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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).
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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.
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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
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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).

42



NITROGEN-MODIFIED REDUCED GRAPHENE OXIDE AS A PLATFORM
FOR SENSITIVE AND SELECTIVE ELECTROCHEMICAL DETECTION
OF DOPAMINE

Riita Aukstakojyté', Justina Gaidukevi¢!, Rasa Pauliukaité?®, Jurgis Barkauskas'

nstitute of Chemistry, Faculty of Chemistry and Geosciences, Vilnius University, Lithuania
2 Department of Nanoengineering, Center for Physical Sciences and Technology, Lithuania
ruta.aukstakojyte@chgf.vu.lt

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).

[1] Ramirez, A. P. (1997). Colossal magnetoresistance. Journal of Physics: Condensed Matter, 9(39), 8171.
[2] Xiao, J. Q., Jiang, J. S., & Chien, C. L. (1992). Giant magnetoresistance in nonmultilayer magnetic systems. Physical Review Letters, 68(25), 3749.
[3] Singh, S. (2020). The Ising Model: Brief Introduction and Its Application. Solid State Physics [Working Title].

48



MODELLING GLIBENCLAMIDE IN AQUEOUS MIXTURES

OF BIOACTIVE IONIC LIQUIDS
Zyginta Einoryté', Vytautas Klimavicius', Kestutis Aidas'

!nstitute of Chemical Physics, Faculty of Physics, Vilnius University, Lithuania
zyginta.einoryte@ff.vu.lt

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.

8.5E-5
LY
—— PFO -
8.0E-54 [----- PSO
rrrrrrrrrr IPD P
Model| R2 o Pt
75E-5- [PFO 08023
S PSO  0.9395 e
> IPD  0.9410 o
~— 7.0E-5
6.5E-5
/f/
L
6.0E-5 ’{,"

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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[2] P. Sobierajska, A.Serwotka-Suszczak, S. Targonska et al., Synergistic Effect of Toceranib and Nanohydroxyapatite as a Drug Delivery Platform—
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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.
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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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200:18 (37pp), 2012
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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)

86



SPATIAL DIVERSITY IN COMPETING DYNAMICS ISING MODEL

Justas Kvedaravicius!, Aleksejus Kononovicius?

IFaculty of Physics, Vilnius University, Lithuania
ZInstitute of Theoretical Physics and Astronomy, Faculty of Physics, Vilnius University, Lithuania
justas.kvedaravicius @ff.stud.vu.lt

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).
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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
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[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-
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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).
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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).
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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 fro