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Ultrafast singlet fission dynamics in pentacene and high quality 
rubrene single crystals

D. R. Maslennikov1, M. Maimaris1, X. Zheng1, Y. Dong1, V. V. Bruevich2, Vitaly V. Podzorov2,  
A. J. Musser3, A. A. Bakulin1

1 Imperial College London, Chemistry Department, UK 
2 Rutgers University, Physics Departments, USA 

3 Cornell University, Department of Chemistry and Chemical Biology, USA 
e-mail: a.bakulin@imperial.ac.uk

Singlet fission (SF) is an inherently multielectron process in which one singlet exciton S coverts into a pair 
of triplet excitons T+T 1. To elucidate and control SF mechanism, recently great attention has been given to 
identification of intermediate states in SF materials, which often appear elusive due to complexity and fast 
timescales of SF process2. Here we apply a set of transient absorption (TA) techniques to high-purity rubrene 
single crystals to disentangle the intrinsic fission dynamics from the effects of defects and grain boundaries 
and to identify fission intermediates. Using sub-10fs TA, we show that SF in rubrene is mediated by the forma-
tion of short-lived states with a hybrid singlet/triplet character which rapidly (~100fs) decay to either singlet 
or T+T triplet pair. We assign this intermediate the vibronically-assisted mixture [S:TT] of singlet state and 
triplet multiexciton. The relaxation of [S:TT] to S is followed by a relatively slow and temperature-activated 
(50 meV activation energy) incoherent fission process. The revealed SF competing pathways and intermedi-
ates unify the observations and models presented in the previous studies of rubrene and propose alternative 
strategies for the development of SF-enhanced photovoltaic materials.

1 Smith, M.B., Michl J. Singlet Fission. Chem. Rev. 2010, 110(11), 6891–6936.
2 Stern, H. L., Musser A. J., et al. Identification of a triplet pair intermediate in singlet exciton fission in solution. Proc. Natl. Acad. 
Sci. U. S. A. 2015, 112, 7656 —7661.
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Spin-spin interactions in organic LEDs,  
or can spins make OLEDs better?

Vladimir Dyakonov

University of Würzburg, Experimental Physics VI, 97074 Würzburg, Germany  
*e-mail: vladiakon15@gmail.com

Spin-spin interactions in organic light-emitting diodes (OLEDs) based on thermally activated delayed fluo-
rescence (TADF) are of central importance, as radiative recombination is largely determined by triplet-to-sin-
glet up-conversion, also called reverse intersystem crossing (RISC). This process is thermally activated and 
can be investigated by spin sensitive techniques such as electroluminescence detected magnetic resonance 
(ELDMR). The idea behind these experiments is that the static magnetic field applied to devices modifies only 
the energy levels of triplet states due to Zeeman splitting, thus changing the emission rates. We observed that 
resonant microwave radiation, applied to OLEDs by a stripline, led to an increase in electroluminescence. 
Crucially, the triplet exciplex states in OLEDs are highly spin-polarized and the characteristic spin-lattice 
relaxation T1 time far exceeds the RISC time. We conclude that slow spin relaxation, rather than RISC, is an 
efficiency-limiting step for intermolecular donor-acceptor TADF systems1.

1 S. Weissenseel et al., Science Adv. 2021, 7, abj9961.
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Intrinsic Visible Light Emission of Aggregated Non-Conjugated 
Organic Molecules - a Critical Analysis

Johannes Gierschner

Madrid Institute of Advanced Studies, IMDEA Nanociencia, Madrid, Spain 
*e-mail: johannes.gierschner@imdea.org

In the past few years, increasing attention has been paid to so-called ‘non-conventional¡ emission phenom-
ena, i.e. visible light emission arising from aggregated non-conjugated all-organic molecules.1 This includes 
inter alia macromolecules like non-aromatic polymers and proteins as well as polypeptids and sugars, and 
even simple structures like imines and nitriles, imides, siloxanes, alcohols, boric acid or halogenated hydro-
carbons. Furthermore, small p-conjugated molecules (like benzene, acroleine) are considered, which do not 
absorb and emit in the visible, but are suggested to do so upon cluster formation,2 or hyper-conjugation when 
incorporated into non-conjugated polymers.3

Despite the multitude of reports, many of the research papers and reviews within this community stay 
rather phenomenological in their description. Scientific hypotheses on the specific electronic conditions of the 
constituting non-conjugated molecules remain often diffuse, and miss a systematic classification and rational-
ization based on the underlying electronic nature of the emitting electronic states. Similarly, the intermolecular 
interactions upon aggregation, which are supposed to drive further spectral shifts towards the visible region as 
well as the proposed luminescence enhancement stay rather descriptive. Terms like ‚through-space conjuga-
tion’ and ‚clusterization’ appear without proper contextualization with well-established concepts developed in 
the last century. Finally, alternative hypotheses, which may apply for some of the observations, like trapping 
by contaminations are hardly considered in this community.

To overcome the fragmentation of the field and to forge a link between the materials’ community dedicated 
to non-conventional PL with the photophysics/-chemistry field with their well-established terminology and 
concepts, we undertake in the following a simple systematic classification of non-conjugated molecules with 
respect to the nature of the lowest excited state based on electronic structure considerations. This will be used 
to identify those fluorogenic functional groups, which are predestined to emit PL in the visible (or the near 
UV) already in the vapor phase or in solution under certain conditions, and which are in fact overseen in this 
community.

This will provide a distinctive criterion on the question what is specifically ‘aggregation-induced’ when we 
then turn to interacting fluorogenic functional groups in a systematic manner, identifying suitable candidates 
to show visible light emission, while excluding others. We will then finally discuss how exciton migration and 
disorder may assist or inhibit effective visible light emission in such aggregates.

1 see for instance (a) D. A. Tomalia et al, Progress Poly. Sci. 2019, 90, 35; (b) N. Jiang et al, Mater. Chem. Front. 2021, 5, 60; (c) S. 
Tang et al, Chem. Soc. Rev. 2021, 50, 12616; 
2 see for instance (a) P. Liao et al, Mater. Chem. Front., 2021,5, 6693; (b) H. Zhang, B. Z. Tang, JACS Au 2021, 1, 1805.
3 see for instance A. Perevedentsev et al, Macromol. 2020, 53, 17, 7519
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Physics of cell membrane opto-stimulation
G. Lanzani 1,2

1Italian Institute of Technology, Center for nano Science and Technology 
2Politecnico di Milano, Department of Physics 

*e-mail: guglielmo.lanzani@iit.it

The overarching goal of our research is to manipulate the light-bio-matter interaction to obtain control over 
the functioning of living systems. Light can control cell activity, with high space and time resolution and a 
virtually infinite number of configurations, free from wiring constrains. We develop and study non-genetic cell 
opto-stimulation techniques based on artificial light actuators that establish functional abiotic-biotic interfaces 
able to transduce a light signal into a biological stimulus. This talk reports on the state of our research regard-
ing organic bio interfaces for inducing light sensitivity in cells, both in vitro and in vivo. Light actuators comes 
in different shapes: planar patches, nanoparticle, intra-membrane probes. Their coupling mechanism is still far 
from being understood and attempts to shed light will be introduced. The research aims at a new technological 
platform for application in life enhancing technologies or new cyborg technologies. One of the most appealing 
application of this emerging technology is rescue vision in blind people. 
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Tailoring electronic structure of SWCNTs for optoelectronic 
applications 
Albert G. Nasibulin

Skolkovo Institute of Science and Technology, Nobel str. 3, Moscow, 143026, Russia  
*e-mail: a.nasibulin@skol.tech  

Single-walled carbon nanotubes (SWCNTs) are among the strongest candidates for the replacement of 
commonly used transparent and conductive films (TCFs) based on doped metal oxides, such as indium tin 
oxide. SWCNTs possess unique multifunctional nature, which is based on their outstanding combination of 
mechanical strength and flexibility, chemical stability, exceptional electrical conductivity and optical proper-
ties. However, to fully utilize these properties in modern transparent electrode applications, SWCNT-based 
TCFs have to demonstrate the optoelectronic performance at the level of high-end ITO-based TCFs. 

Using gold chloride as the most effective dopant for the SWCNTs, we improve their optoelectrical charac-
teristics by optimizing the doping solvent and conditions. We examined various solvents to push the optoelec-
trical performance of the TFCs based on SWCNTs. As a result, we obtained the sheet resistance as low as 40 
Ω/□ at the transmittance of 90% (at 550 nm) using 15 mM HAuCl4 solution. This optoelectrical performance 
is better than that of ITO on PET substrates and satisfy most of the requirements for modern applications and 
relatively stable without additional protection over two years storing under ambient conditions. We propose a 
few interesting novel methods for SWCNT doping: aerosol doping and dip-coating methods will be discussed. 
Also, we propose a novel approach to enhance optoelectronic performance of SWCNTs using ionic liquid. The 
method provides fine and reversible tuning of optoelectrical properties of SWCNT films over a wide range 
of parameters. Using imidazolium-based ionic liquid with a wide electrochemical window (BMIM-PF6), we 
achieved the film sheet resistance as low as 53 Ω/sq at the 90% transmittance, thereby shifting the SWCNT 
Fermi level up to 1.4 eV. We believe the results to promote collateral research of adjustable tuning of the 
electronic structure of carbon nanomaterials as promising components for future electronics, electrochromic 
devices, and ionotronics.

Although carbon nanotubes have been already demonstrated to be a promising material for bolometric 
photodetectors, the sensitivity enhancement while maintaining the speed of operation remains a great chal-
lenge. Treatment of carbon nanotube films with low frequency oxygen plasma allows fine tuning of electronic 
properties of the material. The temperature coefficient of resistance of our films is much greater than reported 
values for pristine carbon nanotubes, up to -2.8% K-1 at liquid nitrogen temperature. The bolometer prototypes 
made of the treated films demonstrate high sensitivity in a wide IR range, short response time, smooth spectral 
characteristics and low noise level.

And finally, we develop a novel transparent p-type flexible electrode based on SWCNTs combined with 
poly(3,4-ethylenedioxythiophene) polystyrene sulfonate (PEDOT:PSS), molybdenum oxide and SWCNT fi-
bers. We achieved a record equivalent sheet resistance of 17 Ω/sq with a transmittance of 90% at 550 nm and 
a high degree of flexibility. We demonstrate that our solar cells based on the proposed electrode and hydroge-
nated amorphous silicon (a-Si:H) yield an outstanding short-circuit current density of Jsc = 15.03 mA/cm2 and 
a record power conversion efficiency of PCE = 8.8% for SWCNTs/a-Si:H hybrid solar cells.

This work was supported by the Russian Science Foundation (Project identifier: 22-13-00436) and RFBR 
(project number: 20-03-00804). A.G.N. thanks the Council on grants of the President of the Russian Federa-
tion grant number НШ-1330.2022.1.3. 



9

PLENARY SESSION

Fluorescence nanoscopy as a tool for solid  
state physics and material science

A. V. Naumov 1,2,3

1Lebedev Physical Institute RAS, Troitsk Branch, Moscow, Troitsk 
2Institute for Spectroscopy RAS, Moscow, Troitsk 
3Moscow Pedagogical State University, Moscow

This tutorial lecture overviews history, main principles, advantages and perspectives of the scientific field 
of optical nanoscopy (superresolution fluorescence microscopy in terms of methods which use detection of 
multiple single label <quantum> emitters). We discuss experimental techniques for detection of single mol-
ecules in condensed matter, and quantum emitters in general (semiconductor quantum dots, color centers in 
diamonds, perovskite particles), incl. at cryogenic temperatures. The recent studies of our group (www.sin-
gle-molecule.ru) will be shown, including single-molecule nanoscopy for study low-temperature dynamics of 
disordered solids (polymers, glasses, molecular crystals - Shpol’skii matrixes). The microscopic nature of the 
blinking photoluminescence effect of single QDs, the results of studies of local field effects, as well as the pro-
cesses of spectral diffusion and electron-phonon coupling in impurity polymer media with quantum dots and 
organic molecules are considered. The results of a comparative analysis with data obtained by other methods 
(photon echo, Raman scattering, electron microscopy) are presented. The capabilities of the three-dimension-
al (3D-) fluorescence nanoscopy technique implemented according to the scheme of the double-helix point 
spread function (DHPSF) with the use of adaptive optics tools are demonstrated1,2,3,4,5.

The lecture presents the results obtained by the team of authors of the Leading Scientific School of Russia 
headed by RAS Corr. Memb. A.V. Naumov (NSh-776.2022.1.2).

Researches were supported by State Contract of MPGU (AAAA-20-120061890084-9) and in part of spec-
tromicroscopy of perovskite materials by Russian Science Foundation (20-12-00202).

1 A.V. Naumov et al. Physics Uspekhi 56, 605 (2013); Nano Letters 18, 6129 (2018)
2 I.Y. Eremchev et al. Physics Uspekhi 62, 294 (2019); 65, 617 (2022); Adv. Opt. Mater. 9, 2001596 (2021).
3 E.P. Kozhina et al. Bull. RAS: Physics 84, 1465 (2020)
4 I.Y. Eremchev et al. J. Phys. Chem. C 125, 17774 (2021)
5 A.I. Arzhanov et al. Photonics Russia 15, 622 (2021); 16, 96 (2022); Las. Phys. 29, 124009 (2019)
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Сonjugation in organic molecules
S.A. Ponomarenko1,2

1Institute of Synthetic Polymer Materials RAS 
2Moscow State University, Department of Chemistry 

*e-mail: ponomarenko@ispm.ru

The active development of organic electronics and photonics leads to the search for new highly efficient 
functional organic materials possessing semiconducting, light emitting or light harvesting properties. A large 
number of works are devoted to the synthesis and study of novel π-conjugated molecules and their application 
in organic field-effect transistors, organic light-emitting diodes and transistors, solar cells and other devices. 
A wide variety of molecular structures of organic molecules leads to different conjugation pathways within 
the molecule, which influence their HOMO and LUMO levels, bandgap, and hence their optical and semicon-
ducting properties. Liner-, cross- and omniconjugation introduced by J.C. Hummelen in 2004 not only lead to 
understanding the difference in optical properties of many conjugated molecules of various structure, but also 
allows to designing novel organic molecules with linear π-conjugated pathways between all the substituents1.

In this lecture, several classes of organic molecules with different conjugation patterns, peculiarities in their 
synthesis, properties and application in organic electronic and photonic devices will be considered (Fig. 1). 
Branched molecules based on 1,3,5-substituted benzene theoretically considered by Hummelen as non-conju-
gated can be also described as meta-conjugated molecules with some peculiarities in conjugation2. Branched 
oligoarylsilanes were found to be non-conjugated as a whole molecule, leading to molecular antenna prop-
erties with ultrafast intramolecular energy transfer between their branches3. Donor-acceptor molecules based 
on triphenylamine were found to be fully conjugated with internal energy transfer leading to low bandgaps4. 
Changing molecular structure of such molecules allows tuning their optical properties for various optoelec-
tronics devices, even for such exotic as full-colour artificial retinas5.
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Fig. 1. Examples of π-conjugated molecules with different conjugation patterns

This work was supported by the Russian Science Foundation (grant 19-73-30028).

1 van der Veen M.H., Rispens M.T, Jonkman H.T, Hummelen J.C. Adv. Funct. Mater. 2004, 14(3), 215-223.
2 Skorotetcky M.S., Surin N.M., Svidchenko E.A., Pisarev S.A., Fedorov Y.V., Borshchev O.V., Kuleshov B.S., Maloshitskaya O.A., 
Ponomarenko S.A. J. Phys. Chem. B, 2022 (in press).
3 Ponomarenko S.A., Surin N.M., Skorotetcky M.S., Borshchev O.V., Pisarev S.A., Svidchenko E.A., Fedorov Yu.V., Molins F., 
Brixner T. J. Mater. Chem. C, 2019, 7(46), 14612.
4 Luponosov Yu.N., Solodukhin A.N., Balakirev D.O., Surin N.M., Svidchenko E.A., Pisarev S.A., Fedorov Yu.V., Ponomarenko 
S.A. Dyes Pigm. 2020, 179, 108397.
5 Skhunov M., Solodukhin A.N., Giannakou P., Askew L., Luponosov Yu.N., Balakirev D.O., Kalinichenko N.K., Marko I P., 
Sweeney S.J., Ponomarenko S.A., J. Mater. Chem. C, 2021, 9, 5858-5867.
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Establishing structure/property interrelations of organic 
semiconductors using fast calorimetry

Natalie Stingelin

Georgia Institute of Technology

Commercialization of differential scanning calorimetry (DSC) fifty years ago led to widespread use of calo-
rimetric methods for thermal characterization. Modern DSC instruments can measure physical transitions, the 
kinetics of reactions, and other transformations quickly and easily. A material’s glass transition temperature 
provides insights to its mechanical, chemical and thermodynamic properties. Measuring the glass transition 
temperature of many functional polymer systems is, however, often difficult due to varying molecular weights, 
dispersity, and low degree of crystallinity. Hence, traditional DSC methods are usually not sensitive enough to 
detect the heat response that reflect the material’s glass transition. Fast scanning calorimetry (FSC) can mea-
sure at rates greater than 10,000 K/s, allowing for the measurement of isothermal crystallization and study of 
the formation of glasses. Some semi-crystalline polymers have reported glass transition temperatures that span 
50 degrees Celsius or more. Knowledge of the ‘true’ glass transition, other important phase transitions and, 
e.g., their solidification kinetics can be obtained by measuring relaxation enthalpies with FSC. This method 
of quenching from the melt and isothermally aging the material provides a glass transition temperature that is 
not rate dependent and can provide information on the existence of mobile and rigid amorphous phases, all of 
which are important in material processing as well as in establishing relevant structure/property interrelations. 
We discuss how the FSC technique can be used for the identification of thermodynamic transitions of donor 
polymers (PCDTBT) and acceptor molecules (fullerene derivatives) commonly used in the organic solar cell 
area. Moreover, we provide examples how the change in glass transition temperature of PCDTBT can be 
tracked before and after UV-light curing. Other illustrations involve inorganic/organic hybrid materials of dif-
ferent crosslink densities and how this affects the glass transition of the final structures. Accordingly thermal 
analysis can be exploited to obtain important structural information of this new class of materials and, in turn, 
processing guidelines can be established towards materials of specific optical or electrical characteristics, and 
improved materials design for organic photovoltaic blends. 
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Towards understanding molecular structure – photostability 
relationships for design of new absorber materials for efficient  

and stable organic photovoltaics
Pavel A. Troshin

Institute for Problems of Chemical Physics of Russian Academy of Sciences (IPCP RAS),  
Academician Semenov prospect 1, 142432, Chernogolovka, Moscow region, Russian Federation

In the view of a rapid increase in efficiency of organic solar cells, reaching their long-term operational 
stability represents one of the main challenges to be addressed on the way toward commercialization of this 
photovoltaic technology. However, intrinsic degradation pathways occurring in organic solar cells under real-
istic operational conditions remain poorly understood. 

In this report, we will discuss light-induced cross-linking of conjugated polymers and small molecules, 
including fullerene derivatives and non-fullerene acceptors (NFAs). A set of complementary techniques for 
studying light-induced aging of organic semiconductors under anoxic conditions will be presented. Intrinsic 
photostability of ~100 different organic materials will be compared and important correlations with the chemi-
cal composition and molecular structure will be drawn. Finally, we will introduce a prognostic model enabling 
a decent prediction of photostability of arbitrary chosen conjugated polymer structure considering the stability 
descriptors of the incorporated building blocks. The obtained results are expected to set the guidelines for 
rational design of new absorber materials for stable and efficient organic photovoltaics. 

This work was supported by Russian Science Foundation (project 22-43-04427). 
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“Electronic nose”: operation principle, manufacturing approaches 
and promising applications

E.V. Agina, V.P. Chekusova, A.A. Abramov, D.S. Anisimov, A.A. Trul, S.A. Ponomarenko

Enikolopov Institute of Synthetic Polymeric Materials RAS 
*e-mail: agina@ispm.ru

Smell is a vital function of human body, which is widely used in many industries. Unfortunately, organoleptic 
analysis by humans or specially trained animals is quite complex and expensive, so it is extremely important to 
replace the natural sense of smell with its artificial counterpart, the so-called «electronic nose». The electronic 
nose in most cases is an array of semi-selective gas sensors with different operating principles, supplemented 
by machine learning methods and artificial intelligence technologies.

The lecture will consider the main currently existing approaches to the creation of “electronic nose” de-
vices, the types of sensors used in these devices and limitations preventing their wide implementation in the 
industry. A portable “electronic nose” based on an array of thin-film organic field-effect transistors with vari-
ous receptor layers of metalloporphyrins will be presented. In combination with machine learning algorithms, 
the developed “electronic nose” allows not only detection of toxic gases in ultra-low concentrations, but also 
effective recognition them in a wide range of relative humidity up to 95%, including the possibility of quanti-
tative determination1. In addition, using the developed device, we demonstrated the possibility of meat prod-
ucts spoilage detection at an early stage (Fig. 1), as well as the possibility of non-invasive express diagnostics 
of socially dangerous diseases transmitted by airborne droplets and associated with changes in metabolism, 
according to the analysis of the air exhaled by a person.

Figure 1 - Determination of food spoilage using an electronic nose

This work was supported by the Russian Science Foundation (project no. 19-73-30028).

1 D.S. Anisimov, et al., Scientific Reports. – 2021. - 11:10683
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Simplified modeling of mesophases in semiconducting polymers: 
what can we learn?

K. Ch. Daoulas

Investigating structure-property relationships in semiconducting polymers on scales beyond several tens of 
nanometers with computer simulations requires simplified models. These descriptions achieve the necessary 
computational efficienciency by mapping large groups of actual atoms on single, effective, interaction centers. 
At the same time, although ultra coarse-grained models are standard for polymer physics, their implementa-
tion in semiconducting polymers might seem questionable. Indeed, drastic coarse-graining significantly sim-
plifies the description of aromatic rings in the conjugated backbone and solubilizing side chains, i.e. reduces 
features that are crucial for the ordering of semiconducting polymers.

Yet ─ and this is one of the main ideas we aim to convey ─ the perspectives of simplified models are better 
than one might initially anticipate. One reason is that semiconducting polymers commonly exhibit pronounced 
structural disorder.1 Even their crystalline phases have large Para crystallinity, whereas one often observes1,2 
only small-scale molecular aggregation and liquid-crystalline mesophases. This structural “noise”, combined 
with the collective nature of ordering processes, might mitigate the reduction of microscopic details, rendering 
simplified models useful for addressing a certain spectrum of questions.

First, we will summarize some simplified models used in generic studies of polymer order, crystallization 
in particular. We will argue why these approaches are insufficient for polymeric semiconductors and highlight 
several simplified models that have been developed in the literature specifically for these materials. Next, we 
will focus on an approach3,4 where near crystalline, sanidic, mesophases are described by combining a mini-
malistic representation of polymer architecture with generic anisotropic potentials. As an application, we will 
present our new results obtained in studies of texture of P3HT films,5 where face-on and edge-on orientation 
of crystalline lamellae is favored at the bottom and top surface, respectively. Our results highlight the need for 
understanding the elastic properties of highly ordered, almost crystalline, mesophases of conjugated polymers.

Fig. 1. Two textures of deformed lamellae observed in films of P3HT with face-on (bottom) and edge-on 
(top) boundary conditions.

1 Noriega et al, Nature Mat. 2013, 12, 1038-1044.
2 Stingelin N., Polym. Int. 2012, 61, 866-873.
3 Greco C., Melnyk A., Kremer K., Andrienko D., Daoulas K. Ch. Macromolecules 2019, 52, 968-981.
4 Wood E. L., Greco C., Ivanov D. A., Kremer K., Daoulas K. Ch. J. Phys. Chem. B. 2022, 126, 2285-2298.
5 Dolynchuk O., Schmode P., Fischer M., Thelakkat M., Thurn-Albrecht T. Macromolecules 2021, 54, 5429-5439.
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Doping of emissive organic semiconductor single crystals
M.S. Kazantsev

N.N. Vorozhtsov Novosibirsk Institute of Organic Chemistry SB RAS  
e-mail: maximkazantsev1988@gmail.com

Organic light-emitting semiconductors are highly demanded in optoelectronics for application in 
light-emitting diodes, transistors and lasers.1 The most prospective conjugated small molecules in organic op-
toelectronics attracting a reasonable attention include: oligothiophenes, distyrylbenzenes, thiophene-phenyl-
ene co-oligomers (TPCOs), oligofurans, furan-phenylene co-oligomers, and acene derivatives. To fine-tune 
their optoelectronic properties a number of approaches were exploited: variation of molecular backbone length 
and heterocycle composition, introduction of terminal substituents, polymorphism, specific crystallization and 
molecular doping. The latter is indispensable strategy for tuning of energy bandgap, charge transport, lumi-
nescence color and efficiency. However, the rational molecular design of doped semiconductor crystals is still 
not fully understood. 

Fig. 1. a) Chemical structures of studied host-guest systems (the blue (red) color demonstrate materials used 
as host (guest) only) b) PL spectra of anthracene crystals doped by1,4-bis(5-phenylfuran-2-yl)benzene. 

Here we discuss the molecular self-doping approach2,3 allowing one to optimize the dopant concentration 
and control the optoelectronic properties without the needs of a dopant separate synthesis and specific purifica-
tions of host materials.4 We also report the systematic study and literature analysis of the molecular host-guest 
doping of organic semiconductor single crystals of strategical importance in organic optoelectronics (Fig. 
1) to rationalize the molecular host-dopant compatibility criteria in a series of luminescent linear symmetric 
conjugated molecules.5

This work was supported by RSF (project № 20-73-10090).

1 J. Gierschner et al., Adv. Optical. Mater, 2016, 4, 3, 348
2 O.D. Paraschuck at al., Adv. Funct. Mater., 2018. 28, 21, 1800116
3A.A. Mannanov et al. J. Mater. Chem. C, 2019, 7, 1, 60
4A.D. Kuimov et al., Mater. Chem. Front., 2022, 6, 16, 2244
5A.D. Kuimov et al., New. J. Chem., 2022, DOI: 10.1039/D2NJ03916H
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Development of organic solar cells based on non-fullerene 
acceptors: materials to devices 

Yu. N. Luponosov

1Enikolopov Institute of Synthetic Polymeric Materials of the Russian Academy of Sciences,  
Moscow, Russia  

*e-mail: luponosov@ispm.ru

Organic solar cells (OSCs) have attracted considerable scientific and technological interest compared to 
conventional PV technologies based on traditional inorganic semiconductors, since printed, inexpensive, and 
mechanically flexible OSC modules can be fabricated on plastic substrates at low temperatures using less cap-
ital intensive, high throughput roll-to-roll solution-process methodologies such as slot-dye, bar coating, and 
gravure/flexo printing. Nowadays, non-fullerene OSCs are a major focus of the research in that field. Recent 
developments of novel non-fullerene acceptors (NFAs) led to a surge in PCE of OSCs with values approach-
ing 20%1,2. NFAs have several advantages over their fullerene counterparts amon which the most impotrant 
is posibiity to tune morphology and electronic properties. In addition, the optical bandgap can be modified to 
broaden the absorption range. Due to the intensive development of NFAs, the search for new suitable donor 
materials for them has become an urgent task as well3. This lecture provides a short historical context for the 
development OSCs based on NFAs, and also addresses current thinking in these areas plus considers import-
ant manufacturability criteria as well as recent experimental results in this field.

The work was supported by the Russian Science Foundation (grant №19-73-10198). 

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. Heumüller, 
C. Brabec, P. Meredith. Advanced Energy Materials, 2021, 11, 20003570.
2 J. Wan, I. Dyadishchev, R. Sun, Q. Wu, J. Guo, Y. Wu, S. Peregudova, S. Ponomarenko, Yu. Luponosov, J. Min. Journal of 
Materials Chemistry A, 2022, 10, 17122
3 N. K. Kalinichenko, D. O. Balakirev, P. S. Savchenko, A. L. Mannanov, S. M. Peregudova, D, Yu. Paraschuk, S. A. Ponomarenko, 
Yu. N. Luponosov, Dyes and Pigments 2021, 194, 109592
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Using intermolecular interactions for suppression of dynamic 
disorder in organic semiconductors: insights from Raman 

spectroscopy and quantum-chemical simulations
A. Yu. Sosorev 1,2

1 Faculty of Physics and International Laser Center, Lomonosov Moscow State University,  
Leninskie Gory 1/2, Moscow 119991, Russia 

2 Shemyakin-Ovchinnikov Institute of bioorganic chemistry of the Russian Academy of Sciences,  
Ulitsa Miklukho-Maklaya, 16/10, Moscow, GSP-7, 117997, Russia 

*e-mail: sosorev@physics.msu.ru

Efficient operation of organic electronic devices requires high charge-carrier mobilities in their active 
layers. It is now commonly assumed that charge transport in high-mobility organic semiconductor crystals 
(OSCs) is considerably hindered by the dynamic disorder induced by low-frequency vibrations, which results 
in fluctuations of charge transfer integrals. Hence, reducing this disorder is highly desirable. However, exper-
imental technique for probing the dynamic disorder, as well as strategies for suppression of the latter were 
lacking for a long time. 

In this talk, I present our results concerning the two abovementioned issues. I start with the description of 
our recently advanced means for assessment of the dynamic disorder using the low-frequency Raman spec-
troscopy. Using this approach, we show that the dynamic disorder can be significantly reduced via strength-
ening the intermolecular interactions between the adjacent molecules, e.g., by introducing the electronegative 
atoms.

The revealed feasibility of suppression the dynamic disorder via tuning the intermolecular interactions is 
then analyzed using the quantum-chemical calculations. Specifically, we show that the quantitative measure 
of the dynamic disorder in OSCs – relative variance of the charge transfer integrals between the molecules – is 
indeed inversely proportional to the energy of the intermolecular interactions, making strengthening of these 
interactions a promising way for reducing the dynamic disorder, in line with the Raman-based data. Thus, our 
results pave the way for both the experimental search and rational design of OSCs with weak dynamic disor-
der and high charge mobility. 

This work was supported by RSF (Project #22-72-10056)
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White OLED structures for display applications.
S.A. Stakharny

Institute of Synthetic Polymer Materials RAS 
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In this time trends of OLED structures for information displays have active growth. Modern OLED dis-
plays have resolution up to 4K of full color screen and wide scale of diagonal. This device replace most tradi-
tional type of information displays like LCD and other.

Fig. 1. Full color display pixel based on initial white OLED and RGB filter matrix.

This presentation introduced base construction of full color active-matrix OLED displays and method of 
forming color image by filter matrix. Most OLED displays productions usually apply wafer with active-matrix 
(AM) scheme. Each pixels of full color screen consist on three (RGB) subpixels controlling independently and 
luminance ratio of each other determine the color balance in all grayscale level. By the AM realized function 
of write and memory luminance level of all pixels (subpixels) during frame time. 

Electrical, photometrical and spectral characteristics of initial white OLED structures was represented as 
well as modeling of RGB color separation and factors affecting color balance of full color image. 
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Copolyfluorenes with effective white electroluminescence
A.V. Yakimansky1, I.A. Berezin1, D.A. Lypenko2
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Scientific and methodological approaches to the synthesis of copolyfluorenes that allow one to control 
their molecular weight, photoluminescent and electroluminescent properties for use in organic light emitting 
diodes (OLEDs) are developed. The purpose of this work was to develop and optimize methods for the syn-
thesis of new copolyfluorenes with high electroluminescent properties and white emission color. To this aim, 
it was necessary to combine blue, green, and red luminophore groups in one polymer. In order to determine 
optimal compositions of these multi-luminophore copolymers, single-luminophore copolyfluorenes with only 
one type of luminophore groups were initially synthesized, and mixtures of these copolymers were prepared. 
Then, the weight fractions of these single-luminophore copolymers, providing white emission of polymer 
layers cast from their mixtures, were found and converted to molar ratios of all luminophore groups in the 
multi-luminophore copolymers. 

It is shown that the way of introducing luminophore groups into copolyfluorenes strongly affects their 
electroluminescence characteristics. Thus, the copolyfluorene with 4-N-cyclohexylamine-1,8-naphthalimide 
green luminophore attached to the position 9 of the carbazole group in the polymer backbone via hexamethy-
lene spacer (Fig. 1) has extremely high electroluminescence intensity but its color is not purely white although 
rather close to it, 

Fig. 1. The copolyfluorene structure providing the highest electroluminescence intensity  
(brightness 40600 cd/m2, light efficiency 4.74 lm/W, CIE coordinates 0,343; 0,467)

while the copolyfluorene in which this luminophore is attached rigidly to the carbazole fragment (Fig. 2) 
has almost ideal white electroluminescence but its brightness is not so high. 

Fig. 2. The copolyfluorene structure with almost ideal white electroluminescence  
((brightness 2650 cd/m2, light efficiency 1.13 lm/W CIE coordinates 0,326; 0,345)
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A concept of embedded dipole and its implications
Michael Zharnikov

Applied Physical Chemistry, Heidelberg University, Heidelberg, Germany

Self-assembled monolayers (SAMs) are frequently used for interface engineering in organic electronic 
and photovoltaic devices. The major goal of this approach is energy level alignment between the adjacent 
layers, e.g. the metal electrodes and organic semiconductor in field-effect transistors. For this purpose, SAMs 
are usually decorated with polar tail groups, which, however, not only optimize the energy level alignment 
but also affect the morphology of the adjacent layer. Alternatively, a polar tail group can be embedded into 
the molecular backbone, decoupling the electrostatic engineering and surface chemistry. In this context, we 
designed several novel monomolecular interlayers with embedded dipolar groups. As an example of potential 
usefulness of this novel class of films in organic electronics, their application in organic thin film transistors 
was demonstrated, resulting in decrease of the contact resistance by ca. three orders of magnitude accompa-
nied by significant improvement in the performance and stability of the devices. The high potential of these 
transistors was highlighted by fabrication of functional electric circuits of their basis. In addition, beyond the 
usefulness for application, SAMs with embedded dipolar groups represent a versatile testbed for fundamental 
research, extending, in particular, our understanding of X-ray photoelectron spectroscopy beyond the stan-
dard concept of ´chemical shift´ and making it a versatile tool to study morphology and organization of polar 
monomolecular films1,2,3,4,5,6.

1 Abu-Husein, T.; Schuster, S.; Egger, D. A.; Kind, M.; Santowski, T.; Wiesner, A.; Chiechi, R.; Zojer, E.; Terfort, A.; Zharnikov, M. 
The Effects of Embedded Dipoles in Aromatic Self-Assembled Monolayers. Adv. Funct. Mater. 2015, 25, 3943–3957.
2 Taucher, T. C.; Hehn, I.; Hofmann, O. T.; Zharnikov, M.; Zojer, E. Understanding Chemical versus Electrostatic Shifts in X-Ray 
Photoelectron Spectra of Organic Self-Assembled Monolayers. J. Phys. Chem. C 2016, 120, 3428−3437.
3 Hehn, I.; Schuster, S.; Wächter, T.; Abu-Husein, T.; Terfort, A.: Zharnikov, M.; Zojer, E. Employing X-ray Photoelectron 
Spectroscopy for Determining Layer Homogeneity in Mixed Polar Self-Assembled Monolayers. J. Phys. Chem. Lett. 2016, 7, 
2994−3000.
4 Cabarcos, O. M.; Schuster, S.; Hehn, I.; Zhang, P. P.; Maitani, M. M.; Sullivan, N.; Giguère, J.-B.; Morin, J.-F.; Weiss, P. S.; Zojer, 
E.; Zharnikov, M.; Allara, D. L. Effects of Embedded Dipole Layers on Electrostatic Properties of Alkanethiolate Self-Assembled 
Monolayers. J. Phys. Chem. C 2017, 121, 15815–15830.
5 Petritz, A.; Krammer, M.; Sauter, E.; Gärtner, M.; Nascimbeni, G.; Schrode, B.; Fian, A.; Gold, H.; Cojocaru, A.; Karner-Petritz, 
E.; Resel, R.; Terfort, A.; Zojer, E.; Zharnikov, M.; Zojer, K.; Stadlober, B. Embedded Dipole Self-Assembled Monolayers for 
Contact Resistance Tuning in p- and n-Type Organic Thin Film Transistors and Flexible Electronic Circuits. Adv. Funct. Mater. 
2018, 28, 1804462.
6 E. Zojer, A. Terfort, and M. Zharnikov, A concept of embedded dipoles as versatile tool for surface engineering, Acc. Chem. Res. 
2022, 55, 1857–1867.
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New organic luminophores based on 2,1,3-benzothiadiazole for 
organic electronics and photonics 

O.V. Borshchev*, M.S. Skorotetcky, N.M. Surin, S.A. Ponomarenko

Enikolopov Institute of Synthetic Polymeric Materials RAS  

*e-mail: borshchev@ispm.ru

Various organic luminophores are widely used in science and technology. At the same time, one of the 
main directions of the development of chemical science is the creation of materials with specified properties. 
Understanding the basic patterns of structure-properties for various classes of compounds allows you to sig-
nificantly reduce research work on the creation of new materials, and thereby reduce their cost. Therefore, 
the main scientific problem of this work is to identify patterns of structure-properties for new organic lumi-
nophores containing 2,1,3-benzothiadiazole fragment, and to assess the possibility of practical application of 
new molecules in organic electronics and photonics.

Benzothiadiazole is one of the most widely used acceptor moieties in low band gap materials for organic 
electronic applications. Motivation for incorporation of this heterocyclic unit into luminophores is its high ab-
sorption coefficient and luminescent quantum yield, large Stocks shift, low bandgap and excellent thermal sta-
bility. A large library of linear luminophores containing 2,1,3-benzothiadiazole fragment was synthesized.1,2,3 
The optical and thermal properties of the new compounds have been studied.

Recently we have developed a new class of highly efficient luminescent materials with unique proper-
ties - nanostructured organosilicon luminophores (NOLs).4 These are branched molecules, where two types 
of organic chromophores are connected to each other via silicon atoms, which brake the conjugation between 
them and fix them specifically in the space at 1-2 nm distance necessary for efficient Förster energy transfer. 
NOLs possess several advantages: absorption in a wide optical spectral region; 5–10 times higher absorption 
cross-sections than those of the best low molar weight organic luminophores; very high photoluminescence 
quantum yield; luminescence spectra in the defined wavelength region; short luminescence lifetime. Thus, 
we synthesized a series of new NOLs containing benzothiadiazole unit, investigated their optical and thermal 
properties. The new NOLs obtained were used in various devices of organic photonics and electronics, such as 
plastic scintillators, spectral shifting fibers, organic light-emitting diodes (OLEDs), organic solar cells (OSCs) 
and others.567

This work was supported by Russian Science Foundation (grants № 22-13-00255).

1 Skorotetcky M.S., Krivtsova E.D., Borshchev O.V., Surin N.M., Svidchenko E.A., Fedorov Y.V., Pisarev S.A., Ponomarenko S.A. 
// Dyes and Pigments 2018, 155, 284-291.
2 V. A. Postnikov, N. I. Sorokina, A. A. Kulishov, M. S. Lyasnikova, T. A. Sorokin, A. Y. Freidzon, A. S. Stepko, O. V. Borshchev, 
M. S. Skorotetsky, N. M. Surin, E. A. Svidchenko and S. A. Ponomarenko // Acta Cryst. 2022, B78, 261–269	
3 A.A. Kulishov, V.A. Postnikov, M.S. Lyasnikova, V.V. Grebenev, M.S. Skorotetcky, O.V. Borshchev, S.A. Ponomarenko // Phys. 
Solid State, 2019, 61(12), 2438-2441
4 S.A. Ponomarenko, N.M. Surin, O.V. Borshchev, Y.N. Luponosov, D.Y. Akimov, I.S. Alexandrov, A.A. Burenkov, A.G. E.A. 
Kleymyuk, O.T. Gritsenko, G.V. Cherkaev, A.S. Kechek’yan, O.A. Serenko, A.M. Muzafarov // Scientific Reports 2014, 4, 6549. 
5 O.V. Borshchev, S.A. Ponomarenko, N.M. Surin, M.I. Buzin, A.P. Pleshkova, N.V. Demchenko, V.V. Myakushev, A.M. Muzafarov 
// Organometallics, 2007, 26, 5165.
6 Yu.N. Luponosov, S.A. Ponomarenko, N.M. Surin, O.V. Borshchev, E.A. Shumilkina, A.M. Muzafarov // Chem. Mater. 2009, 21, 
447.
7 O.V. Borshchev, Y.N. Luponosov, E.A. Kleymyuk, N.M. Surin, S.A. Ponomarenko, A.M. Muzafarov // Russ. Chem. Bull., 2010, 
4, 781.
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Fibers Based on Carbon Nanotubes as a Perspective Instrument  
for Wearable Electronics 

M. R. Chetyrkina1*, H. A. Butt1, M. O. Bulavskiy1, V. A. Dmitrieva1, Dmitry V. Krasnikov1,  
Fedor S. Fedorov1, Sergey D. Shandakov2, Albert G. Nasibulin1
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Nowadays wearable electronics and smart devices, which are in direct contact with the human skin sur-
face for the tracking of such vital signals as heart rate, arterial pressure, body temperature, etc., are becoming 
essential tools for the preventive, personalized medicine and every-day human practices for well-being1. The 
more progressive technologies based on the recently developed flexible and stretchable devices target sensing 
more advanced parameters. As such, they help to identify some abnormal states, for example stress, diabetes, 
etc., which are related to the levels of so crucial biological markers as cortisol, glucose, lactic acid, and others 
bio-molecules presented in sweat. Materials for wearable electronics applications should have a set of specif-
ic properties in order to provide users with stable and reliable physiological signals. Carbon nanotube fibers 
(CNTFs) satisfy all of the needed requirements: flexibility, reasonable stretchability, chemical inertness and 
stability. Besides, CNTFs geometry reminds those of regular yarns used in textile, so the design of devices 
based on CNTFs may be well-adapted in modern industrial protocols2. Despite the above-mentioned facts, 
electrical properties of the material are the point for improvement due to the still deficient interfacial contacts 
between individual elements, or carbon nanotubes.
Thus, in our work, we used the recently developed straightforward wet pulling approach for CNTFs manufac-
turing and evaluated how to improve the fibers’ electrical properties through the various strategies directed to 
facilitate the electronic transfer3. The first approach is based on the densification of CNTFs occurring through 
a solvent evaporation and application of the mechanical forces, or twisting. By the twisting degree verifica-
tion, we were able to monitor CNTFs structure-electrical properties and reach nearly the maximum electrical 
performance; 3990 S cm-1 for the twisted ones compared to the wet pulled fibers showing 278 – 748 S cm-1. 
Besides, through the twisting procedure we have almost eliminated macro-structural defects such as holes 
and pores that resulted in formation of fibers with a higher quality and a tighter packing. Another strategy to 
improve fibers’ electrical characteristics is based on the well-known doping effect and decoration procedure 
using HAuCl4 dopant. By the combination of the several strategies, specifically densification, doping and gold 
in-twisting techniques, we were able to reach 8459 S cm-1 that is comparable with the previously reported for 
CNTFs made by other methods. As the main outcome of our work, to the best of our knowledge, this is the first 
presentation of the various strategies’ combinations to improve the electrical performance of the wet pulled 
CNTFs which examines both fibers electrical behavior and morphology.

This research was supported by grant of the Russian Science Foundation № 21-73-10288, https://rscf.ru/
en/project/21-73-10288/.

1 J. Tu, R. M. Torrente-rodríguez, M. Wang, and W. Gao, Adv. Func. Mat. 2019, 1906713, 1–30.
2 J. Di et al., Adv. Mater. 2016, 28 (47), 10529–10538.
3 M. A. Zhilyaeva et al., Carbon. 2019, 150, 69–75.
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Synthesis and properties of new polymeric hole-transporting 
materials based on triphenylamine
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Currently, the development of organic hole-transport materials that can be used in various optoelectronic 
devices, such as organic field-effect transistors, solar cells, and light-emitting diodes, is of great interest. Com-
pared to their inorganic counterparts, organic hole-transport materials are soluble, film-forming, environmen-
tally friendly, and have the ability to fine-tune their physicochemical properties through molecular design1.

Such materials are π-conjugated polymers based on triphenylamine2. In addition to the presence of hole 
conductivity, such compounds are usually thermally stable, have high glass transition temperatures, and the 
amorphous structure of TFA polymers makes them soluble in various organic solvents and contributes to the 
appearance of good film-forming properties. The synthesis of polymers based on TFA with a donor-acceptor 
(D-A) structure makes it possible to control the energy of molecular orbitals, the values ​​of the band gap, and 
the maxima of the absorption and emission spectra.

In this work, we present the synthesis of new polymers based on TPA D-A structures. The molecular weight 
characteristics of polymers have been studied, and the results of a comprehensive study of their optical, elec-
trochemical, and thermal properties have been presented.

In this work, we present the synthesis of new polymers based on TPA D-A structures3. The polymers con-
tain various acceptor groups in their structure and are distinguished by the presence of a thiophene π-spacer. 
The molecular weight characteristics of polymers have been studied, and the results of a comprehensive study 
of their optical, electrochemical, and thermal properties have been presented.

1 Nhari L.M., El-Shishtawy R.M., Asiri A.M. Dyes and Pigments. 2021, 193, 109465.	
2 Zhou J., Liu P., Du Y. and al. J. of Electr. Mat. 2021, 50(7), 3962-3971.	
3 Luponosov Y.N., Solodukhin A.N., Chuyko I.A., Peregudova S.M., Ponomarenko S.A. New J. of Chemistry. 2022, 46, 12311-
12317
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Synthesis and properties of liquid π-conjugated luminescent 
oligomers with terminal solubilizing groups

I.V. Dyadishchev, D.O. Balakirev, E.A. Svidchenko, N.M. Surin, S.A. Ponomarenko,  
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 Enikolopov Institute of Synthetic Polymeric Materials of the Russian Academy of Science  
e–mail: dyadischev_iv@ispm.ru

Liquid organic luminophores prepared by covalently attaching bulky, flexible, and low-melting side chains 
at the periphery of π-conjugated luminophores are a relatively new and class of materials, which have high 
processability owing to their fluidic nature and efficient fluorescence in pristine state1. However, the struc-
ture-property relationships of such compounds remain poorly understood. In addition, they exhibit lumines-
cence in a limited short-wavelength region of the spectrum. The introduction of electron-withdrawing units 
and solubilizing groups of various nature into these molecules allows fine-tuning of the properties of the ob-
tained materials. The absence of aggregation and the need to use solvents increases the manufacturability and 
environmental friendliness of the processes of manufacturing devices based on such functional materials and 
opens new areas of their application, such as emitting inks, OLEDs, electrets, scintillators and ect.

In the course of this work, oligomers based on 2,2’-biphenyl-4,4’-diylthiophene with linear and branched 
alkyl, trialkylsilyl and alkyloligodimethylsiloxane solubilizing groups were synthesized to study the influence 
of the type, length and branching degree of solubilizing groups on thermal stability, aggregate state, phase 
behaviour, rheology and optical properties2. When the most effective solubilizing group for liquefaction was 
identifying, the series of novel liquid benzothiadiazole-based luminophores containing phenylene or thiophene 
units with terminal trihexylsilyl groups on each side of the central core were synthesized. The high purity and 
specified structure of all the compounds obtained was proved by a complex of modern research methods. The 
influence of the nature, length and branching of the solubilizing groups and type of π-conjugated core on the 
optical properties, rheology, phase behavior and thermal stability of luminophores has been studied. Based on 
this study, the most suitable group was selected to reduce aggregation in a condensed state, using which new 
liquid luminophores of oligomeric structure were obtained, emitting light in various ranges of the visible spec-
trum. Some of the obtained oligomers were tested as scintillation detectors. Due to the high concentration of 
active phosphor fragments per unit volume in such materials, which cannot be achieved by preparing a simple 
solution based on them, and the relatively high fluorescence quantum yield in the block (45 - 75%), effective 
scintillators based on these oligomers were created.

This work was supported by the Russian Foundation for Basic Research (grant № 18-33-20224). 

1 F. Lu and T. Nakanishi. Solvent-Free Luminous Molecular Liquids // Adv. Optical Mater. 2019, 1900176
2 Y.N. Luponosov, D.O. Balakirev, I.V. Dyadishchev, A.N. Solodukhin, M.A. Obrezkova, E.A. Svidchenko, N.M. Surin, S.A. 
Ponomarenko. In search of efficient solubilizing groups for liquid and luminescent oligo(phenylenethiophene) chromophores // J. 
Mater. Chem. C, 2020, 8, 17074-17082
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A handy laboratory tool for spring-roll actuator assembly
G. Ghazaryan*, A.G. Khmelnitskaia, I.V. Bezsudnov, A.A. Kalinina, E.V. Agina, S.A. Ponomarenko
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A multilayer configuration of DEA where the coated DE film is rolled around a spring core is called spring-
roll actuator. To increase Maxwell’s electrostatic forces that cause actuation, the DE film may be pre-stretched. 
As a result, voltage activation converts the planar expansion of the DE film into linear movement in the axial 
direction. Thus, spring-roll actuator, upon utilizing basic in-plane expansion, exploits the desirable features 
of elastomers such as the monolithic structure, flexibility, and multi-functionality. A fundamental challenge in 
developing robots is the creation of effective actuators to deform a soft body to achieve locomotion, manipula-
tion, or other tasks. To date, only a few research groups1, 2 tackled this challenge through spring-roll actuators 
because of the complexity of the fabrication process.

Herein we describe a simple tool for assembling DE wound spring-roll actuator including electrode depo-
sition, coating and fabrication. To evaluate its performance as artificial muscle, we measured the free dis-
placement of the loaded actuator at applied electric field. One end of the spring-roll actuator was held fixed 
and a 1 kg hanging weight was attached to the other end. At the applied voltage of 2 kV, equivalent to 90 V/
µm electric field, the hanging weight was displaced by 2 mm. The latter corresponds to an axial strain of 6 %.

Fig. 1. Spring-roll actuator attached to a 1 kg weight without electrical power applied (left). The actuator is 
52 mm long and weighs 5 g. The same actuator powered to 2 kV displacing the weight by 2 mm.

This work was supported by RSF (project № 19-73-30028).

1 Kovacs G. et al. Smart Mater. Struct., 2007, 16, S306–S317.	
2 Rajamani A. et al. IEEE ASME Trans. Mechatron., 2008, 13, 117–124.
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The impact of coulomb interactions on OFET-mobility
Anna Köhler, Tobias Meier, Heinz Bässler
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We have used kinetic Monte-Carlo Simulations of OFETs to study the impact of coulomb interaction be-
tween charge carriers on the transfer characteristic of OFETs. At high charge carrier density, i.e. high gate volt-
age, we find the coulomb interaction to result in a curved transfer characteristics. In order to correctly capture 
the Coulomb interaction in this case, the Coulomb potential must be considered over a wide range with a cut-
off radius of at least 40 nm. The effect of the Coulomb interaction on the transfer characteristics is mitigated 
by any additional energetic disorder in the semiconductor. Thereby, the filling of the density of states at large 
energetic disorder and low temperature can partially compensate the effect due to the Coulomb interaction. 
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D.Yu. Paraschuk1,2, S.A. Ponomarenko1

1Enikolopov Institute of Synthetic Polymeric Materials of the Russian Academy of Sciences 
2Faculty of Physics, Lomonosov Moscow State University 

*e-mail: artur.mannanov@ispm.ru

Photodetectors based on organic materials are attractive due to their tunable spectral response, flexibility, 
ease of manufacturing and biocompatibility, so they can become the basis for creating an artificial human eye1. 
Therefore, the development of narrowband spectrally selective organic photodetectors is of increased interest. 
One of the approaches to the creation of narrowband photodetectors is the use of a photoactive layer of a single 
donor-acceptor material with a narrow absorption spectrum, in which effective charge generation can occur. 
Single-component organic photodetectors also attract attention for their simplicity, especially in light of their 
possible biological applications. Donor-acceptor (D-A) conjugated molecules are among the most promising 
architectures for use as a photoactive material in organic solar cells and photodetectors. The wide possibilities 
of variation of the chemical structure of D-A conjugated molecules allow fine-tuning the properties of the 
materials obtained2,3. Materials with a suitable optical absorption spectrum and sufficiently high efficiency in 
single-component solar cells were selected from a huge library of previously synthesized molecules. Based on 
the most promising materials (Fig. 1), prototypes of single-component organic photodetectors were fabricated 
and characterized. These photodetectors demonstrated a sufficiently high responsivity and spectral selectivity 
comparable to those of cones and rods of the human eye. It has been shown that the response time of photo-
detectors based on the selected semiconductors is three orders of magnitude lower than the response time of 
photoreceptors in the human eye. The results obtained demonstrate the possibility of creating an artificial eye 
- a matrix of organic photodetectors with different spectral sensitivity, or photoactive “prostheses” for an eye 
devoid of sensitivity to light due to certain diseases.

Fig. 1. Chemical structures of molecules that mimic human photoreceptors: a) rods, b) green-sensitive 
cones, c) red-sensitive cones and d) blue-sensitive cones.

This work was supported by Russian Science Foundation (grant number 19-73-30028).

1 M. Skhunov et al. J. Mater. Chem. C. 9, 2021, 5858–5867.
2 Y.N. Luponosov et al. Materials Today Energy. 2021, 100863.
3 A.N. Solodukhin et al. Energies. 14, 2021, 3596.
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Petroporphyrins in small-molecule-based photovoltaics 
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Complexes of etioporphyrin, EP with transition metals are present in noticeable quantities in heavy oils 
and bitumen deposits. Their laboratory synthesis yields molecules with a certain substitution type (see, Fig. 
1), whereas not all possible I-IV isomers exist in nature1. Due to good heat resistance from one hand, and poor 
solubility from the other, the most suitable method for depositing thin films of EPs is vacuum thermal evapo-
ration, VTE. 

As shown recently2, even such a minor alteration in molecular structure as peripheral regio-isomerism 
leads to remarkable difference in the morphology of VTE films, especially those grown on a hot substrate. The 
specific aggregation patterns could potentially be useful in organic electronics applications, e.g. photoconduc-
tivity in the hot-grown films increases by 2 orders of magnitude or more.

Fig. 1. Absorption profiles of the devices employing planar heterojunction with metal-EPs  
(left panel, w/o top electrode) and J-V characteristics under continuous 1sun or filtered illumination  

(right panel, II isomer of Cu-EP as donor) 

A series of archetypal photovoltaic cells was tested, where EP-I,II,III isomers of CuII or NiII were paired with 
a small-molecule acceptor, hexachloro-subphthalocyanine Cl6SubPc in a planar heterojunction. These cells 
were completely fabricated in the VTE process including both anode and cathode buffer layers. Depending on 
the complex type and measurement setup, the power conversion efficiencies ranging from 0.56 to 3.5% were 
obtained.
A distinct feature of such cells is a discontinuous absorption in the visible, as shown in Fig.1. This originates 
from the narrow-band excitation spectra of small-molecule photoabsorbers forming D/A junction, both of 
which have typically porphyrinoid B- and Q- bands in almost identical positions. The use of narrow-pass 
optical filters (Fig. 1) makes it possible to single out electronic transitions in the molecules or corresponding 
phases, thus highlighting integral contribution of excitons to the photocurrent. However, a portion of photons 
is lost when devices are illuminated by the sunlight, which limits their photovoltaic performance.

This work was supported by RSF (project № 20-13-00285).

1 Senge M.O., Sergeeva N.N., Hale K.J., Chem. Soc. Rev. 2021, 50(7), 4730.
2 Koifman O.I. et al, Colloids Surf. A Physicochem. Eng. Asp. 2022, 648, 129284.
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Organic photovoltaics is an intensively developing area. Organic solar cells (OSCs) have received a lot of 
attention due to the potential for the production of lightweight and inexpensive flexible solar cells1.

Already comparable to inorganic solar cell representatives, the high power conversion efficiency (PCE) 
reaches over 19% in non-fullerene bulk heterojunction (BHJ) photovoltaic devices2,3. This progress is largely 
due to the use of a new generation of acceptor materials - non-fullerene acceptors (NFA). The most effective 
NFA are conjugated compounds of donor-acceptor structure with a central condensed electron-donor fragment 
and terminal strong electron-withdrawing groups1,4.

This work presents the synthesis of three novel non-fullerene acceptor molecules: BTPT-OD, BTPT-4F-
OD, which are conjugated compounds of donor-acceptor structure with a central condensed electron-donor 
fragment and end strong electron-acceptor groups. The chemical structure of the compounds were proved by 
1H NMR, 13C NMR techniques and by MALDI mass spectrometry analysis. The compounds are character-
ized by a high thermal and photo stability, efficient sunlight absorption in the red and near-infrared spectral 
ranges, good solubility combined with a high degree of crystallinity and possess appropriate energy levels 
of HOMO and LUMO levels to be used for OSCs. The photovoltaic data show, that contrary to predictions, 
the more complex fluorinated BTPT-4F-OD mixed with PM6 - donor material has a lower PCE (2.48%) than 
the fluorine-free BTPT-OD mixed with PM6 (4.30%). Besides in ternary OSCs, BTPT-OD, which has one of 
the simplest conjugated Y-series structures, in a mixture with PM6 and L8 achieves efficiencies up to 16.9%, 
which is comparable to the record values in this area.

1 X. Ji, X. Jingui, J. Yufan, X. Zuo, B. Qinye, H. Feng, F. Yaqing, Z. Bin, J. Zhiwen, D. Liming. Science Bulletin. 2020, 65, 1792-
1795.	
2 Zhang, G., Zhao, J., Chow, P. C. Y., Jiang, K., Zhang, J., Zhu, Z., … Yan, H. Chemical Reviews. 2018, 118(7), 3447–3507.
3 Riede, M., Spoltore, D., & Leo, K.. Advanced Energy Materials. 2020, 2002653.
4 A. Qiaoshi, W. Junwei, M. Xiaoling, G. Jinhua, H. Zhenghao, L. Bin, S. Huiliang, G. Xugang, X. Li, Z. Fujun. Energy & 
Environmental Science. 2020, 10, 1039.	
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For the healthcare system development, the progress in sensor technologies is increasingly important in 
applications such as biomolecules and viruses detection, medical diagnostics, environmental and food quality 
monitoring. Different types of biosensors based on various combinations of receptors (enzymes, antibodies, 
whole-cell, aptamers), transducers (electrochemical, electronic, optical, gravimetric, acoustic) and materials 
(nanoparticles, carbon nanotubes, quantum dots, dendrimers, polymers and oligomers) were reported, a lot 
of limitations, which hinder further development of the field and do not allow biosensors to invade the mar-
ket, still remains. These limitations are associated with a number of requirements imposed to the biosensors: 
high selectivity and sensitivity, fast linear response, explicit accuracy of the results, reproducibility, stability, 
affordable manufacturing cost and user friendliness. Electrolyte gated organic field effect transistors (EGO-
FETs) are a promising platform for creating bioelectronic sensors.

A fast and simple technique based on Doctor Blade and Langmuir-Schaefer methods for functionalization 
of the semiconducting surface of C8-BTBT-C8 is reported, which allows fabricating large scale biorecognition 
layer based on novel functional derivative of BTBT containing biotin fragment in the structure with a huge 
area of sites for further biomodification. The proposed approach to a bioreceptor layer fabrication provides 
the possibility of creation of a universal streptavidin platform for further recognition bioevents by using of 
biotinylated aptamers or antibodies and viruses or some other biomaterials, which can bind to the biorecogni-
tion layer without significant altering the EGOFET properties. A specific response of created EGOFETs was 
demonstrated to a virus of influenza A. The elaborated approach to biorecognition layer formation allows fab-
ricating several biosensors for various analytes on one substrate that paves the way to an “electronic tongue” 
creation.

Fig. 1 Shift in threshold voltage of the fabricated EGOFET devices treated with different combinations of 
bioanalytes with the illustrated scheme of BTBT-biotin-based device with all deposited and sensing layers.

This work was supported by RSF (project № 19-73-30028).
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This paper presents a line of new 4,7-diphenyl-2,1,3-benzothiadiazole derivatives with terminal (-Si(CH3)3) 
and side (-CH3) substituents (Fig. 1), which are effective luminophores. The solubility, growth from solutions, 
and the structure of crystals, as well as the parameters of phase transitions and the stability of materials upon 
heating, have been studied. For solutions in n-hexane, the absorption and luminescence spectra were studied, 
and the quantum yield and luminescence lifetimes were determined. 

N N
S

R1 R1

R2

R2

R2

R2

R1=-H, -Si(CH3)3;    R2=-H, -CH3

1a: R1=-H, R2=-H;
1b: R1=-Si(CH3)3, R2=-H;
2a: R1=-H, R2=-CH3;
2b: R1=-Si(CH3)3, R2=-CH3

Fig. 1. General chemical structural formula of the studied luminophores.

The synthesis and production of 4,7-diphenyl-benzothiadiazole derivatives were performed for the first 
time. The thermal properties of the crystals were studied in the temperature range from 293 to 523 K by the 
method of simultaneous thermal analysis on a STA Netzsch 449 F1 thermoanalytical complex in a dry argon 
flow. The melting parameters of the compounds have been established. Polymorphic transitions within the 
indicated temperature range were not revealed. The studies performed by DSC and TGA methods showed 
high stability of the compounds: the weight loss in the heating and cooling cycle does not exceed 3%, and 
melting peaks are reproduced during repeated thermal cycling. The solubility of compounds in n-hexane at 
295 K was established by spectrophotometry. Crystals were grown from solutions in n-hexane by isothermal 
evaporation of the solvent at room temperature, as a result of which needle-like samples up to 10 mm long 
were obtained. The structure of single crystal samples was solved at temperatures of 293 and 85 K on an X-ray 
diffractometer XtaLABSynergy-DW, HyPix-Arc 150’ (RigakuOxfordDiffraction). The search for unit cells of 
the studied single crystals at 293 and 85 K ended with the choice of the following sp. gr.: 1a - P-1 (Z=2), 1b - 
Pnaa (Z=12), 2a - P21/n (Z=4), 2b - P21/c (Z=4). Polymorphic transitions with a decrease in temperature were 
not detected for the studied crystals. The optical spectra of solutions of the studied compounds have a similar 
structure. The presented luminophores are characterized by a large Stokes shift (103-106 nm), and the external 
quantum yield of luminescence in n-hexane solutions is about 80%. The luminescence lifetimes of the com-
pounds in n-hexane solutions are in the range of 5÷7 ns. Thus, the presented compounds can be recommended 
as highly efficient optical emitters for photonic technologies.

This work was supported by RSF (project № 22-13-00255).
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Ferroelectric high k-dielectric polymer thin film of Polyvinylidene difluoride (PVDF) copolymer (PVDF-
TrFE) and terpolymer (PVDF-TrFE-CFE) were prepared using spin coating process on ITO coated PET 
substrates. The films were annealed in between glass transition and melting temperature. Annealed films 
cooled in two ways-i) Normally-cooling and ii) Fast-quenching, to study film crystallinity and ferroelectric 
property. Dielectric and leakage current property study of the prepared PVDF-TrFE and PVDF-TrFE-CFE 
thin film were done by making Metal/Insulator/Metal (MIM) device. MIM device was prepared by depositing 
aluminum electrodes of diameter 2 mm; 3 mm and 4 mm via thermal deposition on a 1 X 1 inch ITO coated 
PET substrates having ferroelectric polymer thin film as shown in Figure 1(a). The fast quenched PVDF-TrFE 
thin film shows higher dielectric constant and low leakage current compared to normal cooled PVDF-TrFE 
thin film. Similarly, dielectric properties was observed for normal-cooled and fast-quenched PVDF-TrFE-CFE 
thin films. For PVDF-TrFE, the fast quenched thin film shows higher remnant and saturation polarization at an 
applied electric field of 200 MV/m compared to normally cooled thin film as shown in Figure 1(b). Similarly, 
for PVDF-TrFE-CFE, the fast quenched thin film shows the better ferroelectric property as shown in Figure 
1(c).1, 2

Fig. 1.(a) Shows the image of fabricated ferroelectric polymer based MIM capacitor,  
(b) Polarization Vs Electric Field (P-E) hysteresis loop of fast-quenched and normally-cooled P(VDF-TrFE) 

thin film and (c) Polarization Vs Electric Field (P-E) hysteresis loop of fast-quenched  
and normally-cooled P(VDF-TrFE-CFE) thin film. 

This work was supported by SERB, India (project № PDF/2015/000111).

1 Bae S-H et. al., ACS Nano 2013, 7, 3130–3138.
2 Houili H., Picon J. D., Zuppiroli L., Bussac M. N. J. Appl. Phys. 2006, 100, 023702.
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Organic π-conjugated molecules and polymeric macromolecules open up the new horizons for printed elec-
tronics offering wide functionality for optoelectronic devices. The integration of organic semiconductors into 
devices for detecting optical signals can change the classical concept of photodetectors applications1. Mixed 
indium-gallium-zinc oxide (InGaZnO, IGZO) has actively been researched for applications in the field of thin-
film transistors. In this project, organic photodetectors were investigated using amorphous IGZO (a-IGZO) 
oxide as an electron transport layer. We used an inverted architecture ( Fig. 1a) of organic photodiodes (OPDs) 
on a glass substrate with an ITO electrode: glass/ITO/ETL/PAL/HTL/Ag (ETL - electron transport layer, 
HTL - hole transport layer). Magnetron sputtered films of IGZO oxide (from a ceramic target of InGaZnO4 
(In:Ga:Zn ¼ 1:1:1 at. %)) with thicknesses from 7 nm to 20 nm by were studied as ETL. The energy levels 
of a-IGZO (LUMO- 4.2 eV and HOMO - 7.5 eV), large band gap of 3.05–3.2 eV, high transmittance (>80%) 
in the visible wavelength range make it favorable for application as ETL. We used PCBM-based photoactive 
layer (Fig.1b) as a basic material for future finger-printing sensor arrays (Fig.1c and 1d). 

Fig. 1. Structure and I-V curves of the organic photodiodes with a-IGZO electron transport layer;  
c) and d) basic structure of printed photodetector array

An I-V curves (Fig.1e and 1f) of the photodiodes shows optimal IGZO thickness of 7 nm with balance be-
tween the extraction of photoinduced charges and the dark current. The dark current (Idark) reached 7.8 nA. The 
current density under radiation (Jphoto) is similar for all three types of devices with different ETL thicknesses, 
both under short circuit conditions and under reverse bias down to -3V. The maximum spectral sensitivity R 
for the sample reaches 0.45 A/W at 580 nm.

The work was carried out with the financial support by RSF (project № 19-73-30023)
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The active semiconductor layer in organic electronic devices can be characterized by specific peculiarities 
in morphology. The film may contain amorphous, polycrystalline or crystalline aggregated phases. In this 
work Monte Carlo (MC) simulation of the charge carrier mobility in a polymer layer containing well-ordered 
nanosized regions (crystallites) with reduced disorder separated by regions with high energy disorder (amor-
phous phase) has been carried out. The modelled material is constructed from a point-like hopping sites that 
form a simple cubic lattice. Some fraction of the sites, V, belongs to the set of rectangular boxes, i. e. the crys-
tallites, which are randomly centered and randomly distributed in their volumes. Each box is surrounded by 
the sites, which form an amorphous phase (the M1 model). The hops involving crystallite sites occur faster due 
to presumed weaker localization of their wave functions. The energy distribution of the sites is a sum of the 
two Gaussians; the energies of crystallite sites are distributed according to the lower Gaussian (the variance is 
σ2 = σ1/3, σ1=0.05 eV), which is shifted down by the energy Et. For comparison, a purely amorphous medium 
is also modeled, formed by point-like centers with the same energy distribution (the M0 model). The drift mo-
bility, µ, has been calculated, see fig. 1, T=298 K.
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Fig. 1. The drift mobility, parametric in the mean energy depth of the lower Gaussian, Et. 

In the case of M0 model, MC results agree better with the generalized multiple trapping and release (MTR) 
model1 than with the simpler version of MTR model, based on the transport layer concept, see the solid lines 
without symbols and the solid lines with small filled symbols, respectively. In the case of M1 model, the 
mobility may exceed the reference level µ0 = µ (V = 0) by several orders of magnitude. In both models, the 
mobility passes through the maximum at some value of Et at a given fraction V. These results are important for 
optimization of OLEDs and photovoltaic devices.

This work was supported by Russian Science Foundation (project 22-22-00612).

1 Saxena R., Nikitenko V.R., Fishchuk I.I., et al. Phys. Rev. B 2021, 103, 165202.
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Electrolyte-gated field-effect transistors (EGOFETs) are proven to be a remarkable platform for ultra-sen-
sitive and specific biosensors that could be utilized for point-of-care diagnostics1. Although EGOFETs are 
actively used for various sensing applications, still there is little information about mechanism of the EGO-
FET sensor response. It is considered that there are two main types of the interactions that can affect organic 
semiconductor (OSC) layer electronic properties in EGOFET: 1) analyte molecules create charge trap states 
or provide additional charges to OSC, which correspond to OSC chemical doping; 2) change in the electronic 
coupling that occurs during interactions at the gate or OSC interface, which could be attributed to the change 
of layer morphology or receptor conformation2. As the most popular application of EGOFETs is biosensing, 
the process of biorecognition and mechanisms of the sensor response to biological molecules attracts the most 
attention. However, it is also an interesting task to learn more about interactions of an EGOFET with the 
charged particles that always present in biological solutions – protons. Besides its oxidizing activity, protons 
could screen gate voltage, permeate the semiconductor and charge the substrate. Thus, in this work we aimed 
to take a closer look to the interaction of protons and small-molecule organic semiconductor to get a better 
understanding of the sensor response and operating limitation. 

In this work we have manufactured EGOFET devices from the blend of 2,7-dioctyl[1]benzothieno[3,2-b]
benzothiophene (C8-BTBT) and polystyrene3. To get the response to pH variation we prepared two series of 
the experiments using hydrochloric acid in one case and p-toluenesulfonic acid in the other. We obtained the 
same results for both acids, which was a notable positive shift of the threshold voltage for pH lower than 5. 
In the range of pH 5-2.8 this dependence was linear, however, there was no pH dependence for the higher pH 
(5-5.8) values. Similarity of the results for different acids proves that this effect is due to protons rather than 
anions. We have also obtained the same results for two types of the substrates (Si/SiO2 and polyethylene naph-
thalate), which indicates that the substrate is not the reason of the effects observed. As was mentioned earlier4, 
the positive shift of the threshold voltage can be associated with chemical doping of the semiconductor. 

Thus, we have demonstrated the ability of protons to dope C8-BTBT semiconductor in acidic solutions (pH 
< 5). This effect is significant enough for using C8-BTBT/polystyrene EOFET as a sensor in acidic solutions, 
but does not hinder biosensing application in near-neutral solutions. 

This work was financially supported by a grant from the Russian Science Foundation (No. 19-73-30028).

1 Shaposhnik, P. A. et al., Russ. Chem. Rev. 2020, 89 (12), 1483–1506.
2 Cramer, T. et al., J. Mater. Chem. B 2013, 1 (31), 3728–3741.
3 Shaposhnik, P. A. et al., Dokl. Phys. Chem. 2021, 496 (2), 20–24.
4 Li, J et al., Adv. Mater. Technol. 2022, 7 (8), 2101535.
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Small organic molecules with suitable photophysical and electronic properties have attracted great attention 
towards Hi-tech applications based on photonic devices, such as dye sensitized solar cells, organic solar cells, 
emissive displays such as organic light emitting devices; electronic materials, such as organic semiconductors 
and security printing. Organic solar cells or organic photovolatics are emerging as one of the promising tech-
nologies for renewable energy sources because of their potential low-cost fabrication, color-tunable feature, 
and mechanical flexibility. Many research activities have endeavoured to develop new organic materials and 
device configurations for improving the efficiency and practical durability of the devices. Our research groups 
are actively demonstrating development of new and stable organic molecules for various applications. In this 
event, I will be presenting our recent development on hole-transport materials for perovskite solar cells. The 
talk will start with a brief introduction of solar cells followed by industrial application and commercialization 
of dye molecules. The details of perovskite device architectures are depicted in Figure 1.1

Fig. 1. Perovskite device architectures

1 Yadagiri B., Chowdhury T.H, He Y., Kaneko R., Islam A., Singh S.P.* Mater. Chem. Front. 2021, 5, 7276-7285.
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One of the promising ways for the inexpensive portable gas analyzer creation is based on the use of (ultra)
thin-film organic field-effect transistors (OFETs) as sensor devices for detecting various gases in the air at-
mosphere. Such devices are quite promising due to the strong dependence of the OFETs electrical properties 
on the environment, which is achieved due to the direct interaction between the OFET thin-film conductive 
layer and the analyte. 1 Previously published works show that siloxane dimeric molecules based on ВТВТ are 
successfully used in such devices as organic field-effect transistors,2 chemosensors.3 However, there is no sys-
tematic study regarding electrical and sensory properties dependence on chemical structure of the dimer. Thus, 
we started such studies, which can shed some light on the working mechanism of such type of sensory devices.

Picture 1. Dependence of the average mobility (a) and device sensitivity  
(b) on terminal alkyl group length of the dimers investigated.

In this work, the influence of terminal alkyl group length on electrical and sensory properties was thought-
fully investigated. The devices investigated demonstrate typical p-type behavior with extracted charge carrier 
mobilities, threshold voltages, and on–off ratios in the range of 10−5–10−2 cm2 V−1 s−1, −24 to +14 V, and 102–
107, respectively. Corresponding dependences on terminal alkyl group length are showed at Picture 1.Clear 
difference in the trends in the growth of electrical and gas-sensitive properties with a terminal group length 
increasing leads to the conclusion that the sensory properties of the OFETs are weakly related to its electrical 
characteristics. Further morphology investigation demonstrated that sensory properties of the device mostly 
dependent on semiconducting layer morphology and the best properties were obtained at the devices based on 
dimer with octyl terminal group with the smoothest and uniform active layer.

The work was carried out within the framework of grants of the President of the Russian Federation (proj-
ect no. МК-2915.2022.1.3).

1 A. A. Trul et al., J Mater Chem C, 2018, 6, 9649-9659.
2 A. S. Sizov et al, ACS Appl Mater Interfaces, 2018, 10, 43831–43841.
3 A. A. Trul et al., Sens Actuators B-Chem, 2020, 321, 128609.
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[1]Benzothieno[3,2-b][1]benzothiophene (BTBT) attracts lots of researchers in organic electronics due 
to its highly efficient performance, air-s and thermal stability. BTBT is a π-conjugated molecule caused by 
it heteroaromatic backbone. Most of π-conjugated polymers are used to produce organic field-effect transis-
tors (OFET), electrochromic devices1, chemo- and biosensors2,3, semiconductor lasers4, photovoltaic cells 
and photodiodes5, supercapacitors6, etc. Polymers in organic electronics make it easier to produce large area 
flexible electronic devices because of low cost and manufacturability. 

Recently, we developed various BTBT-based devices that show good charge mobility in different applica-
tions7,8,9. 

Fig.1 Scheme of polymers functionalized with BTBT-derivatives.

In this work the idea of producing BTBT polymer takes place. We report on a synthesis of a range of poly-
mers functionalized with BTBT-derivatives (Fig.1) and show their properties.

This work is supported by the Ministry of Science and Higher Education of the Russian Federation (con-
tract No. 0071-2021-0005)

1 Dimitrakopoulos, C.D. Advanced materials – 2002. – V. 14. − N 2. – P. 99−117.
2 Senthilkumar, T. Macromolecules – 2015. – V. 48. − N 11. – P. 3449−3461.
3 Feng, F. Angewandte Chemie - International Edition – 2007. – V. 46. − N 41. – P. 7882−7886.
4 Tsiminis, G. Applied Physics Letters – 2009. – V. 94. − N 25. − P. −253304
5 Svensson, M. Advanced Materials – 2003. – V. 15. − N 12. – P. 988−991.
6 Mastragostino, M. Journal of Power Sources – 2001. – V. 97-98. – P. 812−815.
7 Trul A.A. Advanced Electronic Materials – 2022. https://doi.org/10.1002/aelm.202101039
8 Anisimov, D.S. Scietific Reports – 2021.  10683. https://doi.org/10.1038/s41598-021-88569-x
9 Trul, A.A. Journal of Materials Chemistry C – 2018, https://doi.org/10.1039.C8TC02447B
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Sensing is one of the most promising applications of organic field-effect transistors since they combine high 
sensitivity with low production cost1. It can be applied for environmental monitoring, exhaled breath analysis, 
food quality monitoring and many more2. Nitric dioxide detection is of high importance in environmental 
monitoring tasks. And OFETs feature high sensitivity to NO2, while the detection mechanism remains unclear. 
OFET is a device with three electrodes and a non-linear current-voltage characteristic, therefore, there are 
plenty of methods to measure OFETs sensor signal varied by input voltage amplitude, pulse form and duration. 
We propose that accurate comparison if sensing properties in different measurement techniques is essential for 
both mechanism unraveling and properties optimization.

Most researchers are using transient measurements in saturation regime without any rationalization3. This is 
probably due to a higher current density and sensor response signal-to-noise ratio, while effect of the operation 
regime on the sensor sensitivity were not discussed. Others use transfer curve method due to a more data 
provided by multiparametric approximation4. We compare pulsed and transfer measurement approaches in 
saturation and linear regimes to determine optimal configuration for OFETs sensing application and suggest 
that this comparison shed light on the interaction of the adsorbed nitric dioxide and organic semiconductor. 

In this work we compare C8-BTBT OFET sensitivity to NO2 using transfer and transient methods in linear 
and saturation regimes. Transient measurements in linear regime with low duty cycle are found to provide 
the highest sensitivity of 232 %/ppm due to low current density and many vacant deep traps. Deep traps are 
considered as an effective receptor site and thus, NO2 sensing process is competing with for traps with injected 
charges. We suggest that for obtaining higher sensitivity to electron-withdrawing gases like NO2 OFETs are 
better to kept in linear regime at lower current density.

This work was supported by the Russian Foundation for Basic Research project #20-03-00810.

1 D. Anisimov, et al, Scientific reports 11 (1), 10683 (2021).
2 M. Wu, et al, Journal of Materials Chemistry C 8 (39), 13482-13500 (2020).
3 S. Mun, et al, Langmuir 33 (47), 13554-13560 (2017).
4 A. Sizov, et al, ACS applied materials & interfaces 10, 50, 43831–43841 (2018).
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In this work we present an approach to the creation of a fully printed polymer device applicable as a reusable 
capacitive gas sensor. Technique and optimal conditions for consistent polymer layers (conductive contacts, 
dielectric, gate) fabrication by screen printing were developed and the printed polymer device (capacitor) 
were obtained [1]. Efficient adhesion of printed functional layers to each other and to the substrate surface was 
provided using substrates/dielectric surfaces modification by oligo-3-aminopropyltriethoxysilane (oAPTS) 
followed by thermal annealing [2]. It was shown that fabricated sensors reversibly respond to ammonia pres-
ence at wide range of concentration from 0 to 24 ppm with the limit of detection of 1,5 ppm and also don’t lose 
their performance in humid air up to 40% relative humidity, although the limit of detection increases in humid 
air up to 4 ppm. In addition, printed devices can be used as disposable sensors for the toluene presence in the 
atmosphere at concentrations of 0.1 -15 vol.%, that allows to use them for toluene leaks detection (Fig. 1). 

Using of the printed capacitive sensors (PCS) in combination with gas sensors based on organic field-ef-
fect transistors makes possible to significantly expand the range of measured ammonia concentrations: from 
concentrations comparable to the TLV of residential areas to concentrations requiring immediate evacuation. 

Fig. 1. Response curves for sensing of toluene (a) and ammonia in dry (b) and in humid (c) air with relative 
humidity of 20% and 40%, respectively.

This work was supported by RSF (grant 19-73-30028).

1 V. P. Chekusova,a A. A. Trul,a E. V. Agina . et al. A universal approach to a structured polymer substrate for manufacturing a 
printed polymer gas sensor based on a fi eld eff ect transistor // Russian Chemical Bulletin. 2022. Vol. 71, No. 6, pp. 1290—1299. 
2 Kirikova M. N., Agina E. V., Bessonov A. A. et al. Direct-Write Printing of Reactive Oligomeric Alkoxysilanes as an Affordable 
and Highly Efficient Route for Promoting Local Adhesion of Silver Inks on Polymer Substrates // Journal of Materials Chemistry C. 
2016. Vol. 4, № 11. P. 2211-2218. doi: 10.1039/c5tc03497c 
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Impact of terminal substituents on molecular packing, charge 
injection, and chargecarrier mobility in thiophene-phenylene  

co-oligomer single crystals 
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O.V. Borshchev2, S.A. Ponomarenko2, D.Yu. Paraschuk1,2 

1Faculty of Physics, Lomonosov Moscow State University, Leninskie Gory 1/62, 119991 Moscow, Russia 
2Enikolopov Institute of Synthetic Polymeric Materials of Russian Academy of Sciences,  

Profsoyuznaya Str. 70, 117393 Moscow, Russia 
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Single crystals of thiophene-phenylene co-oligomers (TPCO) are promising optoelectronic materials for 
light-emitting devices, as they combine efficient chargecarrier transport and high luminescence1,2. These prop-
erties can be controlled via chemical modification of the TPCO molecule that changes the electrostatic poten-
tial distribution and molecular packing in the crystal.

Here, we study the impact of modification of the phenylene-thiophene-thiophene-phenylene (PTTP) conju-
gated core with different terminal groups (R = H, F, CH3, CF3, Si(CH3)3, C–(CH3)3, O–CH3) on the structural 
and electronic properties of single crystals and thin films using X-ray diffraction, electronic structure calcula-
tions, and field-effect transistor (FET) measurements.

Our experimental data show that the variation of the molecular terminal group maintains the herringbone 
packing of the molecules but changes their inclination vs. their basal plane. 

Fig. 1. (a) Comparison of experimental and calculated isotropic hole mobilities in a series of RPTTPR  
single crystals, (b) transfer characteristics of thin-film RPTTPR FETs (R = СH3, СF3).

The calculated frontier-orbital energies for isolated TPCO molecules show their small variation with the 
terminal group; however, the change in the molecular inclination angle significantly impacts the overlap of 
neighbouring molecular orbitals, affecting the charge-carrier mobility (Fig.  1a). Moreover, some terminal 
groups can alter the type of injected charges in the organic FET device (Fig.1b), which we demonstrate to arise 
due to a change of the electrostatic potential in the array of packed TPCO molecules3. We discuss the FET 
performance in relation with structural features of the TPCO single crystals.

This work was supported by the Russian Science Foundation (project No. 18-12-00499).

1 S. Hotta et al., Journal of Materials Chemistry, 2011, 21(5), 1295–1304.
2 A. Yu. Sosorev et al. ACS Applied Materials & Interfaces, 2020, 12(8), 9507–9519.
3 D. I. Dominskiy et al. ACS Applied Electronic Materials, under revision.
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S.A. Ponomarenko2, D.Yu. Paraschuk1,2

1Faculty of Physics, Lomonosov Moscow State University 
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3Faculty of Natural Sciences, Comenius University in Bratislava 
*e-mail: roman96233@yandex.ru

2D organic semiconductor films that consist of mono or a few molecular layers are promising materials 
for ultrathin, flexible, and transparent light-emitting devices. 2D organic materials have demonstrated high 
charge-carrier mobility1, but high performance organic light-emitting transistors (OLETs) is still a challenge.2

In this work, we synthesize a novel donor-acceptor thiophene-phenylene co-oligomer (Figure 1). 2D films 
were grown from ortho-dichlorobenzene solution spin-cast at concentrations of 0.2-0.5 g/l on Si substrates 
with thermally-grown SiO2. 2D films with lateral dimensions in the range of 200–500 μm were grown (Figure 
2a). Atomic-force microscopy data showed that the thickness of thin films was 1.6 nm, which is much less 
than the calculated length of the molecule. This suggests that the molecules are tilted. OLETs were fabricated 
on SiO2/Si substrates with bottom gold electrodes. OLETs demonstrated ambipolar transport and electrolumi-
nescence (Figure 2b,c). We conclude that the donor-acceptor molecules studied are promising materials for 
2D OLETs. 

Figure 1. Molecular structure of a donor-acceptor molecule studied. 
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Figure 2. Optical image of 2D films (a); electroluminescent image of the OLET during its 
operation (b); electroluminescence spectrum (c).

This work is supported by Russian Science Foundation (project 18-12-00499).

1 Fedorenko R., et al., Adv. Electron. Mater., 8, 2022, 2101281.
2 Fedorenko R., et al., Mater. Chem. Front, 2022, DOI: 10.1039/D2QM00768A.
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Electrolyte-gated organic field effect transistors on the basis of 
2,6-dioctyltetrathienoacene
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aEnikolopov Institute of Synthetic Polymeric Materials of Russian Academy of Sciences, 
bDepartment of Fundamental Physical and Chemical Engineering,  

Lomonosov Moscow State University, Russian Federation, 
cDepartment of Chemistry, Lomonosov Moscow State University, Russian Federation

Electrolyte-gated organic field effect transistors (EGOFETs) provide a versatile platform for ultra-sensitive, 
fast, and reliable detection of biological molecules in liquid media using low-cost bioelectronic sensors. The 
key functional layers of the EGOFETs are the semiconductor and bioreceptor layers based on conjugated or-
ganic molecules, which are subject to high requirements for the stability of operation in various electrolytes 
when detecting analytes.

Thus, we have developed a technique for manufacturing OETs compatible with printing technologies based 
on a new semiconductor material - 2,6-dioctylthieno[3,2-b]thieno[2’,3’’:4,5]thieno[2,3-d] thiophene with a 
bioreceptor layer based on a biotin-containing [1]benzothieno[3,2-b]benzothiophene derivative applied by 
the Langmuir-Schaeffer method. The possibility of stable operation of the fabricated EGOFETs in electrolytes 
with different pH and their fast sensory response to the pH of the electrolyte, which makes it possible to use 
the developed devices in real conditions, is demonstrated. The optimal transistor parameter for measuring the 
sensory response (threshold voltage) and the optimal mode for long-term measurements are determined. It 
has been shown that the biosensing properties of OET can be ensured by creating a bioreceptor layer on the 
semiconductor surface containing functional biotin groups, which are reactive centers for biotin-streptavidin 
interaction.

Fig. 1. OET architecture (Au - contact material (gold), D - drain, S - source).

This work was supported by RSF (project № 19-73-30028)
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Elastomer composites based on siloxanes and carbon nanoparticles 
as a compliant electrodes
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Dielectric elastomer actuators (DEA) are mechanically flexible actuators made of functional polymer ma-
terials and composites acting as artificial muscles.1 DEA is a multi–component high-tech device that includes 
a dielectric elastomer (DE) membrane, compliant electrodes, voltage source and control electronics. When 
voltage is applied to the electrodes, the thickness of the DEA membrane decreases, and the membrane area 
increases due to the conversion of electrical energy into mechanical work.2 An important part of creating ac-
tuators is to obtain compliant electrodes. The main requirement for DEA electrodes is that they must deform 
without loss of conductivity to the same extent as the DEA membrane is deformed, i.e. have sufficient adhe-
sion to the DEA material, function reliably for a long time, maintaining continuity, acceptable conductivity, 
etc.

The purpose of this work was to create conductive electrodes based on polydimethylsiloxanes and various 
carbon fillers (MWCNT, SWCNT, aminated graphene). 

The main results of the study of the effect of different types of carbon fillers on the conductive and mechan-
ical properties of composites will present in the work.

This work was supported by Grant of the Russian Science Foundation (project No 19-73-30028). 

1  P. Brochu, Q. Pei, Macromol. Rapid Commun. 2010, 31, 10. 
2 L. Maffl i, S. Rosset, M. Ghilardi, F. Carpi, H. Shea, Adv. Funct. Mater. 2015, 25, 1656.
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Polyvinylidene fluoride copolymers with grafted chains of polyethyl 
methacrylate and polyacrylonitrile: synthesis, thermal and 

dielectric properties
E.A. Kleymyuk, A.I. Buzin, V.G. Shevchenko, Yu.N. Luponosov, S.A. Ponomarenko

Institute of Synthetic Polymer Materials RAS 
*e-mail: kleymyuk@mail.ru

Ferroelectric polymers such as polyvinylidene fluoride (PVDF) and copolymers based on it exhibit piezo-
electric and pyroelectric effects. Such properties allow them to be used as functional materials for creation of 
flexible thin-film sensors of pressure and temperature, as well as memory devices based on organic transistors 
and self-powered electronics1.

Double and ternary copolymers based on polyvinylidene fluoride with grafted polyethyl methacrylate (PE-
MA)2 and polyacrylonitrile (PAN)3 chains were synthesized by photoinduced reversible deactivation radical 
polymerization (RDRP) using a minimal amount of a catalytic system (Fig. 1). Four series of grafted polymers 
were obtained, and the dependence of the content of grafted chains on the synthesis time was investigated.

Fig. 1. Scheme of the synthesis of grafted double p(VDF-co-CTFE) copolymers (a)  
and ternary p(VDF-co-TFE-co-CTFE) copolymers (b) based on PVDF with grafted chains  

of ethyl methacrylate (R1=EMA) and acrylonitrile (R2=AN).

It was shown that an increase in the degree of grafting leads to a nonlinear change in the dielectric proper-
ties and also affects the thermal and thermal-oxidative stability compared to the initial polymers. In a series 
of copolymers with grafted PEMA chains, the values ​​of the dielectric constant decrease, but at the same time, 
dielectric losses also decrease. Moreover, an increase in the degree of grafting significantly improves the 
film-forming properties of all the polymers obtained by reducing the degree of crystallinity and lowering the 
melting point.

This work was supported by the Russian Science Foundation (project № 19-73-30028).

1 Xin Chen, Xu Han, and Qun-Dong Shen. Adv. Electron. Mater. 2017, 3(5), 1600460.
2 E.A. Kleimyuk, A.I. Kosyakova, A.I. Buzin, V.G. Shevchenko, Yu.N. Luponosov, S.A. Ponomarenko. Polym. Sci. Ser. C, 2022, 
DOI: 10.1134/S1811238222700138.
3 A.D. Khudyshkina, Yu.N. Luponosov, V.G. Shevchenko, S.A. Ponomarenko. Express Polym. Lett. 2021, 15(10), 957–971.
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Molecular doping allows control of photoluminescence (PL) in crystals of organic semiconductor oligo-
mers1,2. PL in molecularly doped organic single crystal requires understanding factors of host–dopant exciton 
transfer efficiency, but they have been poorly studied.

In this work, we present PL data in variously doped single crystals of thiophene-phenylene oligomers 
R-PTTP-R (Figure 1) with identical thiophene-phenylene conjugate core (PTTP) and different terminal sub-
stituents (R): -H, -F, -CF3, -CH3, -MetOx, tBu, -TMS.

Figure 1. Chemical structure of R-PTTP-R molecule

We show that the efficiency of host–dopant exciton transfer which can be extracted via PL red shift depends 
on terminal groups and the doping level (Figure 2).
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Figure 2. A red shift of PL as a function of the doping level (impurity concentration) in R-PTTP-R single 
crystals; the points signatures stand for terminal substituents R

For explaining the efficiency of host–dopant exciton transfer in variously doped R-PTTP-R crystals, we 
propose an exciton diffusion model. We show that the model explains the PL features in doped R-PTTP-R 
crystals.

This work was supported by RSF (project № 18-12-00499).
1 O. D. Parashchuk et al. Adv. Funct. Mater., 2018, 28(21), 1800116.
2 A. A. Mannanov et al. J. Mater. Chem. C, 2019, 7(1), 60–68.
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2D organic semiconductor single crystals are promising materials for organic field-effect devices1. In this 
contribution, we study the impact of chemical impurities on charge transport in 2D organic semiconductor 
single crystals in organic field-effect transistors (OFETs). In 3D materials, it is known that they can act as 
charge traps and affect the optical properties. We focus here on impurities that are detected by photolumines-
cence (PL) spectroscopy and reveal themselves as an intra bandgap PL band. We assume that the impurity 
is a self-dopant — a longer conjugated molecule appeared as a by-product of chemical synthesis2. We used 
oligothiophenphenylene 1,4-bis (5’-hexyl-2,2’-bithiophene-5-yl) benzene (DH-TTPTT) with a self-doping 
level of 0.01% and 0.2% evaluated from PL measurements in solutions. A drop of solution was applied by spin 
coating at a concentration of 0.1–0.6 g/l on a Si substrate with SiO2 layer working as a gate dielectric.1The top 
electrodes of the organic field-effect transistors (OFETs) were plotted from PEDOT:PSS suspension.2 

Fig 1. OFET data for two sets (6 & 8 transistors for 0.01% & 0.2%, respectively) with different self-doping 
level of the active layer: the average hole mobilities (a) and the average threshold voltages (b).

The PL data in the 2D crystals showed that the self-dopant is incorporated in the crystals. The measured 
OFET data show that that the hole mobility values for the self-doping levels coincided within the measure-
ment accuracy limits, but the threshold voltage is sensitive to the doping (Fig. 1). Accordingly, we conclude 
that the self-dopant species seemingly act as deep traps for charge carriers. From DFT calculations of various 
possible self-dopants and experimental PL spectra of the self-doped samples we suggest that the most plausi-
ble self-dopant is the starting molecule with oxidized thiophenes (sulfones). 

This work is supported by Russian Science Foundation (project 18-12-00499).

1 Bruevich V.V. et al. ACS Appl. Mater. Interfaces, 2019, 11(6), 7
2 Parashchuk O.D. et al. Adv. Funct. Mater, 2018, 28(21), 46
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Synthesis of a new semiconductor material based on 1,10-diaza-18-
crown-6 for OFET-based sensors applications
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Institute of Synthetic Polymer Materials RAS 
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1,10-diaza-18-crown-6 (Kryptofix® 22) as a specific class of azocrown ethers is known for its high affinity 
and selectivity for binding transition metals1. The unique structure and properties of these compounds have 
made them a popular choice for a wide range of applications over the past few years. One of the possible 
applications of the high affinity for transition metals of this ether may be its use as a sensor layer in organic 
field-effect transistor (OFET) -based sensors. It is expected that the binding of crown ether by transition met-
al atoms will lead to a change in the electronic structure of the compound, which will ultimately affect the 
semiconductor and the sensory properties of the material2. It is advisable to use [1]benzothiene[3,2-b][1]-ben-
zothiophene (BTBT) as a semiconductor fragment for this material, due to the high mobility of charge carriers 
in this fragment, as well as its high stability3. 

S

S

OO

NHN

OO

4

Fig. 1. Chemical structure of synthesized compound.

The synthesis of the target compounds was carried out using a combination of successive Friedel-Crafts 
acylation reactions, keto group reduction, and direct amine alkylation. The first two reactions are well studied 
and give relatively high yields, while the addition of an alkylated derivative is carried out by us for the first 
time and requires the selection of reaction conditions. Molecule structure-property relationship as well as pos-
sible application will be discussed.

This work was supported by Program of President of Russian Federation for supporting of young scientists 
(МК-2471.2022.1.3)

1 Gokel, G. et. al., Synthesis, 2014, 46(20), 2771–2779
2 E. Poimanova et. al., ACS Applied Materials & Interfaces 2022, 14, 14, 16462-16476
3 Y. Yuan et. al., Nat. Commun., 2014, 5, 3005.
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One of important issues of molecular design of π-conjugated compounds is finding a way of combining 
different functional fragments in one molecule, which avoids the loss of useful characteristics of each of them. 
It is possible to achieve by using of a spacer that interrupts the conjugation. It could be an aliphatic chain or 
a silicon atom. The last was successfully applied for efficient absorption, emission and energy transfer in or-
ganosilicon nanostructured luminophores. A special advantage of applying the concept of no coupling in mo-
lecular design is the predictability of the properties of novel structures. However, the disadvantage of using a 
spacer that breaks the conjugation is increased molecular weight and sometimes the impossibility of reaching 
the desired HOMO and LUMO energy levels. 

This work deals with the way of conjugation of absorbing and emitting fragments that don’t interrupt their 
spectral properties and allows efficient intramolecular energy transfer between them. Utilizing of 1,3-disub-
stituted benzene ring with phenyl or diphenyl substituents promotes an efficient absorption in medium UV 
region. The placement of (2,1,3)benzothiadiazole unit in the meta-position relative to these substituents leads 
to the formation of 4,7-diphenyl(2,1,3)benzothiadiazole (PBP) fragment that is an excellent emitting chro-
mophore with relatively low absorption cross-section. The resulting molecules (fig. 1) possess the spectral 
properties of the isolated model moieties. It was shown by successful approximation of the absorption spectra 
of novel luminophores with linear combination of the spectra of model compounds that present themselves 
isolated absorbing and emitting fragments.

Fig. 1. Chemical structures of novel organic luminophores with branched fragments 

The emission spectra of novel compounds are identical to the spectrum of PBP alone. However, there is a 
fundamental difference in the quantum yields (QY) of fluorophores. Diphenyl substituents possess QY of 75% 
and higher, but substitution with phenyls drastically decreases QY to 33-44%. Efficient absorption in medium 
UV and high quantum yield of fluorescence in the bluish-green range of the conjugated PBP with meta-disub-
stituted diphenylbenzene make it possible to consider this branched luminophore as a promising material for 
optoelectronics and plastic scintillators.

This work was supported by a grant of the President of Russian Federation for financial support of Leading 
scientific schools No. NSh-3843.2022.1.3.
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Dynamic disorder manifested in fluctuations of charge transfer integrals considerably hinders charge 
transport in high-mobility organic semiconductors (OSs). However, management and control of dynam-
ic disorder in OSs is far from being well studied. We suggest a novel promising strategy for suppression 
of dynamic disorder — tuning the molecular electrostatic potential. We show that the intensities of the 
low-frequency (LF) Raman spectra for crystalline organic semiconductors differ significantly, indicating 
significant differences in the dynamic disorder. 

We present a combined experimental and theoretical study of the four π‑isoelectronic compounds 
— chrysene, benzothieno[3,2-b][1]benzothiophene (BTBT), naphtho[1,2-b:5,6-b′]dithiophene (NDT) 
and tetrathienoacene (TTA). Their annulated structure enables high hole mobilities in their derivatives, 
e.g., C8-BTBT is a popular high-mobility OS.1,2 We observe an unexpectedly strong relative LF Raman 
intensity (as compared with the HF one) for crystalline BTBT and attribute it to the strong dynamic 
disorder; this is confirmed by solid-state DFT calculations. On the contrary, the relative LF Raman in-
tensity is moderate for chrysene, NDT and TTA. For the former two compounds, the lower relative LF 
Raman intensity is attributed to suppression of the dynamic disorder, for TTA, it is assigned to a strong 
HF Raman signal originating from a larger reorganization energy and a narrower bandgap. In turn, the 
difference in the dynamic disorder stems from the stronger intermolecular interactions in chrysene and 
NDT as compared to those in BTBT and TTA. These strong interactions are enabled by favorable distri-
bution of the electrostatic potential highlighting the efficiency of tuning the latter for suppression of the 
dynamic disorder. By comparison the LF Raman spectra of C8-TTA and C8-BTBT, we show that alkyl 
substituents can reduce dynamic disorder. The more rigid crystal structure of C8-BTBT and C8-TTA 
results in weaker dynamic disorder in the lasts with compared to TTA and BTBT.

Our studies, first, suggest guidelines for strengthening the intermolecular interactions in OSs and 
suppression of the dynamic disorder for efficient charge transport and, second, highlight the efficiency 
of Raman spectroscopy in monitoring the disorder/rigidity of OSs, at least within the series of materials 
with similar molecular structures.

This work was supported by Russian Science Foundation, project #22-72-10056. 

1 K. Takimiya, S. Shinamura, I. Osaka, E. Miyazaki. 2011, 23, 4347.
2 K. Takimiya, I. Osaka, T. Mori, M. Nakano. Acc. Chem. Res. 2014, 47, 1493.
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Synthetic organic semiconductor materials are of great interest; they are being actively developed and 
investigated, giving prospects for development in many modern fields of science and technology: organic 
photovoltaics, electronics, sensors, etc. Organic molecules consisting of condensed heteroaromatic units occupy 
a separate platform in the growing base of organic conducting compounds. The rigid condensed structure 
of these compounds provides a π-conjugation with good conductivity, high oxidation stability and dense 
molecular packing in the block [1]. Among all heteroacenes, benzothieno[3,2-b]benzothiophene derivatives 
(BTBT) have already managed to stand out and prove themselves as excellent p-type semiconductors, they 
are actively developed in many studies and give good results [2]. But materials based on the BTBT block 
usually have insufficient solubility to be processed, and usually can act only as p-type conductors. Of great 
interest is a block of indole[3,2-b]idol (IDID) similar in structure to that of BTBT, but having benzopyrrole 
fragments instead of benzothiophene, which makes it possible to modify alkyl or aromatic substituents in two 
NH-positions, thereby controlling the solubility and conductive properties of materials [3]. It is expected that 
molecular D-A structures based on this block may show not only a better solubility and hole mobility, but also 
have ambipolar charge transport, which will allow them to be used not only in organic field-effect transistors, 
but also in sensors and lasers, as well as single-component organic solar cells. 

This work deals with the synthesis and investigation of the new group of IDID-based oligomers, which 
have various aliphatic and aromatic substituents and show promising properties for organic electronics and 
photovoltaics.

Thу synthesis and investigation of oligomers for organic solar cells were supported by the Russian Science 
Foundation (project № 19-73-10198).

Literature:
1. Zhang W., Liu Y., Yu G. Advanced Materials. 2014, 26, 6898-6904.
2. Takimiya K., Osaka I., Mori T., Nakano M. Accounts of Chemical Research. 2014, 47, 1493-1502.
3. Cho I., Park S.K., Kang B., Chung J.W., Kim J.H., Cho K., Park, S.Y. Advanced Functional Materials. 2016, 26, 2966-2973.



POSTER SESSION

52

Influence of terminal alkyl substituents chain length to the 
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Organic semiconductors are very promising materials for microelectronics due to their great diversity and 
tunability of their optoelectronic properties1. Previously published works show that siloxane dimeric mole-
cules based on ВТВТ are successfully used in such devices as organic field-effect transistors2, chemosensors3 
and memristive devices4. The data obtained earlier allow us to conclude that the BTBT derivatives, which 
have an anchor siloxane group and an optimal length of an aliphatic spacer, have sufficiently high semicon-
ductor characteristics when applying films by Langmuir methods. At the same time, the study of the influence 
of terminal groups of different molecular structure on the packing, terminal, electrical and other properties 
of BTBT-containing compounds is an urgent task now. Here the synthesis and investigation of organosilicon 
derivatives of benzothieno[3,2-b][1]benzothiophene (BTBT) with different length of terminal alkyl groups 
(from C2 to C13) or without it capable to self-assembly on the water-air interface is described. All the com-
pounds were obtained with high yields and purity, which was proved by 1H, 13C and 29Si-NMR spectroscopy, 
gel permission chromatography and elemental analysis. The study of their phase behavior by differential 
scanning calorimetry and polarizing optical spectroscopy showed that all the compounds are crystalline at 
room temperature. However, those with terminal alkyl substituents form enantiotropic smectic A mesophases, 
while the compound without terminal alkyl groups form a monotropic nematic mesophase. An increase of the 
alkyl chain length from C2 to C8 leads to higher temperatures of both phase transitions. The investigation of 
electrical and sensory properties to NO2 of the monolayer OFETs based these compounds revealed the de-
pendence of charge carrier mobilities values and sensitivity parameters mainly on the surface morphology of 
the organic semiconductors. The OFETs based on the siloxane dimer with octyl terminal substituents showed 
the best characteristics. A comparison of the sensory and the semiconductor properties for different organic 
semiconductors investigated revealed independency of these parameters. 

Fig. 1. Structural formulas of the compounds synthesized.

This work was supported by RSF (project № 19-73-30028).

1 Anthony, J.E.; and all. Adv. Mater. 2010, 22, 3876-3892.
2 Trul, A. A.; and all. A. Adv. Electron. Mater. 2022, 2101039.
3 Trul, A. A.; and all. Sensors and Actuators B: Chemical, 2020, 321, 128609.
4 Prudnikov, N. V. and all. Phys. Status Solidi RRL, 2022, 16: 2100471.
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Synthesis nanostructured luminophores with carbon branching 
center and comparison of their optical properties  

with organosilicon analogues
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The development of scientific knowledge has opened a new class of nanostructured organosilicon lumino-
phore, which typically demonstrate efficient Förster resonance energy transfer (FRET)1. These materials have 
found application as the functional basis for plastic scintillators, organic light-emitting diode (OLED) and flu-
orescent labels in medicine and molecular biology. This work compares similar nanostructured luminophores 
with silicon and carbon branching centers2. They consist of 4 identical donor and 1 acceptor moieties. As the 
donors alkyl derivatives of p-terphenyl (EH-3P) and 2,5-diphenyloxazole (PPO) were used. All synthesized 
compounds have the same acceptor – POPOP.
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Fig. 1. Structure of obtained chromophores.

The work discusses a method for the preparation of previously unstudied carbon branching center, which 
is a key precursor in the chosen synthesis route. It is shown that of the two possible ways only one led to 
desirable result. The subsequent steps are based on the direct cross-coupling reaction and the preparation of 
precursors for coupling using the Van Leusen reaction. The structure of the compounds was confirmed using 
by 1Н NMR spectroscopic data, the purity of the new luminophores was determined using gel permeation 
chromatography. Optical properties in dilute THF solution for all compounds are also discussed. 

This work was supported by a grant of the President for a leading scientific school NSh-3843.2022.1.3.

1 O. V. Borshchev, N. M. Surin, M. S. Skorotetcky, and S. A. Ponomarenko, INEOS OPEN, 2019, 2 (4), 112–123
2 S. A. Ponomarenko, N. M. Surin, M. S. Skorotetcky, O. V. Borshchev, S. A. Pisarev, E. A. Svidchenko, Y. V. Fedorov, F. Molins 
and T. Brixner, J. Mater. Chem. C, 2019, 7, 14612-14624
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Recently donor-acceptor systems have attracted considerable interest for organic electronic applications. 
Researchers are making efforts to improve molecule properties by varying single moieties. 2,1,3-Benzothiadi-
azole (BTD) is widely used as an acceptor block due to its remarkable opto-electronic properties and usually 
form efficient luminophores with donor blocks.1,2

Addition of 1,4-dimethylbenzene to BTD molecule can lead to an increase in the torsion angle between 
these units. That will be affect the planarity of the molecule and impose to a conjugation disruption and a 
change in the optical properties.

Fig. 1. Chemical structure of the obtained luminophores

In this work a synthesis procedure for new symmetrical luminescent molecules consisting of BTD electron-
withdrawing core, 1,4-dimethilbenzene and benzene fragments was elaborated via Pd-catalysed cross-
coupling Suzuki reaction. The main aim of this work is to investigate structure-property relationship of such 
twisted systems. To study crystal packaging, molecules with different terminal substitutions like trimethylsilyl 
derivatives, and derivatives with hexyl and octyl chains were also synthesized. 

This work was supported by a grant of the President for a leading scientific school NSh-3843.2022.1.3.

1 Skorotetcky M.S., Krivtsova E.D., Borshchev O.V., Surin N.M., Svidchenko E.A., Fedorov Y.V., Pisarev S.A., Ponomaremko S.A. 
Dyes and Pigments. 2018, 155, 284-291.
2 Postnikov V.A., Lyasnikova M.S., Kulishov A.A., Sorokina N.I., Voloshin A.E., Skorotetcky M.S., Borshchev O.V., Ponomaremko 
S.A. Physics of the solid state. 2019, 61(12), 2322-2355.
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Vapor Growth of Centimeter Scale Pentacene Single Crystals
A. A. Kulishov, G. A. Yurasik, T. A. Sorokin, N. I. Sorokina, V. A. Postnikov
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Pentacene (Pc) is one of the best known efficient organic semiconductors. Pc crystals are of great interest 
for the development of organic optoelectronic devices. Due to the extremely low solubility, at present, the 
main method for obtaining single crystal samples is the physical vapor transport method (PVT). Despite the 
works on the growth of Pc crystals available in the literature, there is practically no information about obtain-
ing single crystal samples of centimeter scale. This work is devoted to the development of methods for grow-
ing pentacene crystals from vapor phase for fundamental and applied problems of optoelectronics.

Commercial pentacene (triple-sublimed grade ≥ 99.995%, Sigma-Aldrich) was used for research. The con-
ditions for growing Pc crystals of centimeter scale under the conditions of the PVT method are determined. 
Studies on crystal growth in a two-zone temperature field have shown a significant improvement in growth 
characteristics in comparison with growth according to the classical method based on a gradient thermal field 
(Fig. 1). At a fixed temperature T1 of the hot zone (the zone of sublimation) and a variable temperature T2 
of the cold zone with the same growth periods (72 hours), a change in the morphology and average sizes of 
crystals is observed (Fig. 1). 

Fig. 1. Pentacene crystals on millimetre paper grown at various temperatures of the cold zone 
(T2) for 72 hours (T1=290⁰C).

Pc crystals were studied by single crystal X-ray diffraction (SCXRD) on a XtaLABSynergy-DW, HyP-
ix-Arc 150’ (RigakuOxfordDiffraction) diffractometer at 295 and 85 K. During the study of the features of 
the growth of Pc crystals under conditions of PVT method, needle crystals of centimetre scale pentacene 
derivative - 5,14-dimethylene-5,14-dihydropentacene, which is part of a commercial reagent as an impurity, 
were isolated and studied for the first time by the SCXRD method at 295 and 85 K. Optical absorption and 
luminescence spectra of pentacene and its dimethylene derivative in toluene solutions were analyzed. 

The effect of isothermal annealing in an inert atmosphere on the electrical properties of organic field-effect 
transistors based on the initial and purified pentacene sputtered on silicon substrates by vacuum thermal depo-
sition is investigated1.

This work was supported by the Ministry of Science and Higher Education of the Russian Federation within 
the State assignment for the FSRC “Crystallography and Photonics” of the RAS.

1 Г.А. Юрасик, А.А. Кулишов, М.Е. Гиваргизов, В.А. Постников. ПЖТФ. 2021, 47(23), 40-43.
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Photothermal deflection spectroscopy of organic thin films
V.V. Sisina, D.Yu.Paraschuk, I.V. Golovnin
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Photothermal deflection spectroscopy (PDS) is a group of highly sensitive methods for determining optical 
absorption of weakly absorbing samples. PDS is based on the measurement of photoinduced changes in the 
thermal state of the sample. PDS allows measuring the optical density of solid samples, which can be signifi-
cantly less than one percent, which is not available to conventional spectrophotometers1. Such ultrasensitive 
absorption measurements are required to determine the absorption of 2D crystals, as well as to determine 
small concentrations of impurities in organic semiconductor thin films. One of the popular PDS methods is 
the transversal one or the “mirage effect” method. The peculiarity of this method is the weak dependence of 
the photothermal signal on the diameter of the excitation beam on the sample. In addition, the “mirage effect” 
is undemanding to the optical quality (transparency, uniformity, smoothness of the surface) of the sample, 
because the test beam propagates over it2. The scheme of the method is shown in Fig. 1a. 

Fig. 1a. Scheme of PDS method “mirage effect”.
Fig. 1b. Photothermal absorption spectra of an organic crystal of TMS-PTTP-TMS.

In this work we have developed the PDS methodology and measured ultra-low absorption spectra of organ-
ic thin films. We have identified the reasons for limiting the dynamic range of measurements so that the noise 
level was lower than ∆V-/V+ = 5 · 10−6 1/√Hz in the difference channel, where ∆V- is the - noise voltage in 
the difference channel, V+ is the voltage of the - summary signal (Fig. 1a), which provided the dynamic range 
more than 1000. A PDS spectrum of an organic crystal of 5,5‘-bis[4-(trimethylsilyl) phenyl]-2,2‘-bithiophene 
(TMS-PTTP-TMS) is shown in Fig. 1b as an example. We discuss approaches to further increasing the sensi-
tivity of our PDS technique and its extension for measuring the absorptivity of 2D samples in terms of optical 
density.

This work was supported by RSF (project № 22-79-10122).

1 Jackson W. B., Amer N. M., Boccara A. C., Fournier D. Applied Optics. _ 1981. _ Vol. 20, № 8. _ P.
2 2Boccara A. C., Fournier D., Jackson W., Amer N. M. Optics Letters. – 1980. – Vol. 5, № 9. – P. 377-379.
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Synthesis and properties of heteroacenes for organic electronics
M.S. Skorotetcky1*, O.V. Borshchev1, A.Y. Sosorev 2, E.Y. Poimanova1, S.A. Ponomarenko1
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Organic electronics has been actively developed in recent years due to their advantages such as ease of pro-
cessing, low manufacturing cost, and mechanical flexibility. Among a large variety of organic semiconductors, 
heteroacenes (Fig.1) have been widely investigated as promising organic semiconductors in high-performance 
OFETs. Fused-thiophene structure lead to unique properties, such as extensive conjugation, strong intermo-
lecular S–S interactions, and rigid coplanar conjugated core, which contributes to attractive charge-transfer 
properties1.

Fig. 1. Structural formulas of tetrathienoacene (TTA) and benzothienobenzothiophene (BTBT) deriva-
tives.

This work describes the synthesis, properties and application of new aliphatic and aromatic derivatives of 
heteroacenes in various optoelectronic devices2,3. The characteristics of organic field-effect transistors based 
on them, obtained by both solution and vacuum methods, have been investigated. Fast and simple technique based 
on Doctor Blade and Langmuir-Schaefer methods for functionalization of the semiconducting surface of C8-BTBT-C8 allowing to 
fabricate large scale biorecognition layer based on the novel functional derivative of BTBT containing biotin fragment as a foun-
dation for further biomodification4. As a proof-of-concept, we demonstrate the specific response of the BTBT-based biorecognition 
layer in EGOFETs to a virus of influenza A (H7N1 strain). The influence of dynamic disorder on charge transfer inside 
annelated organic semiconductors is also discussed5.

This work was supported by Russian Science Foundation (project № 22-73-00258).

1 Borshchev O.V, Skorotetcky M.S., Trukhanov V.A. et. al. Dyes Pigm. 2021, 185, 108911
2 Skorotetcky M.S., Borshchev O.V, Polinskaya M.S. et. al. J. Mater. Chem. C 2021, 9, 10216
3 Nikita V. Prudnikov, Yulia N. Malakhova, Andrey V. Emelyanov et. al. Phys. Status Solidi RRL, 2022, 2100471
4 Poimanova, E.Yu.; Shaposhnik, P.A.; Anisimov, D.S. et.al. ACS Appl. Mater. Interfaces, 2022, 14, 14, 16462
5 Sosorev A.Y., Parashchuk O.D., Tukachev N.V. et. al. Phys. Chem. Chem. Phys. 2021 accepted



POSTER SESSION

58
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Molecules based on triphenylamine (TPA) units are widely used as active layer materials for organic elec-
tronics devices. However, triphenylamine molecular geometry hinders planar layer packing, due to sp3–hy-
bridized nitrogen. Triazatruxene (TAT) is a π-conjugated planar molecule being a truxene analogue but with 
three nitrogen atoms instead of carbon atoms at 5, 10 and 15 positions. This structural feature allows the TAT 
core to exhibit planarity and high charge transfer ability. Another structural feature is the easily modifiable 
NH moieties, which allows the addition of various alkyl substituents to increase the target materials solubility. 
Simple wide-bandgap TAT derivatives have shown interesting and valuable properties, which are good charge 
transporting properties, efficient luminescent, large two-photon absorption ability, etc1,2. An alternating donor 
– acceptor approach enables fine-tuning of the physicochemical properties of organic conjugated polymers 
and small molecules by varying electron-rich and electron-deficient units and the length of the π-conjugated 
thiophene spacer between them3.

Here we report on the series and investigation of oligomers based on either TPA or TAT cores and con-
jugated through bi- or terthiophene π-spacers with 2-ethylhexylcyanoacetate or hexyldicyanovinyl terminal 
electron-withdrawing groups. All precursors and the target compounds were characterized by 1H and 13C NMR 
spectroscopy and size exclusion chromatography in an individual state. Optical, thermal and electrochemical 
properties of molecules were studied and compared. The molecules were tested as donor materials with ITIC 
as the acceptor in organic  solar сells and as hole-transporting materials in perovskite solar сells.

This work was supported by the Grant of the President of the Russian Federation for state support of the 
leading scientific schools of the Russian Federation (grant № NSh-3843.2022.1.3)

1 D.O. Balakirev, Yu.N. Luponosov, A.L. Mannanov, P.S. Savchenko, Yu. Minenkov, D.Yu. Paraschuk, S.A. Ponomarenko, Dyes 
Pigm., 2020, 108523.
2 A.N. Solodukhin, Yu.N. Luponosov, A.L. Mannanov, P.S. Savchenko, A.V. Bakirov, M.A. Shcherbina, S.N. Chvalun, D.Yu. 
Paraschuk, and S.A. Ponomarenko, Energies, 2021, 14(12), 3596.
3 A.F. Latypova, N.A. Emelianov, D.O. Balakirev, P.K. Sukhorukova, N.K. Kalinichenko, P.M. Kuznetsov, Yu.N. Luponosov, S.M. 
Aldoshin, S.A. Ponomarenko, P.A. Troshin, and L.A. Frolova, ACS Appl. Energy Mater. 2022, 5, 5, 5395–5403
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Organic electrochemical transistors with inkjet printed 
PEDOT:PSS active layer 
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Organic electrochemical transistor (OECT) is a three-contact device with a liquid electrolyte, which is 
often used in the field of chemical and biosensing and has high detection sensitivity.1 Conductive polymer 
material PEDOT:PSS, which is a complex of poly(3,4-ethylenedioxy-thiophene) with polystyrene sulfonic 
acid, is often used as a functional layer in OECT.2 Such a layer can be obtained by the method of inkjet print-
ing, which has such advantages as high speed and contactless printing of functional layers of arbitrary shape 
and size. For stable multiuse operation of the device in electrolyte a good adhesion of the active layer to the 
substrate is required.3 

In this work, an effect of the functional organosilicon modification layer on the stability of OECT opera-
tion was investigated. For this purpose, a series of OECT devices was афикшсфеув on silicon substrates by 
vacuum deposition of gold source and drain electrodes and inkjet-printing of the PEDOT:PSS active layer. To 
improve adhesion of the active layer for preventing its delamination under measuring in liquid electrolytes, 
the substrate surface was preliminary modified with (3-aminopropyl)triethoxysilane (APTS) (Fig. 1, a). The 
active layer was deposited by inkjet printing of the inks prepared from commercially available PEDOT:PSS 
PH 1000 solution by the addition of deionized water and Triton X-100 surfactant to optimize viscosity and 
surface tension, respectively. As a result, reusable OECTs were obtained with a stable operation in physiolog-
ical solutions having a complex ionic composition – Ringer or Ringer-Locke solutions used as the electrolytes 
(Fig.1, b). 

Fig. 1. OECT device architecture (a) and dependence of the normalized threshold voltage  
on the measurement cycle of modified and non-modified OECT in different electrolytes:  

water, Ringer solution and Ringer-Locke solution (b)

This work was supported by the Russian Science Foundation (grant 19-73-30028).

1 P.A. Shaposhnik et al. Rus. Chem. Rev. 2020, 89(12), 1483-1506.	
2 A.M. Pappa, et al. Sci. Adv., 2018, 4(6), eaat0911.
3 Z. Tan et al, Compos. Part A Appl. Sci. Manuf. 2021, 143, 106299.	
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Electrical and Sensory Properties of BTBT-based Siloxane Dimers 
with Different Terminal Groups
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The usage of (ultra)thin-film organic field-effect transistors (OFET) as sensor devices for detecting various 
gases in the air atmosphere is one of the most promising directions in the creation of inexpensive portable gas 
analyzers. This creation is possible due to the fact that OFETs have a strong dependence of electrical prop-
erties on the environment, which is achieved by the direct interaction of active layer of the OFET with the 
analyte.1 Siloxane dimer molecules based on BTBT can be successfully used in devices such as OFETs2 or 
chemosensors, as shown in previously published works.3 However, it is worth noting that there is no systemat-
ic study of the dependence of electrical and sensory properties on the chemical structure of the dimer. On the 
other hand such studies are quite important for understanding the working principle of such sensing devices.

 
Picture 1. Typical transfers curves (a) and response to NO2 concentrations (b) of the OFETs investigated.

In this work, the properties of OFETs based on BTBT dimer with different terminal alkyl group length were 
thoughtfully investigated. The devices investigated demonstrate typical p-type behavior with extracted charge 
carrier mobilities, threshold voltages, and on–off ratios in the range of 10−5–10−2 cm2 V−1 s−1, −24 to +14 V, 
and 102–107, respectively (typical transfer curves are shown in Fig.1a). Such devices demonstrated good sensi-
tivity to NO2 – up to 134%/ppm (typical response curves are shown a Fig.1b). At the same time, morphology 
investigation showed that devices with smooth and uniform morphology demonstrated better sensory prop-
erties. Probably, this is the reason why dependence of the device sensitivity on terminal alkyl group length is 
not monotonical. It also worth to mentioned that more investigations will be done in future to check if such 
morphology influence is common for other analytes.

The work was supported by the Russian Science Foundation (project no. 19-73-30028).

1 A. A. Trul et al., J Mater Chem C, 2018, 6, 9649-9659.
2 A. S. Sizov et al, ACS Appl Mater Interfaces, 2018, 10, 43831–43841.
3 A. A. Trul et al., Sens Actuators B-Chem, 2020, 321, 128609.
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High charge-carrier mobility in organic π-conjugated structures is a key for high performance organic elec-
tronic devices. In ordered structures the charge transport is expected to be more efficient, which is caused by 
strong intermolecular interaction limiting high magnitude intermolecular vibrations1. This effect could give an 
opportunity to use low-frequency (LF) Raman spectroscopy to control and estimate order in organic π-conju-
gated structures2.

	 In this work crystalline and amorphous π-conjugated structures are used to demonstrate the lower 
relative intensity in the LF region of Raman scattering in more ordered structures in comparison with less or-
dered. As crystal structures we used the organic semiconductors with a relatively high theoretically calculated 
electron mobility. Those are four derivatives of naphthalene diimides with cyclo-hexyl (NDI-CHex)ii, hexyl 
(NDI-Hex)ii, butyl (NDI-But) and cyclo-pentyl (NDI-Cpen) substituents. As amorphous organic samples we 
investigate DNA and ribosome (rRNA) biomolecules3 in different compactization states. 

For samples with a crystalline structure, the relative intensity of LF Raman spectra correlates with the 
theoretical estimate of the ratio of the fluctuations of the transfer integral to the its value (that is a measure of 
order in crystalline structures) and with theoretical estimates of the charge mobilities. Thus, it is shown that 
in samples with a strong intermolecular interaction and, consequently, with a higher order, the intensity of 
vibrations in the LF region is weaker.

The amorphous structures of DNA and ribosome in more compacted states, which are considered as more 
ordered structures, demonstrate the lower relative intensity of LF Raman spectrum. We also track the changes 
in the DNA and ribosome spectra with time and observe that for the former, clear decrease of the LF intensity 
associated with solvent evaporation and denser packing is observed, while for the latter, the spectrum changes 
slightly because of the inherited compaction of the ribosome. Thus, in more ordered amorphous structures, the 
intensity of vibrations in the LF region appears to be weaker.

We show that the intensity of LF Raman scattering can be used to estimate and control the order in crystal-
line and amorphous organic π-conjugated structures.

This work was supported by Russian Science Foundation, project #18-12-00499П

1 A. Yu. Sosorev, D. R. Maslennikov, O. G. Kharlanov, I. Yu. Chernyshov, V. V. Bruevich, D. Yu. Paraschuk Phys. Status Solidi RRL 
2018, 13, 1800485.
2 M. V. Vener, O. D. Parashchuk, O. G. Kharlanov, D. R. Maslennikov, D. I. Dominskiy, I. Yu Chernyshov, D. Yu Paraschuk, and 
A. Yu Sosorev Advanced Electronic Materials 2021, 7(5), 2001281.
3 A. Yu. Sosorev, O. D. Parashchuk, O.G. Kharlanov, I. V. Chicherin, A. A. Trubitsyn, P. A. Kamenski, D. Yu. Parashchuk JETP 
Letters 2022, 116(5), 335–341
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Time-resolved and spatially localized photoelectric effect in organic 
field effect transistors: modeling and experiment
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Organic field-effect transistors (Fig. 1a) can exhibit a photoelectric effect, i.e. act as phototransistors. Pho-
toelectric effect should be more efficient in ambipolar transistors because both photogenerated electrons and 
holes can contribute to the photocurrent. In ambipolar transistors, the position of the electron-hole recombina-
tion zone in the channel can be controlled by the gate voltage, VG. The typical width of this zone is in the range 
of 15-200 nm.1 The ability to control the spatial position of the recombination zone can be used for studying 
the fundamental processes in organic semiconductors2 and also is promising for development of new devices, 
such as optical image scanners with high spatial resolution.3 In such ambipolar organic field-effect transistor, 
the recombination zone acts as a photosensitive region where the maximum electric field is achieved so that 
the photogenerated electron-hole pairs are efficiently separated. Using numerical modeling, it was shown that 
the normalized photocurrent Jph/Jdark dependences on VG can reproduce the spatial profiles of incident light 
intensity across the phototransistor channel, after transformation of the VG-scale to x-scale in accordance with 
the position dependence of the electric field peak, xpeak, on VG (Fig. 1b).3

Fig. 1. Organic phototransistor scheme (a), response of the phototransistor (normalized photocurrent Jph/Jdark 
vs VG) to incident radiation with Gaussian distribution along x-axis (dashed line) (b).

Also modelling showed that the response times of such phototransistor can be about several nanoseconds.4 
Further it was shown by numerical modeling that the phototransistor performance with spatially localized 
photoelectric effect largely depends on the form of the e/h-pair dissociation rate dependence on the electric 
field; different forms of such dependences were studied. The results of modeling were supported by experi-
mental data: spatially-localized photoelectric effect was observed in ambipolar organic field-effect transistor 
based on thin film of six-ring thiophene-phenylene co-oligomer with trimethylsilyl end groups.
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