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Dear Participants,

Welcome to Open Readings 2023, the 66th International Conference for
students of Physics and Natural Sciences!

As the organizing team, we are excited to bring together young researchers
from all around the world for this year’s live event. Open Readings offers a
platform for sharing your work, exchanging ideas, and connecting with fellow
scientists.

With a diverse range of topics, distinguished speakers, and enthusiastic young
researchers like yourselves, this conference promises a memorable and
enriching experience. We encourage you to approach this opportunity with
curiosity and creativity, fostering collaboration and pushing the boundaries of
knowledge.

Good luck on your scientific journey, and may Open Readings 2023 inspire you
to stay curious and innovative.

Sincerely,

The Open Readings 2023 Organizing Team
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ELECTRICITY AND FUELS FROM THE SUN: UNDERSTANDING
AND CONTROLLING ELECTRON AND ENERGY TRANSFER
REACTIONS IN SOLAR ENERGY CONVERSION MATERIALS

Maria Abrahamsson

Chalmers University of Technology

abmaria@chalmers.se

Ca 160 years ago, the first scientific article that showed that COz is a greenhouse gas was published. And about
125 years ago, Swedish chemist Svante Arrhenius predicted that an increased amount of CO: in the atmosphere
would lead to increased temperatures. Jump ahead to 1912 and the Italian photochemist Giacomo Ciamician stated
that we should not use coal, but the sun, for our energy supply.

Solar energy has tremendous potential to be a central part of the transition to a more sustainable society. If we can
increase the efficiency of direct conversion of solar energy into useful energy forms for us by just 1%, it
corresponds to more than the entire combined potential of all other types of renewable energy (nuclear power not
included).

In my research group we are concerned with conversion of solar energy into fuels and electricity and especially
with the (multi)-electron and energy transfer processes that govern the energy conversion reactions. One of the
avenues we are exploring concerns how we can manipulate the incoming solar radiation so that we can increase
the efficiency of solar cells. This means we look into the process of singlet fission to better utilize sunlight with
higher-than-necessary energies and photon upconversion to use the red part of the solar spectrum. Another avenue
of our research concerns how we can store solar energy — in chemical bonds. Simply a way to make fuel from
sunlight. One can think of several different end products, it could be hydrogen, or methanol or methane. These
processes require moving a lot of charges. Issues with stability, and unwanted reactions occurring are common.

In the talk, I will give examples of how the environment and choice of material affects the electron and energy
transfer rates and yields. For example, we have shown that by changing the polarity of the surrounding solvent,
we can control the singlet fission dynamics. In order to further understand the environmental effects, we have also
studied well-known singlet fission chromophores in gels, aiming at an understanding on how self-assembly in the
solid state can be used to achieve efficient singlet fission.

References

Sundin, E., Ringstrom, R., Johansson, F., Kii¢iikoz, B., Ekebergh, A., Gray, V., Albinsson, B., Martensson, J., Abrahamsson, M. J. Phys.
Chem. C 2020, 124, 20794-20805.



TRIPLET-TRIPLET ANNIHILATION MEDIATED PHOTON
UPCONVERSION IN CONFINED NANO DOMAINS OF BIOPOLYMER-
SURFACTANTS-CHROMOPHORES CO-ASSEMBLY

Pankaj Bharmoria,"?* Nobuhiro Yanai,’* Nobuo Kimizuka,>* Kasper Moth-Poulsen'-*

! The Institute of Materials Science of Barcelona, ICMAB-CSIC, Barcelona, Spain

2 Department of Chemistry and Biochemistry, Graduate School of Engineering, Kyushu University,
Japan
3 Department of Chemistry and Chemical Engineering, Chalmers University of Technology, Sweden
pbharmoria@icmab.es

Triplet-triplet annihilation mediated photon upconversion (TTA-UC) materials are emerging for applications in
biology to drive non-invasive low energy excitation based biochemical processes, and in photovoltaics (PV) to avoid
transmission losses.[' However, realization of efficient TTA-UC materials in aqueous environments and solid-state
faces issues of chromophores aggregation and deactivation of excited triplets by dissolved oxygen molecules. We
overcame these issues by developing a generalized approach of biopolymer surfactant-chromophore coassembly
where TTA-UC chromophores are confined inside surfactant nano-domains coated with thick fiber networks of
biopolymers in hydrogels or bioplastic frameworks (Fig. 1). Consequently, air-stable green to blue TTA-UC with
high UC efficiency of 13.5% and a long annihilator triplet lifetime of 4.9 ms was achieved in the hydrogel.
Interestingly, drying of this hydrogel in air resulted in phase separation of liquid surfactant domains containing
chromophores inside the transparent solid bioplastic film. The film showed even higher UC efficiency of 15.6 % in
air with an unprecedented durability of two years. ¥ Further, to expand the photon harvesting window of bioplastics,
red to blue TTA-UC bioplastics with record UC efficiency of 17.6 % and proof-of-concept Far-red to blue bioplastics
were developed. [ The key istwo-fold. First, biopolymer and the surfactant self-assemble in water to give a developed
hierarchical structure with hydrophobic domains which accommodate chromophores up to high concentrations to
drive efficient triplet energy transfer and TTA. Second, thick hydrogen-bonding networks of biopolymer backbone
prevent Oz inflow to the interior chromophores region, as evidenced by long triplet lifetimes both in hydrogels (4.9
ms) and bioplastic films (1.6 to 2.5 ms). Later, the developed NIR to blue hydrogel was successfully applied for
optogenetic genome engineering of light responsive hippocampal gene to induce neuronal dendrite growth with
unconverted blue light upon excitation with NIR light in vitro. [

Fig. 1. Air Stable triplet-triplet annihilation mediated photon upconversion in confined nano-domains
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LASER PRINTING
Boris N. Chichkov

Leibniz University Hannover, Institute of Quantum Optics

In this lecture, I will start from a discussion of photon properties (mass,momentum, and energy) in a dielectric
medium. Then, I will turn to the discussion of laser-based techniques which can be applied for the generation of
complex 2D and 3D structures by printing very small and delicate objects like nanoparticles, living cells, and
microorganisms. | will consider a few application examples of this technology for printing of metasurfaces, 3D
scaffolds for tissue engineering, and biofabrication of biological systems.



POLARITONIC NONLINEAR METASURFACES FOR FLAT
NONLINEAR OPTICS

Mikhail A. Belkin

Walter Schottky Institute, Technical University of Munich, Garching, Germany

mikhail.belkin@wsi.tum.de

Nonlinear optical metasurfaces — planar structures made of a large number of sub-wavelength elements with
engineered nonlinear optical response — can enable frequency mixing without phase-matching constrains of bulk
nonlinear crystals and manipulation of the shape of the output beam via phase control of the nonlinear response
of an individual sub-wavelength element. However, efficient frequency mixing in nonlinear metasurfaces requires
nonlinear response orders of magnitude higher than that of traditional materials.

Intersubband transitions in n-doped coupled semiconductor coupled quantum wells allow one to quantum-
engineer nonlinear response in semiconductor materials and produce very large optical nonlinearities. This large
nonlinear optical response can be further enhanced if intersubband transitions are coupled to electromagnetic
modes of optical nanoresonators fabricated in the semiconductor heterostructures to form intersubband nonlinear
polaritonic metasurfaces. In this presentation, I will share our results on developing metasurfaces that display
second- and third-order nonlinear susceptibility values 4-7 orders of magnitude higher than that of traditional
nonlinear materials. In particular, I will present metasurfaces designed for efficient mid-infrared second harmonic
and difference-frequency generation with second-order nonlinear susceptibility of ~10° pm/V with controllable
phases of the nonlinear optical response and metasurfaces designed for saturable absorption and power limiting.
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THE CALTECH OPTICAL OBSERVATORIES

Jonas Zmuidzinas

California Institute of Technology

Caltech has a long and rich tradition in astronomy and astrophysics, especially in optical astronomy, where Caltech
has developed and operated forefront observatories for many decades. This year - 2023 - marks the 75%
anniversary of the 5-meter Hale Telescope at Palomar CA as well as the 30" anniversary of the Keck Observatory
on Mauna Kea, HI. I will trace the history of the Palomar and Keck Observatories, review some key scientific
accomplishments, describe current efforts to construct and deploy leading-edge instrumentation, and conclude
with a few words on the next-generation observatory, the Thirty Meter Telescope (TMT) project.

About the author:

Jonas Zmuidzinas is the Merle Kingsley Professor of Physics at Caltech and currently serves as the Director of
the Caltech Optical Observatories. A native of Southern California, he received his B.S. in physics from Caltech
in 1981 and his Ph.D. in physics from U.C. Berkeley in 1987. He has served on the Caltech faculty since 1990
and has also concurrently held positions at the Caltech/NASA Jet Propulsion Laboratory including Chief
Technologist. His father, Jonas Stasys Zmuidzinas, was born in Lithuania, as were his wife Vilia’s parents,
Adomas and Lina Mickeviciai.
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QUANTUM METROLOGY WITH NON-CLASSICAL STATES OF

LIGHT
Michele Heurs

Leibniz University Hannover

Nowadays, non-classical (fixed-quadrature ,,squeezed") light is routinely used in second-generation
interferometric gravitational wave detectors such as aLIGO and AdVirgo to increase their detection sensitivity,
leading to some of the most exciting astrophysical discoveries of the past years. Beyond this well-known
application example, squeezing is a quantum technique that can benefit precision metrology in many other areas.
It can be useful whenever the signal-to-noise ratio of the measurement is fundamentally limited by the quantum
noise of the employed and technically already ultra-stabilised laser light.

This talk will highlight exemplary applications of squeezed light, ranging from interferometric gravitational
wave detection to sub-shot-noise limited spectroscopy. The latter example makes use of high-frequency
squeezed light sources, so-called squeezing combs, which will be introduced in this talk. These squeezing combs
exhibit entanglement between the individual upper and lower squeezing sidebands, which occur at the free
spectral ranges of the squeezing cavity. This feature makes squeezing combs a promising resource for
applications in quantum information.
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THE MODERN RESPONSE TO INFECTIOUS DISEASE OUTBREAKS
USING GENETIC SEQUENCING

Gytis Dudas

Vilnius University, Life Sciences Center

The modern response to infectious disease outbreaks has become unimaginable without sequencing, the
reading of the genetic code that makes up the pathogen. Due to increasingly cheaper sequencing technologies, it
is now trivial to diagnose genetic conditions in humans and many infectious disease outbreaks caused by bacterial,
viral, and even fungal pathogens can be dissected with a remarkable degree of precision, revealing information
that would be impossible or unfeasible to get via any other means. You'll hear about a few outbreaks and epidemics
from the headlines of the last decade (e.g. Ebola virus in West Africa 2013-2016) whose investigations using
pathogen genetic sequence data spearheaded the ongoing revolution in epidemiology, how such information was
used in Lithuania during the SARS-CoV-2 pandemic, and how methods developed in this field are now being
applied in entirely new areas, like looking at infections in mosquitoes.
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PHOTOINITIATORS
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Photopolymerization has attracted a great scientific and technological interest due to a large number of applications
spanning from optoelectronics to medical areas [1, 2]. This process is promoted by photoinitiators which in a very short
time scale produce free radicals that trigger the cross-linking reactions [3, 4]. Thus, the photopolymerization initiation
becomes a significant process governing the chemical and physical nature of the final product. A large variety of differ-
ent photoinitiators have been studied by various spectroscopic techniques, however, the excitation mechanisms are not
fully understood. In this work, we present a comparative transient absorption (TA) spectroscopy study of photoinitiation
behaviour in commercial BAPO, Irgacure 369, Irgacure 651 and TPO photoinitiators dissolved in isopropanol.
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Fig. 1. Transient absorption spectra of BAPO photoinitiator obtained during the (a) pump-probe and (b) laser flash
photolysis experiments.

Fig. 1 (a) represents the TA spectra of BAPO photoinitiator recorded during the ultrafast pump-probe experiments.
This technique revealed that after one-photon excitation BAPO immediately cleaves into benzoyl, containing methyl
groups, and phosphinoyl radicals. In addition, it was observed, that benzoyl radical features a significantly faster relaxation
time than phosphinoyl radical. Further, we performed laser flash photolysis experiments to get a deeper knowledge of the
radical relaxation timescale and formation mechanisms. The TA spectra observed by means of laser flash photolysis (Fig.
1 (b)) suggest that the latter radical relaxes in several tens of nanoseconds. These results are in a good agreement with the
previously discussed photoinitiation mechanism and provide a deeper insight into the primary photoreactions of BAPO.

The TA spectra of Irgacure 369, Irgacure 651 and TPO feature only two broad induced absorption (IA) bands. In case
of Irgacure 369, these IA bands span around ca. 350 nm and 470 nm. The presence of transient species was confirmed by
the kinetic traces. We found that the IA band of Irgacure 369 grows up in 10 ps and after 100 ps starts to decay, meanwhile
the second IA band relaxes after 100 ps. In addition, the laser flash photolysis of argon-saturated Irgacure 369 solution
exhibits an increase of initial Irgacure 369 relaxation time, revealing the triplet character of the radical formation.

[1] W. Tomal, J. Ortyl, Water-soluble photoinitiators in biomedical applications, Polymers 12, 1073 (2020).

[2] K. Ikemura, K. Ichizawa, M. Yoshida et. al., UV-VIS spectra and photoinitiation behaviors of acylphosphine oxide and bisacylphosphine, Dent.
Mater. J. 27, 765-774 (2008).

[3] C. Decker, The use of UV irradiation in polymerization, Polym. Int. 45, 133—141 (1998).

[4] A. Alberti, M. Benaglia, D. Macciantelli et. al., Further EPR-spin trapping studies of the photoinitiating activity of Irgacure 369, Eur. Polym. J. 44,
3022-3027 (2008).

38



INVESTIGATION OF NEW TADF MATERIALS DERIVATIVE OF THE 1,3,5-
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Thermally activated delayed fluorescence (TADF) properties, which enable the harvesting of light from both singlet and
triplet excitons without the use of any noble heavy metals, are of interest for a wide range of applications. These
materials are now considered the third generation of OLED materials [1]. Among such emitters, the 1,3,5-triazine TADF
derivatives can be synthesized using the 2,4,6-tris (4-fluorophenyl)-1,3,5-triazine a cost-effective intermediate
developed by the company «LABKICOSMOS». Through tri-substitution of the fluoride, the 1,3,5-triazine moiety is
decorated with carbazole, phenothiazine, phenoxazine, diphenylamine, and 3-methyl indole donors, yielding donor-
acceptor type compounds with the TADF effect [2, 3]. Our second goal was to create a new series of molecules derived
from 1,3,5-triazine. To the best of our knowledge, the mono- and di-substitution of the 2,4,6-tris (4-fluorophenyl)-1,3,5-
triazine intermediate has never been investigated. This work is focused on a new series of 1,3,5-triazine TADF
derivatives through the mono- and di-substitution of our intermediate. The study of the TADF effect and the efficiency
of this new series is still in progress.
The presentation describes the synthesis of the tri-substituted derivatives as well as the first results concerning the
selective synthesis of mono- and di-substituted derivatives.
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Fig. 1. Synthetic route to new triazine derivatives from the intermediate molecule.

[1] Uoyama, H., Goushi, K., Shizu, K. et al. Highly efficient organic light-emitting diodes from delayed fluorescence. Nature 492, 234-238 (2012).
[2] Marghad, I; Bencheikh, F; Wang, C; Manolikakes, S; Rérat, A; Gosmini, C; Kim, D.H; Ribierre, J-C; Adachi, C. RSC Adv., 2019, 9, 4336-4343.
[3] Marghad, I; Kim, D. H; Tian, X; Mathevet, F; Gosmini, C; Ribierre, J-C; Adachi, C. ACS Omega, 2018, 3, 2254-2260.
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Nitrogen and sulfur-containing heterocyclic compounds have received increased attention in recent years due to
their occurrence in a variety of pharmacologically active molecules [1]. Thiazines and thiazepines are no exception. For
example, molecules containing imidazo[2,1-b][1,3]thiazine framework may exhibit antituberculosis [2],
hypocholesterolemic [3], cardiotonic [4] activity and the [1,4]thiazepine scaffold is present in structure of several
medications for the treatment of hypertension [5], angina pectoris [6] and schizophrenia [7]. To the best of our
knowledge, no extensive research on synthesis and biological activity has been conducted on various imidazo[2,1-
b][1,3]thiazines and imidazo[2,1-c][1,4]thiazepines. As a result, these heterocycles are appealing in both synthetic and
medicinal applications.

In most cases, the formation of [1,3]thiazine and [1,4]thiazepine fragments requires complicated reaction
conditions or more than two synthesis steps. One of the new trending pathways to synthetize heterocycles from alkynes
is electrophile promoted nucloephilic cyclization reactions [8]. Fascinated by the possibility to investigate synthesis of
imidazo[2,1-b][1,3]thiazines and imidazo[2,1-c][1,4]thiazepines in one reaction step various 2-alkynylthioimidazoles
were chosen as starting materials (Fig. 1). To obtain desired scaffolds different electrophiles were tested. Regardless of
the electrophile source used, the dominant cyclization reaction pathway was endo-dig although exo-dig products may
form depending on the substituent R in the starting material. During the oral session, the scope and limitations of
electrophile promoted nucleophilic cyclization will be discussed.

E (H) E (H)
] R’\S’\ R .
N S
E* N N S
4 J\(*’)’S / _E /\31 > o | )1,
N n=0,1 N N
H n
R= H, Et, Ar exo-dig endo-dig

E*= Au*, I, Br*

Fig. 1. Synthesis of imidazo[2,1-b][1,3]thiazine and imidazo[2,1-c][1,4]thiazepine frameworks.

[1] (a) M. M. Heravi, V. Zadsirjan, Prescribed drugs containing nitrogen heterocycles: an overview,RSC Adv., 2020, 10, 44, 247. (b) N. Kerru, L.
Gummidi, S. Maddila, K. K. Gangu, S. B. Jonnalagadda, A Review on Recent Advances in Nitrogen-Containing Molecules and Their Biological
Applications,Molecules, 2020, 25, 1909.

[2] J.-X. Gong, Y. He, Z.-L. Cui, Y.-W. Guo, Synthesis, Spectral Characterization, and Antituberculosis Activity of Thiazino[3,2-A]Benzimidazole
Derivatives, Phosphorus Sulfur Silicon Relat. Elem. 2016, 191 (7), 1036—1041.

[3] E. Abele, R. Abele, P. Arsenyan, S. Belyakov, M. Veveris, E. Lukevics, Phase-Transfer Catalytic Synthesis and Hypocholesterolemic Activity of
Thiazino[3,2-a]Benzimidazole and Its Silicon Analog, Chem. Heterocycl. Compd.2007, 43 (2), 220-224.

[4] V. Garaliene, L. Labanauskas, A. Brukstus, Effect of 1-Acyl-5,6-Dialkoxy-2-Alkylthiobenzo[d]Imidazoles on the Action Potential Duration and
Isometric Contraction in Guinea Pig Atrium Activated by Carbachol and in Guinea Pig Heart Papillary Muscles. Arzneimittelforschung2006, 56
(4), 282-287.

[5] (a) G. M. Pieper, W. Siebeneich, Temocapril, an Angiotensin Converting Enzyme Inhibitor, Protects against Diabetes-Induced Endothelial
Dysfunction,” Eur. J. Pharmacol. 2000, 403, 129-132. (b) M. Arakawa, M. Sasaki, M. Ohmori, K. Harada, A. Fujimura, Pharmacokinetics and
Pharmacodynamics of Temocapril during Repeated Dosing in Elderly Hypertensive Patients, Eur. J. Clin.Pharmacol. 200156 (11), 775-779.

[6] S.Muthusamy, M. D. S.Kumar, E. Suresh, Synthesis of Indole Annulated [1,3]-Thiazaheterocycles and -Macrocycles via Ring-Closing
Metathesis, ChemistrySelect 2016, 1 (11), 2603-2609.

[7] X. Niu, B. Yang, Y. Li, S. Fang, Z. Huang, C. Xie, C. Ma, A Transition Metal-Free Tandem Process to Pyridazinopyrido[3,2-f][1,4]Thiazepine-
Diones via Smiles Rearrangement,Organic & Biomolecular Chemistry 2013, 11(24), 4102—4108.

[8] B. Godoi, R. F. Schumacher, G.Zeni, Synthesis of Heterocycles via Electrophilic Cyclization of Alkynes Containing Heteroatom,Chem.
Rev.2011, 111 (4), 2937-2980.
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Inhibition of Hsp90 (heat shock protein) has been explored as a potential therapeutic strategy for cancer, as many
oncogenic client proteins rely on Hsp90 for their stability and activity. Several small-molecule inhibitors of Hsp90 have
been developed and are currently being evaluated in clinical trials [1].

Due to the fact that the highest binding constant with the targeted protein is delivered by compounds containing 4-
isopropyl-1,3-benzenediol moiety [2], various benzimidazole derivatives were synthesized as potential inhibitors of
Hsp90, where 4-isopropyl-1,3-benzenediol moiety was connected by a different number of methylene linkers n = 0-1.

HO — HO N R R:H, COOMe, OEt, Cl
| n=0-1
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Fig. 1. Previously synthesized benzimidazole derivatives.

To investigate the dependency between methylene groups in synthesized benzimidazoles and the binding constant,
we are looking for methods to synthesize benzimidazole derivatives containing double methylene linker (n = 2).
Furthermore, double methylene linker can be synthesized as ethylene or ethene linker between benzimidazole and 4-
isopropyl-1,3-benzenediol moiety by introducing double or triple bonds.

In all cases, the investigation of the synthesis pathways was started with commercially available 1-(2,4-
dihydroxyphenyl)ethenone (1). Through a multi-step synthesis pathway, the starting material (1) was modified to 2,4-
dihydroxy-5-isopropylbenzaldehyde (3) or ethyl 3-(2,4-dihydroxy-5-isopropylphenyl)propanoate (4) as critical starting
materials for the investigation of the benzimidazole (5) formation (Fig. 2). By changing reaction conditions, the
formation of the benzimidazole was investigated.
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Fig. 2. Synthetic pathway of 4-(2-(1 H-benzo[d]imidazol-2-yl)ethyl)-6-isopropylbenzene-1,3-diol.

Final product 5 is yet to be analyzed for inhibition properties for Hsp90.

[1] L. Neckers. Hsp90 inhibitors as novel cancer chemotherapeutic agents. Trends Mol. Med. 2002, 55-61.
2] E. Kazlauskas, A. Brukstus, H. Petrikas, et al. Improving the Hsp90 Inhibitors Containing 4-(2,4-Dihydroxyphenyl)-1,2,3-thiadiazole
Scaffold: Synthesis, Affinity and Effect on Cancer Cells. Anticancer. Agents Med. Chem. 2017.
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Using a single pulse of a tightly focused femtosecond laser, the modification without ablation of plastic and highly
elastic metals is available with the formation of superficial nanostructures. The stresses induced by a high-intensity
pulse produce a momentum normal to the metal surface leading to the delamination of a thin film and the formation of
protrusions. The fast heating or even melting of the metal layer and fast resolidification of it lead to energy-dependent
morphological shapes of the structures — bumps cones or jets [1].

The periodic arrays of such nanostructures excite hybrid lattice plasmon polariton exhibiting intense and
practically applicable plasmon resonance. The narrow peak excitation is due to the interaction of diffracted light with
surface lattice plasmons arising from periodically excited localized plasmons in each nanostructure [2]. The periodic
gratings can be applied as refractive index sensors, perfect light absorbers, nanolasers, or in Raman spectroscopy [3].

The formation process, size, and shape of the nanostructures depend not only on the pulse energy but also on the
laser wavelength. Using the direct laser writing method, the wavelength dependence was investigated by fabricating
structures of different morphology using the first (1030 nm), second (515 nm), and third (343 nm) femtosecond laser
harmonic. The bump structures remain quite similar, while the cone and jet morphology change significantly. The most
prominent difference is seen in the jets (Fig. 1), as the ones fabricated with IR radiation are small and have a thick
protrusion, while the ones manufactured with lower wavelengths have a thinner and pointier antenna. Also, using
1030 nm the influence of the polarization on the structure shape symmetry is observed.

Fig. 1. SEM micrograph of nanoantenna fabricated using 1030 nm (a), 515 nm (b), and 343 nm (c) tilted at a 45° angle.

Furthermore, the laser wavelength influence on the achievable grating period and the nanostructure formation
fluence was investigated. Both of these parameters decrease by implementing higher harmonics with shorter
wavelengths, leading to a more precise formation of the nanostructures. Also, the thin film stress-induced intrinsic
modifications similar to material fatigue were observed as the formation fluence required to obtain specific morphology
decreased with higher pulse overlapping at smaller periods.

Finally, the periodic arrays of nanobumps were fabricated using different harmonics and the reflectance spectra
were investigated using a spectrophotometer. All gratings exhibit high-quality resonances (Q-factor up to 40) with a
marginal influence of the laser wavelength.

[1] D. Pavlov, S. Syubaev, A. Kuchmizhak, S. Gurbatov, O. Vitrik, E. Modin, M. Lapine, Direct laser printing of tunable IR resonant nanoantenna
arrays, Appl. Surf. Sci. 469, 514-520 (2019)

[2] E. Stankevicius, K. Vilkevi¢ius, M. Gedvilas, E. Buzavaite-Verteliene, A. Selskis, Z. Balevi¢ius, Direct Laser Writing for the Formation of
Large-Scale Gold Microbumps Arrays Generating Hybrid Lattice Plasmon Polaritons in Vis—NIR Range, Adv. Opt. Mater. 9(12), 2100027
(2021).

[3] K. Yang, X. Yao, B. Liu, B. Ren, Metallic Plasmonic Array Structures: Principles, Fabrications, Properties, and Applications, Adv. Mater. 33,
2007988 (2021).
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Dopamine (DA) is one of the most important neurotransmitters in the human body, playing a crucial role in motor
control, reward and motivation functions, as well as the central nervous and immune systems. Abnormal levels of DA
may potentially lead to several neurological diseases such as schizophrenia, depression, attention deficit hyperactivity
disorder (ADHD), Parkinson’s and Alzheimer’s diseases [1]. Therefore, there is an urgent need to develop new platforms
for the precise and sensitive determination of DA concentrations in the human body.

In recent years, electrochemical methods have been considered as an efficient tool for DA detection because of their
simplicity, cost-effectiveness, fast response time, and reproducibility. Graphene-based derivatives such as graphene oxide
(GO) and reduced graphene oxide (rGO) have drawn increasing attention as electrode materials in the development of
electrochemical sensors due to the time-efficient and non-expensive synthesis procedure as well as unique chemical,
physical, and electronic characteristics. rGO-based materials exhibit a high surface area, chemical stability, electrical
conductivity, and the ability to immobilize a variety of different molecules [2]. However, despite these advantages, the
development of rGO-based sensors with high sensitivity and rapid response time is still challenging. Therefore, doping
with heteroatoms could be a key strategy to tailor structural and electrochemical properties of rGO because the doping
process can enhance the charge carrier density, wettability, sensitivity, create new electrocatalytically active sites, and
ensure a fast electrochemical response for accurate and sensitive DA detection [2,3].

The aim of this study was to synthesize N-doped reduced graphene oxide (N-rGO) samples and investigate their
electrochemical performance in the detection of DA. GO has been prepared using a modified Hummers’ method, including
the pre-oxidation of natural graphite powder by the mixture of K,S,03/P,Os/H2SO4 [4]. N-rGO samples have been
synthesized by a facile and one-pot hydrothermal treatment of GO in the presence of the organic dye “Bismarck Brown
Y” (BB), which has been used as a N source for the rGO modification for the first time. Obtained samples (rGO,
rGO_BB20, and rGO_BB50) have been characterized by Brunauer-Emmett-Teller (BET) analysis, scanning electron
microscopy (SEM), X-ray photoelectron (XPS), and Raman scattering spectroscopies. The electrical behavior of the
prepared materials has also been determined by estimating the dependence between electrical conductivity and bulk
density. Electrochemical measurements, including cyclic voltammetry (CV) and chronoamperometry (CA), have been
performed to analyse the sensitivity of N-rGO samples toward DA detection. Interference studies have also been carried
out to investigate the selectivity of N-rGO samples.

The results of the XPS analysis show that rtGO_BB20 and rGO_BBS50 consist of 5.3 and 14.2 at% of nitrogen,
respectively, indicating a successful rGO modification with N atoms. From the N1s XPS spectra it has been observed that
in the rGO_BB20 sample nitrogen occurs mostly in the form of the pyridinic groups (45.0 at%), whereas in the tGO_BB50
sample the pyridinic (40.7 at%) as well as amine groups (35.7 at%) are dominant. Ip/Ig values determined from Raman
spectra confirm the increase of structural disorders after the use of the BB additive. The BET analysis shows that the
specific surface area decreases with the higher amount of BB used in the hydrothermal synthesis. Electrical conductivity
measurements demonstrate that rGO and rGO_BB20 exhibit similar electrical conductivity values, while rtGO_BBS50 has
much lower. From the SEM images, it is found that modification with N atoms leads to corrugation of rGO layers. The
CV studies reveal that the rtGO_BB20 and rGO_BB50 samples exhibit prospective electrocatalytic activity toward the
DA redox peak. The CA studies show that the proposed sensor based on rGO_BB20 demonstrates a relatively high
sensitivity of 0.46 pA pM™' cm™? and a low limit of detection (11 nM). Interference analysis in the presence of other
electroactive materials such as uric acid, ascorbic acid, citric acid, and H,O, shows the electrochemical response only for
dopamine using the rGO_BB20-based electrode, suggesting that it is a promising electrode material for the sensitive and
selective determination of DA.
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The noble metals gold and silver have gained popularity in nanotechnology due to their broad absorption band in
the electromagnetic spectrum and the effect known as localized surface plasmon resonance (LSPR), which determines
the optical properties of these metal nanoparticles [1]. They have applications in a wide range of technologies, in the
electronics industry, medicine, pharmaceuticals, catalysis, optics, spectroscopy, food industry, etc. [2]. Combining gold
and silver into a single material - hybrid nanoparticles - could lead to synergistic effects between the two metals and new
technological applications. The generation of clean nanoparticles requires suitable nanoparticle starting materials, which
must be completely ligand-free to avoid cross-contamination. Nanoparticles produced by pulsed laser ablation in liquid
are well suited to these requirements, this process does not require chemical reagents, stabilizers, or additional ligands
and therefore avoids the surface contamination of nanoparticles inherent in chemically prepared analogs [3]. Also it is a
confirmed method for the generation of hybrid Au-Ag nanoparticles with a homogeneous distribution of elements on a
single-particle scale [4]. However, maintaining nanoparticle stability is a difficulty. A good colloidal solution must be
stable. The stability of a colloidal system depends on the interaction forces between formed particles. Particles that are
not stabilized can aggregate, thereby hindering their further use.

Therefore, this study focused on the stability and how it was affected by the different laser pulse energies (50 pJ to
300 pJ) used. Additionally, thin film evaporation was used to produce hybrid Au-Ag targets (100 nm). Using this method,
it was possible to analyze how hybrid nanoparticles are affected when they are made from films with different metal ratios
and their order. The nanoparticles were produced in deionized water without the addition of stabilizers. Monometallic and
hybrid nanoparticles generated from thin films at laser pulse energies of 50, 150 and 250 pJ are shown in Figure 1. An
identical production process was carried out on bulk samples and the characteristics of the colloidal solutions were
compared using a spectrophotometer, TEM images, photographs and spectra measurements over a period of 5 weeks.
During these weeks, it has become clear that the thin-film approach can produce more stable colloidal solutions,
nanoparticles of smaller size and dispersion, and can compare favorably with solutions obtained from a bulk target, as
well as what is the most advantageous ratio of metals to form nanoparticles for long-term stability and what pulse energy
should be applied.

Fig. 1. Photographs of colloidal solutions generated from thin film layers using different laser pulse energies
(50 pJ, 150 pJ, 250 pJ). The order of the films is indicated on the left and the ratio of metals above the vials.
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Europium is the rarest element among the lanthanides and yet the most reactive one. Europium element has two
different oxidation states +2 and +3 with the electronic configuration [Xe]4f® and [Xe]4f’, respectively. It is easier to
obtain inorganic materials doped with europium with +3 oxidation state than with the oxidation state +2, which relates to
reductive synthesis conditions. Despite the high reactivity of europium element, it has also interesting luminescence
properties. The Eu’* ions emit strong red-orange visible light exciting in the UV range of energy for the electromagnetic
spectrum. [1]. Therefore, this ion can be used as a sensitive luminescence probe. Moreover, many studies confirmed the
highly biocompatible properties of inorganic composites based on calcium phosphate compounds doped with Eu’* ions
[2].

Synthetic apatites are widely used in biomedical field, as a bone or teeth fillers, due to their highly developed specific
surface and ability to develop stable bond with living tissues. Fluorapatites have particular advantage over hydroxyapatites
via their structural stability and more resistant for demineralization process that occurs in the bone tissue. Hence,
fluorapatites can be more suitable substitution for hydroxyapatite in biomedical uses [3].

Rubidium as a trace element can occur in the low concentration in human teeth. However, it seems to have valuable
biological features. Interestingly, many studies confirmed biocompatibility of Rb* ions and their positive effect on osteo-
and chondrogenesis. Moreover, by its similarity to lithium ions it also exhibits antidepressant properties [4].

Our research team developed highly stable two series of fluorapatite compounds co-doped with Eu®* ions and various
concentration of Rb* ions (1, 3, 5, 7 mol%). Structure and morphology were investigated via X-ray powder diffraction
technique (XRPD), infrared spectroscopy (FT-IR) and transmission electron microscopy (TEM). Luminescence properties
were evaluated by measuring emission and excitation spectra but also by luminescence kinetics. Finally, to evaluate
biological properties obtained nanomaterials were tested toward NHDF. Additionally, immune response was evaluated by
testing materials toward THP-1 macrophage cell line.

Fig. 1. TEM and life time and image of obtained fluoroapatite based compounds co-doped with Eu** and Rb" ions.
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At high temperature, methyl group exhibits classical reorientation dynamics around its symmetry axis, while at
lower temperatures, it acts as a quantum rotor exhibiting rotational quantum tunneling, which is highly sensitive to a
local methyl group environment (Fig. la). Recently, we observed this effect using pulsed electron paramagnetic
resonance (EPR) in two dimethylammonium containing hybrid perovskites doped with paramagnetic Mn>* ions [1].

In this work, we investigate the feasibility of using a fast-relaxing Co?" paramagnetic center to study the methyl
group tunneling in dimethylammonium zinc formate [(CH3)NH:][Zn(HCOO)s] (Fig. 1b) hybrid perovskite using a
multifrequency EPR experiments. Our pulsed EPR experiments reveal magnetic field independent electron spin echo
envelope modulation (ESEEM) signals, which are assigned to the methyl group tunneling. The extracted tunnel
frequency of 1.84 MHz from the experimental data is used in density operator simulations, which allows us to calculate
the rotational barrier of the methyl groups. The comparison of these results [2] with the previously reported Mn?* [1]
case shows that our approach can detect very small changes in the local methyl group environment opening pathway for
a new spectroscopic tool.

Fig. 1. (a) Schematic energy level diagram of a methyl group rotor with rotational barrier V3. At lower temperatures, the
group acts as a hindered quantum rotor enabled by the wave-function overlap, which also splits the ro-librational levels
by the tunnel splitting v.. (b) Low-temperature structure of DMAZn:Co. The hyperfine interactions between the
paramagnetic Co?" ion and protons of the nearest methyl group are indicated by green lines.
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Triplet-triplet annihilation based NIR-to-visible photon upconversion (TTA-UC) is a photophysical process used to
generate visible photons from low power density incoherent NIR excitation [1]. Due to forementioned qualities, UC could
become handy in various practical applications such as harvesting sub-bandgap photons in photovoltaic devices, using
UC materials in night vision equipment, photopolymerization and other fields of science and technology [1-3]. Typically,
TTA-UC systems are composed of two types of molecular species: sensitizer and emitter. The first one is used for NIR
light absorption and triplet generation, whereas emitter is responsible for triplet-triplet annihilation (TTA) and visible
light emission. Rubrene molecule is the most popular emitter option in the field, yet due to aggregation it shows poor
performance in solid-state [2]. Modified antradithiophene (TES-ADT) could become a suitable replacement for rubrene
and other widely used emitters, due to promising solid-state performance [3] and low triplet state energy. Therefore its
photophysical properties in various UC systems should be thoroughly studied.

The aim of this research is to investigate liquid TES-ADT based TTA-UC system. To obtain UC the TES-ADT
emitter is coupled with palladium phthalocyanine (PdPc) sensitizer. Experimentally, a series of 8 UC samples with
constant sensitizer and varying emitter concentration (1 — 200 mM) was made to determine the optimal TES-ADT
concentration for the best TTA-UC performance. The performance was evaluated by measuring UC quantum yield (@)
using integrating sphere and comparative methods. The results (see Fig. 2) show that 20 mM emitter solution yields the
highest value of around @y = (7,7 + 2,7)% (Fig. 1-2). Moreover, it is shown that lower emitter concentrations result
in poor triplet energy transfer, whereas higher than optimal amount of TES-ADT evoke aggregation indicated by the drop
of the fluorescence quantum yield from 100% to 11%. High & values obtained, motivate further research and possible
applications in solid-state.
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Fig. 1. UC spectrum in Vis region of TES-ADT:PdPc Fig. 2. UC quantum yield of samples with constant
(10 mM:15 uM) solution under 730 nm CW PdPc concentration (15 uM) and variable emitter
excitation. concentration in toluene.
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In many different fields of science, analysis of physical problems using analytical mathematical models can be
difficult. Inclusion of every single possible interaction causes mathematical equations to become too complicated, even
for the best supercomputers to this day. In spintronics, effects such as magnetoresistance (MR) heavily depend not only
on the selection of materials, but also on the magnetisation process [1][2], latter of which can be quite difficult to grasp
even utilizing quantum mechanics. To simplify the problem, one way to analyse microscopic magnetisation processes is
by using the Ising model [3], where an arbitrary volume is divided into some number of unit cells that have quantized
spin (in the most common case, having spin 1/2 or —1/2). These cells then interact with neighbouring cells and
depending on the exchange coupling constant, cells either try to orient their spin in one direction or in opposite directions.
Such model is usually solved using Monte Carlo methods, where the probability for a cell to change its spin value can be
calculated using Boltzmann statistics. With this model one can analyse phase transition and magnetic hysteresis
dynamically. The Ising model is also an approximation of the classical Heisenberg model and only one spin projection is
considered.

In this work, some common examples are analysed, such as defects in ferromagnets and artificial antiferromagnet
configuration using the Ising model (Fig. 1). By changing exchange coupling, interacting neighbour count, volume size
and adding macroscopic effects, such as demagnetizing field or anisotropy, changes in phase diagrams and magnetic
hystereses are explored.
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Fig. 1. Ising models for different kinds of magnetic structures. (A) — Ferromagnet with non-magnetic defect
(crack). (B) — Normalized magnetisation vs temperature, normalized by Curie temperature, with and without the
defect. (C) — Magnetic hystereses with and without the defect at two different temperatures (7¢ — Curie
temperature). (D) — Alternating magnetisation structure (artificial antiferromagnet), where red layers have 3
times stronger interaction than grey and both layers have antiferromagnetic coupling. (E) — Normalized
magnetisation vs temperature, normalized by Neel point temperature. (F) — Magnetic hystereses at different
temperatures (7nx — Neel temperature).
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Glibenclamide, also known as glyburide, is a sulphonyl urea drug used to treat type 2 diabetes. New ways to use
this compound for inhibiting headaches or various inflammations are also being found [1]. Unfortunately, glibenclamide
is poorly soluble in water (15-24 pg/mL) [2] which makes it harder to find new pharmaceutical applications. To
improve solubility of glibenclamide, a biological choline-tryptophanate ionic liquid was added to water, increasing
glibenclamide’s solubility to 27 mg/mL — by 130-600 times compared to the solubility in pure water [3].

Fig. 1. Optimised structures of choline, tryptophanate and glibenclamide ions.

The main goal of this study was to find out what intermolecular interactions result in the increase of
glibenclamide’s solubility in aqueous mixtures with ionic liquid by using molecular dynamics (MD) simulations and
quantum mechanics/molecular mechanics (QM/MM) methods. One of the main tools for studying intermolecular
interactions is nuclear magnetic resonance (NMR) spectroscopy as 'H NMR chemical shifts depend on the surroundings
of the molecule. The NMR parameters of two systems: glibenclamide in aqueous solution (Glbag) and in ionic liquid
mixture with water (Glbisg), as well as additional structural parameters, were computed and investigated. NMR
experiments for these systems were also done.

By analysing the dihedral angles between glibenclamide atoms, it was found that there are no significant changes
between the conformations of glibenclamide in Glbag and Glbirsg systems. The calculated coordination numbers
between the glibenclamide and solvent atoms and the shift of glibenclamide’s magnetic shielding constants let us
conclude that the increase of solubility of glibenclamide in ionic liquid mixtures with water is impacted by
intermolecular interactions between choline and tryptophanate ions and the amide groups, aromatic rings and
cyclohexane cycle of glibenclamide.

Acknowledgements: Computations were performed on resources provided by the High Performance Computing Center
North (HPC2N) at Umeé University, Sweden and High Performance Computing Center “HPC Saulétekis” at Vilnius
University, Lithuania.
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Oxygenation reactions are widely used in industry, however, organic chemistry methods usually require metal
catalysts or peroxides. Therefore, more environmentally friendly methods are needed, and as a result, more attention is
shifting to the enzymes that catalyse such reactions - various oxygenases. Non-heme diiron monooxygenase PmIABCDEF
possesses a broad substrate specificity and can oxidize different chemical groups, including ring heteroatoms and C=C
double bonds [1].

N-oxides can be applied in the agriculture, and pharmacy industries. They have increased reactivity compared to
regular N-heteroaromatic compounds [2]. Oxiranes, also known as epoxides, are important intermediates in organic
chemistry and they bear the capacity of wide-ranging ring—opening reactions, which usually occur with predictable
regioselectivity and stereospecificity [3]. However, it is a challenging task to selectively oxidize chemical groups of
different reactivity (e. g. N-oxidation versus epoxidation) in a single molecule, therefore diverse synthesis strategies are
employed with multiple reaction steps [4].

In this work, we investigated the selectivity of PmIABCDEF monooxygenase with substrates bearing two possible
reaction sites — terminal C=C double bond and nitrogen atom in the pyridine ring. Hence, alkenyl-substituted pyridine
compounds having different lengths of carbon chains were synthesized from 3-pyridinol and appropriate alkenyl
bromides. Produced compounds were used in the bioconversion reactions with Pseudomonas putida KT2440 producing
recombinant PmIABCDEF monooxygenase. Reaction products were identified as N-oxides and epoxides (the reaction
scheme is shown in Fig. 1). The efficiency of the conversion as well as the ratio of different oxidation products depended
on the length of the alkenyl chain.

The reaction products were extracted and purified using column chromatography on a silica gel. The obtained
compounds were analysed with nuclear magnetic resonance (NMR), thin-layer chromatography (TLC), and high-

performance liquid chromatography — mass spectrometry (HPLC-MS).
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Fig. 1. Substrate synthesis and conversion to oxiranes and N-oxides. nis 1 — 6
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In order to convert high-energy radiation, such as gamma or X-rays, into visible light, special convertermaterials are
needed. Such compounds are usually referred to as scintillators. Over the years many different candidates to fit the
requirements were examined. However, compounds with garnet structures have attracted a particularly large amount of
attention. Cerium or praseodymium doped lutetium and gadolinium aluminum garnets have high density, high thermal
stability, rather efficient luminescence processes, and thus high quantum efficiency which are needed for a good
scintillator [1]. However, further optimization and improvement are still required especially w.r.t. a reduced decay time.
The duration of the luminescence decay is important because if it is very short then the more signals can be measured
within a defined timeframe, resulting in a better resolved and higher quality image, for example in CT devices. One way
to improve materials properties is to doping the aforementioned compounds with different elements. As such, by doping
we could potentially be able to improve key aforementioned parameters: emission intensity, quantum efficiency and decay
times [2,3]. One of these elements is boron. Primarily, it can be used as a flux, and also B** ion has a suitable neutron
capture cross section and can also help absorb gamma radiation [4]. However, garnets can be doped with larger amounts
of other elements. In this case, we replaced some of the aluminium with scandium. Lutetium aluminium scandium garnets
and gadolinium aluminium scandium garnets doped with Ce** / Pr**/ B** were obtained as a result. These garnets are
synthesized and studied for the first time.

In the present work, the effect of boron and scandium co-doping on the various characteristic of the LuAG and GAG
doped by cerium and praseodymium is investigated. Garnets doped with different amounts of boron and scandium were
synthesized by the aqueous sol-gel method. The phase purity of the samples was analyzed by means of X-ray diffraction.
The morphology of the compounds was evaluated by using scanning electron microscopy. Photoluminescence properties
such as emission and excitation spectra, decay curves, quantum efficiency and temperature dependency of the emission
and excitation spectra have been investigated. Radioluminescence was also measured in order to determine the
scintillation properties of the samples (Fig.1.). The positive impact of boron addition into the garnet structure on the
luminescence properties will be discussed in detail.

Fig. 1. X-Rays excited emission spectra of 1% cerium and different amounts of boron doped Lu3Als0,2 and
Lu3A14S<31012.
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Dyes are essential chemicals needed in the textile, tanning and printing industries. However, the treatment of dye
effluents has been problematic, making it a leading contaminant in wastewater. Many solutions are being proposed and studied
for the remediation of dyes, including filtration, ion exchange, coagulation, biological treatment, adsorption and photocatalyst.
Adsorption via nanomaterials has been extensively explored for dye removal; however, they still have some drawbacks. The
difficulty of collecting them after the adsorption process is notable due to their size.

In this work, the sacrificial template technique was used to prepare a polymer clay nanocomposite to understand the
adsorption mechanism of methylene blue dye onto the fabricated composite. The composite was prepared from
polydimethylsiloxane (PDMS), nano clay particles(< 50 nm) and magnetite nanoparticles. The PDMS and nano clay were
obtained from Sigma Aldrich, whereas the magnetite nanoparticles were synthesised using a green approach. Three samples
were used for this study: a control sample with only PDMS; a sample with PDMS and nanoclay (called PB); and a sample with
PDMS, nano clay and magnetite nanoparticles (called PBNP). The adsorption test was run by preparing a standard methylene
blue dye solution at a concentration of 5 mg/L to mimic the contaminant and expose the adsorbent to it for 5 hours. At the end
of the period, the data collected was modelled using the pseudo-first-order, pseudo-second-order, intra-particle diffusion and
Boyd kinetic models to understand the kinetics of the process adsorption process. The isothermal behaviour was understood by
the Elovich, Harkins-Jura and Dubinin-Radushkevich models.
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Fig. 1. Kinetic Model description for PBNP adsorbent.

The findings of the study revealed that homogenus dispersion of the nano phase was achieved in the polymer matrix.
However, the heterogenity of the adsorbent‘s surface influenced the adsorption process. The result from the isothermal
modelling revealed the adsorption process for PB and PBNP both fit the Elovich. This is evidence of multilayer formation on
the adsorbents surface influenced by chemical reaction. The exponential increase adsorption postulated in this model can be
attributed to the varying surface energies caused by the heterogenity. The kinetic models also go to suppport his chemical
adsorption process with PBNP fit both pseudo second order model and intra-particle diffusion model This points to multi process
adsorption as a result of presence of the magnetite and clay nanoparticles and causing surface heterogenities. The data from the
PB sample indicated that the kinetic process indicated a process governed by intra-particle diffusion.

It is seen that the adsorption of methylene blue dye unto the surface of the polymer clay nanocomposite involves varied
interactions due to the complexity of the material ‘s surface.
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A promising approach to enhance the effectiveness of anticancer drugs related to reducing their side effects could
be an use of nanoparticles for the controlled drug transporting the drugs to tumor sites [1]. Nanohydroxyapatite (nHAp)
is a biocompatible material that is very suitable as a drug carrier. The studies have shown that the NI-1 cell line of canine
mastocytoma, that has c-Kit tyrosine kinase mutations, is a good model for testing targeted therapeutic agents. There have
been used the imatinib and toceranib as protein tyrosine kinase inhibitors (Fig. 1). The effectiveness of the proposed
nHAp-drug system was tested in vitro. The results have shown the synergistic anti-tumor effect when the drug is delivered
with nHAp in comparison to the effect of the drug alone [2,3].

The physicochemical properties of the obtained system were examined using XRPD (X-ray Powder Diffraction),
SEM-EDS (Scanning Electron Microscopy-Energy Dispersive X-ray Spectroscopy), FT-IR (Fourier-Transform Infrared
Spectroscopy), absorption spectroscopy and DLS (Dynamic Light Scattering) methods. The hydroxyapatite was identified
as nanorod-shaped particles with great crystallinity and the amorphous drug was obtained by transforming it from its
crystal form. Time-dependent drug release from the nHAp-drug system was carried out.

Fig. 1. Schematic of the nHAp-drug delivery system to mastocytoma cells.
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Materials with structural hierarchy gained increasing interest in various fields due to their unique and tunable
properties. Hierarchically constructed multi-level systems are characterized by a multi-scale organization which can be
achieved by assembling nano- and microparticles together in a well-defined manner.

The main advantage of multi-level particles is the ability to integrate multiple components with specific functions
into a single system. Additionally, several analytical methods can be combined with great specificity and accuracy. The
formation of five-level hierarchical core-shell particles was a model experiment, however, these particles have a great
potential for a wide range of applications, including selective sensing, particle-based SERS sensing, catalysis, filtration,
as well as various fields in biomedicine and material science.

One of the most important factors for forming multi-level composite particles is controlled assembly of different
materials. The controlled assembly needs to be ensured at different levels of organization. In previous works [1,2] the
construction principles of a hierarchically structured three and four-level systems were presented in detail. The good
reproducibility of the presented four-level composite system allowed the modification of several formation steps in
order to increase structural hierarchy. In this way, highly structured five-level systems were formed in a multi-step
process. A schematic representation of the design of core-shell composite particles is shown in Fig. 1.

Fig. 1. Schematic representation of the design of the five-level composite system.

First, metal (Au, Ag) and polymer (PMMA, poly-TPGDA) nano- and microparticles were synthesized as
individual building blocks. After, Au nanoparticles were electrostatically attached to the surface of PMMA nanoparticles
and the Au/PMMA composites were formed. Prepared Au/PMMA composites were mixed with poly-TPGDA
microparticles in a batch reaction and incubated at room temperature for 24 h. During incubation time, Au/PMMA
composites attached to the microparticle surface and due to electrostatic attraction hierarchically structured
Au/PMMA /poly-TPGDA composites were successfully formed. In the next step, core and shell monomer phases were
prepared. The Au/PMMA/poly-TPGDA composites were dispersed in the shell monomer phase and Ag nanocubes were
dispersed in the core phase. The synthesis of core-shell microparticles containing nested sets of dispersed metal and
polymer micro- and nanoparticles was achieved through in-situ photopolymerization using a two-co-axial capillary
microfluidic device.

The process was optimized by controlling the flow rates of the carrier, shell, and core phases, with the results
revealing that an increase in carrier flow rate reduced particle size, while an increase in shell and core flow rate
increased particle size. Also, it has been proven that in-situ photopolymerized core-shell composite particles are robust,
permeable, and potentially applicable for particle-based sensing, for example for SERS applications.

[1] K.P. Kronfeld, R. Mazetyte-Stasinskiene, X. Zheng, J.M. K&hler, Textured and Hierarchically Constructed Polymer Micro- and Nanoparticles,
Applied Sciences 2076-3417 (11), 2076-3417 (2021).

[2] R. Mazetyte-Stasinskiene, E. Freiberger, E. Tauscher, J.M. Kdohler, Four-Level Structural Hierarchy: Microfluidically Supported Synthesis of
Polymer Particle Architectures Incorporating Fluorescence-Labeled Components and Metal Nanoparticles. Langmuir, 38 (29), 8794-8804
(2022).
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Fano resonance is observed as a closely spaced peak and dip in metasurface transmission or reflection spectra. The
excitation of Fano resonance is caused by interference between two resonances of narrow (discrete) and broad
(continuum) line shape. The two resonances can be excited due to different physical reasons which determine the nature
of Fano resonance. It is observed that interference of resonances such as plasmonic, waveguide and Fabry-Perot can lead
to excitation of Fano resonance [1,2]. The issue is that often it is unclear which conditions have to be satisfied for the
excitation of Fano resonance. A better understanding of all the necessary conditions would improve the current
understanding of Fano resonance in metamaterials and could lead to invention of new devices.

It has been experimentally shown [3] that a metasurface composed of shifted split-ring resonators (SRRs) exhibits
multiple Fano resonances, which are excited due to the broken symmetry of the structure. This is achieved by displacing
every second column of the SRRs from the symmetry position as is shown in Fig. 1 a). Even a small change of distance
Abetween the adjacent SRR causes the appearance of a strong Fano resonance (fwwm) (ref. to Fig. 1 b)). The second Fano
resonance (fgs) appears when the columns of SRRs are sufficiently close to each other, and becomes progressively stronger
with decreasing 4. Such behavior suggests that the nature of the two Fano resonances is different. It is theorized that the
waveguide mode is required for excitation of both resonances. However, the first resonance (fwwm) arises purely due to the
interference of the waveguide mode (discrete) with plasmonic resonance (continuum), while for the excitation of the
second resonance (fgs) the waveguide mode is a necessary but not sufficient condition. The distinction is illustrated in
Fig. 1 b), which shows that at large waveguide period (L), the frequencies of both Fano resonances coincide with the
dielectric waveguide mode (DWM) characteristic frequency, arising in the metasurface due to the diffraction of
electromagnetic wave on the periodic structure. As the waveguide period decreases, the frequencies of both Fano
resonances diverge, indicating that the approach of the shifted resonator columns to each other affects the frequencies of
the Fano resonances differently (ref. to Fig. 1 c)). It should be noted that both frequencies diverge from the DWM line
but fgs diverges faster. To elucidate the details of the observed phenomenon, we investigate distributions of electric fields
and currents flowing in the SRRs.

a) b) ¢)

Fig. 1. a) schematic representation of the investigated metasurface, L, =32, L, = 16,4 =0.5,4 =10, W= 0.5,
G =3, t=1.5 (units in mm), relative dielectric constant of substrate £=4.22. b) calculated transmittance dependence
on 4 (units in mm). ¢) resonance dispersion, fgs — Fano resonance arising due to broken symmetry, fww — Fano
resonance arising due to waveguide mode, DWM — dielectric waveguide mode.

[1] D. Seliuta et al., Fano resonance arising due to direct interaction of plasmonic and lattice modes in a mirrored array of split ring resonators, Opt.
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Chalcogenides are compounds that are composed of anions from group VI (elements S, Se, Te) and less
electronegative cations, e.g. metals. Chalcogenides are widely applicable in various fields from thermoelectrics, infrared
sensors to UV-light emitters. One of the advantages of chalcogenides are that that they can easily form alloy systems
without changing original crystal structure. Due to chemical similarities of sulfur and selenium, substitution one with
the other does not induce significant structural changes but enables to modulate bandgap in 0.3 — 0.8 eV range [1]. The
same trend applies if substitution is carried out with isovalent cations. ABX3; where A=Ca, Sr, Ba, Sn, B=Ti,Zr, Hf and
X=Se, S is a novel group of chalcogenides poised to have very promising properties for optoelectronic application.

In this work we focus on analyzing SnZrS3;-SnTiS; alloy system with an aim to modulate absorption edge and
identify potential application fields. To achieve this goal, a solid state reaction was carried out in 750 — 850 °C
temperature range to synthesize Sn(TixZr.x)S3 alloys. To facilitate reaction, a transport agent was introduced in the
synthesis process. The as-obtained samples were studied using X-ray diffraction method, X-ray energy-dispersive and
diffuse reflectance spectroscopies.

Parent structures of SnZrS; and SnTiS;3 are not the same. SnZrS; crystallizes in orthorhombic crystal structure
based on a needle-like phase (prototype structure — RbCdCls), whereas SnTiS3 is found in two phases: more common is
misfit compound of (SnS);,TiS, (monoclinic) [2] and under certain conditions — a needle-like phase with Sn;,TiosS3
stoichiometry can be obtained [3]. We found that while Ti content was low, i.e. Ti/(Ti+Zr) ratio was below 0.5, the
major phase was Sn(Ti,Zr)Ss3 in needle-like phase with a small contribution of secondary binary phases (Fig. 1). When
Ti content was above 0.5, we observed a new phase formed which was most likely related to the misfit compound of
(SnS)1 2(TixZri«) nature. Therefore we estimate that a single phase in Sn(TixZr;x)S3 can be obtained with x up to 0.5.

Fig. 1. (A) XRD patterns of Sn(TixZri.x)S3 alloys with different Ti content. Zr(Ti)S, and ZrS; were found as
secondary phases. (B) Schematic representation of quasi-one-dimensional Sn(TixZr;.x)S; crystal structure.

Absorption spectra of powder samples were estimated by measuring diffuse reflectance and applying a Kubelka-
Munk formulation. We found that absorption edge gradually shifted towards lower energies with the increasing Ti
content. Finally, the estimated bandgap varied in 0.8 — 1.4 eV range depending on the Ti concentration. We show that
bandgap can be modulated in the wide range depending on the cationic Ti/(Zr+Ti) ratio without compromising crystal
structure. This demonstrates the potential of Sn(TixZri.x)S; alloy system for optoelectronic application in near infrared
and infrared regions.

[1] H. Neff, O. Lange, M.L. Fearheiley et al., Optical and electrochemical properties of CulnSe, and CulnS,-CulnSe; alloys, Applied Physics Letters.
47, 1089 (1985).

[2] C. Yin, Q. Hu, G. Wang et al., Intriguing substitution of conducting layer triggered enhancement of thermoelectric performance in misfit-layered
(SnS)12(TiS,).. Applied Physics Letters, 110, 043507 (2017).

[3] K. Suekuni, H. Usui, S. Qiao, K. Hashikuni, et al., Electronic structure and thermoelectric properties of Sn, «NbsTigsS; with a quasi-one-
dimensional structure. Journal of Applied Physics, 125(17), p.175111 (2019).
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Yttrium Aluminum Garnets (Y3AlsO12, YAGs) are materials with very suitable properties for lightning
technologies. Their transparency, and high chemical and heat resistance make them a powerful basis for solid-state
lightning applications. To do this, YAGs must be doped with optically-active ions of similar size to replace some of the
Yttrium and Aluminum ions. The study of different doping elements and concentrations is of great importance to
produce new materials with the desired optical profile, which allows the development of more powerful and precise
devices for medicine, technological or lightning applications. Solid-state Nuclear Magnetic Resonance (NMR) is a very
powerful experimental method for materials research. It provides information on the local structure at molecular level
and defects of the material. This information allows to create structure-optical properties relations.

In this work, YAGs doped with different concentrations of >*Na and 'V were analyzed employing ?’Al, *Na and
SV Magic Angle Spinning (MAS) NMR experiments. Multiple Quantum MAS technique was used to resolve
overlapping signals from different chemical moieties. NMR was found to be very beneficial as crystalline and
amorphous moieties formed during the synthesis of these novel garnets were detected. In contrary, XRD (X-ray
diffraction) analysis which was performed provided information only on the crystalline phases.

Fig. 1.30kHz 2’Al MAS NMR spectra obtained for studied garnets. More details in the figure.

In Fig. 1, we can observe the 2?A1 NMR spectra obtained for four YAG samples containing different doping levels
of Na. It can be seen that the 4th-coordinated Aluminum peak changes with increasing concentrations of Na; mainly due
to the apparition of other phases such as Al,03;, YAP and YAIO:s.

A better understanding of the structure and properties of the studied materials will allow for more methodic
practical testing in applications; as oftentimes even slight variations in concentration can change the optical properties
drastically. Through this research, we aim to produce an NMR characterization of these promising families of YAGs to
facilitate the advancement of new technologies.

Funding by Vilnius University Science Promotion Foundation (MSF-JM-5/2022) is acknowledged.
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Energy has always been a common concern of the world, especially nowadays. Renewable energy sources could
solve not only economical but also environmental problems such as pollution. However, the intermittency of energy
production is one of the main drawbacks of sustainable electricity and requires efficient, low-cost storage systems. Na-
ion rechargeable batteries (SIBs) are expected to be a more preferred choice for large-scale energy storage due to the
natural abundance and low cost of sodium in comparison with well-known Li-ion batteries [1].

Variety of Na-based materials belonging to three main families: layered oxides, polyanions, and Prussian blue
analogous have been studied as electrode materials for SIBs. Prussian blue analogous (PBA) receive the most extensive
attention due to their excellent redox properties and relatively high standard potential. The open three-dimensional cage-
like structure exhibits wide channels allowing an insertion of wide range of intercalation ions including sodium. Its
preparation is simple, low-cost (e.g. co-precipitation, which is easily scalable) and uses abundant and non-toxic
elements. The general chemical formula for PBA can be expressed as AxM’[M(CN)s]iy-zH>0, where Ay is an alkaline
metal and M & M’ are transition metal cations. Depending on a transitional metal oxidation state, PBA could be divided
into three groups: Prussian Green (PG, fully oxidized), Prussian Blue (PB, mixed-state) and Prussian White (PW, fully
reduced). PW typically assumes a monoclinic structure in a hydrated form or a rhombohedral structure in an anhydrous
state [2-4].

In this investigation, we prepared Na,Fe[Fe(CN)s]-yH>O in pure monoclinic PW and cubic PB phases via co-
precipitation synthesis method by varying the precursors, amounts of them and pH. The structure and morphology of
prepared materials were characterized by X-ray diffraction, scanning electron microscopy and thermogravimetric
analysis. The electrochemical properties of prepared electrodes were investigated by cyclic voltammetry (Fig. 1) and
charge/discharge galvanostatic cycling using different aqueous electrolytes.
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Fig. 1. Cyclic voltammogram of monoclinic Na,. Fe[Fe(CN)s]-yH,O electrode.
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Frequently, only specialised 3D printing companies closely monitor the storage conditions of unsealed filaments.
In most room conditions, filaments are subjected to an atmosphere of 20-50% relative humidity (RH). In such conditions,
filaments tend to absorb water from the air, swell, and degrade. The aim of this research was to investigate the water
sorption, desorption, and swelling of different polymer filaments used for 3D printing and model these processes.

To prevent filament exposure to humid air, filaments were contained in the producer vacuum package until the
beginning of experiments. After unsealing the package, filaments were cut into cylindrical shape samples of length / =
100 mm and diameter of 2R = 2.8 mm. Samples were put into desiccators with constant RH created by silica gel for 12%
and saturated aqueous solutions of salts LiCl for 16%, KSCN for 47%, NaCl for 75%, and K»SO4 for 97%. Samples were
taken out of desiccators every 24 h to weigh them for sorption and measure length for swelling calculations. Mettler Toledo
XS205DU balance with precision + 0.1 mg was used for weighing samples. Mitutoyo Absolute digital micrometre with a
precision of = 0.001 mm was used for sample length measurements. The sorption of filaments was modelled using Eq. (1)
which allows calculating sample moisture content O at time ¢

< & exp(-4; Dt)( 2 [7 jZ m
=0, 1-(-1 ),ﬂz =| L& +(—j (1)
Q Q kzll; m ]/k ( ) k,m R l
where D is the diffusion coefﬁc1ent, 0O and Qy are the equilibrium and starting moisture contents, A, is a geometry-based
parameter with y; being a table constant. Two unknown variables, D and Q.., were found using curve fitting to experimental
data. The aim function minimised during the fitting procedure was calculated as average relative deviation. The sorption

isotherm indicated the change in equilibrium moisture content at different RH and was approximated by Eq. (2).
O, =a -RH +b 2

where a, b, and ¢ are coefficients unique to every material. This approximation was based on the BET theory and Henry’s
law. Similarly, a relation between equilibrium moisture content and swelling was plotted and modelled as a linear function.

All materials have lost mass in dry environments and gained in humid. Most materials have an equilibrium
moisture content of 0.3-0.6% at 97% RH. There are outliers: Koltron has the lowest of 0.1%, and Nylon Transparent has
the highest of 8%, followed by ABS-ESD of 3.5%. Examination of diffusion coefficients dependence on RH showed that
for PEI, PEKK, PC white, CPE White, Nylon Transparent, and PLA Tough coefficient remained constant; while for PLA
LAVA and PET-G White it increased at higher humidity; but for ABS White, ABS ESD, Koltron, and PLA Conductive
coefficient at higher humidity decreased. All materials swelled maximally by 0.1-0.45% in the atmosphere 97% RH. Nylon
Transparent is an exception that shrunk in the humid environment by 2.43%.

Obtained results demonstrated the specific significance of implementing storage rules for some 3D printing
filaments during the work.
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The irradiation conditions in the high-power laser systems are extreme for their critical optical elements, thus,
often leading to the delayed fatigue effect: a long-term degradation and catastrophic failure [1, 2]. The phenomenon
behind the extreme laser light and dielectric optics interaction is typically associated with the nonlinear absorption in
optical coatings [2]. The nonlinear response makes these coatings highly optically unstable, however, the knowledge
about the nonlinear properties of most dielectric coatings is very limited. Furthermore, multilayer dielectric coatings are
even less investigated by the means of nonlinear absorptance. To study these effects at different wavelengths single- and
multi-layer HfO2, ZrO2, and AI203 dielectric coatings featuring different process parameters were produced. For the
measurements of nonlinear absorption, we combined a high average power laser source, operating at a 1 MHz repetition
rate and 10 ps pulse duration, with common-path interferometry (PCI). PCI method is a pump-probe technique [3],
where the pumping beam is modulated in time, thus, also producing modulated heating of the coating. Such action
subsequently creates a time-varying miniature thermal lens out of the substrate, while the probe beam interrogates the
disturbed area. Pump and probe beams are overlapped and crossed at an angle on the target plane. As the probe beam is
larger the than the pump beam it covers both disturbed and undisturbed regions, thus, producing a high contrast
interference modulation in the far field. Such interferometric signal is then directly monitored by using a photodiode. A
sample with an identical substrate material and a highly absorbing metallic coating is used to calibrate the system. The
results of the nonlinear absorption measurements are then used for the interpretation of the fatigue behaviour in the
same type of optical elements. S-on-1 Laser-Induced Damage Threshold (LIDT) testing was conducted in parallel on
the same type of samples. An attempt is made to correlate those two types of measurements.

[1] E. Atkocaitis, L. Smalakys, and A. Melninkaitis, “Pulse temporal scaling of LIDT for anti-reflective coatings deposited on lithium triborate
crystals”, Opt. Express 30, 2840128413 (2022).

[2] L. Smalakys, B. Momgaudis, R. Grigutis, S. Ki¢as, and A. Melninkaitis, “Contrasted fatigue behavior of laser-induced damage mechanisms in
single layer ZrO2 optical coating”, Opt. Express 27, 26088-26101 (2019).

[3] A. Alexandrovski, M. Fejer, A. Markosian, and R. Route, “Photothermal common-path interferometry (PCI): new developments,” in Solid State
Lasers XVIIL: Technology and Devices, W. A. Clarkson, N. Hodgson, and R. K. Shori, eds., 7193, 71930D, International Society for Optics and
Photonics, SPIE (2009).
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Gadolinium doped ceria (GDC) is one of the most broadly adopted materials for the electrolyte layer in Solid oxide
fuel cells (SOFCs) due to its high ionic conductivity [1]. These applications require elaborated surface area which can be
achieved over micro structuring the Yttria-stabilized zirconia (YSZ) electrolyte surface via plasma micromachining [2,3],
Computer Numerical Control (CNC)[4], or laser-based micromachining [5]. The interaction of ultrashort laser pulses with
solid-state materials leads to the formation of various surface microstructures. The ablated crater depth, shape, roughness,
and taper depend on the laser processing conditions including intensity, wavelength, repetition rate, scanning speed, etc.,
as well as the material type irradiated [6].

In this work, the impact of 290 fs pulse length Yb:KGW fs-laser Pharos (Light Conversion) processing parameters
on the micro-hole morphology in the commercial SOFC cells (400B, Elcogen) was investigated. Firstly, the ablation
threshold of the SOFCs was determined by 1030 nm wavelength using 100 kHz repetition frequency. Secondly, three
groups of blind microhole arrays were imposed with different laser processing parameters (pulse energy, repeated
scanning times, and scanning speed, varied from 3 to 15 uJ, from 2 to 10 times, and 20 to 100 mm/s, respectively).
Following ablation, the micro-topography of the blind holes was characterized with a scanning electron microscope
(SEM) Quanta 200 FEG (FEI). From the obtained tilted sample SEM micrographs (see Fig .1) it can be noticed that the
depth of the micro holes increases with the increasing pulse energy, decreasing the scanning speed, and increasing the
number of scanning times.

Figure 1. SEM micrographs of the laser-drilled p-structures obtained in commercial SOFCs.
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Laser processing is an acknowledged technique for the modification of materials’ surface properties and therefore has
the potential for various applications. The creation of functional surfaces that exhibit various wetting behaviour by laser
texturing has been demonstrated numerous times [1]. This work focuses on the control of the wetting properties of copper.

This work aimed to create copper surfaces with different wetting properties (from highly hydrophilic to
superhydrophobic). A nanosecond laser was used to process copper samples. The wetting states were determined from
static contact angle (CA) measurements, which were performed multiple times during an extended period to track the
changes in surface properties over time. A scanning electron microscope (SEM) and 3D optical profiler were used to
visualise the surface structures that were formed during laser treatment.

Highly hydrophilic and superhydrophobic surfaces, as well as some states in between, were achieved with different
laser texturing parameters (Fig. 1). The CA increased over a longer period of time for almost all different textures
regardless of their initial wetting state directly after processing. The influence of surface morphologies on the wetting
state was considered and laser processing parameters for the creation of hydrophilic and hydrophobic surfaces were
determined.

Fig. 1. SEM photographs of the processed surface (A, B) and the corresponding CA measurements for a
superhydrophobic (C) and highly hydrophilic (D) surfaces.
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Supercontinuum (SC) is an effect that results from femtosecond filamentation, which occurs during the nonlinear
propagation of an intense ultrashort laser pulse in a transparent material [1]. Sapphire and YAG are the most reliable
and commonly used nonlinear materials for SC generation in the visible and near-infrared spectral range for ultrafast
applications [2, 3]. However, the performance can be limited at high laser pulse repetition rates, since the multiple pulse
exposure can lead to optical degradation. Their performance can also be limited by the compromise in the pump energy
at high laser pulse repetition rates (up to a few MHz). This is particularly crucial in SC-seeded high repetition-rate
noncollinear optical parametric amplifiers [4] and optical parametric chirped-pulse amplification systems [5].

These limitations call for nonlinear materials with lower SC generation thresholds. Narrow-bandgap crystals, such
as KGW, exhibit high nonlinearity (KGW: np = 11 10~ 10¢m? /W [1]), which results in very low critical power for self-
focusing and hence allows SC generation with very small input pulse energies (sub-100 nJ). However, there are only a few
studies of SC generation in KGW in general, and no investigations, to our knowledge, at high repetition rates.

Fig. 1. Time evolution of the SC spectrum in KGW at high repetition rate (2 MHz) and a pump pulse energy of 0.35uJ in
the visible (a) and NIR range (b). The spectrum is showing a stable performance for 2h of operation.

In this study, the SC generation in sapphire, YAG, and KGW crystals (6 mm length) was investigated with femtosec-
ond Yb:KGW lasers, which deliver 200 fs, 1030 nm pulses at 200 kHz and 2 MHz repetition rate. The SC was generated
at lower energies in KGW compared to sapphire and YAG. The largest spectral broadening into the IR region was also
obtained in the KGW crystal (up to ~ 1.8um). The nonlinear transmission was also investigated in the three crystals.
For sapphire, the absorbed energy at input energy of 0.75 uJ was 0.06 uJ, for YAG the absorbed energy was 0.01 uJ at
0.37 uJ input energy, and for KGW, it was 0.009 uJ at 0.14 uJ input energy. YAG and KGW have the lowest energy
absorption, and consequently potentially less heat accumulation, making them suitable for SC generation at very high
repetition rates. KGW showed a lower threshold energy for SC generation, making it more suitable for SC generation at
very high repetition rates. Therefore, the time evolution of the KGW crystal at 2 MHz was studied and further proved
the potential of the crystal in ultrafast applications. As illustrated in Figure 1, the crystal showed a stable performance
for 2h with no optical degradation, which opens new possibilities for the use of KGW in new laser systems operating at
repetition rates in the MHz range.

[1] A. Dubietis, G. TamoSauskas, R. Suminas, V. Jukna and A. Couairon, Ultrafast supercontinuum generation in bulk condensed media, Lith. J. Phys.
57, 113-157 (2017).

[2] M. Bradler, P. Baum and E. Riedle, Femtosecond continuum generation in bulk laser host materials with sub-uJ pump pulses, Appl. Phys. B 97,
561-574 (2009).

[3] A.L. Calendron, H. Cankaya, G. Cirmi and F. Kirtner, White-light generation with sub-ps pulses, Opt. Express 23, 13866 (2015).

[4] M. Bradler and E. Riedle, Sub-20 fs uJ-energy pulses tunable down to the near-UV from a IMHz Yb-fiber laser system, Opt. Lett. 39, 2588-2591
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Novel nanoparticles with significant antimicrobial properties are extensively studied in the last two decades due to
their different properties from the bulk material in size reduction and high surface area [1, 2]. Copper (Cu) nanoparticles
were found to have antiviral properties against a range of viruses [3]. The nanoparticle can increase the drug solubility in
water and the drug uptake by the infected cell which can increase the biomedical application in drug delivery systems [4].

In this work, the amorphous diamond-like carbon thin films with Cu nanoparticles (DLC:Cu) were deposited on
crystalline silicon substrates by reactive magnetron sputtering of a metal target in an acetylene gas atmosphere. The
nanocomposite DLC:Cu films are intended for antiviral effect testing by cell culture method. The DLC:Cu film stability
was tested using culture media Dulbecco's Modified Eagle's Medium (DMEM) for a different set of time durations (5 and
10 minutes). The sample changed color from metallic copper to green which was confirmed by the UV-visible
spectrophotometry measurements (Fig.1). The initial results suggest that copper nanoparticles are oxidized. Copper
oxidation, ion, and nanoparticle release in the medium are important for DLC:Cu application for antimicrobial and
antiviral applications.

Fig: 1. Effect of the DMEM media on the reflectance of DLC:Cu nanoparticle film after different durations in time.
Sample edge length 1 cm.
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The crystal structure and properties of compounds with perovskite structure (nominal chemical formula ABO3)
can be drastically modified by a chemical substitution in A- and/or B- perovskite sublattices. Introduction of elements
with different ionic radii leads to a stabilization of structural distortions. The possibility to control physical properties
via chemical doping is particularly important when concerning the formation of both electrical and magnetic orderings
in the same compounds, which are commonly referred as multiferroics. However, for the most part, due to the
conflicting nature of these properties, the coupling between the electrical and magnetic properties is relatively weak.
Since magnetic properties usually require the 3d layer to be partially filled by electrons, while electrical properties arise
from empty 3d shells. To solve this conundrum, materials with new mechanism for the origin of their ferroelectric
properties were discovered, such as lone pair and spin driven mechanisms, that do not require empty electron shells [1].
The second issue that multiferroic compounds suffer from is the fact that most orderings only occur below room
temperature. Only few room temperature multiferroics are known, with the main research being focused on BiFeOs.

Recently a new class of hexagonal rare earth ferrite perovskite compounds has been found to exhibit multiferroic
ordering, with a mechanism and structure similar to that of hexagonal manganites, making them a new avenue for
potential research. This new family of room temperature multiferroic compounds are based on LuFeO3 with hexagonal
structure (space group P63cm). It has been discovered that LuFeOs in the hexagonal state has both ferroelectric and
weak ferromagnetic ordering. Furthermore, it has been reported that the compound in orthorhombic phase (space group
Pnma) is antiferromagnetic below 620 K, while being in hexagonal structure the magnetic transition shifts down to
440 K while also showing weak ferromagnetism, due to a canting of the magnetic moments towards the c-axis, with the
polarization being retained up to 1050 K, at least in the case of thin films [2,3].

It should be noted, that the preparation of hexagonal compounds is quite difficult and the crystal structure can be
modified either using the chemical substitution or via preparing the compounds in a form of thin films as the crystal
lattice is unstable and tends to form an orthorhombic structure. Due to the unstable nature of the lattice and difficulty of
preparation and characterization of the hexagonal variant of LuFeOs3, the main available results have been performed on
thin films. However, when analyzing thin films, it is important to take into account the effect of strain and interface
interactions as it can significantly affect chemical and physical properties [4].

We provide insights in stabilizing the hexagonal structure in doped LuFeOs3 polycrystalline compounds prepared
using aqueous sol-gel synthesis procedure. While also providing further clarification on the concentration ranges of the
different structural phases present in the system and analyzed by means of SEM, room temperature X-ray diffraction
techniques, and Raman spectroscopy. Furthermore, we also investigate temperature driven polar to non polar phase
transitions by means of temperature dependent X-ray diffraction measurements. Lastly, we provide additional insight on
the magnetic structure and its changes at low and room temperature.

Acknowledgments: This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under the Marie Sktodowska-Curie grant agreement No 778070 — TransFerr — H2020-MSCA-
RISE-2017.

[1] M. Kumar, et al., Advances and future challenges in multifunctional nanostructures for their role in fast, energy efficient memory devices, Mater.
Lett. 277, 128369 (2020).

[2] W. Wang, et al., Room-temperature multiferroic hexagonal LuFeO; films, Phys. Rev. Lett. 110, (2013).

[3]S. Cao, et al., On the structural origin of the single-ion magnetic anisotropy in LuFeOs, J. Phys. Condens. Matter. 28, 156001 (2016).

[4] J. Luxova, P. Sulcova, The effect of partial substitution of Bi on colour properties and thermal stability of Bi,Pr, \FeO; pigments, J. Therm. Anal.
Calorim 138, 43034312 (2019).

65



INVESTIGATION OF CHARGE CARRIER DYNAMICS IN
Mg DOPED GAN LAYERS BY LIGHT-INDUCED
TRANSIENT GRATING TECHNIQUE

Mantas Vaiciulis, Artinas Kadys, Ramiinas Aleksiejiinas

!'Institute of Photonics and Nanotechnology, Faculty of Physics, Vilnius University, Saulétekis Av. 3, LT-10257
Vilnius, Lithuania
mantas.vaiciulis@ff.vu.lt

One of challenges in producing InGaN light emitting structures lies in deposition of p-type GaN contact layer on
top of InGaN quantum well (QW) structures, as these two steps require different growth temperatures. For example in
MOCVD growth, the InGaN QWs are usually deposited at temperatures below 900°C, while p-GaN contact layers are
best grown around 1100°C [1]. As a result, high temperature deposition of p-GaN may lead to degradation of InGaN
QW due to diffusion of In atoms into the surrounding layers. Therefore, there is an interest in growing p-type GaN at
temperatures as low as feasible.

In this presentation, we investigate the impact of growth conditions — growth temperature and the precursor flow
rate — on the doping level and charge carrier transport in GaN layers. For contactless estimation of hole density, we
employ measurement of ambipolar diffusion coefficient, D, as a function of carrier density by Light-Induced Transient
Grating (LITG) technique [2]. The set of samples consisted of MOCVD-grown uGaN buffer layers, deposited at 1120°C
on top of double sided polished c-orientation sapphire substrate followed by cGaN grown at 1100°C. The layers under
investigation were grown at temperatures of 950, 920 and 890°C and at each temperature a set of samples were grown
using different Mg precursor pressures of 600, 500, 400 and 300 sccm.
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Fig. 1: Dependence of diffusion coefficient on photoexcited carrier density in magnesium doped GaN layers grown at 950 or
920°C temperatures and under Mg precursor flow rates varying from 300 to 600 sccm.

Fig. 1 shows the dependence of ambipolar diffusion coefficient D on photoexcited carrier density N in variously
grown GaN layers. The dependence of D(N) in GaN grown at 950 °C has a minimum, while in GaN grown at 920 °C the
diffusivity monotonically increases with excitation. We show by modeling that such a behavior of D(N) can be
interpreted in terms of ambipolar diffusion in degenerate electron-hole plasma [3]. The decrease of D(N) at lower
densities is a signature of p-type doping and can be used for estimation of equilibrium hole density. The results in Fig. 1
suggest that temperature of 920 °C is likely too low for growth of p-type GaN, as the layers are compensated by
efficient introduction of n-type impurities. This conclusion is also supported by the dependence of carrier lifetime on
growth temperature. The lifetime drops in the samples grown at lower densities, most likely due to higher point defect
density in latter samples. In addition, the Mg flow rate seems to affect the mobility of holes as well, which is estimated
from D value in the minima of D(N) dependencies.

[1] M. Dmukauskas, Development of MOVPE pulsed growth technique for increased efficiency InGaN/GaN multiple quantum well structures, 2020,
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Gallium nitride (GaN) is a wide bandgap III/V semiconductor, widely used in manufacturing blue light-emitting
diodes and high-power electronic components. Its qualities, such as high breakdown electric field, thermal conductivity
and electron mobility make it a great material choice for designing small, high power electronic devices [1]. Naturally,
further research on this semiconductor might reveal ways to fine-tune the qualities of this material to better suit its uses.
This research aims to investigate how equilibrium carrier density, mobility, and certain parameters of GaN film growth
affect the dynamics of non-equilibrium charge carriers.

In this research, seven thin GaN films (2,3-2,6 um thick) were tested using the light-induced transient grating
technique (LITG). These films were grown on sapphire using the metalorganic chemical vapor deposition method
(MOCVD), but had varying growth parameters, such as the flow of ammonia, temperature, and reaction chamber pressure.
Additionally, electron density and mobility were determined in all samples using the Hall effect measurements. All LITG
measurements were carried out using a femtosecond laser “PHAROS” (wavelength 1030 nm, pulse duration 250 fs, pulse
frequency 30 kHz), an optical parametric system “ORPHEUS” (together with a non-linear crystal for generating the 355
nm pump beam) and a transient grating spectrometer “HARPIA|TG”, made by “Light Conversion”.

The results have shown that the measured diffusion coefficient increases in all samples with the pump beam
intensity. This can be linked to the degeneracy of the charge carrier plasma [2]. Additionally, five out of seven samples
showed longer charge carrier lifetimes at higher excitation intensities, which could be explained by the saturation of defect
states and slower non-radiative recombination [3]. After this, diffusion coefficient, length and charge carrier lifetime
values were taken at low (20 pJ/cm?), medium (80 pJ/cm?) and high (~300 wJ/cm?) sample excitation intensities and these
values were used to compare the samples. The comparison showed, that higher diffusion coefficients were measured in
samples with lower equilibrium electron densities and higher electron mobilities. Lastly, samples grown at higher reactor
pressures and higher ammonia flow have shown overall higher measured diffusion coefficients, charge carrier lifetimes
and diffusion lengths.

[1] Fornari, Roberto. (2018). Single Crystals of Electronic Materials: Growth and Properties.

[2] Malinauskas, T., Jarasiunas, K., Heuken, M., Scholz, F. and Briickner, P. (2009), Diffusion and recombination of degenerate carrier plasma in GaN.
Phys. Status Solidi (c), 6: S743-S746. https://doi.org/10.1002/pssc.200880856

[3] Brandt, Wiinsche, H.-J., Yang, H., Klann, R., Miillhduser, J. ., & Ploog, K. . (1998). Recombination dynamics in GaN. Journal of Crystal Growth,
189-190, 790—793. https://doi.org/10.1016/S0022-0248(98)00295-4
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Nowadays lasers have become necessary optical devices used in many application areas. However, lasers have
spectral limitations making wavelength of the lasers extremely hard to change. In order to change the wavelength of laser
radiation, parametric light generators (OPGs) are used which have a distinctive flexibility allowing them to tune
wavelength of radiation in a broad spectral range. Most of the parametric light generators are within ultrashort (less than
100 ps) and long (more than 1 ns) pulse durations, and, due to certain physical limitations, subnanosecond (300 ps — 1 ns)
pulse parametric light generators are very scarce [1-3].

The goal of this research was to construct and investigate combined and optimized subnanosecond optical parametric
amplifier system which uses a 15 mm lithium triborate (LBO) crystal as a nonlinear medium, generated signal wave in
MgO:PPLM OPG as a seed radiation and 3rd harmonic of Nd:YAG MOPA laser (A=355 nm) as pump.

In this work the spectral, energy and temporal characteristics of OPA system were investigated. During optical
parametric generation MgO:PPLN optical crystal grating periods were from 27.58 um to 31.59 um and signal wavelength
range was 1400 nm — 2150 nm. In LBO crystal we achieved signal wave generation via optical parametric amplification
of the idler wave (the seed generated in MgO:PPLN OPG). The difference frequency wave (signal wave) range was from
425 nm to 475 nm, which was limited by the tuning limits of the seed radiation spectrum (1400 nm — 2150 nm). The
maximum signal power at 475 nm was 24.1 mW which corresponded to maximum conversion efficiency of 37%.
Saturation regime of the OPA was achieved with a pump power of 85 mW, which indicated that the device is optimized
at current conditions. Furthermore, after the measuring signal pulse duration it was determined, that pulse durations were
in the subnanosecond range: from 212 ps to 432 ps.

The results of this work will be used for further development of more effective subnanosecond OPG/OPA
systems. This work has received funding from European Regional Development Fund (project No. 01.2.2-LMT-K-718-
03-0004) under grant agreement with the Research Council of Lithuania (LMTLT).

Fig. 1. Spectra of signal wave at different LBO crystal rotation angles.
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Vertical-external-cavity surface-emitting lasers (VECSEL) also called optically pumped semiconductor lasers
(OPSL) or semiconductor disk laser (SDL) belong to relatively new laser family that combines many of the desirable
properties.

VECSELs were developed to overcome key problems typical to conventional semiconductor lasers. In comparison
to both types of electrically pumped vertical-cavity surface-emitting lasers (VCSELSs), which emit circular fundamental
transverse mode beam but exhibit low power and edge emitting lasers (Fabry-Perot and DFB) that can reach high output
power but an asymmetric beam with strong angular divergence, VECSELS are capable to generate high optical power
with circular beam quality [1].

The output power of such structures is proportional to the area of the emitting surface. Thus, it is very important to
grow large area samples of the highest optical uniformity [2]. For this reason, it is necessary to achieve high crystalline
quality. In homogeneity, sharpness of interfaces, smooth surface and minimum density of both dislocations and non-
radiative recombination centers.

In this work InGaAs/GaAs multiple quantum well structures were grown on semi-insulating GaAs substrate using
molecular beam epitaxy technique. MQW structures were targeted to 976 nm operation wavelength. To keep strain
balance the investigation and optimization was performed by varying the In content and well thickness. The In content in
the QW was varied from 18% to 24.5% and the QW thickness was selected from the range of 3.5-7 nm. Two types of
MQWs structures were grown: Fig.1(i) to reach target wavelength simple structures of twelve QW with narrow GaAs
barriers of 7 nm were fabricated, Fig.1(ii) for detailed investigation MQW structures containing six double-QW (like in
(i) type) separated by wider GaAs barriers of order of hundred nanometers (modelled MQW geometry for VECSEL) were
grown.. Both types of MQW were studied by HR-XRD to evaluate In content and period of QW and barrier, and to
evidence the strain balance. The surface roughness was investigated using AFM. The optical homogeneity of ¥4 of 2 inches
samples was measured by mapping of PL on a single wavelength corresponding to the maximum of the PL intensity. The
effect of different quantum wells design, QW thickness and In content in the well was investigated.

This research was supported by Research Council of Lithuania under grant No. S-MIP-22-86 (LMTLT) “A3BS5
Nanostructure-Based Near Infrared Lasers”.

Fig. 1. Two types of quantum well investigated. i) The couple of wells was repeated 6 times to obtain 12 wells in
total. ii) This structure was repeated 3 times to obtain 12 wells in total.

[1] Guina, M., A. Rantaméki, and Antti Harkonen. "Optically pumped VECSELS: review of technology and progress." Journal of Physics D: Applied
Physics 50.38 (2017): 383001.
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Magneto-optical signals in a caesium vapour cells can be used for extremely precise magnetic field measurement
in 3D [1]. We present experimental results based on angular momentum alignment precession in atomic caesium. The
linearly polarized pump beam passing through the cell in the direction k, creates an aligned state in caesium ground
state along E,. As an external magnetic field is applied (B, or B,), the distribution of angular momentum precesses
about the applied field axis. This change in the distribution of angular momentum can be probed by low-intensity
linearly polarized (E, or E,) probe beam with its polarization at a 45 degree angle with respect to the pump beam
polarization (E,) and in a plane perpendicular to the applied magnetic field. This pump-probe geometry (see Fig. 1 (a))
is based on [2]. The probe beam transmission signals show strong dispersion-like dependence on the applied magnetic
field when the pump beam is on.

The dependence of transmission signals on pump beam intensity and laser frequency as well as beam diameter was
studied. We found that the shape of the transmission signal also has strong dependence on the probe beam intensity (see
Fig. 1 (b)) as it perturbs the aligned state created by the pump beam. Nevertheless, the experimental results are in
agreement with the numerically simulated signals.

Fig. 1. (a) Pump-probe geometry for obtaining dispersive signals. (b) Signal dependence on the pump beam power
with fixed probe beam intensity.

We acknowledge the support from the Latvian Council of Science, project No. 1zp-2020/1-0180: “Compact 3-D
magnetometry in Cs atomic vapor at room temperature”.
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To use the favorable magnetic field sensing properties of nitrogen-vacancy (NV) centers in diamond the ground state
electronic spin energy levels need to be manipulated (with a green laser and electromagnetic radiation in the microwave
frequency range), which can be done by using the method of optically detected magnetic resonance (ODMR) [1]. To
increase the efficiency of microwave delivery to NV centers in a diamond, a microwave antenna that is capable of creating
a region with a uniform magnetic flux density distribution, generating microwaves with a specific polarization, that has
a resonant frequency of about 2.87 GHz and also has a wide enough bandwidth for effective operation in dual-resonance
magnetometry [2] can be used.

Previously, in most cases, this task was achieved by using a simple coil or wire antenna that could reach varying
degrees of efficiency. In recent years, however, there has been an increasing number of studies with more “intelligent”
types of antennas for applications in NV center experiments. Using a method from one such study [3] we are designing a
new antenna, shown in Fig. 1a, for use in NV center based magnetometry experiments.

In this work, we are using COMSOL multiphysics software to model antenna prototypes and examine the relation-
ships between the geometrical parameters (see Fig. 1b) of the antenna and its electromagnetic properties such as resonant
frequency and bandwidth which are seen in expressions (1) and (2) respectively [3]. This knowledge will be essential for
creating a new antenna design that meets the desired specifications for microwave polarization, frequency bandwidth and
efficiency (see Fig. 2).
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(a) Antenna render. (b) Geometry parameters.

Fig. 1. Antenna design and geometry parameters.

(a) Magnetic flux distribution
over an area of 3 mmx3 mm. (b) Antenna S-parameter.

Fig. 2. Microwave antenna simulation results.

We acknowledge the support from the Latvian Council of Science, project No. 1zp-2021/1-0379: “A novel solution
for high magnetic field and high electric current stabilization using color centers in diamond”.
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Nitrogen-vacancy (NV) color centers in diamond crystals exhibit unique quantum properties that make them suitable
for a wide range of technlogical applications, including precise measurements of magnetic fields. NV centers have triplet
ground and excited states, which undergo Zeeman splitting in a magnetic field and exhibit dynamics that allow the ground
state to be polarized to the spin-zero state through optical pumping (Fig. 1. (Left)) [1]. The transition energy of the
electron-spin magnetic sublevels can be directly measured using the method of optically detected magnetic resonance [2].

The aim of the work described here is to create a prototype device for high DC current stabilization. The basis of
the device is NV magnetometry with a diamond containing NV centers as the probe for a feedback loop for a power
supply (Fig. 1. right). This approach is significantly different from existing methods, because it offers a wide dynamic
range, high sensitivity and measurement rate (bandwidth) allowing for a compact, energy efficient, lightweight device.

Fig. 1. (Left) Energy level scheme for an NV center in diamond [2] where ms is the electron spin projection quantum
number, Dg and De are the ground and excited-state zero-magnetic-field splittings. (Right) Experimental setup.

One of the key challenges for NV based magnetometers is achieving a high enough magnetic field sensitivity, in this
case, to measure changes in the current flowing through a wire with a high enough accuracy. Therefore, optimal
engineering design and power parameters play a major role in a successful implementation. The magnetic field sensitivity
achieved in this work at the moment is 30nT/Hz'? for measurement frequencies above 90Hz (Fig. 2.), using 1 10mW laser
power, 100mW microwave power and a dual-resonance modulation technique [3].

Fig. 2. Magnetic field sensitivity up to 100Hz of measurement rate.

We acknowledge the support from the Latvian Council of Science, project No. 1zp-2021/1-0379: “A novel solution
for high magnetic field and high electric current stabilization using color centers in diamond”.
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It is by now established that the Standard Model (SM) of Particle Physics cannot be the final theory. In fact, on the
one hand the SM leaves several questions open and on the other hand there is already clear evidence for physics beyond
the SM. The phenomenon of neutrino oscillations requires the extension of the leptonic sector of the SM. Accounting for
the observed baryon asymmetry of the Universe requires new sources of CP violation [1]. Furthermore, there are by now
several experimental anomalies in the flavour sector hinting at the existence of new physics [2, 3].

There are strong motivations to consider multi-Higgs extensions of the SM, despite the fact that the properties of the
Higgs boson discovered in 2012 are still in experimental agreement with the SM Higgs predictions [4, 5]. Among these
motivations are the possibility of having new sources of CP violation. CP violation plays a very important role in nature
with implications both for Particle Physics and for Cosmology. Accounting for the observed matter anti-matter asymmetry
of the Universe requires the existence of new sources of CP violation beyond the SM. In models with an extended scalar
sector CP violation can emerge either explicitly, i.e., at the Lagrangian level, or spontaneously. Spontaneous CP violation
occurs in the framework of the electroweak symmetry breaking whenever the Lagrangian conserves CP and the vacuum
breaks it. This requires that not all vacuum expectation values be real. In the context of multi-Higgs extensions of the
SM imposing the existence of a scalar basis where all couplings are real is a sufficient condition for CP to be explicitly
conserved. In the case of spontaneous CP breaking the complex parameters of the Cabibbo—Kobayashi—-Maskawa matrix
would be generated through phases of the vacuum expectation values of Higgs fields.

Among the simplest extensions of the SM are the so-called two-Higgs-doublet models (2HDM) [6], in which a
second SU(2) scalar doublet with the same quantum numbers as the one of the SM is introduced, allowing for explicit CP
violation in the scalar sector. The CP properties and cosmological implications of 2HDM have been extensively studied
and are still of great interest. Despite the rich phenomenology of 2HDM, models with three Higgs doublets are attracting
a lot of interest in the literature. Within three-Higgs-doublet models (3HDM) it is possible to have an additional source
of CP violation in the scalar sector while at the same time having natural flavour conservation [7]. The predictability of
models with several SU(2) scalar doublets can be quickly lost due to the rapid growth of free parameters as the number of
doublets increases. Therefore, it is essential to control the number of free parameters by means of symmetries [8]. It was
found that in many cases imposing additional symmetries to multi-Higgs models eliminates the possibility of having CP
violation in the Higgs sector.

We study the CP properties of the S3-symmetric 3HDM allowing for complex couplings in the potential. The case
of real couplings was studied before in Ref. [9]. With real couplings CP is explicitly conserved by the scalar potential and
there is only the possibility of having spontaneous CP violation for special vacua. Different vacua correspond to different
regions of parameter space which are determined by imposing the minimisation conditions. In the case of complex
couplings some of the CP conserving vacua structures of the real potential now correspond to regions of parameter space
that allow for explicit CP violation. For instance, CP can be explicitly violated even in the case where the vacuum
preserves the S3 symmetry.

In order to understand what are the possible sources of CP violation in the Yukawa sector we analyse the implications
of the different available choices of representations for the quarks under the S3 group. This classification is based strictly
on the exact S3-symmetric scalar potential with no soft symmetry breaking terms. The scalar sector of one such model
was explored numerically. After applying the theoretical and the most important experimental constraints the available
parameter space is shown to be able to give rise to light neutral scalars at the &'(MeV) scale.
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The growing demand for strong permanent magnets such as neodymium magnets and the volatile prices of rare earth
elements are stimulating the search for new hard magnetic materials that do not contain rare earth elements. At the same
time, the increasing miniaturization of electronic circuits, evident in today’s processors, is directing researchers’ attention
to structures on the order of nanometres in size, whose properties can differ significantly from those of bulk macroscopic
materials. In this context, many systems are considered, such as Fe;_xCoy alloys, iron-based L1( phases: FePt and FeNi,
or L1y CoPt [1, 2].

Experimental and computational studies of ordered L1( FeNi thin films [3, 4] indicate that the L1y FeNi phase in the
form of ultrathin films exhibits magnetic properties that allow potential applications. We decided to take another look at
this material, and more specifically, the thin layers made of it with the surfaces (111), (010), and (001). For this purpose,
we performed quantum calculations based on the full-potential local-orbital (FPLO) method using the density functional
theory (DFT) implemented in the FPLO18 code [5].

Our research allowed us to determine the preferred direction of magnetization easy-axis in the considered systems.
We also investigated changes in this direction as a function of film thickness. In the case of the systems with the surface
(111), the deflection of the magnetization easy-axis from the [001] direction was observed, depending on the number of
monolayers of the tested system. In addition, we determined changes in magnetic moments and energy differences of
systems with magnetization consistent with particular crystallographic directions as a function of layer thickness.

The computational results obtained still require experimental confirmation. However, the predicted magnetization
configurations, for example, in the direction oblique to the plane of the layer, may find applications in electronic devices.

We acknowledge the financial support of the National Science Centre Poland under DEC-2018/30/E/ST3/00267.
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Ultracold atoms in optical lattices represent a unique platform for simulating various condensed matter phenomena
as well as realizing paradigmatic models. However, conventional optical lattices for ultra-cold atoms rely on the AC
Stark shift to produce a potential proportional to the local optical intensity. As a direct result, the lattice period cannot
be smaller than half the optical wavelength A. Recently, two techniques have emerged to create deeply sub-wavelength
lattices [1, 2, 3]; both can be understood in terms of “dressed states” created by coupling internal atomic states with one-
or two- photon optical fields.

Here we focus on a scheme, relying on sequentially coupling N internal atomic states using two photon Raman
transitions. This results in an adiabatic potential for each of the N dressed states, displaced by A /2N from each other. We
show that adding temporal modulation to the detuning from Raman resonance can couple the s and p bands of adjacent
lattice sites belonging to different dressed states. In the tight-binding limit, this gives rise to a pair of coupled Rice-Mele
(RM) chains with new regimes of topological charge pumping. The present study opens new possibilities in studying the
topological properties of subwavelength optical lattices induced by periodic driving.

(a) Conceptual geometry Qn (b) Adiabatic potentials for N = 3
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Fig. 1. Lattice concept. (a) Representative experimental geometry with a single frequency Raman beam traveling along
e, and N beams sharing the same spatial mode traveling along —ey. The level diagram for cyclic coupling is depicted on
the right. (b) Dressed state energies for N = 3. The dashed curves are computed for ; = ERr and the colored curves are
computed with a non-zero detuning.
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Photosynthesis is one of the most important processes on Earth. The most efficient organisms that carry out pho-
tosynthesis are land plants or higher plants. In thylakoid membrane of chloroplasts there are two systems that carry out
photosythesis — Photosystem I (PSI) and Photosystem II (PSII), both with their own light harvesting complexes - LHCI
and LHCII. PSI is the most efficient light-to-energy conversion apparatus with quantum yield almost equal to 1 [1]. One
of the conditions needed for high efficiency is very fast energy transfer between molecules in light harvesting complex.
The excitation dynamics in LHCI is highly affected by the charge-transfer (CT) states that occure between two or more
pigments (chlorophylls or carotenoids). Some sites in which CT states occure in LHCI are known, however, they do not
completely explain the spectral properties of this antenna, such as the red-shifted peak in fluorescence spectrum.

Light-harvesting complex of PSI absorbs and emits light at the longest wavelengths compared to other pigment-
protein complexes. In plants light harvesting antenna of PSI is composed of four species of LHCI complexes. They all
have very similar structure, however, their spectral properties are different. The most red-shifted peak (at around 733 nm)
is observed in the fluorescence spectrum of Lhca4 light harvesting sub-complex [2].

The structure of Lhca4 was obtained as the 4th chain of PSI supercomplex structure, freely accessible on Protein
Data Bank (PDB) [3]. In order to find possible locations of the charge-transfer states in Lhca4, we examined chlorophyll
dimers that have the shortest (up to 12 A) Mg-Mg distance. After performing geometry optimization of selected individual
chlorophylls, whose phytyl tail was removed for computing time saving reasons, they were mapped on the Lhca4 structure
to form dimers (as shown in Fig. 1). We then examined the excited states properties of all selected dimers in vacuum.
An excited state is considered to be a charge-transfer state if it exhibits relatively small absolute value of transition from
the ground to the excited state dipole moment and large static electric dipole moment value. The sum of partial atomic
Mulliken charges for a dimer in charge-transfer state is approximately equal to 1 for one pigment and to -1 for another.
Therefore, it was also used to indicate the CT states. After analyzing the data of 12 chosen dimers and their 8 lowest
excited states, 19 charge-transfer states were located.

Fig. 1. Lhca4 complex. Amino acids are presented in gray, carotenoids are not in the picture. The four dimers of
chlorophylls (without the phytyl tail) are indicated in the figure.
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Organosilicon compounds find a usage in the field of surface science due to its good surface adhesion properties
which are mostly related to a © electron orbital [1]. The substitution of the carbon atom in the ring with a silicon atom
enhances adhesion since it acts as hydrolytically sensitive center that can react with inorganic substrates such as glass to
form stable covalent bonds [2]. 1-chloromethyl-1-fluorosilacyclohexane and 1-chloro-1-chloromethylsilacyclohexane
were newly synthesized molecular compounds with unknown structural parameters and conformational diversity. In our
previous works the detailed conformational, structural and spectroscopic analysis of the latter mentioned molecules is
presented. [3, 4] The next step is theoretical studies of the dynamical structural changes and lifetime of different
conformers at finite temperature with the help of Car-Parrinello molecular dynamics simulations.

Car-Parrinello molecular dynamics simulations have been performed with PBE functionals, DFT (PW),
Nosé—Hoover chain thermostats, temperature was set to 20, 50 and 70 K (to mimic experimental conditions), the
production run of 200 ps was derived utilizing the CPMD program package.

Fig. 1. Snapshots from the CMPD simulations at 20K for 1-Chloro-1-Chloromethyl-1-silacyclohexane.

In the matrix the molecule remains in the global energy minimum structure (chair axial trans), the structural
parameters and the interaction with the matrix were traced by Radial Pair Distribution Function and bond distance
analysis.

The biggest advantage of the Molecular Dynamics Simulations is that they explicitly describe the experimental
conditions, due to the temperature influence. The static calculations in most cases, describe the isolated molecules without
taking into account the temperature impact. This is a huge step in the computational description of the experimental

conditions. Despite the fact the molecule does not undergo any conformational changes, the molecule — matrix interactions
were traced.

[1] H. Butt, K Graf, M. Kappl, Physics and Chemistry of Interfaces, Wiley, 2003

[2] J. Ceponkus, V. Sablinskas, V.Aleksa, M.Pucetaite, R.Platakyte, C.W.Reed, C.Cotter, G.Guirgis, Vibrational Spectroscopy, 81, 136-143, 2015

[3] TM.C McFadden, R. Platakyte, J. Stocka, J. Ceponkus, V. Aleksa, T. Carrigan-Broda, V. Sablinskas, P. Rodziewicz, G.A. Guirgis,
Experimental (Raman and IR) and computational (DFT, MP2) studies of conformational diversity of 1-chloromethyl-1-fluorosilacyclohexane,
Journal of Molecular Structure, 1221 (2020).

[4] J. Stocka, R. Platakyte, T.M.C. McFadden, J. Ceponkus, V. Aleksa, A.G. Hanna, V. Sablinskas, P. Rodziewicz, G.A. Guirgis, Conformational

diversity of 1-chloro-1-chloromethylsilacyclohexane with experimental (Raman and IR) and computational (DFT, MP2) methods, Journal of
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Calcium phosphates (CaPs) are a versatile family of materials most widely used as bone graft substitutes and for
targeted drug delivery in biomedical fields [1], in creation of sensors for direct detection of phosphate in aqueous solutions
[2], in water purification for heavy metals [3], etc. CaPs are known for their biocompatibility, they are also easily and
inexpensively produced, are safe, and can be relatively easily certified for clinical use. In the medical field, calcium
orthophosphates such as hydroxyapatite (HA, Ca;o(PO4)s(OH).), tricalcium phosphate (TCP, Ca3(POs),), and amorphous
calcium phosphate (ACP) are frequently utilized. Recent studies on biomaterials showed the potential of the use of
calcium pyrophosphate (CPP, Ca,P,0-) for biomedical applications [4]. We studied a-CPP, B-CPP and y-CPP polymorphs.

Fig. 1. Visualized procedure of the T; relaxation measurement. Left — acquired free induction decays (FID) of the
samples. Middle — after Fourier transform (FT) peaks were approximated by theoretical curves. Right — first peak’s
(3.95 ppm) T relaxation curve and fitting by using Eq. (1) approximation.

1(7) :Io-exp(—Til) (1

To study CPPs, solid-state nuclear magnetic resonance (NMR) was used. Spin-lattice (77) relaxation times were
measured using the saturation recovery method. Radiation-exposed CPP samples showed reduced relaxation times. For
overlapping peaks spectral fitting using Gauss, Lorenz or Voigt theoretical spectral lines were performed. The overlapping
peaks positions were referenced from [5] article. By examining the dependence of relaxation time by exposure time, the
structural integrity of CPP polymorphs was evaluated.

[1] Habraken, W., Habibovic, P., Epple, M. & Bohner, M. Calcium phosphates in biomedical applications: Materials for the future? Mater. Today 19,
69-87.

[2] Sun, S., Chen, Q., Sheth, S., Ran, G. & Song, Q. Direct electrochemical sensing of phosphate in aqueous solutions based on phase transition of
calcium phosphate. ACS Sensors 5, 541-548.

[3] Goto, T. & Sasaki, K. Synthesis of morphologically controlled hydroxyapatite from fsh bone by urea-assisted hydrothermal treatment and its Sr2+
sorption capacity. Powder Technol. 292, 314-322.

[4] Kaido Kurrikoff, Birgit Vunk, Ulo Langel. (2021) Status update in the use of cell-penetrating peptides for the delivery of macromolecular
therapeutics. Expert Opinion on Biological Therapy 21:3, pages 361-370.

[5] Griesiute, D., Garskaite, E., Antuzevics, A. et al. Synthesis, structural and luminescent properties of Mn-doped calcium pyrophosphate (Ca,P,0-)
polymorphs. Sci Rep 12, 7116 (2022).
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We introduce the miEye platform, a cost-effective microscope with high-resolution wide-field fluorescence imaging
capabilities [1]. Advanced super-resolution (SR) imaging devices can be purchased commercially for a high cost.
Affordable open-source microscopy systems frequently often support single imaging modularity, fall short of their more
high-priced siblings, or lack dedicated software. The miEye design is based on a modular aluminium CNC milled
microscope body that can be customized with optomechanical components that are commercially available. The
microEye open-source Python package is used for microscope operation, data visualization, and analysis. The microEye
utilizes commonly used iCMOS (industrial complementary metal oxide semiconductor) cameras, IR-based automatic
focus stabilization, and laser control through an Arduino-based laser relay. The open-source effort seeks to make the
super-resolution community's adaption and contribution relatively easy. The system cost can sum up to about 50,000
euros. It features a flexible emission path and two interchangeable excitation regimes (SM-fiber and MM-fiber). The
miEye maintains less than 5 nm/min stability of lateral sample drift. After software drift correction, the miEye achieves
~10-40 nm lateral resolution for dSTORM and DNA-PAINT single-molecule localization microscopy (SMLM)
experiments. The platform is a versatile and cost-effective addition to the open-source microscopy community that may
enable high-quality SR imaging for research groups with limited funding.

Fig. 1. TIRF microscopy image of sparsely distributed DNA nano-rulers with 80-nm spacing. Three independent
imaging experiments under the 638 nm wavelength excitation were done with a similar outcome. A) Larger field-of-
view (FOV) conventional TIRF microscopy average stack overlaid with reconstructed super-resolution (SR) image. B)
Zoomed image of the larger FOV presented in panel A. C) Graph showing curves of X and Y drift used for drift
correction using cross-correlation. D) FRC (Fourier Ring Correlation) curve, which showed a resolution value of 14.3
nm.

[1] M. N. Alsamsam, A. Kopiistas, M. Jureviciité, and M. Tutkus, The miEye: Bench-top super-resolution microscope with cost-effective equipment,

HardwareX, vol. 12, p. €00368 (Oct. 2022).
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Post-translational modifications (PTMs) of proteins are widespread in human organisms and could be the reason for
various civilization diseases. Linking the chemical species to the backbone or sidechains of amino acids residues can
significantly change the function and dynamic of proteins, and in consequence, lead to health abnormalities. For instance,
cardiovascular and neurodegenerative diseases are associated with acetylation, methylation, and glycosylation, and
cancers are related to phosphorylation.[1] The study of proteins’ PTMs still arouses the interest of researchers looking for
new strategies to treat common civilization diseases.

Chiroptical spectroscopy techniques are promising tools to investigate the proteins' PTMs, however, they are rarely
used for that aim. Their potential is mainly due to the high sensitivity to even small structural changes in chiral molecules
and supramolecular systems (e.g., carotenoid aggregates, protein fibrils), or biological samples (blood serum and plasma).
Raman optical activity (ROA), vibrational circular dichroism (VCD), electronic circular dichroism (ECD), and circularly
polarized luminescence (CPL) are the most used chiroptical spectroscopies based on different interactions (Raman
scattering, absorption, emission) of chiral molecules with the left- and right circularly polarized light.[2]

ROA-CPL spectroscopy is a method that enables the observation of the CPL signal on the ROA spectrum. It uses a
lanthanide-based probe due to its unique luminescent properties and abundance of narrow emission bands. The most
suitable compounds for that purpose contain europium(IIl) ion which gives luminescent bands in the ROA/Raman
spectrum range (0-2500 cm™! which equals 532-610 nm). Additionally, the chiral environment of an achiral Eu(III) probe
can induce its chirality which manifests as CPL bands of Eu(IIl) present on the ROA spectrum. Due to the high power of
the excitation laser line used in the ROA spectrometer (532 nm), which is matched to the energy of some electronic
transitions of Eu(III), the luminescent bands of europium(III) that appeared in the ROA spectrum are strongly enhanced.
This approach allows to register the CPL signals which are hard or impossible to measure using a commercial CPL
spectrometer.[3]

In this study, we present the first application of ROA-CPL spectroscopy as an excellent tool to distinguish PTMs of
glutathione (GSH). The results unambiguously show different CPL patterns for unmodified peptide and for both
modification models, even with their small concentrations. It let us expect that ROA-CPL spectroscopy in the use of the
Eu(III) probe will be equally effective for the study of more complex protein systems.

This work was supported by National Science Centre in Poland (Grant No. 2019/35/B/ST4/04161 to GZ).

[1]P. Vellosillo, P.Minguez, A global map of associations between types of protein posttranslational modifications and human genetic diseases, iScience
24, 102917 (2021).
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[3] T. Wu, A Raman optical activity spectrometer can sensitively detect lanthanide circularly polarized luminescence, Phys. Chem. Chem. Phys. 24,
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Viscosity is the essential physical characteristic of cell membranes — it controls diffusion of lipids and
macromolecules, affects the lipid raft formation, and influences the passive transport of solutes across the plasma
membrane. Lipid membranes are inherently heterogeneous and are able to phase separate into liquid ordered (Lo) and
liquid-disordered (Ld) domains. Viscous Lo phase is of particular biological importance — ordered microdomains of
lipids and proteins, so called lipid rafts, play a key role in immune signaling [1,2], host-pathogen interactions [3,4],
cardiovascular diseases [5], and cancer [6-8]. Thus, the ability to distinguish Lo and Ld phases and determine their
precise viscosity values is of great interest and viscosity-sensitive probes offer a convenient solution for this task.

In this work, we present novel membrane-targeting viscosity probe — BODIPY-PM. Combining the use of
BODIPY-PM with Fluorescence Lifetime Imaging Microscopy (FLIM), we demonstrate the ability of BODIPY-PM to
recognize Lo and Ld phases in complex biological systems — large unilamellar vesicles (LUVs), tethered bilayer
membranes (tBLMs) and live cancer cells (Fig. 1). In addition, we explore the plasma membrane viscosity changes in
cells that undergo apoptosis. Importantly, our method allows both imaging and dynamic monitoring of viscosity
changes in real time in live cells, as well as model lipid systems.

Fig. 1. FLIM images of DOPC/DPPC/Chol LUV showcasing phase separation (A), DOPC/DPPC/Chol tBLM with
Lo domain in the center (B), viscosity changes in cancer cells during apoptosis — on the left, and before apoptosis — on
the right (C).

[1] K. A. Field, D. Holowka, B. Baird, Fc epsilon RI-mediated recruitment of p53/56lyn to detergent-resistant membrane domains accompanies
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Laser induced breakdown spectroscopy (LIBS) is a known method for elemental analysis of various materials,
both in-situ and in the laboratory [1]. Using fs pulses for LIBS results in reduced sample damage [2], lower ablation
threshold, low continuum emission and better repeatability [3]. An important parameter of LIBS is the wavelength used
for plasma generation. The effect of wavelength is thought to be more critical for longer nanosecond pulses, but in the
case of fs-LIBS, the laser-matter interaction is different, the pulse duration is much shorter than material heat transfer,
plasma forms after the pulse, signifying that there is no shielding of the pulse. However, the dependence on wavelength
for fs - LIBS has not been extensively studied.

Femtosecond Yb:KGW laser "Pharos" (Light Conversion Ltd) with pulse duration of 170 fs, 6 kHz repetition rate
and up to 6 W of average power was used. Andor Mechelle Spectrograph with an ICCD camera was used to record
spectra. The fundamental (1030 nm) and third (343 nm) harmonics were used to determine the effect of source
wavelength on LIBS parameters. Energy fluence on the sample was kept constant with both wavelengths. The samples
used were O. F. H. C. copper (99.95+% purity) and AISI 301 stainless steel.

Plasma temperature was evaluated at thermal equilibrium using the Boltzmann plot method. 400-800 ns after laser
ablation, the plasma temperature was around 9000 K on copper and 8000 K on steel, and there was no difference, within
error, between UV and IR wavelengths. Electron density was estimated to be (1.2 +0.4) - 10'® cm™ on copper sample
and (1.4 = 0.4) - 10'® cm™ on steel sample, the use of UV and IR wavelengths resulted in equal densities. Signal-to-
noise ratio (SNR) was evaluated for both wavelengths and is shown in Fig. 1. Our experiments showed that fs UV-LIBS
in copper and stainless steel samples gives higher SNR than fs IR-LIBS at the same energy fluence.

Fig. 1. Comparison of UV and IR LIBS signal to noise ratios of Cu I 510.5 nm (on the left) and Fe I 541.1 nm
(on the right) spectral lines.
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Star clusters are key for studying galaxy formation and evolution. Photometry of a large sample of star clusters
in the Andromeda (M31) galaxy by the Hubble Space Telescope (HST) would enable studying star formation processes
across the galaxy disk in detail. Observations were performed in the framework of the Panchromatic Andromeda Treasury
(PHAT; [1]) survey, which covered a third of the M31 disk, and results for a large number of star clusters are already
published [2][3]. These clusters reside in diverse environments, from dense central parts of the galaxy to the sparse
outskirts.

The aim of our study is to perform a new multicolour high-accuracy aperture photometry of star clusters by carefully
accounting for bright field stars projecting on clusters and to derive cluster parameters. We use a two-aperture method
described in [4]: (i) standard aperture photometry to measure ‘total’ (T) magnitudes; (ii) adaptive aperture photometry to
measure ‘colour’ (C) magnitudes of clusters’ central parts. We select C apertures to avoid bright field stars, thus ensuring
more consistent star cluster colours.

In Fig. 1(a,b) we show two-colour diagrams of 646 star clusters (selected by applying a requirement of photometric
accuracy in all three passbands, 0336, F475;.F814; < 0.03) constructed from T (a) and C (b) magnitudes. The main dif-
ferences arise due to the smaller number of the non-cluster stars residing within apertures used for photometry. Fig. 1b
shows more compatible colours of the real clusters and stochastic star cluster models, especially in the sense of artificial
excess extinction arising due to red field stars. Thus, Fig. 1 clearly demonstrates validity and quality of the new aperture
photometry method.

Fig 1. Two-colour diagrams produced by using T (a) and C (b) magnitudes. Star clusters (N = 646) of high photometric
accuracy (OF336;,F475..F814; < 0.03) are plotted (T — black dots, C —red dots). Stochastic star cluster models are shown in
the background (blue dots). Arrows in the lower-left corners indicate the interstellar extinction vectors of Ay = 1, assuming
standard Milky Way extinction law.
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It is well established that most massive galaxies host a central supermassive black hole (SMBH). Matter accretion
onto the SMBH creates an active galactic nucleus (AGN) - they are the brightest constant sources of light in the Universe.
However, the effect of AGN on star formation and evolution of the galaxy is still debated. While the SMBH is massive,
its gravitational influence is limited only to the very central parts of the galaxy and radiation poorly couples with diffuse
matter and leaves the galaxy mostly unimpeded. But observational data shows a connection between the mass of the
SMBH and properties of the galaxy (e.g. M — o relation), suggesting there exists an AGN feedback mechanism. Galactic
outflow-induced star formation may hold the key to understanding this connection.

Properties of the galaxy-wide outflows are well reproduced by AGN wind model - central parts of younger galaxies
are gas-rich and provide suitable conditions for outflow formation via relativistic particle wind. The wind interacts with
the diffuse interstellar medium (ISM) forming fast outflows and either pushes the gas to outer regions or in the case of
molecular clouds - ablates and evaporates them. However, further from the AGN, as outflows evolve and cool, they lose
their destructive power. Moreover, high gas content of the galactic disk provides an obstacle to the expansion, producing
turbulent mixing zones which cool the outflow by removing energy from it. Contrary to fast ones, outflows of hundred
km s~!, can produce an over-pressure in the disc, exceeding typical ISM pressure (fig. 1a) and may lead to an outburst of
star formation.

(a) Disc pressure-density composition. (b) Cumulative stellar particle mass.

Fig. 1. (a) Vertical view of disc density and pressure (100 km s~! model after 1.5 Myrs of evolution). Red color indicates
regions where ISM pressure is higher than mean disc pressure in quiescent galaxies (> 10~!' dyn cm~2). (b) Total mass
of stars formed. Outflows enhances star formation in all models between 1.5-3.7 Myrs.

I use the public smoothed particle dynamics (SPH) code Gadget4 [1] to model a galactic disc cutout - a 1 kpc?
cube with partial periodic boundary conditions, creating an infinite galactic disc sheet. Outflow compresses the disc at an
55¢ angle from both sides. I include hydrodynamics, gravity, stellar potential and relevant cooling and heating processes
via precomputed cooling tables. For a cooling estimate I used the spectral synthesis code Cloudy [2]. Star formation is
approximated by a simple stochastic model where cool dense (> 10° my, cm~3) SPH particles are converted to stars. I
model thee systems with initial outflow velocities of 50, 100, 300 km s~ ! and one reference model with stationary ISM.

I find that slow outflows enhance star formation in the densest regions of giant molecular clouds, but the duration is
limited to a few Myrs (fig. 1b). Enhancement is significant (~ 2x) for the system with the fastest outflow, but the long-
term effect is star formation quenching. Slower, 50, 100 km s~ ! outflows, while enhancing star formation for short periods,
have a negligible effect on long-term evolution. Further analysis shows a low correlation between average diffuse ISM
pressure (atomic and ionized gas) and star formation rate, indicating that the rate is governed by cloud-cloud collisions.
The key takeaway is that outflows enhance star formation, but the magnitude of the effect depends on the homogeneity of
the outflow and the disc itself.

[1] V. Springel, R. Pakmor, O. Zier, M. Reinecke, Simulating cosmic structure formation with the GADGET-4 code, MNRAS 506(2), 2871-2949
(2021).
[2] G.J. Ferland, M. Chatzikos, F. Guzman, et al., The 2017 Release Cloudy, RMxAA , Oct. 2017, 53, 385-438.
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Star formation mostly happens in clustered environments, such as star clusters and stellar associations. This makes star
clusters an important tool for understanding the formation and evolution of their host galaxies. Cluster parameters are derived
using various methods that often employ broad-band photometry results. However, earlier studies have shown that in the cases
of young (<1 Gyr) low mass (<10* M) star clusters, such methods are susceptible to uncertainties introduced by the stochastic
nature of bright star distribution inside clusters [1,2].

The aim of this study is to evaluate the effects of bright star distribution and random cluster projection in the plane of
the sky on the accuracy of star cluster parameters. We simulated a grid of artificial 3D clusters covering the parameter space
of real objects observed in the Andromeda galaxy (M31). Distributions of stellar masses were modelled using the Kroupa
initial mass function [3], and spatial distributions of stars were generated according to Elson-Fall-Freeman profile [4]:

p(R) = po(1 + R?[r)~r+D/2, (D
where p, — central cluster density; R — deprojected (3D) distance from the cluster’s center; y — power-law slope of the cluster’s

radial profile; r, — scale factor, related to the cluster’s core radius, 7., through r, = 1, (22/ Y — 1)1/2. The explored parameter
ranges of solar metallicity models are: mass — from 102 to 10* M; age — from 10 Myr to 10 Gyr; 7, — from 0.05 to 0.80
arcsec; y — from 2.2 to 7.0. At each node of the grid, we simulated 100 different clusters and generated their images to be
consistent with real observations of M31 clusters in the PHAT survey [5]. Images were produced using 100 different 2D
projections of each model, imitating their observation from 100 different angles. Simulated frames were measured by applying
aperture photometry techniques [6].

We have demonstrated that young low-mass clusters without (Group 1) and with (Group 2) post-main-sequence stars
photometrically differ significantly (Fig. 1). Clusters of Group 1 occupy a much smaller area in the colour-colour diagram
(CCD) compared to the Group 2 objects, which are redder and their colour indices (Cls) cover a broader range (Fig. 1a). In
Fig. 1b the corresponding ranges of Cls arising solely due to different viewing angles are much smaller. However, they are
larger than photometry errors; thus, they must be considered. We also find that the spread directions of clusters’ Cls closely
follow the direction of the extinction vector, suggesting that projection effects imitate those of extinction (Fig. 1c).

Fig. 1. Panel a) CCD of independently generated 100 clusters (for Group definitions, see text). Panel b) projection (100 viewing angles) effects are shown
for one cluster from each Group. Panel c) projection effects imitate interstellar extinction: photometry results for five different clusters and 100 projections
for each are shown. In all panels: arrow — extinction vector (4, = 1); aperture radii, mass, and age of clusters are indicated above panels.
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An episodic cycle of feeding and feedback (FB) seems to connects large galactic scales to the many orders of
magnitude smaller supermassive black hole (SMBH) scales [1]. The ever-increasing amount of observations concerning
the interplay between the infalling/outflowing ISM requires increasingly realistic and complex implementations of FB in
numerical simulations.

A number of FB injection methods are currently available for use specifically in Smoothed-particle hydrodynamics
simulations, which have their advantages and disadvantages. The simplest, spherical energy injection [2], distributes
energy over a number of gas particles closest to the SMBH particle, ostensibly isotropically. While effective in many
cases, this quick and dirty method is less successful when the small-scale structures in the proximity of the SMBH are of
interest or the distribution of said matter is highly nonspherical [3]. On the other end, the virtual particle-based approach
[4] allows for a more complex and flexible distribution of FB but is computationally very expensive.

we propose a new method that combines the flexibility of the virtual particle method while having a much lower
computational cost. We define a spherical grid on which we propagate accretion disc wind at constant speed Vying ~ 0.1c.
Any particle that makes contact with the wind gets a portion of its energy/momentum or other stored quantity proportional
to its contribution to the density field in that portion of the grid. Using our approach we are able to vary wind parameters
over time and in different directions, for example to follow the variation of the accretion disc plane or to distribute FB in
a conical shape.

Currently, the method is implemented in Gadget-3 [5]. Our method compares well to the virtual particle-based
approach in test cases (examples in Fig. 1). These are promising results, as our approach produces similar and consistent
outcomes at only a fraction of the computation time (about 10 times faster in our current tests).

Fig. 1. a - properties of a quasi-steady state system in a periodic box with a low luminosity source. A central cavity of the
expected size is opened with random velocity oscillations ~ ¢, in a narrow transitional region. b - A simulation of AGN
in turbulent isothermal gas distribution. AGN shining at the Eddington limit produces outflows of varied morphology
and velocities ~ 1000 km/s, which are typical for galactic-scale outflows - results are generally similar to those using the
virtual particle method.

[1] M. Gaspari, F. Tombesi and M. Cappi, Linking macro-, meso- and microscales in multiphase AGN feeding and feedback, Nature Astronomy,
4:10-13 (2020)

[2] V. Springel, T. Di Matteo and L. Hernquist, Modelling feedback from stars and black holes in galaxy mergers, Monthly Notices of the Royal
Astronomical Society, 361:776-794 (2005)

[3] K. Zubovas, M. A. Bourne and N. Sergei,A simple way to improve AGN feedback prescription in SPH simulations, Monthly Notices of the Royal
Astronomical Society, 457:496-509 (2016)

[4] S. Nayakshin, S. Cha and A. Hobbs, Dynamic Monte Carlo radiation transfer in SPH: radiation pressure force implementation, Monthly Notices of
the Royal Astronomical Society, 397:1314-1325 (2009)

[5] V. Springel, The cosmological simulation code gadget-2, Monthly Notices of the Royal Astronomical Society, 364:1105-1134 (2005)
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The development of sociophysics brought significant attention to opinion dynamics. Recent years have seen new
efforts to facilitate comparison of results from temporal opinion models to empirical or experimental data [1, 2]. Such
data is usually rich in spatial diversity and accounting for mobility dynamics can bridge the gap of theory and experiment.
However there is little investigation on effects of both temporal and spatial dynamics in spin models except for a special
case of Ising model [3].

This research analyzes changes in spatial patterns of competing Metropolis (temporal) and Kawasaki (spatial) dy-
namics in Ising model. Numerical analysis is performed for competing dynamics model with various Metropolis temper-
atures Tjs and dynamics selection parameter p. Four distinct cases of Kawasaki dynamics temperatures Tk are considered
- zero (Tx = 0), infinite (Tx = o), critical (Tx = T¢) and varying temperatures (Tx = Tjy).

Spatial patterns are determined by evaluating the proposed diversity index and calculating the fractal dimension
by utilizing box-counting method. Both values are obtained through scaling of the model lattice. Diversity index is
calculated by changing resolution of lattice just like with renormalization technique. Instead spins of the scaled lattice
represent mean values of the spins from the original lattice. For each new scale of lattice relative standard deviation is
calculated and a scaling curve is obtained. Usual antiferromagnetic, ferromagnetic and paramagnetic configurations result
in unique scaling curves by this procedure and it is used to get diversity index values ranging from -1 (antiferromagnetic
configuration) to 1 (ferromagnetic one).

Fig. 1. Diversity index (left) and fractal dimension (right) values for competing Metropolis-Kawasaki dynamics in Ising
model. The case of global Kawasaki dynamics with Tx = 0 is shown. Different curves account for dynamics selection
parameter p values, where p = 1 corresponds to pure Metropolis dynamics and p = 0 to pure Kawasaki dynamics. Cal-
culations were made for 64x64 lattice with 10° MC steps for equilibriation, fractal dimension was calculated for boxes
covering from 1 up to 16 spins.

Two distinct cases of competing dynamics in ferromagnetic Ising model show profound changes in lattice configura-
tions. Cases for zero and infinite Kawasaki temperatures leads to change of phase transition temperature. Zero temperature
Kawasaki dynamics allows only energy reducing Monte Carlo steps and leads to formation of fractal structures in ferro-
magnetic temperature range as seen in Fig. 1. Whereas infinite temperature Kawasaki allows only energy increasing MC
steps and antiferromagnetic ordering emerges for sufficiently small p.

Setting Kawasaki dynamics temperature equal to that of Metropolis results in Metropolis-type spatial patterns. Di-
versity index in such case reaches its peak value at critical temperature point even though ferromagnetic temperature range
should show highest index values. This result is mainly due to inaccuracy of index with order parameter at limit values.
Fractal dimension also differs from usual topological dimension at critical point confirming scale invariance. Paramag-
netic temperature ranges exhibit non-integer fractal dimension due to the selected small boxes scaling range (see Fig. 1).
Critical Kawasaki temperature case only strengthens domain separation at critical temperature value.

In conclusion, the non-trivial results of zero or infinite Kawasaki temperature in competing dynamics match those
reviewed in [3] and referenced therein. In terms of spatial diversity, scaling methods prove relevant in capturing spatial
patterns and scale invariances so abundant in Ising type models.

[1] J. Fernandez-Gracia, K. Suchecki, J. J. Ramasco, M. Miguel, V. Eguiluz, Is the voter model a model for voters?, Physical Review Letters 112,
158701 (2014).

[2] A. Kononovicius, Compartmental voter model, Journal of Statistical Mechanics: Theory and Experiment 2019, 103402 (2019).

[3] S. Artz, S. Trimper, Competing Glauber and Kawasaki Dynamics. International Journal of Modern Physics B. 23. 10.1142/50217979298001393,
(1998).

87



SODIUM SILICATE PARTICLE SIZE MEASUREMENTS USING TIME -

RESOLVED FLUORESCENCE ANISOTROPY
Daniel Doveiko!, Simon Stebbing?, Yu Chen'!, David J. Birch!, Vladislav Vyshemirsky?, Olaf
Rolinski'

! Photophysics Group, Department of Physics, University of Strathclyde, Scottish Universities Physics Alliance,
Glasgow G4 ONG, U.K.
2 PQ Silicas UK Limited, Warrington, WAS 1AB, U.K.
3 School of Mathematics and Statistics, University of Glasgow, Glasgow G12 8QQ, U.K.
daniel.doveiko.2018@uni.strath.ac.uka

Sodium silicates are versatile inorganic chemicals produced by combining silica sand and soda ash (sodium
carbonate) under high temperature. When in aqueous solution, they are often used in coating and bonding applications.
Additionally, they exhibit a range of attractive characteristics, such as being odorless and non-toxic, high strength and
rigidity, resistance to high temperatures and low-cost [1].

The important characteristics of silicates are the correlation between the ratio of silica to soda concentrations and
the size of the species. Traditionally, the particle sizes of nanoparticles are determined using methods such as Dynamic
Light Scattering (DLS) [2], Small-Angle X-Ray Scattering (SAXS) [3], Small Angle Neutron Scattering (SANS) [4] and
Transmission Electron Microscopy (TEM) [5]. All these methods are far from ideal and have significant drawbacks: DLS
becomes difficult for particles below 10 nm, SAXS and SANS are expensive and complex, and TEM requires complex
sample preparations which can lead to alterations of particle sizes [6-8].

Here, we present a new way of determining the particle sizes of sodium silicate liquors at high pH using time-
resolved fluorescence anisotropy. Different from previous approach of using a single dye label, two fluorescent labels
were used in this work [9,10]. Rotational times of the non-binding rhodamine B and electrostatically binding rhodamine
6G were used to determine the medium microviscosity and the silicate particle radius, respectively. This approach of
using two dyes ensures that the microviscosity stays accurate in time, unlike in the case when a single dye was used.
Applying this method to samples of various pH (prepared by diluting the stock solution of silicate to the concentrations
of NaOH ranging from 0.2M to 2M) and different temperatures (10°C to 55°C), the recovered average particle size was
found to have an upper limit of 7.0£1.2A.

[1] Yang, X., W. Zhu, and Q. Yang, The viscosity properties of sodium silicate solutions. Journal of Solution Chemistry, 2008. 37(1): p. 73-83.

[2] Gratz, H., A. Penzkofer, and P. Weidner, Nanometer particle size, pore size, and specific surface determination of colloidal suspensions and
porous glasses by Rayleigh light scattering. Journal of non-crystalline solids, 1995. 189(1-2): p. 50-54.

[3] Paradies, H.H., Particle size distribution and determination of characteristic properties of colloidal bismuth—silica compounds by small-angle x-
ray scattering and inelastic light scattering. Colloids and Surfaces A: Physicochemical and Engineering Aspects, 1993. 74(1): p. 57-69.

[4] Winter, R., et al., A SANS study of the effect of catalyst on the growth process of silica gels. Journal of non-crystalline solids, 1989. 108(2): p.
137-142.

[5] Van Blaaderen, A. and A. Kentgens, Particle morphology and chemical microstructure of colloidal silica spheres made from alkoxysilanes.
Journal of Non-Crystalline Solids, 1992. 149(3): p. 161-178.

[6] Uskokovi¢, V., Dynamic light scattering based microelectrophoresis: main prospects and limitations. Journal of dispersion science and
technology, 2012. 33(12): p. 1762-1786.

[7] Pauw, B.R., Everything SAXS: small-angle scattering pattern collection and correction. Journal of Physics: Condensed Matter, 2013. 25(38): p.
383201.

[8] Williams, D.B. and C.B. Carter, The transmission electron microscope, in Transmission electron microscopy. 1996, Springer. p. 3-17.

[9] Yip, P., et al. (2012). "Fluorescence anisotropy metrology of electrostatically and covalently labelled silica nanoparticles." Measurement Science
and Technology 23(8): 084003.

[10] Geddes, C. and D. Birch (2000). "Nanometre resolution of silica hydrogel formation using time-resolved fluorescence anisotropy." Journal of non-
crystalline solids 270(1-3): 191-204.
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Inositol phosphates fulfill multiple roles in the living cells, most importantly regulatory ones. Lower inositol phos-
phates consist of a part of the metabolic cycle in legumes, grains, beans, and other plants [1]. Moreover, myo-inositol
hexakisphosphate (phytic acid) and myo-inosiol trispyrophosphate are considered good allosteric effectors of hemoglobin,
stronger than the natural effector of hemoglobin, 1,3-bisphosphoglyceric acid (BPG), which lowers its affinity towards
oxygen and promotes more efficient oxygen transport. This activity is promising in treating hypoxia, which can be one of
the effects of carcinogenesis [2].

In order to probe the interaction, we applied molecular docking in AutoDock Vina and steered molecular dynamics
(SMD) simulations in the Gromacs package. We prepared molecular models of multiple phosphates (mono- to hexakispho-
sphates) of all inositol conformations. The models were docked to hemoglobin across the pocket containing BPG-binding
site. The results reveal five distinct binding sites, one being the exact site binding PBG. We present the results of molec-
ular docking and Gibbs free energy change (AG) of the specific bond formed. In order to extract additional information
including the kinetics of the bond, we performed multiple SMD simulations according to a procedure presented in Fig 1.
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Fig. 1. Force-distance curves for different separation rates (left), log-normal function fitted to the distribution of unbinding
forces for an exemplary separation rate (middle), and Dudko-Hummer-Szabo model fit to the extracted most probable
unbinding force versus the loading rate dependency (right).

For the most promising candidates, we performed multiple SMD simulations of the unbinding process with the
separation rate in the range between 0.1 m s~! and 50 m s~!. In order to extract the specific bond parameters, such as
the Gibbs free energy of activation in the absence of the external force (AGg), the dissociation constant (kgﬂ-) and the
distance between the bound state minimum and the position of the activation barrier (xg), the results were analyzed with
Dudko-Hummer-Szabo (DHS) model of thermally-activated unbinding under external force, formulated as [3, 4]:

AG v
_ AGg ) kgT | kgfkaTeXP (le?) W
u va AG[; n XBTF

where Fy, is the most probable unbinding force, kp is the Boltzmann constant, v is the barrier shape parameter, and
rr is the loading rate, calculated as the product of systems spring constant and separation rate.

The work has been funded by the Polish Ministry of Education and Science under the grant DI2017/007947 in the
Diamond Grant program 2018 edition.
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With hundreds of deaths and thousands of new infections every day in the US alone, COVID-19 will take time to
transition from a pandemic to an endemic. [1] One of the leading means of coronaviruses spreading is through the
frequently touched surfaces (FTS) such as door handles or handrails. [2]

These pathogens have an envelope covered by protein spikes responsible for adsorbtion to surfaces. [3] Presuming
we can obtain and cover FTS with coatings that have repelling properties towards the proteins, a restriction of
coronaviruses spreading could be ensured.

To become aware of how proteins adsorb to coatings, we detected bovine serum albumin (BSA) adsorbtion using
Surface-enhanced Raman spectroscopy (SERS) method. SERS was chosen as an eligible method with the known general
ability to detect small concentrations of the substance (seeking up to 107! — 10-'5 mol/l). It currently has a wide field of
applications in various studies surrounding biological objects. [4]

Firstly, to optimize experimental conditions, a SERS must-have standard Lee-Meisel colloid [5] was prepared and
then concentrated using centrifugation. After this, five clean and differently coated plates were soaked in a BSA solution
for 10 minutes, rinsed and left to dry. The following day, a drop of colloid was dried on top of it too and the coating was
ready for testing.

FT-Raman spectrometer with an excitation laser of 1064 nm wavelength was used to execute the experiment. Ring
vibrations with a 1003 cm™' band were observed at the albumin SERS spectra. While studying a specimen on a reflective
aluminum plate surface, this characteristic band was visible even at the albumin solution’s concentration as low as 10
M (fig. 1).

Fig. 1. BSA SERS spectra on an aluminum plate using different initial concentrations of BSA solution.

After further measurement of protein adsorption on five different test coatings, variation of band intensities was
observed with the weakest when using coating named Coating from Cu mixed with SiO; + Ag.

Hence the purpose of our study is to optimize the experimental conditions for protein adsorbtion detection using
SERS method and to test the given plates. Assuming we observe a weak or void characteristic band amongst the test
coatings, these could be considered having antiviral properties and suitable for the FTS.

[1] R. H. Shmerling, MD. Is the COVID-19 pandemic over, or not? Harvard Health Publishing. October 26, 2022
(https://www.health.harvard.edu/blog/is-the-covid-19-pandemic-over-or-not-202210262839).

[2] D. Dobrynin, I. Polishchuk, L. Portal, I. Zlotver, A. Sosnik, B. Pokroy. Adsorption of SARS CoV-2 spike proteins on various functionalized surfaces
correlates with the high transmissibility of Delta and Omicron variants, Materials Today Bio, Volume 14, 2022, 100265, ISSN 2590-0064,
(https://doi.org/10.1016/j.mtbi0.2022.100265).

[3] C. Bamford, New coronavirus variant: what is the spike protein and why are mutations on it important? The conversation,
2020. (https://theconversation.com/new-coronavirus-variant-what-is-the-spike-protein-and-why-are-mutations-on-it-important-152463).

[4] Hering, K., Cialla, D., Ackermann, K. et al. SERS: a versatile tool in chemical and biochemical diagnostics. Anal Bioanal Chem 390, 113-124
(2008). (https://doi.org/10.1007/s00216-007-1667-3).

[5] P. C. Lee, D. Meisel. Adsorbtion and Surface-Enhanced Raman of Dyes on Silver and Gold Sols. J. Phys. Chem. 1982, 86, 3391-3395.
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General ecology and environmental protection are among the main priorities at this stage of industrial progress,
taking into account sustainable development and reducing the impact on climate change. In general, the level of
environmental pollution is increasing, in particular cases, especially in the developed regions of the planet, special
measures are effectively applied to improve the environment both in the generation process itself and by reducing
emissions in a specific environment. Atmospheric pollution has a special role, as it is the only habitat not only for humans,
but also for a large part of wildlife. Changes in air quality due to emitted pollutants impair quality of life, contribute to
various injuries and long-term illnesses, depending on the type of pollution. The most common pollution associated with
fine and ultra-fine particles hovering in the open air [1]. The sources of this pollution are a large part of industrial
production, road transport, energy, as well as various types of work, which inevitably spray or otherwise emit dust. The
content of the generic term called particulate matter may vary depending on the type of activity in which they entered the
atmosphere and the air stream. Thus, along with the mechanical effect of exposure, particles can also carry chemical
components, which further aggravate the negative impact they create on the environment [2]. Most modern technologies
quite effectively solve the problem of pollution with large solid particles, i.e., more than 10-15 microns. For such
purposes, air flow filtration technologies are used as in air ducts using filters, including bag/cassette, some types of
electrostatic precipitators, as well as centrifugal cyclones, sometimes cleaning using a water stream is used [1,3]. Only a
part of filters is effective for settling or containment of fine dust, among which most of them require special operating
conditions, have a narrow range of effective action, and their use requires special skills and personnel training.

In this paper, we study the apparatus of a new improvement, which in its design has several improved models of
treatment technologies. The type of apparatus of each of the technologies is used in individual cases, however, such a
solution is not effective and convenient with modern requirements for treatment facilities. The scientific object of this
work combines in one building various stages of purification, operating according to different principles of work, but
coordinated with each other. Thus, the use of such an apparatus is possible without preliminary primary purification of
the gas flow, which makes it possible to effectively use this technology with a wide range of primary flow characteristics.

Fig. 1. Experimental stand of complex apparatus for aerodynamic and efficiency testing

The studies described in this paper present experimental results on flow dynamics on a laboratory bench that simulates
industrial conditions. The dependences of the gas flow rate in certain sections on the source of the generated flow to the
inlet to the cleaning apparatus and the exit from it were studied. The aerodynamic parameters and the dependences of
various characteristics on each other were studied at a gas flow rate in the range of 50-300 m*h. The purification
efficiency of the gas stream was investigated using fine and ultra-fine quartz solid particles. The total and fractional
concentrations of particles before and after purification were studied for particles 0.3—10 um in size. The overall efficiency
of cleaning the gas stream from solid particles, according to preliminary data, exceeded 80%, and in particular, solid
particles ranging in size from 2 pm to 10 um in most cases were not detected in the stream after cleaning.
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Cas9 is a programmable RNA-guided DNA endonuclease [1; 2]. It recognises a short DNA sequence, known as a
protospacer-adjacent motif (PAM), and cleaves DNA at a fixed position in accordance to PAM when there is full
complementarity between DNA and RNA strands. This feature has made the Cas9 protein a highly attractive and popular
molecular tool for genome editing. Nevertheless, there are still gaps in full understanding of the Cas9 biological role in
prokaryotic cells. Cas9 belongs to II-type CRISPR-Cas systems and is essential for all three stages of the CRISPR-Cas
mechanism (adaptation, RNA biogenesis and interference). During adaptation, viral DNA is selected, cut and integrated
as a spacer into the CRISPR region in a bacterial chromosome. The precise mechanism of adaptation in II-A subtype
CRISPR-Cas systems is yet to be determined. It has been shown that during adaptation Cas9 aids in viral DNA selection
by recognising the PAM sequence [3]. In some way Cas9 has to convey the information of PAM recognition to
macromolecular Cas1-Cas2-Csn2 adaptation complexes, which then finalise the adaptation stage [4]. When viral DNA is
inserted into the CRISPR region, it is transcribed by RNA polymerase and processed by Cas9 and RNase III into CRISPR
RNA (crRNA), which is hybridized with trans-activating crRNA (tractRNA) forming a functional guide RNA. In the final
interference stage, Cas9 uses guide RNA to find the target DNA molecules and induce DNA double-strand breaks. In this
way, CRISPR-Cas system confers hereditary and adaptive immunity against viruses.

Here, we report the structure of Streptococcus thermophilus Cas9 in complex with guide RNA and target DNA
(interference mode). We also present the structure of Streptococcus thermophilus Cas9-RNA bound to non-target DNA,
with the PAM-adjacent target DNA strand non-complementary to the guide RNA. We show that Cas9-RNA adopts
different conformations, which might be exploited for the distinct roles of Cas9 in adaptation and interference.

[1] G. Gasiunas, R. Barrangou, P. Horvath, V. Siksnys. Cas9-crRNA ribonucleoprotein complex mediates specific DNA cleavage for adaptive immunity
in bacteria. Proc. Natl. Acad. Sci. U.S.A., 109, 1553915540 (2012)

[2] M. Jinek, K. Chylinski, I. Fonfara et al. A programmable dual-RNA guided DNA endonuclease in adaptive bacterial immunity. Science 337, 816—
21(2012)

[3] R. Heler, P. Samai, J.W. Modell, C. Weiner, G.W. Goldberg, D. Bikard, L.A. Marraffini. Cas9 specifies functional viral targets during CRISPR-
Cas adaptation. Nature 519, 199-202 (2015)
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CRISPR-Cas are widespread bacterial and archaeal adaptive immune systems, which protect cells against mobile
genetic elements, such as viruses or foreign plasmid DNA. The mechanism of CRISPR-Cas systems comprises three
stages, called adaptation, CRISPR RNA maturation and interference, while the CRISPR loci contain inverted sequences
(CRISPR repeats), interspaced by short fragments acquired from foreign DNA (spacers). A key component in the
adaptation step is the heterohexameric integrase complex composed of a Cas2 dimer sandwiched by two Casl dimers.
The role of this complex is to capture fragments of foreign DNA (prespacers) and integrate them into the CRISPR locus,
leading to formation of new spacers that confer immunity against the corresponding viral DNA. So far, CRISPR-Cas
adaptation is best described in systems of subtypes I-E and II-A [1], yet the mechanism of spacer acquisition in subtype
II-C systems remains unclear.

In order to better understand the adaptation stage of a subtype II-C CRISPR-Cas system, we purified the Cas1-Cas2
integrase complex and determined its structure using cryo-electron microscopy (Fig. 1), which revealed molecular
interactions between the integrase complex and prespacer DNA. According to our structural data, Cas2 dimer plays a
major role in maintaining non-specific interactions through its ability to coordinate Mg?* ions, as well as having its
a-helices interact with the major grooves of the prespacer DNA. Additionally, the catalytic Cas1 subunits have symmetric
Val residues that act as a molecular ruler and ensure the correct prespacer duplex length of 22 bp.

Fig. 1. The structure of subtype II-C Cas1-Cas2 integrase complex.

Our results suggest that the adaptation in a subtype II-C CRISPR-Cas system might be generally similar to other
type II systems since our obtained structure is comparable to a subtype II-A integrase structure [2]. However, as it lacks
accessory proteins like Csn2 and Cas4 found in subtypes II-A and II-B respectively, the overall adaptation mechanism
may differ and further investigation is needed to elucidate it.

[1] Sasnauskas, G., & Siksnys, V. (2020). CRISPR adaptation from a structural perspective. Current Opinion in Structural Biology, 65, 17-25.
[2] Xiao, Y. et al. (2017). How type II CRISPR-Cas establish immunity through Casl-Cas2-mediated spacer integration. Nature, 550(7674), 137-141.
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Electroporation (EP) is a method used to permeate cell plasma membrane (PM) by exploiting short electric pulsation
to allow movement of extracellular and intracellular molecules across the PM. The technique may be used to deliver
molecules such as oligo- and polynucleotides or small hydrophilic compounds into cells, and this is researched for
application in cancer electrochemotherapy, gene therapy for treatment of neurological and congenital diseases as well as,
in the case of oligonucleotide electrotransfection, development of cancer vaccines [1]. However, it is known that character
of electrotransfer is dependent on mass, shape and charge of the compound, and different EP parameters must be used to
effectively deliver substances of diverse characteristics [2,3]. Thus, the purpose of this investigation was to identify the
nature of electrotransfer of molecules of different size: plasmid DNA (pDNA), oligonucleotides and propidium iodide
(PI), in order to evaluate the influence of treatment conditions on electrotransfer efficiency and to conclude the most
advantageous electroporation parameters — pulse voltage, duration and number.

Electroporation was performed on Chinese hamster ovary cells. The cells were suspended in low conductivity
medium (0,1 S/m) and placed within a 2 mm gap between stainless steel electrodes. Propidium iodide and pDNA
electrotransfer was performed by applying either 1, 5 or 10 LV (500 V/cm, 5 ms) pulses or 1 HV (1400 V/cm, 100 ps)
pulse, and electrotransfer efficiency was determined via flow cytometry (in the case of pDNA transfection, GFP
expression was evaluated 24 h after EP procedure). PI electrotransfer timelapse was further visualised via fluorescence
microscopy using copper electrodes in coplanar configuration to deliver pulsation. Oligonucleotide transfection was
performed upon the cells by applying a single pulse of varying duration and voltage (1500 V/cm 100 ps, 1200 V/cm
250 ps, 500 V/cm 5 ms), which allowed to identify optimum parameters that were subsequently further analysed by
treating the cells with a different number of up to 10 pulses.

The results indicate that electrophoretic force caused by electrical pulses had considerable effect on oligonucleotide
electrotransfer but had no significant impact on PI transfer. Conversely, PI electrotransfer appears not to be affected by
total pulse duration and continues to occur after the external electric pulsation has ceased, which was not observed for
oligo- and polynucleotide electrotransfection. Majority of the cells treated with 10 LV pulses remain permeable 15 minutes
after the treatment was conducted, and this diminishes viability of the cells to up to 10 % of control viability. Furthermore,
maximum pDNA expression was observed upon applying one HV pulse, whereas longer LV pulses had a negative impact
on cell viability and negligible transfection rate. This, compared to oligonucleotide electrotransfer, indicates that the
underlying phenomenon behind the uptake of these molecules into electropermeabilized cells is distinct, and additional
research is required in order to establish optimum parameters to achieve effective nonconcurrent or simultaneous
electrotransfer of nucleotides of varying size.

[1]J. Gehl, Electroporation: theory and methods, perspectives for drug delivery, gene therapy and research, Acta physiologica Scandinavica 177, 437-
447 (2003).

[2] H. Wolf, M. P. Rols, E. Boldt, E. Neumann et al., Control by pulse parameters of electric field-mediated gene transfer in mammalian cells,
Biophysical journal 66, 524-531 (1994).

[3] S. Sachdeyv, S. Feijoo Moreira, Y. Keehen et al., DNA-membrane complex formation during electroporation is DNA size-dependent, Biochimica et
biophysica acta — Biomembranes 1862 183089 (2020).

94



THERMODYNAMIC CHARACTERISTICS OF THE SOLID

DISPERSION SYSTEM OF DIOSMIN
Artem Kharchenko, Vadym Lisovyi, Volodymyr Bessarabov, Olga Kovalevska,
Andriy Goy, Iryna Povshedna

Department of Industrial Pharmacy, Kyiv National University of Technology and Design, Ukraine
a.kharchenko@kyivpharma.eu

Recently, an important direction of pharmaceutical development is the search for substances effective in the
treatment of disorders of the circulatory system. These substances include flavonoids, which can potentially be used to
protect the cardiovascular system.

Diosmin is one of the representatives of semi-synthetic flavonoids with a wide spectrum of pharmacological
properties [1]. It is used in the treatment of chronic venous insufficiency and hemorrhoidal disease, increases the
vasoconstrictor effect of noradrenaline on the venous walls, increasing venous tone [2].

The main disadvantage of using diosmin as an active pharmaceutical substance is its low solubility in water, which
causes low bioavailability. Therefore, to increase the degree of solubility of diosmin in water, the technique of forming
solid dispersed systems (SDS) is used by the method of co-dissolving diosmin with pharmaceutically acceptable polymers
and surfactants with subsequent removal of the solvent by evaporation.

The method of obtaining SDS. In a flask with a capacity of 100 ml, 45 ml of solvent were placed successively;
0.05 g of diosmin; 7.50 g of polyvinylpyrrolidone K-25 and 0.01 g of nonionic surfactant. The process of dissolving the
components of the mixture was carried out by heating in a water bath (37+ 0.5 °C) and intensive stirring for 30.0 = 0.5
min. Separation of aqueous and solid phases was carried out by centrifugation at 6000 rpm. within 30.0+0.5 min. The
aqueous phase (solution) was decanted and placed in a drying chamber. The drying process was carried out at a
temperature of 50.0 £ 0.5 °C to a constant mass.

The solubility of diosmin in the composition of SDS was determined spectrophotometrically by the transition of the
flavonoid into an aqueous solution at A=348 nm.

According to the results of the study, the growth in the coefficient of increase in the solubility of diosmin was
determined depending on the temperature. At a temperature of 25°C, this coefficient increases to 3.2 times, a slight
increase is noted when the temperature rises from 25°C to 30°C (up to 3.7 times). A further increase in the temperature
of the medium to 37°C allows to increase the solubility coefficient by 4.4 times, and the highest value is reached at a
temperature of 40°C — 5.8 times (p<0.05).

Also, the stability constant (Ks) of the complexes was determined for SDS. The obtained values of the stability
constant are in the range of 197.5-208.2 ML, This value indicates the favorability of the process of formation of
intermolecular complexes, because it is in the optimal range (100 M! to 1000 M),

In the reaction of complex formation, the thermodynamic interaction between the components of the system is a
critical factor.

The following thermodynamic parameters were calculated for this reaction of the formation of intermolecular
complexes: change in Gibbs free energy (AG), change in enthalpy (AH) and change in entropy (AS).

Table 1. Thermodynamic characteristics of the system

ParametersTemp“"‘mre 25 °C (298 K) 30 °C (303 K) 37°C (310 K) 40 °C (313 K)
AH®, kJxM"! -0,0842 -0,0842 -0,0842 -0,0842
AGO, kJxM-! -13,2195 -13,3158 -13,7449 -13,7556

ASO, JxM! 44,6435+0,9322 44,2246+0,5340 44,6102+0,7583 44,2169+0,5745

The obtained data allow us to conclude that the process of formation of intermolecular complexes takes place with
a slight release of energy (exothermic), since the enthalpy acquires negative values. Positive entropy values indicate that
the formation of complexes between diosmin and auxiliary substances occurs when the aqueous solvate shell of molecules
is destroyed. Negative values of the Gibbs free energy change indicate favorable conditions for diosmin solubilization in
the presence of the polymer.

Therefore, a study of the effect of temperature on the solubility of diosmin in water as part of polymeric SDS was
carried out. The obtained values show that the maximum value of increasing the solubility of diosmin is observed at a
temperature of 40 °C. The thermodynamic characteristics of the system were calculated for this SDS, from which it can
be seen that the process of formation of complexes is spontaneous and takes place with the release of energy.

[1] L. Pari, S. Srinivasan, Antihyperglycemic effect of diosmin on hepatic key enzymes of carbohydrate metabolism in streptozotocin-nicotinamide-
induced diabetic rats, Biomedicine & pharmacotherapy = Biomedecine & pharmacotherapie 64(7), 477-481 (2010).

[2] S. L. Dholakiya, K. E. Benzeroual, Protective effect of diosmin on LPS-induced apoptosis in PC12 cells and inhibition of TNF-a expression,
Toxicology in vitro : an international journal published in association with BIBRA 25(5), 1039-1044 (2011).

[3] K. A. Connors, Thermodynamics of Pharmaceutical Systems: An Introduction for Students of Pharmacy, ISBN:978-0-471-46139-5, 360 (2002).
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The p53 protein is a transcription factor, often labelled as the “guardian of the genome” due to its role in DNA
reparation and protection from cell malignant transformation. Depending on the type (chemotherapy, UV radiation, etc.)
and extent of damage to the cell, p53 can trigger DNA damage response, senescence, or if the cell is damaged irreparably,
apoptosis. Because of its importance, the deregulation of p53 can lead to susceptibility to cancer, or in the case of already
malignant cells, to drug resistance. In colorectal cancer (CRC) p53 mutations are found in 43 % of tumours and usually
are associated with advanced disease and chemoresistance to 5-fluorouracil, doxorubicin and cisplatin.

Here we show that short exposure to moderate amounts of oxaliplatin (OxaPt) leads to the downregulation of p53
in CRC cell line HCT116 expressing wild-type p53. This downregulation impairs expression of the cell cycle-arresting
protein p21 and pro-apoptotic proteins BAX, FAS, DR5, PUMA, therefore rendering cells moderately resistant to OxaPt.
After transfection with wild-type inducible p53 the sensitivity to OxaPt is restored. Interestingly, HCT116 cells showing
high resistance to OxaPt after prolonged exposure to the drug (HCT-Oxa), harbour p5S3 mutations and have downregulated
pro-apoptotic proteins. However, HCT-Oxa cells show no restoration of sensitivity to OxaPt after the induced expression
of wild-type p53. These results suggest that the compromisation of p53 function is important for the early steps of drug
resistance in CRC, but disposable for the late stage drug resistance.
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Introduction. Pancreatic cancer (PC) is emerging as one the most lethal types of cancer with only a 10% five-year
survival rate [1]. This is attributed to the fact that most incidences of PC are diagnosed in advanced or metastatic stages
[2]. In such cases, gemcitabine (GEM) remains one the first-line drugs used for treatment [2,3] but the efficacy of the
treatment can fall short due to PC tumour heterogeneity and its acquired resistance to said chemotherapies [4]. A
notable aspect of PC is the remarkable overexpression of aryl hydrocarbon receptor (AhR) mRNA and subsequently
AhR itself with mRNA expression increasing on average 27-fold [5]. AhR is a ligand-dependent nuclear receptor which
upon ligand binding activates the transcription of several metabolising enzymes which are implicated in tumour
initiation and progression [6]. Due to poor future projections, low survival rates, limited treatment options and
commonly observed resistance to drugs, it’s imperative to discover ways to improve upon currently available treatments
by means of modifying the expression of potentially involved genes.

Aim. The aim of this research was to investigate how AhR gene silencing can alter the effect of gemcitabine on
cell metabolic activity and long-term colony formation of different PC cell lines.

Methods. PC cell lines BxPC-3 and Su.86.86 were transfected by lipofectamine mediated siAhR for 24 hours.
Afterwards the cell lines were treated with IC50 doses of GEM (determined for each cell line separately) for 48 hours.
After the treatment, short-term cytotoxic effect of GEM was determined by MTT assay and long-term effect was
determined by seeding cells for clonogenic assay and subsequently growing them for 7 days.

Results. Treatment of the modified (siAhR) BxPC-3 cell line with the IC50 dose of GEM resulted in a statistically
significant decrease in the short-term metabolic activity to 21,4 +/- 3,9 % in comparison to 50,6 +/- 10 % in unmodified
control cells. As for the Su.86.86 cell line, AhR gene silencing had a statistically significant effect on metabolic activity
in and of itself while also increasing cell sensitivity to GEM, however these results are inconclusive due to the
mentioned responsiveness to silencing itself. In regards to long-term clonogenic assay, the IC50 dose of GEM
decreased unmodified BxPC-3 colony formation to 18,3 +/-7,3 % and Su.86.86 to 30,3 +/- 4,2 % when compared to
control cells. Silencing of AhR on its own resulted in a decrease of colony formation in the BxPC-3 line to 19,3 +/- 2,7
% and the Su.86.86 line to 27,7 +/- 4,9 % when compared to control cells. AhR silencing in combination with GEM
treatment also caused a decrease in colony formation capabilities compared to control cells: the BXPC-3 line dropping
to 3,7 +/- 1,6 % and the Su.86.86 line to 11,3 +/- 3,2 %. Furthermore, the Su.86.86 cell line was observed to be more
resistant to GEM in both unmodified and transfected cells.

Conclusion. AhR expression modulation can possibly impact PC cell susceptibility to first-line drugs such as GEM
which causes a detrimental effect on cell viability and long-term survival, however different responses of different cell
lines show that the effect can vary depending on the profile of the cancer cells, therefore making reliable predictions
difficult.

[1] Hu JX, Zhao CF, Chen WB, Liu QC, Li QW, Lin YY, Gao F. Pancreatic cancer: A review of epidemiology, trend, and risk factors. World journal
of gastroenterology. 2021 Jul 7;27(27):4298.

[2] Kamisawa T, Wood LD, Itoi T, Takaori K. Pancreatic cancer. The Lancet. 2016 Jul 2;388(10039):73-85.

[3] Buscail L, Bournet B, Cordelier P. Role of oncogenic KRAS in the diagnosis, prognosis and treatment of pancreatic cancer. Nat Rev Gastroenterol
Hepatol. 2020 Mar;17(3):153-168. doi: 10.1038/541575-019-0245-4.

[4] Juiz NA, Iovanna J, Dusetti N. Pancreatic cancer heterogeneity can be explained beyond the genome. Frontiers in oncology. 2019 Apr 5;9:246.

[5] Koliopanos A, Kleeff J, Xiao Y, Safe S, Zimmermann A, Biichler MW, Friess H. Increased arylhydrocarbon receptor expression offers a potential
therapeutic target for pancreatic cancer. Oncogene. 2002 Sep;21(39):6059-70

[6] Dietrich C, Kaina B. The aryl hydrocarbon receptor (AhR) in the regulation of cell—cell contact and tumor growth. Carcinogenesis. 2010 Aug
1;31(8):1319-28.
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Nearly all cells are covered in a carbohydrate-enriched coating called the glycocalyx, which is constructed out of
various glycoconjugates and is one of the first barriers in cell-to-cell communication. Sialidases, enzymes also known as
neuraminidases, cleave sialic acid from glycoconjugates and play a crucial role in the regulation of neuronal glycocalyx.
Structural and chemical changes of the neuronal glycocalyx contribute to neuronal synapse formation and the removal of
sialic acid is suggested as one of the mechanisms of synapse pruning, a process required to eliminate unnecessary synapses
during brain development leading to healthy neuronal network [1]. There are four main sialidases, named Neul — Neu4,
which vary in expression during the development of mammalian brain, with Neu?2 being barely expressed [2]. Neuronal
sialylation is an essential process for healthy neuron activity [3], however the connection between sialidase activity and
synaptic function is poorly understood, and the exact role of sialidases in the process of neuronal network development
and maturation remains understudied.

During this study, the expression of sialidases between various age groups (PO to P90) was quantified by real-time
PCR and the ddCT method was used to analyse the collected data. At the same postnatal age points, enzymatic sialidase
activity was measured in freshly collected mouse hippocampus tissue samples. Enzymatic activity was normalised to the
amount of total protein in the sample. Statistical analysis was performed to determine the differences between age groups
and sex effect.

Our results demonstrated that Neu/ gene had the highest expression and the Neu2 had the lowest gene expression.
Neul gene had the highest expression which remained consistent during the development of hippocampus, there was a
slight increase in Neu?2 expression, Neu3 expression decreased and Neu4 gene had a tremendous (around 600 times)
increase in expression, indicating that Neu/ and Neu4 play the primary roles in brain development. As for the enzymatic
activity of sialidases, barely any activity was present in the PO mice hippocampus, suggesting that sialidases do not
contribute to the prenatal development of brain. The highest enzymatic activity of sialidases, around double compared to
the other age groups, was observed at age P14 with significantly higher activity in male hippocampus compared to female.
This discovery suggests that the neuronal desialylation of the hippocampus may differ between male and female mice.

Overall, we showed that Neul gene expression is the highest in mouse hippocampus. However, at the early
postnatal age development (P14) of mouse hippocampus an immense increase in the expression of Neu4 was observed.
In line, sialidases demonstrate the highest activity at the age of P14, which corresponds to the timepoint of most active
developmental pruning of synapses in the hippocampus. Our findings suggest that sialidases play a key role in the
mechanism of synaptic pruning in the developing brain.

[1] Paolicelli, R. C., Bolasco, G., Pagani, F., Maggi, L., Scianni, M., Panzanelli, P., Giustetto, M., Ferreira, T. A., Guiducci, E., Dumas, L., Ragozzino,
D., & Gross, C. T. (2011). Synaptic pruning by Microglia Is Necessary for Normal Brain Development. Science, 333(6048), 1456-1458.

[2] Pshezhetsky, A. V. & Ashmarina, M. (2018). Keeping it Trim: Roles of Neuraminidases in CNS Function. Glycocon;j J, 35, 375-386.

[3] Schnaar, R. L., Gerardy-Schahn, R., & Hildebrandt, H. (2014). Sialic Acids in the Brain: Gangliosides and Polysialic Acid in Nervous System
Development, Stability, Disease, and Regeneration. Physiol Rev, 94, 461-518.
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Premature ovarian failure (POF) has become one of the main causes of infertility in women of reproductive age
and the incidence of POF is increasing year by year, having a substantial impact on the physical and mental health of
patients and increasing the economic burden on families and society as a whole. POF is characterized by follicle loss,
ovarian dysfunction, decreased estrogen production, and finally resulting in infertility. This reproduction disorder
affects 1% of women under the age of 40 and 0.1% of women under the age of 30. However, the etiology and
pathogenesis of POF are complex and not very clear at present. Potential causes of POF are genetic, autoimmune
disorders, and iatrogenic factors, such as ovarian surgery, radiotherapy, or chemotherapy [1]. In the past decade, stem
cell-based therapy, particularly mesenchymal stem cells (MSCs), has emerged as one of the promising alternative
treatments for POF. Due to their properties including immunoregulation, anti-inflammation, angiogenesis, anti-
apoptosis, and trophicity, MSCs have been used extensively in reproductive medicine [2]. MSCs produce a large variety
of bioactive factors that stimulate the survival, proliferation, and differentiation of the cells in the damaged tissue and
facilitate its repair [3]. MSCs can be isolated from various adult or embryonic tissues, including bone-marrow, adipose,
placenta, and others [4].

In our study, we investigated changes in the expression of genes important for folliculogenesis in a chemotherapy-
induced POF mouse model. We observed the decreased expression of Amh, Amhr, Fshr, Gjal, Mvh, and Zpl genes due
to chemotherapy. The decreased gene expression correlated with lower levels of Anti-Miillerian Hormone (AMH) in
serum which indicated that chemotherapy led to ovarian dysfunction and the successful establishment of the POF
model. During the next stage, MSCs were administered to the treated mice and the ovarian function recovery was
evaluated at the gene expression level. The increased level of AMH in serum and changes in expression levels of the
above-mentioned genes were observed when compared with expression levels after chemotherapy, indicating the
healing of ovarian tissue. Additional experiments are required to confirm these findings and investigate the changes in
the levels of folliculogenesis-associated protein expression.

[1] Lee, E. h., Han, et al. Establishment of Effective Mouse Model of Premature Ovarian Failure Considering Treatment Duration of Anticancer Drugs
and Natural Recovery Time, Journal of Menopausal Medicine 24(3), 196-203 (2018).

[2] Gao, M., Yu, Z., et al. Mesenchymal stem cells therapy: A promising method for the treatment of uterine scars and premature ovarian failure,
Tissue and Cell 74, 101676 (2022).

[3] Fu, Y., Karbaat, L., Wu, et al. Trophic Effects of Mesenchymal Stem Cells in Tissue Regeneration, Tissue Engineering Part B: Reviews 23(6),
515-528 (2017).

[4] Mebarki, M., Abadie, C., et al. Human umbilical cord-derived mesenchymal stem/stromal cells: A promising candidate for the development of
advanced therapy medicinal products, Stem Cell Research & Therapy 12(1), 152 (2021).
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Nitrobenzene (NB) is a common reagent in the industry. It is extensively used in the production of pesticides, dyes,
explosives, polyurethane foams, elastomers, and industrial solvent production, and itiscontained in industrial waste, thus
being air, water, and soil pollutant [1-3]. The contamination of water sources by NB could lead to severe health risks for
humans. Due to its poor biodegradability, long-term residues, and accumulation in the environment, many countries
have listed NB as a priority pollutant. Therefore, strategies for removing NB from aqueous solutions must be developed

[4-5].

Fig. 1. Cyclic voltammograms of AgCo/rGO electrode in 200 uM nitrobenzene + phosphate buffer without () and
after mixing with 20 mg of carbon powder (---).

The NB adsorption on the carbon obtained from coconut shells was studied at pH 7. Carbon powder (20 mg) was
placed in 50 mL of 200uM NB solution andmixed for 10 min. The sample was next filtered. Figure 1. shows that the
control cyclic voltammogram of AgCo/rGO electrode recorded in solution after treatment with carbon powder doesnot
show peaks in the potential range where the NB reduction reaction is expected, while the cyclic voltammogram
recorded in 200 uM NB, before treatment, shows a reduction peak of NB at a potential of about - 0.78 V. Result shows
that carbon powder obtained from coconut shells can be usedfor succesful adsorption of NB from aqueous solution.
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With the consumption of traditional fossil energy and worsening of the environment, the development and
utilization of renewable energy become extremely urgent contemporary [1]. Due to their unstable output of energy,
electrochemical energy storage devices are key technologies to adjust and accelerate the effective application of green
energy [2]. Supercapacitors, as necessary energy storage devices, have gained progressively more attention due to their
excellent properties, such as high power density, long cycle life, fast charge-discharge process, and environmental
friendliness [3].

One of the most difficult challenges is the development of thin films based on an inexpensive and simple process
using materials of high abundance. It is very important to find cheap, environmentally friendly products that have the
possibility of deposition in a large area and that adhere well to the substrate method. The aim of the work was to form
environmentally friendly thin tin sulfide films by applying the safety and inexpensive SILAR method and using "green"
precursors, aqueous solutions, low deposition temperature, and environmental safety reducing agent. The use of L-
ascorbic acid for chemical synthesis is relatively new and less explored. Fluorine-doped Tin Oxide (FTO) glass slides
were used as a substrate for the deposition of thin films of SnS.

Two high abundance precursor solutions were used for the deposition: tin(II) chloride and sodium disulfide. The
reaction between tin ions complexed by ascorbic acid and sulfide ions resulted in the formation of tin sulfide film. Thin
films of tin sulfide had a blackish brown color. The deposited films were uniform, without any slots, pinholes. Thin
films adhere to the substrate by Van der Waals forces and based on these forces crystals possess unique physical and
chemical properties. These properties,including a large surface area to volume ratio, high tensile strength, and novel
electronic band structures that do not have counterparts in traditional systems, have been widely researched.

The composition, optical and electrochemical properties of the deposited films were characterized. Scanning
electron microscopy images allowed us to examine the microstructure of the samples. Tin sulfide is formed of irregular
morphology nanoparticle clusters, which are densely packed. X-ray diffraction (XRD) patterns show the formation of
orthorhombic phases, mainly SnS. The peaks of SnO, which are on the top of the substrate were also indicated. To
summarize the acquired results, more intensive SnS peaks are observed when using 30 SILAR cycles, and their
prolongation is clearly seen with an increase in the amount of L-ascorbic acid. Tin sulfide films deposited on FTO glass
slides were found to consist of an average crystallite size of 9 to 10 nm and 11 to 15 nm for films obtained using 20 and
30 SILAR deposition cycles, respectively. The Raman study together with the X-ray diffraction confirms the growth of
single-phase SnS films. The band gap of the samples was in the range of 1.1-1.4 eV, and the value clearly depends on
the deposition conditions. Electrochemical measurements showed meaningful results. It appears that both the number of
cycles and the quantity of ascorbic acid have a certain influence on the performance of films in this potential range.
Generally, the higher number of SILAR deposition cycles increases the mass of films and, therefore, the current density
is enhanced by the reactions occurring in the deeper layers of the active substance. Taking into account the impact of
ascorbic acid, a higher amount has a positive effect when using 20 SILAR cycles. Presumably, this may be due to the
higher probability of intercalation of ions and organic fragments between layers during the SILAR synthesis. When 0.8
g of ascorbic acid was used, a significant increase in specific capacity and specific energy was observed due to an
increase in the number of SILAR cycles. The tin sulfide film prepared using the lowest amount of ascorbic acid is able
to generate the specific capacitance of 6.35 F-g! with the best specific energy value of 3.53 Wh-kg-!. These results
confirmed that obtained tin sulfide films on FTO glass are a promising material to be used as a supercapacitor.

In this paper, we describe a simple, eco-friendly method for the synthesis of tin sulfide nanoparticles stabilized
with L-ascorbic acid. The results obtained showed that SnS thin films demonstrate the possibility of using them in
electrochemical capacitors.

[1] Ibrahiem, D. M. & Hanafy, S. A. Dynamic linkages amongst ecological footprints, fossil fuel energy consumption and globalization: an empirical
analysis. doi:10.1108/MEQ-02-2020-0029.

[2] Syum, Z. et al. Superior lithium-ion storage performance of hierarchical tin disulfide and carbon nanotube-carbon cloth composites. J Power
Sources 482, 228923 (2021).

[3] Barik, R., Devi, N., Perla, V. K., Ghosh, S. K. & Mallick, K. Stannous sulfide nanoparticles for supercapacitor application. App! Surf Sci 472,
112-117 (2019).
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Iron hexacyanoferrate (Prussian blue (PB)) is an inorganic, electrochromic compound, which is selective for
several monovalent ions (Cs™, Rb*, K™ and NH4"). These ions (Cs*, Rb*, K* and NH4") are incorporated in the crystal
lattice of PB when PB is electrochemically reduced in Cs*, Rb*, K™ or NH4" ions containing solution [1]. Moreover, the
concentration of PB reduction promoting ions (Cs*, Rb*, K™ and NH,") affects the reduction potential of PB. For this
reason, PB can be used as a signal transducer in optical and electrochemical analytical systems, such as electrochemical
ion sensors [2]. Thus, Prussian Blue is often used as a redox mediator and signal transducer in biosensors, for example
urea and glucose biosensors [3, 4].

In this research work, Prussian Blue was used in formation of glass/FTO/PB/enzyme type electrodes, for the
analysis of glucose and urea (Fig.1). Furthermore, these studies introduce the glass/FTO/PB/GOx electrode for optical
glucose sensing and the glass/FTO/PB/urease electrode for electrochemical sensing of urea by using electrochemical
impedance spectroscopy.

Fig. 1. Scheme of glass/FTO/PB/enzyme type electrode construction.

[1] A.A. Karyakin, E. E. Karyakina, L. Gorton, On the mechanismof H,O, reduction at Prussian Blue modified electrodes, Electrochemistry
Communications 1, p. 78 — 82 (1999).

[2] A. A. Karyakin, Prussian Blue and Its Analogues: Electrochemistry and Analytical Applications, Electroanalysis, No. 10, 13 (2001).

[3] P. Virbickas, A. Valiuniene, G. Kavaliauskaite, A. Ramanavicius, Prussian White-Based Optical Glucose Biosensor, Journal of The
Electrochemical Society, 166 (12), B927- B932 (2019).

[4] A. Valiuniene, G. Kavaliauskaite, P. Virbickas, A. Ramanavicius, Prussian Blue based impedimetric biosensor, Journal of Electroanalaytical
Chemistry, 895, (2021).
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Gas chromatography (GC) is an analytical technique that has undergone numerous improvements since its
introduction in 1903 [1]. One approach to improving GC is through the use of cryo-focusing or cryo-enrichment [2],
which involves cooling down a portion or all of the GC column to enhance various aspects of chromatographic analysis.
A new and improved module was developed, featuring a two-stage cryo-cooler and improved temperature control
capabilities. The performance of this improved module was evaluated by developing and validating a method for the
measurement of a-pinene and B-caryophyllene in Cannabis Sativa plants [3]. The aim of this study was to improve upon
previous GC cryo-enrichment techniques and apply this improved method to the analysis of these terpene compounds in
Cannabis Sativa plants.

An in-house GC cryo-enrichment module was developed and constructed. It is an add-on device that can be attached
to a standard GC system via a heated transfer line (as shown in Figure 1). The module includes a custom-made aluminum
column holder that sits on top of a cryo-cooled aluminum block. The aluminum block is cooled to -60 degrees Celsius
using a SP Scientific FC100 Flexi-Cool immersion cooler. The column holder contains a nichrome wire heater and is
controlled by a stepper motor that moves the holder between cooling and heating positions. During sample injection, the
column holder is pressed down onto the cryo-cooled aluminum block and maintained at -60 degrees Celsius. After
multiple injections, the column holder is raised by the stepper motor and heated to 150 degrees Celsius. The GC column
is then passed from the GC system through the transfer line, wrapped around the column holder and returned to the GC
system via the same transfer line.

To test the performance of the system, method for terpene analysis with GC was created and validated. The method
was found to be precise, accurate, sensitive, linear, and have low limits of detection and quantification. The cryo-
enrichment module allowed for multiple injections of the sample, resulting in a higher sensitivity and concentration of
the analytes in the GC analysis. Overall, the improved cryo-enrichment module and method for measuring a-pinene and
B-caryophyllene in Cannabis Sativa were proven to be an efficient enhancement over previous cryo-enrichment
techniques.

Fig. 1. Gas chromatography system with cryofocusing add-on Fig. 2. Chromatogram of Cannabis sativa extract

[1] Bartle, Keith D., and Peter Myers. "History of gas chromatography." TrAC Trends in Analytical Chemistry 21.9-10 (2002): 547-557.3. Chin, S.-T.,
Maikhunthod, B., & Marriott, P. J. Universal,Analytical Chemistry, 83(17), 6485-6492 (2012).

[2] Chopra, Miriam D., et al. "Residual solvent analysis with hyper-fast gas chromatography-mass spectrometry and a liquid carbon dioxide
cryofocusing in less than 90 s." Journal of Chromatography A 1648 (2021): 462179.

[3] Nuutinen, Tarmo. "Medicinal properties of terpenes found in Cannabis sativa and Humulus lupulus." European journal of medicinal chemistry 157
(2018): 198-228.10. Amaral, Renata G., et al. Journal of Applied Biomedicine 14.4 265-272 (2016).

[4] Sadaunykas A., On-column cryofocusing and analyte enrichment device for gas chromatography systems, Chemija, Vol 31, Issue 4, 284-289, (2020)
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Calcium phosphates (CPs) are the family of materials, widely used in different areas such as medicine and bone
regeneration, catalysis, sensors, removal of heavy metals from water, as host matrices for the development of optical
materials, etc. CPs can be classified by many parameters including crystal structure, Ca-to-P ratio, presence of other
structural species (e.g. OH-, CO;%, CI', F"). Compositional and structural variety of CPs leads to their different chemical
and physical properties. Some CPs can be easily synthesized by direct precipitation from aqueous solutions or solid
state reaction. Another approach for the synthesis of CPs considers phase transformation of less stable CPs under
specific conditions. [1], [2]

The remarkable member of this family is amorphous calcium phosphate (ACP), which possesses a number of
features making it a very special material. Due to the absence of crystalline ordering ACP exhibits very high solubility
and reactivity. Moreover, unlike the most crystalline CPs, where Ca-to-P ratio is well-defined, in ACP this ratio can vary
in a relatively broad range from 1.2 to 2.2. ACPs can be used as precursors for the preparation of crystalline materials.
Phase conversion of ACP to other crystalline CPs can be induced in different ways. In aqueous medium ACP rapidly
transforms to apatite-like crystalline material. Another approach is the crystallization of ACP induced by thermal
treatment at elevated temperatures. ACP with the Ca-to-P ratio 1.5:1 upon calcination transforms to tricalcium
phosphate (TCP, Ca3(POs)2). This material cannot be precipitated directly from aqueous solution under artificial or
physiological conditions, it can be synthesized only through the thermal treatment of other CPs. The a-TCP prepared in
such a manner is also called metastable a-TCP, upon heating it transforms to B-TCP at around 950 °C and again to
a-TCP at around 1125 °C.[3]

In the present work, we demonstrate the phase transformations of ACP in molten chlorides. LiCl, NaCl, KClI,
CaCl; and their mixtures were mixed with initial ACP and annealed above their melting point. The obtained results
revealed that ACP reacts with molten chlorides resulting in the formation of chlorinated CPs. Under certain conditions
ACP can be converted to calcium chlorapatite (Cas(PO4)3Cl) or CaPO4Cl. The influence of synthesis conditions such as
annealing temperature, time, flux composition and ACP-to-chlorides ratio was investigated in detail.

The phase purity, crystal structure and structural changes were evaluated by powder X-ray diffraction (XRD),
Fourier-transform infrared (FTIR) spectroscopy. Scanning electron microscopy (SEM) was used for the characterization
of morphological features of products.

Fig. 1. SEM images of calcium chlorapatite powders obtained under different synthetic conditions.

[1] Z. Zhang, et al, The energy transfer from Eu2+ to Tb3+ in calcium chlorapatite phosphor and its potential application in LEDs, Applied Physics
B 91, 529-537 (2008).

[2] D. Huang et al., Remediation of lead-contaminated sediment by biochar-supported nano-chlorapatite: Accompanied with the change of available
phosphorus and organic matters, J Hazard Mater 348, 109-116 (2018).

[3] S. Dorozhkin, Calcium Orthophosphates in Nature, Biology and Medicine, Materials 2009 vol. 2, no. 2, 399498 (2009).
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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a virus that causes COVID-19 disease. In this
research, SARS-CoV-2 spike glycoprotein was selected as a template for the development of an electrochemical sensor
based on the molecularly imprinted polymer.

The general molecular imprinting process consists of chemical or electrochemical polymerization from a mixture
containing functional monomers and template molecules. The polymerisation step is then followed by the removal of
the template, which generates the binding sites in the structure of the polymer, which are specific or complementary to
the template molecules [1]. This characteristic can be used in the development of sensors for detecting both biological
and chemical molecules [2].

In this study, the SARS-CoV-2 spike glycoprotein imprinted polypyrrole-based (MIP-Ppy) sensor was developed
[3]. The pre-polymeric mixture contained 0.5 M pyrrole as a monomer and 50 pg/mL of SARS-CoV-2 spike
glycoprotein as a template in PBS solution, pH 7.4. The polymeric layer was deposited electrochemically onto the
surface of a platinum electrode by a sequence of potential pulses. The template molecules were extracted by washing
the polymer in 0.05 M H,SOs solution for 10 min. In comparison, an electrode was modified with a non-imprinted
polypyrrole layer (NIP-Ppy). The properties of both MIP-Ppy and NIP-Ppy were evaluated by pulsed amperometric
detection. The interaction between SARS-CoV-2 spike glycoproteins and MIP-Ppy was assessed by the Anson plot-
based calculations.

The obtained results prove that SARS-CoV-2 glycoprotein interaction is stronger with MIP-Ppy film than with
NIP-Ppy film.

Acknowledgement: This project has received funding from the Research Council of Lithuania (LMTLT),
GILIBERT 2021 program agreement No S-LZ-21-4 and was co-founded by Campus France grant No. 46593RA (PHC
GILIBERT 2021).
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The SARS-CoV-2 coronavirus caused a pandemic three years ago, and although society became used to the virus,
scientists never stopped investigating its interactions with the human body. The development and application of vaccines
against this virus helped to control the unwanted reactions caused by Covid-19 disease. As new variants of the SARS-CoV-2
spike protein emerge, it is necessary to find ways to faster virus detection so new outbreaks can be avoided. Biological
immunosensors can selectively and effectively detect various antigens or antibodies. Development of immunosensors that are
sensitive to the SARS-CoV-2 spike protein could make monitoring of virus spread easier and fatal consequences could be
avoided. The SARS-CoV-2 spike protein is one of the main proteins of the virus. The spike protein binds to the ACE2 receptor
found on the human cells and triggers further spread of the virus in the body [1]. The immune system must react fast and
synthesize specific antibodies to block the spike protein. To get better understanding of immune complex formation different
SARS-CoV2 spike protein variants were chosen for our research and interactions with specific antibodies were investigated.

One of the methods used in this investigation was total internal reflection ellipsometry (TIRE). TIRE is an optical method
which can be applied to thin layer optical properties’ research. During the experiment, changes in the phase A and the
amplitude ¥ of light wave are measured and the index of refraction and dielectric constant of the material can be calculated.
TIRE can be applied to the monitoring as it is very sensitive, non-destructive and label-free method, so biomolecules such as
proteins do not lose their structure and activity [2].

Quartz crystal microbalance with dissipation (QCM-D) is a piezoelectric method using which the changes in frequency
and dissipation are measured during real time biomolecules layer formation. QCM-D is a noninvasive, label-free method that
can be used for measurements in liquids.

The combination of QCM-D with spectroscopic ellipsometry (SE) was applied to study SARS-CoV-2 coronavirus spike
proteins and specific antibodies interactions. TIRE was used to find the most effective immobilization conditions for different
spike proteins (wild, o and P variants). SARS-CoV-2 spike proteins’ interaction with specific antibodies were researched by
QCM-D and SE methods combination and thermodynamical parameters of immune complex formation were calculated.

[1] Ramanathan, Muthukumar et al. “SARS-CoV-2 B.1.1.7 and B.1.351 spike variants bind human ACE2 with increased affinity,” Lancet
Infect. Dis., vol. 21, no. 8, p. 1070, 2021.
2] 1. Plikusiene, V. Maciulis, A. Ramanaviciene, Z. Balevicius, A. Zvirbliene, and A. Ramanavicius, "Evaluation of kinetics and

thermodynamics of interaction between immobilized SARS-CoV-2 nucleoprotein and specific antibodies by total internal reflection ellipsometry,”
J. Colloid Interface Sci., vol. 594, pp. 195-203, 2021.
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Light harvesting — the first step of photosynthesis — is carried out by photosystems I and II (PSI and PSII) that are
located in the thylakoid membrane of chloroplasts. PSII oxidizes water and produces oxygen molecules that can react
with the excited triplet state of chlorophyll and generate singlet oxygen which can cause photo-oxidative damage to
PSII. For this reason, plants have developed protective mechanisms such as non-photochemical quenching (NPQ) [1].
Quenching sites have been identified in LHCII and CP29 antenna complexes of PSII. NPQ in LHCII is thought to be
correlated with Chl-Chl charge-transfer (CT) states [2]; this could also be the case for CP29 because it is positioned
between the outer antenna complexes and the reaction center.

In this work, the high resolution crystal structure of spinach photosynthetic complex CP29 [3] was chosen for the
identification of Chl-Chl CT states in CP29. CT states can form between strongly interacting chlorophylls, so only
those chlorophyll dimers with distances less than 10 A between chlorophylls were used in calculations. The geometries
of chlorophylls forming the dimers were optimized in vacuum using density functional theory (DFT). In all calculations
performed in this work, the phytyl group in chlorophyll structure was changed to methyl group. The excited state
energy spectra and related parameter values for each dimer were calculated using time-dependent density functional
theory (TD-DFT). The values of static and transition dipole moments and the sums of Mulliken charges were taken into
consideration to identify CT states in dimers.

Nine CT states were identified in five of the six analyzed chlorophyll dimers and are presented in Table 1 together
with the energy values. CT states with the lowest energies could possibly be related to NPQ and other processes in PSII;
the lowest energy CT state was identified in dimer b614—a613. The results were compared to the experimental data in
Ref. [4], where time-resolved fluorescence was measured in CP29 and its knock-out mutants, i.e. CP29 lacking either
chlorophyll a612 or a603; these chlorophylls form strongly coupled dimers a611-a612 and a603-a609 that were
analyzed in this work.

Table 1. Excited states S, corresponding to the identified CT states in dimers and their energies in ascending order.

Chl-Chl dimer ‘ Su Energy, cm’!
b614—-a613 Ss 22565
b606—a604 Ss 22780
a611-a612 Ss 23070
a611-a615 Ss 24276
a603—a609 Ss 24417
a603-a609 Se 24672
a611-a612 Se 25330
a611-a615 Se 25394
b606—a604 Se 25459

[1] P. Miiller, X.-P. Li, K. K. Niyogi, Non-photochemical quenching. A response to excess light energy, Plant Physiology 125, 1558-1566 (2001)

[2] Y. Miloslavina, et al., Far-red fluorescence: a direct spectroscopic marker for LHCII oligomer formation in non-photochemical quenching,
FEBS Letters 582, 3625-3631 (2008)

[3] X. Pan, et al., Structural insights into energy regulation of light-harvesting complex CP29 from spinach, Nature Structural & Molecular Biology
18, 309-315 (2011)

[4] V. Mascoli, et al., Light-harvesting complexes access analogue emissive states in different environments, Chemical Science 11, 5697-5709
(2020)
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The presence of organic pollutants in wastewater negatively impacts people and ecosystems [1]. Among advanced
oxidation processes used for wastewater treatment, photocatalytic degradation of pollutants using solar light has been
attracting increasing attention recently [2]. Bismuth vanadate (BiVOy) is a promising semiconductor photocatalyst due to
low production cost, low toxicity, high photostability, resistance to photo-corrosion and narrow band gap with a good
response to visible-light excitation [3], however BiVO4 photoanodes have not yet achieved the desired performance to
make them suitable for practical applications [4] .

In the present work the influence of polyvinyl alcohol (PVA) used in sol-gel process as well as the number of
deposition cycles (equivalent to thickness of the layer) on the photoelectrochemical (PEC) activity of BiVO4 coatings was
investigated. BiVO, films were deposited on fluorine doped tin oxide (FTO) substrate using dip-coating technique.
Crystalline structure and morphology of coatings were analyzed using X-ray diffraction (XRD) analysis and scanning
electron microscopy (SEM), respectively. The PEC properties of coatings were evaluated using cyclic voltammetry (CV)
and electrochemical impedance spectroscopy (EIS).

Figure 1. Cyclic voltammograms of BiVOs electrodes with different number of layers and PVA amount used in the
synthesis. Experiments were performed in 0.5 M Na,SOj4 solution; Reference electrode: Ag/AgCl; potential scan rate 50
mV/s. Light intensity 100mW/cm?.

Obtained results revealed, that amount of PVA used in the sol-gel process has significant influence on PEC
performance of the coatings. Smaller amount of PVA (0.5 g instead of 0.7 g) was beneficial for PEC activity and
photoanodic current increased with the number of deposition cycles (Fig. 1). The results on PEC production of reactive
species in the electrolytes of various composition as well as the efficiency of decomposition of organic compounds will
be presented at the conference.

Acknowledgement: This project has received funding from the Research Council of Lithuania (LMTLT), agreement No
S-PD-22-2
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In recent years, photopolymerization engendered high interest due to the considerable practical and economic
benefits. It is characterized by rapid cure, low energy consumption, high efficiency, low volatile organic compound
emission, and the large number of applications not only in conventional areas such as coatings, inks, and adhesives, but
also in high-tech domains, such as microelectronics, optoelectronics, laser imaging, stereolithography, and
nanotechnology [1]. The renewable feedstock use in materials production using photopolymerization processes reveals
the great potential of renewable raw molecules and their ability to substitute petrochemical-based materials [2]. Glycerol,
the by-product of biodiesel refining is a promising candidate which can be used as monomer in the synthesis of polymers
as it is or after chemical modification [3].

In this work, three glycerol acrylates having different number of acryl groups: 2-hydroxy-3-phenoxypropyl acrylate,
glycerol 1,3-diglycerolate diacrylate, and glycerol trimethacrylate, have been photopolymerized with addition of vanillin
styrene in order to obtain copolymers with improved mechanical and thermal properties. The homopolymers of glycerol
acrylates have been synthesized for comparison. Diphenyl(2,4,6—trimethylbenzoyl)phosphine oxide was used as
photoinitiator. The chemical structure of monomers is presented in Fig 1.

Fig. 1. Chemical structure of 2-hydroxy-3-phenoxypropyl acrylate (HFPA), glycerol 1,3-diglycerolate diacrylate
(TGDA), glycerol trimethacrylate (GTMA), and vanillin styrene (VS)

The structure of the homopolymers and copolymer was confirmed by FT-IR spectroscopy, Soxhlet extraction, and
swelling test. It was determined that the insoluble fraction of the resulting copolymers depended on the number of
functional groups of the glycerol acrylate used and ranged from 93 % to 97 %. The degree of swelling of the copolymers
in toluene was very low (0,45-4 %) while that of the homopolymers was a bit higher (0,2-14 %) and depended on the
number of functional groups of the monomers used. The copolymers obtained using mono- and difunctional glycerol
acrylates had a higher density of cross-links and less swelled than the homopolymers of the corresponding glycerol
acrylates. In the case of trifunctional glycerol acrylate, the results were reversed.

[1]1 Y. Fuchs, O. Soppera, K. Haupt, Photopolymerization and photostructuring of molecularly imprinted polymers for sensor applications-A review,
Analytica Chimica Asta 717, 7-20 (2012).

[2] L. Pierau, C. Elian, J. Akimoto et al., Bio-sourced monomers and cationic photopolymerization-The green combination towards eco-friendly and
non-toxic materials, Progress in Polymer Science 127, 1015187 (2022).

[3]1 Z.Y. Ben, H. Samsudin, M.F. Yhaya, Glycerol: Its properties, polymer synthesis, and applications in starch based films, European Polymer Journal
175, 111377 (2022).
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Plastics are synthetic or semi-synthetic polymeric materials with a wide range of additives (plasticizers, acid
scavengers, pigments, thermal stabilizers). Their unique properties such as lightweight, elasticity, durability, resistance
to corrosion and moisture lead to a wide range of application fields. The plastic particles that are larger than 1 nm but
smaller than 5 mm in size are defined as microplastic particles (MPs). Many different environments contain MPs including
the air, soil, ocean, and even freshwater systems. Moreover, microplastic particles cause an increasing concern as they
pose threats to aquatic species as well as human beings. This type of pollutant is ubiquitous on our planet and might cause
a global hazard in terms of environmental health.

There are two types of microplastic particles: primary and secondary. Primary MPs can be produced to have a specific
small size which is widely used in personal care products, cosmetics, different detergents, and cleaners. For example,
researchers have found between 327 and 832 microplastic particles per gram in toothpaste and facial scrubs [1], [2].
Secondary MPs are fragmented from larger-sized pieces of plastics as a result of environmental degradation processes.
Either primary or secondary MPs have different sizes, shapes, colors, and chemical compositions. The properties of MPs
mentioned above are crucial for removing these particles.

Studies indicated that wastewater treatment plants (WWTPs) play an important role in the microplastic particles
removal process. The majority of MPs from industrial and domestic sources are captured in wastewater treatment plants.
Modern WWTPs include three main stages of treatment: primary precipitation (sand or other larger debris settling and
grease removal), secondary settling (biological treatment), and tertiary treatment (advanced oxidation processes). The
removal efficiency of MPs between countries is surprisingly variating from 64% in Southeast Spain to 99% in Finland
[3],[4]. However, even advanced wastewater treatment technologies (such as ozonation, chlorination, physical sorption,
ultrafiltration, and membrane bioreactors) are unable to completely remove microplastic particles from sewages.
According to Murphy (2016), despite a 98% removal rate, over 6.5 -10” MPs could enter the aquatic environment daily
from a WWTP in Scotland [5]. The research on microplastic removal across WWTP might help reach significant changes
in environmental improvement.

The aim of this research work is to analyze microplastic particles removal efficiency and distribution at different
stages of WWTP in Lithuania. The full characteristics of MPs (size, shape, color, and chemical composition) are also
fully evaluated and described.

The new insights into MPs pollution levels in influent and effluent wastewater might help create more efficient
wastewater treatment systems and ensure environmental safety.

Acknowledgment: This research is funded by the European Social Fund under the No 09.3.3-LMT-K-712 “Development
of Competencies of Scientists, other Researchers, and Students through Practical Research Activities” measure. (Grant
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The growing demand for multifunctional materials with novel properties has interested studying wood structures
doped with gadolinium phosphate (WCC). One of the main characteristics limiting wood’s potential is its flammability
whereas rapid destruction and collapse of wood structures occur. High weathering and biological resistance of wood is
also desirable as wood is the most abundant building material used in residential and non-residential buildings, furniture
constructions, and decoration. Therefore, inorganic compounds within the wood matrix impact wood’s mechanical
properties such as compressive, tensile, bending strengths, and award additional luminescent/magnetic properties [1-4].

This work proposes inorganic GdPO4 H,O:Eu compound produced by in situ hydrothermal synthesis as a new
alternative method to increase wood chemical resistance and confer new optical properties.

After in situ synthesis, the characteristics of the samples were observed by scanning electron microscopy (SEM) and
computed tomography (CT); optical properties were determined by luminescence analysis (Fig.1). Thermogravimetric
(TG) analysis was performed to attest the effects of GAPO4 on the thermal degradation of wood.

Fig. 1. Excitation and emission spectra of untreated wood.

[11 S. Wu, J. Yin, H. Qu, A. Li, L. Liu, and Y. Shao, Photoluminescence properties of gadolinium phosphate nanoprisms doped with lanthanide ions
for multicolor live cell imaging, J. Mater. Sci. Mater. Electron. 30, 11336-11345 (2019).

[2] N. B. Amar, T. Kallel, T. Koubaa, M. A. Hassairi, M. Dammak, and E. Cavalli, Synthesis, characterization and optical spectroscopy of GdPO,:Er*",
Luminescence, 35 (7) 1056-1067 (2020).

[3]11J. S. Fabiyi and A. G. McDonald, Effect of wood species on property and weathering performance of wood plastic composites, Compos. Part Appl.
Sci. Manuf. 41, 1434-1440 (2010).

[4] J. Chen, Z. Zhu, H. Zhang, S. Tian, and S. Fu, Wood-derived nanostructured hybrid for efficient flame retarding and electromagnetic shielding,
Mater. Des. 204, 109695 (2021).
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Luminescent materials nowadays find use among a variety of different applications, thus attracting a lot of attention
for studying such compounds. Many such materials can be obtained by doping a certain matrix with lanthanide ions. This
work concentrates on NaAlGeO4 doped with europium (III) ions, as properties of such compound are relatively unknown.

Samples (NaixAlGei.0s5x04Eux) were obtained using solid-state synthesis. Stoichiometric amounts of sodium
carbonate, aluminum oxide, germanium (IV) oxide and europium (III) oxide were weighed, mixed in agate mortar and
sintered in 1000 °C for 6 hours.

The samples were firstly analyzed by X-ray diffractometer. Using the obtained X-ray diffraction results, it was
concluded that all of the samples are single-phased. The aforementioned data was also used to refine the existing
NaAlGeOs unit cell using the Rietveld method. It was determined that the occupancy of europium sites in the crystal cell
directly correlates to the bulk concentration of europium during the solid-state synthesis. Also, samples with more
europium tended to have a bigger unit cell.

The luminescent properties of the specimens were investigated by photoluminescence spectroscopy. Samples with
higher europium concentrations showed strongest emission when excited by light wavelength of 392,5 nm. The highest
emission peaks observed were at 610 nm and 702,5 nm.
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Imidazoles are the 7™ most common cyclic structure in pharmaceuticals and can be found in thirty commercially
available drugs [1]. Compounds containing an imidazole moiety have been found to exhibit anti-cancer, anti-bacterial,
anti-microbial, anti-diabetic, and antioxidant properties [2].

One of the most popular methods of imidazole synthesis is the van Leusen reaction [3]. While synthesizing HSP90
inhibitors using this type of reaction, 1-aryl-3a,8b-dihydro-1H-benzofuro[2,3-d]imidazoles were obtained alongside the
main products — diarylimidazoles. Compounds containing this new tricyclic moiety have not been reported before.

The 2,3-dihydrofuran moiety is found in many different compounds in nature (e.g., (+)-decursivine, linderol A,
caraphenol B and many others [4]) and therefore it is important to find new ways of synthesizing this structure. In
nature, the hydrogen atoms of the five-membered ring of dihydrobenzofuran most commonly occur in the trans
configuration, however, compounds containing the cis configuration have also been found. These compounds exhibit
anti-HIV, antibacterial, antifungal, antimalarial, anticancer, and anti-inflammatory properties [4].

The objective of this work — to synthesize various 1-aryl-3a,8b-dihydro-1H-benzofuro[2,3-d]imidazoles and
determine the influence of the substituents on the formation of these compounds.

The starting compounds were prepared from salicylic aldehyde and various anilines. During this work, conditions
that would promote the formation of 1-aryl-3a,8b-dihydro-1H-benzofuro[2,3-d]imidazoles as the major product of the
van Leusen reaction were sought after. Numerous experimental conditions were tested — the reaction was carried out at
different temperatures and the influence of various organic as well as inorganic bases and their amounts on the yields of
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Fig. 1. Condensation of imines as well as the the formation of imidazoles and 1-aryl-3a,8b-dihydro-1H-benzofuro[2,3-
dl]imidazoles in the van Leusen reaction.

The optimal conditions for the formation of 1-aryl-3a,8b-dihydro-1H-benzofuro[2,3-d]imidazoles were
determined to be MW 40 °C, 5 min and using K»COs as the base. It was established that the highest yields of 1-aryl-
3a,8b-dihydro-1H-benzofuro[2,3-d]imidazoles are obtained in aromatic systems with electron withdrawing substituents.

[1] R. D. Taylor, M. Maccoss, A. D. G. Lawson, Rings in drugs, J. Med. Chem. 57, 5845-5859. (2014)

[2] A. Siwach, P. K. Verma, Synthesis and therapeutic potential of imidazole containing compounds, BMC Chem. 15, 1-69 (2021).

[3] A. M. van Leusen, J. Wildeman, O. H. Oldenziel, Base-Induced Cycloaddition of Sulfonylmethyl Isocyanides to C, N Double Bonds. Synthesis of
1, 5-Disubstituted and 1, 4, 5-Trisubstituted Imidazoles from Aldimines and Imidoyl Chlorides, J. Org. Chem. 42, 1153—1159 (1977).

[4] Z. Chen, M. Pitchakuntla, Y. Jia, Synthetic approaches to natural products containing 2,3-dihydrobenzofuran skeleton, Nat. Prod. Rep. 36, 666—
690 (2019).

13



PROGRESS TOWARDS SYNTHESIS OF BICYCLO|3.3.1]NONANE-BASED
POLYAROMATIC RECTANGULAR CAVITANDS

Nojus Radzevi¢ius', Edvinas Orentas'

!nstitute of Chemistry, Faculty of Chemistry and Geosciences, Vilnius University, Naugarduko str. 24, Vilnius,
Lithuania
nojus.radzevicius@chgf.stud.vu.lt

Polyaromatic hydrocarbons (PAHs) are abundant in fossil fuels and can also form as unwanted side products during
incomplete combustion of organic matter[1]. Due to their lipophilic nature, they are often poorly soluble in water and
instead disperse in air or water, adsorb to soil particles, or form sediment layers on various surfaces. Their poor water
solubility limits the rate of biological degradation and thus leads to accumulation of PAH particles in the environment[2].
Exposure to PAHs has been proven to cause cancer, cardiovascular diseases, and poor neurological development[3]-[5].

A potential method of managing PAH waste is by exploiting their large aromatic surfaces to bind them to insoluble
pi-receptor polymers through noncovalent pi stacking interactions. The main focus of this research has been to synthesize
rectangular cyclic tetrameric cavitands with polyaromatic surfaces and easily controllable cavity size, which could
possibly be polymerized by further functionalization of the indole N atom.

The initial synthesis strategy proceeded through Fischer indolization of enantiomerically pure bicyclo[3.3.1]nonane-
2,6-dione (which can be synthesized readily from low-cost starting materials and enantiomerically enriched with selective
oxidation by baker’s yeast [6]) and an aromatic, C;-symmetric di-hydrazine. Initial syntheses with 1,5-
naphthalenedihydrazine were unsuccessful due to poor solubility of the indole products. The problem was solved by
functionalizing the bicyclo[3.3.1]nonane skeleton with n-butyl groups. However, further attempts of Fischer indolization
were not very successful. Indolization with a 1:1 ratio of the dione and dihydrazine gave a poorly-separable mixture of
products, most appearing to be various oligomers, but no cyclic tetramer was found. Indolization with an excess of the
dione gave the expected diindole (1) as the product, however with poor yields (Fig. 1.). Attempts of further serial
indolization of the diindole (1) were unsuccessful, with the starting material appearing to decompose under reaction
conditions.

Further plans include attempts of using alternative cyclocondensation reactions, such as the Friedldnder synthesis
with respective amino aldehydes to give di-quinoline derivatives.

Fig. 1. Fischer indolization of 1,5-naphthalenedihydrazine with an excess of functionalized dione.

Acknowledgement: This research was funded by the Research Council of Lithuaina (project no. S-SV-22-135)
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[5] H. Korashy and A. El-Kadi, The Role of Aryl Hydrocarbon Receptor in the Pathogenesis of Cardiovascular Diseases, Drug Metabolism Reviews
38(3), 411-450 (2008)

[6] C. J. Wallentin, E. Orentas, E. Butkus, and K. Warnmark, Baker’s Yeast for Sweet Dough Enables Large-Scale Synthesis of Enantiomerically Pure
Bicyclo[3.3.1]nonane-2,6-dione, Synthesis (Stuttg) 2009(05), 864-867 (2009)

14



PREPARATION OF HEXAGONAL RARE EARTH MANGANITES BY
MOLTEN SALT SYNTHESIS

Dovydas Karoblis', Aleksej Zarkov!, Aivaras Kareiva!

nstitute of Chemistry, Vilnius University, Lithuania
Dovydas karoblis@stud.chgf.vu.lt

Hexagonal rare earth manganites are family of compounds with general formula of ReMnO; (Re — rare earth
element), which demonstrates two ferroic properties in the same phase without any external fields. These compounds
are ferroelectrics under high temperature (Tc — 620-1000 K) [1] and display antiferromagnetic ordering at lower
temperature (Tn — 57-130 K) [2]. Out of all hexagonal manganites, yttrium manganite (YMnO3) is the most researched
one. This material has multiferroic properties with a low Neel temperature (Tx ~ 70 K) and a high Curie temperature
(Tc ~ 900 K) [3]. This manganite can be prepared via multiple synthetic approaches, with solid-state synthesis being the
most common one. Unfortunately, solid-state synthetic technique has some drawbacks, like long reaction times, several
reaction stages, low rates of diffusion, formation of impurity phases and high reaction temperature. These disadvantages
can be avoided by conducting the synthesis in inorganic salt medium, with temperature slightly beyond the melting
point of the salt, so called molten salt synthesis [3].

In this work we prepared several rare earth manganites by using novel molten salt synthesis technique. All the
prepared samples were investigated using several characterization techniques, including X-Ray diffraction, FT-IR
spectroscopy and scanning electron microscopy (SEM). It was observed that a use of simple inorganic salt mixture led
to the formation of phase pure samples at lower temperature. Moreover, this synthetic approach generated hexagonal
shape particles with the size varying in micrometer range (Fig. 1).

Fig. 1. SEM micrographs of YMnOj3, prepared at 1000 (a) and 1100 °C (b) temperatures.

[1] B. Lorenz, Hexagonal Manganites—(RMnO3): Class (I) Multiferroics with Strong Coupling of Magnetism and Ferroelectricity, International
Scholarly Research Notices 2013, (2013).

[2] M. Li, H. Tan, W. Duan, Hexagonal Rare-Earth Manganites and Ferrites: A Review of Improper Ferroelectricity, Magnetoelectric Coupling, and
Unusual Domain Walls, Physical Chemistry Chemical Physics 22, 14415-14432 (2020).

[3] M. Wang et. al., Enhanced Multiferroic Properties of YMnO3 Ceramics Fabricated by Spark Plasma Sintering along with Low-Temperature
Solid-State Reaction 10, 474 (2017).

[4] S.K. Gupta, Y. Mao, Recent Developments on Molten Salt Synthesis of Inorganic Nanomaterials: A Review, The Journal of Physical Chemistry C
125, 6508-6533 (2021).
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Considering recent challenges related to climate change and the state of the environment, as well as increasing
progress of sustainable technologies, it is particularly important to develop new sustainable materials applicable in such
technologies [1]. Biobased photopolymers well suit for this, as they can be applied in environmentally friendly light-
based film, coating, and additive manufacturing technologies.

In this study, cross-linked polymer (VS) was synthesized by photopolymerization of two biobased acrylic
monomers: acrylated epoxidized soybean oil and vanillin dimethacrylate, in the presence of the thiol monomer
pentaerythritol-tetra(3-mercaptopropionate) [2]. 2,4,6-Trimethylbenzoyl-diphenylphosphine oxide was used as the
photoinitiator and 2,5-bis(5-tert-butylbenzoxazol-2-yl) thiophene was used as a UV blocking agent in the photocurable
system. Radical photopolymerization and thiol-acrylate photopolymerization were combined in a dual curing system. The
photoresin composition was as follows: 3 mol of AESO / 1 mol of VDM / 0.25 mol of PETMP /2.5 % of TPO / 0.08 %
of UV-blocker. The Helios Italquartz lamp (250-450 nm, 310 mW-cm) was used for photocuring. The structure of the
cross-linked polymer VS was confirmed by FT-IR spectroscopy, Soxhlet extraction, and swelling test. The synthesized
polymer VS has a low swelling value of 8-10% in different solvents, mostly due to the high density of cross-links. The
yield of the insoluble fraction of the polymer was 95% after Soxhlet extraction with acetone.

The mechanical properties of the cross-linked polymer were investigated by tensile and compression tests. Young's
modulus, elongation at break, tensile strength, and compressive modulus have been determined. The values of these
mechanical characteristics were compared with those of other polymers with similar composition. It was found that the
cross-linked polymer VS has excellent mechanical properties. It is rigid, strong, non-brittle, and its Young's modulus and
compressive modulus are higher than those of other polymers with similar composition, especially the compression
modulus (Fig.1).

Fig. 1. Comparison of the mechanical characteristics of polymer VS and polymers with similar composition: a —
Young's modulus during stretching; b — elongation at break; ¢ — tensile strength; d - compressive modulus

The thermal properties of the polymer VS were investigated by dynamic mechanical thermal analysis and
thermogravimetric analysis. The glass transition temperature of the polymer VS is 9 °C. Such a low value of glass
transition temperature is characteristic for cross-linked polymers of vegetable oils, due to the long, flexible fatty acid
chains. It was found that the synthesized cross-linked polymer VS has high thermal stability. Its destruction temperature
at 10% weight loss is 373 °C and is higher than that of the other polymers with similar structure.

[1] Baranwal J, Barse B, Fais A, Delogu GL, Kumar A. Biopolymer: A Sustainable Material for Food and Medical Applications. Polymers, 2022, 14,
983. doi: 10.3390/polym14050983.

[2] Sereikaite, V.; Navaruckiene, A.; Jaras, J.; Skliutas, E.; Ladika, D.; Gray, D.; Malinauskas, M.; Talacka, V.; Ostrauskaite, J. Functionalized Soybean
Oil- and Vanillin-Based Dual Cure Photopolymerizable System for Light-Based 3D Structuring. Polymers, 2022, 14, 5361.
https://doi.org/10.3390/polym14245361
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Carotenoids (Cars) have linear conjugated isoprenoid chain that affords them an intense absorption in the blue-
green range, and the colors they confer on fruits, flowers and animals lie at the basis of complex signaling processes. In
photosynthetic organisms, they are implicated in the harvesting of solar photons while natural carotenoids display a
large structural diversity, and more than one thousand molecular species have been now identified [1]. Typically, Cars
are insoluble in water, and the complexation of lycopene with B-cyclodextrin is one of the strategies to resolve the
problem [2].

A B

Fig. 1. Complexes of Lycopene and cyclodextrin: A - y-cyclodextrin and lycopene; B - lycopene with the two -
cyclodextrin molecules.

The Car was chosen lycopene (Fig.1). The complexes between cyclodextrin and lycopene were made artificially.
All structures were optimized separately. Careful orbital analysis allowed us to label all calculated excited states. We
chose the B3LYP and CAM-B3LYP functionals with cc-pVDZ basis sets for the present study which are available in the
Gaussian package. All analyzed complexes were without imaginary frequencies. Study was done using a combination of
resonance Raman and absorption spectroscopy and density functional theory (DFT) modelling by using B3LYP
methodology, and CAM-B3LYP for AMBER molecular dynamics (MD).

Here we will present MD analysis and computational details for lycopene with several cyclodextrin. This study
provides the framework to explain Raman vl changes in the lycopene complexed with B-cyclodextrin and y-
cyclodextrin. This study aims to further our understanding of the sensitivity of Raman v1 band to Cars’ distortions into
its symmetry perturbations and lycopene crystal preparations.

Acknowledgements
Computations were performed on resources at the supercomputer "VU HPC" Saulétekis of Vilnius University in
Faculty of Physics location.

[1] S. Streckaite, M. Macernis, et al. Electronic and Vibrational Properties of Allene Carotenoids, J. Phys. Chem. A 124, 2792 (2020).
[2] M. Macernis, A. Bockuviene, et al. Raman study for B-ring positioning in -Carotene complexes with Cyclodextrins and Chitooligosaccharides, J.

Mol. Str. 1226, 129362 (2021).
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Polypyrrole (Ppy) is one of the conducting polymers that has been used to create various kinds of sensors [1].
Chemical [2], enzymatic [3], electrochemical [4], or other methods are simple ways to synthesize Ppy. In our case, Ppy
was used to create coatings on the indium tin oxide (ITO) electrode. The deposition of coatings on an ITO electrode
presents many challenges. This study analysed the conditions under which the layer should be prepared and stored. The
stability of the layer over time was also observed.

The first and one of the most important steps is proper electrode preparation and washing. Using a specific procedure,
the electrode is pre-treated and can be modified later. The modification of the glass/ITO surface with silane could be
performed in a 4% (v/v) solution of TEMS in acetone overnight and correspondingly TEMS modified structure
(glass/ITO(tems)) could be formed. [5]

The possibility to cover electrodes with layers of conductive polymers and/or their composites with high
conductivity is one of the benefits of electrochemical polymerization. By controlling the synthesis conditions, the physical
properties of chemically synthesized conductive polymers, such as particle size and shape, can be managed [6]. The
thickness can be partially controlled by changing the concentration of the monomer, the number of potential pulses,
number of potential cycles. It was observed that the thicker the layer obtained, the more difficult it is to keep it
mechanically attached to the electrode surface. Also, the use of heparin in the polymerization mixture improves adhesion
to the surface.

This study aimed to evaluate the Ppy layer stability on the electrode when layers were stored in air, Britton-Robinson
buffer (pH 3), or water.

In summary, it can be stated that the layer kept in the air, covered with the thinnest possible layer and modified with
diverse substances, such as heparin or phenothiazine derivatives, has the best stability properties and can be used for the
creation of various sensors.
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Hydrogen has the advantages of high combustion heat, non-toxic, and pollution-free energy conversion process.
Progress of cost-effective and efficient non-noble metal catalysts for hydrogen evolution reaction (HER) is a great
challenge [1]. In this study, the binary and ternary CoFe, CoFeMn, and CoFeMo coatings with different compositions
have been deposited on the nickel foam substrate using the electroless metal deposition method and morpholine borane
as the reducing agent. CoFe, CoFeMn and CoFeMo coatings are compact and crack-free, with typical globular
morphology. Scanning electron microscopy (SEM) and inductively coupled plasma optical emission spectroscopy (ICP-
OES) were used for the characterization of the surface morphology, structure and composition of prepared catalysts. HER
was investigated in 1 M KOH solution by linear sweep voltammetry (LSV). It was determined that the CoFeMn and
CoFeMo coatings give lower overpotential values of -135.8 and -149.6 mV, respectively, for the HER to obtain a current
density of 20 mA cm™ as compared with the CoFe coating (-243.9 mV). The obtained catalysts are good candidates to
use them as cathode material for HER in alkaline media [2].
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Fig. 1. LSVs of the investigated catalysts recorded in a 1M KOH solution at SmV/s.

[1] Khalafallah, D., Zhi, M., & Hong, Z. (2019). Recent trends in synthesis and investigation of nickel phosphide compound/hybrid-based
electrocatalysts towards hydrogen generation from water electrocatalysis. Topics in Current Chemistry, 377, 1-48.
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The oxygen evolution reaction (OER) is a critical half-cell reaction which can be used to produce hydrogen
fuel using renewable energies via water electrolysis. Currently, there is tremendous interest in the discovery of
low cost and efficient electrocatalysts for the OER. OER electrolysis as an important reaction involved in
reachargeable metal-air batteries and has attracted immense attention for clean energy generation and efficient
enegry storage[1]. In this work, by using the electroless metal deposition method the binary and ternary CoFe,
CoFeMn, and CoFeMo coatings with different compositions have been deposited on the nickel foam substrate.
The reducing agent was morpholine borane. The surface morphology, structure and composition of prepared
catalysts were characterized by scanning electron microscopy (SEM) and inductively coupled plasma optical
emission spectroscopy (ICP-OES). OER was investigated in 1 M KOH solution by linear sweep voltammetry
(LSV). The deposited catalysts (CoFe, CoFeMn, CoFeMo coatings) provide compact and crack-free layers with
typical globular morphology. It was derived that the CoFe coating gives the lowest overpotential of 331.7 mV
and the highest mass activity of 81.79 mA mg"' for the OER to achieve a current density of 40 mA cm™[2].
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Fig. 1. LSVs of the investigated catalysts recorded in a 1M KOH Solution at SmV/s.
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Currently, white light-emitting diodes (w-LEDs) are mainly manufactured by coating yellow-emitting
YAG:Ce** phosphors on the blue-emitting InGaN chips. However, this LED due to the lack of red-emitting component
exhibits the high correlated color temperature (CCT) and low color rendering index (CRI) [1]. To overcome these
drawbacks, there is a need to find a stable, inorganic rare-earth based phosphor with high luminescence efficiency.

Sodium aluminum germanate NaAlGeOj4 has the calcium ferrite structure with space group Pnma and having cell
parameters a=8.87, b=2.84, c=10.40 A and Dx=4.73 g/cm? [2]. Recently, germanate compounds have been paid more
and more attention because of low synthesized temperature and excellent physical/chemical properties. Some
germanate-based phosphors with excellent luminescence performance for different practical applications have been
developed such as K,SrGesO15:Eu?*[3], CaZnGe04:Bi**[4] and CaMgGe,O6:Mn?*,Sm?* [5,6]. LiYGeO4:Bi**[7] is
known as persistent luminescent material that can luminescent for hours after removing the excitation source. In this
study, NaAlGeO4 phosphors doped with Eu**, Dy*" and Bi** can be expected for LEDs application.

During this work, a series of NaAlGeOy activated with the different concentration of trivalent Eu, Dy and Bi ions
were synthesized using solid-state synthesis method. Obtained samples were characterized by powder X-ray diffraction
(XRD) method and photoluminescence (PL) measurements such as excitation and emission spectra, luminescence decay
times and quantum efficiencies. XRD analysis revealed that all the samples consist of pure NaAlGeO4 phase. From the
PL measurements we found out, that Eu**-doped samples exhibit red emission at 611 nm with highest intensity peak at
16% sample, while the longest luminescence decay was observed in the Na;xAlGe.o,5x04:Eu 0.5% sample. The highest
Dy** emission intensities were found to be at 573.5 nm in the Na;xAlGe1.95x04:Dy 1% sample and Bi**-doped at 420 nm
with the concentration of 0.3%.

Fig. 1. Photoluminescence emission of Eu**-doped (dex = 393 nm), Dy**-doped (dex = 348 nm) and Bi**-doped
(Aex = 310 nm) Na;_4AlGe;.o,5xO4 samples.

[1] B. Fan, W. Zhou, S. Qi, W. Zhao, Eu**-doped NaYGeO,: A novel red-emitting phosphors for ultraviolet or blue chips excited white LEDs, Journal
of Solid State Chemistry, Volume 283 (2020).

[2] A. F. Reid, A. D. Wadsley, A. E. Ringwood, High pressure NaAlGeOy, a calcium ferrite isotype and model structure of silicates at depth in the
earth’s mantle, Acta Crystallographica, 23, 736-739 (1967).

[3] Q. Zhang, X.C. Wang, Y.H. Wang, A novel germanate based red-emitting phosphor with high efficiency, high color purity and thermal stability for
white light-emitting diodes and field emission displays, Inorganic Chemistry Frontiers, Issue 4, 1034-1045 (2020).

[4] X.J. Dou, H.W. Xiang, P.L. Wei, S.A. Zhang, G.F. Ju, Z.M. Meng, L. Chen, Y.H. Hu, Y. Li, A novel phosphor CaZnGe,O¢:Bi*" with persistent
luminescence and photostimulated luminescence, Materials Research Bulletin, Volume 105, 226-230 (2018).

[5]1Q.F. Ye, Y.H. Wang, H.J. Guo, X.F. Zhou, P. Feng, S.S. Ding, Designing a novel red to near-infrared persistent phosphor CaMgGe,0s:Mn?*,Sm*"
based on a vacuum referred binding energy diagram, Dalton Transactions, Issue 29 (2019).

[6] Han, Y. Chen, B. Liu, J. Zhang, Solid state synthesis and luminescence properties of Eu** doped NaYGeO, phosphors, Optik, Volume 242 (2021).

[717J. Shi, X. Sun, S. Zheng, X. Fu, Y. Yang, J. Wang, H. Zhang, Super-Long Persistent Luminescence in the Ultraviolet A Region from a Bi**-Doped
LiYGeO,4 Phosphor, Advanced Optical Materials, Volume 7, Issue 19 (2019).
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According to the World Health Organization (WHO), cancer is the leading cause of mortality globally. This illness
claimed the lives of around 10 million individuals in 2020.[1] Studies on the etiology of cancer indicate that its causes
are diverse: they include genetic mutations (e.g., somatic mutations) as well as epimutations (e.g., tumor suppressor
gene silencing through hypermethylation).[2] It is important to note that cancer illnesses share one trait in common,
despite their diverse etiologies. That trait is oncogenic proteins with brittle and flexible structures. Because these
proteins are unstable, they require aid from molecular chaperones for efficient structure maintenance.

One of the most significant chaperones involved in oncogenesis is a heat shock protein 90 (HSP90). Due to this
protein's role in the stability of oncoproteins and signaling pathways, malignant cells typically have elevated HSP90
levels in contrast to normal cells. These characteristics have made this heat shock protein an appealing molecular target
for cancer treatment, leading to the creation of new inhibitors with an alternative mechanism of action. [3, 4] Novel
anticancer agents, HSP90 inhibitors, are classified based on which molecular structure of the chaperone they affect: N-
terminal domain, middle domain, or C- terminal domain. As a result, three classes of HSP90 inhibitors exist.

For this research, it was decided to synthesize resorcinol-based inhibitors of the N- domain‘s nucleotide-binding
pocket. The activity of these compounds requires a second aromatic ring with an appropriate spatial configuration,
which is provided by the 5-membered heterocyclic ring that connects them. To this day, a variety of HSP90 inhibitory
analogs with imidazole and thiadiazole rings have been synthesized, with varying substitutes at the 6-position of the
resorcinol fragment and the 4-position of the phenyl group. However, there is not a single compound documented in the
literature that has an aryl group connected to the 4-position of the resorcinol structure. Therefore, the purpose of this
work is to synthesize novel 6-(5-aryl-1,2,3-thiadiazol-4-yl)-4-arylbenzene- 1,3-diols bearing an aryl group at the 4-
position of the resorcinol fragment in the hopes of increasing their selectivity for the HSP90 N domain's nucleotide-
binding pocket. The overall synthesis consists of 5 stages, which challenges will be discussed during the presentation.
More details about HSP90, its involvement in oncogenesis, and inhibitor classes, will also be covered.

OH COOH HOOC
BF;OEf, /‘)‘\‘\ NaBH, i ~ I BF;0Et,
+ 2
90 (¢} Acid O O °
OH OH 90°C
R4

R4=-OCHj, -CH3, -Cl

OH
O O NH,NHCOOEt
—_—
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Fig. 1. General scheme of reactions

[1] https://www.who.int/en/news-room/fact-sheets/detail/cancer

[2] Diori LK., Sanlier SH. Reviewing cancer’s biology: an eclectic approach. Journal of the Egyptian National Cancer Institute volume 33, Article
number: 32 (2021).

[3] Rappa F., Farina F., Zummo G., David S., Campanella C., Carini F., Tomasello G., Damiani P., Cappello F., Conway de Macario E., Macario A.
HSP-Molecular Chaperones in Cancer Biogenesis and Tumor Therapy: An Overview. ANTICANCER RESEARCH 32: 5139-5150 (2012).

[4] Birbo B, Madu EE, Madu CO, Jain A, Lu Y. Role of HSP90 in Cancer. Int J Mol Sci. 2021 m. spalio 1 d.;22(19):10317.

122



FRASS — UNTRADITIONAL RAW MATERIAL FOR PRODUCTION OF
FERTILIZERS

Goda Gudinskaité, Rasa Paleckiené, Rasa Slinkiené

Faculty of Chemical Technology, Kaunas University of Technology, Lithuania
goda.gudinskaite@ktu.edu

Humanity cannot abandon economic activity, but the aim is to contribute to its lower negative impact on the
environment. The current direction of development is the green course, and its main goal is to create a sustainable, modern
economy without harming the environment. In order to avoid the negative effects of intensive farming, various options
for sustainable agriculture are often offered, such as partially replacing synthetic fertilizers, replacing chemical plant
protection measures with biological ones. Due to the growing world population, the agricultural industry is challenged to
produce the required amount of food. This is not possible without the use of fertilizers [1]. The use of chemical fertilizers
is one of the most common ways of developing intensive agriculture nowadays [2, 3]. However, the continuous long-term
use of chemical fertilizers causes negative effects on the environment, such as soil degradation, pollution of bodies of
water. In the fertilizer market, new products, which focus on the processes occurring naturally in the plant and the circular
economy, are now appearing next to traditional fertilizers more frequently. Residues from other agricultural branches can
be used as an alternative raw material to produce fertilizers. The current trends in insect breeding, which are gaining wider
applicability and legalization for use in the food industry, also create prerequisites for the development of possibilities for
processing waste products [4].

Under laboratory conditions, studies of frass were carried out (Fig. 1) by the company UAB "Divaks", concerning
the suitability for fertilizer production, the chemical composition of frass and the composition of their extracts. Nitrogen,
phosphorus and potassium content and properties of samples were determined by using standard techniques [5].

Table 1 shows the concentrations of the major nutrients identified in the Frass samples.

Table 1. Concentration of major nutrients in Frass samples

Example N, % P»0s, % K0, %
DF1 20.22 1.10 2.69
DF2 15.89 1.53 2.77

Figure 1. Frass (insect waste)

The physical properties of two different frass samples were tested. The pH of the 10% solution of the first sample
(DF1) is 5.85, the moisture content is 7.41%, the bulk density is 524.89 kg/m?, the 0.2-0.5 mm fraction is the major
part — 93.36%. The pH of the 10% solution of the second sample (DF2) is 5.45, the moisture content is 8.76%, the bulk
density is 393.81 kg/m?, the 0.2—-0.5 mm fraction is the major part — 95.75%.

Seeing that frass contains a large amount of organic matter, carbon concentration studies were conducted. The
possibility of extracting the plant nutrients contained in frass using different solvents was also investigated. The samples
of Frass aqueous solutions and extracts in acidic and alkaline media were prepared under different conditions and using
different experimental durations. The concentration of the main nutrients (N, P, K) and carbon were determined in the
extracts. The concentration of carbon in the extracts depends mostly on the duration of the extraction. It was also found
that the carbon concentrations in the potassium hydroxide solutions are close to the carbon levels present in the original
samples. Extracts, obtained by using potassium hydroxide, can be used as a fertilizer component to increase the carbon
content of the soil.

The use of insects for human and animal foods and fertilizer is expected to continue to grow as it has the potential to
help reduce the amount of waste, increase food reserves and yields.

[1] Paleckiené Rasa, Slink3iené Rasa. Trados. Gavimas ir analizé. Mokomoji knyga (2018).

[2] MONREAL, C. M., et al. Nanotechnologies for increasing the crop use efficiency of fertilizer-micronutrients. Biology and fertility of soils, 2016,
52.3:423-437.

[3] Adesemoye, A. O. & Kloepper, J. W. Plant-microbes interactions in enhanced fertilizer-use efficiency. Applied Microbiology and

Biotechnology 85, 1-12 (2009).

[4] Houben, D., Daoulas, G., Faucon, MP. et al. Potential use of mealworm frass as a fertilizer: Impact on crop growth and soil properties. Sci Rep 10,

4659 (2020).

[5] Regulation (EC) No 2003/2003 of the European Parliament and of the Council of 13 October 2003 relating to fertilisers. Official Journal Ne 304-1.

(2003).
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Wood has been a crucial resource for thousands of years and remains an essential part of various industries,
including fuel, construction, furniture, and paper. These products are generally low in CO; emissions, easily available
from sustainable sources and mechanically durable. Despite its advantages, wood is also vulnerable to moisture, various
microorganisms, and ignition [1,2].

To improve the properties of wood and wood-based products, they are commonly treated with chemical
preservatives, such as TiO,, ZnO, Al(OH); and various copper compounds. These treatments provide resistance against
insects, fungi, bacteria, fire, weathering, and UV light, while also reducing smoke emission during burning [2,3].
However, the surface impregnation method is often inadequate and impractical.

To address these limitations, a recent study used inorganic Mg»/Al;-COs and Zn,/Al;-CO; based layered double
hydroxides (LDHs) to modify pine wood. LDHs are a non-toxic and environmentally friendly alternative to traditional
wood preservatives and do not affect the mechanical properties of the wood. Furthermore, CO3* intercalated LDHs have
endothermic decomposition, which makes them effective as flame retardants and reduces smoke emission during
combustion [4].

Fig. 1. SEM images of (a) the pristine pine wood surface and b) the surface of wood modified with

an/All-CO3 LDH.

LDHs also have several advantages as antibacterial materials, including their basic character and strong oxidant
species (OH ions) [5]. Zn-LDHs have been shown to inhibit the growth of bacteria and have antimicrobial activity against
a broad range of bacteria. This effect can be achieved by adhering to bacteria, changing its charge distribution, binding to
intracellular DNA or blocking nutrient transport [6,7].

In conclusion, wood and wood-based products are essential resources for various industries and can be improved
with treatments such as inorganic LDHs. These treatments not only provide protection against various environmental
factors but also potentially can improve the flame retardant and antimicrobial properties of the wood. By using LDHs,
the industries can take a step towards a more sustainable and environmentally friendly future.

[1] Andersone, Ingeborga & Andersons, Bruno et al., Handbook of wood chemistry and wood composites, second edition. (2012).

[2] Khademibami, Laya & dos Santos Bobadilha, Gabrielly. (2022). Recent Developments Studies on Wood Protection Research in Academia: A
Review. Frontiers in Forests and Global Change.

[3] Guo, B., Liu, Y et al., Efficient Flame-Retardant and Smoke-Suppression Properties of Mg—Al-Layered Double-Hydroxide Nanostructures on Wood
Substrate. ACS Applied Materials & Interfaces, 9(27), 23039-23047. (2017).

[4] Lv, S., Kong, X. et al., Flame-retardant and smoke-suppressing wood obtained by In situ growth of hydrotalcite-like compound on the inner surface
of vessels. New Journal of Chemistry. (2019)

[5] Lobo, Marta & Najera-Meléndez, Gisel & Luna, Gilberto & Segura-Pérez, Veronica & Rivera, Johel & Fetter, Geolar. (2018). ZnAl layered double
hydroxides impregnated with eucalyptus oil as efficient hybrid materials against multi-resistant bacteria. Applied Clay Science. 153. 61-69.
10.1016/j.clay.2017.11.017.

[6] Cheng, H., Gao, X. et al., A novel antimicrobial composite: ZnAl-hydrotalcite with p-hydroxybenzoic acid intercalation and its possible application
as food packaging material. New Journal of Chemistry. (2019).

[7] Awassa, Jazia & Soulé, Samantha & Cornu, Damien & Ruby, Christian & EL-Kirat-Chatel, Sofiane. (2022). Understanding the Role of Surface
Interactions in the Antibacterial Activity of Layered Double Hydroxide Nanoparticles by Atomic Force Microscopy. Nanoscale. 14.
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Pyrrolidine fragment is present many biologically important pharmacophores. Pyrrolidine fragments are known for
anti-inflammatory, antiviral, antimycobacterial and antitubercular activity in various drug molecules [1]. Recently N-
substituted pyrrolidine derivatives have been synthesized as anticancer agents [2].

Hydrazone agents are known for antimicrobial, anticonvulsant, analgesic, anti-inflammatory, antiplatelet,
antitubercular and antitumoral activities. Hydrazone derivatives are also used for antimalarial, antiviral, analgesic,
antidepressant, vasodilator drug synthesis. They work as enzyme inhibitors and receptor agonists or antagonists [3].
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Scheme 1. Synthesis of 1-(2,4-difluorophenyl)-5-oxopyrrolidine-3-carboxylic acid derivatives

The starting compound 1-(2,4-difluorophenyl)-5-oxopyrrolidine-3-carboxylic acid 2 was prepared from 2,4-
difluoroaniline reaction with itaconic acid in water, at the boiling temperature of the mixture. 4-Acetyl-1-(2,4-
difluorophenyl)pyrrolidin-2-one 3 was obtained from the esterification reaction using catalytic amount of sulfuric acid.
In order to synthesize a compound with functional group of hydrazide, methyl ester 3 was transformed into the product 4
(1-(2,4-difluorophenyl)-5-oxopyrrolidine-3-carbohydrazide) by reaction with hydrazine monohydrate in refluxing
isopropanol. Functional group of hydrazide 4 easily participates in condensation reactions, for this reason interaction of
the compound 4 with various aromatic aldehydes were investigated (Scheme 1). The desired products 5a-b and 6a-e were
obtained by stirring carbohydrazide 4 with corresponding aromatic aldehyde in isopropanol at the boiling temperature.
The structure of the compounds has been proven by 'H NMR, '3C NMR, FT-IR spectroscopy and elemental analysis.
Further studies of the biological activity of synthesized compounds are planned.

[1] Jeelan Basha, N., Basavarajaiah, S. M., & Shyamsunder, K. (2022). Therapeutic potential of pyrrole and pyrrolidine analogs: an update. Molecular
Diversity 2022 26:5, 26(5), 2915-2937. https://doi.org/10.1007/S11030-022-10387-8

[2] Bhat, A. A, Singh, I., Tandon, N., & Tandon, R. (2023). Structure activity relationship (SAR) and anticancer activity of pyrrolidine derivatives:
Recent developments and future prospects (A  review). European Journal of Medicinal Chemistry, 246, 114954.
https://doi.org/10.1016/J.EIMECH.2022.114954

[3] Rollas, S., & Giiniz Kiigiikgiizel, $. (2007). Biological activities of hydrazone derivatives. Molecules, 12(8), 1910-1939.).
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Pyrrolidinone derivatives exhibit various pharmacological properties: antibacterial, antioxidant, anti-cancer,
antifungal, antiviral and anticonvulsant [1, 2]. Many examples of drugs such as piracetam, metadoxine, rolipram,
raltegravir are known, the active ingredient of which is a pyrrolidinone derivative [3]. Therefore, in this study synthesized
novel pyrrolidinone derivatives could be potential bioactive compounds in the discovery of new candidate drugs. To
further improve the biological properties, other bioactive moieties were introduced into molecular structures [4]. This
includes pyrazole, pyrrole and other heterocyclic scaffolds. The desired compounds were prepared by multi-step synthesis

process as shown in figure 1.
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Fig. 1. Synthesis of 1-(2-hydroxy-5-methylphenyl)-5-oxopyrrolidine-3-carboxylic acid and its derivatives

The 1-(2-hydroxy-5-methylphenyl)-5-oxopyrrolidine-3-carboxylic acid (2) obtained from the reaction of the 2-
amino-4-methylphenol (1) and itaconic acid in refluxing water solution. The gained crystals were filtered and purified by
dissolving them in 5% NaOH solution followed by second filtration. After the procedure the obtained alkaline solution
was acidified to pH 2, target compound (2) was isolated. The carboxyl group was esterified using methanol and a catalytic
amount of sulfuric acid. Purified methyl ester (3) was further transformed to carbohydrazide by reaction with hydrazine
monohydrate in isopropanol solution. Functional group of hydrazide (4) easily participate in condensation reactions.
Therefore, interactions of the compound (4) with various aromatic carbaldehydes as well as mono- and diketones were
investigated. The following target compounds 5-10 synthesized according to the conditions shown in figure 1. Further
studies on the biological activity of all these compounds are planned. The structure of the compounds has been proven by
"H NMR, 3C NMR, FT-IR spectroscopy and elemental analysis.

[1] M. Gagné-Boulet, C. C. Bouzriba, A. C. Alvarez, F. Sébastien, Phenyl 4-(2-oxopyrrolidin-1-yl)benzenesulfonates and phenyl 4-(2-oxopyrrolidin 1-
yl)benzenesulfonamides as new antimicrotubule agents targeting the colchicine-binding site, European Journal of Medicinal Chemistry 213,
113136 (2021).

[2] I. Tumosieng, 1. Jonuskiené, K. Kantminiené, V. Mickevicius, V. Petrikaité, Novel N-Substituted Amino Acid Hydrazone-Isatin Derivatives:
Synthesis, Antioxidant Activity, and Anticancer Activity in 2D and 3D Models In Vitro, International Journal of Molecular Sciences 22, 7799
(2021).

[3] Pyrrolidinones, Drugbank.com, Online: https://go.drugbank.com/categories/ DBCAT000973, [2023-01-29].

[4] M. Maciuszek, A. Ortega-Gomez, S. L. Maas, et. al., Design, synthesis, and biological evaluation of novel pyrrolidinone small-molecule Formyl
peptide receptor 2 agonists, European Journal of Medicinal Chemistry 226, 113805 (2021).
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Polyethylene terephtalate (PET) is one of the most utilized plastics for food and beverages packaging. PET does not
have side effects in nature. However, there is a huge problem of increasing amount of plastic wastes in the world.
Chemical recycling is one of the options to reduce PET wastes.

PET glycolysis, chemical recycling method, is a transesterification reaction. There are four main techniques of
glycolysis: (i) catalyzed glycolysis; (ii) solvent-assisted glycolysis; (iii) supercritical glycolysis; (iv) microwave-assisted
glycolysis. PET flakes dissolve in ethylene glycol (EG) in the presence of catalyst and causes formation of bis-2-
hydroxyethyl terephthalate (BHET) monomer (Scheme 1) [1].

In our research, mayenite (Ca;2Al14033) was used as a catalyst for glycolysis reaction. Synthesis and preparation of
mayenite have influence for its catalytic activity. The highest surface area (m?/g) and reducibility (mmol H»/g) of mayenite
particles, the more active catalysis [2].

BHET synthesis was carried out in three-neck round bottom flask. Mayenite, which calcination temperature was
900 °C, was added to EG solvent, heated until 196 °C, then PET flakes were added and mixture was heated for 2.5 hours.
After 2.5 hours, the mixture was cooled in ice-bath; boiling water was poured and heated until 100 °C. Mixture was
filtered still hot. The filtrate was reheated until its clear, cooled to 5 °C and left for 16 h. The obtained crystals were dried
at 60 °C. The BHET structure was proved by NMR, FTIR, XRD, TA analysis and compared to reference BHET, which
was received from Sigma-Aldrich and recrystallized (Fig. 1).

Scheme 1. Synthesis of BHET
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Figure 1. a — XRD spectra of BHET and reference; b and ¢ — SEM images
of BHET and reference crystals respectively, magnification 2500x

[1] A. Sheel, D. Pant, 4 - Chemical Depolymerization of PET Bottles via Glycolysis, Recycling of Polyethylene Terephthalate Bottles, ISBN 978-0-12-
811361-5, India, 61-84 (2019).

[2] A. Intiso, F. Rossi, A. Proto, R. Cucciniello, The fascinating world of mayenite (Ca»Al;4033) and its derivatives, Rendiconti Lincei. Scienze Fisiche
e Naturali 32, 699-708 (2021).
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Conformational analysis is an important part of the study of organic compounds and their properties. This work
concerns on the possible conformations of the molecule 1,1-dichlorgermacyclopentane, a recently synthesized molecular
compound. The conformers may differ in their physical properties, reactivity, etc., therefore detailed conformational
analysis of the molecule is needed to predict its behavior'. The aim of our study is to determine the possible stable
conformations 1,1-dichlorgermacyclopentane using vibrational spectroscopy and DFT calculations.
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Fig. 1. (A) ATR-FTIR spectrum of 1,1-dichlorgermacyclopentane (blue) together with theoretically calculated IR
spectrum (red) conformer; (B) FT-Raman spectrum of 1,1-dichlorgermacyclopentane spectra (green) together with
theoretically calculated Raman spectra (pink) conformer; (C) theoretically (B3LYP/cc-pVTZ) calculated envelope
structure of 1,1-dichlorgermacyclopentane.

Four different techniques of vibrational spectroscopy were employed to study the molecule. Firstly, liquid phase ATR
infrared spectra were recorded in order to get the first view of the vibrational spectra of the molecule. To complement
these data Raman spectra were recorded as well. Additionally, experiments with polarized Raman scattering were
performed in order to facilitate attribution of experimental bands to symmetric and antisymmetric vibrational modes.
Finally, in order to investigate further on possible conformational dynamics, gas phase and matrix isolated molecule
infrared spectra were recorded. Interpretation of spectroscopic data was performed with the use of DFT calculations.

DFT calculations were performed utilizing B3LYP functional and augmented Dunning correlation-consistent valence
double zeta basis set and assessing anharmonicity. The calculations reveal that 1,1-dichlorgermacyclopentane has one
stable conformation (see fig.1C) - the envelope conformer. The calculated spectra fit well with the experimental ones (see
fig.1A and 1B), confirming that the computed structure is the one is observed in spectroscopic experiments using liquid
sample. Complete assignment of experimental spectral bands was performed based on calculation data. Experiments in
gas phase as well as the matrix isolation revealed that the molecule is highly unstable in gas phase and defragments
rapidly.

[1] Dragojlovic, V. Conformational analysis of cycloalkanes. ChemTexts 1, 14 (2015). https://doi.org/10.1007/s40828-015-0014-0
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The fabrication and designing of an active, stable, and cost-effective bifunctional electrocatalyst with high performance
for overall water splitting are of utmost importance for renewable energy supply but remain challenging. Herein, we
demonstrate the facile synthesis of bimetallic nickel-manganese alloy electrocatalysts supported on a Ti surface (1x1 cm?) by
electrochemical deposition through a dynamic hydrogen bubble template technique. In this work, we report the outstanding
bifunctional electrocatalytic performance of fabricated Ni-Mn alloy catalysts with Ni**/Mn*" molar ratio of 1:3 (denoted as
NiiMn3/Ti) and 1:4 (denoted as Ni;Mn4/T1) for hydrogen evolution (HER) and oxygen evolution (OER) reactions in alkaline
media (1 M KOH). The Ni;Mnj3/Ti electrocatalyst exhibits overpotential of 170 mV and 245 mV to reach a current density of
10 mA/cm? and 20 mA/cm?, respectively, for HER, whereas Ni;Mnu4/Ti catalyst shows excellent HER activity with lower
overpotentials of 149 mV and 225 mV at the current density of 10 mA/cm? and 20 mA/cm?, respectively. Similar results were
obtained for OER. The prepared catalysts have shown lower overpotential of 356 mV and 401 mV by Ni;Mn3/Ti and 366 mV
and 406 mV by Ni;Mn4/Ti to drive the current density of 10 mA/cm? and 20 mA/cm?, respectively. Both catalysts have
exhibited excellent long-term durability for 10 h in an alkaline solution highlighting their robustness and higher feasibility of
fabricating a number of non-precious Mn-containing active, stable binary, and ternary efficient bifunctional electrocatalysts
for overall water splitting.
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Thiazole ring is commonly used as functional group to enhance the bioactivity of related pharmacophores, which
mostly emerged as a substructure in a large class of f-lactam antibiotics. Thiazolones, one series of thiazole derivatives,
exist widely in bioactive natural compounds and exhibit various biological properties such as antitumor, antibiotic and
has been used in a variety of commercially available drugs to treat diseases like inflammation and hypertension. [1-3]

New studies shows that thiazole derivatives, containing differently substituted phenyl ring, can be used as an
antidiabetic agent against diabetes mellitus chronic metabolic disease. Pharmaceutically thiazole scaffold derivatives are
well known, especially in number of anticancer compounds, displaying activities against a variety of tumor cell lines,
including non-small cell lung cancer, human colon cancer and human breast adenocarcinoma. Besides that, they have
also been proven to be potent inhibitors of cyclin-dependent kinases targets. These medicinal properties states that
thiazole derivatives can be encouraging candidates for further drug development. [4,5]
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Fig. 1. Synthesis of new aminothiazole derivatives 3,4.

3-[Carbamothioyl(4-methoxy-2-nitrophenyl)amino]propanoic acid (2) was obtained by the reaction of 3-[(4-
methoxy-2-nitrophenyl)amino]propanoic acid (1) and potassium thiocyanate when heated at 200 °C. Using the
convenient method for the synthesis of thiazoles, i.e. the action of compound 2 with different bromoacetophenones in
refluxing acetone, aminothiazole hydrobromides were obtained, which then were transferred into the bases 3a-d by
boiling them in the aqueous sodium acetate. The previously synthesized compounds 3a-d were used for the preparation
of derivatives 4a-d (Fig. 1). Reaction of thiazoles 3a-d with Vilsmeier reagent afforded aldehydes 4a-d. The structure
of the compounds has been proven by 'H NMR, *C NMR, FT-IR spectroscopy and elemental analysis. Further studies
of the biological activity of synthesized compounds are planned.

[1] Qing-Song Dai, et all. (2018). Chiral Amine-Catalyzed Stereoselective [4+2] Annulations of Alkenyl Thiazolones and Aliphatic Aldehydes via a

Step-Wise Mechanism. Advanced Synthesis and Catalysis. Volume 360, Issue 22. 4435-4440. https://doi.org/10.1002/adsc.201800806

[2] Yong-Xing Song, Da-Ming Du. (2020). Recent advances in the catalytic asymmetric reactions of thiazolone derivatives. Organic & Biomolecular

Chemistry. Volume 18, Issue 31, 21 August 2020. 6018-6041. https://doi.org/10.1039/d0ob01261k

[3] Min Lu, et all. (2019). Primary amine catalyzed diastereo- and enantioselective Michael reaction of thiazolones and o,B-unsaturated ketones.

Organic & Biomolecular Chemistry. Issue 42. DOI  https://doi.org/10.1039/C90B02067E

[4] HayatUllah, et all. (2022). Synthesis, molecular docking study of thiazole derivatives and exploring their dual inhibitor potentials against a-
amylase and a-glucosidase. Chemical Data Collections. Volume 41. https://doi.org/10.1016/j.cdc.2022.100932

[5] Samukelisiwe PrettyKhathi, et all. (2018). Design and synthesis of novel thiadiazole-thiazolone hybrids as potential inhibitors of the human
mitotic kinesin Eg5. Bioorganic & Medicinal Chemistry Letters. Volume 28, Issue 17. https://doi.org/10.1016/j.bmcl.2018.07.007
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Photoelectrochemical (PEC) decomposition of organic compounds is attracting great attention from scientists and
industry, because it enables to decompose various hazardous organic compounds to more environmentally friendly
products. PEC system has many advantages, e.g. sustainability, because it uses sunlight energy, and flexibility - many
types of organic compounds can be decomposed, moreover, this process can be coupled with production of hydrogen [1].
PEC decomposition is based on oxidation of organic compounds on the surface of photoanode under light illumination.
The most widely studied photocatalysts are TiO,, ZnO, WO3, BiVO,4 and Fe,O3 [2]. Bismuth vanadate (BiVOy) is a
promising material, because of its ability to absorb visible light, low valence band position (2.4 V) and stability in neutral
electrolytes.

In this work bismuth vanadate was used for PEC decomposition of glycerol. BiVO, thin films were synthesized
using sol-gel route and dip-coating technique. Composition and morphology of electrodes were studied using X-ray
diffraction and scanning electron microscopy, respectively. Photoresponse of BiVO, photoanode was first evaluated using
cyclic voltammetry (CV) in 0.5 M Na,SO4 and 0.5 M NaCl electrolytes. Electrochemical impedance spectroscopy (EIS)
measurements were performed to evaluation of charge transfer resistance of the films. Next, CV and chronoamperometric
(CA) experiments were performed in 0.1 M NaCl solution with 1, 2, 3, 4 and 5 g/L of glycerol under illumination. Certain
amount of charge was passed through the cell in CA experiments. After that the amount of glycerol was evaluated using
Fourier-transform infrared spectroscopy (FTIR). Results of CV and CA experiments are presented in Fig. 1. It can be
seen that photocurrent density was increasing with increase in concentration of glycerol. The efficiency of glycerol
decomposition will be discussed at the conference.
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Fig. 1. A) Cyclic voltammograms of BiVO, photoanode in 0.1 M NaCl containing various concentrations of glycerol,
50 mV s, illumination intensity ~100 mWcm%; B) Chronoamperograms of BiVO4 photoanode recorded in two
electrode cell with Pt cathode under 1.4 V bias under chopped illumination

Acknowledgement: This project has received funding from the Research Council of Lithuania (LMTLT), agreement No
S-PD-22-2

[1] Liu, D., Liu, J. C., Cai, W., Ma, J., Yang, H. B., Xiao, H., ... & Liu, B. (2019). Selective photoelectrochemical oxidation of glycerol to high value-
added dihydroxyacetone. Nature Communications, 10(1), 1779.

[2] Li, Z., Luo, W., Zhang, M., Feng, J., & Zou, Z. (2013). Photoelectrochemical cells for solar hydrogen production: current state of promising
photoelectrodes, methods to improve their properties, and outlook. Energy & Environmental Science, 6(2), 347-370.
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One of the most progressive pathologies in the world is various oral cavity infections. They are associated with the
worsening quality of life and increasing health costs [1]. Developing the new ways to treat these diseases are very
important. Oral disintegrating films (ODF) are thin, flexible films made of hydrophilic polymers, pharmacologically
active substances, plasticizers, flavorings, dyes and sweeteners [2, 3]. There are many reports on films that quickly
disintegrate in the oral mucosa and immediately release biologically active components into the systemic circulation.
However, self-disintegrating films with prolonged activity are still underexplored and could be effective method for the
local treatment of periodontal diseases, caries, stomatitis, and other infections in the oral cavity.

The main goal of this research work was the formation of ODFs from natural polysaccharide derivatives and natural
plant extracts and investigation of their properties. Polymeric films of various composition were formed by solvent casting
method using natural polysaccharide derivatives - chitosan, hydroxyethylcellulose, hydroxypropylmethylcellulose,
plasticizer glycerin and crosslinking agent citric acid, in which the extracts of hop and birch leaves were immobilized.

The mechanical, thermal, hydrophobic and water vapor permeability properties of the various films were evaluated.
The solubility in various aqueous solutions was determined. The films of hydroxyethylcellulose were the most elastic and
the least rigid. Immobilization of plant extracts reduced the tensile strength and modulus of elasticity of the polymeric
films. The water wetting angle of the films of various composition ranged from 42.3 to 86.3 degrees. In films containing
plant extracts wetting angle increased from 80 to 86°. The films of natural polysaccharide derivatives formed using citric
acid had the lowest solubility in distilled water, with a water solubility being less than 25 percent after 7 days. Films
containing birch leaf extract showed higher water vapor sorption, which was equal to 72.5 percent after 72 hours, while
the moisture sorption of the films containing hop extract was less than 35 percent. Meanwhile, the solubility of the films
containing natural plant extracts in saliva simulant solution after 7 days was less than 32 percent.

Fig. 1 . The amount of total phenolic compounds released from the samples into the saliva model solution dependence of time

The release of bioactive components from polymer films into saliva model solution was investigated by using UV
spectroscopy method. Approximately 22.75 percent of hop extract and about 93.9 percent of birch leaf extract were
released from the polymeric films into the saliva simulant within 48 hours. The assessment of phenolic compounds release
into the saliva simulant (Fig. 1) and antioxidant properties studies by Folin—Ciocalteu, CUPRAC and ABTS assays
showed that phenolic compounds were released from the films and they were bioactive.

[1] MENDEZ-VILAS, Antonio. The use of plants against oral pathogens. From: Microbial pathogens and strategies for combating them : science,
technology and education. Badajoz: Formatex Research Center, 2013, pp. 1375-1384. ISBN 9788493984397

[2] HEINEMANN, Riana Jordao Barrozo, et al. Characterization of low cost orally disintegrating film (ODF). Polimeros, 2017, 27(1), 48-54. ISSN
0104-1428.

[3] MAZUMDER, Sonal, et al. Quality by Design approach for studying the impact of formulation and process variables on product quality of oral
disintegrating films. International Journal of Pharmaceutics, 2017, 527(1-2), 151-160. ISSN 0378-5173.
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Polyethylene terephthalate (PET) is a thermoplastic polyester. It is widely used to make films, bottles and textile
fibres because of its resistance to water, high strength-to-weight ratio, safety, and availability. However, as the packaging
and bottling industries increased their use of plastic, the amount of non-biodegradable plastic waste skyrocketed,
becoming a significant global environmental issue. Furthermore, because plastics are long-lasting and cannot be easily
broken down by microorganisms in nature, the recycling of PET products is in high demand [1].

Fig. 1. PET glycolysis reaction

Chemically, the glycolysis reaction is defined as the “molecular degradation” of PET polymer where the ester
linkages break and replace with hydroxyl groups. This reaction is a type of solvolysis in which a catalyst and ethylene
glycol (EG) are used (Fig. 1.). Factors that have been reported to influence the results of the reaction are temperature,
time, solvent, amount of catalyst and particles size of PET. Bis(2-hydroxyethyl) terephthalate (BHET) and oligomers
(PET glycolyzates) are the reaction products of EG and PET [2]. In this work, the influence of mayenite (Ca2Al114033) to
BHET yield was investigated. Mayenite is a mesoporous calcium aluminium oxide with a distinctive crystalline structure.
The framework of mayenite, in contrast to aluminosilicate zeolites, consists of interconnected cages with a positive
electric charge per unit cell [3]. The reaction mixture of EG and mayenite were mixed and heated to 196°C, then PET was
added, and the glycolysis reaction was set to 2.5 hours. After reaction the mixture immediately was cooled in the ice-bath.
Boiling distilled water was added to the cold mixture and heated. When temperature reached 100°C the mixture was
filtered. The BHET-containing filtrate was heated until it became clear, and the reaction products were left for 16 hours
at 4°C. The cold mixture was filtered once more to obtain BHET crystals. The crystals were dried for 30 hours at 60°C.
The synthesis of BHET was carried out using a catalyst content between 3.23 and 12.87 mmol/kgper. The best results of
the PET glycolysis were using mayenite as catalyst and isolated BHET yield was reached up to 69%, when reaction
duration was 2 hours at 196 °C with a catalyst amount 4.22 mmol/kg PET.

[1] Lalhmangaihzuala, S., Laldinpuii, Z., Lalmuanpuia, C., & Vanlaldinpuia, K. (2020). Glycolysis of Poly(Ethylene Terephthalate) Using Biomass-
Waste Derived Recyclable Heterogeneous Catalyst. Polymers 2021, Vol. 13, Page 37, 13(1), 37.

[2] Sheel, A., & Pant, D. (2019). Chemical = Depolymerization of PET Bottles via Glycolysis. Recycling of Polyethylene Terephthalate Bottles, 61—
84.

[3]Cucciniello, R., Intiso, A., Castiglione, S., Genga, A., Proto, A., & Rossi, F. (2017). Total oxidation of trichloroethylene over mayenite (Ca;2Al;4033)
catalyst. Applied Catalysis B: Environmental, 204, 167-172.
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The demand for plastics in the world is growing every year, leading to an increased demand for resources required
to produce those non-renewable plastics which are depleting at a rapid pace. To address this growing problem, the
alternative polymers from renewable sources can be produced and starch is receiving increasing attention. Naturally
found starch does not possess thermoplastic properties (has neither melting nor glass transition temperature) and it’s of
hydrophilic nature. To overcome these disadvantages, the starch could be chemically modified in order to obtain
thermally processable materials based on renewable resources.

The aim of this study was to synthesize acetylated potato starch dodecenylsuccinates with varying degree of
substitution and determine the influence of dodecenylsuccinate content in those derivatives on their thermal properties.

Potato starch was modified with 2-dodecen-1-yl succinic anhydride and acetic anhydride in an alkaline medium.
The starch was modified in two stages. In the first stage, starch dodecenylsuccinate was obtained at room temperature in
an alkaline environment, maintaining the pH at 8-8.5 with a goal to get at least three starches with varying degree of
substitution to use as a base for the second reaction. Then in the second stage starch dodecenylsuccinates were modified
with acetic anhydride at 100-140 °C at different reaction duration. The degree of substitution of dodecenylsuccinate and
acetate groups in obtained potato starch esters was determined according to the methodology given in the literature [1].
Moreover, Fourier-transform infrared spectroscopic analysis of the synthesized starch derivatives was performed. In
order to assess the changes in the hydrophobicity, the water contact angle of the surface of the compressed acetylated
starch dodecenylsuccinate tablets was evaluated. Differential scanning calorimetry analysis demonstrated that glass
transition was characteristic of both acetylated starches and acetylated starch dodecenylsuccinates, and depended on the
degree of substitution of both acetyl and dodecenylsuccinate groups. Granular structure did not change during
modification of starch with dodecenyl succinic anhydride. But scanning electron microscopy shows that destruction of
granules occurred during starch dodecenylsuccinate modification with acetic anhydride at higher degree of substitution.

[1] J.F. Zhu, G.H. Zhang, Z.C. Lai, G.H. Zhang Synthesis and Characterization of Maize Starch Acetates and its Biodegradable Film, Polymer-
Plastics Technology and Engineering, 2007, 46:12, p 1135-1141.
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Interaction of photoactive compounds with light by absorption involves excitation into higher energy levels.
Excitation energy can be either dissipated among vibrational modes of molecule or radiated in the form of photons.
Energetically accessible conical intersections (CI) provide funnel between any two (or more) electronic states for non-
radiative excitation energy dissipation. Since conical intersections are not single points on potential energy surface, but
rather 3N — 8 dimensional seams, configuration space must be thoroughly explored, lowest energy structures and their
accessibility must be assessed. Accessibility of these Cls can be related to energy barrier height (TS, Fig. 1), which must
be overcome to reach CI. Height of energy barrier determines the rate of non-radiative process. Minimum energy
pathways (MEP) from Franck-Condon (FC) region to conical intersection can be used to determine CI accessibility and
make predictions about photophysical properties of molecules in study.

Molecules bearing BODIPY fragment are model photoactive compounds with wide applications in fluorescence
imaging and biosensing [1, 2]. Accessibility of conical intersection for BODIPY compounds is affected by nature of
rotor group at 8 position (Fig. 1) and overall BODIPY fragment substitution [2]. The aim of this study is to determine
minimum energy path for different BODIPY compounds and predict their photophysical properties.

Fig 1. Fragment of MEP and 8-vinyl-BODIPY molecule with numbered positions

In this work, minimum energy pathways from FC region to CI in excited state (S1) and ground state (SO) were
calculated for several BODIPY compounds by Nudged Elastic Band (NEB) method implemented in Orca 5.0.3
software. All stationary points on potential energy surface were optimized and NEB calculations were done at (TD-
)DFT/PBEO level of theory using cc-pVDZ basis set. In order to confirm that optimized Cls are involved in non-
radiative relaxation of BODIPY, energy barrier heights for transition from excited state minimum (SIm, Fig. 1) to
conical intersection were calculated for all molecules. The computed energy barriers qualitatively agree with empirical
data i.e. the higher energy barrier the higher experimental quantum efficiency of molecule is. This trend confirms that
optimized conical intersection structures were indeed involved in radiationless relaxation. The main findings of this
study suggest that despite introduction of bulky phenyl groups at 2, 6 positions at BODIPY fragment and methyl groups
at 1,3, 5,7 BODIPY fragment positions accessibility to conical intersection was similar for all compounds in study.

[1] S. Toliautas, J. Dodonova, A. Zvirblis, 1. Ciplys, A. Polita, A. Devizis, S. Tumkevi¢ius, J. Sulskus, A. Vysniauskas, Chemistry — A European
Journal. 25 (2019) 10342-10349.

[2] S.V. Dzyuba, Biosensors. 10 (2020) 192.

[3] A. Prlj, A. Fabrizio, C. Corminboeuf, Phys. Chem. Chem. Phys. 18 (2016) 32668—-32672.
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Vincetoxicum belongs to the family Apocynaceae, the subfamily Asclepiadoideae [1]. It is an herbaceous, perennial,
climbing plant native to Europe, North America and Asia. In Chinese medicine, the plant has often been used to treat
scabies. Additionally, swallow-wort have diuretic and laxative properties and a powder made from the roots is said to
accelerate wound healing. It must be stressed that swallow-wort is a poisonous plant, which in large doses can affects the
nervous, vascular and cardiac systems [2]. However, there is very little detailed scientific information on the
phytochemical composition and properties of these plants.

The aim of this work was to develop technology for producing various fractions rich in bioactives from three
Vincetoxicum species using biorefining concept and characterize the extracts. V. hirundinaria, V. nigrum and V. luteum
were defatted by supercritical fluid extraction with carbon dioxide (SFE-CO,). The lipophilic extracts were analyzed by
different methods. Triacylglycerols (TAGs) were analyzed by ultra-performance liquid chromatography (UPLC), while
the total chlorophyll and carotenoid were measured by spectrophotometric method. Defatted leaves were further extracted
by the mixture of three different polarity solvents (acetone-methanol-water). Antioxidant activity of non-polar and polar
extracts was evaluated by using different in vitro antioxidant capacity assays: the DDPH assay and the Oxygen Radical
Absorbance Capacity (ORAC) assay. Total phenol content was measured by Folin-Ciocalteu method. The phytochemical
composition of V. luteum extract was analysed by ultra-performance liquid chromatography (UPLC).

The yields of lipophilic fractions recovered by SFE-CO, were 1.2-1.5%. Linoleic linolenic, oleic and palmitic acids
were major in the extracted triacylglycerols. The concentration of carotenoids and chlorophylls varied between different
species. The extracts obtained by different extraction methods were characterized by their antioxidant potential. Thus, all
measured values for lipophilic fractions were rather low, while the mixture of different polarity solvents recovered the
majority of polar polyphenolic antioxidants. UPLC-MS/MS results indicated that in V. /uteum extract was identified
several phenolic compounds: chlorogenic acid, caffeic acid, isoquercitrin, kaempferol and various flavonoid glycosides.
The obtained extracts contain different classes of bioactive compounds. It can be concluded that extraction by supercritical
fluid extraction with carbon dioxide and the mixture of different polarity solvents can extract valuable bioactive
compounds from leaves of different Vincetoxicum species.

[1] ENDRESS, Mary E.; BRUYNS, Peter V. A revised classification of the Apocynaceae sl. The Botanical Review, 66.1: 1-56 (2000).

[2] WANG, Li-Qin, et al. A new C21 steroidal glycoside from Cynanchum inamoenum (Maxim.) Loes. Journal of Asian natural products research,
10.9: 867-871 (2008).
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Numerous studies have revealed that bioactive substances have drawn significant interest due to their wide array of
potential uses in various spheres of life, including food, engineering, and the biomedical sector. However, such bioactive
compounds limited practical applicability and decreased bioavailability are caused by their low water solubility, instability
under light and heating conditions, and other considerations. Nanocapsules, emulsions, and micelles might enhance the
half-life of drugs in vivo and in vitro while overcoming the drawbacks of their instability. Dextrin, a primary degradation
product of starch, exhibits non-Newtonian fluid properties in solution and has excellent properties such as water-solubility,
emulsibility, dispersibility, adhesion and film-forming properties. Compared to native starch, dextrin can be more easily
modified by octenyl succinic anhydride (OSA) due to its low molecular weight. Moreover, it’s known that OSA modified
dextrin possess excellent emulsifying properties and could be exploited for the immobilisation of bioactive substances [1,
2].

This study aimed to explore preparation of octenyl succinic anhydride modified dextrins and to study their
emulsifying properties. OSA modified dextrins were synthesized by esterification of potato dextrin with OSA in aqueous
solution (see scheme in Fig. 1). The amount of OSA added was 3, 6, 9 and 12 percent of the weight of dextrin while
maintaining the pH at 8 using NaOH solution. By changing the amount of OSA, four different hydrophobically modified
dextrin derivatives were prepared.
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Fig. 1. Scheme of the esterification reaction between dextrin and OSA

The obtained OSA modified dextrins were characterized by FT-IR spectroscopy, thermal analysis and other
techniques. Moreover, they were adopted as emulsifiers to stabilize aqueous emulsions of rape seed oil. The emulsions
prepared by using various amounts of OSA modified dextrins were prepared and the droplet size, zeta potential,
emulsifying stability, storage stability characteristics were investigated.

[1]Y.Pan, Z. Wu, B. Zhang et al., Preparation and characterization of emulsion stabilized by octenyl succinic anhydride-modified dextrin for improving
storage stability and curcumin encapsulation, Food Chemistry 294, 326 (2019).

[2]J.A. Han, H. J. Chung, S.T. Lim, Physical and emulsifying properties of OSA-corn dextrin with various manufacturing methods, Food Hydrocolloids
89, 563 (2019).
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Tagetes patula belongs to the family Asteraceae and is widely recognized for its phytochemical and therapeutic
properties. Traditionally, the plant is used to treat many symptoms and diseases such as colic, diarrhea, rheumatism, eye
problems, cough and constipation. Previous studies have shown that these flowers are rich source of carotenoids,
flavonoids, steroids, thiophenes and monoterpenoids. The essential oil is well characterized of these plants, but still there
is a lack of information about the composition of other components obtained by innovative extraction methods. In recent
years such innovative methods as supercritical fluid extraction with carbon dioxide (SFE-CO,) and pressurized liquid
extraction (PLE) has gain the popularity in isolating bioactive compounds from various plants.

The aim of this work was to develop separation technology for producing various nutrients (products rich in bioactive
components) from Tagetes patula flowers using biorefining and green extraction concepts, as well as characterization of
obtained extracts. Flowers first of all was defatted by supercritical fluid extraction with carbon dioxide (SFE-CO>) using
45 MPa pressure and 50°C temperature. Triacylglycerols (TAGs), sterols and tocopherols content were analysed by
ultraperformance liquid chromatography (UPLC), while fatty acids composition was determined by gas chromatography
(GC). Total carotenoids content was measured by spectrophotometric method. Defatted flowers were further extracted by
pressurized liquid extraction (PLE) sequently with ethanol and water. Antioxidant activity of different fractions (lipofilic
and polar extracts) was evaluated by using different in vitro antioxidant capacity assays: the ABTS assay, which measures
the relative ability of antioxidants to scavenge the ABTS, as compared with a Trolox standard; the Oxygen Radical
Absorbance Capacity (ORAC) assay, which measures a fluorescent signal from a probe that is quenched in the presence
of Reactive Oxygen Species (ROS) and added antioxidant absorbs the generated ROS. Total phenol content (TPC) was
measured by Folin-Ciocalteu method.

The yield of lipophilic fraction recovered by SFE-CO; was 1.5%. Highly unsaturated TAGs were majorly found in
the extract: LLLn, OLnL, LLnLn and OLL. Four tocopherols (sometimes also called E-vitamers) and 4 phytosterols were
preliminarily quantified by their peak areas in the extract. o-tocopherol was dominating in Tagetes patula oil, while the
content of B-sitosterol was many times higher than the content of other detected sterols. Lipid fraction recovered by
supercritical CO; extraction was composed of linoleic, oleic and linolenic acids. Deffated Tagetes patula flowers further
were sequentially extracted with ethanol and water by PLE. The yield of ethanol extract was 34%, while water additionally
recovered 17% of extract. The antioxidant capacity of extracts measured by different methods increased with increasing
solvent polarity. It may be concluded that the lipophilic and hydrophilic extracts isolated from Tagetes patula flowers by
supercritical CO; and pressurized liquid extractions are a good source of bioactive compounds, which might find
applications in the formulation of cosmetics and nutraceuticals.

138
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Wood has been used in construction and other applications for centuries due to its unique properties. It is a natural
composite material made up of various components, with the structural components of the wood cell wall mainly
composed of cellulose, hemicelluloses, and lignin. These components contribute to the unique properties of wood, such
as its strength, durability, and ability to absorb and release moisture. One of the most significant advantages of wood is
the diverse possibilities for its modification due to its chemical composition and hierarchical porous structure. Despite all
mentioned wood advantages enhancing the physicochemical properties of wood products and extending their useful life
is crucial to sustainable production and consumption. Improvements are needed in properties such as photodegradation
protection, thermal stability or fire retardancy, mechanical strength, resistance to biological degradation, and more [1-5].

In this work, the goal is to improve the physical and chemical properties of wood by using eggshells as a source of
calcium carbonate to create bioceramic-reinforced wood materials. Since eggshells are considered waste material and are
rich in calcite, which is a source of calcium, they can be used to create a biocompatible ceramic material called carbonated
hydroxyapatite. This process leads to the mineralization of wood, making it stronger and more fire-resistant. Additionally,
incorporating calcite within the wood matrix can result in a CO, storing hybrid wood material, which can help fight
climate change by reducing emissions. The main focus of the work is to reinforce locally produced pine wood with
biocompatible calcium phosphate-based ceramics to improve mechanical strength and fire-retardancy.

Fig. 1SEM micrographs of untreated Scots pine (a), HAp treated Scots pine (b) and HAp powder from self- made
calcium acetate.

[1] Kuzman, Manja & Groselj, Petra. (2012). Wood as a construction material: Comparison of different construction types for residential building using the
analytic hierarchy process. Wood Research. 57. 591-600.

[2] Upton, B., Miner, R., Spinney, M., & Heath, L. S. (2008). The greenhouse gas and energy impacts of using wood instead of alternatives in residential
construction in the United States. Biomass and Bioenergy, 32(1), 1-10.

[3] Rowell, R.M. Handbook of Wood Chemistry and Wood Composites, 2nd ed.; CRC Press, Taylor and Francis Group: Boca Raton, FL, USA, 2012.

[4] Hill Callum A. S. 2006. Wood Modification: Chemical Thermal and Other Processes. Chichester England: John Wiley & Sons.
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Quantum chemistry modelling is a valuable tool for comparing, explaining and predicting various chemical phe-
nomena. On the other hand, the results are very sensitive to chosen initial conditions and used parameter sets. The idea
behind our research is to ride the wave of recent developments in data science and machine learning to cope with large
amounts of synthesized molecular modelling data. The aforementioned techniques can be used to distill various degrees of
freedom into compound class specific or general meta parameters that could help navigate the potential energy surfaces to
find less local energy minima and/or help the current mainstream algorithms to converge faster. Our goal currently is the
statistical analysis of a particular class of chemical compounds, namely boron-dipyrromethene (BODIPY) and its various
derivatives, that are known for their usage as fluorescent dyes [1] and markers in biological research [2] or for viscosity
measurements [3]. Our current focus of investigation is the creation of suitable tools for statistical analysis of Phenyl-
BODIPY molecule and its rotational conformer models, generated with Gaussian software, geometry. The designed tools
are still to be applied to a wider range of BODIPY derivatives.

[1] B., Noél and L., Volker and D., Wim, Fluorescent indicators based on BODIPY, Chem. Soc. Rev. 2012, 41, 3, 1130-1172.

[2] O. S. Vodyanova, B. A. Kochergin, et al.BODIPY dyes in bio environment: Spectral characteristics and possibilities for practical application,
Journal of Photochemistry and Photobiology A: Chemistry. 2018, 350, 44-51.

[3] S. Toliautas, J. Dodonova, et al., Enhancing the Viscosity-Sensitive Range of a BODIPY Molecular Rotor by Two Orders of Magnitude, Chem. Eur.
J. 2019, 25, 10342.
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Polyurethane (PUR) adhesives are widely used in various industries for their high performance and versatility. PUR
are composed of soft segment (a polyether or polyester polyol) and hard segment (diisocyanate and chain extender). The
soft segment provides elasticity, whereas the hard segment increases strength and rigidity through physical cross—linking
points [1]. One of the key factors affecting the performance and processing characteristics of PUR adhesives is viscosity
during the reaction. Processing parameters like mixing, spreading, and application as well as final properties like gel time,
adhesion strength, and tensile strength are all impacted by viscosity during the reaction. The Coefticient of Friction (COF)
is also investigated in certain applications such as in automotive and industrial machinery, where the adhesive bond must
be able to withstand high loads and maintain its strength [2].

In this study polydiethylene glycoladipate (PDEA of 2700 g/mol) was reacted with trifunctional adduct
hexamethylene -1,6- diisocyanate (HDI3) in 1,4 mol excess. In order to reduce initial viscosity of PUR, PDEA was diluted
with polyethylene glycol (PEG of 200 g/mol (PEG200) or 400 g/mol (PEG400)). Three mixtures were investigated:

» “PDEA+HDI3” (containing 83,25% wt. and PDEA 16,75% wt. HDI3

> “PDEA+PEG200+HDI3” (containing 48,46% wt. PDEA, 12,12% wt. and PEG200 39,42% wt. HDI3)

> “PDEA+PEG400+HDI3” (containing 41,42% wt. PDEA, 22,30% wt. PEG400 and 36,28% wt. HDI3)
Viscosity during the reaction of polyurethane formation was measured using Anton Paar MCR302 rheometer at 50°C with
concentric cylinder system. The procedures were described previously in detail [3]. Later fully reacted PUR sheet was
formed with a thickness of 0,5 mm. The COF of fully reacted PUR was measured using Anton Paar tribometer
(Switzerland) in ball on plate linearly reciprocal configuration. As a stationary part, 6 mm diameter corundum ball of
99.8% purity from Ceratec (Belgium) was held constant against the PUR sheet, mounted on a pre-installed tribometer
module under 1 N load. Linear reciprocal motion of 2 mm amplitude was maintained resulting in a track length of 4 mm
and a total distance of 8 mm for one reciprocal friction cycle. To ensure good reproducibility, each sample was tested two
times at given conditions and the most representative runs were selected for the comparison between samples. The results
are shown in Fig. 1.
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Fig. 1. Influence of different PUR mixtures on friction tendencies. Tribotests against the corundum ball.

Adding lower molecular weight and short chain polymer PEG not only reduced initial viscosity but also affected
final mechanical properties of formed polyurethane. In this case, PEG200 or PEG400 reduced COF at least two times of
the formed PUR sheet. More experiments are needed to investigate the effects of different PUR mixtures.
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Horizon 2020. Call: H2020-MBP-ST-IND-2018. Grant Agreement: 8§14400.
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Crystallography allows to determine the exact positions of atoms that constitute crystal structures, [1] however, it
is unable to capture chemical bonding. In practice, two atoms are considered to be connected by a covalent bond if the
calculated distance between them does not exceed the sum of their covalent radii. Therefore, covalent radii tables,
created by statistically analysing lengths of observed chemical bonds, are often used to determine chemical bonding.

The most popular covalent radii tables [2][3][4] are derived using data from the Cambridge Structural Database [5]
which is distributed under a proprietary license and restricts the usage and spread of such derivative datasets. Thus there
is a clear need to develop a completely independent workflow that allows covalent radii tables to be automatically
calculated using open crystallographic datasets. In this research, methodology based on the determination of the van der
Waals gap is used to determinate covalent radii in structures deposited to the Crystallography Open Database [6].

The van der Waals gap is an interval within the interatomic distance distribution that corresponds to the lowest
density region [7] and separates peaks formed by covalent interactions from those formed mainly by van der Waals
interactions. In order to identify the lowest density region, a Gaussian distribution mixture model is applied to the
histogram of interatomic distances. Covalent radii are derived using the weighted least squares method.

The methodology used in this research is sensitive to structures with abnormal interatomic distance observations.
To address this, suitable crystallographic structures were identified based on a set of quality criteria such as
compatibility between the declared and calculated properties, use of standard experimental environment conditions,
reasonable crystal structure density, etc. Currently applied filters determine about 70% of data structures published in
the COD to be suitable for covalent radii derivation calculations. Further development and refinement of these criteria is
part of an ongoing investigation.
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Fig. 1. Comparison of covalent radii in selected covalent radii tables.

The comparison of derived results with selected published covalent radii tables is displayed in Figure 1. Review of
the derived results, comparison between radii in published tables and visualisation of covalent bond length
determination for pair of chemical elements are available online [8]. Furthermore, a tool for structure validation using
derived covalent radii is accessible online [9].

[1] S. Grazulis et al., Computing stoichiometric molecular composition from crystal structures, J Appl Crystallogr 48(1), 85-91 (2015).
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In recent years, solid oxide fuel cells (SOFCs) have played an important role in green energy generation. This
technology features low maintenance, high impurity tolerance, wide fuel flexibility, and low pollutant emission, which
has proven to be the most efficient and environmentally friendly. An electrolyte is considered as a core component in
SOFCs because it determines the fuel cell’s operating temperature. Also, there are some requirements that SOFC
electrolytes should meet: chemical and physical stability under oxidizing and reducing atmospheres and compatibility
with other cell components, high oxygen-ion conductivity and negligible electronic conductivity, similar thermal
expansion to avoid cracking during the cell operation, dense ceramic to prevent gas mixing and other [1, 2]. These days,
many electrolytes are known such as perovskites (e.g., doped LaGaO3), fluorite structured oxides (e.g., CeO,), and yttria-
stabilized zirconia (YSZ), which is commonly used in SOFCs as an electrolyte material. However, YSZ operates at a high
temperature (1000 °C), which shortens the lifetime of the fuel cell [3].

LAMOX-type conductors have tremendous potential to become solid electrolytes in SOFC and can operate in
intermediate temperatures. At room temperature, lanthanum molybdate exists in low-symmetry monoclinic o-phase,
which, above 580 °C of temperature, turns into cubic B-phase and this transition effect increases an oxygen-ion
conductivity almost by two orders of magnitude. To stabilize cubic B-phase, lanthanum, and molybdenum sites could be
substituted by different cations such as K*, Ba?*, Bi**, V3%, S¢*, W¢*, Lanthanum substitution by alkaline earth metals not
only could reduce a phase transition, but also could increase oxygen vacancies that lead to higher anionic conductivity of
the corresponding ceramic mixture [4, 5].

Fig. 1. DSC curve of the phase transition cycles for La;9sCag.0sM0,0s.975s ceramic heat-treated at 1000 °C [6].

In this work, the La, «CaMo0,095 (x=0.001-0.3) ceramic was prepared by an aqueous sol-gel synthesis method
using tartaric acid as a complexing agent. The phase transition dependency from the substitution degree by calcium in
Lay «CaxMo0,09_5 ceramic was investigated by differential scanning calorimetry (DSC). The obtained results showed that
the substitution effect reduces the phase transition from cubic -phase to monoclinic a-phase and vice versa. Furthermore,
the influence of sample annealing temperature and sample preparation method on the phase transition are discussed.
X-ray diffraction (XRD) analysis was performed to determine the crystal structure and impurity phases of the heat-treated
ceramic materials. It was found that homogenous substitution of lanthanum by calcium ions takes place up to x=0.05.
Moreover, to analyze the density and surface morphology of the synthesized ceramics heat-treated at 1200 °C, scanning
electron microscopy (SEM) analysis was performed.

[1] A. Boudghene Stambouli, E. Traversa, Solid oxide fuel cells (SOFCs): a review of an environmentally clean and efficient source of energy,
Renewable and Sustainable Energy Reviews 6, 433-455 (2002).

[2] S. P. S. Badwal, K. Foger, Solid oxide electrolyte fuel cell review, Ceramics International 22, 257-265 (1996).

[3] A. Das, Lakhanlal,, I. Shajahan, et al., Dilatometer studies on LAMOX based electrolyte materials for solid oxide fuel cells, Materials Chemistry
and Physics 258, 123958 (2021).

[4] C. Tealdi, G. Chiodelli, et al., Effect of alkaline-doping on the properties of La,Mo0,0, fast oxygen ion conductor, Journal of Materials Chemistry,
14, 3553-3557 (2004).
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According to the report of World Health Organization (WHO, 2021), 99% of the global population breathes air that
exceeds WHO guideline limits and contains high levels of pollutants [1]. In urban environment, carbonaceous aerosol
particles are the major component of fine particulate matter (PMa.s) [2]. Formed during the combustion process (e.g.
biomass burning, emissions of internal combustion engines), Black Carbon (BC) particles are known to be especially
harmful to human health. A better understanding about the sources of BC particles, its magnitude, and source specific
concentrations, especially in economically developing countries is mandatory for the improvement of air quality and well-
being. Raising the awareness about the prevailing environmental crisis is one of the first steps towards sustainable
development.

To raise the awareness about poor air quality due
to unsustainable development, intensive field campaign
focusing on BC, was conducted in Metro Manila,
Philippines (as a part of project “A Transdisciplinary
Approach to Mitigate Emissions of Black Carbon”
(TAME-BC)). Equivalent black carbon (eBC) mass
concentration was measured using 7-wavelenght
Acthalometer (AE-31) during a period of 3 months
(December 2019 to February 2020) in urban
environments of Metro Manila: Quezon City’s East
Avenue roadside (QCG site) and Manila’s North Port
(Port site) (Fig. 1). To investigate the magnitude of air
pollution in Metro Manila, the focus was set on the
sources of eBC, as well as mass concentration variation.
Wavelength dependent absorption coefficient analysis

Fig. 1. Map of Metro Manila with the approximate locations  reyealed that at Port site transport (eBCrr) and biomass

of the measurement sites. burning (eBCgg) related eBC contribute approximately

82% and 18% to the total eBC mass, respectively. In the case of Quezon City, this contribution is 76% and 24%,

respectively (Fig. 2a, 2b). The diurnal trend of eBCrr at both sites (QCG and Port site) indicated a higher mass

concentration during the morning hours (6-8 h) and a lower mass concentration during the midday (11-13 h). Both sites

(QCG and Port) showed a similar trend for eBCgg mass concentration, which reached a maximum between 6-8 hours and
minimum between 11-13 hours.

Fig. 2. Time series and contributions of eBCtr and eBCgp to the Fig. 3. eBCrr and eBCgp diurnal trend at Manila
total eBC at port site (a) and QCG site (b). Port site and QCG site.

[1] WHO Global Air Quality Guidelines. Coast. Estuar. Process. 2021, 1-360
[2] Oh, H.J.; Ma, Y .; Kim, J. Human Inhalation Exposure to Aerosol and Health Effect: Aerosol Monitoring and Modelling Regional Deposited Doses.
Int. J. Environ. Res. Public Health, 17,1-2,(2020). .
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Heat shock protein Hsp90 is a molecular chaperone which is found in all living organisms, except archaea. Hsp90
stabilizes and folds proteins that are under stress conditions therefore, controls cell survival [1]. Molecular chaperone has
hundreds protein substrates and is involved in a lot of cellular processes besides protein folding. For example, DNA
repair, immune system response and treatment of neurodegenerative diseases, cancer [2]. Furthermore, there are ongoing
researches on parasitic diseases treatment using Hsp90 [3]. Therefore, the main aim of this scientific work is to synthesize
new compounds which could be potential Hsp90 inhibitors.
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Scheme 1. Synthesis of 4-(cycloalkyl)-6-(1-(4-substituted)-1H-imidazol-5-yl)benzene-1,3-diols (3).

The reaction between aldehyde 1 and 4-substituded aniline yielded imines 2. After, cyclization reaction was done
using toluenesulfonylmethyl isocyanide (TosMIC) and previously synthesized imines 2 resulted in formation of final
products 3.
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Scheme 2. Synthesis of 4-(cycloalkyl)-6-(5-(4-methoxyphenyl)-1,2,3-thiadiazol-4-yl)benzene-1,3-diols (6).

Compound 5 was obtained after compound 4 was submitted into reaction in ethanol with ethyl hydrazinecarboxylate.
The cyclization was done by using thionyl chloride and yielded final products 6. The synthesized compounds are currently
in biological research.

[1] Somogyvari, M.; Khatatneh, S.; Soti, C. Hsp90: From Cellular to Organismal Proteostasis. Proteostasis. Cells 2022, 11, 2479.
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[3] Faya, N.; Penkler, D. L.; Bishop, O. T. Human, vector and parasite Hsp90 proteins: A comparative bioinformatics analysis. FEBS Open Bio 2015,
5,916-927.
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In the last decades, environmental awareness has induced the interest towards the development of novel renewable
and clean energy storage devices. The market is currently dominated by lithium ion batteries, which, despite their obvious
advantages, suffer from precursor’s high cost and lack of environmental benignity. [1] As a result, sodium ion batteries,
especially their aqueous modifications, have been pathing their way as an ap alternative to LIBs owing to sodium’s high
abundance in nature and elimination of highly toxic and flammable organic electrolytes. [2] NASICON-structured
NaTix(PO4)3 (NTP) is the most promising and studied aqueous Na-ion battery anode material owing to its high theoretical
capacity, good thermal stability and environmental compatibility. Despite possessing a great ionic mobility, NTP suffers
from inherently low electron conductivity. Moreover, active material dissolution and degradation into aqueous electrolyte
results in inferior cycle life stability [4]. Conventional particle carbon coating by pyrolyzing glucose or citric acid does
not ensure an even and controllable active material encapsulation. Growing a polymer e.g. polydopamine shell on the
surface of active material is a promising route to obtain a controllable surface carbon layer, which is both protective and
conductive [5].

The aim of this work was to investigate the dependency of electrode electrochemical performance on the precursor
of carbon layer. The anode materials were prepared by varying the amount of citric acid and dopamine hydrochloride in
the carbon-coating stage. The electrochemical properties of NTP electrodes were investigated by charge/discharge
galvanostatic cycling and cycling voltammetry. The structural characterization was carried out via thermogravimetric
analysis and Brunauer-Emmett-Teller (BET) surface area analysis.

b)

Fig. 1. Preparation of carbon-coated NTP particles with a)CA and b)PDA as carbon source scheme
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Calcium phosphates (CaP) are the family of materials, which are widely used in regenerative medicine due to their
excellent biocompatibility and osteoconductivity [1]. There is a variety of applications of different CaP phases including
medical, environmental, optical etc. Human hard tissues mostly consist of calcium hydroxyapatite (HAp) which is the
most stable CaP phase around neutral pH [2]. The second most abundant CaP phase in human body is whitlockite.
Magnesium whitlockite is a member of CaPs family, where part of calcium ions are substituted by smaller magnesium
ions, chemical formula of magnesium whitlockite is Ca;sMgr(HPO4)2(PO4)12 [3].

Doping of CaPs with other metal ions may result in the appearance of new physical and biological properties,
which can be used for wider application. Iron is an essential microelement in bones and teeth, it is a micronutrient
essential for various biological processes and an important component of several metalloproteins [4]. It is known that
Fe-doped HAp not only demonstrates antibacterial properties, but also exhibits strong ferromagnetic properties, whereas
undoped HAp is diamagnetic [5]. Due to these properties, this material can be applicable in medicine, drug delivery or
in bone transplantation. The main aim of this work was to synthesize and characterize phase-pure Fe?*'-doped CaP with
whitlockite structure.

The results of powder X-ray diffraction analysis (XRD), Fourier-transform infrared spectroscopy (FTIR) and
Raman spectroscopy confirmed that synthesized Fe-doped CaP has whitlockite structure. It was demonstrated that
optimal reaction temperature is 230 °C, at this temperature single-phase whitlockite powder can be obtained. Optimal
pH range was determined to be from 6.1 to 6.3. Neighboring crystalline phases were observed at lower temperatures
and higher/lower pH of the reaction medium. Also, it was found that optimal reaction time is only about 1 hour.
Investigation of magnetic properties showed that synthesized material is paramagnetic in the temperature range from 5
to 300 K. Thermal stability studies revealed that iron whitlockite is thermally unstable and decomposes upon a heat
treatment.
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Studies of the oxidation of methyl phenyl sulfide (MFS) by hydrogen peroxide (H202) and urea peroxysolvate
(CO(NH2)2'H202), catalyzed by organomodified montmorillonite (Claytone HY — montmorillonite modified with a tall
alkonium cation) were performed. The kinetics of MFS oxidation were studied in the following decontamination
environments: 1 — water; 2 —iso-propyl alcohol (i-PrOH)/water mixture; 3 — ethanol (EtOH); 4 — micellar solution of
cetyltrimethylammonium bromide (CTABr); "oil-in-water" type microemulsion, containing either cationic CTABr (5),
neutral Triton X-100 (6), or SDS — anionic sodium dodecyl sulfate (7) as a detergent. Claytone HY nanoclay was
introduced into the decontamination systems in the amount of 1%. The choice of specific components and composition
of reaction media is not random and was based on the results of previous research [1,2].

The selectivity of oxidation under the conditions used in measuring the speed of the processes ([MFS]o=2,0'1073,
[H202]e=[ CO(NH2)2-H202]0 = 0,1-1,0 M") was confirmed using gas chromatography. It was established that oxidation
mainly results in the formation of methylphenylsulfoxide:

MeSPh + H202 — MeS(O)Ph + H,0 ))

Further oxidation of sulfoxide to toxic sulfone does not occur within at least 24 hours from the starting point of MFS
oxidation. It should be emphasized that uncatalyzed processes of oxidation by hydrogen peroxide are characterized by
extremely low reaction rates and are not of practical interest. The present study is aimed at demonstrating the catalytic
effect of layered silicate in reaction (1). Table below contains the values of the rate constants (k2, M''s™!) for second-order
reactions of MFS consumption in reaction medias 1-7, in the presence and absence of Claytone HY nanoclay. Numerical
values of the catalytic effect (CE), which is calculated as the ratio of the corresponding k> values for catalytic and non-
catalytic oxidation, are also provided in the Table.

Table. MFS oxidation rate constants

Decontamination k2, M's 110
system H20» CO(NH2)2-H202

- Claytone HY CE — Claytone HY CE
1 15,1 34,5 2,3 20,6 38,4 1,9
2 6,12 21,3 3,5 8,04 22,4 2,8
3 2,45 12,4 5,1 3,43 18,9 5,5
4 0,42 1,89 4,5 0,89 3,23 3,6
5 1,01 3,21 3,2 2,12 8,32 3,9
6 2,3 8,94 3,9 3,67 15,3 4,2

Kinetic data allow us to state that a slight acceleration of the oxidation rate occurs when a solid source of hydrogen
peroxide — CO(NH2)2-H20:2 urea complex, is used. An increase in the rate of MFS decomposition is also observed in
systems containing nanoclay. The scope of the experiment does not make it possible to establish the exact reason for this
acceleration of the reaction in the presence of montmorillonite clay. The main hypothesis is based on the assumption that
the catalytic effect of clays is largely due to molecular interactions of active centers of montmorillonite (Brensted-Lewis
centers) leading to the formation of H-bonds and stabilization of transition states of intermediates (characteristical for the
SN2 mechanism). Claytone HY montmorillonite clay with its large surface area is also likely to act as a strong acid due
to its interlayer cations and surface protons. Either acid-base interaction, or the formation of hydrogen bonds between the
silicon atom in clay and hydrogen peroxide molecules, shall increase the electrophilicity and reactivity of the intermediate
hydroperoxide compound compared to inactivated H2O2. These hypotheses require further study and development. The
established effect of accelerating the process of decomposition of organophosphorus substrates in a micellar medium by

montmorillonite derivatives can be used in designing the fast-acting eco-friendly chemical warfare agents’ neutralization
systems.

[1] L. Vakhitova, V. Bessarabov et al., Decontamination of methylparathion in activated nucleophilic systems based on carbamide peroxisolvate,
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[2] L.N. Vakhitova, N.V. Lahtarenko et al., Kinetics of the Oxidation of Methyl Phenyl Sulfide by Peroxoborate Anions, Theoretical and Experimental
Chemistry, 51, 297-302 (2015).
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The molecular recognition utilizing well-defined tubular molecular constructs lies at the heart of supramolecular
chemistry. The molecular capsules, typically assembled using coordination or hydrogen bonds (H-bonds), are extremely
well suited to interrogate the complexation phenomena and gain fundamental insights into the nature of non-covalent
interactions [1]. In order to unambiguously drive the formation of the capsular aggregates, large degree of preorganization
of the recognition elements is required. In most approaches, the latter is ensured by the cost of chemical synthesis by
which, geometrically fixed molecular scaffold is constructed. In this way, the formation of the desired aggregate is
facilitated by reducing the entropic penalty. On the other hand, the formation of molecular capsules from highly flexible
building blocks, possessing large degree of conformational freedom is rarely used despite their much simpler synthesis.
In our report, we present a new approach toward molecular capsules using simple tripoidal monomer, containing three
ureidopyrimidinone (UPy) 4H-bonding units connected to a central trimesic acid core (Fig. 1). We have shown that such
monomer quantitatively forms dimeric molecular capsules via H-bonding. Moreover, the stabilization of the capsule is
ensured by the secondary H-bonding of the amide bonds with UPy carbonyl group. The presented monomer represents
one of the simplest capsule-forming building blocks reported in literature to date.
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Fig. 1. Chemical structure of the supramolecular monomer.

[1] A. Morgan Conn and J. Rebek, Self-assembling Capsules. Chem. Rev., 97, 1647-1668 (1997).
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As a result of increasing global warming, renewable energy sources are gaining more interest as an alternative to
fossil fuels. One of these alternatives is that the Sun is an infinite resource of energy. Solar cells (SC), also known as
photovoltaic devices, are used for the conversion of solar energy into electricity. Nowadays, silicon solar cells (first-
generation photovoltaic technology) still dominate the photovoltaic market due to high efficiency and high device
stability, despite having disadvantages such as high cost, inflexibility, and opacity, which limit their future development
prospects. Fortunately, perovskite solar cells (PSCs) have undoubtedly become the super star in the photovoltaic field,
and now the certified power conversion efficiency (PCE) has reached a very high level of 25.7%, which is comparable to
that of crystalline silicon solar cells [1].

Holes transporting material (HTM) is one of the main factors of a perovskite solar cell, which determines the cost,
energy conversion effectiveness and continuity of the device. However, most HTMs have many disadvantages, including
complicated and expensive synthesis, the tendency of self-aggregation, which degrades the quality of the hole transport
layer and reduces device stability and efficiency. Therefore, considerable and continuous efforts are made to develop
more ideal HTMs, which should exhibit the following advantages: matching well with the valence band and conduction
band of the perovskite to enable hole extraction and electron blocking, minimal absorption in the visible and NIR regions
of'the solar spectrum, sufficient hole mobility, excellent thermal and photochemical stability, high processability, and low
cost.
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Fig. 1. The structures of triphenylethylene-based HTMs.

In this work, eight asymmetric 3D HTMs (labeled V1508-V1515) comprising a triphenylethylene core and various
side arms were smoothly synthesized. All HTMs were obtained from facile preparation procedures and simple purification
techniques. The structures of the synthesized new compounds V1508-V1515 were confirmed by 'H and 3C NMR, IR
spectroscopy, mass spectrometry and elemental analysis data. These compounds are amorphous, which is an advantage
for the formation of homogenous films, as well as eliminate the possibility for films to crystallize during operation of the
devices. The solid-state ionization potentials (/,) of HTMs were determined using electron photoemission spectroscopy
in air (PESA) of the thin films to assess the HOMO energy levels [2]. I, values of novel HTMs were found to be lower
than 5.7 eV (4,99 — 5,34 eV), which equals to the valence band (VB) energy of the triple cation-based perovskite, therefore
efficient hole transfer from perovskite to the cathode should be ensured. Additionally, xerographic time of flight (XTOF)
measurements [3] were used to determine the charge mobility of the V-series layers. As a result, the hole mobility of
V1508-V1515 was found to be 2.1-10° — 4.6:10° cm?/Vs at the zero-electric field, which is comparable to that of the
reference standard spiro-OMeTAD (4.1-10” cm?/Vs) under identical conditions.

[1] National Renewable Energy Laboratory: best research-cell efciencies chart. Available at https://www.nrel.gov/pv/cell-efficiency.html

[2] E. Miyamoto, Y. Yamaguchi, M. Masaaki, Ionization potential of organic pigment film by atmospheric photoelectron emission analysis.
Electrophotography, 28, 364-370, (1989).

[3] E.Montrimas, V. Gaidelis, A. Pazera, The discharge kinetics of negatively charged Se electrophotographic layers. Lith. J. Phys. 6, 569-578, (1966).
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Highly concentrated, time-stable emulsions of vegetable fats and essential oils constitute a significant interest for
the pharmaceutical, perfume and food industries. There are severe requirements for the stabilizers of these emulsions as
far as it may contact human epithelium more or less. The use of synthetic ionic and combined stabilizers encounters
certain concerns, due to their toxicity and capacity for accumulation in the body.

Therefore, developing of a similar emulsion based on pseudopolyaminoacids -amphiphilic polymers from the natural
origin is of great interest. They constitute non-ionic surface-active compounds with a non-toxic tendency and inability to
be deposited in interior or exterior organs due to their biodegradability. We used N-derivative of dicarboxylic a-amino
acids, polyols and glycerine of different nature for their preparation. The preparation was carried out by using a Steglich
reaction with N,N'-dicyclohexylcarbodiimide activator (DCC) in the catalyst of dimethylaminopyridine (DMAP).
Branched pseudopolyamino acids as well as dispersed media on this basis have been synthesized from natural dicarboxylic
amino acids and polyoxyalkylenediols, using glycerol as a trifunctional hydroxyl-containing comonomer that ensures the
shaping a desired structure.

Fig. 1. The structure of the branched polyester.

Above-mentioned stabilisers lead to formation a stable emulsions with 80% concentration of lavender oil. The size
of the dispersed phase in the obtained emulsions was 3 um. Figure 2 represents the procedure of exact lavender oil
emulsion creation via applying described natural amphiphilic polymers as stabilisers.

Fig. 2. Stabilization process of lavender oil.

According to this scheme, the emulsion is generated due to solubilization or swelling of pseudopolyamino acid
particles with a branched structure. The hydrophilic fragments (polyoxyethylene chains) are oriented at the interface due
to which the oil in water is stabilized by the mechanism of a structural-mechanical barrier. The solubilizers (Fig. 3.b)
remained stable during the study period (6 months). According to the thermogravimetric analysis, the solubilization of
essential oil in the particles of the synthesized copolyester decelerates their evaporation compared to pure essential oils.

As all the above points have demonstrated, new pseudo-polyamino acids of a branched structure simultaneously act
as stabilizers, solubilizers and aroma fixatives that allows to use it for developing high-quality water-based perfume
compositions in cosmetics and perfumery.

Fig. 3. a— Micrograph of lavender oil solubilized with a pseudopolyamino acid dispersion,
b — photo of samples of the polymer-stabilized m/w emulsion.
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Cascade reactions are described as multiple organic transformations happening one after the other without changing
the reaction conditions in a single flask. [1] These reactions fall into the category of ‘green’ or sustainable chemistry as
they are known for their atom economy, as well as show economies of time, labor, resource management and waste
generation [2,3]. The successful application of cascade reactions has led to the efficient synthesis of various complex
natural products and organic scaffolds [4].

Fused pyrazole-based heterocyclic compounds are integrated into everyday life, including pharmaceuticals [5],
agrochemicals [6], various functional materials [7]. These compounds exhibit wide spectrum of biological properties,
including antioxidant, antimicrobial, and antiproliferative activities [8].

In this work, we present a cascade synthesis approach to obtain novel benzo[4,5]imidazo[1,2-d]pyrazolo[4,3-
fl[1,4]Joxazepines starting from easily accessible pyrazole-4-carbaldehydes and phenylendiamines. A one-pot two-step
process was found to be highly atom economical, simply and enabled the generation of novel polycyclic system in good
yield.

The structures of novel fused heterocyclic compounds were confirmed by 'H, '3C, and "'N-NMR spectroscopy.

[11 T.J. J. Miiller Angew. Chem., Int. Ed., 2007, (46), p. 2977.

[2] B. M. Trost Angew. Chem., 1995, (107), p. 285.

[3] L. F. Tietze. Chem. Rev., 1996, (96), p. 115.

[4] Shivam, Geetika Tiwari. Org. Biomol. Chem., 2022, (20), p. 3653.

[5] R. D. Taylor, M. MacCoss, A. D. G. Lawson. Journal of Medicinal Chemistry, 2014 (57), p. 5845.
[6] X.-H. Liu, et al. Journal of Agricultural and Food Chemistry, 2020 (68), p. 7324.

[7] M. Mindt, et al. Microbial Cell Factories, 2022 (21), p. 45.

[8] K. Karrouchi, et al. Molecules, 2018 (23), p. 134.
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DNA-encoded chemical libraries (DELs) — platform used in medicinal chemistry to synthesize and screen
considerable collections of small molecule compounds. Each compound is covalently linked to a DNA fragment that
encodes information about the structural peculiarity of each library member. Combinatorial solid-phase synthesis method
produces resin-bound libraries in the one-bead-one-compound (OBOC) format, where each bead carries multiple copies
of a single compound encoded with a unique DNA sequence [1].

Herein we present synthesis of photocleavable resin which will be used to prepare primary OBOC libraries of the
main protease of the coronavirus (SARS-CoV-2 MPro) inhibitors.
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Fig. 1. Schematic representation of photocleavable resin and further proceeding of solid-phase synthesis.

[1] Wesley G. Cochrane, Marie L. Malone, Vuong Q. Dang, Valerie Cavett, Alexander L. Satz, Brian M. Paegel, Activity-Based DNA-Encoded Library
Screening, ACS Comb. Sci. 2019, 21, 5, 425-435.
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Base catalysed polymerized silica sol-gel can be used to form variety of end products such as film, particles coating,
wet gel or polymeric colloidal silica particles [1]. Methods to synthesise mesoporous silica microspheres using organo-
trialkoxysilanes and tetraalkoxysilanes is well described in multiple literature sources [2,3]. Nevertheless, reproducible
synthesis of well-defined particles is a challenging task due to kinetic and thermodynamic factors.

Continuous flow systems could produce narrower particle size distributions compared to batch reactors in the Stéber
synthesis of silica particles using the same reactant compositions and experimental conditions. According to literature the
use of continuous flow led to lower polydispersity, higher inter-run reproducibility and lower synthesis times, compared
to the batch system. These results can be explained on the basis of a better mixing and a higher surface to volume ratio in
the tube reactor system, leading to shorter nucleation times and to a higher homogeneity (composition, temperature) in
the reaction mixture [4].

This investigation is focused on base catalysed silica microspheres synthesis using continuous flow synthesis method.
To achieve the goal reactors multiple designs were investigated to synthesize silicon dioxide microspheres. Silicon dioxide
microspheres were synthesized using Stober process [5]. In this work several designs of reactors were compared against
clogging, residence time, flow speed and reactor length. Clogging was analysed visually; particles size distribution was
analysed using laser particle sizer and morphology were analysed using scanning electron microscope.

1
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4 Collecting

Tubing reactor container

Pump T Mixer

Fig. 1. Simplified tube reactor scheme.

[1] T. W. Zerda, 1. Artaki, and J. Jonas, “Study of polymerization processes in acid and base catalyzed silica sol-gels,” J. Non. Cryst. Solids, vol. 81,
no. 3, pp. 365-379, 1986,

[2] Lee, L., Yoo, Y., Cheng, Z., & Jeong, H. K. (2008). Generation of monodisperse mesoporous silica microspheres with controllable size and surface
morphology in a microfluidic device. Advanced Functional Materials, 18(24), 4014-4021. https://doi.org/10.1002/adfm.200801093

[3] Ma, Y., Qi,L.,Ma,lJ., Wu, Y., Liu, O., & Cheng, H. (2003). Large-pore mesoporous silica spheres: Synthesis and application in HPLC. Colloids
and Surfaces A: Physicochemical and Engineering Aspects, 229(1-3), 1-8. https://doi.org/10.1016/j.colsurfa.2003.08.010

[4]Gutierrez, L., Gomez, L., Irusta, S., Arruebo, M., & Santamaria, J. (2011). Comparative study of the synthesis of silica nanoparticles in micromixer-
microreactor and batch reactor systems. Chemical Engineering Journal, 171(2), 674-683.

[5] P. P. Ghimire and M. Jaroniec, “Renaissance of Stober method for synthesis of colloidal particles: New developments and opportunities,” J.
Colloid Interface Sci., vol. 584, pp. 838-865, 2021.
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Hydrogel materials are becoming increasingly common in medicine. Current development in this field shows a trend
towards creating hydrogel materials based on natural polymers. The advancement is explained by the fact that natural
polymers are tolerant to the human body. The newest and latest implementation way of hydrogel foam-based material
relies on a producing intra-abdominal dressing by unique conception that promotes hemostasis and prevents the infection
of a wound. A significant number of deaths from penetrating wounds of the abdominal cavity are associated with internal
bleeding and wound infection. In non-hospital conditions, the situation becomes critical quickly or even ends fatally.
Applying macroporous hemostatic remedy features stops internal bleeding, prevents sepsis and preserves the damaged
internals for safe transportation of injured body.

The regularities of forming alginate macroporous hydrogel materials for invasive medical purposes based on
experimental data have been studied in this work. The macroporous material was formed by a chemical method based on
two major processes in parallel, namely the liquid foam formation and liquid foam templating. Foaming occurs due to the
interaction between sodium bicarbonate and the carboxyl groups of sodium alginate and polyacrylic acid. The way
alginate macromolecules are structured by calcium ions implemented into polyacrylic acid proceeds the gelation of liquid
foam simultaneously. It leads to the formation a highly porous hydrogel which must be considered a foam. The
composition contains 3% water solution of sodium alginate with added sodium bicarbonate powder and a calcium salt of
polyacrylic acid with plasticizers and surfactant. Figure 1 represents the micro photo of the xerogel material obtained
under the research.
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Fig. 1. SEM image of sodium alginate xerogel porous s

|
tructure.

In particular, the issues of generating macroporous structures due to coordination of the gelation kinetics and the
rate of release of the foaming gas were considered. The challenge of optimal surfactant selection for dispersion adjusting
of the product was investigated with increased focus. Cocamide Monoethanolamine, commonly known as Cocamide
MEA, as a highly prevalent surfactant and foaming agent, triggers a significant surface tension decrease as the graph
implies, even with a compound content within (0.5% - 1%).

Additional research has been conducted to determine the release kinetics of selected drug compounds such as
antimicrobials and analgesics from the elaborated foam material. The compositions developed during the work are the
basis for the formation of abdominal foam dressings with hemostatic and antiseptic properties or xerogel porous surgical
dressings.
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At this stage, essential supplements of trace elements of mineral origin are widely used to correct the diet of both
humans and animals. The problem with using such supplements is their low efficiency. It is known that only about 10%
of their total amount is absorbed, and the rest passes through the body in transit. As a result, the body either does not
create the amount of trace elements necessary for its normal functioning, or it has to be introduced into the diet in
amounts significantly higher than necessary. Neither the first nor the second option can be considered optimal. In the
first case, the diet is not corrected to the required extent. In the second, there may be problems of body toxicity,
especially when correcting the diet of baby food. In addition, it has been observed that poor absorption of essential
additives, in the case of intensive livestock farming, leads to their accumulation in manure. The use of such manure as
an organic fertilizer leads to an imbalance in the ratio of trace elements in the soil, with the corresponding
environmental problems.

The absorption efficiency of new generation essential supplements, in which the trace element ion is in chelated
form in combination with an organic ligand, is much higher. But in this case, questions arise about the metabolism of
the compounds used as a ligand and their toxicity. At the same time, the search for a non-toxic organic ligand with a
high ability to transport a trace element ion into the cell is the most relevant way to create highly effective forms of
essential trace element supplements.

This report presents the results of a study of the method for the preparation of glutamic acid derivatives with
hydrophilic polyoxyethylene substituents in the N-position and the preparation of complex salts with divalent iron,
copper, zinc, and manganese on their basis. The general structural formula of the obtained complex salts of these metals
can be shown in the following scheme (Fig 1.):
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Fig. 1. General structure of the complex salts

A polyoxyethylene derivative of glutamic acid was prepared by N-alkylation of glutamic acid. The paper presents
studies on the optimization of the alkylation process and PMR spectroscopy data confirming the structure of the
obtained product. In addition, the work describes studies on the preparation of complex salts based on synthesized
derivatives of glutamic acid with confirmation of the process of complex formation by the method of electron
spectroscopy.

In addition, the results of studies of the cytotoxicity of the synthesized compounds and the efficiency of energy
processes in the cell in the presence of the obtained salts are presented. These studies, which were carried out using live
bull sperm cells, showed that the amounts less than two orders of magnitude of the amounts of traditional forms of
essential additives ensure the normal course of energy processes in the cell. At the same time, no toxic effects of the
used complex salts were detected.
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The research is devoted to the development of technology for producing hydrogel therapeutic agents with high
physical and mechanical properties on the basis of acrylamide copolymers. An increase in the physico-mechanical
properties of polyacrylamide hydrogels is achieved by covalent grafting of the gel-forming polymer to the
polypropylene surface. Hydrogel structure provides biocompatibility with tissues of living organism, the ability to
adsorb and release drugs, atraumatic technique; the reinforcing polymer material provides necessary mechanical
strength during the technological operations in the production and application of this hydrogel material. A peculiarity
proposed in this work is the covalent attachment of the gel-forming polymer to the polypropylene surface allowing the
resulting material to be integrated in a coherent structure and thus obtaining the characteristics of a composite.

In this paper presents the experimental results regarding the comonomers radical copolymerization, which is
simultaneously initiated by two peroxide initiators. One of the initiator is localized in the reaction volume, and the
second one is covalently grafted to the polymer surface. The following items are discussed in this section: the dynamics
of the of acrylamide polymerization process; copolymerization of acrylamide, N,N-methylenebisacrylamide and
potassium acrylate; the formation of polymer network points; the effect of process conditions and reaction mixture
composition on the time and conversion of gelation. The comparison of the formation rates of the gel-forming polymer
macromolecules, which were initiated from the reaction volume and from the surface of the reinforcing material, was of
special attention. It is shown that the consistency of mentioned two processes is the basis for hydrogel grafting to the
surface.

Fig. 1. The general scheme of the formation of a reinforced hydrogel with a gel-forming polymer grafted to the
surface of polypropylene nets by the radical mechanism.

A mathematical model for the formation of polymer network of acrylamide, N,N-methylenebisacrylamide and
potassium acrylate copolymer was obtained using statistical methods. The model well describes the experimental data
and explains the nature of the main factors effect on the time and conversion of gelation, as well as the ratio between
sol- and gel-fractions during the whole hydrogel formation process.

Based on the experimental results and predictive data generated by the mathematical model, the basic regularities
of the formation of a three-dimensional hydrogel network (formation of polymer molecules, cross-linking) before the
system gelation (conversion > 5-7%) and after it till deep stages of copolymerization (conversion> 75-85%) were
examined. Dependences of the basic parameters of the hydrogel formation (rate, copolymer composition, average
degree of polymerization, density of cross-linking, ratio between sol and gel fractions) on the process conditions were
obtained. This allowed to demonstrate that the grafting to the surface is realized after the gel point and the majority of
covalent bonds that provide the grafting of the gel-forming polymer to the surface is formed in deep stages (conversion
> 75-85%).
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Bismuth sulfide is a non-toxic, n type semiconductor popular for its use in photoconductive appliances. It has a
band gap energy value of 1.3 eV. Bismuth sulfide is a good light absorber, because its coefficient of absorption is high
(about 10*-10° cm™). It has good electrical and optoelectronic properties, which is why it is suitable for use in solar
cells, photo optic appliances and many more [1].

In this research, we determine the optimal bismuth sulfide synthesis conditions. Distilled water and analytically
pure reagents were used to prepare reaction solutions. The temperature for each one of these reactions was 80 °C:

1) 0.1 mol-dm= Bi(NO3)3-5H20 mixed with 1 mol-dm* SC(NH2)z;

2) 0.1 mol-dm= Bi(NO3)3-5H20 mixed with 1 mol-dm* SC(NH2) with an added oxidizing agent (NH4)2S20s;

3) 0.1 mol-dm™ Bi(NO3)3-5H>0 mixed with 1 mol-dm™ SC(NH>), with added basic buffer solution;

4) 0.1 mol-dm= Bi(NO3)3-5H20 mixed with 1 mol-dm™ SC(NH2): with an added oxidizing agent (NH4)2S20z and

a basic buffer solution.

Black precipitate of bismuth sulfide was present after every reaction and washed with acetone and distilled water.

All samples were analyzed by X-ray diffraction analysis on the Bruker D8 Advance diffractometer. Precipitate was
scanned over the range 20 = 3—70° at a scanning speed of 1° min™' using a coupled two theta/theta scan type. This test
determined structural characterization of the obtained materials. After an XRD analysis, it was clear that the most
precise match with Bi2Ss standard structure was obtained from the first reaction with no oxidizing agent and no basic
buffer solution, hence the deposition on FTO glass was made using the first solution and its precipitate.

[1] Timothy O. Ajiboye, Damian C. Onwudiwe, Bismuth sulfide based compounds: Properties, synthesis and applications, Results in Chemistry 3,
100151 (2021).
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Carbonic anhydrases (CA) are zinc metalloenzymes that catalyzes reversible CO» hydration reaction at astonishing
rates (ko= 1-10°-1-10° s1) [1]. Although these enzymes are responsible for important processes such as respiratory, pH
regulation and bone resorbtion, some isoforms are associated with various diseases such as glaucoma, epilepsy, obesity,
cancer and etc. [2]. One of the treatment of these diseases are selective CA isoform inhibition. To this day the most
prominent class of CA inhibitors are primary sulfonamides. These inhibitors are capable of binding to CA up to
picomolar affinity [3], yet analogous secondary sulfonamides affinity for CA is dramatically lower [4].

In order to explain this phenomena we synthesized a series of fluorinated sulfonamides together with their
secondary/tertiary counterparts as well as determined their affinities for 12 catalytically active human CAs by
fluorescent thermal shift assay, isothermal titration calorimetry and stopped-flow assay. In some cases, secondary
fluorinated sulfonamides showed dissociation constants (K;) which were lower more than 10 000 fold compared to their
primary analogues [5]. Substituted sulfonamides demonstrated similar U-shaped K, correlation with pH which indicated
that structure-thermodynamics analysis is required. After calculating and comparing primary and secondary
sulfonamide intrinsic Gibbs energies we hypothesised that large differences in energy values may be related to
conformational changes or solvation/desolvation of compounds and enzymes. Thus, few crystal structures of CA II in
complex with secondary sulfonamides were solved and compared to crystal structure of CA II in complex with primary
sulfonamide (fig. 1). Furthermore, additional computational modeling gave insight into sulfonamides interactions with
amino acids at the enzyme active center as well as explained stronger primary sulfonamides binding with CA.

Fig. 1. Primary and secondary fluorinated benzensulfonamide interactions with amino acids in CA II active site

[3]-

[17 S. Lindskog, J. E. Coleman, The catalytic mechanism of carbonic anhydrase, Proceedings of The National Academy of Sciences 70(9), 2505-2508
(1973).

[2] C. T. Supuran, Carbonic anhydrases as drug targets - an overview, Current Topics in Medicinal Chemistry 7, 825-833 (2007).

[3] V. Dudutiené, J. Matuliené, A. Smirnov et al., Discovery and characterization of novel selective inhibitors of carbonic anhydrase IX, Journal of
Medicinal Chemistry 57, 22, 9435-9446 (2014).

[4] H. A. Krebs, Inhibition of carbonic anhydrase by sulphonamides, Biochemical Journal 43(4), 525-8 (1948).

[5] D. Baronas, V. Dudutien¢, D. Matulis et al., Structure and mechanism of secondary sulfonamide binding to carbonic anhydrases, European
Biophysics Journal 50, 993—-1011 (2021).
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Poly(2-methacryloyloxyethyl phosphorylcholine) (pMPC) is known as a hydrophilic polymer with unique
properties — antifouling effect, penetration across cell plasma, fluid lubrication, etc. [1]. Due to structural and
characteristical similarities to phospholipids, zwitterionic block brush copolymers p(MPC-block-PEO;9MEMA) have
promising potential for biomedical applications. Supposedly, they can be used as lubricants for joint cartilages. The
effect of lubrication could be increased if such copolymers possess additional moiety capable of sticking to the surface
of cartilages. It is well known that the polymers containing catechol side groups possess surface adhesive properties [2].

In the present study, we developed a strategy to synthesize the copolymers containing copolymeric block p(MPC-
co-PEO19MEMA) responsible for lubrication, and the block of poly(dopamine methacrylamide) (pDOPMA)
responsible for the attachment of the copolymers to various surfaces. For the synthesis of the copolymers pDOPMA -
block-p(MPC-co-PEO19MEMA), acetonide-protected DOPMA (ADOPMA) was polymerized first using 4-
(((butylthio)carbonothioyl)thio)-4-cyanopentanoic acid as a RAFT chain transfer agent (CTA), ACVA as an initiator,
and DMF as a solvent. pADOPMA was precipitated, purified and dried, giving macroCTA. The second block of
p(MPC-co-PEO;sMEMA) was synthesized by RAFT copolymerization of MPC and PEO;yMEMA at the same
conditions and in the presence of the macroCTA pADOPMA. Protective acetonide functional groups of the pADOPMA
blocks were removed by trifluoracetic acid. In order to evaluate the effect of PEO;9MEMA units on the properties of
the copolymers, PEG-free block copolymers pDOPMA-block-pMPC were synthesized as well. The copolymers were
studied by size exclusion chromatography, 'H NMR and FT-IR spectroscopy.

As it was shown in our previous study [3], RAFT copolymerization of MPC and PEO;sMEMA leads to the
copolymers with strongly expressed gradient microstructure. Thus, the terpolymers pDOPMA-block-p(MPC-co-
PEO;9MEMA) should possess unique structure combining hydrophilic block with gradient distribution of zwitterionic
and brush fragments and relatively hydrophobic block responsible for adhesion. pADOPMA as the first block (DP close
to 20) was obtained with rather low dispersity (P below 1.2). Unfortunately, we had no possibility to study the
copolymers pADOPMA-block-p(MPC-co-PEO19MEMA) by SEC because of the absence of an eluent dissolving both
blocks of a very different nature. The only common solvent for both hydrophilic p(MPC-co-PEO;sMEMA) block and
hydrophobic pADOPMA block was methanol which is not compatible with the known SEC columns. Composition of
the copolymers as well as DP of the second block was calculated by studying '"H NMR spectra of the copolymers in
MeOD-ds. We succeeded to synthesize diblock brush copolymers in which DP of the second block was from 40 to 80.
Moreover, 'H NMR spectra confirmed the complete removal of the acetonide protective groups (Fig. 1).

A study of surface activity and lubrication properties of the synthesized zwitterionic diblock brush copolymers
pDOPMA-block-(MPC-co-PEO19MEMA) is in progress.

Fig. 1. '"H NMR spectra of the copolymers: pADOPMA, pADOPMA -block-(MPC-co-PEO;sMEMA) and
deprotected pPDOPMA-block-(MPC-co-PEO1sMEMA).

[1] I. Yasuhiko, K. Ishihara, Cell membrane-inspired phospholipid polymers for developing medical devices with excellent biointerfaces, Science
and Technology of Advanced Materials 13, 064101 (2012).

[2] M. Steponaviciute, V. Klimkevicius, R. Makuska, Synthesis and stability against oxidation of random brush copolymers carrying PEO side chains
and catechol moieties, Materials Today Communications 25, 101262 (2020).

[3] M. Jurkunas, V. Klimkevicius, A. Uscilaite, R. Makuska, Synthesis of superhydrophilic gradient-like copolymers: Kinetics of the RAFT
copolymerization of methacryloyloxyethyl phosphorylcholine with PEO methacrylate. European Polymer Journal 183, 111764 (2023).
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Nowadays mankind is in need of green energy sources. Photocatalytic processes could help us to get energy in
ecologically-friendly ways (for example, photosynthesis is photocatalytic process). Moreover, photocatalytic processes
not only involve chemical reactions between the molecules being in the ground state, but also depend on their electronic
excited states. That is the reason of studying charge separation processes in complex systems, such as photosynthetic
complexes. But for the beginning simpler systems are worth studying.

In this work two different dimeric Porphyrin systems are studied, namely TPP-Ur-TPP (P,Ur) and TPP-Ur-F¢
(P,UaS), both solubilized in either DCM or DMSO. The difference between them is that P,Ur (Fig. 1a) has symmetrical
structure of the molecule and P,UaS has an asymmetrical structure. In order to characterize the excited states of these
molecules and also to study the formation of intra-molecular charge transfer states, we performed a set of the stationary
and time-resolved spectroscopic measurements: transmission, fluorescence, and transient absorption (TA). The later are
shown in Fig. 1b and c.
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Figure 1. a) Chemical structure of the studied dimeric molecular system P,Ur. b) TA spectrum of P,Ur in DCM

(thickness of the cuvette with solution is 1 mm, excitation wavelength A=410 nm). ¢) TA spectrum of P,UaS in DCM
(thickness of the cuvette with solution is 1 mm, excitation wavelength A=430 nm).

TA spectra in combination with global analysis techniques provide detailed information about the ultrafast transitions

between electronic states of the studied molecules. More details about the samples as well as the obtained spectral
characteristics of their excited states and the light-induced excitation dynamics will be presented at the conference.
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For the last decade, perovskite solar cell technology gained significant popularity due to the promise of low-cost
fabrication and high efficiency. On the way to successful commercialization, each component needs to be optimized,
independent, and in full stack. In particular, hole-selective contact is commonly mentioned as one of the weaker links.
And this is the case where molecular design can be particularly useful.

In the last years, material [2-(9H-Carbazol-9-yl)ethyl]phosphonic acid, better known as 2PACz became a popular
choice for the fabrication of perovskite solar cells. Originally used in tandem devices,[1] due to the simplicity of the
layer formation, very low material consumption, and superior performance, this and related materials (MeO-2PACz
and Me-4PACz) are becoming a “standard” option.

Layer formation of the 2PACz is based on the (self)-assembly of the phosphonic acid functional group on the
surface of indium tin oxide (ITO), thus leading to the functional layer with the thickness of the single molecule. 2PACz
molecule has a T-shape, where the phosphonic acid functional group and linker are perpendicular to the carbazole
molecule (attached to the nitrogen atom). In this work, we are exploring an alternative design, in which carbazole
chromophore would be in the same line as the linker and anchoring group, proposedly having a “rod” — type shape. It
is expected that this could lead to denser packing, avoiding “voids” between the molecules. As a consequence, due to
the higher concentration of the carbazole chromophore higher efficiency and stability are anticipated.

To achieve that, we are using the reactive -OH group in the second position of the carbazole for further
functionalization. Starting with the 2-methoxy-9-methylcarbazole, the methoxy group was hydrolyzed with BBr3, and
further functionalized with a phosphonic acid group through the three-stage synthesis, including alkylation, Arbuzov
reaction, and nucleophilic ester cleavage. The structure of the target material was confirmed by means of 'H and '*C
NMR spectroscopy. Synthesized materials will be further used for the fabrications of the perovskite solar cells and the
performance will be compared to that of the state-of-the-art phosphonic acid-based selective materials.

[1] A. Al-Ashouri, A. Magomedov, M. Rof et al., Conformal monolayer contacts with lossless interfaces for perovskite single junction and monolithic
tandem solar cells, Energy Environ. Sci., 12, 3356-3369 (2019).
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Rechargeable Li-ion batteries, employing organic electrolytes are considered one of the main electrochemical
energy storage devices, due to their high efficiency, energy density, and stability. However, for large-scale stationary
applications, all these attractive properties are overshadowed by price and safety of operation, which are of paramount
importance. Aqueous Na-ion batteries are deemed as one of the main alternatives, satisfying both of the conditions by
employing sodium and aqueous solutions as a charge carrier and electrolyte, respectively. Despite the development of
novel electrolyte systems, suppressing gas evolutions, and expanding operating window [1], the absence of high
potential and stable cathode materials remains a bottleneck for fully utilizing and deploying this technology.

For Li-ion batteries, Co and Ni-based materials are the most successfully utilized due to their high operating
voltage and stability. However, in recent years, considerable effort has been made to develop rare-earth-metal free
systems based on Mn, Fe and V. Mn offers the highest operating voltage however, unfavorable aqueous chemistry
limits its application [2,3]. Vanadium offers 2" best alternative in terms of operating voltage as well as relatively high
stability.

Here we report a chemical and electrochemical degradation study of Na3;V2(PO4)3 (NVP) and Na3zV»(PO4),F3
(NVPF). Electrodes were prepared by a conventional slurry-casting method. The electrochemical activity of cathodes
was characterized by galvanostatic charge-discharge cycling (GCD) and cyclic voltammetry (CV). Degradation was
assessed by (XRD), ICP-OES, SEM/EDX, rotating ring-disc electrode (RRDE), and double redox titration of the
electrolyte after measurement. Results show poor chemical stability of NVP in aqueous media, as well as rapid
electrochemical degradation. RRDE study gave insight into the mechanism of degradation during operation. The
introduction of fluoride in the lattice seems to relatively stabilize the structure, and suppress most of the chemical
dissolution, however, electrochemical degradation remains significant.
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Figure 1. Degradation study of prepared electrode. A — XRD spectra before and after electrochemical
degradation. B — Dissolved vanadium and it’s oxidation state during chemical dissolution for variable time.
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[1T L. Suo et al., “Water-in-salt” electrolyte enables high-voltage aqueous lithium-ion chemistries, Science 350, 938-943 (2015).
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The depletion of fossil fuels and the increase in their price accelerate the society to use greener materials for their
necessities. Research on biobased plastics has increased dramatically in the past 30 years while exceedingly large
implications for oil-based plastics begin to unfold [1]. One way to address this issue is to use polymers derived from
natural sources, such as plants. In this work, two biobased monomers: tetrahydrofurfuryl acrylate derived from
hemicellulose and tridecyl methacrylate derived from natural oils, were chosen for photocross-linked polymer synthesis.
A dual-curing process allowing to combine two polymerization mechanisms and thus achieve greater properties
compared to separate parts [2] was used in this work. Stimuli-responsive materials, also known as shape-memory
materials, have attracted researchers and industry due to their unique ability to change and maintain shape in response to
external stimuli. Shape-memory polymers have a great potential to be applied in biomedicine, electronics, optics,
robotics, etc. [for example, 3]. However, only a few shape-memory polymers have been synthesized by using an
environmentally friendly UV-induced dual-curing method.

The aim of this work was to investigate the influence of the amount of the biobased monomer tetrahydrofurfuryl
acrylate on the photocuring kinetics, mechanical and thermal characteristics, and shape-memory properties of the
resulting polymers. Ethyl(2,4,6-trimethylbenzoyl)phenylphosphinate was used as a photoinitiator. The chemical
structure of the used compounds is presented in Figure 1.
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Fig. 1. Chemical structures of tetrahydrofurfuryl acrylate (THFA), 1,3-benzenedithiol (BDT), tridecyl methacrylate
(C13-MA), and ethyl(2,4,6-trimethylbenzoyl)phenylphosphinate (TPOL).

Photocuring kinetics was monitored by the real-time photorheometry which provides a wide-range information
on typical rheological properties such as storage and loss modulus while a material is irradiated with UV/vis light. The
chemical structure of the cross-linked polymers was confirmed by FT-IR spectroscopy, Soxhlet extraction, which shows
which part of the polymer is cross-linked, and determination of the swelling value. Mechanical characteristics were
determined by tensile and compressive tests. The thermal properties were investigated by dynamic mechanical thermal
analysis and thermogravimetric analysis. Shape-memory properties were investigated by deformation of polymer
samples and maintaining them at a temperature below and above their glass transition temperature.

It was determined that the rheological, thermal, mechanical, and shape-memory properties are highly dependent
on the amount of biobased monomer tetrahydrofurfuryl acrylate fragments in the resulting polymers.

Acknowledgement. This research was funded by the Research Council of Lithuania under the measure "Student
research during semesters" (project No. S-ST-22-10).
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Ordered nanoscale sized a-Se, CdSe and Ag,Se films on the polymers are the promising compounds for various
applications because of its potential physicochemical and optoelectronic properties such as conductivity, wide energy
band gap and high absorbance coefficient [1, 2]. The chemical synthesis methods based on solution-phase procedures
provide an excellent route to fabricate nano-selenium and nano-selenides. This work aims to synthesize and characterize
a-Se/PA, Cd-Se/PA and Ag-Cd-Se/PA composites. These composites obtained applying different chemical synthesis
methods: the a-Se/PA via chemical bath deposition at room temperature, the Cd-Se/PA by successive ionic layer
adsorption and reaction at 80 °C, and the Ag-Cd-Se/PA by cation exchange at room temperature, according to the
following reactions (Eq. 1-3):

Na,SeOs(aq) + 2NaxS03(aq) + H2SO4(aq) — Se(s) + 3NaSO4(aq) + H.0O(1), (1)
3Se(s) + 3Cd**(aq) + 3H,0(1) — 2CdSe(s) + CdSeOs(s) + 6H*(aq), 2)
3Se(s) + 6AgT(aq) + 3H20(1) — 2Ag>Se(s) + AgaSeOs(s) + 6H (aq). 3)

In order to have a deep understanding of the relationship between the composition and the end-use properties of
obtained composites, we mainly focused on the description of the microstructure, morphology and optical properties. The
X-Ray Diffraction (XRD) analysis of the samples were performed on the Bruker Advance D8 diffractometer. Scanning
Electron Microscopy/Energy-Dispersive X-Ray Spectroscopy (SEM/EDS) measurements were performed by using a
Hitachi S-3400N microscope equipped with the Bruker Quad 5040 EDS system. Atomic force microscopy (AFM)
imaging were carried out using a NanoWizard 3 NanoScience microscope. The ultraviolet-visible (UV-Vis) spectrum
were recorded using a Spectronic Genesys 8 UV/Visible spectrophotometer.

PA a-Se/PA Cd-Se/PA Ag-Cd-Se/PA

Fig. 1. Three-dimensional AFM topographical images of obtained composites.

Investigation of the surface morphology using AFM (Fig. 1) and SEM corroborates the change in morphology
depending on chemical composition deposited films. In a-Se/PA composite selenium was amorphous (a-Se). In Cd-Se/PA
composite the diffraction peaks indexed as hexagonal CdSe and monoclinic Seg which occur after a-Se crystallization at
higher temperature. Ag-Cd-Se/PA composite XRD patterns showed crystalline composition with hexagonal CdSe,
orthorhombic Ag,Se, metallic Ag and monoclinic Ses.

Table 1. The fundamental absorption edge (A,), optical band gap (Eop..),
Urbach energy (Eu) and steepness parameter (o) of studied composite materials

Polymer/Composite Ag, NM Eopg, eV | Eu, eV c
PA 278 4.46 1.32 ] 0.0195
a-Se/PA 555 2.23 0.094 | 0.237
Cd-Se/PA 606 2.05 0.397 | 0.0646
Ag-Cd-Se/PA 757 1.64 0.695 | 0.0369

Relatively high Urbach energy values indicate the formation of disordered structures, which correlates with
heterogeneous surface morphology and composition.The optical properties of the obtained composites indicate a shift in
the energy band gap from 2.23 eV to 1.64 eV with a stepwise incorporation of Cd?>* and Ag* (Table 1). The energy band
gap is suitably located in the visible solar energy region, which make these composites ideal for solar energy harvesting.

[1] M. Afzaal, P. O’Brien, Recent developments in II-VI and ITI-VI semiconductors and their applications in solar cells, J. Mater. Chem. 16, 1597—
1602 (2006).

[2] Q. Gao, W. Wang, Y. Lu, et al., High power factor Ag/Ag,Se composite films for flexible thermoelectric generators, ACS Appl. Mater. Interfaces
13, 14327-14333 (2021).
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Textile-based solar thermal energy collectors (TSTEC) are one form of novel flexible solar thermal harvesting
product, and one that can widely be applied to building roofs and facades [1]. Thin film metal oxides are superior solar
light absorbers. Many of the metal oxides are n-type semiconductors. Known p-type oxides include silver (I) oxide. They
can be combined into a functional material when deposited on polymeric substrates. The optical band gap for Ag,O ranges
from 1.2 eV [2] to 3.4 eV [3] depending on the stoichiometry, structure and physical properties that result from the
deposition method.

In this study, silver oxide films were synthesised on a polyvinylchloride textile (PVC), and an investigation was
carried out into the structural and optical properties of the treated fabric. The chemical deposition method was used to
modify the PVC textile surface. Ag>O can be prepared by combining aqueous solutions of AgNO3; and NaOH:

AgNOs(aq) + NaOH(aq) — AgOH(s) + H,O(1) (1)

This reaction does not provide appreciable amounts of silver hydroxide due to the favourable energetics for the
following reaction:
2AgOH(s) — AgrO(s) + HoO(l); (Ksp = 1.52-10°% (mol/dm?)? at 20°C) 2)

With suitably controlled conditions, this reaction can be used to prepare Ag,O with properties which are suitable for
several uses, including as a fine-grained conductive thin films.

Fig. 1. Photographs of the reaction container with samples.

Prior to the process of depositing the materials, the mechanically roughened surface was pre-treated with hot alkali
solution [4]. Then pre-treated samples were inserted vertically along the reactor wall with a 0.1M AgNO3 solution and
were left undisturbed for six hours (Fig. 1). At the end of the exposure time, the samples were taken out, washed with
distilled water, and then exposed to freshly prepared 0.35M NaOH solution at room temperature for six hours. Sample
immersion in AgNOj3 and subsequent immersion in the NaOH solution formed one Ag,O preparation cycle. In summary,
six cycles were employed. The obtained samples were cleaned, dried, and then characterized.

An X-ray diffraction (XRD) analysis was carried out to provide a level of understanding in regard to the formation
of the silver oxide phase and its crystalline structure of the prepared samples. The XRD analysis revealed that deposited
films exist as polycrystalline mixed-phase material, which is composed of Ag,O, AgO, and metallic Ag. Ultraviolet-
visible (UV-Vis) diffuse reflectance spectra were recorded to study the optical properties of deposited films. It was found
that Ag-O/PVC composites are direct band gap semiconductors; the optical band gap is 0.89+0.02eV.

[11 W. D. Abdul Jalil, Smart textiles for the architectural fagade, IOP Conf. Ser.: Mater. Sci. Eng. 737, 012078 (2020).

[2] E. Fortiu, F. L. Weichman, Photoconductivity in Ag,O, Phys. Stat. Sol. B, 5 515-524 (1964).

[3] E. Lund, A. Galeckas, A. Azarov, et al., Photoluminescence of reactively sputtered Ag,O films, Thin Solid Films, 536, 156-159 (2013).

[4] V. Krylova, N. Dukstiené, M. Lelis, et al., PES/PVC textile surface modification by thermo-chemical treatment for improving its hydrophilicity,
Surf. Interfaces, 25, 101184 (2021).
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In recent years, a considerable interest has been focused on fabrication of heterojunctions, which are able to
provide better photocatalytic activity, especially p- and n-type semiconductors, when in contact, form a junction with a
space-charge region at their interfaces [1].

Our goal was to synthesize environmentally friendly double p—n heterostructure of spinel type mixed Zn-Co
coatings to investigate the photoelectrochemical properties and to test as prospective materials to catalyze oxygen
evolving reaction (OER).

Mixed Zn-Co oxide layers (Zn:Co 1,25:1) were formed using two-step synthesis: chemical precipitation and
thermal treatment (400 — 600 °C). Firstly, 0.5 M zinc nitrate and 0.5 M cobalt nitrate solutions were mixed by adding
slowly 200 mL of 1 M NaOH and under continuous stirring (Fig. 1). Precipitates were annealed at 400 — 600 °C for 2 h
in air atmosphere.

Fig. 1. Synthesis of mixed Zn-Co oxides

Photoelectrochemical activity of prepared mixed Zn- Co oxide layers were explored in a quartz cell in phosphate-
bufer solution (pH 7) using the General Electric FSW/BLB lamp, which Am. =366 nm and average power density is 1.8
mW cm™2, as a source of UV radiation. UV source was placed 2 cm from working electrode. IPCE value of a
photoelectrode was calculated using the following equation [3].

o _ 1o 124075
IPCE(%) = 100— M

Where j,; is photocurrent density in mA ¢cm™, A is a wavelength of incident light in nanometers (here 366 nm), P is
incident light intensity in mW cm™.

Applied bias photon-to-current efficiency (4BPE) calculations were used in order to characterize photo-response
efficiency of photoelectrode material under applied voltage according to the following equation [2]:

ol (1.23 = | Vgml)
ABPE(%) = 1oou
6)

Here j,n is photocurrent density (mA cm™), Iyis input intensity of incident light falling on a surface of
photoelectrode (1.8 mW cm2) and V,,, is applied potential, which is calculated according to the equation [1]:

Vspp1= Vmea - Voc (3)

Here Vieo is working electrode potential at which photocurrent was measured under illumination and V. is
working electrode potential at open circuit condition under similar conditions.

[1] A. Simanaitiené, A., I Barauskien¢, S. Varnagiris, et al., Mixed zinc—cobalt oxide coatings for photocatalytic applications, Applied Physics A
126, 695 (2020).

[2] Q. Liu, Q. Chen, J., Bai, et al., Enhanced photoelectrocatalytic performance of nanoporous WO; photoanode by modification of cobalt—phosphate
(Co—Pi) catalyst. Journal of Solid State Electrochemistry 18, 157-161 (2014).

[3]J. Georgieva, S. Armyanov, E. Valova, et.al, Photoelectrocatalytic Activity of Electrosynthesised Tungsten Trioxide- Titanium Dioxide Bi-Layer
Coatings for the Photooxidation of Organics, Journal of Advanced Oxidation Technologies 11, 300-307 (2008).
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Relaxors are a type of materials, that exhibit high dielectric constant and slim polarization hysteresis curves. For these
reasons, they are widely used in capacitors [1] and RAM microchips [2]. Some of examples of such materials are lead
magnesium niobate or lead scandium niobate. Such materials contain lead, which, when disposed inappropriately, can cause
severe damage to the ecosystem and human health. One possible alternative to replace aforementioned composites are
barium titanate-based compositions. In this report the x(Bi(Zn,; Nb;;3)03)(1 — x)BaTiOs, x=3.6 - 7.0 % solid solution was
studied. It was previously reported that the copmposition undergoes a ferroelectric-relaxor structural phase transition in the
concentration range of 4.0 % <x < 5.0 % [3]. However, there is still uncertainty regarding the phase composition around the
boundary. Additionally, the dielectric propeties were reported only for low frequency range.

The aim of present research is to investigate the dielectric properties of the samples by means of the dielectric
spectroscopy methods in wide frequency (20 Hz — 40 GHz) and temperature (100 — 500 K) ranges. Ferroelectric and
piezoelectric properties were studied using 100 Hz, 50 kV/cm alternating electric field in temprature range from 233 K to
423 K.
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Figures 1. Frequency dependance of the dielectric permittivity of the sample with x=7 % real part (left) and
imaginary part (middle). Symbols denote experimental data; lines are the best fits with Cole-Cole law (1).
Polarization loop and relative elongation due to electrostriction of the same sample 283 K (right).

All samples demonstrate phase transition-related anomalies in the behavior of the dielectric constant. The spectra of
dielectric permittivity demonstrate pronounced relaxation behaviour (see Figure 1). The imaginary part shows that
maximum shifts towards lower frequencies as the temperature increases. The dependencies follows the Cole-Cole law:

Es—Eco
£x= g+ e (1)
here ¢, and ¢, are static and infinite frequency dielectric constants, w is the angular frequency, 7 is relaxation time and a is
an empirical parameter describing spectral shape. The hysteresis loops thinners gradually with the concentration of BZN.
Depending on BZN concentration, the shape of elongation curves switches between piezoffect to electrostriction. (see
Figure 1 right).

[11 ZHANG, Lei; PU, Yongping; CHEN, Min. Ultra-high energy storage performance under low electric fields in Na0. 5Bi0. 5TiO3-based relaxor
ferroelectrics for pulse capacitor applications. Ceramics International, 2020, 46.1: 98-105

[2] GRANZOW, Th, et al. Polarization-based adjustable memory behavior in relaxor ferroelectrics. Physical review letters, 2002, 89.12: 127601

[3] Marshall, Jessica, David Walker, and Pam Thomas. "Bismuth zinc niobate: BZN-BT, a new lead-free BaTiO3-based ferroelectric relaxor?." Journal of
Advanced Dielectrics 10.06 (2020): 2050033.
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Thermo-responsive polymers are considered to be a “smart” class of materials that can be used in tissue engineering,
wound dressings and drug delivery systems. Polysaccharides such as chitosan represent an ideal matrix for preparing of
biocompatible copolymers with improved biodegradability properties compared to those of synthetic thermoresponsive
materials. Furthermore, chitosan is highly appreciated for the production of multi-response copolymers due to high
reactivity of functional groups and pH-responsivity [1, 2].

The aim of this work was to obtain chitosan-graft-poly(N-isopropylacrylamide) copolymers using different molar
ratios of medium molecular weight chitosan (CH) and N-isopropylacrylamide (NIPAA), and investigate thermo-
responsive properties of prepared copolymers in aqueous medium. The synthesis of copolymers was carried out in
aqueous solution using potassium persulfate (PPS) as an initiator (Fig.1).

OH OH OH
OH /CH2
e} W, O
o} K2S,0¢ o
(0]
HO OHO + o — = HO HO
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CHs NH
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Fig. 1. Synthesis scheme of chitosan-graft-poly(N-isopropylacrylamide) copolymers.

The free-radical polymerization was carried out for 6 hours at 60 °C temperature under a nitrogen atmosphere. After
the reaction, the products were precipitated into acetone and obtained copolymers were purified by using methanol. The
molar ratio of CH to NIPAA in the polymerization mixture was changed from 1:0.25 to 1:10. The obtained chitosan-graft-
poly(N-isopropylacrylamide) copolymers with different fractions of CH and NIPAA of comonomers were characterized
by using various techniques such as 'H-NMR, FT-IR, thermal analysis and etc. The lower critical solution temperature
behavior of prepared copolymers in water was assessed by dynamic light scattering and turbidimetric methods.

Acknowledgements. The financial support of the Research Council of Lithuania for the project No. S-LU-22-11 in the frame of
Lithuanian—Ukrainian Cooperation Programme in the Fields of Research and Technologies is highly acknowledged.

[1]1 X. Xu, Y. Liu, W. Fu et al., Poly(N-isopropylacrylamide)-Based Thermoresponsive Composite Hydrogels for Biomedical Applications, Polymers
12, 508 (2020).

[2] L. Marsili, M. D. Bo, F. Berti et al., Chitosan-Based Biocompatible Copolymers for Thermoresponsive Drug Delivery Systems: On the Development
of a Standardization System, Pharmaceutics 13, 1876 (2021).
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Environmental problems are major worldwide issues. Various companies produce a lot of effluent because of
the expansion of the industrial sector, which is characterized by high levels of suspended particles, a high Chemical
Oxygen Demand (COD), changing pH, high temperatures, and dye mixtures [1]. TiO; has been thoroughly investigated
as a catalyst to break down dyes and other dangerous substances in wastewater. TiO» nanoparticles are substances that
may be used since they are affordable, eco-friendly, and very sensitive to ultraviolet light. [2] [3]

MATERIALS AND METHODS

Grade 2 TiO, was used for this experiment. It was prepared by cutting it into a circle with a handle, drilling
holes, roughening the surface with 220grit sandpaper, and finishing with 800 grit sandpaper. To rinse the surface, tap
water and demineralized water were used. Afterwards, it was put into a petri dish for 1 minute with HF, HNO3, and H,O
solutions poured on top. After washing with tap and demineralized water, it was placed in an ultrasonic bath for ten
minutes before getting rinsed. A mixture of 1L of 5.5g/L NH4F and 132g/L NH4SO4 with demineralized water was
electrolyzed for 2 hours at 20V. Then 10mg/l concentration of methylene blue mixed in a 1L flask was degraded using
UV light. Ozone was also bubbled into a methylene blue solution with the catalyst.

RESULTS AND DISCUSSION

The removal of methylene blue revealed that using UV alone is ineffective, as over 80% of the methylene blue
was still present in the solution after 120 minutes. The degradation of methylene blue by UV and catalyst yielded better
results, with the concentration after 120 minutes being 1.76mg/l. UV photodegradation with TiO, catalyst and Ozone
yielded the best results in the shortest time frame. After 20 minutes, the methylene blue concentration was 0.472mg/1.
According to figure 1, the degradation of methylene blue with the catalyst, UV, and Ozone was 5.4 times faster than with
just UV or UV and catalyst. This supports the theory that adding ozone to water treatment improves efficiency and
shortens the time required for treatment. The results of this experiment show higher performance than would have been
obtained if only pure TiO, had been used. This improvement is due to increased photocatalytic activity, which has been
enhanced by catalyst doping. The reaction constant values show that UV with Ozone and TiO; catalyst has the quickest

degradation.
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Figure 1. Methylene blue degradation (left) and pseudo-second-order reaction kinetics (right) versus time.

[1] Tim Robinson, "Remediation of dyes in textile effluent: a critical review on current treatment technologies with a proposed alternative," Bioresource

Technology, pp. 247-255, 2001.

[2] YuLin Min, "Doping nitrogen anion enhanced photocatalytic activity on Titanium dioxide hybridized with graphene composite under solar light,"
Separation and Purification Technology (Vol 106), pp. 97-104, 2013.

[3] Akira Fujishima, "Titanium dioxide photocatalysis and related surface phenomena," Surface Science Report (Vol 63), (Issue 12), pp. 515-582, 2008.
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In recent years, much interest has been focused on the fabrication of heterojunctions capable of providing improved
photocatalytic activity, in particular for p- and n-type semiconductors, which form a junction with a space charge region
at their interfaces. [1].

Our aim was to synthesize environmentally friendly spinel-type mixed Zn-Co coatings with a double p-n
heterostructure, to investigate the photoelectrochemical properties and to test them as promising materials for catalyzing
the oxygen evolution reaction (OER).

Mixed Zn-Co oxide layers (Zn:Co 1:1,25) were formed by a two-step synthesis: chemical precipitation and heat
treatment (400-600 C). First, solutions of 0,5 M cobalt nitrate and 0,5 M zinc nitrate were mixed by the slow addition of
200 ml of 1 M NaOH with continuous stirring (Figure 1). The precipitates were heated at 400-600 C for 2 hours in an air
atmosphere.

Fig. 1. Synthesis of mixed Zn-Co oxides[1]

The photoelectrochemical activity of the prepared mixed Zn-Co oxide layers was investigated in a quartz cell in
phosphate-buffered saline (pH 7), using a General Electric FSW/BLB lamp with Anax=366 nm and an average power
density of 1,8 mW c¢m™ as a UV source. The UV source was located at a distance of 2 cm from the working electrode.
The IPCE value of the photoelectrode was calculated using the following equation [3].

12405
ph
m

IPCE(%) = 100

Where j,h is the photocurrent density in mA ecm, A is the wavelength of the incident light in nanometres (in this case

366 nm), P is the intensity of the incident light in mW cm.

In order to characterise the photoresponse efficiency of the photoelectrode material at the applied voltage, the photon-
current efficiency (ABPE) calculations were carried out according to the following equation [2]:

i (12317,
ABPE (%) = 1oom([7w 2)

Here jph is the photocurrent density (mA cm), 10 is the input intensity of the light incident on the surface of the
photoelectrode (1,8 mW cm2), and Vapp is the applied potential, which is calculated according to equation [1]:

[1] Vappl:Vmea - Voc (3)

Here Ve is the potential of the working electrode at which the photocurrent was measured under illumination and
V. is the potential of the working electrode in an open circuit under similar conditions.

[1] A. Simanaitiené, A., I. Barauskiené, S. Varnagiris, et al., Mixed zinc—cobalt oxide coatings for photocatalytic applications, Applied Physics A 126,
695 (2020).

[2] Q. Liu, Q. Chen, J., Bai, et al., Enhanced photoelectrocatalytic performance of nanoporous WOj; photoanode by modification of cobalt—phosphate
(Co—Pi) catalyst. Journal of Solid State Electrochemistry 18, 157-161 (2014).

[3]1 7. Georgieva, S. Armyanov, E. Valova, et.al, Photoelectrocatalytic Activity of Electrosynthesised Tungsten Trioxide- Titanium Dioxide Bi-Layer
Coatings for the Photooxidation of Organics, Journal of Advanced Oxidation Technologies 11, 300-307 (2008).
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One of the major minerals in human body is magnesium whitlockite (Ca1sMg>H2(PO4)14). This compound is one of
the main components of the human hard tissue, constituting to approximately 20-35 wt%, and plays an important role
in various bone formation processes [1]. Magnesium whitlockite is known for its excellent osteogenic capability as well
as having an active role in natural bone healing processes, therefore it is a promising candidate for application in bone
regenerative medicine and tissue engineering [2]. In recent years this compound has attracted a lot of attention and the
scientific community however it is not yet widely researched.

In the present work, whitlockite powders were synthesised using hydrothermal synthesis method while using
calcium hydrogen phosphate dihydrate and magnesium acetate tetrahydrate as starting materials. Synthesis was
performed at a temperature of 160 °C for 3 h under hydrothermal conditions. Synthesized compounds were analyzed by
X-ray diffraction (XRD) and the obtained data was used for Rietveld refinement. Whitlockite structure was modeled
taking large number of crystallographic positions available for substitution into account. The simulation of the XRD
data showed clear differences due to the presence of Mg?" ions in crystalline structure. It also allowed us to obtain data
about preferential sites of Ca?*/Mg?" substitutions.

Acknowledgements
This research was funded by a grant WHITCERAM (No. S-LJB-22-1) from the Research Council of Lithuania.

[1] H. Cheng, R. Chabok et al. Synergistic interplay between the two major bone minerals, hydroxyapatite and whitlockite nanoparticles, for
osteogenic differentiation of mesenchymal stem cells, Acta Biomaterialia 69, 342-351 (2018).

[2] H. L. Jang, G. Bin Zheng et al. s, In Vitro and In Vivo Evaluation of Whitlockite Biocompatibility: Comparative Study with Hydroxyapatite and
B-Tricalcium Phosphate, Advanced Healthcare Material 5, 128—136 (2015).

172



CYANO-SUBSTITUTED 1,2-DIPHENYLBENZOIMIDAZOLE
DERIVATIVES AS HOSTS FOR OLED APPLICATIONS

Simas Macionis', Murad Najafov!, Jurate Simokaitiene', Juozas V. Grazulevicius1, Jiun-Haw
Lee?, Chia-Hsun Chen?, Bo-Yen Lin®, Tien-Lung Chiu*

! Department of Polymer Chemistry and Technology, Kaunas University of Technology, Radvilenu pl. 19, LT-50254,
Kaunas, Lithuania
2Graduate Institute of Photonics and Optoelectronics and Department of Electrical Engineering, Material Science and
Engineering, and Physics, National Taiwan University, Taipei 10617, Taiwan
3Department of Opto-Electronic Engineering, National Dong Hwa University, Shoufeng, Hualien 974301, Taiwan.
4“Department of Electrical Engineering, Yuan Ze University, Taiwan
simas.macionis@ktu.edu

OLED technology has come far since the first reported successful demonstration in the late 80s by Van Slyke and
Tang [1]. It has, since then, found its way into mainstream technology and remains a competitive research topic in both
industry and academia [2]. Thanks to the discovery of thermally activated delayed fluorescence (TADF) [3] OLED
technology has received a much needed influx of research worldwide. Today, OLED technology is evolving at a rapid
pace yet development of stable, high emission color purity and efficient materials remains center most focus. One of the
key components in majority of OLEDs are host materials of emissive layers, due to their ability to prevent excitons from
self-quenching via triplet-triplet annihilation, which furthermore improves electroluminescence efficiency [4]. Yi-Mei
Huang et al. recently reported a series of di-carbazolyl substituted 1,2-diphenylbenzoimidazole derivatives as hosts for
multi colored OLEDs (red, green, blue) with external quantum efficiency up to 31% [5].

In this work we propose two new cyano-substituted 1,2-diphenylbenzoimidazoles with di-tert-butylcarbazole
moieties as hosts for OLEDs. The proposed materials were synthesized in a simple two-step, noble metal-free synthesis
method. The electrochemical, thermal and photophysical properties will be reported as well as characteristics of OLEDs.
External quantum efficiency values ranging from 10% to 13% for green and sky-blue emitting devices were observed.

[1] Tang and S.A. Van Slyke Appl. Phys. Lett. 51, 913 (1987)

[2] D'Andrade, B. . and Forrest, S., White Organic Light-Emitting Devices for Solid-State Lighting. Adv. Mater. (2004)

[3] Q. Zhang, B. Li, S. Huang, et al. Efficient blue organic light-emitting diodes employing thermally activated delayed fluorescence. Nature Photon 8,
326-332 (2014).

[4] M. A. Baldo, C. Adachi and S. R. Forrest, Phys. Rev. B: Condens. Matter Mater. Phys, 62, 10967, (2000)

[5] Y.M. Huang, T.Y. Chen, et al. Why triage materials with low luminescence quantum efficiency: the use of 35Cbz4BzCN as a universal host for
organic light emitting diodes through effective triplet energy transfer. J. Mater. Chem. C, 9, 2381-2391, (2021)

173



INVESTIGATION OF THERMAL PROPERTIES OF DIFFERENT
COMPOSITION CAFFEIC ACID AND CHITOSAN COMPLEXES

Dovilé Liudvinaviciiité, Vesta Navikaité-gnipaitiené, Ramuné Rutkaité, Joana Bendoraitiené

Department of Polymer Chemistry and Technology, Kaunas University of Technology, Lithuania
dovile.liudvinaviciute@ktu.lt

Bioactive compounds, among them and caffeic acid (CA), are becoming the focus of attention given their benefits
to human health and their relative abundance in vegetables [1]. Presence of unsaturated bonds makes CA vulnerable to
heat, oxygen and moisture, and influences instability especially at higher temperatures. In recent years delivery systems
based on complexes formed by electrostatic interactions between polysaccharides and low molecular weight compounds
gained a lot of interest [2] and chitosan (CHT) is one of biopolymers that can be ionized and possess positive surface
charges. Investigation of thermal properties of complexes formed between CHT and CA are important for the
pharmaceutical and food industries, as their concentration in complexes can change significantly during heat treatment.
Such investigation can provide the information about the optimal temperature range during processing and storage [3].
Thermogravimetric (TG) analysis method has been used to evaluate complex formation between chitosan and other
compounds.

The aim of the present work was to investigate thermal properties of CA and CHT complexes of different
composition (further referred as CA-CHT) using TG analysis method. CA-CHT with the molar ratio of CA to CHT equal
to 0.23/1 and 0.72/1 were obtained by using multistep adsorption process. TG analysis of CHT and CA-CHT was
performed with a Perkin-Elmer (TGA 400, USA) instrument. Measurements were carried out at heating rates of 2.5
°C/min, 5 °C/min, 10 °C/min and 20 °C/min under nitrogen (air in some experiments) atmosphere. About 10 mg of air-
dried sample was used. Apparent activation energy (E,) was determined according to Flynn-Wall-Ozawa (FWO) method
[4] in the temperature interval of 200—400 °C.

TG curves of CHT and CA-CHT (0.23 mol/mol) in nitrogen and air atmospheres are presented in Fig. 1. Thermal
decomposition of CA-CHT (0.23 mol/mol) in nitrogen atmosphere and in air proceeded in two and three stages, contrary
to CHT which decomposed in one and two stages, respectively. An extra step in the temperature range of 150 °C-200 °C
in TG curves of CA-CHT (0.23 mol/mol) in both atmospheres occurred due to decarboxylation of adsorbed CA.
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Fig. 1. TG curves of CHT and CA-CHT (0.23 mol/mol) in air and nitrogen atmosphere at heating rate of 10 °C/min.

Values of E, related to the second stage of thermal decomposition of CA-CHT at conversion values () from 0.1 to 0.8
were determined by Flynn-Wall-Ozawa method. The dependence of CA-CHT between E, and a was very similar to that
of CHT.
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Chitosan (CS) is non-toxic, biodegradable, biocompatible, pH-sensitive, inexpensive natural biopolymer. It can be
also easily modified via grafting reactions. One of the most attractive compounds which can be used for grafting of
chitosan is N-isopropylacrylamide (NIPAAm). Poly(N-isopropylacrylamide) (PNIPAAm) is highly thermo-sensitive
polymer which shows sharp solubility changes in aqueous solutions around a lower critical solution temperature (LCST).
PNIPAAm undergoes a sharp transition from coil to globule in water at 32 °C, changing from a hydrophilic state below
this temperature to a hydrophobic state above it. Beyond 32 °C PNIPAAm turns into precipitate and could be dissolved
again by lowering the solution temperature. Moreover, acenaphthylene (ACE) could be also introduced into PNIPAAm
grafts and serve as a fluorescent marker for more detailed investigation of thermoresponsive behavior of synthesized
copolymers.

In this study, ACE labelled chitosan-graft-poly(N-isopropylacrylamide) (CS-g-PNIPAAm-ACE) copolymers were
synthesized by free-radical polymerization of CS, NIPAAm and ACE in aqueous solution using potassium persulfate
(PPS) as an initiator and thermoresponsive properties of the prepared copolymers were investigated. CS-g-PNIPAAm-
ACE copolymers were synthesized as shown in the scheme (Fig. 1). By changing the molar ratio of the reagents two ACE
labelled graft copolymers of different composition were prepared. The reaction conditions and feed molar ratio of the
reagents are presented in the Table 1.
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Fig. 1. Synthesis scheme of acenaphthylene labelled chitosan-grafi-poly(N-isopropylacrylamide) copolymer

Table 1. Polymerisation mixture composition and reaction conditions

Molar ratio of reagents

Copolymer Reaction Reaction  Reaction
o, 3 1 0,
sample CS NIPAAm PPS ACE temperature, °C time, h yield, %
CS-g-PNIPAAm-2-ACE 1 0.5 0.16 0.015 59.8
60 6
CS-g-PNIPAAm-6-ACE 1 5 0.16  0.06 63.6

The obtained CS-g-PNIPAAmM-ACE copolymers were characterized by 'H-NMR, FT-IR spectroscopy and other
techniques. The thermoresponsive behavior of synthesized copolymers in aqueous solutions was determined by
differential scanning calorimetry, cloud point, particle size and fluorescence spectroscopy analysis.

Acknowledgment. The financial support of the Research Council of Lithuania for the project No. S-LU-22-11 in the frame of
Lithuanian—Ukrainian Cooperation Programme in the Fields of Research and Technologies is highly acknowledged.
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Persistent luminescence (PersL) is a broad field of research and PersL materials are widely used in various
applications. In recent years, new PersL materials with emission outside the visible range have been intensively
investigated. Some potential applications require emission of high-energy radiation that can be observed in shortwave
ultraviolet (UV-C) range, but suitable materials are limited.

In this study, a novel UV-C pesistent phosphor show in Figure 1 — SroMgSi>O7:Pr’" — was developed. The
solubility of Pr3* ions in the matrix was analyzed by X-ray diffraction and the optimal concentration for efficient PersL
was determined. Using photoluminescence, thermally stimulated luminescence and electron paramagnetic resonance
spectroscopy methods, the optical and structural properties of this material were characterized. By summarizing the
obtained results, the knowledge base on the mechanisms of PersL is expanded.

<
|

3,5x10"

3,0x10*

Intensity (a.u.)
=

2,5x10*

2
\

2,0x10*

10° T T r
0,01 0,1 1 10

4 -
1.5x10 Time (h)

Intensity (a.u.)

1,0x10*

5,0x10°

0,0 4
— T T T T T T T T T T T T T T T
200 250 300 350 400 450 500 550 600 650

Wavelength (nm)

Figure 1. PersL spectra of the SrzMgSi,07:0.7%Pr>" sample irradiated for 10 min with 232 nm; inset: UV-C
PersL decay kinetics of the same sample.

Latvian Council of Science, project “Defect engineering of novel UV-C persistent phosphor materials”, project
No. LZP-2021/1-0118 is gratefully acknowledged.
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One of the most promising directions for optimizing the biopharmaceutical properties of drugs is the method of
obtaining solid dispersion systems (SDS). SDS are bi- or multi-component systems consisting of an active
pharmaceutical ingredient (API) and a carrier, and represent a highly dispersed solid phase of the API or solid solutions
that form complexes with the carrier material.

The low solubility of many APIs in the aqueous environment has become one of the main challenges of
pharmaceutical science, especially when it comes to oral solid dosage forms.

The solubility of API in the aqueous environment determines the possibility of effective introduction of the drug
into the human body, and the solubility in non-polar solvents - the ability to pass through the lipid barrier of biological
membranes. Thus, the factor of solubility in polar and non-polar environments affects the processes of introduction,
subsequent transmembrane transfer of API and its overall therapeutic effectiveness [1].

Therefore, increasing the oral bioavailability of poorly water-soluble APIs is an urgent task in the development of
original and generic drugs.

Currently, polymer-based SDS are considered one of the main achievements in the field of overcoming the
problems of limited solubility and permeability of API.

The purpose of this review is to analyze current approaches to the creation and commercialization of solid
dispersion systems and to assess the prospects for the pharmaceutical industry.

In addition to increasing API dissolution, the use of SDS allows solving a number of other applied problems in the
creation of drugs:

- release modification;

- increase in chemical and physical stability;

- required pharmaco-technological properties;

- elimination of undesirable properties (side reactions, unpleasant organoleptic properties);

- the ability to bypass patent restrictions on formulation, particle size or polymorphic modifications to create
generic drugs [2].

SDS can be defined as a system consisting of a hydrophobic or sparingly soluble API dispersed in a hydrophilic
carrier medium. The role of the carrier is usually performed by pharmaceutically acceptable water-soluble or
hydrophilic polymers (polyethylene glycol, polyvinylpyrrolidone, cellulose derivatives, and others). Optionally,
surfactants can be included in these systems [3].

Industrial technologies on the basis of which solid dispersed systems can be obtained - hot melt extrusion,
dissolution and solvent removal, solvent removal by spray drying, production of systems in a fluidized bed, production
of systems by high shear granulation, high energy mixing (KinetiSol®).

Currently, there are more than 30 drugs using SDS based on pharmaceutically acceptable polymers, which are
available on the market and are approved by the US Food and Drug Administration (FDA). Although the first drugs
using SDS were commercialized in the 70s of the last century, by 2010 only about 10 such drugs were known, and in
recent years there has been a significant increase in the number of such products [4]. In view of the significant scientific
capacity and complexity in terms of technological, physico-chemical and regulatory aspects of implementation, the
lion's share of commercialized SDS is represented by the flagship companies of the pharmaceutical market (Pfizer,
Merck, Janssen, Bayer, Novartis), which definitely confirms the prospects for the development of this direction [5].

Use of SDS is relevant for pharmaceutical science and practice. The implementation of such an approach in the
creation of drugs provides opportunities for improving their biopharmaceutical properties and significantly expands
opportunities and competitiveness.

[1] Xingwang Z., Huijie X., Yue Z., Zhiguo M. Pharmaceutical Dispersion Techniques for Dissolution and Bioavailability Enhancement of Poorly
Water-Soluble. Pharmaceutics 10(3), 74 (2018).

[2] Vasconcelos T., Marques S., das Neves J., Sarmento B. Amorphous solid dispersions: Rational selection of a manufacturing process. Adv. Drug
Deliv. Rev. 100, 85— 101 (2016).

[3] Smruti P. C., Rohit P. D. Application of surfactants in solid dispersion technology for improving solubility of poorly water soluble drugs. Vol. 41,
68-77 (2017).

[4] Zhan J., Han R., Chen W., Zhang W. Analysis of the Literature and Patents on Solid Dispersions from 1980 to 2015. 12, 23 (7) (2018).

[5] Deck K. T., Daniel A. D. Jr., 2 Dave A. M. (2020). Innovations in Thermal Processing: Hot-Melt Extrusion and KinetiSol® Dispersing. AAPS
PharmSciTech, 21 (8), 312 (2020).
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The function of the skin is to provide a protective barrier against mechanical, thermal and physical injury, and
hazardous substances. Different types of medical dressings are used to facilitate and accelerate wound healing. Bioactive
dressings are mainly made from natural or artificial biomaterials (collagen, keratin, etc.) and ensure biocompatibility and
non-toxicity. Bioactive dressings initiate the synthesis of fibroblasts, accelerate endothelial migration, and determine more
rapid wound healing. Their effectiveness can be enhanced by biologically active additives such as extracts of various
medicinal plants. Frequently, herbal extracts alone do not have sufficient antibacterial activity. Their effect on wound
healing can be enhanced by addition of silver nanoparticles synthesized using such herbal extracts [1]. For wound healing
suitable high surface porosity nonwoven fabric, which ensures moisture and air perviousness, can be obtained by
electrospinning. Due to its high specific surface area, electrospun nonwoven fabric can absorb a large amount of wound
secreted exudate and protect wound from dehydration [2,3].

The aim of this research was to study the structure and antibacterial activity of electrospun keratin based nonwoven
materials modified with biosynthesized silver nanoparticles.

Polyethylene oxide (PEO) and the powder of hydrolyzed keratin (KH) were used to prepare water-based compositions
for electrospinning. “Green” silver nanoparticles (AgNPs), synthesized using Calendula officinalis and Matricaria
chamomilla blossoms extracts were chosen. Herbal extracts alone showed slight antibacterial activity against Gram-
positive bacteria (tested Gram-negative bacteria were resistant to used herbal extracts), while, biosynthesized AgNPs had
a pronounced antibacterial effect against tested pathogenic bacteria strains. A small amount of biosynthesized AgNPs
dispersion (5 %) only slightly decreases the viscosity of the keratin hydrolysate, but higher amount of dispersion (c=15%)
markedly reduces hydrolysate viscosity (down to 43 %) and conductivity (down to 3.5 %). These parameters affect the
diameter of the electrospun keratin nano-microfibers (Fig. 1).
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Fig. 1. Polymer composition influence on micro/nanofibers diameter distribution

Nano-microfibers diameter and its distribution depend on the amount of herbal extract additives. While 5-10 % of
biosynthesised AgNPs have no significant effect on the morphology of the nonwoven material, 15 % additives
significantly reduce the viscosity of the composition and make it unsuitable for the electrospinning of nano-microfibres.
Thus, keratin solution with a viscosity greater than 170 mPa-s should be used for mats electrospinning.

Acknowledgments. This work was supported by the Research Council of Lithuania [grant number P-SV-22-73].

[1] Niculescu, A.-G.; Grumezescu, A.M. (2022). An up-to-date review of biomaterials application in wound management. Polymers, 14(3), 421.

[2] KONOP, Marek; RYBKA, Mateusz; DRAPALA, Adrian. Keratin biomaterials in skin wound healing, an old player in modern medicine: a mini
review. Pharmaceutics, 2021, 13.12: 2029.

[3] Buivydieng¢, D. (2020). Formation of fibrous materials for air filtration applications via melt electrospinning. PhD dissertation (Kauno technologijos
universitetas), 3-4.

178



EXPLORING THE STRUCTURE AND DYNAMICS OF CAVITAND -
ALKANE COMPLEXES USING QM AND MD METHODS

Benjaminas Malmiga', Kestutis Aidas®

Faculty of Chemistry and Geosciences, Vilnius University, Lithuania
nstitute of Chemical Physics, Faculty of Physics, Vilnius University, Lithuania
benjaminas.malmiga@chgf.stud.vu.It

Cavitands are container-shaped molecules that are a big part of supramolecular chemistry and are a point of interest
particularly for their host-guest interactions. The formations of these host-guest complexes are determined by non-covalent
interactions and thus bear a resemblance to biological structures such as enzymes where the binding sites utilize said
interactions to confine and orient molecules for reactions that are unfeasible in standart conditions [1]. Such is also the case
with cavitands — the container like structures allow for the orientation of reagents, the host molecule can separate the guest
molecule from the surrounding solvent, for example, resorcinarene cavitands form capsule-like dimer structures and the
resulting capsule itself acts as a solvent thus influencing the solubility of the reagent [2][3].These interactions make cavitands
relevant in drug delivery systems, chemical synthesis, etc.

The cavitand introduced by de Mendoza is a cup shaped molecule that contains four 2-benzimidazolone (cyclic
carbamide) bridges that enable the cavitand to form dimers via hydrogen bonding [4]. The base of the “cup* is composed of
four benzene rings, connected together by alkane bridges, which (in the work by Zhang et. al.) have pyridine “feet” attached
to them [5]. This particular cavitand containing pyridine feet demonstrates good solubility in water making it useful for
manipulating hydrophobic compounds in water solutions. Furthermore, NMR spectra done by Zhang et. al., indicate that
alkanes take up a bent “U* or “J* conformation. Also, the cavitand has been shown to form complexes with drugs and bind
to ghrelin.

Fig. 1. Complex viewed from below, visible Fig. 2. Complex in water box, the first Fig. 3. Complex after equilibration, during
Casv symmetry and n-octane. step of equilibration at 30K, water molecules simulation, no water observed molecules inside the
observed inside of the cavitand. “cup”.

In this work, classical MD simulations of the octane molecule confined within the supramolecular cavitand were
performed aiming to evaluate the intermolecular structure of the complex in aqueous solution. The initial geometry of the
cavitand monomer was created and optimized using Gaussian, utilizing the HF/6-31+G* basis set and achieving Cs, symmetry
followed by analogous construction of the octane molecule, creating a host-guest complex where the guest is a straight n-
octane (Cs symmetry) (Fig. 1 & 2). The complex was placed in a periodic box of water molecules and the subsequent steps of
energy minimization and equilibration were achieved using AMBER. The equilibration was done under constant pressure,
raising the temperature to 298K, achieving standart conditions. The equilibration steps as well as a longer simulation has
demonstrated the ability of the host to separate the water molecules from the hydrophobic guest and allow slight
conformational changes (Fig. 3). Our MD simulations show the formation of a stable complex between the octane and cavitand
molecules. A linear all-trans conformation of octane was observed in the cavitand complex.

Aknowledgement. Computations have been performed on the recourses provided by the high-performance computing
center “HPC Saulétekis“ of Vilnius University.
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Nanosecond pulses have traditionally been employed for the permeabilization of intercellular organelle membranes,
however, the application of this technique can be challenging. An alternative approach is the use of microsecond pulsed
electric fields (usPEF) which provide the capability to regulate cytosolic signaling molecules such as calcium (Ca?")
concentrations. The increase in cytosolic Ca?" has been shown to alter gene expression through the activation of
Ca?*-responsive transcription factors [1]. Thus, usPEF may serve as an external gene expression inducer in gene therapy by
inducing Ca*" influx.

In this study, we aimed to achieve ion influx through electropermeabilization of the endoplasmic reticulum (ER).
Previous literature has indicated that the ER can be permeabilized by 100 us PEF without adverse effects on cell viability [2].
To facilitate electropermeabilization, the extracellular conductivity was altered by modifying the extracellular medium
composition. 100 ps and 1 Hz electric pulses were generated to disrupt intracellular organelle membranes. Cytosolic Ca®*
concentration changes were used as a marker for ER permeabilization. The increase in cytosolic Ca?" concentration was
observed in the HEK 293 cell line using fluorescence microscopy with the fluorescent calcium detection reagent Fluo-4.
Furthermore, live cell impermeant SYTOX™ Green, a fluorescent nucleic acid stain, indicated that 0.6 kV/cm psPEF caused
plasma membrane damage.

Our results demonstrate that psPEF treatment leads to an increase in cytosolic Ca?" concentration, however, further
studies are required to confirm the source of this increase by blocking specific Ca?" transport system components. This study
highlights the potential of easily applied microsecond pulses as a modulator of signaling molecule concentrations in gene
therapy.

[1] Thiel G, Schmidt T, Réssler OG. Ca*" Microdomains, Calcineurin and the Regulation of Gene Transcription. Cells. 2021 Apr 12;10(4):875.
[2] Hanna, H., Denzi, A., Liberti, M. et al. Electropermeabilization of Inner and Outer Cell Membranes with Microsecond Pulsed Electric Fields: Quantitative
Study with Calcium Ions. Sci Rep 7, 13079 (2017).

180



Overview of the first LHCb Open Data Release
Mindaugas Sarpis'

University of Bonn, Germany
mindaugas.sarpis @cern.ch

LHCD collaboration is releasing research-quality data to the public for the very first time. A data sample amounting
to 200TB has been obtained in 2011 and 2012 during the Run I of the Large Hadron Collider. The data is aquired by the
LHCDb detector by recording the information of proton collisions in the LHC.

The data has undergone a preprocessing step where physics objects, such as the trajectories of charged particles,
were reconstructed from the raw information delivered by the complex detector system. The data is filtered and classified
according to 300 physical processes and decays. The data is made available in the same format as is used internally by the
LHCDb physicists and is accompanied by extensive metadata and documentation, as well as a Glossary explaining several
hundred special terms used in the preprocessing. The data can be analyzed using dedicated LHCb software, which is
open-source.

In this talk, the overview of LHCb detector as well as released data will be given.
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The black carbon (BC) mass concentration values for urban areas are not available from standard air quality
monitoring networks in many countries because BC is not currently regulated by the EU Air Quality Directive or WHO
[1][2]. The urban environments are very complex due to the different emission sources and their emission activities;
therefore, a combination of mobile and stationary measurements allows for a better understanding of the dynamics of BC,
whose spatial variation is larger than that of PM, s—the EU air quality standard. In this study, real-time measurements of
BC mass concentrations were performed in an office and on a daily commute to assess work-related personal exposure to
BC deposition in the lungs of a participant. The study was conducted in Vilnius, Lithuania, in the spring of 2022. Mobile
measurements at the street level showed that the BC mass concentrations were the highest during peak hours, reaching
up to 7.14 pg/m? at hotspots. The hourly mean of the BC mass concentration in March 2022 at the urban background
station ranged from 0.30 to 9.01 pg/m3, with traffic-related BC (BCy) accounting for 66% of the total BC mass
concentration.

Fig. 1 Time series of total particle number (Ntotal) and mass concentrations (Mtotal) of 10—430 nm aerosol
particles from SMPS measurements at the urban background site (FTMC1) in March 2022, (b) deposition dose during
commuting and inside the office.

The results of the multi-path particle dosimetry model show that the minute deposition dose of BC (MDDsgc) during
the working day (including during commuting and office hours) was the highest in the morning rush hour at 52 ng/min
and in the evening at 26 ng/min, demonstrating the influence of traffic exhaust emissions on aerosol particles, especially
on fine particles. Significant differences were found between the MDDgc in the office and a vehicle. The deposition dose
indicates that daily BC exposure in vehicles during commuting could account for up to one-third (2.5) of the work-related
exposure of office workers, depending on how much time they spend commuting to work The distribution of the MDDBC
in the human respiratory tract had a maximum in the pulmonary region ranging from 5.1 ng/min in the office to 19.9
ng/min in the car during the morning drive.
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According to the World Health Organization, neurodegenerative diseases such as Alzheimer's disease, Parkinson's
disease, and other neurological disorders will become the second leading cause of death by 2040 [1]. Early detection
and treatment may improve symptoms, relieve pain, and increase mobility, and quality of life. Proteins such as amyloid-
B peptides, and phosphorylated-Tau are biomarkers of Alzheimer’s disease can be used for the detection of this disease
at an early stage of pathogenesis.

The accurate diagnosis of Alzheimer's disease is complicated and routinely performed by invasive, time-consuming,
and expensive analysis like cerebrospinal fluid analysis or neuroimaging techniques. However, obvious limitations,
such as the need for trained personnel, expensive instruments, complicated procedures, and long detection times,
prevent the widespread use of these methods.

Therefore, new detection techniques such as MIP-based electrochemical sensors are being developed, providing a
wide range of possibilities for the development of biosensors. MIP-based electrochemical biosensors are devices built
with a transducer and recognition element with an imprinted polymer to determine the presence of an analyte. The main
advantages of MIP-based electrochemical sensors are low-cost, easy preparation, advanced storage stability, and quick
read-out time [2]. The ability to imprint template molecules at room temperature without denaturation or conformational
changes is a major feature of MIP-based sensors [3]. Electrochemical biosensors also offer the advantage of detecting
various biomarkers in complex biological fluids such as blood, saliva, and urine [2, 4-8].

To improve the selectivity and sensitivity of biosensors, various semiconductor structures such as copper oxide [6],
multi-walled carbon nanotubes, delaminated titanium carbide MXenes [7] are being developed, but conducting
polymers are most commonly used [3-4, 7]. Among the many conducting polymers, such as polyaniline, polythiophene,
and poly(3,4- ethylenedioxythiophene), polypyrrole is one of the most suitable for molecular imprinting [2, 3].

This presentation reviews recent advances in the design of MIP-based biosensors for the detection of Alzheimer’s
disease biomarkers such as amyloid-f} peptides [4, 7] and phosphorylated-Tau protein [8].
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Photosynthetic antenna complexes gather solar energy in the form of molecular excitations. Photosynthetic systems
based on molecular structures and understanding their functions remains a grand challenge. It is important to study
dynamic properties of the excited states of carotenoids and chlorophylls for understanding the mechanism of
photosynthesis and it could be done by using molecular dynamics [1,2]. Thus, it is important to study such molecular
systems by using molecular dynamics (MD) approaches.

The main challenge in MD is to solve the parametrization problem for Magnesium ion which is located in
chlorophyll. Other problems are with preparation PDB files for MD packages. Finally in order to perform computations
it isn’t trivial task.

For this study it was used AMBER20 (a suite of programs for biomolecular modeling) environment, GaussView
tool, WebMO environment, Swiss-Pdb program, the MCPB.py (Metal Center Parameter Builder) script was used for Mg
parameterization, visualization with the VMD (Visual Molecular Dynamics) environment. Parametrization was done for
geometrically optimized structures with DFT methodologies: B3LYP/cc-pVDZ and CAM-B3LYP/cc-pVDZ. The
structures were taken from PDB (Protein Data Bank) database with ID 6A2W [3].

The two selected pigments - carotenoid and chlorophyll - were geometrically optimized using the GaussView tool,
then parameterization of the newly created PDB files was performed in the AMBER environment, and separate attention
was paid to the parameterization of the metal ion in the AMBER environment. With the help of the Swiss-Pdb program,
PDB files were extracted from the calculated optimized value files, which correspond to the PDB format files accepted
in the AMBER environment. Pigments parametrization, energy minimization and molecular dynamics were performed
for both carotenoid and chlorophyll using the AMBER package environment. In the case of chlorophyll, the MCPB.py
(Metal Center Parameter Builder) script was used for Mg?" parameterization. From the molecular dynamics file of
chlorophyll visualized in the VMD environment (Fig. 1), it can be seen that in the AMBER environment, using the
MCPB.py method, the molecular dynamics works, but the Mg ion is completely separated from the rest of the atoms.

Fig. 1. Chlorophyll structure after MD simulations where it can be seen that molecular structure is not valid.

The AMBER environment only accepts PDB files of a specific format, so you need to know all AMBER
requirements for PDB files to properly parameterize molecules. The AMBER environment is not designed to handle metal
ions directly, so all molecules containing metal ions must be divided into separate files, parameterized separately in
appropriate ways, and finally combined to perform minimization and molecular dynamics. Visualizing these files shows
that in MD calculations the metal ion is separated from the chlorophyll molecule and does not come back, it is concluded
that although successful managed to run MD. The main result that the AMBER MD successfully performs pure
computations, but selected parametrization parameters are not accurate enough as final MD molecular structures are not
valid.
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Heterocyclic compounds, cyclic organic compounds containing at least one heteroatom, are considered to be one of
the most significant classes of organic compounds that are used in many biological fields due to their diverse activity.
Nitrogen, oxygen, and sulphur are the most common heteroatoms in heterocyclic compounds. These ring systems are
found as major skeletons in many natural biological molecules such as hemoglobin, DNA, RNA, vitamins, hormones,
etc. Heterocyclic pharmacophores constitute the biologically active fragments of many drugs used in the treatment of
different diseases. Furthermore, N-heterocyclic compounds exhibit a variety of biological activities such as antifungal,
antibacterial, anti-inflammatory, antioxidant, anticancer, anticonvulsant, etc. [1].

The 1,2,4-triazole ring is a structural core of compounds that exhibit multidirectional biological activity and possess
a variety of biological features, including anticancer action, making it one of the most important nitrogen-containing
scaffolds in medicinal chemistry [2,3].

In pharmaceutical targets, pyridine and its precursor molecule dihydropyridine are among the most prevalent
structural units. In plants, they are mostly found in alkaloids. Pyridine- and dihydropyridine-containing drugs constitute
nearly 14% and 4% of N-heterocyclic drugs approved by the US Food and Drug Administration (FDA). The major
therapeutic areas of focus of 18% of these drugs are infectious diseases, inflammation, the nervous system, and oncology
[4]. Pyridine derivatives exhibit a variety of important pharmacological activities such as antimicrobial, antimalarial,
antidiabetic, and anti-inflammatory activities [5].

This work’s objective was to synthesize biologically active hybrid compounds bearing 1,2,4-triazole-3-thione and
substituted pyridine moieties (Scheme 1):
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Scheme 1. Synthesis of the compounds 6-10

The target compounds 6-10 were synthesized via a two-step synthesis procedure. In the first step, the corresponding
carboxylic acids were synthesized. The starting 2-aminopyridines 1-5 bearing none, one or two halogen substituents
dissolved in toluene reacted with acrylic acid under reflux for 17-24 hours. The obtained carboxylic acids were melted
with hydrazine hydrate at 185 °C for 5 hours to form the target 4-amino-1,2,4-triazole-3-thiones 6-10. The structures of
the synthesized molecules were proven by the data of the 'H, 3C NMR, and HRMS spectra.
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Over the recent years, organic-inorganic hybrid perovskite solar cells (PSCs) have been attracting a massive
worldwide attention due to their low cost and facile fabrication. HTM is one of the quintessential components required
for the efficient and stable PSC devices. The hunt is now on for new organic semiconductors that are prepared by
simple, cost-effective, and green chemistry without sacrificing the efficiency [1].

In this study, a series of donor—acceptor—donor (D-A-D) type small molecules based on the fluorene and
diphenylethenyl enamine units, which are distinguished by different acceptors, as hole transporting materials (HTMs)
for perovskite solar cells is presented. The incorporation of the malononitrile acceptor units is found to be beneficial for
not only carrier transportation but also defects passivation via Pb—N interactions.
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Fig. 1. Reaction scheme of fluorenone/dicianofluorenylidene enamine HTMs and their molecular structures.

The highest power conversion efficiency of over 22% is achieved on cells based on V1359, which is higher than
that of spiro-OMeTAD under identical conditions. In addition, we fabricated perovskite solar mini-modules (6.5 x 7
cm) exhibiting efficiency of 18.6%. This shows that HTMs prepared via simplified synthetic routes are not only a low-
cost alternative to spiro-OMeTAD but also outperform in efficiency and stability state-of-art materials obtained via
expensive cross-coupling methods.

Fig. 2. J-V curves (reverse-scan) of the PSCs based on V352, V1353 and V1359 as HTMs and spiro-OMeTAD
and long-term stability study shows in situ measured PCEs of the unsealed solar modules over 500 h under Ar.
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Macromolecular matrices are a variety of compounds that form cavities capable of complexing small molecules -
these large compounds are also called cavitands. Such complexes can be used in a wide range of applications: catalysing
difficult reactions, binding proteins for structural analysis, detecting various compounds, increasing the solubility of
compounds. Also, molecules complexed in cavitand exhibit different properties than the ones that are not bound in this
complex: these molecules can be stabilized in conformations that do not normally occur, and can participate in exotic
chemical reactions. One of the molecules that can be complexed is O-(n-octanoyl)-L-serine (Fig. 1. A.), one of the amino
acids in the naturally occurring hormone ghrelin. This molecule is thought to insert its aliphatic chain into the cavitand to
form a stable complex. We aim to investigate the intermolecular structure of this complex, as well as the conformational
equilibrium of O-(n-octanoyl)-L-serine in different media.

Experiment methods have already been carried out to analyse the complex of O-(n-octanoyl)-L-serine with cavitand
(Fig. 1. C.), and hypotheses have been put forward on the structure of this complex [1]. In order to better interpret the
experimental data that can be obtained while working with these compounds, it is worthwhile to use molecular dynamics
simulations (MDS). This method provides information at the molecular level that is unavailable experimentally. MDS in
this situation provide a significant amount of structural information in a relatively simple model. MDS were therefore
carried out for two systems: one with 3000 water molecules, one molecule of O-(n-octanoyl)-L-serine and one chloride
ion, and the other with 4000 water molecules, a complex of O-(n-octanoyl)-L-serine and a cavitand and five chloride ions.
Structure of the cavitand and of the O-(n-octanoyl)-L-serine are shown in Figure 1. (Fig. 1. A. and B.).

The molecular dynamics simulations under NPT and NVT ensembles were followed by calculation of the radial
distribution functionsas well as other structural parameters. From the radial distribution functions, coordination numbers
for atoms that can form hydrogen bonds have been calculated and a distinct cavitand steric effect has been observed. It
was also found that the conformational changes of the aliphatic chain of the O-(n-octanoyl)-L-serine molecule are slower
when it is in complex with a cavitand. Analysis of the distance between the bottom of the hydrophobic pocket of the
cavitand and the last methyl of the O-(n-octanoyl)-L-serine molecule aliphatic chain confirmed the stability of the
complex.
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Fig. 1. Molecular structures of: A. O-(n-octanoyl)-L-serine; B. Cavitand; C. Complex of O-(n-octanoyl)-L-serine
and cavitand.
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Vitrimers are a class of polymers between thermosets and thermoplastics and therefore change their topology
through a dynamic bond exchange that results in their self-healing and reprocessability [1]. This can solve the worldwide
expanded manufacturing of thermosets and the fast use of fossil-based feedstocks and contribute to environmental
protection. Vitrimers with dynamic covalent bonds that have undergone the most recent research are epoxy or acryl-based
and rely on reversible transesterification reactions [2,3]. Over the past five years, there has been an increase in scientific
publications involving biobased vitrimers. This draws attention from vitrimer researchers to the need to develop new
biobased monomers for the synthesis of high-performance and sustainable materials. As monomers for various vitrimer
synthesis reactions, functionalized triglycerides, lignin, vanillin, tannin, polysaccharides, and furan derivatives have
already been used [4]. Glycerol, the main biodiesel by-product of the production from vegetable oil and animal fats, is
appealing for vitrimer synthesis of vitrimers since it has properties such as low volatility, hygroscopicity, plasticization
effect, high miscibility, compatibility with a variety of materials, stability, high viscosity, and nontoxicity [5].

The aim of this research was to synthesize sustainable materials for an environmentally friendly strategy by
combining the characteristics of renewable resources, glycerol, and vitrimers. Consequently, functionalized soybean oil,
glycerol, and tetrahydrofurfuryl methacrylate (Fig. 1a) in different ratios were chosen for the preparation of UV-curable
resins. The conversion of acrylate double bonds was estimated by FTIR on a Bruker Vertex 70 spectrometer and the
highest value was (83.8 + 3.3) % (Fig. 1b). Stress relaxation experiments performed on an Anton Paar MCR302 rheometer
revealed that after UV curing, the dynamic networks were able to rapidly undergo thermoactivated network topology
rearrangements. The rigidity of the vitrimers decreased slightly, the viscosity of the resin was reduced, and double bond
conversion increased with increasing the amount of tetrahydrofurfuryl methacrylate. The synthesized vitrimers showed
reprocessability, shape memory, and self-healing properties.
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Fig. 1. Chemical structures of functionalized glycerol, soybean oil, and tetrahydrofurfuryl methacrylate (a), the
conversion of acrylate double bonds (b).
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Hot embossing molding technology is widely used in the plastic molding process. Thermoplastic polymers are
heated to the glass transition temperature and the mold starts the embossing process, then the matrix is cooled, and the
demolding procedure is performed [1]. By including dynamic (vibration-assisted) conditions in the forming process, a
viscoelastic material with multiple relaxations can be obtained [2]. Vibrations could also improve the flow of plastic into
the mold.

To form a dynamic hot embossing forming environment, it should have three main components: a heating element, a
pressure element, and a vibration element [3]. In this experiment, heating and vibration were created by using a
magnetostrictive device, the technological part is patented by the European patent K158-89 EP and the Lithuanian patent
K158-89. The tensile "Tinius Olsen" test machine was used to create the pressure force. Polyvinyl chloride (PVC) plastic
was chosen for molding process. Using vibration-assisted hot embossing molding technology, a microstructure was
obtained on a 4 mm thick sheet. Various molding parameters that may affect the molding process were tested: temperature,
load, vibration frequency and amplitude. The quality of the resulting structure was analyzed using the diffraction method.
After being illuminated with green (525 nm) laser light, the light was split into diffraction maxima. The data are arranged
in order and presented in Figure 1.
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Fig. 1. Magnetostriktorius jstatytas j “Tinius Olsen" test machine and diffraction efficiency measurement results

During the research, the most approximate conditions for the formation of microstructures were determined. Also,
it was found that using hot embossing technology without vibrations, a lower quality microstructure was obtained,
comparing vibration-assisted hot embossing molding technology.
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Organic light-emitting diodes (OLEDs) are becoming increasingly popular for use in display or phototherapy
lighting applications due to their various advantages such as high-quality color, low energy cost, light weight, and
flexibility. Among the potential molecular structures in blue-emitting aggregation-induced emission (AIE) compounds,
tetraphenylethene has been shown to be an effective core molecule for generating excellent AIE [1-3].

Synthesis of compounds 1-3 with different substitutions are shown in Scheme 1. The photophysical, thermal, and

electroluminescence characteristics of the designed emitters were investigated to clarify the molecular structure-
property-performance relationship.
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Scheme 1. Synthesis of the triphenylethylene based compounds.

The doped blue-emitting OLED with compound 2 exhibited satisfactory peak efficiency of 8.7 cd/A and high
maximum luminance of 18474 cd/m?. The fabricated white-emitting OLEDs with 2 achieved a maximum efficiency of
5.6% (8.0 cd/A and 7.5 Im/W). These results indicate that the triphenylethene-carbazole structure designs for AIE

molecules could simultaneously harvest wide energy bandgap and high luminance, demonstrating their high potential
for EL applications.
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Organic light-emitting diodes (OLEDs) technology has outperformed other technologies in recent decades [1].
OLED:s are the ultimate technology for display and are stepping rapidly into lighting. At present, there is an intensive
need for high-performance deep-blue emitters in full-color display and solid-state lighting [2]. However, as the emission
peaks shift towards the deep-blue region, the nonradiative transition rate of metal d-orbitals tends to increase, making it
difficult to achieve a high efficiency altogether [3]. To solve the problem, small-molecules fluorescent materials have
re-gained attention due to their high color purity and low cost [4]. The synthesis of bicarbazole-based host materials was
carried out by the three-step synthetic route as shown in Figure 1. Herein, we introduce a series of donor-acceptor-donor
(D-A-D) twisted derivatives based on carbazole-benzophenone moieties.
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Fig. 1. Synthetic pathway of bicarbazole-based materials.

We have designed three-step synthesized carbazole-benzophenone-based twisted D-A-D derivatives, namely 6, 7,
8, and 9, as bi-functional materials. These materials possess high decomposition temperatures (>360°C) and glass
transition temperature (~125°C), high photoluminescence quantum yield (>60%), wide bandgap (>3.2 eV), and a short
decay time (ns). Owing to their properties, the materials were utilized as blue emitters and host materials for deep-blue
and green OLEDs, respectively. In terms of the blue OLEDs, the emitter 7-based device has outperformed others by
showing a high maximum EQE of 4.0%, close to the theoretical limit of fluorescent materials, for a deep-blue emission
(CIEy= 0.09). Whilst the same material also displayed a maximum power efficacy of 45 Im/W as a host material doped
with a phosphorescent emitter (Ir(ppy)s). Furthermore, the materials were also utilized as a host with TADF green
emitter (4CzIPN). Due to the high quantum yield of 69%, the host 9-based green device has displayed a maximum EQE
of 11%. Therefore, the bi-functional materials are easily synthesized, economical, possess excellent characteristics and
are expected to be useful in a variety of cost-effective and high-performance OLED applications.
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Recent years have reached intense research and development efforts of perovskite solar cells (PSCs), due to their
growing efficiency [1]. Self-assembled mono-molecular layers have been proven to be useful as the HTL for high-
efficiency Pb-PVK PSCs.[2] The molecules for these monolayers have p-type group/linker group/anchor groups. The
molecules with phosphonic acids as the anchor group (PACz) are widely used in PSCs.

Poly[bis(4-phenyl) (2,4,6-trimethylphenyl) amine] (PTAA) is commonly employed as a hole transporting layer for
FA(3Cso2Pbl; sBri». However, since the hydrophobic surface sometimes suppressed the crystal growth of the
FA.3Cs0.2Pbl; gBri; layer and the Fermi level of PTAA is not well matched with that of perovskite film, the efficiency of
the WBG Pb-PVK PSCs consisting of PTAA was not high.

In this study, a series of PACz-based SAMs with different functional groups (I-3PACz, 9p-3PACz, 2M3P-3PACz)
were synthesized to modify the interface between PTAA and perovskite film. The structures of compounds are shown in
Figure 1.
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Fig. 1. Structures of compounds I-3PACz, 9p-3PACz and 2M3P-3PACz

The experimental results showed that molecules with more bulky substituted groups (9p-3PACz) achieved the best
results. After the 9p-3PACz modification, not only the crystallization of the perovskite thin film improved but also the
defect density of the perovskite film reduced. The energy-band bending due to SAMs molecular polarity also reduces the
carrier transport and extraction resistance. Also, PTAA/9p-3PACz-based PSCs achieved a high PCE of 16.52 % with a
bandgap of 1.77 eV.

Acknowledgements. This research was conducted in the frame of the project with support grant S-LJB-22-2 from
Research Council of Lithuania.

[1]P. Yan, D. Yang, H. Wang, S. Yang, Z. Ge. Recent advantages in dopant-free organic hole-transporting materials for efficient, stable and low-cost
perovskite solar cells, Energy Environ. Sci., 15, 3630-3669 (2022).

[2] F. Ali, C. Roldan-Carmona, M. Sohail, M.K. Nazeeruddin. Applications of self-assembled monolayers for perovskitwe solar cells interface
engineering to address efficiency and stability, Advanced Energy Materials, 10, (2020).
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Over the years the dielectric properties of [NH4[Zn(HCOO3)] formate metal framework has been investigated by
academic community. Guan-Cheng Xu et al. in their research reported that paraelectric — ferroelectric phase transition for
metal organic framework was at 191 K [1]. However, our initial investigation showed that added potassium dopants
diffuse into the [NH4[Zn(HCOO3)] structure, that lead to temperature drop for the paraelectric — ferroelectric phase
transition and increase in activation energies.

In this presentation dielectric properties of ammonium zinc formate samples were being investigated. For pure and
potassium doped [NH4][Zn(HCOO3)] frameworks dielectric permittivity dependence on temperature (100 — 300K) were
measured, using flat capacitor method in the 102-10°Hz frequency range which was illustrated in figure 1. At significantly
high temperatures dielectric permittivity is dependent on frequency, which can be related to Maxwell — Wagner relaxation.
Moreover, relaxations near phase transition temperatures can be linked to the motion of domain walls. We present inverse
temperature dependence of logarithm of relaxation time, which was obtained by approximating frequency dependencies
of dielectric permittivity, using the superposition of several Cole — Cole functions. Furthermore, the activation energies
for relaxation for organic metal frameworks both pure (Ex = 0.15V) and dopped with potassium (Ex = 0.34V) were
approximated following Arrhenius law. Increase in activation energies with K 5% impurities could have happen_due to
domain wall fixing to point defects, caused by potassium, which hinders its motion.
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Fig. 1. Temperature dependence of the real (top) and imaginary (bottom) parts of dielectric permittivity of
[NH4][Zn(HCOO3)] crystal along ¢ — axis. (a) pure (b) with 5% K.

[1] Xu, Guan-Cheng, et al. "Disorder — order ferroelectric transition in the metal formate framework of [NH4][Zn (HCOO) 3]." Journal of the American
Chemical Society 132.28 (2010): 9588-9590
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There is a plethora of piezoelectric ceramics’ applications in electronics, telecommunications and medicine.
Ceramics containing lead were the most widely used, as they seemed to have the best ferroelectric properties [1]. The
problem with lead containing materials is that lead is toxic, which causes the search for lead-free ceramics. One of the
most promising lead-free piezoelectric materials is NagsBiosTiO3 (NBT). Pure NBT ceramics with their ferroelectric
properties hardly reach lead-based materials and are therefore doped with other materials. In this work - cadmium
titanate (CdTiO3).

Materials under test with different concentrations of CdTiO3 were prepared by solid state reaction from chemical-
grade oxides [2]. We examined samples containing 10 %, 20 %, 35 %, 40 % and 45 % of CdTiOs. Dielectric properties
were obtained by cooling samples in a temperature range from 500 K to 100 K with a HP4284A LCR meter. A
temperature change rate was approximately 1 K/min. Polarization hysteresis and electromechanical properties were
measured with AixaCCT TF 2000 analyzer applying 4 kV external field. Samples were cooled down to 200 K.

Temperature dependences of dielectric permittivity (Fig. 1) shows that increasing CdTiOs concentration gives
higher dielectric constant values. Comparing it to pure NBT ceramics maximum of dielectric permittivity can be
obtained at lower temperatures. Typical ferroelectric properties are only observed for a composition x = 0.45 (Fig. 2).
Same results can be seen for sample where x is equal to 0.35 but only at lower temperatures. Behavior of sample with
10 % of CdTiOs is very similar to linear dielectric and stays the same over the whole temperature range.
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Fig. 1. Temperature dependences of complex Fig. 2. Electric field dependence of strain and
dielectric permittivity. polarization at room temperature.

[1]1 X. Wang, Y. Huan, S. Ji, Y. Zhu, T. Wei, and Z. Cheng, Ultra-high piezoelectric performance by rational tuning of heterovalent-ion doping in
lead-free piezoelectric ceramics, Nano Energy 101, (2022).

[2] M. Dunce, E. Birks, M. Antonova, V. Zauls, M. Kundzinsh, and A. Fuith, Structure and physical properties of Na,,Bi;,TiO3-CdTiO; solid
solutions, Ferroelectrics 417, (2011).
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Silica is a common material with a wide range of commercial applications — including the production of glass,
concrete and semiconductors. This makes accurately modelling its properties using molecular dynamics particularly
important. Furthermore, procedures for calculating the physical properties of silica can be often generalized for other
oxide materials [1].

Recently, a new interbody potential for modelling silicon dioxide interactions has been developed. It has been
shown that this potential allows for accurate prediction of the physical properties of amorphous silica even under high
pressures with decreased intermolecular distance [1]. Our recent research has shown, that the value of the heat conductivity
coefficient can vary substantially depending on the method used. This study attempts to develop an accurate method for
calculating heat conductivity of silica using the equilibrium Green-Kubo [2] method and non-equilibrium Miiller-Plathe
method [3].

Obtaining accurate results turned out to be non-trivial, particularly using the Green-Kubo method. Molecular dy-
namics simulations in the LAMMPS [4] environment have been conducted in order to compare the results across the
two methods and different procedures for obtaining the final heat conductivity value. The aim is to evaluate the results
obtained from those methods by comparing them with each other and the known experimental values. The relationship
between the heat conductivity coefficient and pressure can also be determined and can serve as an another way to evaluate
the results.

[1] S. Sundararaman, L. Huang, S. Ispas, and W. Kob, “New optimization scheme to obtain interaction potentials for oxide glasses,” The Journal of
Chemical Physics, vol. 148, no. 19, p. 194504, 2018.

[2] R. Kubo, M. Yokota, and S. Nakajima, “Statistical-Mechanical Theory of Irreversible Processes. II. Response to Thermal Disturbance,” Journal of
the Physical Society of Japan, vol. 12, no. 11, pp. 1203-1211, 1957.

[3] F. Miiller-Plathe, “A simple nonequilibrium molecular dynamics method for calculating the thermal conductivity,” The Journal of Chemical Physics,
vol. 106, no. 14, pp. 6082-6085, 1997.

[4] A.P. Thompson, H. M. Aktulga, R. Berger, D. S. Bolintineanu, W. M. Brown, P. S. Crozier, P. J. in ’t Veld, A. Kohlmeyer, S. G. Moore, T. D.
Nguyen, R. Shan, M. J. Stevens, J. Tranchida, C. Trott, and S. J. Plimpton, “Lammps - a flexible simulation tool for particle-based materials
modeling at the atomic, meso, and continuum scales,” Computer Physics Communications, vol. 271, p. 108171, 2022.
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Electron paramagnetic resonance (EPR) is a technique used to study and manipulate electron spins in various
functional materials. Recently, major advances in EPR sensitivity were achieved using planar superconducting
microresonators [1,2]. However, microresonators fabricated from conventional superconductors have severe limitations
for conventional EPR due to their low temperature of operation and susceptibility to the magnetic field. For this reason,
microresonators fabricated from high-T7¢ superconductors are gaining attention [3].

Here, we explore a novel planar “airplane” microresonator geometry coupled to a co-planar waveguide (Fig. 1)
using the CST Microwave Studio computational electromagnetics tool. We analyze the distribution and homogeneity of
the microwave magnetic field produced by the microresonator. Our results show that the highest magnetic field density
is concentrated on the inductor region, although the undesirable contribution from the capacitor is also significant. We
discuss ways to further improve the resonator design.

Fig. 1. Model of an “airplane” type resonator on a co-planar waveguide. Colour coding represents the intensity of the
microwave magnetic field of the microresonator. The inductor region is emphasized in the enlarged figure.

[1] A. Bienfait, et al., Reaching the quantum limit of sensitivity in electron spin resonance, Nat. Nanotechnol. 11, 253-257 (2016).
[2] J.J.L. Morton, P. Bertet, Storing quantum information in spins and high-sensitivity ESR, J. Magn. Reson. 287, 128-139 (2018).
[3] Ghirri, A. et al. YBa,Cu30; microwave resonators for strong collective coupling with spin ensembles, Appl. Phys. Lett. 106, 184101 (2015).
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The expectations for the use of GaN material for UV-blue light are still very high due to the great demand for lighting
sources of high efficiency for various applications, such as automotive manufacturing, water cleaning, and
communication technologies. Such high demand encourages extensive search for material improvements, for example,
an extension of the spectral range of operation. The most used switching method for spectral range extension is optical
harmonic generation. Conventional birefringent materials have got competing methods of satisfying the phase matching
condition such as quasi-phase matching (QPM) [1] and modal phase matching (MPM).

In this work, we demonstrate a broadband second harmonic generator for green spectra, that is based on QPM
structure - a GaN sample of periodical polarity grown via metalorganic chemical vapor deposition (MOCVD) using
Aixtron CCS 3x2” reactor. A periodical polarity GaN (PPO-GaN) structure was fabricated with an alternating periodicity
of 4 um and thickness of 1.2 uym. From the measured second harmonic (SH) in the wavelength range of 500-550 nm, the
evaluated SH (g = 512 nm) conversion efficiency was 0.79 - 107> % - W~ for the pump peak power of 44 kW .

The optical system used to observe and measure the second harmonic signal consisted of a 1kHz repetition rate
femtosecond Ti:sapphire chirped pulse amplification laser system, providing 35-40 fs pulses centered at 790 nm with
maximal pulse energy of 5 m.J, which was used to pump OPA in order to tune the wavelength between 950 and 1150 nm.
The duration of a single OPA pulse energy was about 45 fs and 0.1-0.2 mJ.

Fig. 1 The experimental pump (black points, bottom scale) and SH (light grey line, upper scale) peak intensity of the
PPO-GaN sample.

In Figure 1 we present the measured wavelength spectra of the 1100 nm pump and generated second harmonic (SH)
pulse. The temporal and spectral characteristics of the pump pulse are defining the ~50 nm FWHM of the SH pulse
spectra. There is a slight difference in the SH pulse compared to the pump pulse, which can be attributed to some
incoherence of the pump at the slopes of the spectra.

[1] D. H. Hahn, G. T. Kiehne, J. B. Ketterson, G. K. L. Wong, P. Kung, A. Saxler, and M. Razeghi, J. Appl. Phys. 85, 2497 (1999).

197



EMOTION RECOGNITION USING A GENERAL-PURPOSE OBJECT

DETECTION ALGORITHM
Arvydas Lozys', Ema Spiliauskaite!, Migle Skystimaite!, Daichi Tsujimoto!,
Antanas Zinovicius', Vytautas Bucinskas'

'Vilnius Gediminas Technical University, Faculty of Mechanics, Plytines g. 25, 10105 Vilnius, Lithuania
antanas.zinovicius@yvilniustech.lt

Emotions are complex psychological states that involve subjective feelings, physiological changes, and
behavioural responses to stimuli. They are important because they play a crucial role in how we perceive, interpret, and
respond to the world around us [1]. Emotions help us to communicate with others, make decisions, and motivate us to
take action. It is important to detect emotions for the reason that they can help us understand and respond appropriately
to the needs of others. Detecting emotions can also help us regulate our own emotions, which can improve our
relationships and overall well-being. Besides, being able to accurately detect emotions is important in many fields,
including psychology, counselling, education, and business [1].

Identifying emotions can sometimes be challenging, so there are technologies that help us to understand what
people are feeling. It is possible to train artificial intelligence (Al) systems to recognise people's emotions based on
facial expressions, text, gesticulations, and verbal expressions. When it detects a certain emotion, the Al can adjust its
behaviour to better suit the specific ongoing situation. People are better at recognizing different emotions, but Al has
ability to analyse large amounts of data using computer vision and deep learning algorithms and other techniques [2].

The algorithm we chose for our emotion detection project was YOLOvV5 (You Only Look Once) by Ultralytics [3].
Even though this Al algorithm is intended to locate instances of objects in images or real-time video feed, meaning that
it is not designed to detect and recognize emotions like other machine learning algorithms. Before the model could be
trained, we gathered synthetic data, data from an open-source database and our custom data which was then combined
to produce a database made up of 1400 images [4]. The dataset was prepared to train a model which could detect and
recognize 3 emotions (happy, neutral, sad) given that we have appropriate camera lighting and positioning.

Our trained model can detect and correctly identify an emotion in real-time from a computer camera with an
accuracy of 80%. There is a lot of room for improvement since we used a general-purpose object detection algorithm. In
the future we intend to build an algorithm that is created specifically for extracting facial features which will help to
increase the accuracy and reliability of the model.

[1] M. Garcia-Garcia, “IMPLICATIONS FOR BRAND SUCCESS AUDIENCEXSCIENCE 2020 The Advertising Research Foundation Global Lead
of Neuroscience Global Science Organization, Ipsos,” 2020.
[2] A. McStay, “Emotional Al, soft biometrics and the surveillance of emotional life: An unusual consensus on privacy,” Big Data Soc, vol. 7, no. 1,
p. 205395172090438, Jan. 2020, Doi: 10.1177/2053951720904386.
[3] Zhang, Z., Lin, P., Ma, S., & Xu, T. (2022). An Improved Yolov5s Algorithm for Emotion Detection. 2022 5th International Conference on
Pattern Recognition and Artificial Intelligence, PRAI 2022, 1002—-1006. https://doi.org/10.1109/PRAIS5851.2022.9904113
[4] IGOR. (2022). emotions dataset Dataset [Open-Source Dataset]. In Roboflow Universe. Roboflow.
https://universe.roboflow.com/igor-dwg3d/emotions-dataset-o
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One of the most important requirements for a spin-based quantum computer [1] is a long spin coherence time in
comparison to time necessary for computations. To prolong the quantum superposition, the spin must be isolated from its
environment, however this is done at the expense of ability to control the system. Donors implanted in silicon have been
demonstrated to offer a solution for easy qubit manipulation [2,3], with coherence times of several seconds [4]. This is
typically achieved in doped bulk crystals of silicon. On the other hand, implanting donors very close to the surface (at the
depth of hundreds of nanometres) is highly attractive for functional quantum technologies. However, structural defects
arising during implantation may limit the number of active spins and shorten their coherence time. Some structural
damage could be repaired during annealing [5], but essential parameters for this process are not well studied.

Here, we search for optimal annealing parameters of tellurium donors at the silicon surface. We test samples of
different implantation depth by measuring their coherence times and active spin concentrations using electron spin
resonance. We base our donor spin concentration estimates on reference sample of silicon doped with phosphorus.

[1] D. P. DiVincenzo, The Physical Implementation of Quantum Computation, Fortschritte der Physik, 48, 771-783 (2000).
[2] B. E. Kane, A silicon-based nuclear spin quantum computer, Nature, 393, 133-137 (1998)

[3] A. Morello et al., Single-shot readout of an electron spin in silicon, Nature, 467, 687-691 (2010).

[4] G. Wolfowicz et al., Atomic clock transitions in silicon-based spin qubits, Nature technology, 8, 561-564 (2013).

[5] M. Siménas et al., Near-surface '’Te" Spins with Millisecond Coherence Lifetime, Phys. Rev. Lett., 129, 117701 (2022).
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The AISil10Mg alloy is frequently subjected to post-processing after Selective Laser Melting (SLM) in order to
enhance its mechanical performance. Hot isostatic pressing is the most commonly used method for plastic deformation
processes[1], however, this approach results in a notable decline in strength. To enhance the mechanical properties of
various metals, Equal Channel Angular Pressing (ECAP) or Equal Channel Angular Extrusion (ECAE) are often
employed as they result in refined microstructure and higher dislocation density[2].

The objective of this study is to enhance the mechanical properties of AISi10Mg alloy produced by Selective Laser
Melting (SLM) by undergoing post-processing using Equal Channel Angular Pressing (ECAP). The research evaluated
two post-processing approaches: low-temperature annealing (LTA) followed by ECAP treatment at 150°C and ECAP
treatment without heat treatment at various temperatures of 350°C, 400°C and 450°C.

The microstructure and mechanical properties of the alloy were analyzed after each post-treatment stage. The
results from metallographic observations, Scanning Electron Microscopy (SEM) and Electron Backscattered Diffraction
(EBSD) showed that SLM-produced alloys have a unique cellular microstructure composed of Si networks surrounding
an Al-based matrix phase.

LTA followed by ECAP treatment promoted the microstructural development of the alloy, leading to the partial
breakup of the Si network and the nucleation of B-Si precipitates throughout the Al matrix. This resulted in a Vickers
microhardness of 153 HV and a yield strength of 415 MPa (shown in Fig. 1). These values are among the highest
reported in literature for this alloy. The findings indicate that post-processing of SLM-produced AlSi10Mg alloys using
ECAP has a significant impact on the microstructural evolution and mechanical properties of the alloy.

Fig. 1. Compressive test plots of investigated samples.

[1] R. Ma et al., Enhanced strength of the selective laser melted Al-Mg-Sc-Zr alloy by cold rolling, Materials Science and Engineering A 775, 138975
(2020).

[2] P. Snopinski, K. Matus, F. Tatigek, S. Rusz et al., Overcoming the strength-ductility trade-off in additively manufactured AlSi10Mg alloy by
ECAP processing, Journal of Alloys and Compounds, 165817 (2022).
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Due to the vast growth of radio and telecommunication networks, devices that can harvest energy in radio and
microwave frequency bands have recently been gaining much attention [1, 2]. One benefit of such devices is that as radio
power sources get denser and more of their energy is wasted, it might be possible to further Europe's green deal plan by
gathering that energy and using it to power low-current electronics. In addition, because solar panels and wind turbines
can't be utilized indoors and there are not so many locations without a WiFi router, radio energy harvesters provide another
less well-known benefit.

In this work we investigate the possibility of harvesting energy from a standard WiFi router. For this purpose radio
frequency (RF) energy harvesting system is developed. It is made using several high gain antennas, full wave voltage
rectifiers with impedance matching networks and a power managing module (BQ25570). The proposed system is
developed to work in 2.45 GHz frequency band (8-th channel of WiFi2.4). The reason for using more than one antenna
is that power density decreases as 1/R?, where R is the distance between the source and the harvester’s antenna. Therefore,
utilizing more antennas makes it feasible to have a larger surface area, which increases the power that can be harvested.
Manufactured slot antennas gain dependence on frequency is shown in Fig. 1. A few different antenna manufacturing
methods are investigated: lithography and selective surface activation induced by laser (SSAIL) [3]. From the figure, we
observe that at 2.45 GHz antenna manufactured using SSAIL has a higher gain than the one manufactured using
lithography. One of the most important elements in such small power energy harvesting systems is the impedance
matching circuit. We modeled and manufactured an impedance-matching network for our rectifier. Fig. 2 shows rectifier’s
rectification voltage when the RF input power from the antenna to the rectifier is 1 mW. When impedance is matched, it
is possible to get almost 2.6 more voltage compared to the unmatched rectifier.

Fig. 1. Slot antenna gain Fig. 2. Full wave voltage rectifier with and without
impedance matching network (input power 1 mW)

Manufacturing a rectifier and antenna on a single substrate is our way to improve the overall system's performance
by reducing its dimensions and minimising losses due to connectors. This is achieved by applying a novel SSAIL
technique, which allows us to grow metallization on planar or 3D structures made of different materials, starting from
standard dielectrics and soft or hard ceramics to flexible polymers.

Our goal is to prove that it can collect enough energy to consistently or periodically power a low-power sensor or
microcontroller. Such systems can be used in various fields where low-power sensors or sensor networks need to be
powered for extended periods of time. This would lessen the demand for batteries and contribute to environmental
improvement.

[1] H. D. Do, D. E. Kim, M. B. Lam, and W. Y. Chung, “Self-Powered Food Assessment System Using LSTM Network and 915 MHz RF Energy
Harvesting,” IEEE Access, vol. 9, pp. 97444-97456, 2021, doi: 10.1109/ACCESS.2021.3095271.

[2] R. Berges, L. Fadel, L. Oyhenart, V. Vigneras, and T. Taris, “Conformable dual-band wireless energy harvester dedicated to the urban
environment,” Microw. Opt. Technol. Lett., vol. 62, no. 11, pp. 3391-3400, Nov. 2020, doi: 10.1002/mop.32461.

[3] Ratautas, K., Norkus, E., Jagminiené, A., Raciukaitis, G., & Stankevi¢iené, I. (2018). Laser Assisted Selective Metallization of Polymers; Laser
Assisted Selective Metallization of Polymers. In 2018 13th International Congress Molded Interconnect Devices (MID).

This project has received funding from European Regional Development Fund (project No 01.2.2-LMT-K-718-03-0038) under a grant agreement with
the Research Council of Lithuania (LMTLT)
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The goal of reducing the dimensions of THz imaging systems is crucial to make them more versatile and practical
for various applications such as security or material science [1]. By utilizing wave optics the diffractive optics approach
provides a solution to small size, low weight challenge by enabling precise control of phase shifts and constructive
interference. The significance of designing diffractive optical elements has grown in recent years as THz beam-forming
[2], imaging [3], have become essential in the development of THz technology. By using diffractive optics, it is possible
to achieve similar performance to conventional lenses and design elements with a shorter focal length.

The aim of this work is to increase the efficiency of the THz detector by developing design of the radiation coupling
optics that maintains the small dimensions of the whole system offering an "on-chip" solution. At the same time, the
developed design simplifies the manufacturing technology of the system by bypassing the problem of conform to the
planes on both sides of the InP wafer [4].

In this work, models of diffraction optics (zone plates) with InP wafers systems are created using only a computer
program CST MW Studio. Various combination of InP wafer thickness and zone plate focal length were virtually created
and tested. The best optical part model was integrated with a bowtie THz detector in order to improve the coupling of
radiation into the detector. Numerical simulations of terahertz radiation propagation are performed using the same
computer program to evaluate the detection system model.

Best performance was demonstrated by 335 pum thickness InP wafer and F = 645 pm zone plate. The obtained results
[Fig. 1(b)] shows that bow-tie detector can effectively concentrate electric field by itself. Adding contacts and zone plate
around it [Fig. 1(a)] increases electric field 6 times.

Fig. 1. Panel a: simulated model of the bowtie detector with zone plate and contact tracks. Inset depicts an
enlarged view of the bowtie detector. Panel b: cut of the electric field at z = -0.5 pm for different configurations. ZP —
zone plate only; PD — bowtie detector only; ZPD — zone plate and bowtie detector; ZPDT — zone plate, bowtie detector,
and contact tracks.
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