexes to increase triplet harvesting, the stability and substantial effi-
ciency roll-off at higher current densities remain open issues. Although
there has been an amazing progress in thermally activated delayed flu-
orescent (TADF) emitters, the overall understanding of the TADF un-
locking molecular properties to upconvert tripet states is still in its in-
fancy and the fundamental properties to tackle are still under debate.
To increase the internal quantum efficiency of TADF materials, the
competition between internal conversion, radiative, and non-radiative
rates decides over good and bad emitter molecules. In this talk, we will
present our recent efforts in the understanding of the basic concepts
of TADF mechanism. Rational design and subsequent photophysical
investigations of new types of TADF materials confirm the competi-
tion between multiple internal transfer rates which open the path to
improved design structures for TADF in general.

CPP 30.30 Tue 18:15 Poster B2
First Solution-Processed White OLEDs Exhibiting TTA De-
layed Fluorescence — eMERVE WELNHOFER, CHRISTIAN TOPEL,
ANNE KOHNEN, JURGEN SCHELTER, DIRK HERTEL, and KLAaUus MEER-
HoLzZ — Department of Chemistry, University of Cologne, Luxem-
burger Str. 116, 50939 Cologne, Germany

In past decades organic light emitting diodes (OLED) have drawn
much attention due to their superior properties over the established
lighting and display technologies. Although OLEDs have already found
their way into commercial products, a major drawback is loss of three
quarters of electrically generated excitons due to radiationless relax-
ation from triplet excitons. One approach to solve is to collect the
triplet excitons by energy transfer between two triplet excitons to gen-
erate a singlet exciton relax radiatively by means of triplet-triplet an-
nihilation (TTA). So far many organic molecules revealing TTA with
different emission wavelengths are reported however none of them was
suitable for solution processable OLEDs. We report on the first solu-
tion processed TTA type multilayer OLEDs containing oxetane func-
tionalized (crosslinkable) anthracene derivatives that are emitting in
the blue, green, yellow and red wavelength region. To our knowledge
these devices are the first fully solution-processed OLEDs revealing
TTA delayed fluorescence (DF). Additionally, we used these materials
to fabricate the first solution-processed white DF-OLEDs.

CPP 30.31 Tue 18:15 Poster B2

Thermally activated delayed fluorescence (TADF) in organic
light emitting devices (OLEDs) utilizing carbazol-donor-
benzofluoride-acceptor complexes — eLupwic Popp!, REIN-
HARD Scnorz!, Paur Krene!, Ramunas Lyvcarris!?2, FLORIAN
Wust!, Ent DopBiBal, SIMONE LENK!, and SEBASTIAN REINEKE! —
Hnstitut fiir Angewandte Photophysik, Technische Universitét Dres-
den, Germany — 2?Department of Organic Technology, Kaunas Uni-

versity of Technology, Lithuania

Thermally activated delayed fluorescence (TADF) takes place in fluo-
rescent molecules where the energy splitting between the lowest excited
singlet and triplet state (ST-splitting, Ag) is about kg7 at room tem-
perature. Due to the small ST-splitting, the excited triplet states are
easily converted into fluorescent singlet states via reverse intersystem
crossing (RISC). This excitonic scheme is favorable for OLEDs, be-
cause it allows for making use of the large fraction of non-radiative
triplets, which are formed under electroluminescence operation.

In this study, a new series of carbazol-donor-benzofluoride-acceptor
complexes ("zFyCz") is introduced where = denotes the number of
fluorine atoms saturating the acceptor and y is the number of carbozol
donor groups. Various investigations are shown such as absorbance
and photoluminescence spectroscopy in solution and thin films, solva-
tochromism as well as the application and performance study of the
emitters in actual OLEDs including e.g. j-V and luminance measure-
ments, power efficiency and external quantum efficiency (EQE) up to
12 % for 1F4Cz.

CPP 30.32 Tue 18:15 Poster B2
The effect of the fullerene LUMO position on the CT prop-
erties in polymer:fullerene blends — eToBias THIEDE, JoNA
KurprieRrs, and DIETER NEHER — Institute of Physics and Astron-
omy, Soft Matter Physics, University of Potsdam, Germany

In bulk heterojunction organic solar cells, one of the key parameters
in solar cell efficiency, the open circuit voltage, has been shown to
depend on the properties of the charge transfer (CT) state. These
properties are again related to the energy gap between the highest oc-
cupied molecular orbital (HOMO) of the polymer and the lowest unoc-
cupied molecular orbital (LUMO) of the fullerene acceptor. We present
sensitive electroluminescence (EL) and external quantum efficiency
(EQE) experiments on binary blends made of fluorinated copolymer
1F-PCPDTBT combined with the fullerene of different LUMO energy.
By moving the LUMO of the fullerene we observe distinct changes in
the absorption and emission properties. In particular, a significant
increase of the EL efficiency accompanied by the appearance of emis-
sion from singlet excitons is seen when increasing the LUMO energy,
as in blends with ICBA and ICTA. At the same time, the Voc loss
due to non-radiative recombination is largely reduced. These findings
help to understand the fundamental role of the energy landscape at the
donor:acceptor interface and have important implications for designing
future materials systems.

CPP 30.33 Tue 18:15 Poster B2

Ion sensing with electrochemical gated organic field effect
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transistors based on diketopyrrolopyrrole polymers — eBENNO
BuUcCHINGER, SVEN HUTTNER, ANNA GRASER, and FABIAN HOFFMANN
— Universitat Bayreuth, Organic and Hybrid Electronics, MC I

Since conjugated polymers have the potential for biosensor applica-
tions we investigated the possibility of building electrochemical and
bottom gated organic field effect transistors for sensing applications
using different conjugated polymers based on DPP (Diketopyrrolopy-
rrole) derivatives as active material. DPP polymers are a promising
type of polymers as they allow a high tenability between high electron
and hole transport with high charge carrier mobilities as well as a high
stability in ambient and aqueous environments. Ions can either inter-
act with the surface of the polymer layer or diffuse into the bulk and
interact with functional corresponding hydrophilic groups, inducing
changes in the electronic properties. This work addresses the feasibil-
ity to use these polymers for sensing applications, i.e. detect different
ions and ion concentrations in aqueous environments important for a
row of bio-sensing applications.

CPP 30.34 Tue 18:15 Poster B2
Low temperature charge transport characterisation of low
band-gap diketopyrrolopyrrole (DPP) based polymers —
eFaBiAN HorrmaANN, BENNO BUCHINGER, and SVEN HUTTNER —
Universitdt Bayreuth, Organic and Hybrid Electronics, MC I

One of the most promising conjugated materials that emerged recently
are conjugated polymers based on diketopyrrolopyrroles (DPP). Their
semiconducting properties are directly related to their molecular order-
ing, molecular weight, purity and growth rate. In this context the ma-
terial shows extraordinary high charge carrier mobilities in an OFET
configuration due to the remarkable aggregating properties of the DPP
moieties. Furthermore, they are stable at ambient conditions and can
reach very low band gaps, which enables an absorption further in the
red. At the same time they also show surprisingly low charge carrier
mobilities in the bulk. We present temperature dependent OFET mea-
surements to investigate the underlying charge transport processes. In
particular, we address the influence of different processing conditions
such as temperature and solvent vapour annealing.

CPP 30.35 Tue 18:15 Poster B2
Impact of PC[60]BM on the Photo-Degradation of
PCPDTBT — ULr DEerTINGER', HANs JoacHIM EGELHAAFZ,
eANDREAS FrUn!, HEeko PEriserT!, and THoMAs CHAsSE! —
Eberhard-Karls-University, Institute for Physical and Theoretical
Chemistry, Auf der Morgenstelle 18, D-72076 Tibingen, Germany —

27ZAE Bayern, Haberstrasse 2a, 91058 Erlangen, Germany

Organic photovoltaics (OPV) offers a promising solution for the en-
ergy demand in combination with challenging design requirements, al-
though the stability of the device materials remains yet an important
factor. UV-Vis and FTIR spectroscopy was used to study the photo-
oxidation of the Low-Band-Gap Polymer PCPDTBT as pristine film
and blended with PC[60]BM. The films were degraded under irradi-

ation of standard Air Mass 1.5 conditions under O2 environment. It
has been shown that the different monomer units of the polymer back-
bone are differently affected by the degradation. The unique kinetics
of the accelerated degradation of PCPDTBT in the blend is studied in
detail.[1] Reference: [1]*U. Dettinger et al. Chem. Mater. 2015, 27,
S. 2299-2308

CPP 30.36 Tue 18:15 Poster B2
Modeling the Exciton Diffusion in Flat Heterojunction
Organic Solar Cells — oKARL-PuiLipp STRUNK!2, THOMAS
PrapLER!, and Lukas ScumipT-MenDE! — !Universitidt Konstanz,
Konstanz, Germany — 2Centre of Advanced Materials, Heidelberg,

Germany

Organic solar cells have proven themselves to be a promising candi-
date towards a more energy efficient future. The performance of flat
heterojunction solar cells is limited by the exciton diffusion length Lp
of the active materials. For this reason exact knowledge of Lp is of
significant importance when comparing different organic semiconduc-
tors. In this work, an organic system with state-of-the-art performance
employing an exciton blocking layer of Tris[4-(5-phenylthiophen-2-
yl)phenyl]amine (TPTPA) is studied. Based on experimental and sim-
ulated external quantum efficiency (EQE) spectra, it is shown that
TPTPA contributes to the photocurrent, although exciton blockers
are commonly believed to be non-photoactive. EQE spectra are sim-
ulated using a transfer matrix approach and a generalized diffusion
equation for the exciton density, following previous publications. Fur-
thermore, simulated EQE spectra are fitted to experimental data to
obtain values of Lp for both donor and acceptor. Lp of the donor
is measured experimentally using a time-resolved photoluminescence
technique. The good agreement of experimentally and computation-
ally obtained exciton diffusion lengths proves the selected algorithm
to be a unique way to determine Lp from measurements of complete
devices along with material characterization and simulations.

CPP 30.37 Tue 18:15 Poster B2
Studying the Effects of Degradation in Organic Solar Cell
Materials — eMicHAEL Apams!, IaAN HowaRrD!, BRycE RICHARDS!,
ANDREAS WEUZ2, and YaNa Vaynzor? — lInstitute of Microstruc-
ture Technology, Karlsruhe Institute of Technology (KIT), 76344
Eggenstein-Leopoldshafen, Germany — 2Center for Advanced Materi-
als, University Heidelberg, 69117 Heidelberg, Germany

Many factors have been reported to affect the stability of OPVs, among
them are exposure to light, humidity, temperature and oxygen concen-
tration. In order to develop strategies against these degrading effects
we need to have a better understanding of the fundamental processes
in the device’s active layer. One of the most efficient OPV material
combination to date is P3BHT:PCBM. We perform transient absorption
and streak camera measurements on P3SHT:PCBM samples that have
been prepared and degraded at the University of Heidelberg under var-
ious environmental conditions with the goal to identify differences in
the photophysical processes occurring in these devices.



