17th European Conference
on Molecular Electronics

(ECME 2025)

22-26 September 2025, Cambridge, UK

https://ecme2025.eu/

Book of Abstracts
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Order-induced delocalization and charge-induced order: how charges interact
with the microstructure at several length-scales

Alberto Salleo

Stanford University, USA

Charge-lattice interactions have been known since the dawn of the development of organic
semiconductors. Indeed, in conjugated polymers electronic charges are believed to exist as
polarons, involving a distortion of the polymer backbone that leads to localization. Using mid-
IR charge-modulation spectroscopy, the degree of delocalization can be estimated. We
combine spectroscopy with x-ray diffraction and high-resolution TEM to link polaron
delocalization to the molecular structure and the microstructure of the polymer. Beyond these
local charge-induced structural effects, effects at the mesoscale appear when the charge
density if high enough. Electrolyte gating allows to reach such high charge densities. Using
operando x-ray diffraction at the synchrotron and cryo-TEM where the electrolyte is vitrified
inside the polymer, we show that polaron formation induces long-range order via a “sergeant-
soldier” effect. Such charge-induced order increases charge mobility. At higher charge
densities however, electronic carriers coalesce into bipolarons that induce a deleterious
structural deformation. These studies elucidate the complexities of structure/property
relationships in conjugated polymers, especially in the presence of electrolytes and at high
charge densities.
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Quantifying doping efficiency and carrier localization in conjugated polymers:
Effects of Side-chains on Molecular Doping Efficiency

David Ginger

University of Washington

Understanding whether charges introduced by molecular doping of organic semiconductors
reside in mobile or localized states is critical for optimizing performance in applications ranging
from OLEDs to neuromorphic devices. We quantify both mobile and localized carrier
concentrations in doped conjugated polymers by combining spectroelectrochemical
calibration with cross-validation via x-ray photoemission spectroscopy (XPS), Hall effect
measurements, and established transport models. This multi-modal approach enables
consistent determination of doping efficiency, carrier mobility, and delocalization thresholds
across several polymer systems. We then investigate how side-chain chemistry—specifically
variations in ionization potential and polarity—affects these parameters. Our results reveal
that polymers with ethylene glycol-based side chains exhibit increased conductivity, due not
only to improved doping efficiency but more significantly to enhanced carrier mobility. We
evaluate possible mechanisms, including Coulombic and structural localization, to explain
these effects.
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Homogenous lon Relaxation in Conducting Polymers

Silan Zhang, Scott Keene, Zhengkang Qu, Christina Kousseff, lain McCulloch,
Henning Sirringhaus, Akshay Rao, George Malliaras

University of Cambridge, University of Oxford

Organic mixed ionic-electronic conductors (OMIECs) are essential materials for technologies
where coupled ionic and electronic transport governs performance, such as neuromorphic
systems, biointerfaces, and electrochemical devices. In such applications, water uptake and
swelling are often critical to enable ion transport, ensure biocompatibility, and maintain
mechanical compliance. However, despite the central role of hydration, the physical form,
distribution, and transport function of water within OMIECs remain poorly understood.

Here, we investigate the ionic relaxation behavior of electrochemically modulated OMIEC thin
films upon removal of an external bias. Using a spatially-resolved optical technique, we
uncover a surprisingly uniform de-doping process across the entire film, even in the absence
of a driving field. This homogeneous ion release contradicts expectations from classical
diffusion models and suggests an unconventional transport mode.

The phenomenon appears reproducible across different materials, hinting at an intrinsic and
possibly collective mechanism underlying ion motion. Given the known coupling between ionic
species and water content in OMIECs, these findings raise compelling questions about the
internal water organization and its role in guiding ion transport far from equilibrium.

Our results highlight a gap in the current understanding of hydrated OMIEC systems and
underscore the need for re-evaluating how water enables or modulates ion mobility in soft,
mixed-conducting frameworks. This work paves the way for future studies to probe the
microstructural and thermodynamic factors driving such emergent behaviors.
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Insights to the High Conductivity of Polar Conjugated Polymers with Anion
Exchange Doping

Natalie Banerji

University of Bern

Chemical doping of conjugated polymers significantly enhances their conductivity which make
them attractive for a large range of applications. Recently, anion-exchange doping, whereby
the dopant counterion is replaced by inorganic anions by exposure of a p-doped film to an
electrolyte, has been demonstrated as an effective way to overcome the limitations of chemical
dopants in terms of bulkiness, stability and energetics. In parallel, the successful
implementation of organic electrochemical transistors in biomedical devices has fostered the
development of better organic mixed ionic-electronic conductors, notably by replacing the
commonly used alkyl sidechains of conjugated polymers with more polar glycol sidechains.
Inspired by the similar counterion nature of organic thin films doped either electrochemically
or by anion exchange, we combine here the two concepts and find that anion exchange leads
to enhanced conductivity in poly- thiophene and thienothiophene polymers with glycol side
chains. To elucidate the origin of this high conductivity, we combine spectroscopic
characterization with long-range (4 point-probe) and short-range (terahertz) conductivity
measurements. We show that the highly conductive samples sustain high charge densities
without any drop in conductivity and without any compromise on charge mobility. Moreover,
no loss in conductivity occurs when going from nanometer to millimeter distances,
demonstrating highly effective charge transport over multiple length scales.
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Temperature dependent structural evolution of an organic donor-acceptor
polymeric semiconductor

Anna Kyrri, Eirini Lariou, Sophia C. Hayes

University of Cyprus

Significant leaps in power conversion efficiencies (PCE) have been achieved in OPVs thanks
to the combination of low-bandgap donor-acceptor polymers with non-fullerene acceptors,
surpassing 19%. This study focuses on a donor-acceptor polymer known as PCE11 (poly[(5,6-
difluoro-2,1,3-benzothiadiazol-4,7-diyl)-alt-(3,3"""-di(2-octyldodecyl) 2,255°,2",57,27"-
quaterthiophen-5,5"""-diyl)]), that shows highly tunable optical properties under various
processing conditions and a reported PCE of 11.5%.[1] Temperature-dependent absorption
measurements showed a slight red shift and a clear vibronic structure upon cooling, similar to
other donor-acceptor polymers in the literature,[2] usually interpreted as increase in backbone
planarity and consequently conjugation length, but with no structural data to support this
assumption. Here, we employ temperature-dependent Resonance Raman (RR) spectroscopy
to develop a basic understanding of how temperature affects the polymer conformation and
thus its optoelectronic properties. We find, contrary to the interpretation of temperature-
dependent absorption spectra, increase in the polymer backbone torsional disorder when
cooling, attested by upshifts in the thiophene C=C symmetric stretch and increase in the ratio
between the acceptor and donor modes, and supported by DFT calculations. These results
suggest that interpretation of the optical spectra is not as simple as described in the literature
so far, but a combination of structural information from RR and excitonic models for
photophysical aggregates is necessary to understand the optical properties. Interestingly, the
RR data suggest a phase transition around 200 K that could be responsible for the modification
of the excitonic coupling from inter- to intra-molecular, explaining thus the increase in the 0-0
band with cooling, as expected for J-aggregates.

[1] Zhao, J. et al. Nat. Energy (2016); 1, 15027
[2] Hedstrém, S. et al., J. Phys. Chem. C (2015); 119, 6453.
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Cleavable-Sidechain OMIECs for Highly Stable OECTs

Keehoon Kang

Seoul National University, Seoul, Republic of Korea

Organic mixed ionic-electronic conductors (OMIECs), are essential elements for organic
electrochemical transistors (OECTSs), with promising low-voltage, high-gain operation for next-
generation bioelectronics. Conventional OMIECs take the form of conjugated backbones with
hydrophilic sidechains to balance electronic conduction and ion uptake. However, these
sidechains often induce excessive swelling and compromise long-term operational stability
which poses a critical design bottleneck. Here, we present solution-processable OMIECs with
cleavable side-chains that transform into robust mixed-conductors in ageuous environment
after side-chain cleavage. In addition to the balanced mixed conduction, efficient ionic-
electronic coupling, the system exhibits a remarkable doping stability, a key factor for reliable
OECT function. The resulting OECTs exhibit both a high figure-of-merit (uC*) and an excellent
operational stability. This work aims to offer insights into rational design strategies to
fundamentally decouple transport from structural instability, providing routes for developing
organic electrochemical devices practically relevant for bio-and neuromorphic electronics.

[1] E. Park, K. Kang et al. (In preparation)
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Design of mixed conducting organic semiconductors for electrochemical
transistors

lain McCulloch

Princeton University, University of Oxford

Organic electrochemical transistors (OECTs) are promising devices for amplification of
electrical signals and selective sensing of ions and biologically important molecules in an
aqueous environment and thus have potential to be utilised in bioelectronic applications. The
sensitivity and selectivity of the response of this device is determined by the organic
semiconducting polymer employed as the active layer. This presentation will discuss the role
of molecular structure on optimizing the apparent trade-off between ion uptake and
morphological order within the bulk of the active layer. A range of molecular design concepts
will be shown, which limit the impact of in-operando disorder, including two dimensional
structures, polymers with well-defined porosity, and polymers with controlled hydrophobic-
hydrophilic balance. These new materials demonstrate good OECT performance, through
operation in accumulation mode, with high transconductance and low operating voltage.
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Glass-like non-equilibrium dynamics in heavily doped polymers

Xinglong Ren, lan Jacobs, Henning Sirringhaus

University of Cambridge, University of Cambridge, University of Cambridge

Conducting polymers are mixed ionic—electronic conductors that are emerging candidates for
neuromorphic computing, bioelectronics and thermoelectrics. However, fundamental aspects
of their many-body correlated electron—ion transport physics remain poorly understood.
Recently, we observed non-equilibrium transport signatures related to the interaction-driven
formation of a frozen, soft Coulomb gap in the density of states, which opens up new
opportunities for substantially enhancing the thermoelectric properties of conducting
polymers.[1] Our preliminary work demonstrated that these non-equilibrium signatures are
history-dependent and exhibit aging phenomena, indicating glass-like behaviour. However, a
quantitative understanding of the most critical parameter, the relaxation time, is still lacking. In
this study, we probe the time-dependent relaxation processes governing non-equilibrium
charge transport in heavily doped polymers by systematically measuring relaxation time
scales across a broad temperature range. We observe that the characteristic relaxation times
increase with decreasing temperature following an Arrhenius-type trend, a hallmark of glass-
like dynamics. These findings provide strong evidence for the existence of slow collective
dynamics and emergent electronic glass states in heavily doped polymers. Our work deepens
the understanding of non-equilibrium phenomena in organic electronic materials and offers
insights into the design of stable, high-performance devices that operate under non-
equilibrium conditions.

[1] Nature Materials 2024, 23, 1712-1719
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Universal Scaling of DC Conductivity with Dielectric Interfacial Polarization in
Conjugated Polymers

Stavros X Drakopoulos, Paul WM Blom, Kamal Asadi

University of Princeton, Max Planck Institute for Polymer Research, University of Bath

Understanding the intricate relationship between conductivity and polymer film microstructure
is paramount to designing and developing high-performance conjugated-polymer-based
electronic devices. Conjugated polymers are typically semicrystalline, and their films comprise
both highly crystalline and amorphous regions with significant disparity between the
conductivity of these regions. However, traditional conductivity measurements under steady-
state conditions overlook the presence of the amorphous phase, offering an incomplete
perspective on charge transport. Here, by employing isothermal dielectric measurements, we
reveal that the amorphous phase plays a pivotal role and dominates the electrical conductivity
at temperatures more pertinent to practical applications, while the crystalline fraction takes
precedence at temperatures below room temperature. The conductivity mismatch between
the amorphous and crystalline phases yields the Maxwell-Wagner-Sillars interfacial
polarization (MWS-IP) effect. Here we demonstrated that the existence of MWS-IP ensues a
universal scaling between the electrical conductivity, the relaxation time and the dielectric
relaxation strength, for various conjugated polymers and their blends. Shedding light on the
contribution of the amorphous phase in the conductivity of conjugated polymers can lead to
the development of new polymers for applications in electronic devices with improved
performance at operationally relevant temperatures.

S. X. Drakopoulos, J. Cui, M. Asandulesa, P. W. M. Blom, A. Nogales, K. Asadi,
Macromolecules 2024, 57, 6, 2661-2668. (DOI:10.1021/acs.macromol.3c02556).
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Design of luminescent spin-optical interfaces using bright and dark radicals

Petri Murto, Sebastian Gorgon, Daniel G. Congrave, Lujo Matasovic, Andrew D.
Bond, William K. Myers, Hugo Bronstein, Richard H. Friend

Department of Chemistry and Materials Science, Aalto University, Finland, Yusuf Hamied Department of

Chemistry, University of Cambridge, UK, Cavendish Laboratory, University of Cambridge, UK, Centre for

Advanced Electron Spin Resonance, Department of Chemistry, University of Oxford, UK, Department of
Chemistry, University of Oxford, Chemistry Research Laboratory, UK

Organic radicals can introduce a new dimension to quantum technology by enabling optical
read and write of the spin state of the system, its memory. It is possible to design various
organic open-shell molecules with non-zero net spin (S > 0) but obtaining efficient emission
from these materials is challenging. Radicals contain an unpaired electron in their neutral
ground state (S = 1/2 doublet), which gives rise to unique spin and optical properties that can
allow emission of light from the doublet excited state with 100% efficiency. We have utilized
this property and demonstrated that chemical coupling of radicals into doublet-doublet (S = 1
triplet) and doublet-triplet (S = 3/2 quartet) ground and excited state manifolds allows synthetic
control of the spin coherence of the quantum systems, while maintaining the optical output of
the radical.[1,2] This contribution covers some of the key design principles for luminescent
quantum systems. For example, spin-optical interfaces do not necessarily have to rely on
emissive, bright radicals. Molecules delivering thermally activated delayed fluorescence
(TADF) provide a well-known approach to triplet harvesting and emission of light from the
singlet excited state. We show that appending TEMPO as a non-emissive, dark radical into
TADF chromophores provides optical access to doublet-triplet coupled quartet excited states.
We observe up to 72% of emission emerging via these high spin states. Notably, this process
does not require cooling down to near 0 K temperatures, but instead can operate at room
temperature, making use of readily available materials for practical spin-optical interfaces.

[1] R. Chowdhury, P. Murto, N. A. Panjwani, et al. arXiv, 2024, arXiv:2406.03365.
[2] S. Gorgon, P. Murto, D. G. Congrave, et al. Adv. Mater. 2025, 2501164.
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Understanding Vibrations Through Isotope Labelling Enables the Design of
High Efficiency Near-Infrared TADF

Daniel G. Congrave, Pratyush Ghosh, Sebastian Gorgon, Hwan-Hee Cho, Stephanie
Montanaro, Erin Holdsworth, Oliver Millington, Sayan Ghosh, Lars van Turnhout,
Fathy Hassan, Simon Dowland, Jordan Shaikh, Felix Plasser, Akshay Rao, Richard
Friend, Hugo Bronstein

University of Oxford, UK, University of Cambridge, UK, Loughborough University, UK

Prevalent non-radiative decay via coupling to aromatic C-C stretching modes has limited
organics that display complete NIR emission (> 700 nm) with appreciable (> 10%)
photoluminescence quantum efficiency (PLQY) to select fluorescent dyes such as cyanines,
squaraines and benzo(bis)thiadiazoles. Such materials feature dark (non-emissive) low
energy triplet states. Considering that electron-hole recombination generates triplets with 75%
probability, fluorescent NIR organics have a fundamental efficiency limitation for
optoelectronic applications that must be overcome.

Thermally activated delayed fluorescent (TADF) molecules narrow the singlet—triplet energy
gap, affording a promising approach to turn triplets bright. However, the development of
complete NIR TADF molecules has been extremely challenging. A 2 order-of-magnitude
PLQY gap exists between fluorescent dyes and triplet harvesting TADF materials capable of
complete NIR emission. This is exemplified by our previously reported molecule CAT-1, which
displays an emission onset of ca. 750 nm in neat-film, but a PLQY of merely 0.18%.

Molecular design rules for highly luminescent complete NIR TADF molecules are urgently
needed. In this talk | will discuss how through isotopic labelling and detailed spectroscopy we
have recently developed the understanding of non-radiative decay pathways required to
engineer a highly luminescent complete NIR TADF molecule with an emission onset ca. 750
nm and ca. 30% PLQY in solution, bridging the efficiency gap between fluorescent and TADF
organics. The work combines synthetic organic and physical chemistry and photophysics.

CAT 1 Reference: https://pubs.acs.org/doi/10.1021/jacs.9b09323
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A complete picture of intersystem crossing in MR-TADFs

Alexander J. Gillett

Linkbping University

Multiple resonance thermally-activated delayed fluorescence (MR-TADF) materials have the
potential to revolutionise OLEDs by combining desirable narrowband deep blue emission with
the efficient upconversion of dark spin-triplet excited states into bright singlets via a reverse
intersystem crossing (rlISC) process. However, current heavy atom-free MR-TADF materials
show rISC rates orders of magnitude slower than observed in classic donor-acceptor TADF
emitters, leading to extreme efficiency roll-off when used as the primary emitter in OLED
devices. Consequently, MR-TADFs are generally limited to use as the terminal emitter in a
‘hyperfluorescence’-type scheme, which does not exploit their TADF properties.

To intelligently design new MR-TADF emitters with faster rISC rates for increased utility in
OLED devices, it is necessary to develop a deeper mechanistic understanding of the ISC
processes. However, previous theoretical studies provide conflicting views on how rISC
proceeds, and experimental validations of the proposed mechanisms are distinctly lacking. In
our work, we combine ultrafast optical and magnetic resonance spectroscopies with quantum-
chemical calculations to reveal a complete and self-consistent picture of the ISC processes in
model MR-TADF materials based on the popular ‘'DABNA’ boron-nitrogen molecular motif. We
provide unprecedented detail on the role of vibronic coupling in MR-TADFs, including explicitly
identifying which vibrational modes are driving the ISC process and how they populate the
three distinct triplet sublevels. These insights will enable the chemical design of new MR-
TADF materials that directly harness vibrational couplings for faster rISC and better blue
OLED performance.
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Impact of optical anisotropy of host materials on emitter orientation in organic
guest-host systems

Binh-Minh Nguyén’, Albin Cakaj', Jonas Kroeber? Philipp Schiitz? Falk May?
Wolfgang Briitting’

" Institute of Physics, University of Augsburg, 86159 Augsburg, Germany; *Merck Electronics KGaA, Frankfurter
Str. 250, 64293 Darmstadt, Germany

Alignment of the emissive transition dipoles in organic guest—host systems is a powerful tool
to enhance light outcoupling from organic light-emitting diodes (OLEDs), which significantly
increases their efficiency [1]. In the search for mechanisms that control emitter orientation in
a guest-host system, several factors have been studied, including shape anisotropy of the
molecules and the ratio between substrate temperature and glass transition temperature
(T_s/T_g ) of the guest-host system [2, 3]. However, the scientific community still observes an
incomplete understanding of emitter alignment, meaning there are other crucial factors that
remain undiscovered. Indeed, apart from these well-studied factors, we have recently found
that the optical anisotropy, i.e. birefringence, of host materials also has a large effect on the
alignment tendency of an emitter, which could be caused by anisotropic Van der Waals (VdW)
interactions between host and emitter molecules. To address this factor in detail, our work
concerns an ["Ir" ("ppy" )] _3-based heteroleptic yellow phosphorescent emitter. By looking
deeper into the optical anisotropy of host materials, we found that hosts with negative
birefringence can facilitate the horizontal alignment of such an emitter. In fact, such host
materials are flat lying, providing a better VAW interaction with the emitter than upright
standing hosts, whose birefringence is positive. However, it is worth noting that we also
observe a saturation point beyond which strongly negative birefringent hosts cannot further
enhance horizontal emitter orientation. Remarkably, by comparing with our previous studies
on TADF emitters [3] and other phosphorescent emitters [4], we find that the impact of host
parameters on emitter alignment is dependent on the emitter structure itself.

[1] Schmidt, Tobias D., et al., Physical Review Applied, 2017, vol. 8, no 3, p. 037001.
https://doi.org/10.1103/physrevapplied.8.037001

[2] Nguyen, Binh Minh, et al., Chemistry of Materials, 2023, vol. 35, no 17, p. 7333-7343.
https://doi.org/10.1021/acs.chemmater.3c01804

[3] Naqvi, Bilal A., et al, Frontiers in Chemistry, 2020, vol. 8, p. 750.
https://doi.org/10.3389/fchem.2020.00750

[4] Degqitz, Carl, et al, Chemistry of Materials 35, 295-303 (2023).
https://doi.org/10.1021/acs.chemmater.2c03177
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High-Spin State Dynamics and Quintet-Mediated Emission in Intramolecular
Singlet Fission

Jeannine Griine, Steph Montanaro, Thomas W. Bradbury, Ashish Sharma, Alexander
Gillett, Sebastian Gorgon, Jan Behrends, Jenny Clark, Akshay Rao, Hugo Bronstein,
Neil Greenham

University of Cambridge, UK, University of Cambridge, UK, University of Sheffield, UK, University of Cambridge,
UK, University of Cambridge, UK, University of Cambridge, UK, Freie Universitét Berlin, Germany, University of
Sheffield, UK, University of Cambridge, UK, University of Cambridge, UK, University of Cambridge, UK

High-spin states are crucial in various organic applications, spanning from optoelectronics to
quantum information and singlet fission (SF). This talk focuses on the formation and emission
properties of spin states in SF systems. The principle is based on a photoexcited singlet
exciton rapidly decaying into spin-correlated triplet pairs, before dissociating into free triplets.
While extensive studies have addressed triplet formation and its role in photoluminescence,
optical emission involving quintet states remains largely unexplored. Additionally, strategies
to tune SF systems for controlled triplet multiplication via molecular design are still of high
interest to increase solar cell efficiency.

We focus on novel concepts of intramolecular singlet fission based on units of the SF-active
chromophore diphenylhexatriene (DPH). A particular focus will be on DPH-based oligomers —
especially dimers and trimers — which allow tunable geometry for accessing different spin
regimes. We employ a set of unique spin-sensitive techniques to investigate high-spin state
formation and emission, including optical spectroscopy, such as transient absorption (TA) and
magnetic field-dependent photoluminescence (magPL), as well as electron paramagnetic
resonance (EPR) and optically detected magnetic resonance (ODMR), to probe the formation
and evolution of high-spin states [1].

We show that quintet states form robustly across all architectures and, remarkably, mediate
delayed photoluminescence that persists even at room temperature. However, the efficiency
of triplet separation is highly dependent on the number of chromophores and the molecular
arrangement. These results establish a framework for controlling high-spin state evolution and
emission in organic materials, with relevance for exciton multiplication and optically
addressable spin states.

[1] Grine, J., Montanaro, S., Bradbury, T.W., et. al. 2024. High-Spin State Dynamics and
Quintet-Mediated Emission in Intramolecular Singlet Fission. arXiv preprint arXiv:2410.07891.
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Surface mounted chiral tripodal motor driven by angular momentum transfer

Michal Valasek (1), Nico Balzer (1), Julian Skolaut (2), Lukas Gerhard (2), Stépan
Marek (3), Richard Korytar (3), Ferdinand Evers (3), Wulf Wulfhekel (2), Marcel
Mayor (1,4)

(1) Karlsruhe Institute of Technology (KIT), Institute of Nanotechnology (INT), D-76021 Karlsruhe, Germany, (2)
Karlsruhe Institute of Technology (KIT), Institute for Quantum Materials and Technology (IQMT), D-76021
Karlsruhe, Germany, (3) University of Regensburg, Institute of Theoretical Physics and Regensburg Center for
Ultrafast Nanoscopy (RUN), D-93053 Regensburg, Germany, (4) University of Basel, Department of Chemistry,
St. Johannsring 19, CH-4056 Basel, Switzerland

Ensuring unidirectional motion is a long-standing challenge in the design of molecular motors
for molecular-device technologies. Molecular motor is a nanoscale machine that harvests
energy to produce work via the unidirectional and controlled movement. When mounted on
metal surfaces, scanning tunneling microscopy (STM) is a powerful technique to characterize
the molecular motors due to the atomic-scale resolution coupled with its ability to track the
motion of molecular motor over time.[1] Furthermore, the molecular motors can be powered
by STM tip through injecting tunneling electrons. The properties of the helical chiral rotor
perpendicularly mounted on the gold surface by a tripodal stator will be discussed in theory
and experiment. Our approach to achieve both the perpendicular and spatial arrangement of
a protruding chiral rotor on gold is based on a rigid extended tripod terminated with three thiol
anchors.[2,3] On the top of a tripodal stator, propan-2-on-1,3-diyl bridged biphenyl is mounted
via ethynyl linker, which acts as a chiral “Gelander’-type rotor. At the low temperature of the
STM experiment the molecular motion is reduced to a level suppressing atropisomerization,
such that the helical chiral nature of the rotor is preserved. The unidirectional rotational motion
of such molecules solely relies on the transfer of orbital angular momentum from the driving
current to the rotator due to chiral orbitals in the current path (triple bond), i.e. by orbital
currents. We showcase a principal mechanism for the generation of unidirectional rotation of
a molecule without the need of steric hindrance and transitional excited states.[4]

[1] J. Homberg, M. Lindner, L. Gerhard, K. Edelmann, T. Frauhammer, Y. Nahas, M. ValaSek,
M. Mayor, W. Wulfhekel, Nanoscale 11, 9015 (2019).

[2] M. Valasek, M. Mayor, Chem.- Eur. J. 23, 13538 (2017).

[3] V. Rai, N. Balzer, G. Derenbach, C. Holzer, M. Mayor, W. Wulfhekel, L. Gerhard, M.
Valasek, Nat. Commun. 14, 8253 (2023).

[4] J. Skolaut, 8. Marek, N. Balzer, J. Wilhelm, J. Lukasek, M. Valasek, L. Gerhard, F. Evers,
M. Mayor, W. Wulfhekel, R. Korytar, arXiv preprint, arXiv:2503.05351 (2025).
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Electron transport through long molecules: From wires to nanoribbons,
coherent to ballistic conductance.

Edmund Leary, Jie-Ren Deng, M. Teresa Gonzalez, He Zhu, Harry L. Anderson,
Yueze Gao, Lucia Palomino-Ruiz, José M. Malagon, Maximilian Krempe, Matthew
Johnson, Rik R. Tykwinski.

IMDEA Nanociencia, Oxford University, University of Alberta.

The search for long molecular wires that can transport charge with maximum efficiency over
many nanometers has driven molecular electronics since its inception. Single-molecule
conductance at low bias voltages normally decays significantly with length and is typically far
below the theoretical limit of GO (77.5 uS, the conductance of a “fully-open” quantum channel).
Indeed, this is the behaviour observed for monoatomic polyyne chains, all the way up to a
remarkable length of ca. 5 nm (1). On the other hand, edge-fused porphyrin ribbons display
quite different behaviour. We have tested ribbons up to 7 nm in length (2) finding that the low-
bias conductance is high and fairly constant across the series, although still somewhat below
1 GO. By pulsing with a larger bias, however, we can increase the low-bias conductance up to
1 GO (corresponding to a current of 20 pA), taking the ribbons fully into the ballistic regime.
We will discuss a potential mechanism for this, which involves charging the molecules in situ,
resulting in a dramatic realignment of the frontier orbitals. These results lay the foundations
for long, perfectly-transmissive, molecular wires with technological potential.

1. J. Am. Chem. Soc. 2025, 147, 5, 4052-4059
2. J. Am. Chem. Soc. 2024, 146, 6, 3651-3659
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Excited state dynamics of an MR-TADF emitter in host-guest systems

Pratiksha Dad, Alexandra N Stuart, Murad J Y Tayebjee, Wallace W H Wong, Girish
Lakhwani

University of Sydney, Australia, University of Sydney, Australia, University of New South Wales, Australia,
University of Melbourne, Australia, University of Sydney, Australia

Thermally activated delayed fluorescence (TADF) is a promising approach to improve the
efficiency of next-generation organic light-emitting diodes (OLEDs). Multi-resonant TADF
(MR-TADF) emitters have emerged as a new class of materials that display narrower emission
bandwidths and higher photoluminescence quantum yields. Although several MR-TADF
materials have been reported, the photophysical mechanism of TADF in these materials is
relatively unexplored.

Here, we report the photophysics of an MR-TADF emitter, OQAO in solutions and thin films
with different dielectric environments. Time-resolved absorbance (TA) and fluorescence
spectroscopy reveal multiple triplet populations in both solutions and thin films and that a loss
pathway exists through low-energy triplet states. While the population of these low-energy
triplet states is higher in high polarity environment, losses are suppressed in the thin films
compared to solutions. We also show that the host-guest interactions in OLED relevant host
matrices do not affect the photophysics of the guest emitter, contrary to previous published
reports.

Unpublished work (submitted manuscript)
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Polymeric Mixed Conductors for Optoelectronic Bio-Interfaces

Sahika Inal
King Abdullah University of Science and Technology (KAUST)

Organic mixed ionic and electronic conductors (OMIECs) provide a versatile platform for
establishing electrical communication with biological systems. In this talk, | will introduce this
emerging class of materials for bioelectronic interfacing and discuss how their unique
multifunctionality can be leveraged to develop next-generation optoelectronic devices
operating at aqueous electrolyte interfaces. | will demonstrate how n-type OMIECs can be
tailored to enable favorable interactions with catalytic enzymes and lipid bilayers, enabling the
development of advanced biosensors. Building on this, | will present the aqueous-gated
photoelectrochemical transistor (OPECT), a device based on these materials that can respond
to both light and electrical stimuli and retain the generated information. By tuning the water
uptake in the film and exploiting its strong near-infrared absorption, we create a water-
compatible device that mimics the function of biological photoreceptors. Together, these
developments highlight the potential of OMIECs to build new classes of adaptive,
multifunctional bioelectronic sensors.
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Leveraging Design of Experiments to Unravel the Amplification Mechanism of
Single-Molecule Wide-Field Biosensors

E. Macchia, M. Catacchio, M. Caputo, L. Sarcina, C. Di Franco, M. Piscitelli, E.
Castrignano, P. Bollella, G. Scamarcio, L. Torsi

Department of Pharmaceutical Science, University of Bari, Bari, Italy; Department of Chemistry, University of
Bari, Bari, Italy; CNR IFN, Bari, Italy; Department of Physics, University of Bari, Bari, Italy; The Faculty of Science
and Engineering, Abo Akademi University, Turku, Finland; CSGI (Center for Colloid and Surface Science), Bari,
Italy

Detecting single molecules on large interfaces, spanning several square micrometers, is often
considered unfeasible due to the minimal perturbation individual molecules exert on the
sensing surface. However, biological systems, such as cellular membranes, demonstrate
remarkable sensitivity, achieving single-molecule detection on interfaces as large as 10° um?,
despite the stark mismatch between molecular footprints and surface areas. While these
amplification mechanisms are well-documented, their molecular and biophysical foundations
remain poorly understood. To contribute to probing these phenomena, a Design of
Experiments (DoE) approach explores how pH and ionic strength in conditioning solutions
influence Surface Plasmon Resonance (SPR) detection in the single-molecule regime1.
Conditioning a physisorbed layer of capturing antibodies at low pH emerges as the key
strategy, enabling the reliable detection of only 6 £ 2 IgG molecules with a significant SPR
signal. The analysis further reveals that pH conditioning induces a refractive index shift within
the antibody layer, which is quantitatively correlated with changes in zeta potential (C-
potential). These findings provide critical insights into the mechanisms driving ultrasensitive
SPR detection and establish a data-driven framework for advancing biosensing technologies.

M. Catacchio, M. Caputo, L. Sarcina et al., Advanced Materials Interfaces, 2025
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Vertical Molecular Transistors with lon Gel Gating

Takhee Lee

Seoul National University

The advancement of molecular transistors relies on precise molecular orbital modulation, yet
this is hindered by a limited transmission window and reduced electric bias stability, which
typically restricts the use of channel molecules to those molecules with a typically narrow
HOMO-LUMO gap that places frontier orbital levels near the Fermi level of contact electrodes,
such as aromatic molecules. In this talk, | will explain the recent research work in which vertical
large-area molecular junction transistors using mixed self-assembled monolayers (SAMs) with
prototypical alkanethiol-based molecules can offer enhanced electrical bias stability and
gating efficiency, enabling orbital gating of molecules with deeper orbital levels [1]. By
employing ion gel gating in Au-molecule-graphene device configuration, molecular orbital
modulation is achieved in vertical molecular transistors, with transition voltage spectroscopy
revealing a shift from direct tunneling to Fowler-Nordheim tunneling. The mixed SAM
molecular transistors show a superior gating efficiency due to the net molecular dipole effect
of mixed molecules.

[1]1 D. Kim et al., Sci. Adv. in press (2025).
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Innovative multivalued logic circuits based on organic antiambipolar
transistors

Ryoma Hayakawa, Panigrahi Debdatta, Junko Aimi, Taiga Kijima, Kenji Katayama,
Yutaka Wakayama

National Institute for Materials Science, Japan; Chuo University, Japan

The development of high-performance organic integrated circuits (ICs) is highly required
toward the upcoming Internet of Everything (IoE) society. The organic ICs are expected to
realize flexible and wearable electronic circuits due to the benefits of organic materials
involving mechanical flexibility, light weight, and low-cost production. However, the integration
density of organic ICs remains low due to the incompatibility with advanced lithography
techniques. A new strategy without relying on only the miniaturization of electronic
components are thus prerequisite.

In this presentation, we introduce attractive multivalued logic circuits based on organic
antiambipolar transistors (AATs). An AAT is a type of heterojunction transistor and
characterized by a partially overlapped p—n junction in the transistor channel. In 2017, we
discovered a markedly high negative differential transconductance in an organic AAT [1].
Since then, we have demonstrated attractive logic circuits, including multivalued logic circuits
[2-4], ternary logic-in-memory [5], and reconfigurable two-input logic circuits [6,7]. First, we will
present the recent progress on ternary and quaternary logic circuits based on AATSs.
Thereafter, the multivalued logic-in-memory will be introduced, where a floating-gate-type
memory is combined in a ternary logic circuit. We consider that these findings have the
potential to realize high-performance organic ICs.

[1] K. Kobashi, R. Hayakawa et al., Adv. Electron. Mater. 3, 1700106 (2017).
[2] K. Kobashi, R. Hayakawa et al., Nano Lett. 18, 4355-4359 (2018).

[3] D. Panigrahi, R. Hayakawa et al., Appl. Phys. Express 14, 081004 (2021).
[4] D. Panigrahi, R. Hayakawa et al., Adv. Funct. Mater. 33, 2213899 (2023).
[5] D. Panigrahi, R. Hayakawa et al., Nano Lett. 23, 319-325 (2023).

[6] R. Hayakawa et al., Adv. Mater. 34, 2109491 (2022).

[7] R. Hayakawa et al., Nano Lett. 23, 8339-8347 (2023).
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Perovskite LEDs for Lighting and Displays

Jianpu Wan
Changzhou University, China, Nanjing Tech University, China

Solution-processed light-emitting diodes (LEDs) are attractive for applications in low-cost,
large-area lighting sources and displays. Organometal halide perovskites can be processed
from solutions at low temperatures to form crystalline direct-bandgap semiconductors with
intriguing optoelectronic properties, such as high photoluminescence yield, good charge
mobility and excellent color purity. In this talk, | will present our effort to boost the efficiency of
perovskite LEDs to a high level which is comparable to organic LEDs.[1-10] More importantly,
organic LEDs are difficult to maintain high efficiency at high current densities due to their
excitonic nature and low charge mobilities. Low temperature solution-processed perovskite
LEDs demonstrate remarkably high efficiency at high current densities, suggesting unique
potential to achieve large size planar LEDs with high efficiency at high brightness.

[1] J. Wang, N. Wang, Y. Jin, J. Si, Z.-K. Tan, H. Du, L. Cheng, X. Dai, S. Bai, H. He, Z.
Ye, M. L. Lai, R. H. Friend, W. Huang, Adv. Mater. 2015, 27, 2311.

[2] N. Wang, L. Cheng, R. Ge, S. Zhang, Y. Miao, W. Zou, C.Yi, Y. Sun, Y. Cao, R. Yang,
Y. Wei, Q. Guo, Y. Ke, M. Yu, Y. Jin, Y. Liu, Q. Ding, D. Di, L. Yang, G. Xing, H. Tian, C. Jin,
F. Gao, R. H. Friend, J. Wang, W. Huang, Nat. Photonics 2016, 10, 699.

[3] Y. Cao, N. Wang, H. Tian, J. Guo, Y. Wei, H. Chen, Y. Miao, W. Zou, K. Pan, Y. He,
H. Cao, Y. Ke, M. Xu, Y. Wang, M. Yang, K. Du, Z. Fu, D. Kong, D. Dai, Y. Jin, G. Li, H. Li, Q.
Peng, J. Wang, W. Huang, Nature 2018, 562, 249.

[4] W. Zou, R. Li, S. Zhang, Y. Liu, N. Wang, Y. Cao, Y. Miao, M. Xu, Q. Guo, D. Di, L.
Zhang, C.Yi, F. Gao, R. H. Friend, J. Wang, W. Huang, Nat. Commun. 2018, 9, 608.

[5] Y. Miao, Y. Ke, N. Wang, W. Zou, M. Xu, Y. Cao, Y. Sun, R. Yang, Y. Wang, Y. Tong,
W. Xu, L. Zhang, R. Li, J. Li, H. He, Y. Jin, F. Gao, W. Huang, J. Wang, Nat. Commun. 2019,
10, 3624.

[6] Y. Miao, L. Cheng, W. Zou, L. Gu, J. Zhang, Q. Guo, Q. Peng, M. Xu, Y. He, S. Zhang,
Y. Cao, R. Li, N. Wang, W. Huang, J. Wang, Light Sci. Appl. 2020, 9, 89.

[7] Y. He, J. Yan, L. Xu, B. Zhang, Q. Cheng, Y. Cao, J. Zhang, C. Tao, Y. Wei, K. Wen,
Z. Kuang, G. M. Chow, Z. Shen, Q. Peng, W. Huang, J. Wang, Adv. Mater. 2021, 33, 2006302.

[8] H. Min, J. Chang, Y. Tong, J. Wang, F. Zhang, Z. Feng, X. Bi, N. Chen, Z. Kuang, S.
Wang, L. Yuan, H. Shi, N. Zhao, D. Qian, S. Xu, L. Zhu, N. Wang, W. Huang, J. Wang, Nat.
Photonics 2023, 17, 755.

[9] H. Min, N. Wang, N. Chen, Y. Tong, Y. Wang, J. Wang, J. Liu, S. Wang, X. Wu, P.
Yang, H. Shi, C. Zhuo, Q. Chen, J. Li, D. Zhang, X. Lu, C. Zhu, Q. Peng, L. Zhu, J. Chang, W.
Huang, J. Wang, Nat. Nanotechnol. 2024, 19, 632.

[10] M. Lj, Y. Yang, Z. Kuang, C. Hao, S. Wang, F. Lu, Z. Liu, J. Liu, L. Zeng, Y. Cai, Y.
Mao, J. Guo, H. Tian, G. Xing, Y. Cao, C. Ma, N. Wang, Q. Peng, L. Zhu, W. Huang, J. Wang,
Nature 2024, 630, 631.
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Charge Generation in Organic Semiconductors

Linnea Lind, Lucy Hart, Shi Wei Yuan, Daniel Garcia-Medranda, Jolanda Miiller,
Flurin Eisner, Mohammed Azzouzi, Mariano Campoy-Quiles, Jenny Nelson

Imperial College London UK, Imperial College London UK, Imperial College London UK, Imperial College London
UK, Imperial College London UK, Queen Mary University of London UK, EPFL Switzerland, ICMAB Spain,
Imperial College London UK

Organic solar cells have traditionally relied on the intimate mixing between two materials of
different energetics, one acceptor and one donor material. Excitons formed upon irradiation of
the cell are split into free charges at the interface between the two materials, since the
energetic offset helps overcome the exciton binding energy.[1] Interestingly, recent studies
have shown that some of the most efficient non-fullerene acceptors (e.g. Y6) can achieve
relatively high charge-generation efficiency in the absence of a donor-acceptor interface.[2]
Furthermore, the current highest performing organic solar cell relies on a simpler bilayer
geometry with only limited donor-acceptor mixing.[3] This challenges the current
understanding of how photogenerated excitons dissociate into free charges in organic
semiconductors.[1,4]

Our study probes charge generation in solar cell devices featuring only a non-fullerene
acceptor or a donor material as the active layer. In this way we can learn about the
fundamental properties controlling charge generation, and evaluate why some molecular
structures perform better than others. Experimental results are compared to a model where
key parameters including reorganisation energy, electronic coupling and disorder can be
varied. Our study covers a broad scope of acceptor and donor materials, in order to describe
common fundamental processes of charge generation in these materials. Uncovering how
charge generation is limited in state-of-the-art organic semiconductors could have significant
implications for the cost and stability of organic photovoltaics, as well as photodetectors, solar
fuel cells, and light-emitting diodes.

[1] G. Zhang, et al., Chem. Rev. 122, 14180-14274 (2022).

[2] M.B. Price, et al., Nat. Commun. 13, 2827 (2022).

[3] L. Zhu, et al., Joule 8, 1-16 (2024).

[4] S. Few, J.M. Frost, J. Nelson, Phys. Chem. Chem. Phys. 17, 2311-2325 (2015).



Oral Presentations Tuesday

Dipole-quadrupole coupling in triplet exciton-polaron quenching in
phosphorescent OLEDs

Clint van Hoesel, Hiroki Tomita, Reinder Coehoorn, Peter A. Bobbert

Eindhoven University of Technology, the Netherlands, Institute for Complex Molecular Systems, the Netherlands

Improving the efficiency and stability of OLEDs will further expand their present success in
display applications. Triplet exciton-polaron quenching (TPQ) is an important cause of limited
efficiency and stability in modern phosphorescent OLEDs, where triplet excitons are the
emitting species. Lack of understanding of the TPQ mechanism in these OLEDs impedes the
development of more efficient and stable OLEDs. We investigate the TPQ mechanism for
triplet excitons on a phosphorescent guest, interacting with hole polarons on a host. Our
quantum-chemical calculations show that at triplet-polaron distances relevant for TPQ the
Forster approximation for the TPQ rate may fail and that dipole-quadrupole coupling is
dominant [1]. This resolves a discrepancy between estimates of the TPQ rate obtained from
an OLED device study and from the overlap between the emission spectrum of the emitter
and absorption spectrum of the charged host [2,3]. Equivalently to the Férster radius for dipole-
dipole TPQ, the dipole-quadrupole TPQ rate can be quantified by a dipole-quadrupole radius
obtained from the overlap between the emission spectrum of the emitter and the quadrupolar
absorption spectrum of the charged host. We furthermore present a systematic study of many
phosphorescent emitter-host combinations and show that red emitters on average show
stronger Forster-type TPQ than blue emitters. This study also shows that TPQ with holes is
stronger than with electrons. These findings are important for developing phosphorescent
emitter-host combinations with reduced TPQ.

[1] C. van Hoesel, R. Coehoorn, Peter A. Bobbert, “Dipole-quadrupole coupling in triplet
exciton-polaron quenching in a phosphorescent OLED emission layer”, Physical Review B,
2025, accepted for publication

[2] S.E.A. Jaspars, H. Tomita, C. van Hoesel, N. Daub, R.A.J. Janssen, R Coehoorn,
“Spectroelectrochemical Determination of Forster Radii for Triplet-Polaron Quenching in
Phosphorescent Organic Light-Emitting Diodes”, Advanced Functional Materials, 2025,
2425548.

[3] A. Ligthart, T.D.G. Nevels,, C.H.L. Weijtens, P. A. Bobbert, and R. Coehoorn, “Mechanistic
description of the efficiency loss in organic phosphorescent host—guest systems due to triplet-
polaron quenching”, Organic Electronics, 2021, 91 (2021) 106058.
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Layer-by-layer epitaxial growth of perovskite heterostructures with tunable
band offsets

Yang Lu, Richard H. Friend, Samual D. Stranks
University of Cambridge, UK

Halide perovskites exhibit superior optoelectronic properties but lack precise thickness and
band offset control in heterojunctions, critical for modular multilayer architectures such as
multiple quantum wells. We demonstrate vapor-phase layer-by-layer heteroepitaxial growth
exemplified by CsPbBr3 deposition on single crystals of PEA2PbBr4 (PEA: 2-
phenylethylammonium). Angstrom-level thickness control and sub-Angstrom smooth layers
(roughness < 0.01 nm) enable quantum-confined photoluminescence of CsPbBr3 from
monolayer, bilayer, and through to bulk. The interfacial structure controls the electronic
structure from Cs—PEA-terminated interface (type-ll heterojunction) to PEA-PEA-terminated
(type-l), with a layer-tunable band offset shift exceeding 0.5 electron volt. Electron transfer
from CsPbBr3 to PEA2PbBr4 for type-lIl Cs—PEA heterojunction results in delayed electron-
hole recombination beyond 10 microseconds. Precise quantum confinement control and large
band offset tunability unlock perovskite heterojunctions as platforms for scalable, superlattice-
based optoelectronic applications.
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Bright and stable perovskite light-emitting diodes enabled by interfacial
reactions

Yang Liu, Xiaoyue Sun, Jiejun Zeng, Jinyi Li, Yizheng Jin
Zhejiang University, China

Metal halide perovskites offer a unique molecular platform for light-emitting devices,
combining solution processability with high carrier mobility and defect tolerance. Distinct from
OLEDs and QLEDs, perovskite LEDs (PeLEDs) rely on in-situ crystallization, where
molecular-level interfacial reactions at the nucleation front critically govern film morphology,
electronic structure, and device stability. In this work, we elucidate and harness such interfacial
chemistry to engineer bright and stable PeLEDs.

First, we identified a switchable deprotonation reaction between guanidinium ions and alkaline
Zn0, enabling self regulated crystal growth while suppressing unwanted phase transition. The
resulting devices exhibit a continuous wave radiance of 1.98 x 10*W sr"m=2and a T, of 50 h
at 100 mA cm™—the longest lifetime reported for red PeLEDs at such current densities.

Next, we introduced an interfacial deprotonation activated in situ thiolate passivation strategy,
which significantly improve the stability of perovskites. This pushes the operational half life to
96 h and delivers a record radiance of 5.45 x 10* W sr* m~2. Finally, translating the concept to
lead free systems, an assisted crystallization protocol yields smooth CsSnBr; films and the
most efficient and luminous CsSnBr3 PeLED reported to date.

These results demonstrate that rational manipulation of interfacial reaction thermodynamics
is a powerful route to bright, stable perovskite emitters and provides a versatile toolkit for
molecular electronics integration.

(1) J. Zeng; X. Sun; Y. Liu*; W. Jin; S. He, X. Zhu, K. Niu, G. Sun, J. Li, H. He, T. Sun, Z.
Ye*, Y. Jin*. Nat. Photon., 2024, 18, 325-333.

(2) J.Li; Y. Liu*; J.Zeng; S. He; X. Zhu; X. Sun; Y. Jin*.Bright and Efficient CsSnBr3 Light-
Emitting Diodes En
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Tin-Halide Perovskite Semiconductors for Efficient Near-Infrared Light-
Emitting Sources

Annamaria Petrozza

Istituto Italiano di Tecnologia

Light-emitting diodes (LED) with different emission spectra are widely used in our daily life for
a variety of applications. However, due to fundamental restrictions of light-emitting materials,
the development of near-infrared LEDs (NIR-LEDs) is still modest. Recently, solution-
processed tin-halide perovskites (THPs) have emerged as one of the most promising light-
emitting materials for NIR-LED application. Here, first the peculiarities of THPs
semiconductors, and how their electronic properties affect the light emission efficiency, will be
presented. Then, efforts in material engineering to design and master the electronic properties
of THP films will be discussed. In particular, a facile yet highly effective strategy will be
presented to master the defects activity in THPs by developing self-encapsulated tin-halide
perovskite films. Through the incorporation of a rationally designed molecule into perovskite
precursors, isolated tin-iodide perovskite particles are formed and in-situ encapsulated,
achieving outstanding air stability. Meanwhile, the resulting film exhibits a significantly reduced
trap density and mitigated p-doping density such that it is exploited to boost radiative charge
recombination to reach an impressive photoluminescence quantum yield approaching 50%.
Leveraging these advancements, NIR-LEDs demonstrate a peak external quantum efficiency
of 12.4%, accompanied by a substantial improvement in operational lifetime. Notably, for the
first time, we demonstrated functional tin- iodide perovskite-based devices in ambient air. This
work provides a robust pathway for realizing high-performance and stable tin-halide
perovskite-based optoelectronic devices, addressing critical challenges for their widespread
application.
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Charge-transfer induced phonon coherence transfer in 2D/3D perovskite
heterostructure

Shabnum Magbool, Claudio Quarti, Pratyush Ghosh, Yang Lu, Xian Wei, Qichun Gu,
Neil Greenham, David Beljonne, Akshay Rao, Sam Stranks, Richard Friend

Department of Physics, University of Cambridge; Department of Chemical Engineering and Biotechnology,
University of Cambridge; University of Mons

The emergence of perovskites as sought-after semiconductors owes to their unique electronic
band structure, inherent defect tolerance, increased conversion efficiencies, synthetic
flexibility, and easy and cost-effective processibility.[1, 2] Lead halide perovskites show near-
unity PL quantum yield, narrow emission bandwidth, high solar cell efficiencies, etc. All these
properties are due to the dynamic nature of the ground and excited states. These hybrid
systems have strong electron-phonon interactions which manifest strongly in their optical and
photovoltaic behaviours. [3] A critical factor for understanding the light mater interaction is the
direct observation of the ultrafast coupling between lattice phonon modes and the charge
carriers. Using IVS, we were able to directly visualize light induced carrier- phonon interactions
by observing the strong oscillatory features dressing the charge transfer and recombination
kinetics of charge carriers. We observe not only the phonon modes coupling to the charge
carriers in individual 2D layer with strong electron-phonon interaction but also the triggering of
the coherent phonon modes in 3D layers upon charge transfer process completion. Finally,
we present that upon suitable structural engineering of the interface, via epitaxial growth, we
can efficiently transfer not only charge carrier but also trigger coherent phonon modes which
can help improve charge recombination and protect carriers from trap states.

[1]. Stranks, S. D. et.al., Metal-halide perovskites for photovoltaic and light-emitting devices.
Nature Materials, (2015),17, 928-938.

[2]. Yin, W. J., et.al., Unusual defect physics in CH;NH;Pbl; perovskite solar cell absorber.
Applied Physics Letters, (2014), 104(6), 063903.

[3]. Miyata, A., et.al., Direct measurement of the exciton binding energy and effective masses
for charge carriers in organic—inorganic tri-halide perovskites. Nature Physics, (2015), 11(7),
582-587.

[4]. Tsai, H., et.al., High-efficiency two-dimensional Ruddlesden—Popper perovskite solar
cells. Nature, (2016), 536(7616), 312-316.
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Nanoscopic band and macroscopic hopping transport in two-dimensional
benzimidazole-based perovskites

Shuanglong Wang, Lei Gao, Mukunda Mandal, Hao Wu, Zhitian Ling, Mischa Bonn,
Denis Andrienko, Paul W. M. Blom, Hai I. Wang, Wojciech Pisula, Tomasz Marszalek

Max Planck Institute for Polymer Research, Ackermannweg 10, 55128 Mainz, Germany

Field-effect transistors (FETs) provide an ideal and versatile platform to study charge transport
properties of perovskite semiconductors. However, the fabrication of operationally stable
perovskite FETs at room temperature has remained an enormous challenge due to the severe
ion migration and accumulation, which can screen the applied gate electric field, resulting in
poor device performance. Two-dimensional (2D) perovskites with bulky spacer cations are
promising candidates for FET applications due to the suppressed ion movement by large size
insulating ligands. [1,2] The correlation between the chemical nature of the organic cations,
ion migration and charge carrier transport mechanism in 2D layered perovskites is far being
understood, significantly limiting the development of perovskites FETs. Here, we report a tin
iodide perovskite based on benzimidazole cations which ensure a high degree of symmetrical
2D structure compared to other reported organoammonium cations. The high symmetry is
important for an efficient charge carrier transport combined with suppressed ion migration.
Temperature dependent optical pump-terahertz probe spectroscopy measurements reveal
indeed high charge carrier mobilities up to 17 cm2V-1s-1 and a band mechanism for the local
charge carrier transport in the (Bn)2Snl4 perovskite film. Although reduced ion migration is
observed in FETs, the macroscopic transport in the device is primarily governed by the
hopping mechanism. Interestingly, such differences in both temperature-dependent
transistors and THz spectroscopy provide key insights into the charge transport behavior of
perovskite semiconductors, demonstrating the important role of the structural order and film
morphology on the performance of perovskite electronic devices. [3]

[1]1 S. Wang, S. Kalyanasundaram, L. Gao, Z. Ling, Z. Zhou, M. Bonn, P. W. M. Blom, H. I.
Wang, W. Pisula, T. Marszalek, “Unveiling the role of linear alkyl organic cations in 2D layered
tin halide perovskite field-effect transistors”, Mater. Horiz., 2024,11, 1177-1187

[2] S. Wang, M. Mandal, H. Zhang, D. W. Breiby, O. Yildiz, Z. Ling, G. Floudas, M. Bonn, D.
Andrienko, H. . Wang, P. W. M. Blom, W. Pisula, T. Marszalek, “Odd—-Even Alkyl Chain Effects
on the Structure and Charge Carrier Transport of Two-Dimensional Sn-Based Perovskite
Semiconductors” J. Am. Chem. Soc. 2024, 146, 19128-19136,

[3] S. Wang, L. Gao, M. Mandal, H. Wu, Z. Ling, M. Bonn, D. Andrienko, P. W. M. Blom, H. I.
Wang, W. Pisula and T. Marszalek, “ Charge carrier transport in two-dimensional
benzimidazole-based perovskites” Materials Horizons, 2025, DOI: 10.1039/D5MH00335K
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Perovskites Thermal Evaporation for Advanced Photovoltaics and
Optoelectronics Device Customization

Annalisa Bruno

Nanyang Technological University

Metal-halide perovskites (MHP) are highly promising optoelectronic materials due to their
exceptional properties and versatile fabrication methods [1]. These materials are crucial for
solar cells and optoelectronics devices to quantum emitters.

Thermal evaporation has emerged as a pivotal method to enable precise control over film
thickness, composition tuning, stress-free deposition, surface modification capabilities, and
large-area [2] devices—key factors in the advancement of perovskite optoelectronics.

In this talk | will present how overcoming the challenges of scalability and reproducibility in
perovskite solar cell (PSC) production, critical for their sustanaible viability. We have
demonstrated the possibility of achieving a sixfold increase in speed while maintaining film
quality and high-power conversion efficiencies. This accelerated co-evaporation process
demonstrates the potential for large-scale, cost-effective PSC production without needing
post-annealing, further simplifying the manufacturing process [3].

Moreover, leveraging on the possibility of fabricating high-quality films with high thickness
control by thermal evaporation we have explored the promising field of thermally evaporated
perovskite-based Multiple Quantum Wells (MQWs) [4]. MQWs structures can enhance the
optoelectronic properties of nanoscale thin films, through control over electronic energy levels
and quantum mechanical phenomena, and opening up avenues for unconventional
optoelectronic functionalities [5].

These recent works not only address critical challenges in scaling perovskite solar cell
production but also open new avenues for optoelectronic device design, highlighting the
versatility and promise of thermally evaporated perovskite materials for next-generation
energy solutions.

1) Min, H., et al., Nature, 2021. 598, 444.; Yoo, J.J., et al., Nature, 2021. 590 587.

2) J. Li et al., Joule 2020, 4, 1035; H.A. Dewi et al., Adv. Funct. Mater. 2021, 11, 2100557; J.
Li et al., Adv. Funct. Mater. 2021, 11, 2103252;

3) Dewi et al. ACS Energy Lett. 2024, 9, 4319-4322; Dewi et al, ACS Energy Materials 2025

4) De Luca et al. ACS Energy Lett. 2025 10, 2236; L. White et al. ACS Energy Lett. 2024, 9(3),
835

5) L. White, ACS Energy Lett. 2024, 9(9), 4450, L. White et al., ACS Energy Lett. 2024, 9(3),
850
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Tracking the Trap-assisted Recombination Dynamics in Perovskite Solar Cells
via Infrared-Modulated Action Spectroscopy

Beier Hu, Ziming Chen, Jiaxin Pan, Tiankai Zhang, Ganghong Min, Haoqing Ning,
Longren Li, Weidong Xu, Samuel D. Stranks, Thomas J. Macdonald, Igal Levine,
Feng Gao, Artem A. Bakulin

Department of Chemistry and Centre for Processable Electronics, Imperial College London, London W12 0BZ,
United Kingdom,; Department of Physics, Chemistry and Biology (IFM), Link6ping University, Linkdping, SE-
58183, Sweden; Department of Electronic and Electrical Engineering, University College London, London, WC1E
7JE, United Kingdom; Cavendish Laboratory, University of Cambridge, Cambridge, CB3 OHE, United Kingdom;
Institute of Chemistry and The Center for Nanoscience and Nanotechnology, Hebrew University, Jerusalem,
91904, Israel

Metal halide perovskites are promising materials for optoelectronic applications, yet their
performance is often hindered by electronic trap states originating from structural defects
formed during solution-based fabrication. These trap states contribute to non-radiative
recombination, causing unexpected energy losses and compromising device stability.
However, due to the inherently low population of trapped carriers relative to mobile charges,
detecting their presence remains a significant challenge using conventional characterization
techniques. Hence, the limited understanding of the fundamental nature of trap states (density,
depth, and dynamics of trapped carriers) results in ineffective trap management and hinders
the establishment of clear design principles for improving the performance of perovskite-based
optoelectronic devices.

Our group has developed infrared (IR) optical activation spectroscopies (namely, pump—push—
photocurrent and pump—push—surface photovoltage techniques), that selectively reactivate
localised carriers using below-bandgap IR light, enabling comprehensive identification of trap
properties and tracking of trapped carrier dynamics within operando perovskite solar cells.[1-
2] By applying these techniques across a variety of perovskite systems with either interfacial
modifications or bulk doping, we were able to successfully disentangle the roles of surface
and bulk trap states, paving the way for targeted interfacial engineering and intrinsic bulk
material optimisation.

[1] Pan, J. et al. Operando dynamics of trapped carriers in perovskite solar cells observed via
infrared optical activation spectroscopy. Nat Commun 14, 8000 (2023).

[2] Hu, B. et al. Revealing Trapped Carrier Dynamics at Buried Interfaces in Perovskite Solar
Cells via Infrared-Modulated Action Spectroscopy with Surface Photovoltage Detection. Adv
Mater 2502160 (2025).
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Doped Organic Semiconductors for Perovskite Solar Cells

Feng Wang, Feng Gao
Linképing University, Linképing, Sweden

Organic semiconductors are attractive as transport layers for optoelectronic devices due to
their unique advantages such as excellent flexibility, good solubility in organic solvents and
easy processing in solutions. To improve the mobility of organic semiconductor, various
doping strategies have been developed. We have developed a clean and free post-oxidation
doping for Spiro-OMeTAD using stable organic radicals as dopants and ionic salts as dopant
modulators (termed ion-modulated (IM) radical doping). When applied to perovskite solar
cells, the doped Spiro-OMeTAD based on our IM radical doping strategy provided a high PCE
of over 25 % and excellent stability (T80 for ~ 1200 h under 70+5 % relative humidity and T80
for ~ 800 h under 70+3 °C without encapsulation), minimising the trade-off between efficiency
and stability of PSCs. In this doping strategy, the radicals provide hole polarons that
immediately increase the conductivity and work function, and the ionic salts further modulate
the work function by affecting the energetics of the hole polarons. Recently, we can further
increase the thermal stability of the Spiro-OMeTAD layer, which can survive at 80 °C for more
than 2000 hours (unpublished results).

Science, 2022, 377, 495-501.
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Structure-Property Relationships for Chiral Organic and Hybrid Materials
Seth Marder
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In this talk, | will describe collaborative studies on materials with the goal of understanding
how the systematic variation of chemical structure of chiral organic and hybrid semiconductor
systems impacts the chiral nature of the ordering in the material over multiple length scales,
the CISS effect, and chirality-related optical and opto-electronic properties. Chirality has been
introduced to the materials using both covalent (incorporation of chiral centers into molecular
semiconductors and into polymeric semiconductors at varying concentrations) and non-
covalent interactions (e.g., between achiral semiconductor molecules or polymers and chiral
additives—both small molecular and polymeric—or chiral counter ions introduced using redox
dopants).

1. “Remote chirality transfer in low-dimensional hybrid metal halide semiconductors.” M. A.
Haque, A. Grieder, S. P. Harvey, R. Brunecky, J. Y. Ye, B. Addison, J. Zhang, Y. Dong, Y.
Xie, M. P. Hautzinger, H. H. Walpitage, K. Zhu, J. L. Blackburn, Z. V. Vardeny, D. B. Mitzi, J.
J. Berry, S. R. Marder, Y. Ping, M. C. Beard, J. M. Luther, Nat. Chem. 17, 29-37 (2025, DOI:
10.1038/s41557-024-01662-2)

2. “Dimensionality-Controlled Confinement Effects for Tunable Optoelectronic Properties in
Quasi-1D Hybrid Perovskites.” Y. Xie, J. Morgenstein, K. R. Hansen, H. Hewa-Walpitage, C.M.
Shirley, P. Amrut, D. Nikiforov, K. Bairley, J. Zhang, N.A.M.S. Caturello, S. Wang, T. Randall,
L. Homer, G. Davis, S. Barlow, S. R. Marder, Z. V. Vardeny, J. S. Colton, V. Blum, D. B. Mitzi,
ACS Nano 19, 12895-12909 (2025, DOI:10.1021/acsnano.4c16359)
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Ferroelectric Microelectrodes based on Organic Polymers: Challenges and
Perspectives

Maximilian Becker

Hahn-Schickard and the University of Freiburg

Here, we introduce the concept of ferroelectric microelectrodes, which exploits the switchable
surface charge of ferroelectric insulators for neural stimulation without electrochemical DC
currents [1]. Ferroelectric microelectrodes are fabricated by coating a metallic microelectrode
with a thin (< 50 nm) ferroelectric, which serves as bioelectronic interfacing material.

So far, inorganic ferroelectrics have been tested for their utilization in ferroelectric
microelectrode arrays (FeEMEAs), among them BaTiO3 [2] and CMOS-compatible binary
oxides , i.e., ZrO2 [3]

However, organic ferroelectrics such as poly(vinylidene fluoride) (PVDF) have not been tested
in FeMEAs yet. Nevertheless, they exhibit unique properties such as mechanical softness and
low-processing temperatures which make them interesting candidates for the realization of
FeMEAs.

In the presentation, an introduction into the physics of ferroelectric microelectrodes will be
given and challenges for the integration of organic ferroelectrics into FEMEAs will be
discussed. Finally, future perspectives of organic FEMEASs in bioelectronics are highlighted.
We believe, that organic FEMEAs can play a key role in future bioelectronic applications.

[1] Becker MT. Charge injection capacity of ferroelectric microelectrodes for bioelectronic
applications. Vol. 11, AIP Advances. AIP Publishing; 2021. Available from:
http://dx.doi.org/10.1063/5.0049202

[2] Becker MT, Oldroyd P, Strkalj N, Muller ML, Malliaras GG, MacManus-Driscoll JL.
Impedance switching for neural recording with ferroelectric microelectrodes. Applied Physics
Letters. 2023 Apr 24;122(17). Available from: http://dx.doi.org/10.1063/5.0143391

[3] Becker MT, Corna A, Xu B, Schroeder U, Amft O, Keil S, et al. A Ferroelectric CMOS
Microelectrode Array with ZrO2 Recording and Stimulation Sites for In-Vitro Neural
Interfacing. 2024 IEEE BioSensors Conference (BioSensors). IEEE; 2024. p. 1—4. Available
from: http://dx.doi.org/10.1109/biosensors61405.2024.10712692
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3D semiconductors

Shiming Zhang

University of Hong Kong

In recent years, 3D transistors have been pursued to bridge the dimensional gap between 2D
transistors and 3D living systems. However, this presents challenges, as conventional
semiconductors are inherently 2D in both architecture and modulation.

In this work, we report 3D semiconductors. The 3D semiconductor offers the following
breakthroughs beyond current semiconductor technologies: i) complete 3D bulk-modulation
up to millimeter-scale thicknesses, far surpassing the microscale limitations of current
semiconductors; and ii) a tissue-like modulus of 10-100 kPa with high stretchability, which is
six orders of magnitude lower than the GPa-scale modulus of conventional semiconductors.

The following steps are essential to obtain the above 3D semiconductor. First, we endowed
3D hydrogels with semiconducting properties via multi-network polymer engineering. Second,
we achieved 3D, millimeter-scale modulation thickness in those 3D hydrogel semiconductors
by controlling their microscale topology including phases and porosities. Third, we established
a scalable protocol to fabricate those 3D hydrogel semiconductors.

Finally, we demonstrated that these 3D hydrogel semiconductors offer unique opportunities to
move beyond 2D transistors, enabling the construction of 3D transistors, brain-inspired 3D
soft neuroelectronic circuits and 3D cell-transistor integrations, which are critical for bridging
current transistors with living systems.

Under review.
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Formation and epitaxy of crystalline organic thin films

Barry P. Rand

Princeton University

Organic semiconductors are commercially validated regarding OLED displays, with
considerable scope for future applications. Toward these future prospects, | will present recent
work from our group that seeks to better understand how to form crystalline films of organic
semiconductors, approaching single-crystal-devices in a thin film platform. Through proper
control of processing, we are able to realize pinhole free organic semiconductor films with
single crystal grains with millimeter dimensions. We have found that transport in these films is
considerably improved compared to disordered films, and that organic solar cells incorporating
these long-range-ordered films exhibit highly delocalized, and band-like charge transfer (CT)
states, contributing to noticeably lower energy losses. We will discuss these aspects and our
understanding to-date of which molecules are amenable to the formation of such films, and
how to propagate crystal growth both homoepitaxially and heteroepitaxially.

"Thermal properties, molecular structure, and thin film organic semiconductor crystallization,"
J.T. Dull, Y. Wang, H. Johnson, K. Shayegan, E. Shapiro, R.D. Priestley, Y.H. Geerts, B.P.
Rand, J. Phys. Chem. C, 124, 27213 (2020).

“A comprehensive picture of roughness evolution in organic crystalline growth: The role of
molecular aspect ratio,” J.T. Dull, X. Chen, H.M. Johnson, M.C. Otani, F. Schreiber, P. Clancy,
B.P. Rand, Mater. Horiz., 9, 2752 (2022).

“From amorphous to polycrystalline rubrene: Charge transport in organic semiconductors
paralleled with silicon,” J. Euvrard, O. Gunawan, A. Kahn, B.P. Rand, Adv. Funct. Mater., 32,
2206438 (2022).

“Thin film organic heteroepitaxy,” J.T. Dull, X. He, J. Viereck, Q. Ai, R. Ramprasad, M.C. Otani,
J. Sorli, J.W. Brandt, B.P. Carrow, A.D. Tinoco, Y.-L. Loo, C. Risko, S. Rangan, A. Kahn, B.P.
Rand, Adv. Mater., 35, 2302871 (2023).

“Discovery of crystallizable organic semiconductors with machine learning,” H.M. Johnson, F.
Gusev, J.T. Dull, Y. Seo, R.D. Priestley, O. Isayev, B.P. Rand, J. Am. Chem. Soc., 146, 21583
(2024).
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Printed and Natural Materials for Flexible Health Monitoring Devices

Giuseppe Tarabella, Davide Vurro, Vardan Galstyan, Giuseppe De Giorgio, Elena
Dembech, Pietro Squeri, Aris Liboa, llenia D’Onofrio, Sharma Saksham, Salvatore
Dal Basso, Pasquale D’Angelo

Insitute of Materials for Electronics and Magnetism (IMEM) - National Research Council (CNR) - Parma (ltaly),
UWE Bristol Unconventional Computing Lab - Bristol (UK)

Organic electronics provide a versatile platform for developing wearable technologies aimed
at real-time health monitoring. Herein I illustrate our research group’s contributions to this field
with a focus on biosensors for non-invasive biochemical analysis directly from the skin.

Our work leverages natural and biocompatible materials to create flexible, self-adhesive skin
patches capable of collecting sweat samples and enabling continuous monitoring of
physiological parameters. [1] These patches integrate organic electrochemical transistors
(OECTS) printed using home made formulated conductive inks and 3D-structured polymers,
optimized for sensitivity and selectivity to key biomarkers.

Several prototypes will be shown, including a silk-based skin patch for ECG monitoring, [2] a
voltage-controlled implantable drug delivery strip, a graphene-based sensor for IL-6 detection
in real saliva samples [3]. We aim at addressing open challenges of unobtrusive, real-time
biochemical sensing by combining material innovation with device engineering.

Finally, 1 will introduce a new research direction exploring unconventional materials, such as
minimal peptides assembly [4] and bacterial cellulose, [5] for biosensing and neuromorphic
computing applications. These materials offer novel functionalities and open new perspectives
for future bioelectronic systems.

1. De Giorgio, G. et al. Silk Fibroin Materials: Biomedical Applications and Perspectives.
Bioengineering 11, 167 (2024).

2. Vurro, D. et al. Sericin Electrodes with Self-Adhesive Properties for Biosignaling. ACS.
Biomaterials Science & Engineering 2025, 11, 3, 1776-1791.

3. Vurro, D. et al. Inflammatory biomarker detection in saliva samples by printed graphene
immunosensors. Sensors and Actuators Reports 100211 (2024).

4. Sharma, S., Mougoyannis, P., Tarabella, G. & Adamatzky, A. A review on the protocols for
the synthesis of proteinoids. ArXiv [physics.flu-dyn], (2022).

5. Adamatzky, A. et al. Kombucha electronics: electronic circuits on kombucha mats. Sci Rep
13, (2023).
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Surface Modification of PEDOT:PSS Films for Functionalized OECT Devices

Shunsuke Yamamoto

Kyoto University

The functionalization of organic mixed ion-electron conductive films, such as PEDOT:PSS, is
crucial for developing Organic Electrochemical Transistor (OECT) devices with sensing
capabilities for various applications, including the detection of biomarkers and physical
quantities like temperature and light intensity. This presentation will cover two approaches to
creating advanced OECT devices: 1) the spontaneous formation of functionalized skin layers
and 2) surface-initiated polymerization of organic and hybrid organic-inorganic materials.
Topic 1 will explore blend films of PEDOT:PSS and PNIPAM, highlighting the vertical phase-
separated structure as revealed through X-ray Photoelectron Spectroscopy (XPS) and
advanced Scanning Probe Microscopy (SPM) techniques. Topic 2 will discuss the
polymerization of polydopamine (PDA) films on the surface of spin-coated PEDOT:PSS films,
focusing on the adhesion properties of PDA in relation to inorganic nanoparticles and
enzymes.

"Organic Electrochemical Transistors Based on Blend Films with Thermoresponsive Polymer"

Shunsuke Yamamoto et al. Small (2025) 10.1002/smll.202501927
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Novel bioelectronic interfaces for accessing the peripheral nervous system

Amparo Giemes, George Malliaras

University of Cambridge, UK, University of Cambridge, UK

The nervous system plays a fundamental role in metabolic regulation, with the vagus nerve
and the enteric nervous system (ENS) serving as key pathways for neural control of
physiological processes. Advances in bioelectronic interfaces now enable direct recording of
neural activity from these pathways, offering new opportunities to study metabolism-related
neural signalling. However, achieving stable, high-fidelity recordings remains challenging due
to the dynamic and complex nature of these neural environments. | will present a range of
bioelectronic platforms and device designs developed to interface with both the vagus nerve
and the ENS, enabling high-resolution neural recordings in freely moving animals. In
particular, | will show self-folding nerve cuffs [1] and thin-film conformable devices based on
conductive polymer microelectrodes engineered for chronic implantation, ensuring stable and
minimally invasive neural interfacing. When implanted around the vagus nerve, they allow the
extraction of metabolic-related neural activity, while implantation in the colonic wall enables
real-time monitoring of gut neural responses to feeding and stress [2]. These technologies
open new avenues for understanding gut-brain interactions and lay the groundwork for future
bioelectronic therapies and closed-loop neuromodulation strategies for metabolic disorders.

[1] HiendIimeier, L., Zurita, F., Vogel, J., Del Duca, F., Al Boustani, G., Peng, H., ... & Wolfrum,
B. (2023). 4D-printed soft and stretchable self-folding cuff electrodes for small-nerve
interfacing. Advanced Materials, 35(12), 2210206.

[2] Boys, A. J., Guemes, A., Ma, L., Gupta, R. A., Lu, Z, Lee, C., ... & Owens, R. M. (2024).
Implantable Bioelectronics for Gut Electrophysiology. bioRxiv, 2024-03.



Oral Presentations Wednesday

Remaining Challenges of Solution-Processed Organic Solar Cells

Thuc-Quyen Nquyen

University of California Santa Barbara

Organic photovoltaics (OPVs) potentially can offer low cost, large area, flexible, light-weight,
clean, and quiet energy sources for indoor and outdoor applications such as energy-efficient
buildings and greenhouses. OPVs are fabricated from organic semiconductors (OSCs), a
class of carbon-based materials comprising of alternate single and double bonds (conjugated
pi-bonds). OSCs can be synthesized to have band gaps from the UV to the near infrared
regions of the electromagnetic spectrum. OSCs are attractive due to their unique properties:
light weight, mechanical flexibility, low cost, low-temperature processing, and simple
fabrication methods such as roll-to-roll coating, spray coating or ink-jet printing into desired
size and shape. OPVs using non-fullerene acceptors (NFAs) have garnered a lot of attention
during the past few years and shown dramatic increases in the power conversion efficiency
(PCE). PCEs higher than 20% for single-junction systems have been achieved, but the device
lifetime is still too short for practical applications. Furthermore, high performing devices are
processed from chlorinated solvents. In this talk, | will discuss the degradation mechanisms in
BHJ OSCs, the development of crosslinkers to improve the device stability, and the
performance of devices processed from green solvents. We investigated the impact of
different blend and crosslinker materials and device structures on the device stability. A
combination of characterization methods such as solid state Nuclear Magnetic Resonance
(NMR), resonant soft X-ray scattering (RSoXS), AFM, X-ray photoelectron spectroscopy
(XPS), Electron paramagnetic resonance (EPR) spectroscopy, and capacitance spectroscopy
are employed to gain insight into the device degradation mechanisms and performance.

“Additive-free Molecular Acceptor Organic Solar Cells Processed from 2-MeTHF Approaching
15% Efficiency,” Zhifang Du, Hoang Mai Luong, Sina Sabury, Pattarawadee
Therdkatanyuphong, Sangmin Chae, Claire Welton, Austin L. Jones, Junxiang Zhang,
Zhengxing Peng, Ziyue Zhu, Sadisha Nanayakkara, Veaceslav Coropceanu, Dylan G. Choi,
Steven Xiao, Ahra Yi, Hyo Jung Kim, Jean-Luc Bredas, Harald Ade, G. N. Manjunatha Reddy*,
Seth R. Marder*, John R. Reynolds*, Thuc-Quyen Nguyen®*, Materials Horizons 2023, 10,
5564-5576.

“Influences of Metal Electrodes on Stability of Non-Fullerene Acceptor-based Organic
Photovoltaics,” Sangcheol Yoon, Nora Schopp, Dylan G. Choi, Hiba Wakidi, Kan Ding, Harald
Ade, Hervé Vezin, G. N. Manjunatha Reddy*, and Thuc-Quyen Nguyen*, Adv. Funct. Mater.
2024, 34, 2308618.

“Molecular Cross-Linking Enhances Stability of Non-Fullerene Acceptor Organic
Photovoltaics,” S. Yoon, B. Reyes-Suarez, S. T. Pham, H. Vezin, Y. A. Tobon, M. Lee, S.
Mugiraneza, B. M. Kim, M. Y. Tsubaki Oide, S. Yoo, S. Lee, S. H. Wang, S. M. Collins, C. M.
Bates, Y. Park, B. Kim*, G.N. Manjunatha Reddy*, T.-Q. Nguyen*, ACS Energy Letters 2025,
10, 541-551.
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Organic/hybrid thin films as large-area flexible dosimeters during radio/proton
therapy

Beatrice Fraboni

University of Bologna,ltaly

The development of detectors for high energy photons, protons and heavy particles is a long-
lasting research topic not only for fundamental applications but also, more recently, for medical
applications in radio and hadron therapy. There is an increasing demand for sensors able to
provide, ideally in-situ and in real-time, an accurate recording and mapping of the dose
delivered during a treatment plan, as the technology currently available still fails to address
these requirements. Organic small molecules and perovskites are promising active layers for
advanced dosimetry purposes, as they allow the development of devices able to adapt to
complex contoured surfaces, with outstanding portability (low power operation) and
lightweight. Such functional materials can be processed from solution and deposited at low
temperature (<150 °C), leading to the possibility to realize 2D matrices of pixels onto flexible
and large-area substrates. They also provide the unique possibility to develop human-tissue-
equivalent detectors, thanks to their density and composition, which makes them ideal
candidates for medical dosimetry applications.

We report on their performance under exposure to intense photons and MeV protons radiation
fields and will discuss how to detect and exploit the energy absorbed both by the organic
semiconducting layer and by the plastic substrate, allowing to extrapolate information on the
irradiation history of the detector. A kinetic model has been developed to describe the detector
response mechanism, able to precisely reproduce the dynamic response of the device under
photon/proton irradiation and to provide further insight into the physical processes controlling
its response.

1) L.Fratelli et al: “A wearable tool for real-time dose monitoring during cancer radiation
therapies” Science Advances 11, 7633 (2025)

2) |.Fratelli et al: “Fast Neutron Detector Based on Hybrid 2D Perovskite Thin Films” Advanced
Functional Materials (2025) in press

3)I. Fratelli et al., “Direct detection of 5-MeV protons by flexible organic thin-film devices,”
Science Advances, 7, 4462 (2021).

4) S. Calvi et al., “Flexible fully organic indirect detector for megaelectronvolts proton beams,”
NaturePJ Flexible Electronics 7,5 (2023)

5) I.Temino et al., » Morphology and mobility as tools to control and unprecedentedly enhance
X-ray sensitivity in organic thin-films » Nature Communications 11, 2136 (2020)
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Enhancing the optoelectronic performance of organic photonic transistors by
implementing multifunctional persistent radicals

Stefano Toffanin

Institute for the Study of Nanostructured Materials (ISMN), National Research Council (CNR)

Luminescent radicals are gaining interest for optoelectronics. Their unpaired electrons enable
doublet exciton electroluminescence, overcoming singlet/triplet limitations of closed-shell
molecules, as shown with the first radical-based Organic Light Emitting Diodes (OLEDs) [1].

In radical OLEDs, charge recombination often occurs via a trapping mechanism: radicals trap
electrons, then holes interact to form excitons [2]. While typically undesired in vertical OLEDs,
this trapping could be key for exciton formation/dissociation in planar devices like unipolar
multifunctional organic field-effect transistors, where only majority charge carriers are
efficiently transported [3].

In this contribution, | will report on the use of organic persistent radical (namely, 2,6-
dichloropyrid-4-yl)bis[2,6-dichloro-(4-phenyl)phenyl]methyl — PyPBTM [4]) as (i) fluorescent
moiety in host-guest emissive layer (EML) in unipolar organic light-emitting transistor (OLET)
and (ii) electron acceptor in photoactive bulk heterojunction (BHJ) in unipolar organic
phototransistor (OPT).

In the first case, an OLET suitable for the implementation of organic radical emitters was
engineered in order to investigate charge trapping in the radical-based EML: a 3-fold
enhancement of the balance of opposite charge carriers with respect to a commonly used
singlet emitter was observed in radical-based OLET, with a consequent 10-fold increase in
the external quantum efficiency [5].

In the second case, the radical-based photoactive BHJ was engineered to realize OPTs
reaching state-of-the-art photosensitivity as high as 1x10"5, and specific detectivity of
1,9x1073 Jones, under NIR illumination at 770 nm with an optical power density of 2
mW/cm”2, thanks to an increased photo-gain, largely due to a charge trapping at the PyPBTM
sites [6].

Collectively, these results demonstrate that the inherent multifunctionality and the peculiar
energy-level landscape that enables effective charge trapping in photoactive persistent
organic radical can pave the way to the realization of effective multifunctional transistor-based
components.

[1]1 Q. Peng, A. Obolda, M. Zhang, F. Li, Angewandte Chemie — International Edition 2015, 54,
7091.

[2] H. H. Cho, S. Gorgon, H. C. Hung, J. Y. Huang, Y. R. Wu, F. Li, N. C. Greenham, E. W.
Evans, R. H. Friend, Advanced Materials 2023, 35.

[3] W. W. A. Koopman, S. Toffanin, M. Natali, S. Troisi, R. Capelli, V. Biondo, A. Stefani, M.
Muccini, Nano Lett 2014, 14, 1695.

[4] S. Mattiello, F. Corsini, S. Mecca, M. Sassi, R. Ruffo, G. Mattioli, Y. Hattori, T. Kusamoto,
G. Griffini, L. Beverina, Mater Adv 2021, 2, 7369.
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Achieving High Performance Organic Photodetectors Through Material
Engineering-From near infrared to short-wavelength infrared detection

Zhuoran Qiao, Sandeep Sharma,Martin Heeney,Nicola Gasparini

Department of Chemistry and Centre for Processable Electronics, Imperial College London, London, W12 0BZ,
UK; Division of Physical Science and Engineering (PSE), King Abdullah University of Science and Technology
(KAUST), Thuwal, 23955, Saudi Arabia

Solution-processable organic photodetectors (OPDs) have garnered significant interest due
to their tunable optoelectronic properties, achieved by tailoring the chemical structures of
photoactive materials. Compared to donor-acceptor (D-A) conjugating polymers which suffer
from inherent high non-radiative losses and high bandgap limit, non-fullerene acceptors
(NFAs) can be the solution to these limitations via fine-tuning the frontier molecular orbitals.
However, to date, very few NFAs have been reported which can be incorporated into OPDs
with SWIR detection range.

In this presentation, we present two novel low-bandgap small-molecule NFAs, BZIC-2F and
BZIC-2CI. Designed with the aid of computer simulations, they exhibit remarkably low optical
bandgap (1.2 and 1.1 eV, respectively) to be compatible with the scalable polymer P3HT, to
obtain broadband photodetectors able to detect light in the 300-1200 nm region with record
specific detectivity (D*) of 1.82x1012 Jones at 1010 nm under -2V. The optimized SWIR
OPDs based on these two NFAs featured, to our best knowledge, state-of-art performance
with exceptional high EQE value of 60% at 1010 nm (surpassing commercially available Si
detector) and 37% at 1030 nm under -2V bias. Furthermore, OPDs with blade-coated active
layer exhibited superior stability over 3 million on/off cycles in air and potential application in
health monitoring (photoplethysmogram, PPG). Lastly, for the first time, we demonstrated a
prototypical 64*64 active-matrix imager with SWIR detection range which can be used for fast
image reading (faint NIR/SWIR light detection, LiDAR signal visualization), human vein
recognition and banknote verification.

1. Jacoutot, P., et al., Enhanced sub-1 eV detection in organic photodetectors through tuning
polymer energetics and microstructure. Sci Adv, 2023. 9(23): p. eadh2694.

2. Luong, H ., et al Highly Sensitive Resonance-Enhanced Organic Photodetectors for
Shortwave Infrared Sensing. ACS Energy Letters 2024 9 (4), 1446-1454.
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Charge transport phenomena in doped organic semiconductors: towards
efficient thermoelectrics

Jan Anton Kotser

University of Groningen

Organic semiconductors offer a viable alternative to conventional inorganic materials. Their
unique properties make them quite special: they are light weight, chemically tunable, and
mechanically flexible. Most notably, they can be processed from solution, typically at room
temperature, via large-scale methods such as printing. They have been studied in diverse
applications such as solar cells, light-emitting diodes, transistors, and thermoelectric devices.
Charge transport is critical for all these applications. In order to make rational improvements
of the charge transport properties of doped organic semiconductors, a thorough understanding
of this rather complex process is needed. The efficacy of doping is governed by a multitude of
steps, including the interactions between (ionized) dopants and charge carriers.

In this contribution, | will present our recent work on n-type molecular doping and charge
transport studies. Besides studying electrical conductivity, we deliberately include the
Seebeck effect as this provides another handle on charge transport. First we show how the
solvents used in the doping process can play a crucial and under-reported role. Next, we study
how the electrical properties of doped organics depend on dielectric screening effects. Lastly,
we show how charge carriers can show a collective behaviour that results in a dielectric
catastrophe: the dielectric constant of doped films diverges, which is confirmed by impedance
spectroscopy experiments. All in all, these results highlight the importance of carrier—carrier
interactions, especially at high doping levels.
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Advancing Miniaturization: Organic Semiconductor-Based Solutions for
Optical and Wearable Applications

Xie He, Yuanzhe Li, Mingqiang Wang, Ni Zhao
Department of Electronic Engineering, The Chinese University of Hong Kong

Organic semiconductors offer a versatile platform for developing miniaturized devices with
multifunctional capabilities, addressing critical challenges in portability, energy efficiency, and
fabrication simplicity. In this talk | will presents two innovative applications of conjugated
polymers for optical and bioelectronic systems, both motivated by the need to miniaturize
devices for enhanced functionality. First, we demonstrate a microsized optical spectrometer
with a footprint of just 0.0004 cm? This device leverages an optical-spacer-integrated
photomultiplication-type organic photodetector with bias-tunable spectral response. By
reconstructing incident light spectra computationally using photocurrents measured under
varying biases, the spectrometer achieves broadband operation across the visible spectrum
with sub-5-nm resolution. We further validate its utility by fabricating an 8x8 spectroscopic
sensor array for hyperspectral imaging, illustrating its potential for portable and wearable
applications. Second, we introduce the organic electrochemical transceiver (OECTC), a
modified organic electrochemical transistor that integrates sensing and drug-releasing
functions in a single device. The OECTC utilizes the electronic wettability switch property of
conjugated polymers to transduce sensed signals into a valve mechanism, enabling
synchronized signal recording and substance release. Applications of the OECTC are
demonstrated in intelligent wearable devices for managing type |l diabetes and as a neural
modulator for neurotransmitter regulation. Together, these advances highlight the
transformative potential of conjugated polymers in enabling compact, multifunctional devices
for both optical and bioelectronic applications.

1. Nature Electronics 7 (8), 694-704

2. Science Advances, under revision
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Fully printed flexible OFETs via ink-jet printing of electrodes and a high-
mobility organic semiconducting blend

Martino Cambiaggio, Tommaso Losi, Mario Caironi

Istituto Italiano di Tecnologia - Politecnico di Milano, Istituto Italiano di Tecnologia, Istituto Italiano di Tecnologia

Physical properties of organic materials could allow the development of a distributed, flexible,
and wearable electronics, providing solutions to different application fields, including
healthcare, large-area sensing, and monitoring of goods. [1] However, large-area, low-cost
and sustainable processes are required to transfer research results from a lab-scale scenario
to industry. [2] Inkjet printing is a promising and versatile technique, which allows both
conductive metals, semiconductors, and dielectrics to be deposited and patterned directly on
the same substrate at low temperatures. Moreover, thanks to the capability of printing large-
area complex design related to the drop-on-demand deposition, could enable the fabrication
of complementary logic circuits with a CMOS-like configuration. However, fully inkjet printed
organic field effect transistors (OFETSs) exhibiting mobilities higher than 2 cm2/(Vs) have not
yet been realized in literature [3], limiting the final technological scaling-up.

Here, we present the fabrication of OFETSs via inkjet printing of electrodes and of a high-
performing organic blend based on the small-molecule C8-BTBT and the polymer C16-IDT-
BT, reaching the highest mobility for a system with printed contacts and printed
semiconductor. OFETs were fabricated in a top-gate bottom-contact configuration on parylene
flexible substrates, and both the gold source and drain electrodes, the semiconductor and the
PEDOT:PSS top gate were inkjet printed. With our strategy, OFETs exhibiting a mean field-
effect mobility of 8.3 cm2/(Vs) in saturation regime, and of 7.7 cm2/(Vs) in linear regime were
fabricated with a high reproducibility. Such results support the potential of organic printed
electronics as a promising candidate for flexible and wearable applications.

[1 A. Perinot, B. Passarella, M. Giorgio, M. Caironi, Adv. Funct. Mater. 2019, 1907641,
1-22

[2] T. Losi, F. A. Viola, E. Sala, M. Heeney, Q. He, H. Kleemann, M. Caironi, Small
Methods 2024, 2400546, 1-11

[3] G. Mattana, A. Loi, M. Woytasik, M. Barbaro, V. No—él, B. Piro, Adv. Mater. Technol.
2017, 2, 1700063, 1-27
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Switching phenomena from p-channel to n-channel operation in liquid
crystalline organic transistors by short time thermal annealing

Shun Takamaru, Tatsuki Kanebako, Hiroaki lino
Institute of Science Tokyo

Liquid crystalline organic semiconductors such as decyl-phenyl-benzothienobenzothiophene,
Ph-BTBT-10, exhibit unique performance as organic field effect transistor (OFET) materials.
The polycrystalline films of Ph-BTBT-10 fabricated using the precursor of uniform liquid crystal
films show flatness and uniform. The Ph-BTBT-10 having mono alkyl structure exhibits
monolayer and bilayer crystal structures, which are similar structure of liquid crystals and most
stable crystals, respectively. The OFETs with polycrystalline thin films of Ph-BTBT-10 bilayer
crystal structure by thermal anneal at 120 oC indicate p-channel operation with high mobility
5 cm2/Vs even though fast fabrication process such as spin coating and dip coating
techniques [1,2].

The acceptor molecules such as tetrafluorotetracyanoquinodimethane (F4-TCNQ) layer was
fabricated on Ph-BTBT-10 layer of bottom gate OFETs. The double layer structure shows p-
channel operation because Ph-BTBT-10 molecule exist on gate insulator. On the other hand,
n-channel operation exhibited on the device after short thermal anneal at 120 oC for 30sec.
The short thermal anneal transforms Ph-BTBT-10 layer to the charge transfer complex of (Ph-
BTBT-10)(F4-TCNQ). The charge transfer complex makes deep LUMO level -5.6 eV and
shows from p-channel to n-channel operation. The mobility of n-channel OFETs is 0.005
cm2/Vs. This formation to charge transfer complex made from only monolayer crystal structure
of Ph-BTBT-10 which is similar structure of liquid crystals. The unique performance comes
from the easy diffusion of acceptor molecules in the disorder of similar liquid crystal structure
by short thermal anneal, which indicates that liquid crystals is worked as suitable field for
making new crystal structure [3].

[1] H. lino, T. Usui, J. Hanna, “Liquid crystals for organic thin-film transistors”, Nature
Communications, 6, 6828 (2015).

[2] H. Wu, H. lino, J. Hanna, “Scalable Ultrahigh-Speed Fabrication of Uniform Polycrystalline
Thin Films for Organic Transistors”, ACS Appl. Mater. Interfaces, 12, 29497-29504 (2020).

[3] S. Takamaru, J. Hanna, H. lino, “Novel fabrication process of charge transfer complex thin
films for large area by thermal diffusion and their n-channel organic transistor operation”,
Applied Physics Express, 15, 031001 (2022).
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Trityl Radicals for Highly Efficient Near-Infrared Emission

Lucy E. Walker, Lujo Matasovic, Hwan-Hee Cho, Biwen Li, Seung-Je Woo, Morgan
Davy, George Webster, Craig P. Yu, Petri Murto, Akshay Rao, Richard H. Friend,
Hugo Bronstein

Universty of Cambridge (UK)

Emission of organic 1r-radicals operates exclusively through spin-allowed doublet transitions
between the lowest energy excited state (D1) and ground state (D0). As there is no
competition from other low-lying spin states, their theoretical photoluminescent quantum
efficiency (PLQE) can transcend those of traditional closed-shell materials. Tris-2,4,6-
trichlorophenylmethyl (TTM) radicals can display high PLQY’s provided that the alternant
symmetry of the molecule is broken through appending either intramolecular charge transfer
(CT) or excited-state symmetry breaking groups.

The CT groups explored so far are predominantly electron-donating in nature. We have shown
that appending both electron-donating and electron-withdrawing groups to the TTM core can
produce radicals with increased PLQE and emission wavelength when compared to their
donor-only analogues. This is in contrast to what is proposed by the ‘energy gap law’.
Furthermore, these materials also show excellent device characteristics, displaying highly
efficient near-infrared electroluminescence.
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Digital Discovery of Polymeric Semiconductors

Alessandro Troisi

University of Liverpool

Theory and modelling have accompanied the development of polymeric semiconductors since
the early days of this field, but they have not been able to drive the synthesis and design as
in other areas of materials chemistry. We show that the main challenges connected to the
modelling (generation of reasonable microscopic model, computation of electronic structure,
expression of the charge mobility from the materials parameters) have been solved to a great
extent. The availability of high-quality workflows enables the modelling of hundreds of
polymers making modelling, for the first time, faster than synthesis and characterization.
Homogenous datasets can be used to derive statistically meaningful structure-property
relations and deploy the methods of data science to derive such relations. However, there are
also aspects of the physics of semiconducting polymers that remains unexplained, e.g. the
interaction between dopant and charge carrier in hydrated doped polymers. In these cases,
modelling can be used to develop novel hypotheses on the mechanism of transport.

H Makki, C Burke, CB Nielsen, A Troisi, Mapping the structure-function landscape of
semiconducting polymers, Mater. Horiz., 2025, https://doi.org/10.1039/D5MH00485C

C Burke, H Makki, A Troisi, From Chemical Drawing to Electronic Properties of
Semiconducting Polymers in Bulk: A Tool for Chemical Discovery, J. Chem. Theor. Comput.
20, 4019-4028, 2024

C Burke, A Landi, A Troisi, The dynamic nature of electrostatic disorder in organic mixed ionic
and electronic conductors, Mater. Horiz. 1 (21), 5313-5319, 2024

S Prodhan, R Manurung, A Troisi, From monomer sequence to charge mobility in
semiconductor polymers via model reduction, Adv. Funct. Mater. 33 (36), 2303234, 2023
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Effective Model and Efficient Algorithm: A Tale of Two Tools for Conductive
Polymer Discovery

Suryoday Prodhan

Birla Institute of Technology & Science, Pilani, Hyderabad Campus, India

The full potential of organic semiconducting materials can only be realized with the
fundamental understanding of their electronic structures and transport mechanisms and multi-
scale computational approaches are more suitable than conventional quantum chemical
approaches for investigating these materials. In this talk, we will deliberate on the usefulness
of effective physical models, in conjunction with advanced numerical techniques, in probing
charge transport mechanisms in organic polymers. In the first part of the talk, we will discuss
about the efficient application of the non-adiabatic molecular dynamics technique to explore
charge and energy transport mechanism within disordered polymeric semiconductors.[1,2]
The findings also demonstrate how a simplified but physically sound model can capture the
important effects of both local and nonlocal electron—phonon interactions on intra-chain
charge-carrier dynamics. In the second part, we will introduce a robust model reduction
scheme for polymer semiconductors that can capture the structural and chemical details of
the chains, and we will illustrate its usefulness in comparing the intra-chain charge-carrier
mobility within different polymers.[3] Towards the end, we will present our recently developed
model for highly doped polymers that accounts for the long-range Coulombic interactions
between various charged entities residing in the system along with the chemical and structural
details of the polymer chains. The effective model can reproduce the intra-chain carrier density
profile within a mean-field description and is adept at determining the energy distribution, and
essentially, the carrier distribution in doped polymer samples.[4] We will conclude the talk with
future outlooks in the realm of disordered organic semiconductors.

[1] S. Prodhan, J. Qiu, M. Ricci, O. M. Roscioni, L. Wang, D. Beljonne, J. Phys. Chem. Lett.
2020, 11, 6519-6525. S

[2] A. J. Sneyd et al., Sci. Adv. 2021, 7, eabh4232.
[3] S. Prodhan, R. Manurung, A. Troisi, Adv. Funct. Mater. 2023, 33, 2303234.
[4] S. Prodhan, A. Troisi, J. Chem. Theory Comput. 2024, 20, 10147-10157.
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Enhanced Charge Transport in Organic Semiconductors with Dynamic
Disorder

Kalyani Patrikar, Alessandro Troisi

University of Liverpool, UK, University of Liverpool, UK

Organic semiconductors (OSC) are known to have an inherent disorder, which considerably
limits the mobility of charge carriers in them. Development of OSC have sought to create
materials with a low extent of disorder so as to enhance charge transport. However, we show
here that a way to enhance charge transport in OSC is to impart a dynamic disorder that
mitigates the effects of underlying static disorder. Studies of charge transport in OSC model
the materials as a constant disordered energetic landscape. However, some materials have
been observed to exhibit time variant energy levels. We present a method to accurately model
energy levels of such systems. The method generates a series of energy values at defined
time intervals with features that mimic observed energy values of known systems. Further, an
algorithm is developed to obtain the mobility of OSC with time variant energy. We demonstrate
the increased charge carrier mobility in systems with dynamic disorder, due to frequent de-
trapping of charges brought about by energy level fluctuations. Further, we explore the effect
of features of the evolution of energy, such as correlatedness among site energies on the
charge carrier mobility, and the competing effects of the magnitudes of static and dynamic
disorder. These studies enable us to find the optimum extent and nature of dynamic disorder
combined with the inherent static disorder that enhances charge transport in OSC.

This work is not published.
Some key references are:
1. Burke, C., Landi, A., & Troisi, A. (2024), Materials horizons, 11(21), 5313-5319.

2. Ostmeyer, J., Nematiaram, T., Troisi, A., & Buividovich, P. (2024), Physical Review Applied,
22(3), L031004.

3. Patrikar, K., Patadia, K., Khatua, R., & Mondal, A. (2024, Journal of Chemical Theory and
Computation, 20(22), 10120-10131.
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Organic radicals for light emission, photovoltaic response and quantum
information science. Modelling insights

David Beljonne

University of Mons

Molecules combining high photoluminescence quantum yields with an open shell electronic
structure are very attractive for OLED and/or QIS applications. Such a combination of
properties is, however, rarely met and design rules towards light emissive organic -
conjugated radicals are still to be uncovered. Here, we will report on the design of
chromophore-equipped molecular radicals sustaining: (i) positive (ferromagnetic) exchange
interactions between spin centers in order to stabilize -and be able to manipulate- high-spin
excited states at room temperature; (ii) low-lying electronic excitations with prominent radiative
decay rates and small non-radiative decay rates for efficient light emission; and (iii) resonant
energy level alignment between the radical emissive electronic states and the chromophore
high-spin excited states for efficient state interconversion. We will also show how one can tune
the chemical structure of these radicals to promote the formation of cation-anion pairs upon
photoexcitation, which opens new avenues for homojunction based organic solar cells.
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Large single crystals of non-fullerene acceptors: quantifying structure and
ultrafast photophysics in comparison to ‘amorphous’ films

Tamir Halevi, Thomas Romain, Simon Hall, Michael B Price

University of Bristol

Current state-of-the-art organic solar cells are comprised of nano-crystalline/amorphous thin
films of non-fullerene acceptors — NFAs — in combination with donor polymers. The
photophysical processes that occur within even just a neat film of NFAs are complex; and it
can be a challenge to quantify exciton localisation, lifetimes, triplet yields, polaron yields and
recombination processes. Many of the fundamental properties of NFA thin films are calculated
from the single crystal x-ray structures of nano/micro-scale crystals. Much progress has been
made in understanding the fundamental relationships between NFA packing structure,
photophysical properties, and ultimately, photoconversion efficiency of NFAs, but even for a
single NFA molecule, such as Y6, the number of known solid-state polymorphs is still
increasing, and fundamental photophysical questions are still under debate.

This work details photophysical and device-based investigations of a variety of distinct non-
fullerene packing modes. We show a novel crystallisation technique that yields large single
crystals of NFAs. These large crystals enable spectroscopic investigation and accurate crystal
structure determination — showing novel, and denser crystal structures than observed
previously. In some cases, these crystals demonstrate superior singlet exciton diffusion
lengths (compared to state-of-the-art films), as determined by transient photoluminescence
spectroscopies. We observe strong contributions from triplet-triplet annihilation in these novel
crystals, and discuss the relevance of these observations to current ‘amorphous’ organic solar
cells, and to single-crystal-based organic optoelectronic devices.
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Revisiting the Miller-Abrahams Rate: Implications for Charge Carrier Mobility
in Organic Semiconductors

Magdalena S. Dérfler, Heinz Béassler, Andrey Kadashchuk, Harald Oberhofer, Anna
Kohler

University of Bayreuth, Germany

The Miller-Abrahams (MA) rate is a widely used model for describing hopping transport of
charges or excitons in organic semiconductors. However, the conventional MA rate is an
approximation that has a limited range of validity. In this presentation, we will discuss the
results of our study on the effect of using either the original, full MA rate or the conventional
MA rate in Kinetic Monte Carlo simulations of charge carrier mobility in OFET and OLED
structures. Our findings show significant differences in mobility predictions for small disorders
and high electric fields. Specifically, the original MA rate predicts an increase and saturation
of mobility with temperature and field, while the conventional MA rate yields a decreasing
mobility. We will demonstrate that this discrepancy arises from the constant rate for
energetically downward carrier jumps in the conventional MA rate, and discuss the physical
origin of this effect. This aspect becomes relevant when downward jumps are rate-limiting,
such as in small disorders or high fields. Our results highlight the importance of using the
original, full MA rate for accurate predictions of charge carrier mobility in organic
semiconductors.

Magdalena S. Dérfler, Heinz Bassler, Andrey Kadashchuk, Harald Oberhofer and Anna
Kohler:

Identifying Pitfalls when using the Miller-Abrahams Rate in Kinetic Monte Carlo Simulations -

J. Mater. Chem. C. (JMCC), Accepted (state 5.6.25)
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Chiral organic semiconductors

Yves Geerts
Free University of Brussels (ULB) & International Solvay Institutes

Mirror symmetry breaking in organic semiconductors causes the locking of the linear and
angular momenta of charge carriers that manifests in surprisingly high magnetoresistance

without the need of spin transport.

“Enantiopure Dinaphtho[2,3-b:2,3-f]thieno[3,2-b]thiophenes: Reaching High
Magnetoresistance Effect in OFETs” M. Volpi et al. , Adv. Sci. 2023, 10, 2301914.
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Evaluation of Energy Diagram in Liquids Using Phase-Separated Kelvin Probe
Method

Haruto Jibiki, Masahiro Ohara, Hirohiko Fukagawa, Hisao Ishii
Chiba University, Japan, Shinshu University, Japan

Liquid-based electronic devices such as light-emitting electrochemical cells (LECs) and
organic electrochemical transistors (OECTs) are gaining attention due to their inherent
flexibility and low-voltage operation. However, unlike solid-state devices, the internal energy
diagrams of these systems—particularly those involving electric double layers (EDLs) formed
by mobile ions—remain poorly understood. To address this, we developed a method to
evaluate energy diagrams within liquid systems by applying Kelvin probe (KP) method to
liquid. KP typically evaluates surface potential via displacement current between a vibrating
electrode and a sample and is commonly applied in vacuum or air. In liquid environments,
however, interpretation of the KP signal is complicated due to EDL formation and
electrochemical reactions.

To analyze this signal, we developed a phase-sensitive approach, “Phase-separated Kelvin
Probe (PS-KP),” which separates the measured AC signal current into capacitive and delayed
resistive components based on their phase characteristics[1]. Using this method, we found
that the observed signal is significantly attenuated compared to predictions based on the
dielectric constant of the liquid. This attenuation reflects ionic screening within the EDL,
enabling quantitative evaluation of electric fields in the bulk region.

Our results demonstrate that PS-KP provides a simple method to visualize field distributions
and energy diagram in functional liquids such as electrolytes and liquid semiconductors,
offering new insights into device operation. We will also discuss the interpretation of surface
potential measurements obtained in liquid environments during the presentation.

[1] Jibiki, H.; Suzuki, M.; Ohara, M.; Ishii, H. Kelvin Probe Method to Evaluate Polarization
Properties of Liquids. J. Phys. Chem. A 2025, 129 (11), 2812-2821.
https://doi.org/10.1021/acs.jpca.4c08604.
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Tuning the Electro-Optical Properties of Mixed-Halide Trityl Radicals Bearing
para-Brominated Positions through Halogen Substitution

Davide Mesto, Yasi Dai, Carlo N. Dibenedetto, Angela Punzi, Jozef Kraj¢ovic,
Marinella Striccoli, Fabrizia Negri, Davide Blasi

Universita degli Studi di Bari “Aldo Moro”, Universita di Bologna and INSTM UdR Bologna, CNR-Istituto per i
Processi Chimico-Fisici (CNR-IPCF), SS Bari, Brno University of Technology

Inert triarylmethyl radicals have garnered increasing interest in recent years owing to their
ability to integrate multiple functionalities within a single molecular scaffold[1]. This versatility
renders them promising candidates for the development of advanced multifunctional
materials. Of particular relevance is their distinctive set of optical properties, which includes
emission in the first biological window [2], making them suitable for biomedical imaging and
phototherapeutic applications. Additionally, they exhibit circularly polarized luminescence
(CPL)[3], strong two-photon absorption, excimer formation[4], and magnetoluminescence[5]—
characteristics that position them as valuable components for optical sensing, data storage,
and spintronic devices. Notably, their potential to achieve 100% internal quantum efficiency in
electroluminescent devices highlights their relevance for next-generation OLEDs and related
technologies.

Although several mixed-halide trityl radicals have been synthesized, a systematic investigation
correlating their electro-optical properties with the nature and number of halogen substituents
remains largely unexplored. In this study, we report the synthesis, characterization, and optical
analysis of two novel trityl monoradicals featuring distinct halide substitution patterns:

2,2’-((perchlorophenyl)methylene)bis(1,3,5-tribromobenzene) and 6,6'-
((perchlorophenyl)methylene)bis(3-bromo-1,2,4,5-tetrafluorobenzene)[6].

A modified synthetic route, adapted from classical non-symmetric trityl radical protocols,
allowed for a significant improvement in the yields of the radical precursors.

Comprehensive photophysical and electrochemical studies demonstrated a strong
dependence of the optical behavior on halide identity. In particular, the highly fluorinated
derivative exhibited the most blue-shifted emission observed for a trityl radical to date. These
findings, supported by quantum-chemical calculations, provide new insights into the structure—
property relationships of open-shell chromophores, paving the way for their tailored design in
optoelectronic and spin-based applications.

[1 Ratera, I. & Veciana, J. Playing with organic radicals as building blocks for functional
molecular materials. Chem. Soc. Rev. 41, 303-349 (2012).

[2] Blasi, D. et al. Ratiometric Nanothermometer Based on a Radical Excimer for In Vivo
Sensing. Small 19, (2023).

[3] Mayorga Burrezo, P. et al. Organic Free Radicals as Circularly Polarized
Luminescence Emitters. Angew. Chemie - Int. Ed. 58,16282-16288 (2019).

[4] Blasi, D. et al. Excimers from stable and persistent supramolecular radical-pairs in
red/NIR-emitting organic nanoparticles and polymeric films. Phys. Chem. Chem. Phys. 19,
9313-9319 (2017).
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Molecular-level characterisation of conjugated polymers by ESD-STM:
sequencing, defects and mass distribution

Giovanni Costantini

University of Birmingham, UK

In this talk, | will introduce a powerful analytical approach that combines ultrahigh vacuum
electrospray deposition (ESD) with scanning tunnelling microscopy (STM) to investigate
conjugated polymer materials used in organic (bio)electronics and photovoltaic devices. This
technique enables direct, molecular-scale visualisation of individual polymer chains, offering
insights that are inaccessible through conventional analytical methods.

I will begin with an introduction to the working principles of ESD-STM and illustrate how this
method enables direct sequencing of conjugated polymers and resolution of sub-molecular
packing motifs in the assembled structures. [1] Building on this, advanced statistical image
analysis of the STM data allows us to determine the exact molecular mass distributions and
to identify and quantify synthetic defects in the polymer backbone.

By benchmarking the results obtained through ESD-STM against established techniques such
as NMR, SEC, XRD and mass spectrometry, | will demonstrate that this approach not only
successfully reproduces known information on conjugated polymers but also extends the
analytical capabilities beyond those of conventional methods. [2]

Finally, | will present two recent case studies: one involving n-type polymers synthesized via
aldol condensation, [3] and another focused on p-type polymers for OECTs.[4] In both cases,
I will show how ESD-STM played a central role in revealing the presence—or absence—of
homocoupling defects, clarifying the reaction mechanisms behind their formation, and
challenging widely held assumptions about their influence on polymer growth.

[1 D.A. Warr, et al., “Sequencing conjugated polymers by eye” Sci. Adv. 4, eaas9543
(2018)

[2] S. Moro, et al., ” Molecular-Scale Imaging Enables Direct Visualization of Molecular
Defects and Chain Structure of Conjugated Polymers” ACS Nano 18, 11655 (2024)

[3] X. Wu, et al., “Revealing polymerisation defects and formation mechanisms in aldol
condensation for conjugated polymers via high-resolution molecular imaging”, submitted, DOI:
10.26434/chemrxiv-2024-mjnc4

[4] L. Bynens et al.,, “Revealing the Full Potential of Mixed lonic-Electronic
Semiconductors — Avoiding Homocoupling to Boost Electrochemical Transistor Performance”,
submitted
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Nanophotonic Control of Organic Light Emission: From Polariton Condensates
to Four-photon Upconversion and Triplet Emission

Rakesh Arul, Huangtianzhi Zhu, Zhao Jiang, Alasdair Tew, Lille Borresen, Fiona Bell,
Jeremy Baumberg, Piper Fowler-Wright, Jonathan Keeling, Zhongzheng Yu, Akshay
Rao

University of Cambridge, University of Cambridge, University of Cambridge, University of Cambridge, University
of Cambridge, University of Cambridge, University of Cambridge, University of St. Andrews, University of St.
Andrews, University of Cambridge, University of Cambridge

Advances in organic optoelectronics increasingly rely on controlling light-matter interactions
at the nanoscale. By confining electromagnetic fields within picoscale plasmonic nanogaps
[1], we enable strong coupling between molecular excitons and localized plasmonic modes,
giving rise to hybrid states and emergent collective behaviors. Self-assembled plasmonic
nanoparticle arrays facilitate long-range excitonic interactions, culminating in room-
temperature polariton condensation. Unlike conventional lasing, we observe spatially
extended photoluminescence without spectral narrowing and long-range coherence via
Michelson interferometry - hallmarks of a spatially synchronized condensate.

This confinement regime also enables efficient photon up- and downconversion across the
mid- and shortwave-infrared (IR) to visible spectrum, vital for bioimaging, chemical sensing,
and thermal detection. Lanthanide-based emitters have been utilized for up and
downconversion but suffer from weak absorption and low quantum efficiency. We demonstrate
several strategies to overcome these limitations: Purcell-enhanced nanocavities and spin-
exchange coupling with surface-bound organic molecules.

Lanthanide-doped nanocrystals integrated into plasmonic nanogaps exhibit up to 15.2%
relative shortwave |R-to-visible upconversion efficiency (2000 nm to visible 650 nm),
enhanced 32-fold via Purcell effects [2]. In parallel, spin-exchange coupling between
lanthanide 4f electrons and organic triplet states enables direct triplet excitation and oxygen-
insensitive phosphorescence in solution, with nanosecond-scale lifetimes and no need for
inert atmospheres.

Together, these approaches define a powerful hybrid platform for organic optoelectronics,
merging nanophotonics with spin-control to realize coherent, efficient, and robust light
upconversion and downconversion at room temperature.

[1] Arul, R., Grys, D. B., Chikkaraddy, R., Mueller, N. S., Xomalis, A., Miele, E., ... & Baumberg,
J. J. (2022). Light: Science & Applications, 11(1), 281.

[2] Arul, R., Jiang, Z., Li, X., Bell, F. M., Tew, A., Ducati, C., Rao, A., & Yu, Z. (2024). Efficient
short-wave infrared upconversion by self-sensitized holmium-doped nanoparticles. arXiv
preprint arXiv:2411.19949.
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Design and Photophysical Insights of TIPS-Anthracene-Based Au(l)
Complexes: Harnessing Long-Lived Triplets for Photoinduced Processes

Avik Bhanja, Petri Murto, Victor Gray

Department of Chemistry and Materials Science, Aalto University, 02150, Finland, Department of Physical
Chemistry, Uppsala University, 756237, Sweden

TIPS-anthracene derivatives are promising organic semiconductors due to their high
photostability and optimal triplet energy, making them suitable annihilators for photochemical
upconversion. Recent studies show that TIPS-Ac thin films can undergo singlet fission with
free triplet generation.1 Incorporation of heavy metal ions can enhance spin-orbit coupling and
intersystem crossing, increasing the population of long-lived triplet states from the singlet
excited state.2 Herein, we report the rational design, synthesis, and photophysical
characterization of novel TIPS-anthracene derivatives bearing diphenylphosphine groups for
metal ion coordination. A mononuclear gold(l) complex coordinating to TIPS-anthracene via —
PPh2 group was synthesized. To investigate the excited state dynamics between two such
TIPS-acene molecule in solution, a dimeric TIPS-anthracene molecule linked via Au(l) center
was also successfully synthesized. Both the monomeric [Au(TIPS-AntP)CI)] and dimeric
[Au(TIPS-AntP)2)OTf] complexes were characterized extensively both structurally and
photophysically. The femtosecond transient absorption study of the complexes shows fast and
efficient intersystem crossing of 40-100 picoseconds for the ligands and gold complexes with
a long-lived triplet component. Furthermore, nanosecond transient absorption spectroscopy
revealed clear signatures of photoinduced electron transfer to potential electron acceptors
such as Chloranil, and detailed kinetic analyses provide insight into the excited-state
dynamics. Furthermore, we observe room temperature phosphorescence (RTP) in these
complexes, which we attributed to the synergistic effect of the Br atom and the heavy Au(l)
centers. Importantly, both complexes effectively sensitize singlet oxygen, highlighting their
potential as photosensitizers.

1. D. M. Clercq, M. I. Collins, N. P. Sloane, J. Feng, D. R. McCamey, M. J. Y. Tayebjee,
M. P. Nielsen and T. W. Schmidt, Chem. Sci., 2024, 15, 6402—-6409.

2. B. S. Basel, R. M. Young, M. D. Krzyaniak, |. Papadopoulos, C. Hetzer, Y. Gao, N. T.
La Porte, B. T. Phelan, T. Clark, R. R. Tykwinski, M. R. Wasielewski and D. M. Guldi, Chem.
Sci., 2019, 10, 11130-11140.
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Exciton Dynamics in quantum-dot light-emitting diodes

Yizheng Jin
Zhejiang University, China

Over the past decade, the efficiency and operational lifetime of quantum-dot light-emitting
diodes (QLEDs) achieved tremendous progresses. These encouraging developments
foreshadow the commercialization of QLEDs, which promises an unprecedented generation
of cost-effective, large-area, energy-saving, wide-color-gamut, ultra-thin and flexible displays
[1]. In this talk, | shall review our activities associated with QLEDs, including understanding of
the charge dynamics and material chemistry of charge-transporting layers [2-5]. Our findings
demonstrate that managing charge dynamics in QLEDs can lead to devices with near-unity
internal quantum efficiency, making them ideal for display applications, as well as devices with
fast-response electroluminescence, which could find use in high-speed communication
applications [6].

[1] Advanced Materials 2017, 29, 1607022.
[2] Nature Communications 2020, 11,2309.
[3] Nature Communications 2020, 11, 937.
[4] Nature Photonics 2022, 16, 505.

[5] Nature Photonics 2025, accepted.

[6] Nature Electronics 2025, 8, 331.
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To trap or not to trap: Charge carrier trapping in organic semiconductors

Marvin Manz, Erin M. Holdsworth, Hugo Bronstein, Gert-Jan A.H. Wetzelaer and
Paul W.M. Blom

Max Planck Institute for Polymer Research, Mainz, Germany; Yusuf Hamied Department of Chemistry, University
of Cambridge, Cambridge, UK

The efficiency and stability of single-layer organic light-emitting diodes is compromised by
unbalanced charge transport, absence of ftriplet-exciton harvesting and low
photoluminescence quantum efficiencies. Especially extrinsic charge traps have a ftriple
negative effect: they give rise to non-radiative trap-assisted recombination, they dissociate
singlet excitons leading to a reduced photoluminescence quantum yield and due to
confinement of the emission zone at an electrode they lower the optical outcoupling efficiency.
For these extrinsic defects a strategy is developed1 that precludes trapping in large band gap
organic semiconductors, enabling single-layer OLEDs utilizing thermally-activated delayed
fluorescence (TADF)with high external quantum efficiencies2. A disadvantage of using TADF
emitters is their broad emission spectrum, which can be narrowed by hyper-fluorescence
where a sensitizer with narrow linewidth is blended into a TADF host. However, for efficient
energy transfer from a host to a sensitizer to occur, sensitizers have by definition a smaller
bandgap as compared to the host and will therefore act as an intrinsic defect and severely
trap charge carriers. Although efficient energy transfer from host to sensitizer and charge
carrier trapping seem inseparable, we present a solution utilizing engineered sensitizers that
selectively suppress trapping while allowing energy transfer. Using engineered sensitizers, we
demonstrate that the emission spectrum of an efficient blue single-layer TADF OLED can be
converted while maintaining high efficiency, opening a route to lighting applications.

1 O. Sachnik, X. Tan, D. Dou, C. Haese, N. Kinaret, K-H. Lin, D. Andrienko, M. Baumgarten,
R. Graf, G-J. A.H. Wetzelaer, J. J. Michels, P. W.M. Blom, Nature Mater. 2023, 22, 1114-1120.

2 O. Sachnik, Y. Li, X. Tan, J. J. Michels, P. W. M. Blom, G. A. H. Wetzelaer, Adv. Mater.
2023, 2300574
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Evolution of Exciton Dynamics during OLED degradation

E. Stanzani, V. Georgakopoulos, S. Zeder, B. Ruhstaller, S. Jenatsch

Fluxim AG, Switzerland, Instituto de Ciencia Molecular, Universidad de Valencia, Spain, Institute of
Computational Physics, Zurich University of Applied Sciences, Switzerland

Organic light-emitting diodes (OLEDs) are a leading display technology; however, their
operational lifetime remains a challenge, especially in high-luminance applications. [1] In
particular, the mechanisms responsible for the efficiency decrease during operation are still
not well understood. In this study, we present a detailed investigation into the degradation of
an OLED based on the phosphorescent emitter molecule Ir(MDQ),(acac). We analysed the
electronic and excitonic processes in the OLED under constant current stress, combining
intermittent electro-optical characterization with device simulation. Previous studies have
rarely analysed electronic and excitonic processes simultaneously during device degradation.

The electronic characteristics were assessed through capacitance-voltage, capacitance-
frequency, and current-voltage measurements, which revealed the generation of trap states.
To study the evolution of excitonic processes during degradation, we performed Modulated
Photoluminescence Spectroscopy (MPLS), a technique that combines electroluminescence
and photoluminescence. The electroluminescence decreased over time, accompanied by a
small shift in turn-on voltage. These changes are consistent with trap formation due to material
degradation. [2]

Interestingly, MPLS revealed a bias-dependent photoluminescence yield: below the turn-on
voltage, it is suppressed due to increased non-radiative recombination; above it,
photoluminescence is enhanced, which appears to be counterintuitive. These findings point to
a complex interplay between trap dynamics, charge injection, and exciton interactions.

To interpret these observations, we performed electro-optical simulations using the Setfos
software, exploring various degradation scenarios. [3] The results helped identify the dominant
mechanisms responsible for performance loss and suggest design modifications that could
improve device stability and extend operational lifetime.

[1] Scholz S, Kondakov D, Lissem B, Leo K, “Degradation Mechanisms and Reactions in
Organic LightEmitting Devices», Chem. Rev., 2015 Aug 26; 115(16):8449-503.

[2] Stanzani E, Sem S, Ziifle S, Ruhstaller B, Jenatsch S, «Evidence for localized trap
formation during TADF OLED degradation», Organic Electronics, 2025 Apr; 139:107204.

[3] Setfos, simulation software for OLEDs and solar cells by Fluxim AG,
https://www.fluxim.com/setfos-intro
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Thermally-stimulated luminescence study of trap-induced DOS broadening
and active charge trapping in OLED host-guest compositions

Andrei Stankevych, Denis Andrienko, Heinz Béssler, Anna Kéhler, Andriy
Kadashchuk

University of Bayreuth, Germany, Max Planck Institute for Polymer Research, Germany, University of Bayreuth,
Germany, University of Bayreuth, Germany, University of Bayreuth, Germany, and Institute of Physics of NASU,
Ukraine

Extrinsic traps created by dopants or impurities are ubiquitous in organic semiconductors and
can strongly impact their charge transport properties. Here we report a comprehensive study,
using the thermally-stimulated luminescence (TSL) measurements complemented by
quantum mechanics/molecular mechanics (QM/MM) and kinetic Monte Carlo simulations, to
elucidate two possible trapping effects: broadening of the density of states (DOS) and active
trapping of charges. We investigated model amorphous host-guest compositions containing
different concentrations of DMAC-TRZ guest molecules doped into various hosts. We
demonstrate that DMAC-TRZ creates shallow and deep traps when doped in mCBP and
UGHS3 hosts, respectively, each forming an additional offset Gaussian distribution, as
supported with QM/MM simulations. Unlike 'deep' traps, we find that 'shallow' traps do not
behave as distinct traps, but rather passively broaden the DOS distribution. As a result, the
average charge activation energy does not match the nominal trap depth, but instead depends
on trap concentration. This means that the charge trapping in such systems is actually a
cumulative effect of the intrinsic energetic disorder of the host and the extrinsic traps, fully
consistent with the ‘effective disorder’ concept. By contrast, when trap is ‘deep’, the trap
release energy is independent of the guest concentration. Furthermore, at moderate 'deep'
trap concentrations, charge detrapping was found to occur simultaneously via both guest-host
and guest-to-guest thermal release pathways. We show that TSL technique can be used as
an efficient experimental tool for probing both the DOS distributions and trap effects in organic
semiconductor host-guest compositions.

The paper has been prepared for submission to Physical Review Applied.
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Spectroelectrochemical Determination of Forster Radii for Triplet-Polaron
Quenching in Phosphorescent Organic Light-Emitting Diodes

Hiroki Tomita, Stan E.A. Jaspars, Clint van Hoesel, Nicolas Daub, Peter A. Bobbert,
René A.J. Janssen, Reinder Coehoorn

Eindhoven University of Technology, the Netherlands, Institute for Complex Molecular Systems, the Netherlands

Phosphorescent organic light-emitting diodes (OLEDs) show an efficiency roll-off with
increasing current density and luminance. A major contribution to the roll-off is triplet-polaron
quenching (TPQ), a non-radiative process where a triplet exciton is quenched via an
interaction with an electron or hole polaron on another molecule. Although TPQ is a major loss
channel, its microscopic mechanism remains poorly understood. Here, we show how TPQ due
to Forster-type dipole-dipole interactions can be quantified using a spectroelectrochemical
method that provides the absolute absorption spectrum of positively or negatively charged
organic semiconductor molecules in solution. The method enables a precise determination of
the TPQ Férster radius, which characterizes the exciton-polaron interaction range, from the
overlap with the photoluminescence spectrum of the phosphorescent emitter [1]. Forster radii
for TPQ between various host and Ir-based emitter (guest) molecules and between two Ir-
emitter molecules are found to lie in between 2.5 and 4 nm. The method provides a rational
approach to select optimal host-guest combinations that minimize TPQ and mitigate roll-off.
The study also provides a valuable experimental benchmark for quantum-chemical models. A
comparison will be given with results of an experimental device study, analysed using kinetic
Monte Carlo simulations [2]. The approach outlined here offers a rational framework for
improving device efficiency and lifetime through targeted material selection and supports the
development of more accurate theoretical descriptions of excited-state interactions in organic
semiconductors.

[1] S.E.A. Jaspars, H. Tomita, C. van Hoesel, N. Daub, R.A.J. Janssen, and R. Coehoorn,
“Spectroelectrochemical Determination of Foérster Radii for Triplet-Polaron Quenching in
Phosphorescent Organic Light-Emitting Diodes”, Advanced Functional Materials, 2025,
2425548.

[2] A. Ligthart, T.D.G. Nevels,, C.H.L. Weijtens, P.A. Bobbert, and R. Coehoorn, “Mechanistic
description of the efficiency loss in organic phosphorescent host—guest systems due to triplet-
polaron quenching”, Organic Electronics, 2021, 91, 106058.
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The interface of organic assemblies and devices

Wenping Hu

State Key Laboratory of Advanced Materials for Intelligent Sensing, Key Laboratory of Organic Integrated Circuit,
Ministry of Education & Tianjin Key Laboratory of Molecular Optoelectronic Sciences, Department of Chemistry,
School of Science, Tianjin University, Tianjin 300072, China

Herbert Kroemer coined the phrase "the interface is the device" in his Nobel Lecture on
December 8, 2000. He referred to the mature field of semiconductor heterostructures, which
form the basis of all modern electronics. Actually, in organic assemblies and devices, the
interfaces are always control their properties, e.g., in device where charge injection, charge
transport, and trapping, which is one of the pillars of organic electronics. Here we present
several examples to show the key role of interface for accurate modulating of properties.

References

1. Huang Wu et al., Nature 2025, 637, 347-353.

2. Shaotang Song et al., Nature 2025, 637, 580-586.

3. Zhengsheng Qin et al., Nat. Photon. 2025, 19, 378-386.
4. Enbing Zhang et al., Nat. Mater. 2025, 24, 377-383.

5. Zhagen Miao et al., Nat. Mater. 2025, 24, 917-924.
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Can any polymer rival PEDOT:PSS in organic thermoelectrics?

Francisco Molina-Lopez

KU Leuven, Belgium

Organic thermoelectrics (OTEs) based on conjugated polymers could replace scarce and
critical raw elements for harvesting low-grade waste heat. Although OTE performance falls
short of their inorganic counterparts, the abundance, solution-processability, and mechanical
flexibility of conjugated polymers give them an edge to power wearables, IoT nodes, and other
low-power systems from waste heat. PEDOT:PSS is one of the most popular p-type OTE
materials due to its high electrical conductivity and ambient stability. Its complex nature allows
its performance to be dramatically tuned via processing, highlighting the importance of
understanding the process—morphology—performance relationship. However, the complexity
of PEDOT:PSS, along with its low crystallinity, makes characterization challenging. Other p-
type polymers have emerged to rival PEDOT:PSS for OTEs. Unlike PEDOT:PSS, most are
synthesized as intrinsic semiconductors that must be doped to perform as OTEs. With the
right processing and doping, some of those polymers can outperform PEDOT:PSS in inert
conditions, but their ambient stability remains a challenge for real-life applications.

In this contribution, | will present my group’s recent progress in the processing and
characterization of printed p-type OTEs. | will introduce brush printing as an effective
technique to deposit and pattern PEDOT:PSS with enhanced performance induced by
molecular alignment; review the 3D printing of PEDOT:PSS OTEs; and present alternative
characterization techniques that shed light on the process—morphology—performance triad.
Finally, | will share our latest efforts to increase the stability and performance of other p-type
doped polymers that could eventually rival PEDOT:PSS in real-life applications.

1. B. Zhang, T.-Y. Yu, A. Meulemans, V. Naenen, M. Rosenthal, D. Escudero, F. Molina-
Lopez, Brush and Dry: A Posttreatment-Free Simple Process to Pattern PEDOT:PSS Films
with Enhanced Thermoelectric Performance via Shear Flow-Induced Morphology Tuning,
ACS Applied Materials & Interfaces (2025), vol. 17 (13), 20236-20247. DOI:
10.1021/acsami.5c00803.

2. H. E. Baysal, T.-Y. Yu, V. Naenen, S. De Smedt, D. Hiz, B. Zhang, H. Xia, I.
Florenciano, M. Rosenthal, R. Cardinaels, F. Molina-Lopez, Omnidirectional 3D Printing of
PEDOT: PSS Aerogels with Tunable Electromechanical Performance: A Playground for
Unconventional Stretchable Interconnects and Thermoelectrics, Advanced Science (2025),
vol. 12, 2412491. DOI: 10.1002/advs.202412491.
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Charge and phonon transport in 1D to 2D polymers
Hio leng Un, Henning Sirringhaus

University of Cambridge

Electrically conducting, thermally insulating materials represent a critical component in various
applications such as integrating energy-efficient devices, thermoelectrics and aerospace
engineering that require electrical conduction and thermal management. Finding such
materials is fundamentally challenging since charge and thermal transport usually change in
tandem. Conducting polymers are usually thermally insulating but suffer from relatively low
electrical conductivity due to their only one-dimensional conjugation along the backbone.

In this talk, | will present the success of finding such materials with exceptionally low lattice
thermal conductivities of 0.2 W m-1 K-1 below Kittel's limit and high electrical conductivities
up to 2000 S cm-1 with metallic temperature dependence in 2D polymers and discuss how
charge and phonon motion change when transiting from 1D to 2D polymers. | will also provide
fundamental understanding for the origins of this ideal mix of antithetical properties and
highlight that, 2D polymers feature defect-tolerant charge transport, small-amplitude, quasi-
harmonic lattice dynamics and defect-sensitive heat propagation with vibrational scattering
length on the order of interatomic spacing. This is in significant contrast to the defect-
suppressed electronic conduction and the soft nature-induced significant anharmonicity that
causes low thermal conductivities in 1D polymers. This talk will introduce a class of novel
materials with attractive properties, such as ease of processing and defect tolerance, for
applications, that require fast charge, but slow heat transport.
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Interplay Between Intramolecular Charge Transfer and Exciton States in All-
Ring-Fused Three-Dimensional Chromophores

lain A. Wright
University of Edinburgh

The influence of molecular topology on the electronic structure and photophysical properties
of semi-conducting organic molecules is stark. Small changes in, for example, the dihedral
angle between two rings in a molecule can be used to fine tune frontier orbital distributions
and make the difference between efficient or poor luminescence, charge transport,
processability etc. More drastic primary structural changes which enforce through-space
overlap of frontier orbitals can to exert very strong impacts on optoelectronic properties.[1-3]

This contribution will focus on the synthesis and photophysical properties of large molecular
chromophores with rigid, three-dimensionally defined structures which are based around the
homoconjugated scaffold triptycene. Studies of these new systems have informed our
understanding of the origin of the super-summative enhancements that have been observed
in key photophysical properties such as molar absorptivity and oscillator strengths in several
homoconjugated structures.

An interplay between intramolecular charge transfer states at the spectral edge and excitonic
effects in higher energy states is observed. These results may inform structure-property
relationships towards producing molecular materials with modularly tunable optoelectronic
properties and pan-chromic absorbance.

[1] J.-R. Mistry, S. Montanaro, I. A. Wright, Mater. Adv. 2023, 4, 787

[2] S. Montanaro, D. G. Congrave, M. K. Etherington, I. A. Wright, J. Mater. Chem. C
2019, 7, 12886

[3] S. Montanaro, P. Pander, J.-R. Mistry, M. R. J. Elsegood, S. J. Teat, A. D. Bond, I. A.
Wright, D. G. Congrave, M. K. Etherington, J. Mater. Chem. C, 2022, 10, 6306
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2D-Materials and Hydrogels for Energy Harvesting and Self-Powered Sensing

Giuseppina Pace

Consiglio Nazionale delle Ricerche

Novel wearable, flexible, conformable technologies require only few tens of [TuW up to few
mW of power supply to operate. This aspect has boosted the search for sustainable energy
sources different from batteries. Among mechanical energy harvesters, triboelectric
nanogenerators (TENGs) are novel low-cost and green energy solutions that can efficiently
convert the widely distributed and dispersed mechanical energy into a sustainable electrical
power source. Various approaches have been explored to boost TENGs power, including
novel device architectures, tailoring tribomaterial chemical composition and surface area,
interlayer and electrode engineering. [1, 2]

Here, we present our contribution to the field, showing how the electrode work function and
capacitance, and in particular the electrochemical capacitance, are relevant factors to be
considered for improving TENGs power output.[4,5] The fundamental role played by the
optimal engineering of the interface between the triboelectric material and the electrode by the
introduction of doped graphene and 2D-transistion metal dichalcogenides (2D-TDMs), will be
presented.[6] Insights on the role played by the semiconductive properties of doped-graphene
and the phase and metal composition of 2D-TMDs will be highlighted.

It will also highlight the composition-function-structure relationships that contribute to the
design of novel hydrogels to be integrated into TENGs based tactile sensors and e-skin.[7]
The specific role of adhesion forces, water entrapment and electrolytic capacitance will be
discussed and clarified.

Overall, this contribution will provide guidelines for the design of novel materials and self-
powered electronic devices, thus fostering the integration of sustainable energy harvesters
and promoting a transition towards biodegradable and biocompatible technologies.

[1 Z.L.Wang et al, ACS Nano 10, (2016) 4797-4805.

[2] G. Pace et al, Nano Energy 108, (2023) 108168.

[3] Z. L. Wang et al, Advanced Energy Matererials 9, (2019) 1802906.
[4] G. Pace et al, Nano Energy 76, (2020) 104989.

[5] G. Pace et al, Nano Energy 87, (2021) 106173.

[6] G. Pace et al, Advanced Materials 35, (2023) 2211037.

[7] G. Pace et al, Advance Materials (2024) 2403366.
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Plasmonic Single-Molecule Affinity Detection at 10-20 Molar

L. Torsi, C. Di Franco, L. Sarcina, M. Piscitelli, M. Catacchio, M. Caputo, P. Bollella,
G. Scamarcio, E. Macchia

Department of Chemistry, University of Bari, Bari, ltaly; The Faculty of Science and Engineering, Abo Akademi
University, Turku, Finland; CSGI (Center for Colloid and Surface Science), Bari, Italy; CNR IFN, Bari, Italy;
Department of Physics, University of Bari, Bari, Italy; Department of Pharmaceutical Science, University of Bari,
Bari, Italy

DNA can be readily amplified through replication, enabling the detection of a single-target
copy. A comparable performance for proteins in immunoassays has yet to be fully assessed.
Surface-plasmon-resonance (SPR) serves as a probe capable of performing assays at
concentrations typically around 10—-9 molar. In this study1, plasmonic single-molecule assays
for both proteins and DNA are demonstrated, achieving limits-of-detections (LODs) as low as
10- 20 molar (1 £ 1 molecule in 0.1 mL), even in human serum, in 1 h. This represents an
improvement in typical SPR LODs by eleven orders-of-magnitude. The single-molecule SPR
assay is achieved with a millimeter-wide surface functionalized with a physisorbed biolayer
comprising trillions of recognition-elements (antibodies or protein—probe complexes) which
undergo an acidic or alkaline pH-conditioning. Potentiometric and surface-probing imaging
experiments reveal the phenomenon underlying this extraordinary performance enhancement.
The data suggest an unexplored amplification process within the biomaterial, where pH-
conditioning, driving the biolayer in a metastable state, induces a self-propagating aggregation
of partially misfolded proteins, following single-affinity binding. This process triggers an
electrostatic rearrangement, resulting in the displacement of a charge equivalent to 1.5e per
102 recognition elements. Such findings open new opportunities for reliable SPR-based
biosensing at the physical detection limits.

E. Macchia, C. D. Franco, C. Scandurra, L. Sarcina, M. Piscitelli, M. Catacchio, M. Caputo, P.
Bollella, G. Scamarcio, L. Torsi, Adv. Mater. 2025, 37, 2418610.
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Imperceptible augmentation of living systems and everyday things with
organic bioelectronic fibres

Shery Huang; Andy Wang; Stanley Ka
University of Cambridge, UK

Developing methods to non-destructively deposit conductive and bioelectronic materials onto
existing objects and living structures can enhance their functionalities on-demand. However,
designing and creating such structures to accommodate diverse shapes and surface textures
remains challenging. We develop a number of on-demand printing strategies for creating
substrate-less, conducting microfiber patterns that can be adaptively deposited onto a wide
range of targets, including smartwatches, porous graphene aerogels, to the surfaces of human
skins. Solution-drawn microfibers are directly deposited onto the target in a semi-wet state
upon synthesis, enabling seamless fiber-surface integration in a single step. The design and
format of the microfiber patterns can be tuned on-demand to adapt to the shapes and surface
textures of the target, ensuring compatibility with user-specific applications. These air-
permissive, highly transparent layers minimally obstruct the original appearance and functions
of the surfaces while equipping them with additional sensing, energy conversion, and
electronic connectivity capabilities.

1. Ka, SGS., Wang, W, Giddens, H, Chen Z, Khan, AN, Shui, Y, Andy, AS, Lyu, S, Hasan,
T, Hao, Y, Huang, YYS* Adaptive Printing of Conductive Microfibers for Seamless Functional
Enhancement Across Diverse Surfaces and Shapes. Advanced Fiber Material (2025).
DOI:10.1007/s42765-025-00561-6

2. Wang, W, Pan, Y, Shui, Y, Hasan, T, Lei, IM, Ka, SGS, Savin, T, Velasco-Bosom, S, Cao,
Y, McLaren, SBP, Cao, Y, Xiong, F, Malliaras, GG, Huang YYS* Imperceptible augmentation
of living systems with organic bioelectronic fibres Nature Electronics (2024) DOI:
10.1038/s41928-024-01174-4

3. Shi, HT, Pan, Y, Xu, L, Feng, X, Wang, WW, Potluri, P, Hu, L, Hasan, T, Huang, YYS*,
Sustainable electronic textiles towards scalable commercialisation, Nature Materials (2023)
10.1038/s41563-023-01615-z

4. Wang, W and Ouaras, K and Rutz, AL and Li, X and Gerigk, M and Naegele, TE and
Malliaras, GG and Huang, YYS* (2020) Inflight fiber printing toward array and 3D
optoelectronic and sensing architectures. Science Advances, 6. eaba0931



Oral Presentations Thursday

3D Printed Bioelectronic Model of the Intestinal Tissue Architecture

Maria Lopez Cavestany, Antonio Dominguez Alfaro, Gorane Sansifiena Emazabel,
Douglas van Niekerk, Jordan Hill, Ricky Wildman, George Malliaras, Roisin Owens
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The architecture of intestinal tissue is crucial for gut health, with the characteristic villi
structures supporting diverse epithelial cell types that absorb nutrients, and the crypts hosting
stem cells that continuously renew the tissue [1]. In modeling this environment in vitro, the use
of organic electronic platforms allows for real-time, non-invasive probing of intestinal barrier
function in longitudinal experiments [2]. The goal is to engineer a low-stiffness, conducting
polymer scaffold with the microscale architecture of the extracellular matrix and the larger
crypt and villi structures, to act as a bioelectronic gut-on-a-chip model with greater biological
complexity. The ink formulations include 50% (v/v) PEDOT:PSS in DI water and 50% of an
acrylate mix comprised of 99% (v/v) PEGA and 1% (v/v) PEGDA [3].

First, 16 formulations were investigated to fine-tune the printability, conductivity, and stiffness
of the scaffold by varying PEDOT:PSS and DBSA concentrations. This was done via rheology
and absorbance measurements of the inks, as well as shape fidelity, swelling quantification,
and compression testing of the printed scaffolds. The printed scaffolds were then integrated
into an electronic transmembrane platform to compare the conductivity of each of the 3D
printed scaffold formulations via electrical impedance spectroscopy and cyclic voltammetry
[4]. These were confirmed to be biocompatible and to support the growth of fibroblasts within
the structures.

Overall, this bioelectronic gut-on-a-chip model provides a scaffold that mimics the 3D structure
and mechanical properties of intestinal tissue, enabling cell growth and EIS measurements as
a platform to study gut health and disease.

[11 S. E. Rudolph et al., “Crypt-Villus Scaffold Architecture for Bioengineering Functional
Human Intestinal Epithelium,” ACS Biomater Sci Eng, 2022.

[2] C. Pitsalidis et al., “Organic Bioelectronics for In Vitro Systems,” Chem. Rev., 2022.

[3] N. Lopez-Larrea et al., “Digital Light 3D Printing of PEDOT-Based Photopolymerizable Inks
for Biosensing,” ACS Appl. Polym. Mater., 2022.

[4] C. Pitsalidis et al., “Organic electronic transmembrane device for hosting and monitoring
3D cell cultures,” Science Advances, 2022.
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On-chip learning with organic neuromorphic and biohybrid systems

Yoeri van de Burqgt

Eindhoven University of Technology

Neuromorphic engineering takes inspiration from the efficiency of the brain and focusses on
how to utilise its functionality in hardware. Organic electronic materials have shown promise
in accelerating neural networks by performing multiply-accumulate operations in parallel, as
well in the manipulation and the processing of biological signals, with applications ranging
from neuromorphic accelerators and bioinformatics to smart sensors and robotics.

This talk describes state-of-the-art organic neuromorphic devices and provides an overview
of the current challenges in the field and attempts to address them. | demonstrate a device
concept based on novel organic mixed-ionic electronic materials and show how we can use
these devices in trainable biosensors and smart autonomous robotics. | will present a novel
implementation of backpropagation with gradient descent directly in hardware and highlight a
route towards large-scale integration of organic neuromorphic arrays that are necessary for
advanced intelligent computing systems.

Next to that, organic electronic materials have the potential to operate at the interface with
biology. This can pave the way for novel architectures with bio-inspired features, offering
promising solutions for the manipulation and the processing of biological signals and potential
applications ranging from brain-computer-interfaces to bioinformatics and neurotransmitter-
mediated adaptive sensing. | will highlight our recent efforts on hybrid biological memory
devices and artificial neurons.
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Integrated Floating-Gate Organic Electrochemical Transistor for In-Memory
Sensing

Giorgia Rinaldi, Alberto Salleo, Silvia Battistoni, Matteo Cocuzza

Politecnico di Torino, Italy, Stanford University, USA, CNR-IMEM, lItaly, Politecnico di Torino, Italy

Traditional sensing architectures rely on data transfer between sensors, memory, and
processing units, hindering data transfer efficiency. Differently, biological neurons integrate
these functions within a single unit, achieving remarkable energy, time, and area efficiency.
In-memory sensing technologies mimic this approach, allowing devices to operate locally and
autonomously. This minimizes reliance on external data transmission, enhances data security,
and facilitates the development of on-chip processing for more effective performance.

This study presents a floating-gate organic electrochemical transistor capable of simultaneous
sensing and memory functions. Organic mixed ionic-electronic conductors are well suited for
such applications, having been extensively explored in both biosensing and neuromorphic
computing. These materials enable organic electronic devices to operate at low voltages, offer
high conductivity, and provide excellent chemical tunability, making them highly adaptable to
multifunctional tasks. The floating-gate architecture decouples the sensing and memory
elements, preventing analyte-induced contamination of the channel and allowing independent
optimization of materials for each role. The memory gate, made of PEDOT:PSS, provides
state retention through electrochemical doping and dedoping of both gate and channel. The
sensing gate is made of dendritic gold, where the high surface area of the dendritic
morphology enhances electrode capacitance for efficient gating, while the gold material
facilitates reliable functionalization with artificial bioreceptors for capacitive sensing. Device
performance is evaluated through the peak transconductance, indicating sensing capability,
and state retention, reflecting memory stability.
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Molecular Metal Oxide Materials for Neuromorphic Computing

Dimitra G. Georgiadou, Emilie Gerouville, Roshni S. Babu, Evangelia Founta

University of Southampton

Neuromorphic engineering is poised to revolutionise current computing as it holds promise for
ultra-low power operation. Drawing inspiration from the brain, its dense network of
interconnected neurons and the way of transmitting and processing information via neuronal
spiking events at the biological synapses, several new nanodevice paradigms have emerged
for developing artificial intelligence (Al) hardware and cognitive computing systems. Among
these nanodevices, molecular memories are gaining a lot of attention due to their advantages,
such as low power consumption, high integration density and the capability to replicate
synaptic plasticity. Such memories operate with a few electrons at the molecular scale and
therefore promise low-power, multi-bit and ultradense systems.1

Polyoxometalates (POMs), a class of nanoclusters composed of metal and oxygen atoms,
exhibit tunable multi-redox properties. Their excellent electron-accepting ability, high stability,
and photo stimulated redox properties render them suitable for mimicking synaptic plasticity
and being employed in in-memory and neuromorphic computing devices.2 Herein, we
demonstrate resistive switching memory devices based on Keggin- and Dawson-type POMs,
bearing various organic and inorganic counterions. The POMs are deposited by spin coating
or drop casting on coplanar nanogap metal electrodes. The coplanar electrodes of Au and Al
separated by a nanogap of 10 nm are prepared by adhesion lithography.3 This coplanar
nanogap geometry is an ideal platform to accommodate such 1-nm sized molecular clusters.4
We show how control over the reversible redox states can be used in neuromorphic computing
for low-power on-chip memory applications that mimic the remarkable efficiency and
adaptability of the human brain.

1 Sharma, D. et al. Linear symmetric self-selecting 14-bit kinetic molecular memristors.
Nature 633, 560-566, doi:10.1038/s41586-024-07902-2 (2024).

2 Tanaka, H. et al. A molecular neuromorphic network device consisting of single-walled
carbon nanotubes complexed with polyoxometalate. Nature Communications 9, 2693,
doi:10.1038/s41467-018-04886-2 (2018).

3 Semple, J. et al. Large-area plastic nanogap electronics enabled by adhesion
lithography. npj Flexible Electronics 2, 18, doi:https://doi.org/10.1038/s41528-018-0031-3
(2018).

4 Raeis-Hosseini, N., Georgiadou, D. G. & Papavassiliou, C. High On/Off Ratio Carbon
Quantum Dot-Chitosan Biomemristors with Coplanar Nanogap Electrodes. ACS Applied
Electronic Materials 5, 138-145, doi:https://doi.org/10.1021/acsaelm.2c00979 (2023).
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Modelling photochemical solar energy conversion in natural and artificial
systems

Jenny Nelson, Daniel G. Medranda, Nick Rew, Lucy Hart and Mohammed Azzouzi

Department of Physics, Imperial College London

The process by which organic semiconductors convert light into electrical work in a solar cell
resembles the first steps in solar-to-chemical energy conversion by natural photosystems. In
both cases, photon absorption to generate an exciton is followed by a series of energy and
charge transfer steps to establish a potential difference across the system alongside a flux of
charge carriers, in a process that can be treated with the same thermodynamic model of
limiting efficiency [1]. While the two systems operate by analogous mechanisms there are also
important differences, for example, in the nature of the charge separating interface and the
energy loss pathways. In this talk, we will show how a common theoretical framework, based
on a coarse-grained representation of the molecular assembly and a tight-binding
Hamiltonian, can be applied to model the process of photochemical energy conversion in both
types of system. We will use the model to explore the system performance when the driving
force for charge separation is low. In particular, we consider the function of novel varieties of
photosystem | and Il that achieve photochemical energy conversion using low energy photons
[2]. Finally, we consider what can be learnt from natural photosystems to minimise the losses
in molecular solar cells.

[1] R. T. Ross, "Some thermodynamics of photochemical systems." The Journal of Chemical
Physics 46, 4590-4593 (1967).

[2] D. J. Nirnberg et al., “Photochemistry beyond the red limit in chlorophyll f-containing
photosystems”, Science 360, 1210-1213 (2018).
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Removing the spontaneous p-doping surface defect for efficient organic solar
cells

Zeshengq Liu,Mats Fahlman, Yule Lin

Beijing National Laboratory for Molecular Sciences, CAS Key Laboratory of Organic Solids, Institute of
Chemistry, Chinese Academy of Sciences, Beijing 100190, China; Laboratory of Organic Electronics, Department
of Science and Technology (ITN), Link6éping University, Norrképing SE-60174, Sweden

Charge carrier traps are widely recognized as a major limitation to the performance of organic
solar cells (OSCs). However, the distribution and origin of water—oxygen-induced traps remain
poorly understood. Here, we systematically investigate the electronic structure and its
humidity-dependent evolution across a range of organic photovoltaic materials with ultraviolet
photoelectron spectroscopy (UPS). Contrary to conventional understanding, we find that
exposure to ambient or even inert atmospheres induces a surface-localized p-type doping
effect in most materials, forming a trap-rich interfacial layer that promotes charge
recombination,which limits the performance of air/inert process OSCs. By employing a facile
mechanical approach to remove this surface trap layer, we demonstrate comparable
performance is achieved for devices fabricated in air, as well as for high performance
interlayer-free devices.This work uncovers a previously unrecognized mechanism of surface
trap formation in OSCs and provides a general, scalable strategy to eliminate it, enabling high-
efficiency, ambient compatible, and interlayer-free devices.

Removing the spontaneous p-doping surface defect for efficient organic solar cells. In
manuscript
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Balanced charge extraction through doping the active layer in organic solar
cells

Anncharlott Kusber, Jakob Wolansky, Oskar Sandberg, Donghui Li, Karl Leo,
Johannes Benduhn, Mathias Nyman

Technische Universitét Dresden, Technische Universitét Dresden, Abo Akademi, Swansea University, Technische
Universitét Dresden, Technische Universitét Dresden, Abo Akademi University

Organic solar cells have great potential for future large-scale energy production at low cost.
However, organic semiconductors are disordered materials with low dielectric constants,
which tend to result in significant losses to charge carrier recombination. These losses can be
further aggravated if unbalanced charge extraction leads to the formation of a space-charge
region within the active layer. This can occur either as a consequence of significantly
imbalanced charge carrier mobilities, or significantly different drift distances, for example in
devices with thick active layers. The space-charge region will screen the internal electric field
and lead to increased recombination.

Here, we explore the possibility of utilizing controlled doping of the active layer as a way of
mitigating such detrimental space-charge effects, both through computer modelling and
experimentally. An electro-optical device model based on a combined transfer-matrix and drift-
diffusion approach is used to clarify the effect of low to moderate doping of the active layer,
and to identify the optimal doping concentration [1]. The effect is demonstrated experimentally
in two different model systems; solution processed devices with thick active layers based on
a non-fullerene acceptor, and in vacuum evaporated devices with thin active layers but with a
large mobility imbalance (fullerene based).

Our results show that, in certain circumstances, there can be a significant benefit from doping
the active layer, provided that the optimal doping concentration can be acquired.

[1] M. Nyman, O. J. Sandberg, W. Li, S. Zeiske, R. Kerremans, P. Meredith, and A. Armin
"Requirements for Making Thick Junctions of Organic Solar Cells based on Nonfullerene
Acceptors”, Solar RRL 5 (5), 2100018 (2021)
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Terra incognita: Understanding next-generation polymer semiconductors

Natalie Stingelin

Georygia Institute of Technology

Polymer semiconductors have found applications in energy harvesting devices, electronic
switches, sensors and beyond. First-generation materials are relatively well-studied and are
well-understood. They are flexible-chain polymers, leading generally to highly heterogeneous
microstructures comprised of molecularly disordered (“amorphous”) and ordered regions
(crystallites/aggregates). More recent systems are, in contrast, comprised of a relatively rigid
backbone, requiring elaborate side-chain substitutions to render them processable. Because
of the backbone rigidity, the individual chains of these polymers do not entangle, supporting a
“liquid-crystalline”-like behavior and low long-range coherence. However, this difference is
rarely discussed in literature, and classical polymer physics views, developed for flexible-chain
polymers, are applied to rationalize the behavior of next-generation materials. Here, we
demonstrate on the example of a prototypical flexible chain versus a rigid-rod-like
semiconductor, that their structural difference has enormous impact on their electrochemical
and optoelectronic response. Indeed, we find that rigid-rod-like materials are of dynamic
electronic disorder, but with a relatively narrow density-of-states. Two-dimensional coherent-
excitation spectroscopy moreover reveals cross-correlations beyond the sharing of a common
ground state. Importantly, a periodic change of the (0-1) intensity is identified that is identically
to a low-wavenumber vibrational Raman mode, attributed to in-plane and out-of-plane
torsional backbone motions, providing new insights how structural dynamics can be directly
correlated with specific photophysical processes, towards a new framework that captures
modern functional macromolecules.
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A Novel 3D Biomimetic Organic Electrochemical Transistor for Monitoring Cell
Growth

Rachana Acharya, Douglas van Niekerk, Imogen Harrison, Roisin Owens

University of Cambridge

Three-dimensional cell culture and in-vitro bioelectronic systems have made significant
developments for monitoring and predicting biological activity for various applications.
Bioelectronic devices such as have been extensively researched based on 2D films of
electrically conducting or organic semiconductor films, while tissue engineering has developed
3D structures for cell culture, such as porous scaffolds, hydrogels and fibre meshes to better
mimic human tissue physiology. In this work, we present a novel bioelectronic device
encompassing the benefits of both domains and is based on a 3D microporous scaffold with
the conducting polymer PEDOT:PSS integrated into an organic electrochemical transistor.

The 3D scaffold serves as the separator membrane to compartmentalize different cell cultures,
the tissue-like cell growth medium as well as acts as an electronic element for recording cell
growth and assessing tissue integrity. We demonstrate the design, fabrication and electrical
characterization of the transmembrane 3D-OECT, which demonstrates up to 20 mA drain
current and was characterized for 3D scaffolds with different thicknesses (100-500 pm),
different polymers to show both p-type and n-type operation, gate electrodes with different
materials and different contact electrode areas.

The device can be used to continuously monitor the growth of fibroblast cells and the growth
of the surrounding ECM over 10 days, with a clear electrical signal change in the drain current
for static characterization and the time constant extracted from the transient response of the
3D-OECT. We have monitored the difference in cell growth for different initial cell densities
(125k, 250k and 500k cells) and distinctly show different patterns in cell growth, migration and
ECM production depending on the density of the cells in the scaffold. The results have been
well correlated with biological assays such as immunofluorescence imaging and DNA
quantification.

[1] Pitsalidis C., van Niekerk D., Moysidou C.M., Boys A.J., Withers A., Vallet R., Owens
R.M., 2022, Sci. Adv. 8: eabo4761.

[2] Pitsalidis C., Ferro M.P., landolo D., Tzounis L., Owens R.M., 2018, Sci. Adv. 4:
eaat4253.

[3] Inal S., Hama A., Ferro M., Pitsalidis C., Oziat J., landolo D., Pappa A.M., Hadida M.,
Huerta M., Marchat D., Mailley P., Owens R.M., 2017, Adv. Biosyst. 1:1700052.
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Stable and Biocompatible PM6:Y6 Organic Photovoltaic Devices Enable Light-
Induced Neuronal Activation

Mathias Polz, Konrad Binter, Kaila M. Yallum, Thomas Rath, Marta Nowakowska-
Desplantes, Christa Schimpel, Gerhard Sommer, Nassim Ghaffari-Tabrizi-Wizsy,
Julia Fuchs, Natalie Banerji, Muammer Ucal, Gregor Trimmel, Theresa Rienmdiller

Graz University of Technology, Graz University of Technology, University of Bern, Graz University of Technology,
Medical University Graz, Medical University Graz, Graz University of Technology, Medical University Graz, Graz
University of Technology, University of Bern, Medical University Graz, Graz University of Technology,Graz
University of Technology

Organic photovoltaic devices are a promising approach for wireless bioelectronics, capable of
converting visible to near-infrared light into electrical energy. In this study, we assessed the
stability and biocompatibility of PM6:Y6 bulk heterojunction films under simulated
physiological conditions. The materials were chosen for their strong absorption and efficient
charge separation within a wavelength range compatible with the optical transparency of skin
tissue. We further evaluated their efficacy in stimulating primary rat neurons in vitro.

To evaluate long-term functionality, we measured the photoresponse of the films in simulated
biological environments over 28 days, observing a stable voltage response. Transient
absorption spectroscopy revealed that charge generation and recombination dynamics were
largely retained in aqueous conditions. Atomic force microscopy showed no distinct roughness
or feature size changes after 24 h of submersion. Profilometry data demonstrated slight
swelling.

Biocompatibility of PM6:Y6 was evaluated using the chicken chorioallantoic membrane assay
and primary neuronal cultures. No adverse effects on the survival rates of chicken embryos or
the cell viability and morphology of neurons were observed. Neurons exposed to photovoltaic
stimulation through the PM6:Y6 devices showed increased expression of c-Fos, a marker of
neuronal activation, confirming functional responsiveness.

These findings demonstrate that PM6:Y6 films can remain functional in biological
environments and actively interface with neuronal cells. Further studies are needed to explore
their performance in vivo and to better understand the mechanisms of neuronal activation at
the material-cell interface.

M. Polz, K. Binter, K. M. Yallum, T. Rath, M. Nowakowska-Desplantes, C. Schimpel, G.
Sommer, N. Ghaffari-Tabrizi-Wizsy, N. Banerji, G. Trimmel, T. Rienmduller, Are PM6:Y6 Bulk
Heterojunction Photoactive Films Cytocompatible and Electrically Stable in Biological
Environments?. Adv. Electron. Mater. 2025, 2400899.
https://doi.org/10.1002/aelm.202400899
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Flexible, Mechanically Durable, and Machine-Washable Organic Photodiodes
Based on Hybrid Encapsulation

Rabiul Islam, Siddhartha Saggar, Caroline Murawski

Technische Universitét Dresden, Dresden, Germany; Kurt-Schwabe-Institut fiir Mess- und Sensortechnik
Meinsberg e.V., Waldheim, Germany.

Organic photodiodes (OPDs) are a viable candidate for biomedical applications owing to their
potential for mechanical flexibility, and biocompatibility. In such cases, vulnerability to moisture
necessitates robust encapsulation strategies to ensure operational stability in aqueous or
humid environments. Herein, we report flexible OPDs using 7 nm thin silver (Ag) as
transparent electrode, assisted by polyethyleneimine (PEIE) film as seed layer, which
improves the electrical and optical properties of the Ag layer. The electrode showed minimal
degradation in sheet resistance over 10,000 bending cycles, bent at radius of 1.5 mm,
confirming its mechanical durability.

Resultant OPDs were based on PM6:PC71BM, fabricated on top of a multilayer stack of
parylene-C (P) and atomic layer deposition (ALD)-assisted Al,O3/ZrO, nanolaminates, N,
(PNPN, = 4.8 uym), and finally capped with the same multilayer stack in inverted order (NPNP)
for top encapsulation. The flexible OPDs showed responsivity of 0.26 A/W at -0.1 V under
illumination at 639 nm, demonstrating performance comparable to that of reference devices
on glass, which showed 0.27 A/W. Under deionized water, the flexible OPDs were found to
be stable, retaining 86 % of their initial responsivity after 12 days of submersion. Additionally,
the flexible OPDs withstood machine washing without a remarkable change in performance.
These results highlight the suitability of flexible OPDs for durable, robust use in aqueous
environments.
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2D van der Waals materials for spintronics

Stuart Parkin

Max Planck Institute of Microstructure Physics, Halle (Saale), Germany

My PhD concerned 2D ferro- and antiferro- magnets formed by intercalating van der Waals
(vdw) compounds with each of the first row transition metals. | took over this project from
Richard Friend who became my unofficial PhD supervisor. The papers that | published with
him in 19801-3 have now become of interest again with a tenfold increase in citations! Indeed,
the field of 2D vdw materials has blossomed in recent years. My own interest is in their novel
properties that are of interest for spintronics, my field of research for almost 40 years. In
particular, vdw layers allow for novel ultrathin tunnel barriers for both magnetic tunnel junctions
(MTJs) and Josephson junctions (JJs). Recently, we have demonstrated an all-
antiferromagnetic tunnel junction that is formed from two bilayers of the van der Waals
antiferromagnet CrSBr that are twisted at a non-zero angle. These junctions exhibit two (or
more) non-volatile states in zero magnetic field with very large tunneling magnetoresistance
values exceeding 1,000 %4. On the other hand, Josephson junctions that are formed with
weak links derived from certain vdw materials exhibit a novel intrinsic Josephson Diode
effect5-7. The superconducting critical current density shows large asymmetries for current
flowing in opposite directions of up to 80%. Such an effect could have important applications
(beyond superconducting logic) as a novel magnetic field detector at cryogenic temperatures,
for example, to “read” magnetic domain walls in a cryogenic racetrack memory8* . Finally, we
discuss the highly interesting role of defects that appear to be intrinsic to many vdw materials.
For example, vacancies in specific Wyckoff sites within the vdw layers in Fe3GeTe2 result, in
a non-centrosymmetric crystal structure that, thereby, allows for the presence of Neel-like
skyrmions9. Perhaps, even more interestingly the presence of Fe atoms randomly distributed
within the vdw gaps in Fe3GeTe2 behave as the first 2D spin glass10. Most recently we have
found a spin glass state in a ferromagnetic compound closely related to those of my PhD work,
namely Fe-doped 2H TaS211.

* Funded by European Research Council Advanced Grant “SUPERMINT” (2022-2027).
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1 Parkin, S. S. P. & Friend, R. H. 3d transition-metal intercalates of the niobium and tantalum dichalcogenides. II.
Transport properties. Philos. Mag. 41, 95-112 (1980). hitps://doi.org/10.1080/13642818008245371; 2 Parkin, S.
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Metal halide perovskites; a remarkable semiconductor for photovoltaics and
light emission

Henry Snaith
University of Oxford

In this talk | will describe some of the key findings and the surprize discovery that organic-
inorganic metal halide perovskites can be processed in to thin films with exemptional
optoelectronic properties. This had led to their use in highly efficient mutli-junction PV cells
and bright and colour pure light emitting diodes. Although perovskites take centre-stage, the
charge extraction and injection layers in these devices are often molecular semiconductors,
and their influence upon efficiency and stability is profound. | will present some of our recent
work on advancing multi-junction cells, and also discuss the industrialisation of metal halide
perovskites for both photovoltaic and light emission applications.
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Molecular doping and stabilization in perovskite semiconductors

Baodan Zhao

Zhejiang University, China

In recent years, perovskite light-emitting diodes (PeLEDs) become one of the most promising
candidates for next-generation display technology. Molecular and ionic additives have been
widely used as effective strategies to enhance the efficiencies and operational stability of
PeLEDs. Here we present the latest results from our group on efficient and stable PeLEDs
enabled by different types of additives. Understanding the effects of additives is of great
importance for developing high-performance PelLEDs. The roles of additives have been
identified as passivators to eliminate deep-level defects in the early stages of development,
as stabilizers to suppress ion migration, and more recently as electronic dopants to control the
semiconducting properites of perovskites. Dipolar molecular stabilizers have been
demonstrated to be able to form strong bonds or interactions with cations and anions at the
grain boundaries in perovskites, enabling ultrastable near-infrared PeLEDs. Further, a
phosphonic acid molecular dopant with strong electron-withdrawing abilities was found to be
able to adjust the p- and n-type characteristics in a perovskite emitter, unlocking the direction
of controllable electronic doping in perovskite semiconductors. The controllable doping in the
emissive perovskite semiconductor enables the demonstration of ultrahigh brightness (1.16 x
1076 cd m-2) with an EQE of 28.4% in PeLEDs.

1. "Ultrastable near-infrared perovskite light-emitting diodes”, Nature Photonics 16, 637-643
(2022).

2. ’Controllable p-and n-type behaviours in emissive perovskite semiconductors”, Nature 633,
344-350 (2024).

3. "Highly stable perovskite light-emitting diodes”, Matter 7, 1-22 (2024).
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Synthesis and applications of open-shell conjugated materials

Hugo Bronstein

University of Cambridge

Organic optoelectronics have almost exclusively been based on materials with an closed-shell
electronic structure. Although extremely successful across multiple applications, the nature of
the closed-shell electronic structure results in the presence of dark photoexcited states
(triplets). In this talk we will present the synthesis, characterisation and applications of
materials with one or more unpaired electrons. These open-shell materials have unique
optoelectronic properties allowing for improved and new functionality. In particular we will
demonstrate how the chemical structure of biradicals can be controlled such that highly
luminescent spin-optically controlled materials can be developed.
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Ring-twist transition in pi-conjugated polymers

Peter K.H. Ho, Lay-Lay Chua, Rui-Qi Png, Adele Y.H. Ang, Xi-Chen Xiong, Jin-
Cheng Yang

National University of Singapore

It has been widely thought that 1r-conjugated polymers disorder gradually with increasing
temperature through ring twists, that is, increasing torsion angles at the nominally single bonds
joining adjacent aromatic rings, ultimately leading to large conformational disorder at the
melting transition. In this conference, we report, the existence of a ring-twist transition (T®), or
more precisely, inter-ring torsion transition, typically between 220 and 280 K, involving an
abrupt change in the temperature dependence of the average torsion between the rings. It
can lead either to increased planarisation or twisting, depending on the polymer backbone.
Furthermore, this transition is associated with the side-chain disordering transition (Tscd),
where concentration of gauche defects also increases, indicating a coupling between T¢ and
Tscd. Contrary to literature expectations, the dynamic disorder associated with T can often
lead to an increase in the macroscopic carrier mobility, as evidenced by an increased
Arrhenius slope measured in both space-charge-limited conduction and field-effect
conduction. This paradox can be explained by transient carrier delocalisation, instead of the
usual carrier localisation, induced by fluctuations in interchain electronic coupling. These
results establish a new fundamental transition in m-conjugated polymers that in our view holds
the key to understanding and manipulating properties of these organic polymer
semiconductors.

NA
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Functional chiral materials: lessons learned from Richard Friend

E.W. “Bert” Meijer

Institute for Complex Molecular Systems, Eindhoven University of Technology, the Netherlands

Since my first introduction to semiconducting oligomers and polymers at Philips Electronics in
1985, | had the honour to collaborating with Jim Feast and Richard Friend on several EU-
projects. It took another 14 years before our first joined paper was published (1). It became
my most cited paper to this date. Over the years | learned many aspects of the physics of
(semi)conducting properties from Richard and we have published more than 10 papers
together, including a recent one on my hobby chirality (2). In my lecture, | will share some
future challenges on the emerging of homochirality in space and time after a brief personal
journey through my chiral world.

(1 H. Sirringhaus, R.H. Friend, E.W. Meijer, et al., Two-dimensional charge transport in
self-organised, high-mobility conjugated polymers, Nature 401, 685-688 (1999).

(2) R. Chowdhury, M. Preuss, E.W. Meijer, R.H. Friend, et al., Circularly polarized
electroluminescence from chiral supramolecular semiconductor thin films. Science, 387, 1175-
1181 (2025).
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Organic Electrochemical Transistors — a 2D simulation perspective

Nir Tessler, Doaa Shamalia
Electrical and Computer Engineering, Technion, Haifa, Usrael

Using a 2D semiconductor device simulation that accounts for the mixed ionic-electronic
conduction,[1, 2] we delve into the Organic Electrochemical Transistor (OECT) operation.
Using time domain analysis, we probe the dynamics of ion insertion and show that at early
times, the ions are accelerated by the electric field they induce. The quasi-steady state results
indicate that the main feature required to reproduce experimental data is the Gaussian density
of states associated with organic materials. We thus use these results to explore the inner
physics and voltage losses occurring at interfaces in both lateral and vertical OECTs.

1. S. Bitton, P. Alarcon-Espejo, A. F. Paterson, and N. Tessler, "Experimentally verified
organic electrochemical transistor model," Journal of Applied Physics, vol. 136, no. 12, p.
125501, 2024.

2. S. Bitton and N. Tessler, "Unveiling the Impact of the Electrolyte's Counter lons on Organic
Electrochemical Transistor Performance," (in English), Advanced Electronic Materials, vol. 10,
no. 6, p. 2300766, 2024.
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Organic Electronics — a Perspective

Richard Friend

University of Cambridge

The field of organic electronics provides a very rich set of opportunities for scientific
discovery and for practical application. | will review some of the developments that have
touched on activities in Cambridge.
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Intermolecular interactions and charge photogeneration in the Non-Fullerene
Acceptor Y6

Anna Kbhler
University of Bayreuth, Germany

While photogeneration of charges in single compounds has been observed long ago, the
comparatively high yield of photogenerated charges in films comprising the non-fullerene
acceptor Y6 has sparked renewed interest in the underlying photophysical processes.[1,2] |
shall discuss the optical signatures of non-interacting and interacting Y6 molecules in
femtosecond transient absorption spectroscopy and their implications for the photogeneration
of charges.[3]

[1] Identifying the signatures of intermolecular interactions in blends of PM6 with Y6 and N4
using absorption spectroscopy D Kroh, et al.Advanced Functional Materials 32 (2022)
2205711

[2] Understanding the role of order in y-series non-fullerene solar cells to realize high open-
circuit voltages. L Perdigdn-Toro et al. Advanced Energy Materials 12 (2022) 2103422

[3] Unpublished



Oral Presentations Friday

Towards Wireless Flexible Printed Electronics

Ana Claudia Arias

University of California, Berkeley

Flexible electronics enable large area, lightweight, thin functional devices that are conformal
to the human body. These electronic devices are important in Internet of Things applications
as they enable interfacing electronics with complex physical objects. Flexible sensors are
being developed in industries including automotive, packaging, and structural health
monitoring. Wearable medical technology has seen considerable advancement in recent
years in both consumer health monitoring products such as smart watches and research of
clinical grade sensors. Sensors including temperature, heart rate, blood oxygenation, and
various metabolites present in sweat have been demonstrated. In all cases, to be truly
"wearable" a device should be comfortable: conformal, lightweight, thin, and cable-less. A
functional wearable device must include not only a sensor, but also a power source and
communication capability. The power and communication systems should meet the same
comfort criteria as the sensors. While printed electronic components have the advantages of
being flexible, lightweight, thin, and large area, conventional rigid silicon electronics are
capable of fast, efficient computation, data processing and storage in a small footprint at low
power. Flexible hybrid electronic (FHE) systems take advantage of these complementary
strengths by integrating conventional components and printed components together [8]. In this
talk, | will cover the fundamental building blocks for an FHE system — including printed sensors
and circuits, printed antennas for wireless power and communication, printed energy
harvesting and storage. | will discuss recent progress, fabrication, applications and
opportunities in flexible hybrid electronics.
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Quantum coherent carbon-related spin defects in hexagonal boron nitride

Hannah Stern, Carmem M. Gilardoni, Simone Eizagirre Barker, Catherine Curtin,
Stephanie Fraser, Oliver Powell, Mete Atature, Igor Aharonovich, Hoe Tan

University of Oxford, University of Cambridge, University of Technology Sydney, Australian National University,

Quantum networks and sensing require solid-state spin-photon interfaces that combine single-
photon generation and long-lived spin coherence with scalable device integration, ideally at
ambient conditions. Despite rapid progress reported across several candidate systems, those
possessing quantum coherent single spins at room temperature remain extremely rare. In this
talk | will show how hexagonal boron nitride is emerging as a platform that hosts a range of
optically addressable spin defects. Specifically, | will present the quantum coherent control,
under ambient conditions, of a single-photon emitting carbon-related defect [1][2]. This defect
displays a spin-triplet electronic ground-state with GHz zero-field splitting. | will reveal that the
spin coherence is governed predominantly by coupling to only a few proximal nuclei and is
prolonged by decoupling protocols. Finally, 1 will show how these results open routes to
performing vectorial nanoscale magnetometry with this system [3].

[1] Stern, H.L., Gu, Q., Jarman, J. et al. Room-temperature optically detected magnetic
resonance of single defects in hexagonal boron nitride. Nat Commun 13, 618 (2022).

[2] Stern, H.L., M. Gilardoni, C., Gu, Q. et al. A quantum coherent spin in hexagonal boron
nitride at ambient conditions. Nat. Mater. 23, 1379—-1385 (2024).

[3] Gilardoni, C. M., Eizagirre Barker, S., Curtin, C. L., Fraser, S. A., Powell, O. F.J., Lewis, D.
K., Deng, X., Ramsay, A. J., Li, C., Aharonovich, I., Tan, H. H., Atatire, M. and Stern, H. L..
Nat. Comm. 16, 4927 (2025).
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Spin resonance exploration of excited states in organic semiconductors

Chepelianskii, Sun, Zhou, Monteverde, Derkach

Université Paris-Saclay

We present the spin resonance signatures of multi-excitonic states and how they can be linked
with their microscopic structure.

https://arxiv.org/abs/2406.09268
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Optically reading molecular spin coherence at room temperature for quantum
sensing

Sam Bayliss

University of Glasgow

Optically addressable spins are a promising platform for quantum technologies due to their
ability to be readily prepared, coherently controlled, and read out—exemplified by remarkable
demonstrations with defects in semiconductors. Molecular materials are also attractive for
hosting analogous optical-spin interfaces, with their chemical tunability and ability to be
integrated with other systems offering promising functionality. Such properties could be
particularly beneficial for quantum sensing where, for example, precise spatial control between
sensor and target is desired. To realize the potential of molecular spins for applications such
as quantum sensing, the combination of room-temperature operation, coherent spin control,
and optical readout is desirable, combining sensitive detection capabilities with convenient
operating conditions. Here we demonstrate such room-temperature optically detected
coherent manipulation with molecules [1] and highlight the potential of synthetic control to
enhance room-temperature quantum sensing: we show how optical spin contrast can be
chemically tuned to above 40% (in excess of the 30% typical for state-of-the-art systems such
as the nitrogen-vacancy centre in diamond), and how self-assembly can be used to create
nanocrystals with high-contrast room-temperature optical spin readout [2]. These results
indicate promise for molecular quantum technologies and cross-pollinating optoelectronic and
quantum sensing materials.

[1] A. Mena*, S. K. Mann*, A. Cowley-Semple*, E. Bryan, S. Heutz, D. R. McCamey, M.
Attwood, S. L. Bayliss, Phys. Rev. Lett., 133, 12801 (2024)

[2] S. K. Mann, A. Cowley-Semple, E. Bryan, Z. Huang, S. Heutz, M. Attwood, S. L. Bayliss,
J. Am. Chem. Soc. (2025); arXiv:2503.24341

Funding acknowledgements: This work was supported by UKRI [MR/W006928/1], EPSRC
[EP/W027542/1, EP/F039948/1, EP/F04139X/1, EP/V048430/1], CDT-ACM [EP/S023259/1],
Australian Research Council [CE170100026], and Sydney Quantum Academy.
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High-spin states in luminescent open-shell organic molecules

Sebastian Gorgon

University of Cambridge, UK

Luminescent open-shell organics have attractive properties for optoelectronic and spintronic
devices. So far, their design has leveraged the absence of metastable excited states in
efficient diodes operating within a doublet transition. However, more complex spin states can
form when suitable exchange coupling is engineered. Such high-spin states offer promising
tuneability for quantum technologies, especially local sensing.

We showed that luminescence can be recovered after populating quartet or quintet states in
systems based on trityl radicals. The expanded state diagram allows both manipulations of
coupled spins via microwaves and read-out using visible light at room temperature.[1]

We leveraged the intermolecular interactions between open and closed shell materials to
improve stability and efficiency of near-infrared organic light-emitting diodes.[2] By using an
organometallic host, we were able to optically determine that energy harvesting of
neighbouring high-spin states by radicals can happen already on sub-nanosecond
timescales.[3]

Going beyond bright trityl radicals, | will present our new results on Open-Shell Thermally
Activated Delayed Fluorescence.[4] Here light emission occurs after hyperpolarised quartet
state generation in molecules built using the intrinsically non-luminescent TEMPO radical. The
large library of TADF chromophores promises a greater pallet of achievable emission colours.

Taken together, these results set out design rules for generating luminescent pathways in
open-shell materials, and controlling multi-spin communication via exchange interactions.

[1] S. Gorgon, K. Lv, J. Gruene et al., Nature 2023 620, 538-544.

[2] H. Cho, S. Gorgon, G. Londi et al., Nat. Photon. 2024, 18, 905-912.
[3]1 Q. Gu, S. Gorgon, A. Romanov et al., Adv. Mater. 2024, 36, 2402790.
[4] S. Gorgon, P. Murto, D. Congrave et al., Adv. Mater. 2025, 2501164.
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Spinning with a twist

Rituparno Chowdhury, Alistair Inglis, Petri Murto, Lucy Walker, Chiara Delpiano
Cordeiro, Colin Morrison, Naitik Panjwani, Yao Fu, Yan Sun, Alexei Chepelianskii,
Hugo Bronstein, Sam Bayliss, Richard Friend

University of Cambridge, UK, University of Glasgow, UK, University of Cambridge, UK, University of Cambridge,
UK, University of Cambridge, UK, University of Glasgow, UK, Freie University Berlin, Germany, University of
Cambridge, UK, LPS-University Paris-Saclay, France, LPS-University Paris-Saclay France, University of
Cambridge, UK, University of Glasgow, UK, University of Cambridge, UK

Control over electronic spin is considered a very promising method to deliver spintronic and
quantum computing technologies. However ambient control over spins remains challenging.
While several inorganic materials have shown promise in this regard, they operate at sub-K
temperatures or cannot be synthetically controlled. In my talk | will first show how a purely
organic material, when organised into chiral helices, can deliver spin-selective performance
comparable to inorganic. In the second part of my talk | will move on to a purely organic
material that allows ambient optical quantum manipulation of spins, much like an NV- center,
but with several added advantages! My overarching goal is to show that organic
semiconductors can provide unprecedented options for emerging quantum technologies.

Chowdhury, Rituparno, et al. "Circularly polarized electroluminescence from chiral
supramolecular semiconductor thin films." Science 387.6739 (2025): 1175-1181.

Chowdhury, Rituparno, et al. "Optical read and write of spin states in organic diradicals."
Nature Chemistry (Accepted, 2024).
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A novel Synthetic Strategy for Pure Blue-Emissive ZnSe Quantum Dots
without Te alloying

Dijiong Liu, Yang Li, Yizheng Jin
Zhejiang University, CN, University of Chinese Academy of Sciences, CN, Zhejiang University, CN

Ecofriendly ZnSe-based quantum dots (QDs) emerge as promising cadmium-free blue
emitters, yet their inherent quantum confinement effect restricts fluorescence to violet-blue
wavelengths (<450 nm), which limits their practical application in display field. Conventional
approach employs ZnTe alloying method to achieve blue emission, while this suffers intrinsic
limitations from Te aggregation-induced emission broadening and structural unstability. This
study presents an innovative bandgap engineering strategy utilizing zinc acetate to achieve
continuously tunable pure blue emission (460-485 nm) in ZnSe QDs without Te alloying.
Rather than dielectric or quantum confinement effects, comprehensive characterization
reveals that emission redshift originates from zinc vacancies generated through acetate
decomposition. This results in an elevated average valence state of selenium atoms, which
shifts the valence band maximum (VBM) upward and consequently reduces the bandgap. By
overcoating a ZnS shell, the optimized ZnSe/ZnS core/shell QDs demonstrate exceptional
photoluminescence quantum yield (75%) and narrow emission width of 23 nm. Notably, we
successfully fabricated the first Te-alloying-free pure blue ZnSe quantum dot-based light-
emitting diodes with an emission peak at 470 nm. The device showed a maximum external
quantum efficiency of 6.7% and a maximum luminance of 3897 cd-m—2. This work establishes
a novel paradigm for bandgap regulation in ZnSe nanocrystals, thereby advancing the
development of environmentally benign blue-emitting QD materials for display applications.

This work is unpublished
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N-Heterocyclic Carbene vs. Thiophene — Chiral Adsorption and Unidirectional
Rotation on Au(111)

Natasha Khera and Dr. Ningwei Sun, Soyoung Park, Pranjit Das, Dr. Kwan Ho Au-
Yeung, Suchetana Sarkar, Franz Plate, Dr. Roberto Robles, Dr. Nicolas Lorente,
Prof. Franziska S.-C. Lissel, Dr. Francesca Moresco

Leibniz Institute of Polymer Research Dresden, Germany, TU Hamburg, Germany

N-Heterocyclic carbenes (NHCs) are promising ligands for anchoring functional organic
molecules to metal surfaces, enabling self-assembled monolayers. However, their adsorption
geometry and interaction with gold adatoms remain debated. Here, we investigate two
benzimidazole-based NHC derivatives, one with a thiophene unit and the other with a terminal
Br atom. Using low-temperature scanning tunneling microscopy (STM), we show that both
molecules adsorb planar and display surface-induced chirality on Au(111). Density functional
theory supports the formation of NHC—-Au adatom complexes in both cases. Voltage pulses
from the STM tip induce directional motion: the thiophene-containing molecule exhibits 60°
unidirectional rotation around the sulfur atom, while the Br-terminated molecule moves
laterally. The direction of rotation depends on both the chirality and the pulse position. These
findings advance our understanding of molecule—surface interactions and controlled molecular
motion on metal surfaces.

This work is based on our previously published study in Angewandte Chemie Int. Ed. (2024),
DOI: 10.1002/anie.202424715.
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Temperature-dependent Resonance Raman spectroscopy of polymeric
semiconductors

Anna Kyrri, Henry Kantrow, Carlos Silva, Natalie Stingelin, Sophia C. Hayes

Department of Chemistry, University of Cyprus, Nicosia, Cyprus, School of Chemical and Biomolecular
Engineering, Georgia Institute of Technology, Atlanta, USA, Institut Courtois & Département de Physique,
Université de Montréal, Montréal, Canada, School o

Temperature-dependent absorption measurements of organic semiconductor thin films
universally show a slight red shift with temperature decrease, which is often interpreted as an
increase in polymer planarity and conjugation length. However, no structural data from
vibrational spectroscopy support this assumption. Here, we employ temperature-dependent
Resonance Raman (RR) spectroscopy to understand how temperature affects the chain
conformation and thus the photophysical properties of polythiophene derivatives (a) forming
either H- or more J-like photophysical aggregates, (b) blended with high dielectric, insulating
polymers, or (c) substituted with hydrogen-bonding side chains. In all cases, we find an
increase in the polymer backbone torsional disorder when cooling, attested by upshifts in the
thiophene C=C symmetric stretch and decrease in the ratio between the ordered and
disordered population in the film. Association of the vibrational band upshift with reduced
anharmonicity at lower temperatures is discounted from observation of the C=C overtone
bands with temperature. Interestingly, we observe a step change in the peak centroid and
relative intensity trends with temperature, observed at a temperature that corresponds to the
alkyl side-chain relaxation, as revealed from dynamic mechanical thermal analysis. This
highlights that the side-chain degrees of freedom are closely coupled to the backbone torsional
mobility and can be responsible for modification of excitonic coupling. The results suggest that
interpretation of the optical spectra is not as simple as described in the literature so far, but a
combination of the structural information obtained by RR and excitonic models for
photophysical aggregates are necessary to understand the optical properties.
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Enhanced thermoelectric efficiency of multilayer graphene by nanomeshing

P. Lafarge, M. Rahimi, N. Lubertino, R. Bellelli, L. Chen, F. Mallet, C. Barraud, P.
Martin, J. Chaste, D. Fournier, M. L. Della Rocca

Université Paris Cité, CNRS, France, Université Paris Cité, CNRS, France,Université Paris Cité, CNRS,
France,Université Paris Cité, CNRS, France,Université Paris Cité, CNRS, France,Université Paris Cité, CNRS,
France,Université Paris Cité, CNRS, France,Université Paris Cité, CNRS, France, Université Paris Cité, CNRS,

France, Université Paris-Saclay, CNRS, France, Sorbonne Université, CNRS, France, Université Paris Cité,
CNRS, France

Nanostructuring materials at small scales enables control over their physical properties,
revealing behaviors not observed at larger dimensions. This strategy is particularly effective
in two-dimensional (2D) materials, where surface effects dominate [1]. Here, we use multilayer
graphene (4-6 nm thick) as a test platform to study the effect of nanomeshing on the
thermoelectric properties. The nanomesh consists of a hexagonal array of holes, with 360 nm
diameter and 160 nm neckwidth respectively. The multilayer graphene is integrated into field-
effect transistor-like devices supported by hexagonal boron nitride (hBN), allowing
simultaneous electric and thermoelectric measurements, with nanomeshing applied to only
part of the material. We use modulated thermoreflectance to investigate thermal transport in
equivalent nanomeshed and pristine graphene flakes, extracting key parameters that affect
thermoelectric performance. The nanomesh geometry suppresses thermal transport without
significantly reducing charge transport, highlighting the different scattering lengths of phonons
and electrons while enhancing the thermopower response. We observe a twofold
improvement in the device power factor, PF = S20 (with S the Seebeck coefficient and o the
electrical conductivity), at room temperature, along with a nearly threefold reduction in thermal
conductivity k. Our results show that nanomeshing can significantly improve the thermoelectric
performance of multilayer graphene, paving the way for novel energy conversion strategies
using 2D materials.

1. J. Kim, H. Chang, G. Bae, M. Choi, and S. Jeon, Graphene-based thermoelectric materials:
toward sustainable energy-harvesting systems, Chem. Commun. 61, 5050 (2025)
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Heavy Chalcogen Unlock Intense Delayed Fluorescence And
Phosphorescence Via Enhanced Spin-Orbit Coupling

Ehsan Ullah Rashid, Pavel Arsenyan, Dmytro Volyniuk, Juozas Vidas Grazulevicius.

Department of Polymer Chemistry and Technology, Kaunas University of Technology, K. Barsausko st. 59, 51423,
Kaunas, Lithuania, Latvian Institute of Organic Synthesis, Aizkraukles 21, LV-1006, Riga, Latvia, Department of
Polymer Chemistry and Technology, Kaunas University of Technology, K. Barsausko st. 59, 51423, Kaunas,
Lithuania, Department of Polymer Chemistry and Technology, Kaunas University of Technology, K. Barsausko st.
59, 51423, Kaunas, Lithuania.

In this study, driven by the fundamental curiosity surrounding heavy-atom influence on the
extent of thermally activated delayed fluorescence (TADF) and phosphorescence via spin-
orbit coupling (SOC), heavy chalcogens were strategically incorporated into phosphorescent
and TADF-active organic frameworks. The computational investigations at the theoretical level
of w*B97XD/def2-SVP are also done to depict the excited state dynamics. Advanced
spectroscopic investigations elucidate a pronounced reduction in photoluminescence (PL)
decay lifetimes of newly synthesized phosphorescent materials relative to previously reported
sulphur analogues. The green-emissive thin films of these chalcogen-functionalized
compounds exhibit notably high PL quantum yields of 57% and 70%, respectively. This
reduced lifetime is ascribed to enhanced SOC induced by heavy chalcogens, facilitating
efficient spin-flip transitions from the triplet excited state to the singlet ground state.
Remarkably, the triazine-functionalized derivative manifests dual emissive behaviour
encompassing both TADF and room-temperature phosphorescence (RTP). The presence of
heavy chalcogens augments SOC not only between the first singlet and triplet excited states
but also intensifies coupling between the triplet excited and singlet ground states, thereby
enabling concurrent TADF and RTP. For the TADF-active compound, computational and
spectroscopic evidence supports a hot-excitonic reverse intersystem crossing pathway, driven
by SOC-facilitated orbital interactions and favourable spatial configuration. Owing to their high
triplet harvesting efficiency and photostability, these compounds show strong sensitivity to
molecular oxygen, indicating their utility as oxygen sensors. Thermal analysis confirms
excellent morphological stability, with glass transition temperatures above 160°C and
decomposition temperatures exceeding 369 °C. These features collectively make them
promising candidates for stable, high-efficiency OLEDs.
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Organic Electrochemical Synaptic Transistors with Improved Retention for
Logic and Biosignal Processing

Wentao Shan, Sahika Inal

King Abdullah University of Science and Technology

Organic electrochemical synaptic transistors (OESTs) based on organic mixed ionic-electronic
conductors (OMIECs) present a promising platform for bio-inspired neuromorphic computing
and bioelectronics. However, achieving long-term memory retention and precise conductance
modulation under ambient conditions remains a key challenge. Here, we report a solid-state
OEST gated by a semi-solid ionic liquid gel, in which thermal annealing significantly enhances
memory characteristics and operation reliability by tuning the thin film microstructure and ion-
polymer interactions. The optimized devices exhibit stable multilevel conductance with 82%
retention over 1,000 seconds across five distinct states, and negligible drift over 20,000
operation cycles under ambient conditions. These devices were integrated into non-volatile
logic gates (NOT, NAND, NOR) and applied in high-fidelity recording and storage of
electrocardiogram (ECG) signals for up to 1,200 seconds, with reusability over 7 days. They
were also used for neuromorphic computing of photoplethysmography (PPG) signals for
activity classification. This work advances the development of reliable, high-performance bio-
inspired neuromorphic devices, offering a route toward in-sensory processing and logic-in-
memory architectures for bioelectronic applications.
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Effect of Zwitterionic Polymer Architecture on the Performance of PEDOT:PSS-
Based Organic Electrochemical Transistors

Wakana Takahashi, Aki Kashiwazaki, Masaya Mitsuishi, Shunsuke Yamamoto

Tohoku University, Japan, Kyoto University, Japan

Organic electrochemical transistors (OECTSs) have attracted significant attention for cutaneous
and implantable bioelectronics applications. Zwitterionic polymers have been investigated for
suppressing nonspecific protein adsorption. Integrating these polymers into organic
electrochemical transistors (OECTs) often requires complex fabrication processes. This
complexity is a critical consideration for advancing the practical implementation of these
technologies.

In this study, we prepared blend films of PEDOT:PSS with three types of zwitterionic
homopolymer ,randon copolymer, and block copolymer based on 3-[[2-
(methacryloyloxy)ethyl]dimethylammonio]propane-1-sulfonate (DMAPS), and sodium styrene
sulfonate (SSNa). Blend films were fabricated by spin-coating mixtures of PEDOT:PSS,
GOPS, and each zwitterionic polymer onto substrates. The resulting blend films exhibited
uniform morphology and good miscibility, and OECT devices operated in depletion mode for
all polymers tested. The devices based on the homopolymer and random copolymer blends
showed similar transconductance, while the block copolymer blend showed reduced
performance to less than half This is attributed to phase separation structures arising from
differences in miscibility with PEDOT and the zwitterionic polymers.
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Instantaneous and Wide-Range Control of Deposition Rate to Tailor Molecular
Orientation in Organic Thin Films

Sowon Kim, Masahiro Ohara, Hirohiko Fukagawa, Hisao Ishii
Chiba University, Japan, Shinshu University, Japan, Chiba University, Japan, Chiba University, Japan

Controlling the molecular orientation during vacuum-vapor deposition is crucial for tuning
internal electric fields and charge behavior in organic electronic devices [1,2]. One effective
way to achieve such control is by adjusting the deposition rate. However, most conventional
systems rely on thermal control of the deposition source, which inherently delays changes in
the deposition rate. This slow response reduces flexibility in regulating the molecular
orientation during film growth and ultimately hinders further enhancement in device
performance.

In this study, we developed a new deposition system based on rotating slotted disks, which
enables instantaneous control of the deposition rate across nearly two orders of magnitude
[3]. Unlike conventional methods, our approach modulates the molecular flux to the substrate
simply by adjusting the rotation speed of the disks. Using this method, we deposited tris(8-
hydroxyquinolinate)aluminum (Algs) thin films and monitored the surface potential in real time
using a rotary Kelvin probe method [4]. As the deposition rate gradually varied during film
growth, we observed corresponding changes in the surface potential profile—including
increases, decreases, cancellations, and even reversals in the slope. These results
demonstrate that instantaneous deposition rate control enables molecular orientations to align
selectively at different film thicknesses. By enabling spatial orientation control within a single
layer, our method simplifies fabrication while improving charge injection, transport, and
accumulation in organic semiconductors. Furthermore, it can be applied to control doping
concentrations and composition ratios in co-deposition systems, extending its utility to
advanced material engineering and thin-film device design.

1. D. Yokoyama, J. Mater. Chem. 21, 19187 (2011).

2.Y. Noguchi, Y. Miyazaki, Y. Tanaka, N. Sato, Y. Nakayama, T. D. Schmidt, W. Britting, and
H. Ishii, Journal of Applied Physics 111, 114508 (2012).

3. S. Kim, M. Ohara, H. Fukagawa, and H. Ishii, Appl. Phys. Express 18, 021001 (2025).

4. M. Ohara, H. Hamada, N. Matsuura, Y. Tanaka, and H. Ishii, ACS Appl. Mater. Interfaces
15, 57427 (2023).
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Membrane Microfluidic Platform Model
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Cancer is the second leading cause of death in the world, accounting for more than 10 million
deaths in 2019. At the moment, the most used method for cancer diagnosis is extraction of a
solid tissue with a focus on the analysis of the tumor’s biomarkers. However, this procedure
can be invasive, dangerous, costly, painful and, in some cases, also impossible after surgical
resection if there is no detectable metastatic mass. Therefore, liquid biopsy was developed as
an alternative approach for the detection of cancer biomarkers from the body liquids such as
blood, plasma, serum, saliva, urine. Recently, the development of complex microfluidic
platforms has enabled the possibility to build complex cellular models that goes under the
name of Organ on a Chip (OoC). These models should recapitulate the whole organs and the
same physiological / pathological aspects. In this view, liquid biopsy is also an interesting way
to monitor such construct.

As mentioned before, to study the cell signals directly, a microfluidic platform, called the
Membrane Microfluidic Platform, was designed. As the name indicates, a transwell membrane
was used. The microfluidics platform was realized in PDMS through a replica model from the
ABS masters. The Transwell membrane is positioned between the two microfluidic channels.
Additionally, the microfluidic channels were designed to accommodate the electrodes and
biosensors in order to measure signal and membrane change in real time.
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Ultrafast TADF and Tunable Emission from a Derivative of Carbazole and
Triazine for Efficient Red OLEDs
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Skabara, Juozas V. Grazulevicius, Gjergji Sini

Department of Polymer Chemistry and Technology, Kaunas University of Technology, Kaunas, Lithuania, School
of Chemistry, University of Glasgow, Glasgow, UK, Low Dimensional Material Research Centre, Department of
Physics, University Malaya, Department of Polymer Chemistry and Technology, Kaunas University of Technology,
Kaunas, Lithuania, School of Chemistry, University of Glasgow, Glasgow, UK, Department of Polymer Chemistry
and Technology, Kaunas University of Technology, Kaunas, Lithuania, Laboratoire de Physicochimie des
Polymeres et des Interfaces, CY Cergy Paris Université, Cergy-Pontoise Cedex, France

Since the development of OLEDs in 1987, molecular design has driven advances in the
performance of emitters and the devices. Emitters exhibiting thermally activated delayed
fluorescence (TADF) with donor—acceptor structures have gained prominence due to efficient
triplet harvesting via reverse intersystem crossing.

This study presents the synthesis and characterization of new derivative of carbazole and
triazine exhibiting ultrafast TADF. Photophysical, thermal, electrical, and electroluminescent
properties of the solid samples of the emitter are reported. The emitter shows green TADF
with the short average lifetime of 101 ns, enabling rapid triplet utilization. It also demonstrates
excellent thermal stability with 5% weight loss at 461 °C and the triplet energy of 2.39 eV.
Balanced hole and electron transport makes it a promising host for OLEDs. Devices
incorporating orange TADF and red phosphorescent guests exhibited stable
electroluminescence across voltages. The orange-emitting device showed turn-on voltage of
3.49 V and an external quantum efficiency (EQE) of 8.07%. The red-emitting device reached
EQE of 26.48%, with the notably short electroluminescence lifetime of 10.7 ys. These results
highlight the potential of the derivative of carbazole and triazine as a host enabling fast-
response OLEDs, particularly those emitting in the red and orange regions.

Acknowledgment

This project has received funding from the Research Council of Lithuania (LMTLT), project
COLED, agreement No S-MIP-24-2.

The work has not been published
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Investigation of hole injection process in organic light-emitting diodes utilizing
HAT-CN by displacement current measurement

Koki Kawamori, Ryo Koike, Yuji Takata, Takaaki Suzuki, Yuya Tanaka

Gunma University

The efficiency of hole injection from the anode plays a role in the performance of organic light-
emitting diodes (OLEDs), and hole injection layer (HIL) is usually inserted between anode and
hole transport layer (HTL). 1,4,5,8,9,11-hexaazatriphenylene-hexacarbonitrile (HAT-CN) is a
typical HIL material that has a deep LUMO level that aligns well with the HOMO level of the
adjacent HTL, facilitating charge transfer and thereby ensuring effective charge generation.
To understand the mechanism of charge generation, it is important to quantitatively evaluate
the amount of generated holes (Q). Displacement current measurement (DCM) is a type of
capacitance-voltage (CV) measurement, and the amount of charge, in general, can be
obtained from the integral of CV curves. Note that there are two hole passes to the HTL:
charge generation at the HAT-CN/HTL interface and direct hole injection from the anode
because of the thin HIL layer. Therefore, it is difficult to extract only Q using current-voltage
measurements and CV methods such as DCM and impedance spectroscopy.

In this study, we propose a modified measurement setup for DCM, in which an ideal capacitor
is introduced in series with an OLED. Because the capacitor was connected to the anode of
the OLED, the direct injection of holes from the anode is restricted. By applying DCM to a
capacitor-connected OLED, we successfully evaluated Q by analyzing the CV curve. We
believe that this modified DCM is a widely used technique for evaluating charge generation,
leading to a deeper understanding of the mechanism and development of new materials.
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Determination of Exciplex Binding Energy via Field Induced Dissociation
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Properly understanding and simulating exciplex based organic devices requires determination
of material specific photophysical exciplex properties. For example, the exciplex binding
energy may be taken to be around 0.5 eV, obtained for a Coulombically bound electron-hole
pair at a distance of 1 nm in a medium with relative dielectric permitivity of about 3, as is often
assumed. Or, one may ask whether the electron-hole pair is closer, resulting in a higher
binding energy.

Herein, we demonstrate the determination of exciplex binding energies using field-induced
dissociation, combined with an analysis using kinetic Monte Carlo (KMC) simulations. A thin
film of a hole transport material, such as m-MTDATA or TAPC, is co-evaportated with an
electron transport material, such as 3PT2T or 3TPYMB, in between ITO and aluminium
electrodes. Using UV radiation to excite the device and the application of a areverse bias
voltage, the exciplex are dissociated in the field (as in a solar cell) and collected at the contacts
as a measured current, reducing the relative PL efficiency as a function fo the applied electric
field. A KMC simulation is then used to model the experiment by varying the binding energy
until it agrees with the experiment. Using this method, we determine the binding energy to be
smaller than those found for typical fluorescent, phosphorescent or TADF emitter molecules,
which is usually around 1 eV. This work will have implication for modelling OLEds using
exciplexes and OPVs.
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Kinetic Monte Carlo simulations of the dynamic response of OLEDs for high-
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OLEDs are promising candidates for optical wireless (OWC) applications as alternatives to
inorganic LEDs due to their flexibility, tunability, easy fabrication, use of less toxic or less
scarce materials, and their potentially high speed. Modeling of OLEDs in the context of OWC
has up to now largely been restricted to rate equations [1], which approximate the complexity
of the multiscale processes occurring on the molecular scale up to the device scale. Kinetic
Monte Carlo (kMC) simulations can establish the link between charge transport, exciton
dynamics, and exciton quenching mechanisms at the microscopic level and the OLED
response at the device level.

In this work, we employ kMC simulations, implemented via the Bumblebee tool from SCM, to
investigate the dynamic response of an OLED subjected to a short square voltage pulse. The
OLED we consider is a simple 3-layer inspired by the recent OLED-pumped organic laser [2].
We investigate the effects of varying the applied voltage, pulse width, radiative recombination
rate, and exciton quenching rates on the current and light output transients. The simulations
offer unique insights in the time-dependent distributions of polarons and excitons in the OLED.
We compare our results with recent experimental findings [2] and rate-equation-based models
[1], providing clues for optimizing OLEDs for OWC.

1. Lenstra, D., Fischer, A. P., Ouirimi, A., Loganathan, N., & Chakaroun, M. (2024, June
18). OLED-pumped organic laser. In S. Reineke, K. Vandewal, & W. Maes (Eds.), Organic
Electronics and Photonics: Fundamentals and Devices V. doi:10.1117/12.3014720

2. Yoshida, K., Gong, J., Kanibolotsky, A. L., Skabara, P. J., Turnbull, G. A., & Samuel,
I. D. W. (2023). Electrically driven organic laser using integrated OLED pumping. Nature,
621(7980), 746—752. doi:10.1038/s41586-023-06488-5
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Synthesis and Properties of Substituted Trichlorotriphenylmethyl-based
Radicals
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Organic light-emitting diodes (OLEDs) have gained widespread attention in both scientific
research and commercial applications due to their low cost, flexibility, environmental
friendliness, and ease of processing. For traditional closed-shell molecular systems, according
to quantum spin statistics, electrons and holes recombine in the luminescent layer at a ratio
of 1:3 to form singlet and triplet excitons. OLEDs can only utilize up to 25% of singlet excitons
for luminescence, while the triplet excitons, which account for up to 75%, are usually non-
luminescent due to spin prohibition, resulting in a large amount of wasted excitons. There are
well-known strategies for utilizing triplet excitons such as triplet—triplet annihilation (TTA),
hybridized local and charge-transfer (HLCT) and thermally activated delayed fluorescence
(TADF), but these systems all have downsides like device life and stable working efficiency.
Unlike focusing on closed-shell systems, a promising direction is to use open-shell radical
systems as emission layers. Radical molecules have an unpaired electron, and both their
ground state and excited state are doublet states, which can avoid the problem of triplet
exciton transition forbiddance and theoretically achieve 100% internal quantum efficiency
without intersystem crossing. Triphenylmethyl-based radicals are one of the few types of
radicals with relatively high stability. Introducing electron donors as substituents on
trichlorotriphenylmethyl (TTM) radicals to design donor—acceptor (D-A) type molecules is a
widely adopted strategy to improve radical stability and quantum efficiency [1].

In this work, investigation of structure-properties relationship of new donor-substituted TTM
radical derivatives will be presented.

Acknowledgment: This project has received funding from the Research Council of Lithuania
(LMTLT), agreement No S-MIP-24-1.

[11 LI, P.; BAI, F. A Thorough Examination of the Variables Affecting the Quantum Efficiency
of Radiative Decay of Trichlorotriphenylmethyl Radicals. J. Phys. Chem. A. 2024, 128,
4279-4287
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Design of novel tripodal platforms featuring photoswitchable azo units as
candidates for optoelectronic devices
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There is a growing interest in molecular electronics to develop functional architectures based
on single molecules that mediate or modulate electrical signals when integrated between
metal electrodes. A key requirement is to create stable and reliable chemical contact between
the functional molecule and the metal substrate.1 The study of various chromophores
arranged as self-assembled monolayers (SAMs), formed by the covalent bonding of thiols to
metallic solid surfaces such as gold, offers a promising approach towards organic
optoelectronic materials.2

Molecules capable of reversible isomerization triggered by external stimuli (chemical, optical,
or electrochemical) have been widely studied due to the significant impact on their
physicochemical properties. Photochemically induced processes enable precise
spatiotemporal control of molecular behavior. Azobenzene and its derivatives are among the
most studied photoswitches, capable of reversible isomerization between the stretched trans-
(E) and compact cis- (Z) forms upon light irradiation.3,4

This work focuses on the synthesis, molecular design, and characterization of tripodal
molecules containing a photoresponsive azobenzene unit to guarantee their upright
orientation on gold. Emphasis is placed on ortho-substitution with respect to the azo bond to
improve thermal stability of the Z-isomer, as well as para-substitution to tune their physical
properties once deposit on the surface.

The molecules will be studied both in solution and after chemisorption on the gold surface,
allowing their possible applications in molecular actuators, light-driven switches and
optoelectronic devices.

1-Valasek, M.; Mayor, M. Chem. Eur. J. 2017, 23, 13538-13548.
2-Valasek, M.; Lindner. M.; Mayor, M. Beilstein J. Nanotechnol. 2016, 7, 374-405.
3-Klajn. R. Pure Appl. Chem. 2010, 82, 2247-2279.

4-Rusch, T. R.; Schlimm, A.; Krekiehn, N. R.; Tellkamp, T.; Budzak, S Jacquemin, D.;
Tuczek, F.; Herges, R.; Magnussen, O. M. Angew. Chem. Int. Ed. 2020, 59, 17192-17196.
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Optimizing carrier balance in CsPbBr3 nanocrystal LEDs: The role of alkyl
ligands and polar electron transport layers
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The study of lead halide perovskite nanocrystal based light-emitting diodes (LEDs) has
advanced significantly, with notable improvements in stability and optical properties. However,
optimizing charge carrier injection and transport remains a challenge.

Efficient electroluminescence requires a balanced transport of both holes and electrons within
the emitting material. Here, we investigate cubic CsPbBr3 nanocrystals passivated with
oleylamine and oleic acid, comparing them to ligand-exchanged nanocrystals with
didodecyldimethylammonium bromide (DDABr) [1]. Nuclear magnetic resonance
spectroscopy and transmission electron microscopy confirm successful ligand exchange,
revealing reduced ligand coverage in DDABr-treated nanocrystals. Photoelectron
spectroscopy, spectroelectrochemistry, and single-carrier devices indicate improved hole
injection in DDABr-capped nanocrystals. Density functional theory calculations further reveal
the influence of ligand type and coverage on energy levels, with oleic acid introducing localized
states in native nanocrystals. Additionally, incorporation of a polar electron transport layer
(ETL) enhances LED performance by over an order of magnitude in DDABr-capped
nanocrystals, driven by improved charge balance arising from the spontaneous orientation
polarization (SOP) of the ETL. These findings highlight the critical role of ligand selection,
passivation degree, and charge transport control by the adjacent organic transport layers in
optimizing LED efficiency.

[1] R. Jayabalan et al.; https://arxiv.org/abs/2504.21557



Poster Presentations Tuesday

Synthesis and Photophysical Properties of Donor-Acceptor Organic Radicals
for Optoelectronic Applications

Lukas Dvylys, Rasa Keruckiene, Juozas V. Grazulevicius
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Stable organic radicals have attracted increasing attention as a new class of luminescent
materials due to their unique combination of electronic and magnetic properties, along with
their spin-allowed doublet—doublet (D1 — DO) transitions [1]. These characteristics open up
diverse applications, including organic light-emitting diodes (OLEDs), bioimaging, organic
magnets, spintronics, fluorescent probes, chiral optical materials, magnetoluminescence, X-
ray imaging, and others [2, 3]. Unlike traditional closed-shell luminophores, the emission from
organic radicals originates from an unpaired electron residing in a doublet excited state (D1).
The radiative transition to the ground doublet state (DO) is spin-allowed, which contrasts with
the spin-forbidden nature of triplet emission in conventional fluorophores. As a result, radical
emitters are not constrained by the 25% singlet exciton limit dictated by spin statistics, making
them promising candidates for high-efficiency optoelectronic applications [3]. Moreover, since
the emission occurs directly from D1 to DO without intersystem crossing, heavy atom effects
and related non-radiative losses are minimized, which is another advantage over traditional
singlet-based fluorescence mechanisms [1, 4].

Most luminescent radicals possess a donor—acceptor (D—Ae) structure, in which an electron-
withdrawing radical center is covalently linked to an electron-rich donor group. This
configuration facilitates intramolecular charge transfer during the D1 — DO transition,
enhancing radiative decay and leading to high photoluminescence quantum yields [3, 5]. In
this work, the synthesis and characterization of a series of such organic radicals will be
presented. Their photophysical behavior will be explored in detail, highlighting their potential
as efficient luminophores for emerging optoelectronic technologies.

Acknowledgment: This project has received funding from the Research Council of Lithuania
(LMTLT), agreement No S-MIP-24-1.

[1] Hattori, Y., et al. Chem Asian J. 2021, 16, 2538 — 2544.

[2] Kuo, L., et al. Chem. Commun., 2024,60, 4846-4849.

[3] Yan, C., et al. J. Mater. Chem. C, 2023,11, 2729-2736.

[4] Murto, P., et al. J. Am. Chem. Soc. 2024, 146, 13133-13141.
[5] Lu, C., et al. Adv. Funct. Mater. 2024, 34, 2314811.
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Distributions of the organic salts in ion-modulated radical doping of SPIRO-
OMeTAD

Meng Ren, Daniel Rammer, Feng Gao

Link6ping University

Spiro-OMeTAD is the bench-mark material for normal-structured perovskite solar cells.
Although conventional doping of Spiro-OMeTAD results in poor stability, our recent
development of ion-modulated radical doping of Spiro-OMeTAD significantly improves the
stability (Science, 377, 495-501, 2022), where the ions are provided by organic salts like 4-
tert-Butyl-N-methylpyridinium bis(trifluoromethane)sulfonenimide (TBMP- TFSI). We recently
found that the zwitterionic compound lecithin can replace TBMP-TFSI for further improved
stability. As such, understanding the function of the organic salts would be crucial for the
rational design of new dopants for Spiro-OMeTAD. In order to improve our understanding of
said function, we conducted TOF-SIMS measurements of the active layers of perovskite solar
cells. As the TBMP- ion cannot be detected by TOF-SIMS directly, we designed the silicon-
containing salt 4-trimethylsilyl- N- methylpyridinium bis(trifluoromethane)sulfonenimide
(TMSMP- TFSI). Our results indicate that TMSMP-TFSI is evenly distributed throughout the
entire hole-transport layer (HTL), while lecithin is mostly found on top of the HTL close to the
metal electrode. These results indicate the role of the vertical distributions of organic salts on
the stability of perovskite solar cells based on ion-modulated radical doping of Spiro-OMeTAD.

not published
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Lithographically fabricated electrodes migrate to atomic size contacts at room
temperature in ambient condition and under vacuum

S. Biswas, W. Wirges, Th. Hultzsch, M. Strohmeier, A. Zuschlag, S. Loebner, D.
Neher, E. Scheer & R. Hoffmann-Vogel
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Fabrication of atomic nanojunctions for molecular electronics is challenging. Atomic contacts
are testbeds to test quantum transport properties. Pd, as our interest of research, has proven
to be reliable for establishing good electrical contact. Pd has low Fermi energy and high
density of d-bands contributing to the charge transport.

Our study explores the charge transport of electron beam lithography (EBL) patterned Pd
nanocontacts with a width of about 100nm. Electromigration (EM) was used to narrow them
down to a few atom contacts and also one atomic contact. We have conducted the bipolar &
unipolar EM both in nitrogen atmosphere in a glove box and under vacuum (4e-5mbar) at
room temperature. The experiments under vacuum have been performed using a
mechanically controlled break junction setup in combination with EM with the goal to
reestablish a contact after full EM to the tunnel limit. Atomic force microscope & scanning
electron microscope measurements indicate successful EM thinning. The conductance
histograms from both experiments show comparable results indicating quantum transport.
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Dibenzofuran And Dihydrobenzodioxin-Based Hosts For Improved Stability
Blue Tadf Oleds
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A significant hurdle in advancing and commercializing TADF-OLED technology, especially for
blue devices, is their short operational lifetime [1]. Blue TADF devices typically exhibit a half-
life in the range of 1-100 hours when operated at a practical luminance of 500-1000 cd/m?,
and this value is rarely exceeded [2].

Typical hosts for blue OLEDs include N-aryl substituted chromophores such as carbazole,
acridine, carboline, indole, di- or triphenylamine, and other structures containing C-N single
bond [3]. Unfortunately, the C-N bond has a low bond dissociation energy, which adversely
affects device stability [4]. Thus, it is essential to avoid amino-containing structural
components in non-conjugated systems and, instead, investigate less-explored alternatives,
such as dibenzofuran or benzodioxine (Fig. 1). This chromophore incorporates electron-
donating segments based on oxygen, with the C-O bond offering superior stability (358 kJ/mol
or 3.7 eV) compared to both the C-N single bond (305 kd/mol or 3.04 eV) and the C-C bond
(346 kJ/mol or 3.58 eV) [5].

In this work, we present the properties of six new biphenyl-based compounds containing
dibenzofuranyl or dihydrobenzodioxinyl chromophores, which serve as high-triplet-energy
hosts of blue OLEDs. Additionally, we report the characteristics of OLEDs containing these
synthesised host materials.

[1 Kim M, Jeon SK, Hwang S-H, Lee JY (2015) Adv. Mater. 27:2515-2520.

[2] Su L, Cao F, Cheng C et al. (2020) ACS Appl. Mater. Interfaces 12:31706-31715.
[3] Wang X, Yun JH, Wang L, Lee JY (2021) Adv. Funct. Mater. 31: 2008332.

[4] Yang ChY, Kang S, Leeb Y, Lee JY. (2020) J. Mater. Chem. C 8:1697-1703.

[5] Hu Y, Civil A, Li Y et al. (2024) Adv. Optical Mater. 12:2302971.
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Multilevel Resonant Tunneling in a Silicon-based Double-tunnel Junction with
Purely Organic Radical Molecules as Quantum Dots
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National Institute for Materials Science (NIMS), Japan, University of Konstanz, Germany, National Institute for
Materials Science (NIMS), Japan, University of Konstanz, Germany, National Institute for Materials Science
(NIMS), Japan

The use of purely organic radicals holds significant promise for future molecular spintronics
applications. However, conventional methods to form molecular junctions—such as break-
junction and scanning tunneling microscopy techniques—are unsuitable for large-scale
integration of molecular devices. Incorporating isolated molecules as quantum dots into a Si-
based double-tunnel junction presents an effective strategy for realizing large-scale integrated
molecular devices.[1,2] Here, we demonstrated carrier transport through adamantyl nitronyl
nitroxide p-terphenyl (NN-TP) molecules that were embedded as quantum dots in a metal-
oxide—semiconductor (MOS) structure.[3] This MOS configuration serves as a double-tunnel
junction, offering strong compatibility with current complementary metal-oxide-semiconductor
(CMOS) technology. In this study, multilevel resonant tunneling via the discrete energy levels
of NN-TP molecules at 7 K was achieved. The tunneling current was observed at 100 K.
Importantly, resonant tunneling through a singly occupied molecular orbital (SOMO) was
observed, indicating the survival of the unpaired electron within the radical molecules. These
findings have a great potential to integrate the unique functionalities of organic radicals into
Si-based solid-state devices, paving the way for large-scale integrated molecular spintronics
devices.

1. R. Hayakawa, N. Hiroshiba, T. Chikyow, Y. Wakayama. Single-Electron Tunneling through
Molecular Quantum Dots in a Metal-Insulator-Semiconductor Structure. Adv. Funct. Mater.
2011, 21 (15), 2933- 2937.

2. R. Hayakawa, T. Chikyow, Y. Wakayama. Vertical Resonant Tunneling Transistors with
Molecular Quantum Dots for Large-Scale Integration. Nanoscale 2017, 9 (31), 11297— 11302.

3. J. Bera, M. Kabdulov, Y. Wakayama, T. Huhn, R. Hayakawa. Multilevel Resonant Tunneling
through Purely Organic Radical Molecules in a Si-Based Double-Tunnel Junction. ACS Appl.
Mater. Interfaces 2025, 17 (15), 23018—-23024.
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Triplet Exciton Generation from the Singlet Ground State in Organic
Semiconductors Coupled with Lanthanide-Doped Nanoparticles

Lars van Turnhout, Alexander J. Gillett, Akshay Rao

University of Cambridge

The ability to control triplet excitons is of paramount importance in the field of optoelectronics.
As molecular triplet excitons are dark states, triplets can generally not be accessed directly
nor harvested luminescently. We have previously shown that the interaction of organic
molecules with lanthanide-doped nanoparticles (LnNPs) provides a new way to control triplet
excitons. Here we show that upon bringing organic molecules and polymers in close proximity
to inorganic LnNPs, the quantum mechanically forbidden singlet ground state to triplet excited
state transition gains oscillator strength. This allows us to directly excite into the triplet excited
state manifold from the singlet ground state.

These absorptions can be readily measured via simple UV-Vis absorption or photothermal
deflection spectroscopy and as such this method presents a straightforward way to measure
triplet exciton energies of organic semiconductors. We show this strategy to be widely
applicable to a range of organic semiconductors including acenes, organic donor polymers,
organic acceptor molecules, and TADF molecules. Using a mixture of low-temperature
absorption measurements and magneto-optic measurements we shine light on the
mechanism underpinning this phenomenon.

Furthermore, we use transient absorption spectroscopy to study the excited state dynamics of
these directly generated triplet excitons. We find these triplets to have short lifetimes, allowing
for efficient emission from these triplet-excitons. Current studies are underway looking into the
possibilities of utilising these directly generated triplets for processes such as direct triplet-
triplet annihilation. All in all, these results deepen our understanding of coupled organic-LnNPs
systems and provide a new way to control triplet excitons.

(1) van Turnhout, L., Congrave, D.G., Yu, Z., Arul, R., Dowland, S.A., Sebastian, E., Jiang, Z.,
Bronstein, H. and Rao, A., 2024. Distance-independent efficiency of triplet energy transfer
from 11-conjugated organic ligands to lanthanide-doped nanoparticles. Journal of the American
Chemical Society, 146(32), pp.22612-22621.

(2) Han, S., Deng, R., Gu, Q., Ni, L., Huynh, U., Zhang, J., Yi, Z., Zhao, B., Tamura, H.,
Pershin, A. and Xu, H., 2020. Lanthanide-doped inorganic nanoparticles turn molecular triplet
excitons bright. Nature, 587(7835), pp.594-599.
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Dissecting the role of molecular structure and film microstructure in
photophysical processes in ternary blends of organic polymeric
semiconductors with non-fullerene acceptors
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Improving the performance of organic solar cells (OSCs) relies on refining both the molecular
design and film microstructure to achieve efficient charge generation and suppress
recombination losses [1],[2],[3]. However, the complex interplay between molecular structure,
microstructure, and excited state dynamics in multi-component blends remains a critical
challenge. Optimizing the photophysical landscape of organic solar cell blends requires a
thorough understanding of how the molecular structure and film microstructure regulate the
excited state dynamics. Here, we investigate blends of the PTB7-Th (PCE10) polymer donor
with two non-fullerene acceptors (NFAs) differing in side chain architecture (O/EH-IDTBR),
using ultrafast Transient Absorption Spectroscopy (TAS) to investigate the effect of molecular
structure, addition of the third component (O-IDFBR), and thermal annealing on the charge
generation and recombination pathways. We complement the photophysical insights with
structural information from the molecular scale to microstructure and morphology using
Resonance Raman (RR) spectroscopy, Grazing-Incidence Wide-Angle X-ray Scattering
(GIWAXS) and Atomic Force Microscopy (AFM). RR provided insight into the effects of
blending, NFA side-chain substitution, and thermal annealing on molecular conformation,
while GIWAXS and AFM revealed changes in crystallinity, molecular packing and surface
morphology evolution under the same conditions. We find that blending leads to loss of
crystallinity of all the components in the films, which is, however, recovered with thermal
annealing, but only for the polymer, leading to phase separation. Importantly, we show that
the combination of side-chain engineering and thermal annealing — rather than blending alone
— modulates the formation and dynamics of photoexcited species, as revealed by TAS.

[1] A. Armin, W. Li, O. J. Sandberg, Z. Xiao, L. Ding, J. Nelson, D. Neher, K. Vandewal, S.
Shoaee, T. Wang, H. Ade, T. Heumdiller, C. Brabec and P. Meredith, Adv. Energy Mater.,
2021, 11

[2] L. Zhan, S. Li, T. K. Lau, Y. Cui, X. Lu, M. Shi, C. Z. Li, H. Li, J. Hou and H. Chen, Energy
Environ. Sci., 2020, 13, 635-645.

[3] A. Karki, J. Vollbrecht, A. J. Gillett, S. S. Xiao, Y. Yang, Z. Peng, N. Schopp, A. L. Dixon,
S. Yoon, M. Schrock, H. Ade, G. N. M. Reddy, R. H. Friend and T. Q. Nguyen, Energy Environ.
Sci., 2020, 13, 3679-3692.
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Intrinsic intermolecular photoinduced charge separation in organic radical
semiconductors
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Organic radicals based on tris(2,4,6-trichlorophenyl)methyl radicals, TTMs, show efficient
photoluminescence, PL, from excitons in the spin doublet manifold. We find that when TTMs
are in contact, photoexcitation generates TTM anion — TTM cation pairs. These can decay
radiatively or be fully separated under electric field bias. We use a triphenyl substituted TTM,
P3TTM, where contacts via the phenyl end groups enhance intermolecular interactions. In
dilute (5wt%) films in a wide energy gap organic semiconductor host we observe prompt PL
from the excited radical at 645 nm, and a delayed component, beyond 1 us, at 800 nm due to
recombination of P3TTM anion — cation pairs. Measurements of photocurrent made with diode
structures with 100% P3TTM showed close to unity charge collection efficiency in reverse
bias. In summary, we have found ‘homo-junction’ intermolecular charge separation, made
possible when the extra energy for double occupancy of the non-bonding radical level on the
anion is lower than the energy of the doublet exciton. This opens new possibilities for light
harvesting using molecular semiconductors.
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Layer-by-layer (LbL) processing is a promising strategy for precise control over the
morphology of active layers in organic solar cells (OSCs). However, its application in inverted
device remains underexplored, primarily due to the poor solvent resistance of small-molecule
non-fullerene acceptors (NFAs), which are prone to disruption during the deposition of the
donor layer. In this work, we report a fully orthogonal, green-solvent-based LbL strategy to
fabricate inverted OSCs using small-molecule NFAs. By employing a water—alcohol (donor)
and toluene (acceptor) solvent pair, we successfully eliminate interlayer dissolution, allowing
intact deposition of the donor layer without damaging the underlying acceptor film.
Furthermore, we effectively suppress excessive crystallization of the NFA at the bottom
interface via interfacial engineering, which yields high-quality active layers with well-defined
vertical phase separation, leading to inverted OSCs fabricated entirely from environmentally
benign solvents. Our results highlight a scalable and sustainable approach for the fabrication
of high-performance inverted LbL devices, paving the way for more widespread use of green
solvents and molecular-level morphology control in organic photovoltaics.

1. ACS Appl. Mater. Interfaces 2024, 16, 12886—-12896
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Unveiling Hydrogen-Based Organic Ligand Species and Defect Structures on
Zn0O Nanocrystal Surfaces for Quantum Dot Light-Emitting Diode Applications
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Zhejiang University, CHN, Shanghai Jiao Tong University, CHN, Zhejiang University, CHN

ZnO nanocrystals, as a type of semiconductor material, are extensively employed in various
domains such as optoelectronics, catalysis, and sensing. The efficacy of these applications is
largely dependent on ZnO's wide band gap, suitable energy levels, and abundant surface
sites, all of which are closely related to its grain size, morphology, and surface chemistry. In
particular, surface structures, including organic hydroxyl groups or water-related species and
their associated defects, play a pivotal role.

To delve into this, we initially employ solid-state nuclear magnetic resonance (ssNMR)
technology. This approach is combined with water atmosphere treatment, H2170 labeling,
probe molecule adsorption, and density functional theory (DFT) calculations. By utilizing 1H,
7Li, 170, 31P, and other spectra, we aim to uncover the intricate spatial network of hydrogen
species present on the surface of ZnO nanocrystals.

Subsequently, we manipulate the surface organic hydroxyl species of ZnO nanocrystals in
a controlled manner to regulate the associated paramagnetic oxygen vacancy defects. This
step is crucial for understanding how surface modifications can influence the defect structure
of ZnO nanocrystals.

Ultimately, we apply ZnO nanocrystals as an electron transport layer in red quantum dot
light-emitting diode (QLED) devices. Through this application, we seek to elucidate the
structure-activity relationship between the defects in ZnO nanocrystals and the performance
of QLEDs. This comprehensive study not only enhances our understanding of ZnO
nanocrystals at a fundamental level but also paves the way for potential improvements in
QLED technology.
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Ultrahigh-resolution and high performance micro/nano QLED array via one or
two photon lithography

Chenyang Wangq, Yizheng Jin, Shih-Chi Chen
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Micro/nano QLEDs demonstrate exceptional potential for near-eye displays due to their high
brightness and low power consumption. However, conventional photolithography faces critical
challenges in device fabrication, including chemical incompatibility between photoresists and
functional layers, along with solvent orthogonality limitations. This work presents a cross-
linked hole-transporting layer (HTL) engineered for simultaneous chemical stability and
solvent resistance, enabling the development of high-performance electroluminescent
microarrays.

The optimized HTL architecture achieves red, green, and blue external quantum efficiencies
(EQE) of 16.5%, 20.1%, and 12.7% respectively at 8,000 pixels per inch (PPI) resolution.
Through collaborative innovation with Prof. Shih-Chi Chen's team at The Chinese University
of Hong Kong, we further demonstrate groundbreaking pixel miniaturization to 500 nm feature
size, realizing an ultrahigh resolution of 25,400 PPI - the highest reported value for QLED-
based displays to date.

1, Wang C, He S, Liu Y, et al. High-resolution and high-efficiency micro quantum-dot light-
emitting diode arrays via conventional photolithography. Nano Research, 2025,
https://doi.org/10.26599/NR.2025.94907407
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Ultra bright and high-speed perovskite photonic source by interfacial
reactions.

Xiaoyue Sun, Jiejun Zeng, Xiuyuan Lu, Yang Liu, Shenjie Cen, Jinyi Li
Zhejiang University, China, Hangzhou

Ultrabright, high-bandwidth light sources are essential for applications including
augmented/virtual reality, visible light communication systems, and integrated photonic
circuits. Perovskite light-emitting diodes (PeLEDs) offer significant advantages, including high
efficiency, tunable emission wavelengths, and facile fabrication, positioning them as promising
candidates for next-generation photonic sources. However, constrained by severe Joule
heating-induced material degradation, the brightness and bandwidth of PeLEDs are still far
inferior to those of the conventional 1ll-V LEDs. Here, we present an interfacial reaction which
endows CsPbl; with exceptional thermal and photostability. Coupled with a hierarchical
thermal dissipation architecture, this approach enables CsPbl; PeLEDs to achieve a
continuous-wave radiance of 54,500 W sr™' m™2 at current density exceeding 220 A cm™.
Under pulsed operation, we unlock an unprecedented peak radiance of 3.39 x 10° W sr™' m™2
at 4.7 kA cm™, rivaling state-of-the-art micro-LEDs. Moreover, the device exhibits a
modulation bandwidth surpassing 123 MHz and data transmission rates exceeding 1 Gbps.
These results demonstrate that PeLEDs can achieve brightness and response speeds
comparable to IlI-V LEDs, unlocking new opportunities for perovskite-based photonic
technologies.

unpublished.
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Bright and Efficient CsSnBr3 Light-Emitting Diodes Enabled by Interfacial
Reaction-Assisted Crystallization
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Tin-based perovskites are more environmentally friendly than their lead-based alternatives.
Perovskite light-emitting diodes (PeLEDs) using iodide-based tin perovskites have achieved
considerable advancements in efficiency. However, PeLEDs using bromide-based tin
perovskites have not progressed as rapidly, primarily due to challenges in controlling their
crystallization processes. Here, an interfacial reaction-assisted crystallization method is
introduced to achieve bright and efficient CsSnBr3 PeLEDs. It is started by forming an
intermediate phase through the coordination of SnBr2 with ethylenediamine derivatives.
Subsequently, a protonation reaction is designed between the intermediate phase and the
acidic polyethylenedioxythiophene: poly(styrene sulfonate) hole-transport layer to generate
high-quality CsSnBr3 films. Additionally, the use of potassium thiocyanate additives effectively
enhances the photoluminescence efficiency of the CsSnBr3 films. These efforts result in
CsSnBr3-based PeLEDs achieving a maximum luminance of 787 cd m—2 and a peak external
quantum efficiency of 0.91%, demonstrating the most efficient and brightest CsSnBr3-based
PeLEDs to date. This work opens an avenue to better control the crystallization of tin-based
perovskite.

Adv. Mater. 2024, 2414841.
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THE DEVELOPMENT OF 4T CHALCOGENIDE-ORGANIC TANDEM SOLAR
CELLS
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Currently, most of the commercially available solar cells are made of silicon, but various other
technologies are being developed (perovskite solar cells, CIGS, OPVs, single-junction, and
tandem cells). Organic solar cells offer such advantages as the possibility of using wet casting
methods such as spin-coating or inkjet printing, low weight, flexibility, semitransparency, and
the possibility to vary the structure of the molecules ensuring ever-increasing efficiencies. But
one of the biggest issues is their relatively short lifetime. One of the reasons for the
degradation of OPVs is the temperature and light influence on organic materials
(photobleaching). It can be slowed down by decreasing the amount of light that reaches the
active layer of OPV. An efficient solution could be to make a tandem solar cell where part of
the energy is collected by an inorganic solar cell.

In this work, we have studied chalcogenide-organic tandem cells. The active layer in the
chalcogenide cell was Sh2S3 with a bandgap of 1.7 eV, which allows a collection of the visible
part of the spectrum starting from ~700 nm wavelength. The organic solar cells consisted of
electron donor polymer PM6 and the electron acceptor material Y7.

The main focus was on four-terminal (4T) chalcogenide-organic tandem solar cells. While
working and measured independently, the cells were optically linked- the top cell shaded the
bottom cell. The thickness of the Sb2S3 layer was varied to change the amount of light
reaching the bottom (organic) cell while the efficiency of the bottom OPV was measured.
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Due to the increasing demand for renewable energy, study of organic compounds for solar
cells show a growing relevance. The main advantages of organic solar cells (OSCs) include
low weight and a possibility to use wet-casting methods in their manufacturing. The simplest
OSCs usually use a two-material active layer which causes a considerable loss of photons.
The solution would be to add one more component creating ternary organic solar cells
(TOSC).

In this work, we have studied the applicability of three novel acceptor materials in the
manufacturing of TOSCs. ITIC structural derivatives were obtained by transforming the
acceptor-donor-acceptor (A-D-A) to D-A-D or A’-D-A-D-A’ molecular structure. The main
components of the solar cell were commercially available materials- PM6 (PBDB-T-2F) and
Y7 (BTP-4Cl), adding the novel materials as a third component.

At first, the materials themselves were characterized — their energy level (ionization energy
and electron affinity) values were obtained. Additionally, the absorption of novel materials falls
in the gap between the absorption of PM6 and Y7. Since the newly synthesized materials
create an energy level cascade and have complementing absorption, an increase in charge
carrier generation efficiency could be achieved.

Finally, the TOSCs were created using bulk heterojunction cells of PM6:Y7 as a reference.
The power conversion efficiency (PCE) of the PM6:Y7 solar cells was above 10% with short-
circuit density (Jsc) of ~20 mA/cm2, open-circuit voltage (Uoc) of 0.80 V, and fill factor (FF) of
~0.60. Adding the third component allowed the improvement of the Jsc, and thus the PCE
also increased.
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Ultraflexible Skin-Integrated Electronics for Real-Time and Multimodal Health
Monitoring

Xiaomin Xu

Institute of Materials Research, Shenzhen International Graduate School (SIGS), Tsinghua University, Shenzhen
518055, China

As the field of decentralized and personalized healthcare advances rapidly, the need for
flexible biosensing systems that effortlessly connect with the human body is growing
substantially. However, developing ultraflexible configurations that can accommodate multiple
sensors with long-term stability poses considerable challenges. This talk focuses on organic
materials and device engineering aimed at skin-integrated (opto)electronics for real-time and
multimodal health monitoring. We first introduce ultraflexible organic optoelectronics that
function as photoplethysmography (PPG) sensors [1] and energy modules [2,3]. To effectively
bridge soft tissue and rigid electronics, we present an ultrathin hydrogel as the electronics-
skin interface, which addresses their stark disparities [3]. Additionally, we demonstrate a highly
conductive “tattoo electrode” designed for both on-skin and under-skin electrophysiology,
which reduces contact impedance and enhances signal acquisition capabilities [5]. The skin-
integrated sensing platform provides accurate measurement of photoelectric and biopotential
signals in a time-synchronized manner, reproducing the functionality of conventional
technologies without their inherent limitations.

1. Z. Lou, X. Xu*, et al. Adv. Sci. 2023, 2304174.

X. Xu, T. Someya®, et al. Proc. Natl. Acad. Sci. U.S.A. 2018, 115, 4589.
S. Saifi, X. Xu*, et al. Nat. Commun. 2024, 15, 6546.

S. Cheng, X. Xu*, Adv. Mater. 2023, 35, 2206793.
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B. Wei, X. Xu*, Cell Rep. Phys. Sci. 2023, 4, 101335.
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Overcoming Challenges in Gravure-Printing of Organic Solar Cells
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Institut fiir Print- und Medientechnik , Technische Universitdt Chemnitz, Germany, Institut fiir Print- und
Medientechnik , Technische Universitdt Chemnitz, Germany, Institut fiir Print- und Medientechnik , Technische
Universitat Chemnitz, Germany, Institut fiir Physik, Technische Universitdt Chemnitz, Germany, Institut fiir Physik,
Technische Universitdt Chemnitz, Germany, Institut flir Physik, Technische Universitdt Chemnitz, Germany,
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Universitdt Chemnitz, Germany,

Organic solar cells (OSCs) are a promising low-cost renewable energy technology due to their
potential for high efficiency, solution processability and compatibility with flexible substrates.
In scalable fabrication techniques, such as roll-to-roll printing, the quality of transport and
active layers critically influence device performance and long-term degradation. These layers
are typically formed using solution-based non-contact coating methods, e.g, spin-coating,
blade-coating and slot-die coating. These methods apply the solution without physically
contacting the underlying solid film. This approach is essential because underlying layers are
often mechanically delicate and solvent sensitive. Physical contact with solid layers during
processing can lead to pinholes, electrical shunts, poor interlayer adhesion, and severely
compromise the device performance and manufacturing yield.

Our research tackles one key challenge in transitioning inverted OSCs from non-contact
coating to high-throughput gravure printing on large scale by reducing mechanical impact to
sensitive underlying layers during layer-by-layer deposition. This optimised printing process
enables homogeneous, pinhole-free and stable functional layers while maintaining full
compatibility with roll-to-roll manufacturing. The resulting printed devices achieve significantly
higher layer quality and efficiency compared to those fabricated using a non-optimised printing
process. These results show that we successfully mitigate contact-related defects, such as
pinholes and shunts which are essential for efficient charge extraction.

In this work, we provide a practical pathway to high-yield, fully printed flexible OSCs. By
resolving the fundamental challenge of printing-induced layer impact by gravure printing
through material and process engineering, we overcome a critical barrier to the scalable
manufacturing of fully printed organic photovoltaics.

not published yet
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Multicolored derivatives of isophtaloyl exhibiting thermally activated delayed
fluorescence and high charge carrier mobilities for efficient
electroluminescent devices

Mariia Stanitska, Melika Ghasemi, Ugne Seibetyte, Dmytro Volyniuk, Juozas Vidas
Grazulevicius

Kaunas University of Technology

Crystalline organic semiconductors have great potential for use in organic optoelectronic
devices because they exhibit higher charge carrier mobility than their amorphous counterparts
[1,2]. They have highly oriented transition dipole moments and better morphological stability
that is required for the development of state-of-the-art organic light-emitting diodes (OLEDs).
The aim of work is the development of highly efficient and stable OLEDs using new
crystallizable emitters, exhibiting thermally activated delayed fluorescence (TADF). TADF
emitters are recognized as the third generation of OLED emitters with the ability to reach 100%
conversion of electrically generated singlets and triplets to light [3,4]. Herein, we present three
novel organic luminophores based on isophtaloyl electron-accepting core, ornamented with
various electron-donating moieties, such as 3,6-diphenyl-9H-carbazole, 10H-phenothiazine,
9,9-dimethyl-9,10-dihydroacridine. All the compounds were crystalline, as proved by
differential scanning calorimetry and single-crystal X-ray diffraction, and highly thermally
stable with decomposition temperatures exceeding 300 °C. The luminophores were
characterized by high and balanced charge-carrier mobility values reaching 10-3 order of
magnitude for acridine-containing compound. All the compounds are characterized by high
spatial separation of frontier molecular orbitals and negligible values of singlet-triplet energy
splitting, that enabled efficient utilization of triplet excitons through fast reverse intersystem
crossing. Compounds were found to emit blue (9,6-diphenyl-9H-carbazole), green (9,9-
dimethyl-9,10-dihydroacridine) and yellow (10H-phenothiazine) TADF. OLED based on
phenothiazine-containing compound as emitting material afforded yellow electroluminescence
with 20% of external quantum efficiency.

1. M.F.Sawatzki, H. Kleemann, B. K. Boroujeni, S. J. Wang,J. Vahland, F. Ellinger, K. Leo.
Doped highly crystalline organic films: toward high-performance organic electronics. Adv. Sci.,
2021, 8, 2003519 1-7. https://doi: 10.1002/advs.202003519.

2. J. Takeya, M. Yamagishi, Y. Tominari, R. Hirahara, Y. Nakazawa, T.Nishikawa, T. Kawase,
T. Shimoda, S. Ogawa, Very high-mobility organic single-crystal transistors with in-crystal
conduction channels. Appl. Phys. Lett., 2007, 90, 102120 1-3. https://d0i:10.1063/1.2711393.

3. H. Uoyama, K. Goushi, K. Shizu, H. Nomura, C. Adachi, Highly efficient organic light-
emitting diodes from delayed fluorescence. Nature.,, 2012, 492, 234-238.
https://doi:10.1038/nature11687.

4. Y. Liu, C. Li, Z. Ren, S. Yan, M. R. Bryce . All-organic thermally activated delayed
fluorescence materials for organic light-emitting diodes. Nat. Rev. Mater., 2018, 3, 18020.
https://doi:10.1038/natrevmats.2018.20.
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Organic electrochemical transistors (OECTs) as transducers for biomolecule
detection via receptor-embedded cell membrane models

Darius Hoven, Anjana Saji, Graham Ladds, Roéisin M. Owens

University of Cambridge, UK

Cell membranes serve as vital structures, not only defining cells as distinct entities, but also
facilitating specialization through compartmentalization and mediating interactions with the
external environment. Structurally, the cell membrane consists of a lipid bilayer interspersed
with membrane proteins, including glycoproteins and membrane receptors. Among these,
membrane receptors play a crucial role in transducing extracellular signals into intracellular
responses, thereby enabling cells to respond deliberately to their surroundings. Leveraging
these receptors for biosensing applications offers a biologically inspired route to detecting
physiologically relevant biomolecules [1].

Bioelectronic devices are well-suited for such applications, as they provide seamless
transduction between biological and electronic systems by conducting both ions and electrons
[2]. In particular, organic electrochemical transistors (OECTs) stand out due to their intrinsic
ion-electron coupling and ability to amplify small biorecognition events into measurable
electronic signals [3].

This work investigates the use of OECTs as transducers for biomolecule detection through
receptor-embedded cell membrane models. Membrane receptors were extracted via a simple
chemically induced process from cells overexpressing the receptor of interest. Their presence
and functionality were verified using optical techniques, and these receptor-functionalized
membranes were integrated with OECTs to detect physiologically relevant biomolecules.

The successful coupling of biologically derived membrane components with OECT-based
platforms highlights a promising strategy for mimicking native cell signaling pathways in vitro.
Such biomimetic bioelectronic devices hold strong potential for applications in high-throughput
drug screening and real-time sensing of physiological biomolecules.

[1] Jayaram, A. K., Pappa, A. M., Ghosh, S., Manzer, Z. A., Traberg, W. C., Knowles, T. P. J.,
... & Owens, R. M. (2022). Biomembranes in bioelectronic sensing. Trends in Biotechnology,
40(1), 107-123.

[2] Owens, R. M., & Malliaras, G. G. (2010). Organic electronics at the interface with biology.
MRS bulletin, 35(6), 449-456.

[3] Torricelli, F., Adrahtas, D. Z., Bao, Z., Berggren, M., Biscarini, F., Bonfiglio, A., ... & Torsi,
L. (2021). Electrolyte-gated transistors for enhanced performance bioelectronics. Nature
Reviews Methods Primers, 1(1), 66.
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Tunable Antiambipolar Behaviour in Organic Electrochemical Transistors for
Reconfigurable Logic

Debdatta Panigrahi1*, Daniele Zucchelli2, Christina Kousseff3, Arup Sarkar1, Aristea
Pavlou1, Zhitian Ling1, Somayeh Kashani4,5, lain McCulloch3, 6, Paul W. M. Blom1,
Fabrizio Toricelli2, Paschalis Gkoupidenis1, 4, 5, 7*

1Department of Molecular Electronics, Max Planck Institute for Polymer Research, Mainz, Germany.
2Department of Information Engineering, University of Brescia, Brescia, Italy. 3Department of Chemistry,
University of Oxford, Oxford, UK. 4Department of Electrical and Computer Engineering, North Carolina State
University, Raleigh, North Carolina, USA. 5Carbon Electronics Laboratories (ORaCEL), North Carolina State
University, Raleigh, North Carolina, USA 6Department of Electrical and Computer Engineering, Princeton
University, New Jersey, USA. 7Department of Physics, North Carolina State University, Raleigh, North Carolina,
USA.

Organic electrochemical transistors (OECTs) are emerging as key components in low-power
electronic systems for applications such as neuromorphic computing, and adaptive sensing.
While most reported OECTs display a monotonic increase in drain current with gate voltage,
recent studies have demonstrated antiambipolar transfer characteristics—particularly “A’-
shaped profiles. However, for more advanced applications like multi-state logic circuits and
artificial spiking neurons, “N”-shaped transfer curves are essential, as they provide a second
current enhancement region critical for full-swing signal modulation and dynamic behaviour.
In this work, we demonstrate tunable “N”-shaped antiambipolar behaviour in OECTs operating
at gate voltages below 0.5V, using a novel combination of a p-type polymer and a liquid-state
electrolyte. We systematically investigate how electrolyte concentration, gate voltage sweep
rate, and thermal processing affect key NDT metrics, including peak-to-valley ratio (PVR) and
the NDT range (NDTR). These parameters are crucial for optimizing circuit performance,
particularly in logic-in-memory and multivalued logic architectures. Additionally, we
demonstrate ion-enabled reconfigurability, where simple electrolyte tuning enables seamless
switching between binary and ternary logic states. This work establishes a framework for
engineering NDT characteristics in OECTs, highlighting their versatility for next-generation,
low-power electronic platforms.
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Unraveling Charge Dynamics in Cyclic Imine-Based Single-Component
Photocatalysts for Efficient Hydrogen Evolution

Keren Ai,T1 Jae Hoon Sont, Rose Newman,Han Young Woo* and James R. Durrant*
Imperial College London, Korea University

Two new thienopyridine-fused benzodithiophene molecules, TPBDT-2FIC and TPBDT-
INCNO1, were synthesized as photoactive materials for single-component H, evolution
photocatalysts. The wide band gap, coplanar backbone with balanced hole and electron
transport, and minimal Stokes shift was carefully considered for the design of the TPBDT
molecules to improve energy level alignment, intermolecular packing, exciton diffusion, and
charge transfer to electrolytes. Importantly, the incorporation of a cyclic imine group into the
TPBDT core enables effective coordination with Pt co-catalysts, with the electron density on
the imine nitrogen atom being adjusted to promote efficient Pt deposition onto photocatalytic
nanoparticles (NPs). Molecular dynamics simulations show that TPBDT-INCNO1 NPs retain
more intermolecular packing than Y6, due to stronger core—core interactions, though packing
is partially disrupted compared to thin films. The eExtended exciton lifetime (1.66 ns) of
TPBDT-INCNO1 enables efficient exciton diffusion to the NP interface. Upon addition of hole
scavenger L-ascorbic acid (AA), up to ~ 70% of excitons are quenched, indicating that excitons
which diffuse to the NP surface undergo efficient hole transfer (~ 1ns) to AA. This rapid hole
extraction by AA results in the generation of long-lived (ms-s) electrons. These long-lived
electrons are significantly quenched in the presence of Pt, indicative of efficient electron
transfer to this co-catalyst. TPBDT-INCNO1-based NPs achieved a peak hydrogen evolution
rate of 102.5 mmol h™ g™ with an absolute quantum efficiency of 1.54% at 450 nm, greatly
outperforming the Y6 reference. This study underscores key strategies for advancing H,
evolution in the design of single component photocatalysts.
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Understanding the Photoelectrochemical Processes in N-type Organic Mixed
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Organic Mixed lonic—Electronic Conductors (OMIECs) is an emerging class of materials due
to their soft nature, biocompatibility and ability to conduct both ionic and electronic charges.
Recently, they have been explored for optoelectronic applications such as opto-logic circuits,
neuromorphic computing, bioimaging modalities and biosensing. However, despite this
growing attention, the fundamental photoelectrochemical processes governing their behavior
remain poorly understood. To investigate these mechanisms, we employed charge
scavengers as additives in a NaCl electrolyte to modulate the redox environment and probe
the roles of photogenerated carriers in the n-type OMIEC,
poly(benzimidazobenzophenanthroline) (BBL). Experiments were conducted in both
photoelectrochemical (PEC) cells and photoelectrochemical transistor (OPECT)
configurations, enabling us to correlate the fundamental interfacial properties of BBL with its
device-level performance. Our findings reveal a trade-off between photovoltage modulation
and photocurrent output, offering a valuable framework to guide future material and electrolyte
design for OMIEC-based photoelectrodes and phototransistors.

Druet, V., Ohayon, D., Petoukhoff, C.E. et al. A single n-type semiconducting polymer-based
photo-electrochemical transistor. Nat Commun 14, 5481 (2023).
https://doi.org/10.1038/s41467-023-41313-7
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Charge carriers dynamics in Perovskite LEDs

Ruoyu Gao
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Understanding charge carrier dynamics in perovskite light-emitting diodes (PeLEDs) under
operational conditions is essential for improving carrier injection and enhancing
electroluminescence efficiency. In this study, we investigate charge injection, transport, and
recombination processes in PeLEDs on nanosecond timescales using time-resolved
electroluminescence (TREL), nanosecond transient absorption spectroscopy (ns-TAS), and
nanosecond pump-push electroluminescence. These complementary techniques enable a
comprehensive view of carrier behavior during device operation.

Our results show that charge injection occurs within ~75 ns prior to the onset of radiative
recombination. Global analysis reveals that the carrier dynamics and Stark effect kinetics can
be effectively disentangled. The Stark effect exhibits time constants similar to those observed
in pump push electroluminescence (PPEL) measurements, suggesting that the fast decay
components in PPEL originate from the Stark effect. In contrast, pump push
photoluminescence (PPPL), which is sensitive to trap-related states, reveals long-lived decay
components that align with the slow decay features in PPEL. This correlation confirms that the
long-lived PPEL signals are likely associated with trap-mediated processes.

By integrating insights from TREL, ns-TAS, and pump-push techniques, we provide a
detailed picture of charge carrier kinetics in PeLEDs. The assignment of fast and slow decay
components to the Stark effect and trap-related processes, respectively, advances the
fundamental understanding of charge behavior in perovskite optoelectronics and offers
guidance for future efficiency improvements.
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Axially-Folded TCNQ-type Electron Acceptors from Bridgehead-to-peri
Annulated Triptycenes

lain A. Wright
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Molecular materials capable of localising and stabilising diverse spin/charge states in rigidly
defined three-dimensional space have potential for utility in a range of spintronic and quantum
information sciences. This contribution concerns new TCNQ-inspired electron-accepting
triptycenes where the radical states formed upon electrochemical reduction become localised
near the bridgehead carbon atoms. The nature of the structure and distribution of the
spin/charge states formed bears comparison to the structure of nitrogen-vacancies in diamond
which are among the most celebrated candidates for use as qubits. The synthesis,
electrochemistry, UV-vis spectroelectrochemistry and time-resolved spectroscopy of these
new materials will be discussed, underpinned by computational insights into their
optoelectronic and magnetic properties.
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Linker-dependent charge transport and energy dynamics in wurster-type
covalent organic frameworks
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Wourster-type Covalent Organic Frameworks (COFs) represent a promising class of materials
with highly conjugated structures, enabling efficient charge transport. These COFs are
characterized by donor-acceptor motifs, which facilitate electronic delocalization and redox
activity, making them attractive candidates for applications in optoelectronics and energy
storage. Recent studies have demonstrated the tunability of their electronic properties through
structural modifications (Tunable Isometric Donor-Acceptor Wurster-Type Covalent Organic
Framework Photocathodes; Highly Conducting Wurster-Type Twisted Covalent Organic
Frameworks). In this study, we focus on two distinct Wurster-type COFs, WTA and WTT,
which differ in their linker structures, influencing their electronic properties and charge
transport characteristics. Understanding how these structural variations affect the fundamental
electronic processes in these materials is critical for advancing their application potential.

Despite their high conductivity and redox activity, the impact of linker variations on the charge
transport mechanisms in Wurster-type COFs remains largely unexplored. This study aims to
bridge this knowledge gap by systematically investigating the energy dynamics and charge
transport properties of WTA and WTT. Specifically, we seek to determine how differences in
linker chemistry affect electronic transitions, charge carrier mobility, and activation energy,
thereby elucidating the fundamental structure-property relationships governing these
materials.

To achieve these objectives, we employ temperature-dependent Vis-NIR spectroscopy
combined with Multivariate Curve Resolution (MCR) analysis to probe the optical properties
of WTA and WTT, identify distinct electronic species, and extract activation energy for charge
transport. Thickness-dependent studies further reveal the influence of dimensional variations
on charge mobility. By establishing correlations between linker structure, electronic transitions,
and charge transport behavior, this study provides deeper insights into how molecular
architecture governs conductivity and redox dynamics. These findings contribute to the
broader field of COF-based electronic materials, offering guidelines for designing next-
generation functional materials with optimized electronic properties.

1. Roman Guntermann, David Helminger, Laura Frey, Peter M. Zehetmaier, Christian
Wangnick, Apeksha Singh, Tianhao Xue, Dana D. Medina, Thomas Bein, Angewandte
Chemie International Edition, 2024, 63, 202407166.

2. Julian M. Rotter, Roman Guntermann, Michael Auth, Andre Mahringer, Andreas
Sperlich, Vladimir Dyakonov, Dana D. Medina, Thomas Bein, Chemical Science, 2020, 11,
12843-12853.

3. Ya-Jie Li, Wei-Rong Cui, Qiao-Qiao Jiang, Qiong Wu, Ru-Ping Liang, Qiu-Xia Luo,
Jian-Ding Qiu, Nature Communications, 2021, 12, 4735.

4. Islam E. Khalil, Prasenjit Das, Arne Thomas, Accounts of Chemical Research, 2024,
57, 3138-3150.
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Suppressing non-radiative recombination loss in perovskite solar cells by
strain modulation

Beier Hu, Ganghong Min, Ruiqi Wu, Jiaxin Pan, Guangmeimei Yang, Weidong Xu,
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Intraband traps introduce unavoidable sub-gap states of perovskite active layer, where they
open trap-assisted, non-radiative recombination pathways that limit power conversion
efficiency and accelerate lattice degradation. Given the mechanically soft nature of
perovskites, local lattice strain is expected to modulate trap formation and dynamics. However,
a systematic link between strain and trap-assisted recombination has remained unclear.

We tuned Ilattice strain by composition engineering, comparing tensile-strained
MAO.95GA0.05PbI3 with nominally strain-free MAO0.95GA0.05Pb(10.95Br0.05)3, where
smaller Br~ partially compensates lattice expansion. We evaluated the properties of traps (i.e.,
density of trap, depth of trap, and lifetime of trapped carriers) under strain control by infrared-
modulated photocurrent spectroscopy.[1] It reveals that strain relaxation yields a tenfold
increase in trap-mediated recombination lifetime, which is the primary driver of the reduced
non-radiative loss, alongside slightly lower defect density and shallower trap depth. Using a
series of temperature-dependent spectroscopic measurements supported by theoretical
quantum chemistry calculations, we identified the decoupling between a MA torsion mode
from electronic traps as the origin of the pronounced prolongation of trapped carrier lifetime in
strain-released perovskite. Our work, to the best of our knowledge, is the first report
establishes a direct, comprehensive correlation between strain engineering and the full
landscape of trap-mediated recombination in perovskite-based electronics from a structural
perspective, providing a clear route to mitigate non-radiative losses via lattice-strain control.

[1] Pan, J., et al. Operando dynamics of trapped carriers in perovskite solar cells observed via
infrared optical activation spectroscopy. Nat Commun 14, 8000 (2023).
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Effect of contamination and molecular additives on improving ON-state bias
stress stability in N2
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The operational stability of organic field-effect transistors (OFETs) remains a key challenge in
realizing reliable flexible electronics. In particular, contamination introduced during
fabrication—such as oleamide residues from pipette tips—can critically degrade device
performance by introducing charge trap states and facilitating moisture absorption. While
recent research has acknowledged this issue, effective strategies for mitigating such
contamination effects are still limited.

In this study, we investigate the bias stress stability of IDT-BT-based OFETs under controlled
oleamide contamination using a pipette-tip simulation method. We systematically compare
pristine devices with those intentionally contaminated by 10-tip and 20-tip exposure, both with
and without the inclusion of the molecular additive FATCNQ. Electrical characterization
reveals that devices with FATCNQ doping exhibit significantly improved ON-state bias stress
stability even under heavy contamination. This enhancement is attributed to the improved
stability arises from F4ATCNQ-induced modifications in the semiconductor microenvironment,
which may reduce trap formation and enhance tolerance to moisture ingress under
contamination.

Our findings demonstrate that integrating F4ATCNQ as an additive is a viable and effective
route to suppress contamination-induced instabilities. This approach paves the way for more
robust and reproducible OFET performance in ambient environments, offering critical insights
for advancing the reliability of organic electronics.
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The ability to convert low-energy photons (e.g., infrared) into higher-energy photons (e.g.,
visible) via triplet—triplet annihilation upconversion (TTA-UC) is important for a variety of
applications, including solar energy harvesting, optical communication, and biological
imaging.[1] TTA-UC is particularly attractive due to its tuneable excitation and emission
wavelengths and its operation under low excitation power densities.[2] However, the
underlying mechanism of TTA-UC is complex and depends on several key factors, such as
molecular diffusion, triplet exciton generation, and energy transfer dynamics.

Here, | present a series of materials that we studied to gain a deeper understanding of the
TTA-UC mechanism and to optimise its performance. Using a combination of optical
spectroscopy techniques, we explored how different material properties influence
upconversion performance. Specifically, we examined how structural variations in polymer
hosts affect molecular diffusion, which in turn influences the upconversion efficiency.[3] In
another system based on liquid crystals, we studied how molecular organization and
intermolecular interactions impact the TTA-UC mechanism.[4]

These investigations revealed important structure-property relationships of the materials that
govern the efficiency of TTA-UC. By understanding how these factors influence the
mechanism, we provide valuable insights for the rational design of upconverting systems.
Therefore, this contributes to the development of more efficient and tuneable materials for
future optoelectronic applications.

[1] Zeng, L.; Huang, L.; Han, J.; Han, G. Acc. Chem. Res. 2022, 55 (18), 2604—-2615.

[2] Bennison, M. J.; Collins, A. R.; Zhang, B.; Evans, R. C. Macromolecules 2021, 54 (12),
5287-5303.

[3] Bennison, M. J.; Collins, A. R.; Gomes Franca, L.; Burgoyne Morris, G. H.; Willis-Fox, N.;
Daly, R.; Karlsson, J. K. G.; Charles, B. L.; Evans, R. C. Mater. Adv. 2025, 6 (3), 1089-1096.

[4] Franca, L. G.; dos Santos, P. L.; Pander, P.; Cabral, M. G. B.; Cristiano, R.; Cazati, T.;
Monkman, A. P.; Bock, H.; Eccher, ACS Appl. Electron. Mater. 2022, 4 (7), 3486-3494.
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Shifting to greener solvatochromism: sustainable spectroscopy for thermally
activated delayed fluorescence (TADF)
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School of Engineering, Physics and Mathematics, Northumbria University, Ellison Place, Newcastle upon Tyne,
NE1 8ST, UK.

Thermally activated delayed fluorescence (TADF) is a key phenomenon in organic light-
emitting diodes (OLEDs) research due to its ability to convert non-emissive ftriplet excited
states into emissive singlet excited states.(1) Photophysical characterisation of TADF-active
materials is essential to understanding the underpinning processes and optical properties of
these emerging materials and several standard approaches now exist. However, this
characterisation is typically done using solvents which have damaging impacts on the
environment or human health.(2-3)

Here we consider alternative, greener solvents and benchmark their properties using 2,4,5,6-
Tetrakis(9H-carbazol-9-yl)isophthalonitrile (4CzIPN), a well-known TADF emitter. We
consider eight alternative solvents with a range of dielectric constants to reproduce a range of
optical properties paying particular attention to their solvatochromism effects. This study
includes UV-vis spectroscopy, photoluminescence (PL), PL quantum yields (PLQY) and time
correlated single photon counting (TCSPC) studies as well as consideration of their ability to
dissolve polymers for thin film investigations. Ultimately, we put forward suggestions of
greener alternatives with the reassurance that they can replicate existing literature to ensure
that future comparisons can be made.

1. H. Uoyama et al Nature, 2012, 492, 234-238
2. R. Ishimatsu et al J Phys Chem A, 2013, 117, 5607-5612
3. D. K. A. Phan Huu et al J Am Chem Soc, 2022, 144, 15211-15222.
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Optimized Charge Transport in Molecular Semiconductors by Control of Fluid
Dynamics and Crystallization in Meniscus-Guided Coating

Okan Yildiz, Zuyuan Wang, Michal Borkowski, George Fytas, Paul W.M. Blom,
Jasper J. Michels, Wojciech Pisula, and Tomasz Marszalek

Max Planck Institute for Polymer Research, Ackermannweg 10, 565128 Mainz, Germany; Department of
Molecular Physics, Faculty of Chemistry, Lodz University of Technology Zeromskiego 116, 90-924 Lodz, Poland

Solution processable organic semiconductors (OSCs) hold advantages for the fabrication of
flexible and large-area electronic devices. Control over morphology and molecular packing of
OSCs is crucial to realize excellent charge carrier transport in organic field-effect transistors
(OFET). Meniscus-guided coating (MGC) methods, such as zone casting, dip coating and
solution shearing, are scalable laboratory models for large-area solution coating of functional
materials for thin-film electronics. Unfortunately, the general lack of understanding of how the
coating parameters affect the dry-film morphology upholds trial-and-error experimentation and
delays lab-to-fab translation.

In this combined experimental and modelling study, we present a predictive model for structure
formation upon crystallization of a (generic) molecular semiconductor during MGC, driven by
solvent evaporation. Predicted surface morphologies are fully reproducible by an experimental
data which show correlation between coating speed, domain growth, long-range alignment,
and charge carrier transport.[1,2] With increasing casting speed, we identified three
morphological subregimes; |) an isotropic domain-like structure, Il) a band-like structure
following the coating direction and lll) a corrugated morphology lacking directionality[3].

We interpret our experiments using numerical simulations of the steady state fluid dynamics
in the bead and the morphology formation in the deposited film, focusing on the onset of the
appearance of unidirectionality. We reveal a direct correlation between the trap density in the
OSC film and the casting speed and show how this allows us to achieve an improved
saturation and effective charge carrier mobility, with a high reliability factor. The found
correlations are crucial for the development of MGC as a practical processing technique for
upscaling the solution deposition of organic semiconductors in future.

[1]. J. J. Michels, K. Zhang, P. Wucher, P.M. Beaujuge, W. Pisula, T. Marszalek, ,Predictive
modelling of structure formation in semiconductor films produced by meniscus-guided
coating®, Nature Materials, 2021, 20, 68;

[2]. O.Yildiz, Z. Wang, M. Borkowski, G. Fytas, P. W. M. Blom, J. J. Michels, W. Pisula, T.
Marszalek, ,Optimized Charge Transport in Molecular Semiconductors by Control of Fluid
Dynamics and Crystallization in Meniscus-Guided Coating”, Adv. Funct. Mater. 2022, 32,
2107976;

[3]. O.Yildiz, Z. Wang, M. Brzezinski, S. Wang, Z. Li, J. J. Michels, P. W. M. Blom, W. Pisula,
T. Marszalek, Role of Meniscus Shape on Crystallization of Molecular Semiconductors and
Fluid Dynamics During Meniscus-Guided Coating. Adv. Funct. Mater. 2024, 2314131.
https://doi.org/10.1002/adfm.202314131.
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All-polymer blend nanoparticles for photocatalytic hydrogen evolution

Guanru Dong, lain McCulloch

University of Oxford, UK

Organic bulk heterojunction photocatalysts based on polymer/small-molecule blends have
shown promise for solar fuel production, yet the potential of all-polymer systems remains
largely unexplored. Here, we demonstrate that all-polymer nanoparticles (NPs) exhibit
superior photocatalytic efficiency and photochemical stability than polymer/small-molecule
NPs and is applicable to a representative series of donors and acceptors. Cryogenic
transmission electron microscopy reveals broken core-shell morphology for all-polymer NPs,
while more intermixed morphology for polymer/small molecule NPs. Employing transient and
operando spectroscopy, we find that the broken core-shell morphology minimizes trapped
charges in the bulk, and result in more efficient charge quenching by both Pt co-catalyst and
ascorbic acid.
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Guidelines for Inkjet Printing Organic Photovoltaics based on PM6:Y6

Tanmay Sinha, Tsu-yu Chou, Francisco Molina-Lopez

KU Leuven

While organic photovoltaics (OPVs) are steadily crawling up the performance ladder, the
realisation of functional devices is still fraught with processing challenges. Those challenges
are underpinned by the wealth of literature reporting on the processing-performance
relationship, mostly for traditional spin-coated devices. In this work, our focus is on unravelling
the effects on performance of design and process parameters for inkjet printing (IJP) OPVs
on wearable devices for the Internet of Things (IoT), where the |JP’s advantages of small-
scale compatibility and patternability can be particularly utilised. In addition, the particular
drying dynamics of the tiny droplets involved in |JP offer unexplored ways to control nanoscale
morphology by proper ink formulation and choice of fabrication parameters. With this study,
we aim to shed light on how changing processing (drop-to-drop spacing, number of printing
passes, plate temperature) and post-processing (thermal annealing) parameters can affect
the PCE of OPVs with IJP active layer. The findings made during this study allow us to provide
robust guidelines for the production of OPVs by IJP, thereby laying out a roadmap for new
researchers in the field to tackle processing challenges and optimise performance in a
systematic way.
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Simulation of charge and exciton dynamics across nanostructured rough
interfaces in organic light emitting devices

Giacomo Cotelli, Engin Torun, Stefano Gottardi, Anna Kéhler

University of Bayreuth, Germany, Simbeyond B.V., The Netherlands, Simbeyond B.V., The Netherlands,
University of Bayreuth, Germany

We conducted three-dimensional kinetic Monte Carlo simulations at the device scale to
elucidate how roughness at organic-organic interfaces influences the performance of organic
light emitting devices (OLEDs). We find that both charge and exciton dynamics in unipolar and
bipolar devices are affected by interfacial roughness in a shape- and size-dependent fashion,
when the energetic offset between adjacent layers results in an energy barrier for charge
injection. In bilayer devices, interfaces with periodic corrugation and a triangular cross-section
induce strong carrier funnelling to the tips. This funnelling yields a significant inhomogeneity
in the spatial distribution of charge carriers, excitons and excitonic losses. The tips act as
efficient injection hotspots, granting a current density up to two orders of magnitude larger
than in a flat-interface device. Nevertheless, the internal quantum efficiency of bipolar devices
is surprisingly unaffected by interfacial morphology. We exploited this enhancement in current
density in simulated three-layer devices to improve charge injection toward the central
emissive layer (EML) and to tune the recombination zone inside it without reducing device
efficiency.

Relevant publication is under review
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Perovskite Optoelectronic Property Modulation via Lattice Distortion Control

Ziming Chen
The University of Hong Kong, China, Imperial College London, UK

Due to the soft ionic nature of metal-halide perovskites (MHPs), their lattices easily get
distorted during crystal formation or under external stimuli like light, pressure, or electric fields.
These distortions typically involve tilting of the inorganic octahedra, which alters the structural
dynamics and lead to changes in key optoelectronic properties, including bandgap, carrier
dynamics, and electron—photon coupling. In this report, we demonstrate two approaches to
controlling octahedral distortion and investigate the resulting changes in physical properties:

1. In two-dimensional (2D) MHPs, we synthesised a series of n = 2 2D MHP single crystals in
both Ruddlesden—Popper (RP) and Dion—-Jacobson (DJ) phases. Our results show that DJ-
phase crystals exhibit a higher degree of octahedral distortion than their RP-phase
counterparts, with the distortion increasing as interlayer spacing decreases. This distortion
leads to: i) lower formation energies of iodine vacancies, which act as nonradiative
recombination centres and reduce photoluminescence efficiency; and ii) local inversion
asymmetry, which influences the electronic band structure and light emission characteristics.
Among the materials studied, the DJ-phase crystal incorporating 4-(aminomethyl)piperidinium
cations exhibits the most pronounced intra- and interoctahedral distortions. This, in turn,
induces significant Rashba band spliting and circular polarisation-dependent
photoluminescence at room temperature.[1]

2. In three-dimensional MHPs, by varying the perovskite crystallisation process during thermal
annealing, we also successfully tune lattice distortion. We find that increased octahedral
distortion leads to significantly faster hot-carrier cooling and a suppressed hot-phonon
bottleneck effect. These effects are attributed to changes in energetic disorder and enhanced
electron—phonon coupling.

[11Y. Song, Y. Zhou, C. Chen, K. Fan, Z. Wang, Y. Guo, Z. Chen, L. Mao, J. Yin, P. C. Y.
Chow. Structure—Emission Property Relationship of Bilayer 2D Hybrid Perovskites. J. Am.
Chem. Soc., 2025, https://pubs.acs.org/doi/10.1021/jacs.5c04417.
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Ferrocene Derivatives Enable Ultrasensitive Perovskite Photodetectors with
Enhanced Reverse Bias Stability

Eunyoung Hong, William D. J. Tremlett, Nicholas J. Long, Nicola Gasparini

Imperial College London, UK

Lead-halide perovskite (LHP) photodiodes have emerged as an attractive option for
broadband photodetectors due to their remarkable optoelectronic properties, such as
compositional tuneability, high charge carrier mobility, extended charge carrier lifetimes, long
diffusion lengths, and low-temperature solution processability, all of which have considerable
potential for commercial applications. Nonetheless, several challenges remain in devices with
LHPs, including ion migration in perovskites and parasitic charge injection from adjacent
layers, which can lead to a substantial loss in device performance. Here, we introduce, for the
first time, an ultra-thin layer of a ferrocene derivative, ferrocenyl-bis-phenyl-2-carboxylate
(FcPhc2), as a hole blocking layer (HBL) in addition to the standard BCP buffer layer. It is
found that FcPhc2 creates an energetic barrier between the perovskite and the electron
transport layer, which can effectively block the parasitic hole injection from the Ag contact to
the perovskite layer. This improvement allows for a substantially reduced noise spectral
density of 1.2 x 107"* A Hz™"/2 and a high specific detectivity of 8.1 x 10" Jones at -0.5 V and
740 nm. In addition, we show that FcPhc2 can effectively reduce ion migration across the
perovskite interface by inhibiting I~ oxidation induced by injected holes and promoting the
reduction of generated |,, which ultimately enhanced reverse bias device stability under in-
operando conditions. Our findings thus indicate the versatility of Fc derivatives and propose a
new strategy for improving perovskite photodetector performance while maintaining both
efficiency and stability under reverse bias.

E. Hong, W. D. J. Tremlett, L. Hart, B. Hu, Z. Qiao, P. Sukpoonprom, S. Fearn, E. Angela, M.
Brunetta, D. C. Koutsogeorgis, N. Kalfagiannis, D. Nodari, M. A. McLachlan, P. R. F. Barnes,
A. A. Bakulin, N. J. Long, N. Gasparini, Ferrocene Derivatives Enable Ultrasensitive
Perovskite Photodetectors with Enhanced Reverse Bias Stability. Adv. Funct. Mater. 2025,
2424556. https://doi.org/10.1002/adfm.202424556
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Singlet diradicaloids as n-type passivating interlayer for CsPbl3 perovskite
solar cells

Davide Blasi, Francesca Russo, Sofia Masi, Vincenzo Tedeschi, Luca Gregori,
Gennaro Ventruti, Edoardo Mosconi, Filippo De Angelis, Gianluca M. Farinola,
Francesco Fracassi, Ilvan Mora-Serd, Andrea Listorti, Silvia Colella

Universita degli Studi di Bari Aldo Moro, Italy, Politecnico di Bari, Italy, Universitat Jaume I, Spain, Universita degli
Studi di Bari Aldo Moro, Italy, Universita degli Studi di Perugia, Italy, Universita degli Studi di Bari Aldo Moro, Italy,
Istituto CNR di Scienze e Tecnologie Chimiche “Giulio Natta” (CNR- SCITEC), Italy, Universita degli Studi di
Perugia, Italy, Universita degli Studi di Bari Aldo Moro, Italy, Universita degli Studi di Bari Aldo Moro, Italy,
Universitat Jaume I, Spain, Universita degli Studi di Bari Aldo Moro, Italy, 8. CNR NANOTEC — Istituto di
Nanotecnologia, Italy

Singlet diradicaloids are a class of organic compounds characterized by their open-shell
singlet ground states and unique electronic properties, including the ability to form zwitterionic
excited states and undergo dynamic charge transfer.[1,2] These molecules, often derived from
the para-quinodimethane scaffold, exhibit high photostability and tunable redox behavior,
making them attractive candidates for applications in organic electronics and photonics. In this
study, we explore the use of a polychlorinated Thiele hydrocarbon (TTH), a stable singlet
diradicaloid, as an interface modifier for all-inorganic CsPbl; perovskite solar cells. TTH
combines light-triggered dipole generation with strong chemical interaction at the perovskite
surface. When applied at the interface of CsPbl; in inverted photovoltaic devices, TTH leads
to significant improvements in device performance. These enhancements are attributed to
synergistic effects: efficient passivation of Pb surface defects via chlorine atoms, improved
energy level alignment, and a dynamic interfacial dipole that facilitates charge extraction and
reduces interfacial resistance. This work demonstrates the potential of singlet diradicaloids as
multifunctional interface materials and opens new avenues for their integration in perovskite
optoelectronic devices.

1) A. Punzi, Y. Dai, C. N. Dibenedetto, E. Mesto, E. Schingaro, T.UlIrich, M. Striccoli, D. M.
Guldi, F. Negri, G. M. Farinola, D. Blasi, Dark State of the Thiele Hydrocarbon: Efficient
Solvatochromic Emission from a Nonpolar Centrosymmetric Singlet Diradicaloid, Journal of
the American Chemical Society 2023 145 (37), 20229-20241, DOI: 10.1021/jacs.3c05251

2) D. Mesto, M. Orza, B. Bardi, A. Punzi, |. Ratera, J. Veciana, G. Farinola, A. Painelli, F.
Terenziani, D. Blasi, F. Negri, Luminescent Trityl-based Diradicaloids: A Theoretical and
Experimental Assessment of Charge-Resonance in Low-Lying Excited States, Chemistry a
European Journal 2025, 31, e202500749. DOI: 10.1002/chem.202500749
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Morphology control by mechanistic understanding of crystallization kinetics
for solution processed two-dimensional hybrid perovskite films

Zhitian Ling, Shuanglong Wang, Mateusz Brzezinski, Konstantinos Bidinakis, Lei
Gao, Chongyao Li, Mischa Bonn, Hai |. Wang, Stefan A.L. Weber, Paul W.M. Blom,
Wojciech Pisula and Tomasz Marszalek

Max-Planck Institute for Polymer

The functionality of organic-inorganic perovskite devices strongly depends on the morphology
of the active layer. The reduction of structural defects and domain boundaries through
controlled nucleation and growth is essential for efficient charge transport and optimum device
performance. In this study, we investigate the crystallization behavior of solution-processed
two-dimensional (2D) phenethylammonium tin iodide films exhibiting distinct morphologies
with varied domain sizes. The wet film concentration is identified as a critical parameter
influencing the Gibbs free energy of nucleation, enabling precise control over the
crystallization process. Based on classical nucleation and mass transfer theories, a theoretical
model has been developed to describe and predict the nucleation and growth behavior during
film deposition and annealing. A strong correlation between film morphology and charge
carrier transport is revealed by field-effect measurements, highlighting the importance of
domain structure in governing electronic properties. The findings of this study demonstrate
that control of crystallization through the optimization of solution processing parameters
enables the formation of high-quality 2D tin-based perovskite films. This work provides not
only a predictive framework for tuning the morphology of perovskite semiconductors but also
generalizable insights for other solution-processed functional materials. These results
underscore the central role of processing—structure—property relationships in advancing
perovskite-based electronics.

In submission, still not published yet.
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Nature of the charge carrier traps generation in hole-transporting perovskite
field-effect transistor

Chongyao Li, Zhitian Ling, Paul W. M. Blom, Wojciech Pisula, and Tomasz
Marszalek

Max Planck Institute for Polymer Research, Ackermannweg 10, 55128 Mainz, Germany

Charge carrier traps remain a key obstacle to realizing stable and high-performance perovskite
field-effect transistors (FET). Among the various possible origins, such as Schottky and
Frankel defects, those located at the semiconductor/dielectric interface have a particularly
significant impact under field-effect operation. This is especially true in perovskite thin films,
where mobile ions play a crucial role in charge carrier trapping and screening of the applied
electric field. In this work, by systematically modifying the dielectric surface using various
cross-linked polymer interlayers with different chemical functionalities, we decouple the
influence of the semiconductor/dielectric interface on perovskite crystallization and defect
formation. A strong correlation between interfacial disorder and electronic transistors
instabilities, such as threshold voltage shifts and hysteresis, has been defined. Our findings
highlight the critical role of dielectric-perovskite interactions in governing trap behaviors and
offer a pathway toward interface engineering strategies for more stable and efficient perovskite
devices.

under submission
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Resolving the High-k Paradox in Organic Field-Effect Transistors

Beomijin Jeong, Kamal Asadi
University of Bath

Dielectric materials with high relative permittivity, i.e., high-k dielectrics, are in great demand
for application as gate dielectric for the development of field-effect transistors operating at low
voltages. However, a high-k gate dielectric does not always produce favorable outcomes,
particularly in field-effect transistors based on organic semiconductors (OFETs). Contradicting
experimental results have been reported, with some studies showing compromised OFET
performance, while others demonstrate enhanced performance when using high-k gate
dielectrics. Currently, no comprehensive or systematic study has been conducted to compare
or integrate these conflicting results. As a result, the relative validity and broader implications
of these conflicting findings remain uncertain. Here, the effects of high-k gate dielectrics with
systematically varied dielectric constants on OFET performance are systematically
investigated and the inconsistencies in the literature are resolved. By employing a highly
miscible high-k polymer blend system, it is demonstrated that both positive and negative
correlations of dielectric constant and field-effect mobility exist in different semiconductor
systems. These results provide a strategy to rationally design organic transistors that
incorporate high-k dielectrics, without compromising the field-effect mobility due to the
broadening of the density of states.

B. Jeong, K. Asadi, Adv. Electron. Mater. 2025, 2500040 (DOI:10.1002/aelm.202500040)



Poster Presentations Thursday

An n-type semiconducting thermocleavable polymer for organic
electrochemical transistors

Yuyun Yao, lain McCulloch
University of Oxford; University of Oxford and Princeton University

Organic electrochemical transistors (OECTs) have been widely applied in many biological
devices including biosensors, metabolite sensors, and neuromorphic computing, due to their
unique ability to amplify charge carrier conductivity via electrochemical doping. The
performance of OECTs critically relies on the design and characterization of mixed-conducting
high-performance channel materials. Currently, the performance of electron transporting or
“n-type” polymers generally significantly lags behind their hole transporting counterparts.
Additionally, previous studies have explored various strategies to introduce porosity into
organic mixed ionic-electronic conductor (OMIEC) films to facilitate ion transport, enhance
volumetric capacitance, and improve switching speed. However, achieving uniform and
controllable pore structures remains challenging.

Our strategy to introduce porosity is by a post-deposition thermal removal of alkyl side chains
attached to a high-glass-transition rigid-rod polymer backbone. The intrinsic properties of rigid-
rod polymers including nearly torsion-free backbone and deep LUMO levels are beneficial for
electron mobility and air stability. After cleavage of the side chains by applying thermal
treatments, the porosity, hydrophilicity and crystallinity increased. The resulting porous
structure facilitates ion diffusion, boosting volumetric capacitance and transconductance.
Furthermore, improved switching speeds demonstrate the positive impact of nanoscale
porosity on mixed ionic-electronic conduction.

To our knowledge, this is the first demonstration of using in-situ side-chain cleavage to
introduce controlled nanoporosity in an n-type OECT without compromising film integrity. The
insights provided by this work open new pathways toward designing high-performance, stable,
and processable mixed-conducting polymers for next-generation OECT materials.

This work is not published yet.
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Handedness Control of Circularly Polarized Luminescence in Strongly
Coupled Light—Matter Systems

Daichi Okada, Shunsuke Muranaka, Masayuki Gon, Kazuo Tanaka, Felix Deschler,
Kenichi Yamashita

Kyoto Institute of Technology, Japan, Kyoto University, Japan, Universitit Heidelberg, Germany

Circularly polarized (CP) light, which carries spin angular momentum, introduces a spin degree
of freedom into optical processes, making it a valuable tools in advanced photonic
applications. Chiral semiconducting materials, such as chiral halide perovskites, can
spontaneously emit CP light via luminescent process due to an imbalance in spin-polarized
exciton populations arising from the chiral-induced spin selectivity effect. Traditionally, the
handedness of CP luminescence (CPL) is inherently linked to the material's chirality, making
it particularly challenging to achieve tunable right- and left-handed CPL from a single chiral
material.

In this work, we propose a novel strategy to control CPL handedness via light-matter
hybridization within a Fabry—Pérot optical microcavity incorporating chiral layered halide
perovskites. We observe that in the exciton-rich hybridized regime, the CPL handedness
corresponds to that of the bare chiral perovskite, whereas in the photon-rich hybridized regime,
the handedness is inverted. In addition, CPL activity disappears when exciton and photon
contributions are balanced. This optical behavior is completely reversed between R- and S-
type chiral perovskites. These findings demonstrate that tunable CPL handedness can be
realized by precisely adjusting the exciton—photon hybridization ratio. This approach offers a
straightforward yet powerful method for dynamic CPL control within a single chiral material
system, presenting new opportunities for next-generation optoelectronic and spin-photonic
devices.

This study is not yet published.
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Silk based conductive hydrogel enhances neuroprotection and regulates
macrophage polarisation via wireless electrical stimulation

Rajiv Borah, Julia O'Sullivan, Dahnan Spurling, Aoife McLoughlin, Diana Eveline
Sanchez Amador, Meenakshi Suku, Valeria Nicolosi, Antonella Motta, Maeve A.
Caldwell, Michael G. Monaghan

Trinity College Dublin, Ireland, Trinity College Dublin, Ireland, Trinity College Dublin, Ireland, Trinity College
Dublin, Ireland, Trinity College Dublin, Ireland, Trinity College Dublin, Ireland, Trinity College Dublin, Ireland,
University of Trento, Italy, Trinity College Dublin, Ireland, Trinity College Dublin, Ireland

Spinal cord injury (SCI) remains a major clinical challenge due to the simultaneous loss of
structural integrity and disruption of the native electrical microenvironment essential for
restoring neurological activity. To address this, we developed an injectable silk fibroin (SF)
based conductive hydrogel incorporating PEDOT:PSS. Taking advantage of SF’s reactive
domains, the hydrogel forms in situ via electrostatic interactions and hydrophobic self-
assembly within 15-20 minutes under physiological conditions, without requiring external
crosslinkers. Its mechanical (2-60 kPa), rheological, and degradation properties can be
precisely tuned by varying SF concentration, allowing injectable delivery (<5 N peak force)
and close mimicry of spinal tissue stiffness and conductivity (~0.3 S/m).

Furthermore, this conductive hydrogel platform supports wireless electrical stimulation (WES)
through charge polarisation capacitive coupling mechanism, enabling non-invasive
modulation of cellular activities. It possesses low charge transfer resistance and strong
capacitive behaviour, supporting efficient low-frequency (10 kHz) field transduction. This WES
approach (2 V, 10 kHz) was able to polarise human blood-derived macrophages (hBDMs)
toward a reparative phenotype while suppressing pro-inflammatory markers. Additionally,
human iPSC-derived cortical astrocytes (CTX-ASTRO) embedded in these conductive
hydrogels under WES showed enhanced maturation (increased Cx43 expression), and in a
reactive astrogliosis model, it reduced IL-6 and CXCL10 secretion. Conditioned media from
WES-treated CTX-ASTRO further downregulated inflammatory activation in hBDMs. These
findings demonstrate the combined neuroprotective and immunomodulatory effects of a
minimally invasive electroconductive hydrogel, offering a promising platform for spinal cord
injury treatment through non-invasive neuromodulation. This work was funded by EU Horizon
2020 (MSCA), ERC, and Research Ireland (FFP) grants.
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Solvent-Engineered Y6-Gated Organic Photoelectrochemical Transistors for
Bioelectronic Interfaces

Latifah Almulla, Christopher M Proctor and Sahika Inal

King Abdullah University of Science and Technology Saudi Arabia and University of Oxford UK, University of
Oxford UK, King Abdullah University of Science and Technology, Saudi Arabia

Organic Photoelectrochemical Transistors (OPECTs) show strong potential for various
applications in bioelectronic devices by integrating the light sensitivity of photoactive materials
with the ionic and electronic transduction capabilities of organic electrochemical transistors.
However, the development of organic photoactive materials that can tune the
photoelectrochemical response through a simple solvent engineering approach remains
limited. Here, we show that the non-fullerene acceptor Y6, widely used in organic
photovoltaics, can serve as a photoelectrochemically active gate electrode for OPECTs. We
demonstrate that processing Y6 from different solvents, namely chloroform or chlorobenzene,
induces distinct molecular orientations that control the polarity of the photovoltage in three-
electrodes setup. This enables reversible light driven doping and de-doping of both n-type and
p-type organic mixed ionic electronic conductor channels in OPECTSs, depending on the gate
material processed. Using a fully laser fabricated lithography free approach, we develop fully
flexible OPECTs with Y6 gates and demonstrate their application in recording
photoplethysmography signals under near-infrared light. Our results highlight a simple route
to access solvent tunable photoelectrochemical behavior in organic semiconductors and
expand the potential of OPECTs for flexible bioelectronic technologies and beyond.
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Implantable bioelectronics for in vivo and long-term measurement of ions in
living plant

Yi Chen, Dalila Pasquini, Mathias Sorieul, Luke Gatecliff, Roya Rezanavaz, and
George Malliaras
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University of Cambridge, 9 JJ Thomson, Cambridge, UK

In the bioelectronics field, miniaturised and implantable sensors based on ion-selective
organic electrochemical transistors (IS-OECTs) are gaining significant attention [1,2]. These
sensors are highly attractive thanks to their combined characteristics of low power
consumption, high signal amplification, excellent biocompatibility and flexibility. By leveraging
the high sensitivity of IS-OECT sensors and the specificity of ion-selective membranes, our
team successfully fabricated multiple-ion IS-OECT sensors using lithography-free techniques
on flexible substrate [3,4]. These sensors were designed to detect ions including potassium,
calcium and pH. A linear fit of the semilogarithmic calibration curve shows a linear response
for the ion (i.e. K+) in a wide range of concentration (10-5 to 10-1 M) with a great sensitivity
(215 pA dec-1). These flexible sensors, just few hundred of micrometres thick, can be
implanted in planta to monitor the concentration of specific cations in the sap. We successfully
implanted our sensors in the xylem of softwood (radiata pine) tree and demonstrated the ability
to monitor the potassium concentration of the sap with high-resolution (10 second interval)
readings over a five-week period. The daily potassium fluctuations intensity and patterns are
likely key indicators of plant water and nutritional status, that can be used for early stress
detection.

This work highlights the potential of IS-OECT-based bioelectronics to transform long-term
physiological monitoring in forestry and precision horticulture. We anticipate that the plant-
specific biosensing platform will not only support practical monitoring applications but also
help resolve fundamental long-standing questions in plant physiology. Ultimately, this
technology promise to uncover new insights into plant physiology and improve management
in advanced precision horticulture.

1. Rivnay, J., Wang, H., Fenno, L., Deisseroth, K. and Malliaras, G.G., 2017. Next-
generation probes, particles, and proteins for neural interfacing. Science Advances, 3(6),
e1601649.

2. Lee, Y., Carnicer-Lombarte, A., Han, S., Woodington, B.J., Chai, S., Polyravas, A.G.,
Velasco-Bosom, S., Kim, E.H., Malliaras, G.G. and Jung, S., 2023. Tunable organic active
neural probe enabling near-sensor signal processing. Advanced Materials, 35(38), 2301782.

3. Han, S., Yamamoto, S., Polyravas, A.G. and Malliaras, G.G., 2020. Microfabricated
ion-selective transistors with fast and super-Nernstian response. Advanced Materials, 32(48),
2004790.

4. Strand, E.J., Bihar, E., Gleason, S.M., Han, S., Schreiber, SW., Renny, M.N.,
Malliaras, G.G., McLeod, R.R. and Whiting, G.L., 2022. Printed organic electrochemical
transistors for detecting nutrients in whole plant sap. Advanced Electronic Materials, 8(4),
2100853.
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Sensing of chloride ions in sweat by means of printed extended-gate organic
electrochemical transistors

Cristiano Bortolotti, Andrea Ottomaniello, Paola Parlanti, Virgilio Mattoli, Dario Natali,
Andrea Aliverti, George Malliaras, Adrica Kyndiah, Mario Caironi
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The integration of conjugated semiconductors in wearable electronics is unlocking new
avenues for real-time, non-invasive health monitoring. In this work, we present a flexible,
solution-processed Extended-Gate Organic Electrochemical Transistor (ExG-OECT) that
leverages the unique ionic-electronic coupling properties of conjugated polymers for selective
chloride ion detection in sweat—a key biomarker for cystic fibrosis (CF). Current diagnostic
methods involve time-consuming clinical procedures that provide limited and inconsistent spot
measurements. In this context, wearable sensors offer a promising solution to overcome these
limitations. The proposed device architecture combines an organic semiconducting channel
with a solid-state electrolyte and an external chloride-selective electrochemical sensing
interface. This extended-gate design decouples the sensing and amplification elements,
enabling the development of disposable, patch-based sensors suitable for on-body operation.
This patch is composed by a fully- and a pseudo-reference Ag/AgCI electrode, serving as the
reference and sensing gates, respectively. The sensing performance was validated through
standard potentiometric measurements across physiologically relevant chloride
concentrations (0.1 mM to 100 mM), using both buffer solutions and artificial sweat. The device
demonstrated super-Nernstian sensitivity and excellent selectivity. Furthermore, the ExG-
OECT sensor exhibited reproducible responses under these conditions, underscoring its
potential for reliable, on-body sweat analysis1.

1. Bortolotti et al, Manuscript submitted
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Side-Chain Engineering of OMIECs Enables Balanced p—C* Optimization in
OECTs

Yanfei Gao, Ningwei Sun, Franziska S-C Lissel
Leibniz Institute of Polymer Research Dresden, Germany, Hamburg University of Technology, Germany

Organic mixed ionic—electronic conductors (OMIECSs) integrated into organic electrochemical
transistor (OECT) architectures enable ion-mediated signal modulation, making them
particularly suited for bioelectronic and bio-inspired neuromorphic applications. Although uC*
of OMIECs is typically treated as a combined figure of merit in OECTSs, notably side-chain
engineering provides a convenient and chemically accessible means to finely modulate p and
C* in a balanced fashion, maintaining high overall performance while tailoring specific device
characteristics. In this work, we systematically investigate the role of side-chain composition
in a series of PDPP-gT2-based polymers, in which the side chains are progressively varied
from hexakis-ethylene glycol (EG) in P6gDPP-g2T, to tri-EG in P3gDPP-g2T, and finally to
alkyl chains in PDPP-g2T. Longer EG side chains improve ionic uptake and volumetric
capacitance, but at the cost of disrupting molecular packing and thus lowering charge carrier
mobility. Remarkably, P3gDPP-g2T achieves the best trade-off among the series, exhibiting
the lowest threshold voltage, the smallest hysteresis, and a retained high on/off ratio (~1074)
in OECTs. The reduced threshold voltage facilitates low-power operation, while minimal
hysteresis ensures stable and reversible switching behavior. In parallel, the preserved high
on/off ratio indicates the side-chain modifications do not compromise the device’s key
performance. This combination of properties is attributed to a balanced ionic-electronic
interaction and the preserved crystallinity of the polymer, as expected from the identical
polymer backbone used in the series. These findings highlight the potential of side-chain
engineering as a versatile strategy for expanding the applicability of OMIECs suitable for
bioelectronic and neuromorphic applications.
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3D Freeze-Printing of Binder-Free PEDOT:PSS

Joshua Weygant, Chon In Hadyn Cheong, Nivedita Chandra Bose, Benedetta
Gaggio, Yuan Shui, Stanley Gong Sheng Ka, Yu Shrike Zhang, Yan Yan Shery
Huang

University of Cambridge, UK

The integration of advanced materials with new fabrication techniques is crucial for advancing
bioelectronics. Poly(3,4-ethylenedioxythiophene) polystyrene sulfonate (PEDOT:PSS) is a
widely used conductive polymer, but its printability remains challenging due to low viscosity in
aqueous solutions. Here, we present 3D freeze-printing to fabricate binder-free, high-
conductivity PEDOT:PSS structures. Utilizing a temperature-controlled plate, 3D structures
can be formed by direct extrusion printing of dimethyl sulfoxide (DMSO)-doped PEDOT:PSS
solutions that are typically unprintable using conventional methods due to spreading and poor
shape retention. Freeze-printing at temperatures just below 0°C increases PEDOT:PSS
conductivity by more than 350% compared to room temperature printing. Characterizations
using Raman spectroscopy, XRD and XPS indicate the presence of freezing-induced phase
separation, and polymer chain alignment, contributing to enhanced conductivity. Critically, our
mild fabrication approach enables direct printing onto thermally sensitive materials, such as
alginate hydrogels, achieving ~50% reduction in interfacial impedance at 1 kHz. Unlike other
methods requiring multi-day pre- or post-processing under harsh conditions, our approach
enables rapid fabrication within a few hours, without the use of harsh chemicals. This work
introduces a broadly applicable strategy for patterning conducting polymers with mixed
conductivities on soft substrates, suitable for applications in bioelectronics, soft robotics, and
wearable sensing devices.
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Orgenic electrochemical transistors as integrated sweat monitoring devices

Nicola Coppede, Valentina Vit, Ayub Alam, Manuele Bettelli, Aderemi Alabi
Babatunde

Institute of the materials for electronics and magnetism

ing, including passive fluid wicking and mechanical adaptability to skin contact. The devices
are functionalized with selective molecular receptors, tailored to modulate the surface
reactivity and enhance the selectivity of the sensors towards specific biomarkers. By exploiting
various surface functionalization strategies. Comprehensive electrical and electrochemical
characterization was carried out to evaluate sensor performance, including response time,
stability, and limit of detection. The functionalized OECTs demonstrated robust performance
under real-world conditions and stable operation over multiple cycles. To validate the practical
utility of our system, we integrated the biosensors into wearable formats and conducted real-
time sweat analysis during controlled physical activity. The collected data enabled continuous
monitoring of individual physiological status, correlating sweat composition with physical
exertion and hydration levels, showing the potential of functionalized OECT-based biosensors
on absorbent substrates as powerful tools for next-generation, wearable non-invasive
healthcare monitoring systems.

1) "Biocompatible organic electrochemical transistor on polymeric scaffold for wound healing
monitoring", Aida Cavallo, Paola Losi, Marianna Buscemi, Tamer Al Kayal, Matteo Beccatelli,
Giorgio Soldani, Nicola Coppede, 2022 Flex. Print. Electron. 7 035009 DOI 10.1088/2058-
8585/ac84ec

2) "lon selective textile organic electrochemical transistor for wearable sweat monitoring",
Nicola Coppedé, Marco Giannetto, Marco Villani, Valeria Lucchini, Edmondo Battista, Maria
Careri, Andrea Zappettini,Organic Electronics Volume 78, March 2020, 105579

3) "Glucose selective textile OECT based on molecularly imprinted nanoparticles
functionalized channel for in vivo plants monitoring", Filippo Vurro, Elena Dembech, Riccardo
Manfredi, Gabriele Debbi, Manuele Bettelli, Alice Marinangeli, Alessandra Maria Bossi, Nadia
Palermo, Vittoria Martini, Michela Janni, Nicola Coppedé, Sensors and Actuators B: Chemical
Volume 436, 1 August 2025, 137640
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Controlling Polymorph Transitions in Ph-BTBT-C10: A Thermal Path to
Improve Charge Mobility.

Alexandra Harbuzaru, Min Zhang, Lamiaa Fijahi, Marta Mas-Torrent

Institut de Ciencia de Materials de Barcelona, ICMAB-CSIC, Barcelona, Spain

Organic semiconductors, particularly small-molecule systems, are increasingly explored for
next-generation electronics due to their tunable properties and compatibility with low-cost,
flexible  fabrication techniques. Ph-BTBT-10 (2-decyl-7-phenyl-[1]benzothieno[3,2-
b][1]benzothiophene) is a high-performance p-type organic semiconductor known for its high
charge carrier mobility and structural order. A key feature of Ph-BTBT-10 is its ability to adopt
polymorphic forms — monolayer or bilayer packing — depending on processing conditions
(Figure 1).

This work focuses on the temperature-dependent structural evolution of Ph-BTBT-C10 thin
films, with particular attention to how deposition temperature influences molecular packing and
crystallinity. Using bar-assisted meniscus shearing (BAMS, Figure 2), we fabricated thin films
of neat Ph-BTBT-C10 and Ph-BTBT-C10:PS blends under varying substrates temperatures.
We further examined the effects of post-deposition thermal annealing on phase stability and
transitions between polymorphs.

Our findings reveal that subtle changes in deposition temperature and annealing conditions
lead to significant modifications in molecular packing, directly impacting the semiconductor’s
structural phase and consequently, the charge transport characteristics in organic field-effect
transistors (OFETs). This highlights the critical role of thermal processing in tailoring organic
semiconductor performance through polymorph control.

[1] lino, H., Usui, T., & Hanna, J.I, et al., Liquid crystals for organic thin-film transistors. Nature
Communications, 2015, 6, 6828.

[2] Riera-Galindo, S., Tamayo, Adrian, & Mas-Torrent, M., Role of polymorphism and thin-film
morphology in organic semiconductors processed by solution shearing. ACS Omega, 2018,
3(2), 2329-23309.

[3] Adrian Tamayo. et al., Mobility anisotropy in the herringbone structure of asymmetric ph-
btbt-10 in solution sheared thin film transistors. Journal of materials chemistry. C, 2021, 9(22),
7186-7193.
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Fabrication of Organic Transistors and Organic Photo Detectors with High-
Speed Blade-Coated Active Layer Using Liquid Crystallinity

Issei Suzuki, Hiroaki lino
Institute of Science Tokyo, Japan, Institute of Science Tokyo, Japan

High-speed film fabrication of active layers is a challenge for the roll-to-roll manufacturing of
organic semiconductor devices. For the organic thin film transistors (OTFTs) using small
molecular materials, although high mobility is expected, their high crystallinity makes it difficult
to fabricate uniform polycrystalline thin film due to random nucleation and crystal growth on
the substrate. Also, bulk-heterojunction films which are used for organic photodetectors
(OPDs) decrease photoelectric conversion efficiency due to an increase in grain size at high
film fabrication speeds.

In this study, liquid crystalline organic semiconductors Ph-BTBT-10 and 8H2Pc thin films were
fabricated by high-speed blade-coating at 140 mm/s for OTFTs and OPDs, respectively.
Uniform polycrystalline thin films were fabricated and high TFT mobility of 4.9+0.32 cm2/Vs
with small variation were achieved by fabricating Ph-BTBT-10 at the temperature of liquid
crystal phase[1]. The effect of prevention of random nucleation and crystal growth by film
fabrication at liquid crystal phase temperature was observed from polarized optical
microscope images and X-ray diffraction measurements. This high performance was achieved
by fabricating Ph-BTBT-10 crystalline thin films utilizing the liquid crystal film as precursor[2].
Also, 8H2Pc suppressed the increase of grain size during high-speed film fabrication due to
the weak intermolecular interaction of the liquid crystalline material. The atomic force
microscopy image of 8H2Pc:PC61BM=1:1 bulk-heterojunction film showed nm-scale grain
size, which is ideal for bulk-heterojunction at high film fabrication speed. Due to the ideal
morphology, fabricated OPD achieved responsivity of 0.22 A/W, which is equivalent to the
previously reported value for spin-coated films[3].

[1] 1. Suzuki, J. Hanna, and H. lino, “High-speed blade-coating using liquid crystalline organic
semiconductor Ph-BTBT-10" Applied Physics Express, 17, 051007 (2024).

[2] H. lino, T. Usui, and J. Hanna, “Liquid crystals for organic thin-film transistors,” Nature
communications, 6, 6828 (2015).

[3] S. Kabir, Y. Takayashiki, J. Hanna, and H. lino, “Solution-processed near-infrared organic
photodetector based on a liquid crystalline phthalocyanine derivative for vital signal
monitoring,” Japanese Journal of Applied Physics 62, SC1013 (2023).
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Macrocyclic Covalent Encapsulation of Multi-resonant Emitters for Organic
Light-Emitting Diodes

Erin M. Holdsworth, Hwan-Hee Cho, Andrew D. Bond, Stephanie Montanaro,
Sebastian Gorgon, Victor Riesgo-Gonzalez, Alexander J. Gillett, Daniel G.
Congrave, Richard H. Friend, Hugo A. Bronstein

University of Cambridge

In the development of next-generation organic light-emitting diodes (OLEDs), multi-resonant
(MR) structures have emerged as one of the most popular choices for terminal emitters since
their discovery in 2015, with over 400 boron-nitrogen frameworks reported to date. This
interest originates from an assortment of attractive properties, including a high
photoluminescence quantum vyield, narrowband emission, and the ability to upconvert dark
triplet states to bright singlets via thermally-activated delayed fluorescence (TADF). However,
the planar polycyclic structure of these emitters facilitates undesirable intermolecular
processes under operational conditions, which significantly limits device performance through
a broadening of the electroluminescence spectrum and the establishment of non-radiative
efficiency loss pathways.

In this work, we synthetically address these drawbacks by expanding upon the current
chemical space of this emitter class to covalently encapsulate archetypal MR-TADF structures
within protective macrocyclic rings. This molecular design suppresses these detrimental
concentration quenching effects, resulting in significant enhancements in both the external
quantum efficiency and colour purity of the corresponding OLEDs. Furthermore, our
established encapsulation strategy is adapted to synthesise model dimeric systems, enabling
the study of controlled through-space interactions between MR-TADF cores and a range of
conjugated moieties in the solution-state.

Overall, the emitters presented here enhance our fundamental understanding of device-
relevant intermolecular processes, while also allowing for the development of MR-TADF
materials with optimised OLED performances and novel functionalities for additional
applications.
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Excitonic Mechanisms Evolution during OLEDs degradation

Edoardo Stanzani, Vasilis Georgakopoulos, Simon Zeder, Beat Ruhstaller, Sandra
Jenatsch

Universitat de Valencia, Fluxim AG, Zurich University of Applied Sciences

Organic light-emitting diodes (OLEDs) are a leading display technology; however, their
operational lifetime remains a challenge, especially in high-luminance applications. In
particular, the mechanisms responsible for the efficiency decrease during operation are still
not well understood. In this study, we present a detailed investigation into the degradation of
an OLED structure using phosphorescent Ir(MDQ),(acac) as the emitter. We analysed the
electronic and excitonic changes of the OLED under constant current stress, combining
intermittent electro-optical characterization with device simulation. Previous studies have
rarely analysed electronic and excitonic changes simultaneously during device degradation.
The electronic characteristics were assessed through capacitance-voltage, capacitance-
frequency, and current-voltage measurements, which revealed the generation of trap states.
To study the evolution of excitonic mechanisms during degradation, we performed Modulated
Photoluminescence Spectroscopy (MPLS), a technique that combines electroluminescence
and photoluminescence. The electroluminescence decreased over time, accompanied by a
small shift in turn-on voltage. These changes are consistent with trap formation due to material
degradation. Interestingly, MPLS revealed a bias-dependent effect on photoluminescence:
below the turn-on voltage, it is suppressed due to increased non-radiative recombination;
above it, photoluminescence is enhanced, which appears counterintuitive. These findings
point to a complex interplay between trap dynamics, charge injection, and exciton interactions.
To interpret these observations, we performed electro-optical simulations using the Setfos
software, exploring various degradation scenarios. The results helped identify the dominant
mechanisms responsible for performance loss and suggest design modifications that could
improve device stability and extend operational lifetime.

not yet published
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Towards Durable Electron Emitters: Low-Work-Function Surfaces Formed with
Organic Bases

Manato Tateno, Miyu Moriyama, Masahiro Ohara, Katsuyuki Morii, Munehiro
Hasegawa, Hisao Ishii, Hirohiko Fukagawa

Graduate School of Science and Engineering, Chiba University, 1-33 Yayoi-cho, Inage-ku, Chiba 263-8522,
Japan, Faculty of Engineering, Shinshu University, 4-17-1, Wakasato, Nagano 380-8553, Japan; Nippon
Shokubai Co., Ltd., 5-8 Nishi Otabi-Cho, Suita, Osaka 564-8512, Japan,; Nippon Shokubai Research Alliance
Laboratories, Osaka University, 2-1 Yamadaoka, Suita, Osaka 565-0871, Japan; Center for Frontier Science,
Chiba University, 1-33 Yayoi-cho, Inage-ku, Chiba 263-8522, Japan; Molecular Chirality Research Center, Chiba
University, 1-33 Yayoi-cho, Inage-ku, Chiba 263-8522, Japan

Photocathodes are essential components for the first cathodes of photomultiplier tubes and
electron sources of synchrotron radiation facilities. In most cases, Cesium (Cs) is
indispensable for reducing the work function (WF) and enhancing the quantum efficiency (QE)
of photocathodes. For achieving high QE under visible light, negative electron affinity
photocathodes, such as gallium arsenide-based photocathodes (GaAs:(Cs,0)), have attracted
attention1. However, these photocathodes suffer from limited lifetimes due to the instability of
Cs on their surfaces. Therefore, developing low-WF surfaces without Cs is crucial for
improving their operational lifetimes. Here, we focus on techniques for reducing WFs using
organic bases, which form coordinate bonds between these molecules and substrates2. This
interaction brings interfacial charge transfer and orientation polarization of organic bases,
resulting in WF reductions. We investigated the stabilities of WF and the QEs of organic bases,
aiming to improve the lifetimes of photocathodes. Rotary Kelvin probe measurements3 and
ultraviolet photoelectron spectroscopy measurements were performed to measure WFs of
some organic bases in high vacuum and ultrahigh vacuum (UHV) conditions, respectively.
QEs were evaluated using the sub-femtampere source meter and the photomultiplier tubes in
UHV conditions. As a result, the WF of 4,7-bis(1-pyrrolidinyl)-1,10-phenanthroline (p-Pyrrd-
Phen) reached 2.18 eV and exhibited higher stability than that of Cs in both vacuum
conditions. Furthermore, QE in the 2.7-3.5 eV range of p-Pyrrd-Phen was more than twice
that of Cs. These results indicate that utilizing organic bases to reduce WFs improves the
lifetimes of the photocathodes and mitigates limitations associated with working vacuum
conditions.

1 J. Schaber, R. Xiang, and N. Gaponik, “Review of photocathodes for electron beam sources
in particle accelerators,” J. Mater. Chem. C 11(9), 3162-3179 (2023).

2 H. Fukagawa, K. Suzuki, H. Ito, K. Inagaki, T. Sasaki, T. Oono, M. Hasegawa, K. Morii, and
T. Shimizu, “Understanding coordination reaction for producing stable electrode with various
low work functions,” Nat. Commun. 11(1), 3700 (2020).

3 M. Ohara, H. Hamada, N. Matsuura, Y. Tanaka, and H. Ishii, “Impact of Intermittent
Deposition on Spontaneous Orientation Polarization of Organic Amorphous Films Revealed
by Rotary Kelvin Probe,” ACS Appl. Mater. Interfaces 15(49), 57427-57433 (2023).
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Unravelling optoelectronic properties of n-type polymer
poly(benzodifurandione)

Xianjie Liu, Jinpeng Yang, Qilun Zhang, Qifan Li, Haoran Tang, Fei Huang, Mats
Fahlman

Linkdping University Sweden, Yangzhou University China, South China University of Technology China

Doping induced delocalization of (bi)polarons and their intra-chain carrier transport in pi-
conjugated polymers is the basis of the field of “organic synthetic metals”, as well as the
foundation of modern organic electronic devices [1]. Today, the hole-dominant (p-type)
materials can reach conductivity to several thousand S/cm with no energy gap and very low
density of states (like tail states) at the Fermi level [2]. But the high-conducting n-type
(electron-dominant) one is rather lagging. The emerging of n-type polymer
poly(benzodifurandione)(PBFDO) has arisen great scientific interests with conductivity up to
2000 S/cm by self n-type doping with protons to balance the negative charge. Here, we
present our studies of optoelectronic properties of PBFDO by combing various advanced x-
ray/electron spectroscopies to unravel their metallic properties. It can be assigned to the first
real “organic synthetic metals” as a clear “Fermi” edge feature on PBFDO films was obviously
observed with a work function of about 5.3 eV, like clean metals. Moreover, the unoccupied
and occupied structure were also probed, as well as their interband/intraband transitions.
Despite short of theoretical calculation to describe the observed electronic structure, our
results can ambiguously support the intrinsic metallic properties of the novel PBFDO as
“organic synthetic metals”.

[1]1 A. D. Scaccabarozzi et al., Chem. Rev. 122, 4420 (2022).
[2] O. Bubnova et al., Nat. Mater. 13, 190 (2014).
[3] H. Tang et al., Nature 611, 271 (2022).
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Reducing Voltage Losses in Organic Photovoltaics Requires Interfacial
Disorder Management

Rong Wang, Larry Lier, Christoph J Brabec
Helmholtz Institute Erlangen-Nuremberg

Thanks to the introduction of non-fullerene acceptors, efficiencies of organic photovoltaics are
now approaching 20%. Closing the gap with inorganic photovoltaics requires minimizing
voltage losses without penalizing charge extraction, for which microstructure control is crucial.
However, the complex interplay between microstructure and charge generation,
recombination, and extraction has so far not been unraveled. Here, a systematic study linking
device performance to distinct microstructural features via machine learning is presented.
Building bi-layer devices allows to separately study the influence of aggregation and disorder
on the energies and lifetimes of bulk and interfacial states. Unambiguous assignments of
specific structural motifs to the device photophysics are thus possible. It is found that the
control of aggregation caused quenching is decisive for the exciton splitting efficiency and thus
the carrier generation. Furthermore, the static disorder at the donor-acceptor interface
controls the nonradiative recombination by shifting the excited state population from the bulk
toward the interface. Finally, the amount of disorder in the bulk is found decisive for charge
extraction. The finding that charge generation, recombination, and extraction are controlled by
distinct structural features, is the key to optimizing these motifs independently, which will pave
the way for organic photovoltaics toward the detailed balance limit.

Adv. Energy Mater. 2024, 14, 2400609.
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Direct measurement of kinetic rates in efficient organic emitters with thermally
activated delayed fluorescence

Xin Zhou, Kaiwen Guo, Gert-Jan A. H. Wetzelaer, Paul W. M. Blom, Yungui Li

Max Planck Institute for Polymer Research

The photophysical characterization of organic emitters with thermally activated delayed
fluorescence (TADF) is crucial for material development and device physics of organic light-
emitting diodes (OLEDs). Conventionally, photoluminescence (PL) decay and quantum yield
(PLQY) measurements are conducted under inert and oxygen atmospheres to estimate kinetic
rates of intersystem crossing, reverse intersystem crossing and non-radiative processes
involved in TADF emitters. Here, we present that for TADF systems with complete triplet
quenching by oxygen, the residual PL decay and PLQY in oxygen is directly correlated with
the transient decay and PL quantum yield in an inert atmosphere, making oxygen-based
measurements redundant. Furthermore, we present a facile experimental method to
determine the kinetic rates of highly efficient TADF materials with photoluminescence
quantum yields (PLQY) close to unity, based on a single transient PL measurement. With the
bi-exponential fitting parameters from the transient PL decay, analytical formulae have been
derived to calculate kinetic rates for all processes. Based on a well-known TADF emitter
4CzIPN with PLQY as high as 94.0% in toluene, kinetic rates can be obtained precisely based
on this method, comparable to widely used method with temperature-dependent time-resolve
photoluminescence. This approach simplifies the quantification of kinetic rates in highly
efficient TADF materials and can facilitate the development of TADF-based
electroluminescent devices
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Evaluation of charge injection and discharge processes in OLEDs by a
modified displacement current measurement

Yuya Tanaka, Megumi Inoue, Koki Kawamori, Ryo Koike
Gunma University

In organic light-emitting diodes (OLEDs), charge injection and discharge processes are key
factors in determining the device performance. Displacement current measurement (DCM),
which is a type of capacitance-voltage measurement, is a powerful tool for observing the
behavior of charge carriers in devices. In DCM, a triangular voltage (V) is applied to the OLED,
and the current (I) is measured. The effective capacitance (C) is obtained because of the | =
C(dV/dt) relationship in a static state. DCM enables the observation of both charge injection
during dV/dt>0 (forward scan) and discharge processes during dV/dt<0 (backward scan).
However, it is difficult to quantitatively evaluate the conductivity of a device because the
current is generally proportional to the effective capacitance, particularly before the actual
current flows. Therefore, in this study, we propose an advanced DCM using a voltage wave,
in which a small AC signal is superimposed on a triangular signal. By setting the frequency of
the AC voltage to be higher than that of the triangular voltage, the impedances for the forward
and backward scans can be obtained separately using the proposed method. To finely
estimate the impedance, the AC components of the applied voltage (Vac) and the response
current (lac) were fitted. In this presentation, we discuss the principle of the proposed method
and the impedance difference between charge injection and discharge processes.

Not yet published.
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Analysis of luminance decay curves in OLEDs: Comparing analytic and
numerical degradation models.

V. Georgakopoulos-Paltidis, E. Stanzani, B. Blulle, S. Jenatsch, B. Ruhstaller

Fluxim, University of Bayreuth, Zurich University of Applied Sciences, linstituto de Ciencia Molecular, Universidad
de Valencia

Phosphorescent and TADF OLED emitters utilize 100% of generated excitons which allows
them to achieve high efficiencies, this however comes at the cost of reduced lifetime due to
long-lived excitons and their interactions with emitter molecules. We observe this process by
monitoring the luminance decay under constant current and temperature conditions. Analytical
models can reliably predict the time evolution of the luminance decay using “stretched
exponential decay” formulas SED to fit a fraction of the total luminance decay data, L=L_0 e”(-
(tvn)AB ),1=AJM-y) eME_a V(k_B T) )(1). E_a and y capture the information regarding
temperature-activated and current-dependent degradation. Insight into the physical origins of
these empirical constants could help us conduct meta-analysis without relying on explicit time
domain fits. We perform simulations using an adapted degradation model (2) compatible with
an already established charge transport-trapping-recombination and exciton dynamics
framework present in the commercial software SETFOS (3). Simulated luminance decays are
generated using a typical HTL-EML-ETL OLED 3-layer stack. An SED analytic model is used
to analyse the data. A multitude of degradation pathways are simultaneously present but in
simulation we can separate them and trace the origins of a certain property like strong
temperature or current activation to a specific physical mechanism. The results reveal that
specific mechanisms can be distinguished by their current activation parameter y. We also
conduct a variation of simulation model parameters that shows our results are largely
insensitive to a range of material properties.

1. Yoshioka T, Sugimoto K, Ohata H, Miyaguchi S, Tsutsui T. Comprehensive Analysis
of Luminous Decay Curves for Accelerated Lifetime Testing of OLEDs.

2. Sim B, Kim JS, Bae H, Nam S, Kwon E, Kim JW, et al. Comprehensive Model of the
Degradation of Organic Light-Emitting Diodes and Application for Efficient, Stable Blue
Phosphorescent Devices with Reduced Influence of Polarons. Phys Rev Applied. 2020 Aug
3;14(2):024002.

3. Fluxim AG, Switzerland, see www.fluxim.com for Simulation software Setfos.
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Using cage linkers to capture the fundamentals of charge transfer for use in
bioimaging applications.

Aidan Matthews, Dr Jonathan P Knowles, Dr Marc K Etherington

Department of Mathematics, Physics & Electrical Engineering, Northumbira University - Department of
Mathematics, Physics & Electrical Engineering, Northumbria Engineering - Department of Applied Sciences,
Northumbria University.

Thermally activated delayed fluorescence (TADF) is a phenomenon that has seen significant
development since its first demonstration in 2012.1 Due to the nature of the process, and as
its name suggests, the light from TADF is released at the microsecond timescale rather than
the picosecond or nanosecond timescale expected for standard fluorescence. This temporal
element of TADF makes it a promising phenomenon for bioimaging2 where that time scale
will allow detection of the signal beyond the autofluorescence of biological systems.3 We have
shown that the Pd-catalysed ring expansion of allylic amines followed by their orthogonal [3+2]
cycloaddition with reactive tertiary amines yields novel species4 with through-space charge
transfer (TSCT) characteristics. This cage provides a steric aid for through-space interactions
between chromophores bound to each nitrogen core and the amine moieties of the cage give
way to selective deprotection of chromophores. Here we explore a range of different
chromophores (such as quinolines, dibenzothiophene-5,5-dioxide, etc) with different electron
accepting strengths to control the TSCT behaviour and colour tune the emission for future
bioimaging use.

1) H. Uoyama, K. Goushi, K. Shizu, H. Nomura, C. Adachi, Highly efficient organic light-
emitting diodes from delayed fluorescence, Nature, 2012, 492, 234-238.

2) S. Qi, S. Kim, V. Nguyen, Y. Kim, G. Niu, G. Kim, S. Kim, S. Park, J. Yoon, Highly Efficient
Aggregation-Induced Red-Emissive Organic Thermally Activated Delayed Fluorescence
Materials with Prolonged Fluorescence Lifetime for Time-Resolved Luminescence
Bioimaging, Appl. Mater. Interfaces, 2020, 12, 51293-51301

3) F. Fang, L. Zhu, M. Li, Y. Song, M. Sun, D. Zhao, J. Zhang, Thermally Activated Delayed
Fluorescence Material: An Emerging Class of Metal-Free Luminophores for Biomedical
Applications, Adv. Sci., 2021, 8, 2102970

4) C. Mikan, A. Matthews, D, Harris, C. E. Mclvor, P. G. Waddell, M. T. Sims, J. P. Knowles,
Stereoselective two-carbon ring expansion of allylic amines via electronic control of palladium-
promoted equilibria, Chem. Sci, 2023, 14, 6992-6996.
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Stoichiometry-Dependent Charge Generation Mechanisms in PM6:Y6 Blends

Titas Klepeckas, Vidmantas Gulbinas, Vidmantas JaSinskas, Marius Franckeviéius.
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PM6:Y6 blends remain among the most efficient materials for organic photovoltaics (OPVs),
yet the role of donor—acceptor stoichiometry in governing charge generation pathways is still
not fully understood; particularly in the context of scalable fabrication methods. Most prior
studies focus narrowly on optimized compositions, limiting insights into broader compositional
effects. In this study, we explore a wide range of PM6:Y6 blend ratios, from 11% to 89% donor
by weight, using drop-casting to fabricate active layers on interdigitated electrodes. Time-
resolved techniques, including transient fluorescence and pump—probe spectroscopy, were
used to probe exciton dissociation and charge transfer/generation dynamics. Our results
reveal that stoichiometry plays a critical role in determining the dominant charge generation
pathways in donor—acceptor blends. In donor-rich compositions, charge-transfer (CT) states
are readily formed, but they predominantly undergo geminate recombination, leading to low
free carrier yield. In contrast, acceptor-rich blends facilitate energy transfer processes, yet
these also result in geminate recombination, limiting charge separation efficiency. Near
stoichiometric (balanced) ratios, however, promote the formation of CT states that efficiently
dissociate into free charge carriers, likely due to balanced and enhanced mobilities of both
electrons and holes. These findings demonstrate that stoichiometric control is critical not only
for optimizing efficiency but also for tuning the fundamental photophysics of OPV systems.
This work emphasizes the need to extend material analysis beyond optimal blends to enable
scalable, robust solar cell design.
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The Influence of Lattice Vibration on Transport in Soft Structural Materials
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Traditionally, carrier-vibrational coupling has been considered a detrimental factor for carrier
transport, affecting both charge and exciton transport. However, recent studies have reported
a transient delocalisation mechanism in exciton and charge transport [1]. This novel regime
bridges the gap between coherent and incoherent transport, introducing an intermediate stage
that better explains phenomena observed in many soft-structured materials. Despite these
advancements, direct evidence for this regime and identification of the most effective
vibrational modes in carrier-phonon coupling remains unclear. Here, we develop femtosecond
transient absorption microscopy (fs-TAM) using a pulse train resonant with specific phonon
modes to measure carrier transport with 10 nm spatial resolution and 10 fs temporal resolution.
Our setup includes a 4f-line configuration with a spatial light modulator (SLM) [2]. We employ
perovskite to investigate how different phonon modes influence the transport regime.

References
1. Alexander J. Sneyd et al. Sci. Adv. 7,eabh4232(2021).
2. A. M. Weiner et al. Science 247,1317-1319(1990).
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MWCNT-PDMS based Triboelectric Nanogenerator for Self-powered Bio-
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With the tectonic evolution in technology, the paradigm shift in wearable and implantable
electronic devices has underscored the critical importance of establishing sustainable power
sources for their continued advancement. Triboelectric Nanogenerators (TENG) convert
mechanical energy to electrical energy offering promising solutions for realising self-powered
bio-electronic devices. In this work, TENGs are fabricated by using different weight
concentrations (0%, 2%, 4% and 6%) of Multiwalled carbon Nanotubes (MWCNT) —
Polydimethylsiloxane (PDMS) as triboelectric layers along with Aluminium and Copper as
electrodes. The experimental results reveal 79% increase in the open circuit voltage of TENG
with the addition of MWCNT into PDMS. This increase is attributed to the Density Functional
theory findings that reveals substantial decrease in band gap on addition of MWCNT by ~95%.
The effect of force and contact area on the ftriboelectric performance of TENG is also
evaluated. The fabricated TENG is affixed in shoe to power a digital wristwatch for 2 minutes
with 11 minutes of jogging followed by walking and running. To demonstrate self-powered
sensing capabilities, the developed TENG is integrated in a smart glove for grip strength
monitoring, aiding in tracking the progress of patients with disabilities. Further, single electrode
mode TENG is integrated to the pacemaker leads in helical fashion to power a commercial
cardiac pacemaker by harnessing energy from the movements of the pacemaker lead due to
heart motion. The developed TENG's broad applicability and societal impact signify a
significant stride in unlocking the potential of molecular electronics augmenting the next
generation healthcare systems.

1. Akshpreet Kaur, Gaurav Sapra, and Ankur Gupta. "Recent Progress on Energy
Harvesters for Biomedical Applications." Journal of Circuits, Systems and Computers (2021):
2130010. https://doi.org/10.1142/S0218126621300105

2. Akshpreet Kaur, Sukhbir Singh, Preetika Sharma, Gaurav Sapra, Ankur Gupta.
“Density Functional Theory and Experimental Investigations of MWCNT-PDMS based
Triboelectric  Nanogenerator.” Materials Today Communications (2022): 104742.
https://doi.org/10.1016/j.mtcomm.2022.104742
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“Smart Wearable Triboelectric Nanogenerator for Self-powered Bioelectronics and
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Nanomechanical Behavior of m-Conjugated Systems: From Single-Molecule to
Polymers
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Tr-conjugated systems are central in organic electronics whose optoelectronic properties are
tuned by molecular design to improve the efficiencies of devices. Besides, their nanoscale
mechanical properties are key for the development of flexible devices. In this contribution, we
will discuss the mechanical properties for three different systems at different length scales
using molecular dynamics (MD) simulations. We first investigated a PDI dimer where the two
molecules interact through non-bonded interactions. Here, we unraveled the mechanism for
disrupting the 1 stacking of the two PDIs as observed in atomic force microscopy (AFM) pulling
experiments and linked it to concerted relative rotation and sliding of the two PDls. .

We next explored the impact of the addition of linear alkyl chains on the mechanical response
of small molecule organic semiconductors. We focused on DNTT and its alkyl derivative C8-
DNTT-CS8, largely used in organic field-effect transistors. Combining MD and AFM, we showed
that while the side chains provide more flexibility along the backbone of the molecule, C8-
DNTT-C8 becomes stiffer in the conduction plane as compared to bare DNTT.

Finally, we investigated two polymers, PBTTT, a semi-crystalline polymer, and IDTBT, with a
near amorphous morphology that exhibit contrasting mechanical behaviors.[1] Indeed, atomic
force microscopy (AFM) mapping reveals a heterogeneous Young’'s modulus in PBTTT,
compared with a more uniform one in IDTBT. To gain insight behind these disparities, we use
molecular dynamics (MD) simulations to correlate microstructure with mechanical response
and highlights the role of the anisotropy of mechanical responses.

[1] S. Cristofaro et al., J. Mater. Chem. C, 2025, Advance Article
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Memristive switches in rigid rod-like single-molecule junctions
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Memristors are electronic components whose resistance depends on both the applied bias
and its history. These elements are key building blocks for memory and neuromorphic
computing, where they emulate neuronal and synaptic behavior [1]. A major challenge,
however, is developing low-power, scalable, and reproducible devices. Molecular electronics
offers a possible route toward nanoscale memristors. Molecular switching mechanisms have
been studied extensively and hysteretic current-voltage curves could be used to make
memristor components. Several attempts of single-molecule and large-area devices has been
proposed as memristive components based on redox reaction or internal structure changes
[2-4]. Here we report that even rigid rod-like molecules, which lack an obvious internal
switching pathway, can display robust, non-volatile memristive behavior.

We measured and analyzed |-V characteristics of rod-like molecular junctions formed with a
mechanically controllable break junction setup at low temperature. A surprisingly large fraction
of junction configurations exhibited hysteretic bistable conductance switches. We attribute this
electric-field-driven switching to extrinsic effects: (i) open—close toggling of the molecule—
electrode contact, (ii) shifts in the injection point along the backbone, and (iii) rearrangement
of gold atoms at the electrodes. Systematic comparisons of weak versus strong anchoring
groups and linear versus bent geometries have been performed. Our findings underscore the
rich switching landscape even in simple molecular systems and highlight the challenge of
disentangling intrinsic molecular mechanisms from mechanically assisted ones—knowledge
that is essential for designing reliable molecular memristors.

[1] Kudithipudi, D., Schuman, C., Vineyard, C.M. et al. Neuromorphic computing at scale.
Nature 637, 801-812 (2025). https://doi.org/10.1038/s41586-024-08253-8

[2] Han, Y., Nickle, C., Zhang, Z. et al. Electric-field-driven dual-functional molecular switches
in tunnel junctions. Nat. Mater. 19, 843—-848 (2020). https://doi.org/10.1038/s41563-020-0697-
5

[3] Oliver Linnenberg, Marco Moors, Almudena Notario-Estévez, Xavier Lopez, Coen de
Graaf, Sophia Peter, Christoph Baeumer, Rainer Waser, and Kirill Yu. Monakhov, Journal of
the American Chemical Society 2018 140 (48), 16635-16640.
https://pubs.acs.org/doi/10.1021/jacs.8b08780

[4] Xiaodong Yin et al. ,A reversible single-molecule switch based on activated
antiaromaticity.Sci.Adv.3,eaa02615(2017).
https://www.science.org/doi/10.1126/sciadv.aa02615
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Towards Minimalistic and Programmable Organic Photonic Devices for
Sensing and Data Storage
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The unique properties of organic semiconductors enable the development of highly functional,
minimalistic photonic devices. Programmable luminescent tags (PLTs) combine key
advantages of phosphorescent emitters: persistent luminescence in the millisecond range for
convenient readout and oxygen-sensitivity as a controlled switch for labeling, data transfer,
and sensing applications [1,2]. Although initial demonstrations have validated their
functionality, several challenges remain before this technology can meet the demands of real-
world applications, particularly in terms of performance, reproducibility, biodegradability and
system integration.

In this contribution, we present recent advances in the design, fabrication, and characterization
of PLTs, enabling the development of new application scenarios. Our research combines
targeted chemical synthesis, advanced photophysical characterization, and quantum chemical
modelling, providing fundamental insights into structure—property relationships and
operational mechanisms. Addressing the growing demand for sustainable applications, we
report on the successful incorporation of fully industrially compostable materials into PLTs [3].
Furthermore, we demonstrate how these programmable devices can be tailored for compact
and responsive sensing applications, broadening their potential impact beyond conventional
data storage.

Altogether, our findings strengthen the development of scalable, resource-efficient, and
environmentally responsible technologies within the field of organic photonics.

[1] Gmelch et al. Sci. Adv. 2019
[2] Gmelch et al. Adv. Sci. 2021
[3] Thomas et al., Adv. Mat. 2024
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Applications of perovskite LEDs in multifunctional display and light
communication system
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Metal halide perovskites possess unique optical and electronic properties, making them very
promising for achieving high performance optoelectronic devices. Here we demonstrate
examples of using perovskites as emitters for applications in multifunctional displays and
visible light communications (VLCs).

Here, we develop multifunctional displays using highly photo-responsive metal halide
perovskite LEDs (PeLEDs) as pixels. Firstly, we develop multifunctional displays using highly
photo-responsive metal halide perovskite LEDs (PeLEDs) as pixels following our previous
publication. With efficient defects passivation in perovskite layers, the red emissive PeLEDs
shows an external quantum efficiency (EQE) of 10% when working at LED model and a power
conversion efficiency (PCE) of 5.34% at photovoltaic model. Due to the strong photo response
of the PeLED pixels, the display can be simultaneously used as touch screen, fingerprint
sensor, ambient light sensor, and image sensor without integrating any additional sensors.
The multiple-functions of our PeLED pixels can not only simplify the display module structure
and realize ultra-thin and light-weight display, but also significantly enhance the user
experience by these advanced new applications, and this is a feature hardly possible for
conventional LED technologies.

Additionally, we demonstrate a perovskite-based VLCs system with PeLEDs and PePVs.
These demonstrations show that perovskite optoelectronics will have special advantages in
the future for high performance and low-cost telecommunication devices.""1. Yuan, Z. et al.,
Joule 6, 2423-2436, (2022).

2. Bao, C.#, Yuan, Z.#, et al., Nat. Electron 7, 375-382 (2024) (# contribute equally).
3. Oh et al., Science 355, 616—619 (2017)
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CMOS sensor-derived 2D-characterisation of organic photonic devices with
persistent luminescence
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Photonic devices, which are technologies operated, controlled, and utilized solely through the
absorption and emission of light, are a key step towards more sustainable high-tech solutions
for sensing, imaging, information storage, and anticounterfeiting. One promising example is
programmable luminescent tags (PLTs), which use the oxygen sensitivity of room-temperature
phosphorescence (RTP) from organic molecules as a controlled switching mechanism [1,2].
With the persistent emission through RTP in the millisecond range and beyond, this
minimalistic yet powerful technology enables relatively easy readout. Even a fully functional
industrially compostable device has been recently realised by us [3].

Further understanding and optimisation of the new technology require analysing the time
scales behind this switching process, which demands new experimental techniques beyond
spectroscopic measurements. Integrating a complementary metal-oxide-semiconductor
(CMOS) camera sensor into our instrument pool provides high-resolution images for spatial
and temporal analysis of PLTs. The individual readout of pixel information contributes insights
into the statistical distribution of activation time and brightness. This 2D mapping of data not
only allows for drawing conclusions about competing processes behind the working principle
of PLTs, but also provides insight into the structural irregularities of the device layers. Imaging
techniques thus represent an excellent extension to the characterization of material systems
for photonic technologies, enabling us to understand structure-property relationships and
optimize production processes, opening up new opportunities to utilize PLTs for the storage
and exchange of information.

[1] Gmelch et al. Sci. Adv. 2019.
[2] Gmelch et al. Adv. Sci. 2021.
[3] Thomas et al. Adv. Mater. 2024.
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Data-Driven Insights into the UV Stability of Organic Semiconductors for High-
Performance Solar Cells
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The intrinsic ultraviolet (UV) stability of organic semiconductors is a critical factor affecting the
long-term performance of organic solar cells (OSCs). In this work, we systematically
investigated over 100 organic semiconductor materials to understand how molecular structure
influences intrinsic UV stability. Combining comprehensive data analysis with machine
learning approaches, we identified key structural descriptors that strongly correlate with
degradation behavior under UV exposure. Our predictive models not only achieve high
accuracy in stability assessment but also provide interpretable structure—stability
relationships, enabling the rational design of more robust materials for OSC applications.
These findings demonstrate the potential of data-driven strategies to accelerate the discovery
of stable organic semiconductors and improve the operational lifetime of next-generation
photovoltaic devices.
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Role of chlorides salts in the crystallization of FA based perovskite thin films
for solar cells
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Since the emergence of formamidinium (FA)-based perovskite photovoltaics (PVs), significant
improvements in device performance have been achieved. Various additives, particularly
chloride salts, have been introduced to further enhance performance. However, the specific
roles of these additives in the crystallization process of perovskite films remain insufficiently
understood. In this study, we investigated the effects of three different chloride salts—
methylammonium chloride (MACI), formamidinium chloride (FACI), and cesium chloride
(CsCl)—introduced during the spin-coating process. The resulting device performances were
systematically compared. A range of characterization techniques was employed to explore the
relationship between salt treatment and device efficiency. In particular, we utilized in-situ
photoluminescence (PL) measurements to monitor the formation and evolution of perovskite
films throughout spin coating, annealing, and cooling processes.



