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CPP 31.1 Wed 15:00 H 0110
N-type charge transfer complex in DBTTF:HATCN mix-
tures — ∙Hongwon Kim1, Andreas Opitz2, Marie Siegert3,
Lennart Frohloff2, Jens Pflaum3, and Wolfgang Brütting1

— 1Experimental Physics IV, Institute of Physics, University of Augs-
burg, Germany — 2Supramolecular System, Institute of Physics, Hum-
boldt University of Berlin, Germany — 3Experimental Physics VI,
University of Würzburg, Germany
Mixtures of the electron donor DBTTF and the acceptor HATCN form
a charge transfer complex (CTC), which leads to the appearance of new
optical absorption bands below the band gap of the two pristine mate-
rials and a significant enhancement of the electrical conductivity. We
prepared thin films by co-evaporation through systematic variation of
their mixing ratio from pure DBTTF to pure HATCN and measured
the temperature-dependent conductivity as well as charge carrier con-
centration and mobility. Surprisingly, we found n-type behavior for
all compositions, except pure DBTTF. This can be understood from
the electronic structure of the mixtures through ultraviolet photoelec-
tron spectroscopy (UPS), which conclusively indicate that charge injec-
tion and transport occurs via the lowest unoccupied molecular orbital
(LUMO) of the CTC. Furthermore, insight into the rich behavior of
the electrical conductivity can be gained from morphological studies
using Atomic Force Microscopy (AFM).

CPP 31.2 Wed 15:15 H 0110
Effective Electron-Vibration Coupling Constants by Ab Ini-
tio Methods — ∙Maximilian Franz-Xaver Dorfner and Frank
Ortmann — TUM School of Natural Sciences, Technische Universität
München, 85748 Garching b. München, Germany
This contribution is concerned with the analysis of different levels of
theory for calculating the linear electron-phonon coupling constants.
To bridge between density functional theory (DFT) and higher-level
many-body approaches, we make use of the quasi-particle picture.
Within this framework, we derive an effective quasi-particle linear cou-
pling Hamiltonian, which describes the interaction of quasi-particles
with phonons. We use this description to establish an approximate
connection between the coupling constants calculated with DFT and
higher-level many-body approaches by identifying the Kohn-Sham po-
tential as an approximation to the static part of the self-energy. We de-
termine the conditions under which a pragmatic DFT approach yields,
in principle, the same coupling constants as a numerically much more
expensive many-body approach. To test the theory, we finally compare
the respective coupling constants for a few small molecules. The nu-
merical results are found to be in good agreement with the presented
theory.

CPP 31.3 Wed 15:30 H 0110
Organic photomultipliers working as reservoir — ∙Klara
Hänisch, Hans Kleemann, Johannes Benduhn, and Karl Leo
— TU Dresden, Dresden, Deutschland
Reservoir Computing (RC) is a well-known and often-used tool for
classification, time prediction or recognition tasks. But software-based
computing always has the disadvantage of a high power consumption,
latency and the need to digitalize input data. How tempting is there-
fore the idea of reservoir computing directly implemented in hardware
with a low power supply consumption and analogous data handling.
Hardware-based RC is a promising concept for direct processing of
analog inputs with drastically reduced training effort compared to con-
ventional machine learning techniques. In this work we explore the ap-
plication of organic photomultipliers as non-linear nodes for hardware-
based RC. In particular, we investigate the origin of the nonlinearity,
its wavelength-,and frequency-dependent response and discuss possible
implication scenarios for reservoir computing. Furthermore, we show
that the strength of the nonlinear coupling is connected to the exter-
nal quantum efficiency of the cell, which opens up the possibility to
discriminate selected spectral ranges.

CPP 31.4 Wed 15:45 H 0110
Understanding the Mechanism of Giant Surface Potential
(GSP) in Evaporated Organic Thin Films: A Molecu-
lar Dynamics Simulation Approach — ∙Muhammad Nawaz
Qaisrani1, Naomi Kinaret1, Felix Post1, Falk May2, and Denis

Andrienko1 — 1Max Plank Institute for Polymer Research, Mainz,
Germany — 2Merck Electronics KGaA, Darmstadt, Germany
The emergence of the Giant Surface Potential (GSP) in evaporated
organic thin films has gained considerable attention in recent years.
However, the molecular mechanism underlying the spontaneous orien-
tation of the net dipole moment that gives rise to GSP remains poorly
understood. In this work, we employed coarse-grained molecular dy-
namics simulations to replicate vacuum deposition experiments and
generate the morphology of evaporated thin films consisting of organic
semiconductor materials. The simulated morphologies predicted well
the orientation of molecular dipoles within the film, yielding the cor-
rect sign of the GSP. Notably, our simulation protocol incorporated
electrostatic interactions in a coarse-grained model, which was crucial
in accurately predicting the sign of experimental GSP. Our findings
provide valuable insights into the molecular structure of these thin
film materials and their applications in organic electronic devices.

CPP 31.5 Wed 16:00 H 0110
A novel organic ferroelectric with two parallel sublat-
tices? — ∙Ramon Jannasch1, Maximilian Litterst1, Manju-
nath Balagopalan2, Elin Dypvik Sødahl2, Ola Nilsen2, Carl
Henrik Gørbitz2, Kristian Berland2, and Martijn Kemerink1

— 1IMSEAM, Heidelberg University, Heidelberg — 2Department of
Chemistry, Norwegian University of Life Science, Oslo
Ferro- and piezoelectric materials find common usage in a range of
electronic devices. Although inorganic materials so far dominate the
field, they come with significant drawbacks, including energy-intensive
production, reliance on toxic and/or rare elements and a lack of me-
chanical flexibility. Organic ferroelectric may offer a solution to some
or even all of these problems.

Here, we investigate the organic material hexamethylenetetramine
hydrogen DL-malate through various measurements aimed at assessing
its ferroelectric behavior. Combining dielectric relaxation spectroscopy
(DRS), capacitance-voltage (CV)-measurements and polarization hys-
teresis measurements using the double wave method (DWM), we ob-
tain a comprehensive understanding of its ferroelectric properties.
The observation of singularities in DRS, a butterfly loop in the CV-
measurement, and a saturating switchable polarization during DWM
collectively indicate bona fide ferroelectricity. At the same time, we
find indications for the presence of two ferroelectric sublattices with
different coercive fields but parallel alignment in the ground state.

15 min. break

CPP 31.6 Wed 16:30 H 0110
Charge transfer states do not like cold charges — ∙Tobias
Krebs, Clemens Göhler, and Martijn Kemerink — Institute for
Molecular Systems Engineering and Advanced Materials, Heidelberg
University
The power conversion efficiency of organic solar cells still lags behind
their inorganic counterparts. Especially the open circuit voltage (Voc)
losses are currently hard to reduce without knowing their exact ori-
gins. As different loss mechanisms have distinct temperature and light
intensity dependencies, looking at Voc not only at room temperature
and 1 sun illumination but also at lower and higher temperatures as
well as at lower light intensities to pinpoint the dominant loss channel
is imperative. We develop a new analytical rate-equation model based
on previous work by Koster et al. [1], which allows us to distinguish dif-
ferent loss channels and incorporates the specific, far-from-equilibrium
charge carrier dynamics in organics. For our PM6:Y6 solar cells, the
model fits the experimental data over the range of applied temper-
atures down to 90K and light intensities as low as 1e-6 suns. Our
results further suggest that the voltage losses at low light intensities
and temperatures are mostly due to charges being stuck in the inter-
facial charge transfer state. Additionally, we benchmark the model
against kinetic Monte Carlo simulations and find good agreement of
Voc as well as recombination and escape yields.

[1] *Quantifying Bimolecular Recombination Losses in Organic Bulk
Heterojunction Solar Cells*, Koster et al. Advanced Materials 23,
1670*1674 (2011).

CPP 31.7 Wed 16:45 H 0110
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Identify the losses occurring in all-polymer solar cells
— ∙Shahidul Alam1, Wejdan Althobaiti1, Safakath
Karuthedath1,2, Ning Su3, Christopher E. Petoukhoff1,
José P. Jurado1, Oleksndr Matiash1, Amr Dahman1, Khawla
Alkhezaim1, Vladimir Dyakonov4, Andreas Sperlich4, Vojtech
Nádaždy5, Tobin J. Marks3, Antonio Facchetti3, and Frédéric
Laquai1 — 1KAUST, Kingdom of Saudi Arabia — 2Tsinghua
University, Shenzhen, China — 3Northwestern University, USA —
4University of Wurzburg, Germany — 5Slovak Academy of Sciences,
Slovak Republic
For unknown reasons, small molecule non-fullerene acceptor-based
bulk heterojunction OSCs are ahead of all-polymer solar cells. Here,
blends of the donor polymers PCE12 and PM6 with two acceptor poly-
mers, PYN-BDT and PYN-BDTF, are used to study PCE-limiting
processes in solar cells. The 𝜋-extended naphthalene rings in these
compounds make them macromolecular absorbers with large optical
cross-sections up to 900 nm. Combining steady-state optical spec-
troscopy, TRPL, TA, ESR, and TDCF experiments provides a concise
and quantitative assessment of losses due to limited photon absorption,
geminate and non-geminate recombination (NGR), field-dependent
charge generation, and inefficient carrier extraction. Pulsed-laser spec-
troscopy kinetic parameters reproduce experimentally measured device
IV characteristics and show that low FFs are caused by NGR com-
peting with charge extraction or a strong field dependence of charge
generation, depending on the acceptor polymer.

CPP 31.8 Wed 17:00 H 0110
Loss mechanisms in low-bandgap organic solar cells —
∙Guorui He1, Atul Shukla1, Yonglin Cao2,6, Yufei Gong3,
Nurlan Tokmoldin2, Bowen Sun1, Drew Riley4, Mohammad
Shadabroo2, Julian Steele5, Ardalan Armin4, Lei Meng3,
Yongfang Li3, Safa Shoaee2, Dieter Neher1, and Felix Lang1

— 1Soft Matter Physics and Optoelectronics, University of Potsdam,
Germany — 2Disordered Semiconductor Optoelectronics, University
of Potsdam, Germany — 3Chinese Academy of Sciences, China —
4Swansea University, United Kingdom — 5The University of Queens-
land, Australia — 6South China University of Technology, China
We investigate and compare the loss mechanisms of low-bandgap OSCs
based on the blend of the donor polymer PTB7-Th with two different
NFAs BTPV-4F-eC9 and BTPV-4Cl-eC9, with a bandgap of 1.24 eV
and 1.26 eV, respectively. Both NFAs exhibit the same conjugated
core, except that in BTPV-4Cl-eC9, the four terminal fluorine atoms
are replaced by four chlorines.

To understand how the change of the terminal groups is affecting
the device performance, we investigate the various recombination pro-
cesses of the two systems. The results show that the PTB7-Th:BTPV-
4Cl-eC9 blend suffers from stronger bimolecular recombination and
geminate recombination. In addition, EMPL reveals a significant volt-
age loss in both blends. Temperature-dependent SCLC measurements
show a rather low electron mobility in PTB7-Th:BTPV-4Cl-eC9 sys-
tem, which we relate to a larger disorder of the LUMO.

CPP 31.9 Wed 17:15 H 0110

Enhanced air stability with solid additive EH-P in PBDB-
TF-T1:BTP-4F-12 solar cells — ∙Zerui Li1, Sergei Vagin2,
Kun Sun1, Xiongzhuo Jiang1, Renjun Guo1, Matthias
Schwartzkopf3, Stephan V. Roth3,4, Bernhard Rieger2, and
Peter Müller- Buschbaum1,5 — 1TUM School of Natural Sciences,
Chair for Functional Materials, 85748 Garching, Germany — 2TUM
School of Natural Sciences, Wacker Chair of Macromolecular Chem-
istry, 85748 Garching, Germany — 3DESY, 22607 Hamburg, Germany
— 4KTH Royal Institute of Technology, Department of Fibre and Poly-
mer Technology, SE-100 44 Stockholm, Sweden — 5MLZ, TUM, 85748
Garching, Germany
Additive plays an important role in organic solar cells. Traditional
additives are most liquid, such as DIO, CN, DPE. Nowadays solid
additives have called more research interest due to their various ad-
vantages in morphology-directing abilities, post treatment, enhanced
device performance and stability. We explored an effective solid ad-
ditive EH-P in green-solvent based organic solar cells (PBDB-TF-T1:
BTP-4F-12). Greatly increased device performance and stability were
achieved with EH-P doping. In-situ GIWAXS and GISAXS were used
to observe the evolution of micro-structure and crystallinity during
the degradation process in air under illumination. The stability in-
creasement mainly comes from morphology modification rather than
photo-oxidation, which was proved with charge mobility measurement
and UV-vis spectrum.

CPP 31.10 Wed 17:30 H 0110
What makes thickness-tolerant organic solar cells? — Xabier
Rodríguez-Martínez1, ∙Constantin Tormann2, Marta Sanz3,4,
Bernhard Dörling3, Martí Gibert-Roca3, Albert Harillo-
Baños3, Enrique Pascual-San-José3, José Piers Jurado3,
Laura López-Mir4, Martijn Kemerink2, and Mariano Campoy-
Quiles3 — 1Institute for Physical Chemistry, Heidelberg University,
Germany — 2Institute for Molecular Systems Engineering and Ad-
vanced Materials, Heidelberg University, Germany — 3Instituto de
Ciencia de Materiales de Barcelona, Bellaterra, Spain — 4EURECAT,
Centre Tecnológic de Catalunya, Barcelona, Spain
Thick-film organic photovoltaics (>200 nm) are desirable to spark com-
mercialization through mass-printing methods. Thickness resilient ma-
terials are, however, scarce and not fully understood. In this work, 17
different donor:acceptor blends are screened in terms of photoactive
layer (PAL) thickness to build a consistent database of 649 inverted
devices. The experimental results can be categorized into to two main
blend families: one being resilient against increased PAL thickness
whereas short-circuit current (JSC), fill factor (FF) and power conver-
sion efficiency (PCE) decrease in the second family. Our kinetic Monte
Carlo (kMC) simulations show how the blend morphology alone is able
to explain the trends of both blend families without tweaking of recom-
bination parameters (cf. drift-diffusion). The kMC simulations further
predict the open-circuit voltage (VOC) to be uncorrelated to the PAL
thickness which agrees with the experimentally observed trends for
VOC in both blend families.
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