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CPP 36.1 Thu 9:30 H 0110
How ’Hot’ are the Charges in OPV? — ∙Priya Viji, Constantin
Tormann, Clemens Göhler, Dorothea Scheunemann, and Mar-
tijn Kemerink — IMSEAM, Universität Heidelberg, Germany
The question of whether charge transport in operational organic so-
lar cells (OSC) occurs far-from-equilibrium or not is of practical and
fundamental importance. While the equilibrium picture of the OSC
assumes that the photogenerated charge carriers quickly lose their en-
ergy and attain lattice temperature, kinetic Monte Carlo (kMC) sim-
ulations of OSC have consistently shown that photogenerated charges
are extracted before reaching thermal equilibrium energy: the popu-
lation relaxes, albeit to an effective temperature that exceeds that of
the lattice. In this work, we use Johnson thermometry to measure the
temperature of the photogenerated carriers by noise spectroscopy. Two
systems, P3HT:PCBM and PM6:Y6, are tested against their inorganic
counterpart, silicon. The experiments prove, in contrast to silicon PV,
charges in operational OSC are not thermalized and are almost twice
as hot as the lattice. The experimental findings are confirmed by kMC
simulations, which show that the energetic disorder in organic semicon-
ductors is the reason for slow thermalization as well as high effective
temperature. Our results imply that OSCs are far from equilibrium
systems, which opens realistic prospects to mitigate the thermalization
losses and eventually beat the near-equilibrium thermodynamic limit.
In fact, the results show that a regular OSC is Hot-Carrier Solar Cell
in the sense that excess energy contributes to output power.

CPP 36.2 Thu 9:45 H 0110
Energetic landscape of fluorinated and non-fluorinated
donors and non-fullerene acceptors in bulk heterojunction
organic photovoltaics — Shahidul Alam1, Jafar I. Khan2,
Vojtech Nádaždy3, Tomáš Váry3, Aurelien D. Sokeng4, Md
Moidul Islam4, Christian Friebe4, Wejdan Althobaiti1, Wen-
lan Liu5, Martin Hager4, Ulrich S. Schubert4, Carsten
Deibel6, Denis Andrienko5, Frédéric Laquai1, and ∙Harald
Hoppe4 — 1KAUST, Saudi Arabia — 2University of Hull, UK —
3Slovak Academy of Sciences, Slovak Republic — 4IOMC/CEEC,
Jena, Germany — 5MPIP, Mainz, Germany — 6TU Chemnitz, Ger-
many
Performance improvement of OSCs via fluorination of the D and/or
NFA is an effective method. The end-group fluorination of the well-
known NFA ITIC yields further extension of the absorption to the
NIR, which increases the SC’s Jph compared to the non-fluorinated
version. Herein, ITIC and two of its fluorinated variants were syn-
thesized and systematically investigated concerning the influence of
end-group fluorination on physicochemical, optical, and photovoltaic
properties. DFT calculations show that fluorination increases the EA
of the acceptor and, therefore, reduces the Voc of the built devices. On
the other hand, the molecular quadrupole moment increases with the
degree of fluorination leads to more efficient dissociation and reduced
recombination of CT-states at the D-A interface. At the same time,
IE increases, thus increasing the driving force for CT-state formation.
The collected and presented results herein shed light on the importance
of the energetic landscape at the D-A interface and how this deviates
from general expectations when consulting the pristine materials.

CPP 36.3 Thu 10:00 H 0110
Optimizing Thermal Annealing Sequences for Enhanced
Photovoltaic Performance in Organic Solar Cells — ∙Haya
Aldosari1,2, Shahidul Alam1, José Jurado1, and Frédéric
Laquai1 — 1King Abdullah University of Science and Technology
(KAUST), KAUST Solar Center (KSC), Physical Sciences and En-
gineering Division (PSE), Material Science and Engineering Program
(MSE), Thuwal 23955-6900, Kingdom of Saudi Arabia — 2Department
of Physics, College of Science, Imam Abdulrahman Bin Faisal Univer-
sity, P.O. Box 383, 31113, Dammam, Saudi Arabia
Thermal annealing is a widely used approach in organic solar cell re-
search aimed at enhancing the performance of these devices. There-
fore, the bulk heterojunction of PBDB-T:IT-2F was subjected to ther-
mal annealing at various phases of the fabrication process to examine
the impact of annealing on the photovoltaic characteristics. Several
optoelectronic methods were employed to investigate the kinetics of
charge recombination and the process of charge extraction. Based on

the results of our investigation, it has been observed that both post-
annealing and 2-stage-annealing methods contribute to the enhance-
ment of fill factor and power conversion efficiency. However, the latter
method has even greater advantages. Further research explores the
impact of annealing on the hole transport layer (MoOx). The work
function of MoOx was enhanced during the annealing process, leading
to an increase in the internal electric field and a higher rate of charge
carrier extraction. Finally, field-dependent charge generation processes
were investigated using time-delayed collection field measurements.

CPP 36.4 Thu 10:15 H 0110
Role of energetic offset in low-offset organic solar cells and
its effect on loss pathways — ∙Bowen Sun and Safa Shoaee —
Institute of Physics and Astronomy, University of Potsdam, Germany
While efficient charge generation despite ultra-low energy offsets (down
to 0 eV offsets) between donor and acceptor in non-fullerene acceptor
(NFA) based organic solar cells (OSCs) has been often reported, the
physical meaning of this observation is discussable and unclear.

In this work, we have performed advanced optoelectronic and mor-
phology characterization, as well as optical simulation for a series of
donor:NFA systems. The energetic offsets between CT and excitons,
as well as the effect of this energetic offset on the carrier loss pathways
in different bias conditions have been studied in detail. From our work,
we reached several important conslusions: 1) the short circuit current
density and fill-factor of low-offset systems are largely determined by a
field-dependent exciton dissociation yield. 2) The energetic offset also
affects the recombination dynamics. Our analysis clearly shows that
this enhanced recombination is contributed by a highly non-radiative
channel, indicating the significance of triplet states in the recombina-
tion process. 3) It is strongly indicated that the charge generation and
recombination (losses) proceed via different energetic states. The losses
during charge generation process occur via highly radiative channels,
while that during charge recombination process proceed via highly non-
radiative channels. In general, our study clarifies the role and effect
of energetic offset in low-offset OSCs, and provides a guideline for the
further improvement of OSCs.

CPP 36.5 Thu 10:30 H 0110
Photophysics of Poly(3-hexylthiophene): Non-Fullerene Ac-
ceptor Based Organic Solar Cells — ∙Wejdan Althobaiti,
Julien Gorenflot, Catherine De Castro, Jafar Khan,
Shahidul Alam, Christopher Petoukhoff, George Harrison,
Stefaan De Wolf, and Frédéric Laquai — King Abdullah Uni-
versity of Science and Technology (KAUST), KAUST Solar Center
(KSC), Physical Sciences and Engineering Division, Saudi Arabia
The efficiency of P3HT:Non-fullerene acceptor (NFA) based solar cells
lacks considerably behind many other polymer donor:NFA systems.
For reasons which are yet incomprehensible. Here, we report on a se-
ries of P3HT:NFA solar cells, and elucidate the origin of performance
losses in terms of the photophysical processes. It is a matter of fact
that the interfacial ionization energy (IE) offset is a critical parameter
in NFA-based blends in determining the efficiency of the exciton-to-
charge transfer (CT) state conversion. We show that while large IE
offsets in excess of >0.9 eV still facilitate complete exciton quenching,
the device internal quantum efficiency (IQE) is limited by geminate
and / or non-geminate recombination processes in P3HT-based pho-
toactive blends. Our finding shows a drop in IQE when the diagonal
bandgap of the photoactive blend i.e the difference between the IE of
the donor and the electron affinity (EA) of the acceptor is small irre-
spective of the IE offset. Understanding the relation between the IE
offsets, EA offsets at the interface of donor and acceptor materials,
and the performance of organic solar cells could improve the charge
generation efficiency.

CPP 36.6 Thu 10:45 H 0110
Correlating the morphology of PTQ-2F:BTP-4F organic
solar cells through scattering and real space methods
— ∙Lukas V. Spanier1, Julian E. Heger1, Renjun Guo1,
Matthias Schwartzkopf2, Harishankar Balakrishnan3, Rachid
Houssaini3, Stephan V. Roth2, Achim Hartschuh3, and Peter
Müller-Buschbaum1,4 — 1TUM School of Natural Sciences, Chair
for Functional Materials, 85748 Garching, Germany — 2DESY, 22607
Hamburg, Germany — 3LMU, Department Chemie und CeNS, 81377
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Munich, Germany — 4TUM, MLZ, 85748 Garching, Germany
Lately, organic solar cells (OSCs) have gained increasing attention due
to their rapidly increasing efficiencies as well as the relatively easy
scalability in their manufacture. To make the manufacturing process
of the bulk-heterojunction (BHJ) more environmentally friendly, in-
creased efforts have recently been made to use halogen-free solvents,
which, however, can lead to reduced efficiencies.

We investigate the changes in morphology and performance sta-
bility of PTQ-2F:BTP-4F organic solar cells processed from various
halogenated and non-halogenated solvents, utilizing operando grazing-
incidence wide and small angle X-ray scattering (GIWAXS/GISAXS)
during illumination and solar cell operation. We further show the
impact of solvents on the mesoscopic distribution of small molecules
within the bulk heterojunction through scattering-type scanning near-
field optical microscopy.

CPP 36.7 Thu 11:00 H 0110
Polymer Donors vs. Small Molecule Donors for Solar Cells —
∙Elifnaz Sağlamkaya and Safa Shoaee — Disordered Semiconduc-
tor Optoelectronics, Institute of Physics and Astronomy, University of
Potsdam, Karl-Liebknecht-Str. 24-25, 14476 Potsdam-Golm, Germany
All small molecule (ASMs) solar cells have great potential to actualize
the commercialization of organic photovoltaics owing to their higher
solubility, lesser batch-to batch variety and simpler synthesis routes
compared to the blend systems that utilize conjugated polymers. How-
ever, the efficiency of the ASMs are slightly lacking behind the polymer:
small molecule single heterojunctions. To address this discrepancy, we
compare a small molecule donor ZR1 and polymer PM7 blended with
Y6 acceptor. Our temperature dependent electroluminescence quan-
tum efficiency analysis reveals the same energetic offset between the
charge transfer state and the singlet energy (Δ𝐸𝑆1−𝐶𝑇 ) in PM7:Y6
and ZR1:Y6. Surprisingly, the ZR1:Y6 has noticeably stronger field-
dependency of charge generation. Furthermore, the energy barrier for
charge generation is quite high (100 meV) for the ZR1:Y6 system unlike
the PM7:Y6 (10 meV). Low charge carrier mobilities of ZR1:Y6 mea-
sured from the space charge limited currents entail a viable explanation
for energy barrier for the charge generation. On the other hand, the
maximum power point tracking measurements show a higher stability
of ZR1:Y6, exhibiting a tradeoff between efficiency and stability.

15 min. break

Invited Talk CPP 36.8 Thu 11:30 H 0110
Digital luminescence: Novel platform for minimalistic pho-
tonic applications based on programmable luminescent tags
— ∙Sebastian Reineke — Dresden Integrated Center for Applied
Physics and Photonic Materials (IAPP) and Institute of Applied
Physics, Technische Universität Dresden, Dresden, Germany
Information is everywhere and with the ever-growing thirst for data in
the digital age, solutions for information storage and exchange need to
advance. Barcodes and QR-codes are the current systems for passive
information distribution in all sectors (B2B, B2C, and private). In
this talk, I will present an advanced system for information storage
and exchange based on luminescence of organic molecules. In contrast
to passive printed codes, these programmable luminescent tags (PLTs)
allow for non-contact writing, erasing, and re-writing, thus allowing
much more use scenarios where the interaction with the data is essen-
tial. The system’s core functionality is based on the phosphorescence
of organic emitters, which can be turned on or off depending on the
presence or absence of nearby molecular oxygen, respectively. These
emitters are embedded in special transparent polymer foils, rendering
the PLTs invisible when not used. Following the discussion of the gen-
eral concept of PLTs, I will give an update on our recent efforts towards
such systems made from biodegradable materials to demonstrate their
potential as environmentally-harmless functional systems.

CPP 36.9 Thu 12:00 H 0110
The Photocurrent in Organic Solar Cells does not Vanish at
Open-Circuit — ∙Clemens Göhler, Mónica Dyreby, Alexan-
der Flamm, and Martijn Kemerink — Institute for Molecular Sys-
tems Engineering and Advanced Materials, Universität Heidelberg, Im
Neunheimer Feld 225, 69120 Heidelberg
Organic solar cells (OSCs) have reached close to 20% of power con-
version efficiency and 100% conversion yield between incident photons
to extracted charge carriers, but still suffer from unexpected losses to
the open-circuit voltage and fill factor. Non-thermalized charge car-

rier distributions—due to incomplete relaxation in a disordered den-
sity of states—can explain their current-voltage-characteristics, yet
with at times uncommon ramifications: here, we will show that a
non-negligible photogenerated current under open-circuit conditions
is a general feature of OSCs. In more detail, we have investigated
the internal quantum efficiency in non-fullerene acceptor OSCs in the
steady state. Utilizing a small signal light source, modulated at low
frequencies, and varying the working conditions from reverse (collec-
tion) to forward (injection regime) fields, we are able to determine the
extraction efficiency of photogenerated charges at any point on the
current-voltage-curve. We find that while the yield decreases towards
open-circuit, it does not vanish completely; therefore, the resulting
photocurrent has to be compensated by charge injection in order to
reach zero net current. We were further able to reproduce these exper-
imental findings with kinetic Monte-Carlo device simulations involving
non-equilibrium dynamics.

CPP 36.10 Thu 12:15 H 0110
Structure-function properties in a water soluble polymer via
single-molecule spectroscopy — ∙Erik F. Woering1, Maria
Duma1, Jane Kardula1,2, Ryan C. Chieci1,2, and Richard
Hildner1 — 1University of Groningen, ZIAM, The Netherlands —
2University of Groningen, Stratingh Institute for Chemistry, The
Netherlands
Conjugated polymers represent a promising class of versatile and easy
to produce high-performance materials. Due to their (chemically) ad-
justable nature, they find use in bioelectronics or organic solar cells.
However, the interplay of the polymers’ chemical structure of the back-
bone and of the side groups on optical and electronic properties re-
main largely unexplored due to their large conformational flexibil-
ity. Here, we perform temperature-dependent single-molecule pho-
toluminescence (PL) spectroscopy on p(ProDOT-TetEster), a water-
soluble polythiophene-derivative bearing two dimethyloctane-dioate
side chains. In particular, we explore the influence of polarity of the
surrounding environment through statistical analysis of spectral fea-
tures upon embedding single chains into a PS, PMMA or PVA matrix.
The granular analysis on the single-chain scale will be valuable for de-
riving structure-function relationships and ultimately for the design of
optimized and specialized conjugated polymers.

CPP 36.11 Thu 12:30 H 0110
On the competition between exciton emission and free charge
generation in organic solar cells with low energetic offsets —
∙Manasi Pranav1, Atul Shukla1, Bowen Sun1, Rong Wang2,
David Moser3, Julia Rumeney3, Sander Smeets4, Wouter
Maes4, Sabine Ludwigs3, Larry Lüer2, Christoph Brabec2,
Safa Shoaee1, and Dieter Neher1 — 1University of Potsdam, Ger-
many — 2Friedrich-Alexander-Universität Erlangen-Nürnberg, Ger-
many — 3University of Stuttgart, Germany — 4Hasselt University,
Belgium
Organic blends with low energy-offset are the fruit-flies of today’s or-
ganic photovoltaics research. Low photocurrent efficiencies for low
offset blends draw attention to the link between energetic offset and
free charge generation. Here, we take a quantitative, methodical ap-
proach to probing the origin of field-dependent free charge generation.
Blending Y6 and Y5 with different molecular weights of the PM6, we
progressively tune the photovoltaic parameters from a very efficient to
inefficient device with severe field dependence of generation. We find
the same pronounced field-dependence in transient absorption spec-
troscopy, and steady state and transient photoluminescence (PL) for
inefficient low offset blends. The free charge generation and PL show
a strict anticorrelation as a function of bias across all model systems.
Thereby, we theoretically evaluate the quantum yields of PL to demon-
strate inefficient charge transfer state formation from the local exciton,
without any indication of hybridization, and that the decay of the sin-
glet exciton is the only competing process to free charge generation.

CPP 36.12 Thu 12:45 H 0110
Directed exciton transport highways in organic semicon-
ductors — Kai Müller1,2, Sebastian Schellhammer1,3, Nico
Gräßler3,4, Bipasha Debnath4, Fupin Liu4, Yulia Krupskaya4,
Karl Leo3, Martin Knupfer4, and ∙Frank Ortmann1,5 — 1cfaed,
TU Dresden — 2Institut für Theoretische Physik, TU Dresden —
3IAPP and IAP, TU Dresden — 4Leibniz Institute for Solid State
and Materials Research Dresden — 5TUM School of Natural Sciences,
Technische Universität München
Exciton bandwidths and exciton transport are difficult to control by
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material design. We showcase the intriguing excitonic properties in
an organic semiconductor material with specifically tailored functional
groups, in which extremely broad exciton bands in the near-infrared-
visible part of the electromagnetic spectrum are observed by electron
energy loss spectroscopy and theoretically explained by a close contact
between tightly packing molecules and by their strong interactions.
This is induced by the donor-acceptor type molecular structure and

its resulting crystal packing, which induces a remarkable anisotropy
that should lead to a strongly directed transport of excitons. The ob-
servations and detailed understanding of the results yield blueprints for
the design of molecular structures in which similar molecular features
might be used to further explore the tunability of excitonic bands and
pave a way for organic materials with strongly enhanced transport and
built-in control of the propagation direction.
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