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Welcome to International Conference
«NANOTECHNOLOGY AND
NANOMATERIALS»!

It gives me a great pleasure to welcome you all
at the International Conference ‘“Nanotechnology
and nanomaterials” (NANO-2023) that will be held
in Lviv from August 16 to 19, 2023. Its aim is to
promote scientific contacts and discussions between
researchers representing various fields.

Previous NANO Conferences, held in Ukraine in
2013-2022, allowed the participants, including
young scientists, to familiarize with current research
and application problems in this area and thus
forward implementation of nanotechnologies into
innovations meeting public needs. The events also
gave the opportunity to young and early-career
researchers to attend lectures of internationally recognized experts and roundtable
discussions on the emerging fields in nanosciences and nanotechnologies.

Our previous International Conferences and Summer Schools received positive
feedback from international experts and from the media. Now we are holding the
11% such meeting, for which we are deeply grateful to its indefatigable initiator
and organizer, Dr. Olena Fesenko and all her assistants, as well as to the universities
and institutes that hospitably welcome the participants.

This year above 600 registration forms have been received from scientists
representing more than 30 countries. We especially appreciate the participation in
the conference of our foreign colleagues, both those who attend here and those
who communicate their works remotely.

The fruitful cooperation of scientists is highly important not only to science
itself. It helps us to overcome political and war conflicts and misunderstandings
and to find our just peaceful future, which is now vitally important not only to
Ukraine but also to other countries.

I wish the participants of the Conference to successfully share and broaden their
knowledge in nanoscience and nanotechnologies, to advance the networking and
launch new contacts between academia and research players in this area and thus
to create a good basis for further practical contributions.

May good health serve us and promote creative success in our research!

Academician of NAS of Ukraine,
Professor Anton G. Naumovets
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Group photo of participants of the 1% International Summer School
for young scientists "NANOTECHNOLOGY: from fundamental research to
innovations" (Bukovel 2012)

Interview with Prof. Dr. Thomas At the lecture during the 1
A. Klar, Director of the Institute of International Summer School
Applied Physics, Johannes Kepler

University of Linz, Austria

Summer school participants Closing ceremony of the
on the background of the 1st International Summer School for
monument, which is a symbol  young scientists "NANOTECHNOLOGY:
of the geographical center of from fundamental research to

Europe (Rakhiv district) innovations"



Group photo of the 2" International Summer School participants
(Bukovel 2013)

Summer School participant Plenary Session
PhD. Vorokhta M. (Czech Republic)
tries to play trembita

The organizing committee PhD. Lyashchova A.G.
working hard (Ukraine)



Group photo of 1*t International NANO-2013 Conference participants
(Bukovel 2013)

Opening speech by Dr. habil. Online presentation of the Springer book
Emmanuelle Lacaze (France) with selected proceedings of the 1%
International Summer School
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Head of the Local organizing Excursion to the city of Lviv
committee Dr. O.Fesenko
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Group photo of 3 International Summer School
participants (Yaremche 2014)

Hiking the path of Dovbush,
Carpathians

Director of Institute of Physics Interview with Prof. Leonid
of NAS of Ukraine Prof. Leonid Chernozatonskiy from Prokhorov
Yatsenko awards prizes to the Institute of general physics

winners of competition (Russia)



Group photo of the 3 International NANO-2014
Conference participants (Lviv, 2014)

Choir of Lviv Natlonal
Ivan Franko University performsthe
national anthem of Ukraine

Opening speech of Rector of Ivan
Franko National University of Lviv,
Prof. Volodymyr Melnyk

Report of Prof. Francesco Bonaccorso, Scientific discussion
leading specialist in graphene with the audience
investigations



Group photo of the 3 International NANO-2015 Conference participants
(Lviv 2015)
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Scientific discussion with the Report of Prof. Dr. Thomas A. Klar,

audience Director of the Institute of Applied
Physics, Johannes Kepler University
of Linz, Austria

Ivan Franko National University of "Cheremosh" folk song and dance
Lviv violin ensemble performans ensemble during the Conference
opening ceremony
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Scientific discussion with the Report of Prof.Dr S. S. Choi
audience (South Korea)

Registration of participants Excursion to the Museum of Folk
Culture and Rural Life in Lviv



Group photo of 5th International Summer School participants
(Bukovel 2017)

Tourist complex Mygovo Don’t forget for dinner barbeque
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Group photo of the 5™ International NANO-2017 Conference participants
(Chernivtsi 2017)

Report of heads of conference Report of Prof. Dr. Vadym Mochalin
(USA)

Registration of participants Symphonic orchestra of Chernivtsi



Group photo of the 6 International NANO-2018
Conference participants (Kyiv 2018)
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Discussion during the poster session Organizing committee
of NANO-2018



* Focusing on societal challenges and
industrial competitiveness:

Our strategy is to facilitate and help
companies develop mostly in the
international arena..
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Mr. Jastin Taruska, member of the Awarding the winners of the
Innovation start-ups competition jury Innovation start-up competition



A collective photo of the participants of the NANO-2020 conference
on the stairs of the Lviv House of Scientists
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Infrared emitting nanoparticles as agents for
biomedical imaging, optical sensing and therapy
Tymish Y. Obulchansityy
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Online and offline speech by Prof. Tymish Y. Ohulchanskyy
and Dr. Sergey Kolotilov respectively
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General photo of NANO-2021 conference participants after all official events
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A participant of the NANO-2022 conference presents her poster
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Participant of the NANO-2022 conference presents his oral report



INTERNATIONAL LABORATORY “SURFACE ENHANCED
SPECTROSCOPY”

The International “Surface enhanced spectroscopy (SES)” laboratory was created at
the International Research and Innovation Cooperation, Technology Transfer
Department of the Institute of Physics NAS of Ukraine in the framework of
implementation of Nanotwinning Project. This laboratory has a close cooperation with
its Partners: Institute of Physics of the University of Tartu (Estonia), Pierre and Marie
Curie University (France) and University of Turin (Italy).

Main activity: Study of mechanisms and effects of the enhancement of optical signals
from bioorganic molecules near metal and non-metal (carbon, graphene) surfaces using
IR and Raman spectroscopy, creation of a new type of substrates for spectroscopy,
applications of Surface enhanced Infrared absorption (SEIRA) and Surface enhanced
Raman scattering (SERS) spectroscopy.

Equipments: FTIR Spectrometer VERTEX 70 equipped with FTIR microscope
HYPERION 1000 (Bruker, Germany), inVia micro-Raman spectrometer (Renishaw,
England), UV-260 spectrophotometer (Shimadzu, Japan) with diffuse reflectance
attachment and all needed equipment for sample preparation.

RENISHAW —

FTIR Spectrometer VERTEX InVia micro-Raman spectrometer
70 (Bruker, Germany) with lasers A = 786 and 633 nm
(Renishaw, England)
The International Laboratory Team has many years' experience in preparation,
implementation and management of International Projects.
Laboratory's Projects:
—STCU Project “Rose”;
—FP7-PEOPLE-2013-IRSES, Marie Curie actions;
—FP7 Nanotwinning project No 294952;
—NATO “Science for Peace” Project NUKR.SFPP 984702;
—Horizon2020 COS-EEN Project for2016-2020 years.
We are interested in cooperation in the field of development of scientific and
infrastructural International projects in the frame of Horizon2020 and others
Programs.
Head of Laboratory
Dr. Olena Fesenko

Tel: +38 044 525 98 41; mob. +380674076798
E-mail: fesenko@iop.kiev.ua
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Our publications
Abstracts Book of the 1st International Summer School (2012)
Abstracts Book of the 1st International Summer School and International Conference
NANO 2013
Abstracts Book of the 2nd International Summer School and International Conference
NANO 2014
Abstracts Book of the 3nd International Conference NANO-2015
Abstracts Book of the 4nd International Conference NANO-2016
Abstracts Book of the 5nd International Conference NANO-2017
Abstracts Book of the 6nd International Conference NANO-2018
O. Fesenko, L.Yatsenko and M. Brodin et al. (eds.), Nanomaterials, Imaging tech-
niques, Surface Studies, and Applications, Springer Proceedings in Physics 146, DOI:
10.1007/978-1-4614-7675-7, ©Springer Science+Business, Media, New York 2013
O. Fesenko, L. Yatsenko (eds.), Nanocomposites, Nanophotonics, Nanobiotechnology,
and Applications, Springer Proceedings in Physics 156, DOI: 10.1007/978-3-319-
0661-0, ©Springer International Publishing, Switzerland 2014
O. Fesenko, L. Yatsenko, Nanoplasmonics, Nano-Optics, Nanocomposites, and Sur-
face Studies 167, DOI: 10.1007/978-3-319-18543-9, ©Springer International Publish-
ing, Switzerland 2015
O. Fesenko, L. Yatsenko, Nanophysics, Nanophotonics, Surface Studies, and Appli-
cations 183, DOI: 10.1007/978-3-319-30737-4, ©Springer International Publishing,
Switzerland 2016
O. Fesenko, L. Yatsenko, Nanocomposites, Nanostructures, and Their Applications
221, DOI: 10.1007/978-3-030-17759-1, ©Springer International Publishing, Switzer-
land 2019
O. Fesenko, L. Yatsenko, Nanophotonics, Nanooptics, Nanobiotechnology, and Their
Applications 222, DOI: 10.1007/978-3-030-17755-3, ©Springer International Pub-
lishing, Switzerland 2019

Participants of International Summer Schools and International NANO Conferences
- published their articles in Special Issue of Springer Open Journal “Nanoscale Re-
search Letters” (in 2013, 2014 and 2015) dedicated to NANO Conferences. Impact
Factor of Journal - 2.779.

In 2016-2018 it was also possible to publish an articles for participants of the NANO
conference in Applied Nanoscience Journal, The European Physical Journal Plus (EPJ
Plus) and Applied Sciences Journal (SN).
www.springer.com/materials/nanotechnology/journal/11671

Also, since 2017 year it was possible to publish the articles for participants of NANO
Conference in the Molecular Crystals and Liquid Crystals Journal
https://www.tandfonline.com

Our Partners:
The Enterprise Europe Network helps businesses innovate and grow on an interna-
tional scale. EEN-Ukraine Consortium can help you to find investors, international
partner and promote your innovation products. Our contacts:

Website of Consortium: http://www.iop.kiev.ua/~een/
E-mail: een.network.ukraine@gmail.com

Springer Science+Business Media or Springer is a global publishing company that
publishes books, e-books and peer-reviewed journals in science, technical and medical
publishing.
WWW.springer.com
Taylor &amp; Francis Group is an international company that publishes books for all
levels of academic study and professional development, across a wide range of sub-
jects and disciplines and quality peer-reviewed journals under the Routledge and Tay-
lor & Francis imprints.
www. taylorandfrancis.com



The Enterprise Europe Network (EEN) is a
service that provides support for Small and Medium-
sized Enterprises (SMEs) with international ambitions.
Co-funded by the European Union's COSME and
Horizon 2020 programmes, the Network's aim is to
help businesses innovate and grow internationally.

The Enterprise Europe Network was launched on 7 February 2008 by former
EU Commissioner Giinter Verheugen. The Enterprise Europe Network combines
the previous Euro Info Centres and the Innovation Relay Centres. From 2008 to
2014, the Network was co-financed by the EU's Competitiveness and Innovation
Framework Programme (CIP), in cooperation with institutions at national and
regional levels. From 2015-2020, the Network is co-financed under the European
Union's programme for the competitiveness of SMEs (COSME) and Horizon 2020.

Under the responsibility of the European Commission's Directorate-General
for Internal Market, Industry, Entrepreneurship and SMEs, the Enterprise Europe
Network is managed by the Executive Agency for Small and Medium-sized
Enterprises (EASME).

The Network is active in more than 70 countries worldwide. It brings together
6,000 experts from more than 600 member organisations, including:

* chambers of commerce and industry

* technology poles

* innovation support organisations

* universities and research institutes

* regional development organisations

Enterprise Europe Network innovation support services are available based on
an assessment of the needs and development phase of the business.

At an entry level, Network services include:

+ information on innovation-related policies, legislation and support
programmes

» links with local innovation stakeholders

* information about access to local sources of funding/support

Network experts can provide one-to-one services to support innovation capacity
building. Services include innovation audits, advice on intellectual property,
marketing and access to finance.

Finally, the Network provides key account management services to businesses
benefitting from the Horizon 2020 SME instrument programme, part of the
European Innovation Council (EIC) pilot.

In 2017, Ukraine joined the European Enterprise Network (EEN) within the
framework of the COSME program, which promotes the competitiveness and
innovative development of SMEs, innovation organizations and institutes/
universities. For this purpose in Ukraine was created a Consortium EEN-Ukraine,
which included representatives of business and government agencies, as well as
scientific organizations. The Partner of the EEN-Ukraine Consortium is Institute
of Physics of NAS of Ukraine.

To contact EEN-Ukraine please follow the website

http://eenukraine.com/uk/

E-mail: een.network.ukraine@gmail.com

Temedon: +380 44 525 9841

. enterprise
EEN-Ukraine euror?e

consortium network
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Synthesis of tungsten carbides submicron powder
with high-frequency electroerosion method

Vinnychenko D.V.!, Nazarova N.S.%, Adamchuk Y.0.?,
Vinnychenko 1.L.3, Vyshnevskyi O.A.

! Department of power supply of technological systems. Insitute of
Electro-dynamics of National Academy of Sciences of Ukraine,
Beresteisky avenue, 56, Kyiv-57, 03057, Ukraine.

E-mail: vdvvvs@gmail.com

2 Pulse Electrotechnical Systems Department, Institute of Pulse Processes
and Technologies of National Academy of Sciences of Ukraine.
Bogoyavlensky av. 43a, Mykolaiv - 54018, Ukraine

E-mail: nazarovanataly2000@gmail.com

3 Department of Computerized Control Systems. Admiral Makarov National
University of Shipbuilding, pr. Heroiv Ukrainy 9, Mykoliv, 54007, Ukraine.
E-mail: I.L.Vinnychenko@gmail.com

4 Department of diamond, M. P. Semenenko Institute of Geochemistry,
Miner-alogy and Ore Formation of National Academy of Sciences of
Ukraine.

Academician Palladin Ave., 34, Kyiv - 03142, Ukraine.

E-mail: vyshnevskyy@i.ua

A high-frequency electroerosion method for the synthesis of submicron
tungsten carbide powder from tungsten granules in a carbon-containing organic
liquid has been developed. The developed pulsed power supply provides the
specified characteristics of discharge current in the range from 10 to 100 A and
voltage in the range from 100 to 600 V. The specified performance of up to 3 g/hour
is achieved by the high frequency up to 10 kHz of discharge pulses passage. The
specific energy consumption of the synthesis of tungsten carbides reaches
20 g/kW*hour.

X-ray structural analysis of the obtained powder, which was carried out on
DRON-4-07 diffractometer with the copper tube, showed fractions of tungsten and
tungsten carbides. The image of the surface morphology of the particles of the
obtained powder obtained with JSM-6700F scanning electron microscope confirms
that the particles have the linear size from 40 to 200 nm.
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Complex Method of Ni-Co-P Chemical
Deposition and Chemical-Thermal Treatment

Stetsko A.E.

Institute of Mechanical Engineering and Transport,

Lviv Polytechnic National University,

12 Bandery St., Main building, Room 301, Lviv-79000, Ukraine.
E-mail: andrew73@ukr.net

Diffusion saturation is carried out on parts made of steel. The complex method
consists of several stages [1], [2]. The main stages are the chemical deposition and
diffusion saturation of the surfaces of the machine parts.

The machining of the surfaces of the parts is carried out to a size that takes into
account the surface build-up during chemical deposition and diffusion saturation.
Mechanical cleaning, degreasing and then decapitation are required, which
significantly activates the surface prior to deposition. The decapitation is carried
out in acids, followed by washing. During chemical deposition, care should be
taken to ensure that suspended specimens do not come into contact with each other
and that the medium is maintained at a pH of 9-10.

Chemical-thermal treatment was carried out in saturated powder mixtures.
Retorts with the parts placed in them in powder mixtures have fusible closures
(fusible caps) to seal saturated media. Such retorts provide quality diffusion
coatings on the surfaces.

The chemical deposition applied to the surface of the reinforcing part before
chemical-thermal treatment significantly changes the morphology of the diffusion
layers.

1. Stetsko A.E., Stetsko Y.T. (2020) Formation of Composite Reinforced Coating by Chemical
Deposition and Chemical-Thermal Treatment of Boron and Carbon. In: Pogrebnjak A.,
Bondar O. (eds) Microstructure and Properties of Micro- and Nanoscale Materials, Films,
and Coatings (NAP 2019). Springer Proceedings in Physics, vol 240. Springer, Singapore,
P261-270.

2. Stetsko A.E., Stetsko Y.T. (2021) The Influence of Carbon, Carbon, and Boron on the For-
mation of Diffusion Nanocomposite Hardened Layers on the Surfaces of Steel Parts. In:
Fesenko O., Yatsenko L. (eds) Nanomaterials and Nanocomposites, Nanostructure Surfaces,
and Their Applications. Springer Proceedings in Physics, vol 246. Springer, Cham. P. 699-
708.
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The effect of pressure on the anisotropy of the
properties of a nanocomposite with Fe3* iron

Shapovalov V.A.", Shapovalov V.V.?

L' A. Galkin Donetsk Institute for Physics and Engineering,
Nauki ave. 46, Kyiv, 03680, Ukraine
E-mail: vashapovalovl@ mail.ru

2 Organization “Mathematics for America”, New York, USA

The use of mineral nanocrystals of kaolinite Al,Si,0,(OH), has become
widespread [1]. However, it is not taken into account that the location of kaolinite
crystals in the composite changes during mechanical action when working with
the material. This is due to the fact that kaolinite crystals are thin plates. High
pressures transform an isotropic composite with a chaotic distribution into an
anisotropic composite with a specific distribution of nanocomplexes with iron. The
orientation of kaolinite nanocrystals in the composite depending on the pressure
gradient is shown. The electron paramagnetic resonance spectra of Fe3* iron ions
in a polymer with kaolinite nanocrystals have been studied at high pressures in the
temperature range T=4.2K-300K. The spectrum consists of two lines belonging to
the Fe3* iron ion. The value of the g-factor of line 1 g, = 4.13 £ 0.16. The
value of the g-factor of line 2 g, = 2.15 + 0.1. The dynamic characteristic is
determined - the height of the barrier of the crystal field potential at the location of
Fe’* iron ions [2].

1. Shapovalov V.V, Shapovalov V.A., Sluzhbin Yu.A., Drokina T.V., Vorotynov A.M., Valkov
V.I. Characteristics of Nanocomplexes with iron Fe’" in Glass lonomer Cement Powder by
ESR method // FTT-2023.-65, -P. 302-304.

2. V.A. Shapovalov, V.V. Shapovalov, M. Rafailovich, S. Piechota, A. Dmitruk, E. Aksimen-
tyeva, A. Mazur. Dynamic Characteristic of Molecular Structure of Poly(orthomethoxyani-
line) with Magnetic Probes // J. Phys. Chem.- 2013.-C 117, -P. 7830-7834.
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Electrospinning of nonwoven materials based
on biocompatible polymers

Ohrimenko LV., Ishchenko O.V., Plavan V.P, Koliada M.K., Liashok 1.0.

Chemical Technology and Resource Saving Department, Kyiv National
University of Technologies and Design, Nemyrovycha-Danchenka Street, 2
Kyiv 01011, Ukraine. E-mail: e.ishchenko5@gmail.com

Nanofibrous nonwoven materials successfully obtained by the method of
electrospinning. First, this is due to the possibility of sourcing nano- and
microstructures from several biodegradable, biocompatible and bioinert polymers.
In addition, this technology allows adding various active pharmaceutical
ingredients, even at the stage of development of the formulation solution [1].

Presenter study aimed creating nonwoven nanofibrous materials with antiseptic
properties based on PVA, PVAc with the addition of gelatin and chlorhexidine.

The parameters of obtaining fibers by the -electrospinning method
were determined by the optimal voltage of 30 kV and the distance between the
electrodes — 14 cm, using a capillary with a diameter of 1.1 mm.

SEM HV: 100 Y WD 9028 n:|
View Seks 50,8 pm Det: 31

Fig. 1— Photomicrograph and histogram of fiber diameter distribution based
on the composition of PVA/Gelatin (8:2 ratios)

The obtained nonwoven materials from PVA/Gelatin and PVAc/Gelatin
compositions have a fiber diameter in the range of 0.10-0.65 microns (Fig.1).
Materials based on PVA/Gelatin have most fibers with a diameter of 0.12-0.32 pm,
and in materials based on PVA only 19% of such fibers.

Thus, the addition of gelatin makes it possible to obtain fibers with a uniform
diameter distribution. The use of gelatin allows to expand the scope of applications
of the obtained nonwoven polymer materials due to the reactive groups of collagen
and the possibility of their combination with other active pharmaceutical ingredients.

1. Koliada M., Ishchenko O., Plavan V., Bessarabov V. Characterisation of electrospun
fibers made of PVA or PVAc and collagen derivative / // Vlakna a textile. — 2018. =25
(2). — P. 48-52.



28 NANOTECHNOLOGY AND NANOMATERIALS

Probing the multilevel structure of nanodiamond aggregates
in thin layers of a nematic liquid crystal

Tomylko S.V.', Yaroshchuk O.V.!, Tomchuk O.V.?

! Institute of Physics of the National Academy of Sciences of Ukraine.
Prospect Nauki, 46, Kyiv-03028, Ukraine.

E-mail: tomulkosv@ukr.net

2 The Henryk Niewodniczanski Institute of Nuclear Physics, PAS,
Radzikowskiego 152, Krakow 31-342, Poland.

E-mail: oleksandr.tomchuk@ifj.edu.pl

The last ten years have been marked by a sharp increase in the research of
colloidal systems based on liquid crystals (LCs) and nanoparticles (NPs). The great
attention to such researches is related to the possibility of radical changes of
physicochemical properties of the LC matrix, as a major component of modern
liquid crystal devices. One of the most interesting classes of the fillers is formed
by carbonaceous materials including such unique objects as carbon nanotubes
(CNTs). In the previously studies we detailed investigated structure of LC-CNTs
composites [1, 2]. In the present work, we investigate LCs filled by diamond
nanoparticles (DNPs), which is a different allotropic form of carbon matter.

We revealed the structural features of LCs filled with nanodiamond particles
in a size range from a few nanometers to hundreds of micrometers combining
small-angle neutron scattering and polarizing optical microscopy (Fig. 1).

It was shown that the primary assembling of DNPs leads to the developed
structures with the fractal dimension D = 2, which means the lower averaged
density of these formations in comparison with similar objects in polar isotropic

Fig. 1. Microscopic images of planar-oriented LC-DNPs samples in the configurations
with crossed polarizers (X) and with the analyzer removed (Il). DNP concentration is
given in wt. %. The thickness of the LC layer in all cases is 25 um.
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solvents [3]. Further, these clusters assemble into elongated aggregates, which can
be observed with the help of polarizing optical microscopy at low concentrations.
An increase in DNPs content in the system leads to the formation of a continuous
network, which naturally increases the viscosity of the system and, in fact, making
it impossible to prepare samples with ¢ > 5 wt.% according to the described
procedure. It was also shown that the spatial limitation in the direction
perpendicular to the nematic director does not affect the aggregation processes.
Neutron scattering is a proper technique to investigate such systems, provided there
is sufficient concentration. The use of quartz as the container material can
somewhat improve the scattering data quality while maintaining the possibility of
using optical microscopy. As the next stage, the studies using ultra-small-angle
neutron scattering (USANS) are foreseen to test the proposed structural model in
the size scale interval of 0.1-5 pm.

The research was supported by the National Science Centre of Poland (NCN
grant no. 2022/06/X/ST3/01208) and the National Academy of Sciences of Ukraine
(1.4. B/219, "New light-sensitive polymers with built-in intelligence").

1. Dolgov L., Tomylko S., Koval 'chuk O., Lebovka N., and Yaroshchuk O., Liquid crystal
dispersions of carbon nanotubes: dielectric, electro-optical and structural peculiarities //
In book “Carbon nanotubes”, Jose Mauricio Marulanda (Ed.). — 2010. — Chapter 24. —
P. 451 —483. — ISBN: 978-953-307-054-4, INTECH.

2. Tomylko S., Yaroshchuk O., Koval chuk O., and Lebovka N. Structural evolution and di-
electric properties of suspensions of carbon nanotubes in nematic liquid crystals // Phys.
Chem. Chem. Phys.. —2017.— 19, N. 25. — P. 16456 — 16463.

3. Avdeev M., Aksenov V., Tomchuk O., Bulavin L., Garamus V., Osawa E. The spatial dia-
mond-graphite transition in detonation nanodiamond as revealed by small-angle neutron
scattering // J. Phys. Condens. Matter. — 2013. — 25, N. 44. — P. 445001 — 445008.
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Thermodynamic Analysis of features of Phase Formation
processes in Amorphous Alloys of the Fe-B system

Tsaregradskaya T.L., Ovsiienko 1.V., Plyushchay LV.,
Saenko G.V., Turkov O.V., Obikhod V.V,

Taras Shevchenko National University of Kyiv, Department of Physics
01601, Volodymyrska st. 64/13, Kyiv, Ukraine
E-mail: tsar_grd@ukr.net

Amorphous metal alloys of the Fe-B system are characterized by a wide range
of unique physical properties and are widely used as the latest functional materials,
so the study of their properties and conditions of formation has both fundamental
and practical significance. Thermodynamic analysis of the features of phase
formation processes in amorphous alloys of the Fe-B system has been carried out.
A new expression is proposed to describe the concentration dependence of the
relative Gibbs free energy for the initial amorphous phase, which takes into account
the dependence of entropy on the volume change during alloy formation. The
constructed concentration dependences of the relative integrated Gibbs free energy
for the original amorphous phase do not have a specific S-shaped shape, which
indicates the impossibility of phase separation within the amorphous state for these
binary alloys. It is shown that the obtained equations qualitatively correctly
describe the processes of phase formation in amorphous alloys of the Fe-B system,
and the agreement of the results of theoretical calculations with the experiment is
observed. Theoretical calculations of the kinetics of the process of crystallization
of binary amorphous alloys of the Fe-B system under continuous slow heating and
pulsed laser processing have been carried out. The possibility of explosive
crystallization during pulsed laser annealing in binary amorphous alloys of the Fe-
B system has been theoretically confirmed. It is shown that the phenomenon of
explosive crystallization occurs at temperatures significantly lower than the
temperature of the beginning of intensive crystallization under slow heating. The
temperature at which explosive crystallization due to a laser pulse is possible was
found to be (50-80) K lower than the temperature of the intensive crystallization
beginning under slow heating. This fact should be taken into account when
choosing technological modes of processing amorphous materials in their practical
application.
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Polymer composites filled with well-known carbon fillers, especially carbon
nanotubes (CNT), nanofibers (NF), graphene nanoplatelets (GNP), reduced GNP,
thermally expanded graphite (TEG) are characterized by good electrical, thermal,
and mechanical properties. But their number of applications in industry is not so
large because these fillers are quite expensive. One of the solutions to this problem
is the creation of new types of fillers based on coal and their further modification.

Novel types of carbon filler with a graphene-like layer structure were obtained
from coal coke (CP) and crude oil pitch (PET). The composites studied were based
on ultrahigh molecular weight polyethylene (UHMWPE) filled with new carbon
fillers CP and PET, also as well-known fillers such as anthracite, graphene, carbon
black (CB) multi-walled carbon nanotubes (MWCNT).

All composites shown in

; Fig.1 were filled with 10 vol.% of
23 different types of carbon fillers. It
s can be seen that the electrical
%‘5 conductivity of both composites
= : with a novel type of fillers CP and

8 PET is higher than the composite

e o ® e filled with anthracite for 1.5

orders. Composite with CP filler
Fig. 1. Electrlcal conductivity of composites postte w

filled with 10 vol.% of carbon fillers. has' the.value log ¢ =-2.49 S/ctm
which is close to the composite

filled with graphene, and slightly smaller than the composite filled with CB log
6 =-2.06 S/cm or MWCNT log 6 =-2.11 S/cm.

This research demonstrates that polymer composites filled with novel types of
fillers CP and PET have similar values of electrical conductivity compared to well-
known carbon fillers, and they are perspective for further study of their mechanical
characteristics and EMI shielding properties.



32 NANOTECHNOLOGY AND NANOMATERIALS

Adsorption of dyes by ferromagnetic carbon
nanocomposites synthesised from organic raw materials

Ptashnyk V., Bordun 1.5%, Malovanyy M.*, Nagursky N.%,
Borysiuk A.%, Calus D.’, Chabecki P?, Szymczykiewicz E3

! Lviv National Environmental University, 1, Vol. Velykogo str.,
Dubliany-Lviv, 80381, Ukraine. E-mail: ptashnykproject@gmail.com
2 Ivan Franko National University of Lviv,

1, Universytetska str., Lviv, 79000, Ukraine.

3 Czestochowa University of Technology,
69, Dabrowskiego str., Czestochowa, 42-201, Poland.

4 Lviv Polytechnic National University,
12, Bandera str., Lviv, 79013, Ukraine.

The industrial production of food, pharmaceuticals and textiles uses thousands
of different dyes, the manufacture and use of which generates significant volumes
of contaminated wastewater. Among the methods of purification of such waters,
adsorption processes are widely used. In this work, the structure, magnetic and
adsorption properties of ferromagnetic carbon composites (FCC) in relation to
methylene blue (MB) and congo red (CR) dyes were studied.

For the synthesis of FCC dried beet pulp was used, the activator was a mixture
of FeCl, and ZnCl, salts. In the first method of synthesis, the pulp impregnated
with salts was subjected to pyrolysis in an inert atmosphere (argon) at 800 °C
for ~90 min (sample FC1). In the second synthesis method, first, beet pulp was
pre-pyrolysed at a temperature of ~400 °C for ~90 min, then this carbonizate was
impregnated with an aqueous solution of FeCL,+ZnCl,. The resulting mixture was
subjected to pyrolysis in an inert atmosphere at 800 °C for ~90 min (sample FC,).
Industrial activated carbon was used to compare the adsorption of dyes.

X-ray studies of both synthesized FCC samples revealed an amorphous
structure of the carbon phase, which clearly shows peaks identified as Fe,O,
magnetite. The coercive force, residual specific magnetization and relative residual
magnetization of the synthesized FCC were determined by hysteresis loops.

The adsorption isotherms of both dyes by all types of the studied FCC belong
to type II. This indicates a weak bonding of the dye molecules with the surface
mainly due to electrostatic interaction and allows the Langmuir model to be used
to analyse all isotherms. The adsorption value decreases significantly when moving
from MB to CR. The synthesized nanocomposite FC, has the highest adsorption
capacity among the studied carbon materials, and compared to industrial carbon it
adsorbs MB by 10% more and CR by 30% more.
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Functional systems consisting of uniformly magnetised thin magnetic discs
have been intensively investigated for decades in both quasi-static and dynamic
modes for their potential use, for example, in magnetic recording [1]. In turn,
uniformly magnetised soft synthetic antiferromagnets (SAFs) are of great interest
for possible applications in magnetoresistive random-access memory (MRAM).

SAFs, in contrast to conventional AFMs, have the ferromagnetic layers coupled
relatively weakly. This makes possible low-field, essentially barrier-free switching of
small elliptical SAF elements, the mechanism of which is described in detail and is
based on using perpendicular-to-the-plane field pulses of specific duration and
amplitude, tuned to be in sync with the intrinsic dynamics of the SAF trilayer. Such
field pulses can be generated, for example, by circularly polarised laser pulses via the
inverse Faraday effect, concentrated into the individual SAF using an optical antenna.

The regime of barrier-free switching in nanoscale SAF elements using low-
amplitude field pulses is investigated theoretically. It has been proven that under a
coherent rotation of the two ferromagnetic moments in the AP state with zero total
magnetization allow us to neglect the shape-induced magnetostatic barrier and
makes switching fast and with low energy consumption, which is desirable in
various technological applications such as MRAM. It is shown that in combination
with the barrier-free regime of SAF switching, laser-induced normal-to-the-plane
field pulsing can form the base of an efficient method of information writing on to
SAF-type media.

1. Comstock R. L. Modern magnetic materials in data storage. Review // J Mat. Sci.. Mat.
in Electronics.-2002.-13, N 9.-P. 509-523.



34 NANOTECHNOLOGY AND NANOMATERIALS

Electrochemical synthesis of functional nanocomposite
metal-oxide coatings on titanium alloys

Sakhnenko M.D.', Korohodska A.M.’,
Stepanova 1.1.7, Karakurkchi H.V?

! Department of Physical Chemistry, National Technical University
“Kharkiv Polytechnic Institute”.

Kyrpychova str., 2, Kharkiv-61002, Ukraine.

E-mail: sakhnenko@kpi.kharkov.ua

2 Scientific and Methodological Department, National Defense University of
Ukraine named after Ivan Cherniakhovskyi, Povitroflotskyi ave., 28, Kyiv-
03049, Ukraine.

The use of electrolytic thin-film coatings with photocatalytic properties is
promising for the destruction of toxic organic compounds and gases, for the
disinfection of water, air and surfaces from viruses and bacteria. Valve metals are
used as platforms for photocatalytic materials, and the plasma-electrolytic oxidation
(PEO) method is used to form the coatings.

Heterooxidic coatings based on titanium (IV) oxide were synthesized on
substrates made of alloy VT1-0 from aqueous solutions, to which dopant
compounds were injected either as soluble salts (Co, Cu, Mn, Sn, Mo, W) or phase
oxides (ZnO, ZrO,) [1]. The morphology of the surface was investigated using an
atomic force microscopy and the visualization of the results was carried out using
2D and 3D topographic maps. The results of our authentic research into the
development, studying the morphology, and testing the photocatalytic materials
clearly indicate in favor of the use of the PEO to create heterooxidic composites
based on titanium. Synthesized coatings are distinguished by a specific
morphology. Thus, in comparison with the original structure of TiO,, heterooxidic
coatings of TiO, ZnO have a more developed surface. Over time, the surface grows
and during heat treatment acquires a uniform distribution of globular nano-
structures and micropores. One of the characteristic features of PEO technology
was the ability to form heterooxidic coatings, which include compounds of alloying
elements. It’s content and surface morphology can be varied by changing the
composition of electrolytes and electrolysis modes. Testing of photocatalytic
activity of heterooxidic systems showed the expected fact of increasing the
functional properties due to the doping of d-elements.

1. Sakhnenko, N. D., Ved, M. V., Karakurkchi, A. V. Nanoscale Oxide PEO Coatings Form-
ing from Diphosphate Electrolytes // Nanophysics, Nanomaterials, Interface Studies, and
Applications.-2017.-P. 507-531.
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The photo-domain effect in nanosized photo-ferroelectric-semiconductors is of
high fundamental interest as the interaction of light quanta with an electron-phonon
subsystem under nanoscale confinement conditions. To the best of our knowledge,
the photo-domain effect in photo-ferroelectric nanoparticles (NPs) has not been
studied theoretically, so we devoted our work to research of light-induced phase
transitions, accompanied by transformations of polar state and domain morphology
in the NPs. The calculations are performed in the framework of Landau-Ginzburg-
Devonshire approach for the Sn,P,S; NPs under continuous light exposure [1].
Since the free carrier density in the photovoltaic NPs essentially depends on the
light intensity, the latter strongly influences the screening length of ferroelectric.
Due to this dependence the intensity increase induces phase transitions from the
nonpolar paraelectric phase to the polar ferroelectric state, causes the changes of
domain morphology in the state, and controls phase diagrams of free and stressed
NPs. The analysis showed that the light exposure can control the appearance and
vanishing of domains and induce strong changes of polarization switching scenario
and hysteresis loop shape in NPs. When exposed to light, polar, dielectric and
piezoelectric responses of an ensemble of weakly interacting stressed photo-
ferroelectric NPs can reveal superparaelectric-like features in the point, such as
strongly frequency-dependent giant piezoelectric and dielectric responses, which
can be important for advanced piezoelectric applications. Acknowledgements: The
work is supported by the NATO SPS Programme Grant G5980 “FRAPCOM”.

1. Eliseev E. A., Morozovska A. N., Vysochanskii Yu. M., Yurchenko L. P, Gopalan V., Chen
L.-Q. // e-print: https://doi.org/10.48550/arXiv.2303.04904
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One of the most common methods of protecting metal products is the use of
paint coatings, in particular "smart" coatings, the action of which consists of the
generation of an inhibitor at the moment of the onset of underfilm corrosion. Such
coatings contain multifunctional nanocontainers, which are added to the polymer
for active anti-corrosion protection. Environmentally friendly nanoporous zeolites
with intercalated corrosion inhibitors can be perspective anticorrosion components
of "smart" paint coatings.

The corrosion resistance of an aluminium alloy in the presence of Na-A zeolite,
modified with divalent metal cations by the liquid phase ion exchange method was
investigated, whose inhibitory effect is due to the formation of oxide-hydroxide
layers and increases in the range Ca-zeolite <Mn-zeolite <Zn-zeolite [1]. It was
established that the pigment based on zeolite and monocalcium phosphate obtained
by the mechanochemical method exhibits an inhibitory effect on low-carbon steel
due to the formation of a protective film of calcium and iron phosphates [2]. The
obtained pigments are used in the coating only at the moment of the onset of
underfilm corrosion of the metal due to the dissolution of their active nanosized
phosphate phase and ion exchange with the corrosive medium. The main advantage
of the created inhibitory pigments is environmental safety in coatings, industrial
production without environmental pollution and high anti-corrosion efficiency.

Acknowledgment. The work was performed within the project No. 2020.02/0063
“Synthesis and properties of new complex anti-corrosion pigments for paint
coatings based on aluminosilicate nanocontainers” of the National Research
Foundation of Ukraine.

1. Zin .M., Korniy S.A., Danyliak M.-O.M., Khlopyk O.P., Holovchuk M.Ya. Anti-corrosion
protection of aluminium alloy by zeolite doped with zinc, calcium and manganese cations
// Int. J. Corros. Scale Inhib.-2021.-10, No. 4.-P. 1715-1728.

2. Korniy S.A., Zin L M., Danyliak M.-O.M., Khlopyk O.P,, Datsko B.M. Corrosion inhibition
of low-alloy steel by a composite pigment based on zeolite and monocalcium phosphate //
Mater Sci.-2022.-58, No. 2.-P. 261-267.
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Taking into account the relevance of the wide practical application of
nanosystems in various fields, there is currently a need for a new ecological and
cheap technologies for the synthesis of metal nanoparticles, to expand the fields
of their application in industry, in particular, in the production of electrically
conductive composite materials.

We have synthesized and studied bimetallic nanopowders based on nickel and
silver of different composition by the method of co-precipitation of Ag™ and Ni**
ions with nickel hydroxide in ethylene glycol solutions with subsequent reduction
of the formed suspension with hydrazine. As the result the Ni Ag,  nanoparticles
were obtained with the size of 30-50 nm. The phase composition of the obtained
Ni Ag,,,.. bimetallic nanopowders was investigated using the XRD method. It was
established that there are no unidentified peaks within the range of 2e angles from
200 to 1000, which indicates the absence of non-target products, namely, metal
oxides or hydroxides in the obtained Ni Ag ., bimetallic nanopowders.

The obtained Ni Ag,, bimetallic nanopowders were studied as conductive
fillers for conductive polymer composites. It was found that the electrical
conductivity of thin films of nanocomposites based on Ni Ag, , is quite significant
at an extremely low content of metal filler, only 10 % by volume (50 % by weight)
and reaches the values of more than 3500 S/m. It was shown that the reason for
the high electrical conductivity of nanocomposite films is the self-organization of
the filler particles and the formation of an electrically conductive 3D network in
the polymer matrix due to the high coercive force of the synthesized nickel-based
nanopowders. Taking into account the low values of the percolation threshold for
the obtained bimetallic nanosystems, the synthesized Ni Ag,, can be considered
a promising material for the development of electrically conductive polymer
nanocomposites.
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High remnant magnetizations and storage of high magnetic energy are the main
features attracting great interest to SmCo structures for application in Micro
Electromechanical System. The mixed-phase SmCo samples is often encountered
in practice. The investigation of the interaction between different phases could give
rise to predict magnetic properties. Thick SmCo films of 500 nm thickness were
deposited by RF sputtering on Si substrate (Fig. 1a). We used annealing at 650 °C
and 750 °C for tuning the magnetic properties of the films (Fig. 1b).
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Fig.1. (a) Sketch of the W/SmCo/W structure, (b) Decomposition of hysteresis loop
of the film annealed at 650 °C using the following components: 1 is amorphous
intergrain phase, 2 is 1-5 grain phase, 3 is intergrain 1-5 phase, and 4 is 2-17 phase;
(¢) FORC plots presented in Hu and Hc coordinates, where Hu is shift of the center of
symmetry due to the intergrain coupling and field Hc is grain switching field.

After annealing at 650 - 750 °C as grown amorphous and/or nanocrystalline
structure was transformed to a mixture of Sm,Co,, magnetic phase with 12 kOe
coercive field and SmCo5 magnetic phase. Increase of annealing temperature
results in dispersion of the magnetic phases and corresponding increase of the
interphase coupling, decreasing the switching field of the hard phase. Decrease of
switching field of 2-17 phase under intergrain interaction revealed by FORC agrees
well with the decrease of the effective average anisotropies.
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The article studied in detail the process of
thermally expanded graphite generation (TEG)
[1] due to high-speed heating of oxidized
graphite (OG) particles [2] in methane-fuelled
vertical reactors.

Three types actually operating reactors
served as initial data for the calculations (Fig.),
which differ in the method of heat supply to the
initial product [3]. The methane combustion
process, the supplying of GO particles into the
hot zone and their heating during thermal
expanded are simulated. a m) )

As a result, the particle heating rates for
these reactors types were obtained and their
technological features were analyzed.

Fig. Studied reactors are:
a) co-flow, b) cyclone type,
¢) opposed type.

1. E. Strativnov, A. Kozhan, and B. Bondarenko, Pat. 99875 Ukr., MPK (2011) CO1B 31/04.
Method for the production of thermally expanded graphite, — 10.10.2012.

2. Boehm H, Setton R, Stumpp E (1994) Nomenclature and terminology of graphite inter-
calation compounds (IUPAC recommendations 1994). Pure Appl Chem 66(9).:1893—1901.
https:// doi. org/ 10. 1351/ pacl19 94660 91893

3. Strativnov E. (2015) Design of Modern Reactors for Synthesis of Thermally Expanded
Graphite. Nanoscale Research Letters. 10:245. https.//doi.org/10.1186/s11671-015-0919-y.



40 NANOTECHNOLOGY AND NANOMATERIALS

Formation of nanoscaled Zr ,Ti, C solid solution

at mechanical alloying of 80ZrC-20TiC blend

Ostapenko R.V., Belyavina N.M., Kuryliuk A.M.,
Nakonechna O. 1., Kogutyuk P.P.

Taras Shevchenko National University of Kyiv,
Volodymyrska St. 64/13, Kyiv, 01601, Ukraine.
E-mail: roman.ostapenko@knu.ua

Refractory TiC and ZrC carbides, as is known, have unique complex of
available properties ensures there as hardening additives for materials and
protective coatings using for cutting tools. In addition to pure ZrC and TiC carbides,
their Zr,_Ti C solid solution has certain prospects for practical application, too.
Since the 4b initio phase diagram of the ZrC-TiC system, calculated in Ref[1], is
asymmetric with greater solubility on the ZrC side, mechanical alloying (MA)
synthesis was carried out here by treatment in a high-energy planetary mill (HEPM)
of ZrC rich blend (mol. %): 80ZrC-20TiC. The test MA treated samples were
studied comprehensively using X-ray method [2].

It's shown that the crystal structures of ZrC and TiC carbides, existing in test
samples, are described well within the framework of the NaCl-type but with some
vacancies of metal atoms in 4« set. That is, the impact loading, applied on the blend
during MA, causes metal atoms knocked out of carbides with their gradual
accumulation in the reaction zone of the HEPM in a form of individual clusters.
As result of this process, at the first stage of MA the lattice parameter of ZrC
carbide decreases substantially, while the TiC carbide begins to collapse fully. The
next stage of the MA process there is a diffusion penetration of smaller titanium
atoms into the ZrC lattice, which leads to a stepwise increase in its lattice parameter.
It's shown that after 5 hour of MA treatment in HEPM, the ZrC carbide dissolves
about 12 at. % Ti while after its HPHT sintering these solubility increases well.

It's first shown that sequential MA and HPHT treatments of the 80ZrC-20TiC
blend lead to the formation of the nanoscaled (up to 30 nm) Zr, Ti C solid solution,
containing up to 20 at. % Ti. The compact material obtained here will be tested for
its further application.

1. Adjaoud, O., teinle-Neumann, G., Burton, B. P, & Van de Walle, A. First-principles phase
diagram calculations for the HfC-TiC, ZrC-TiC, and HfC-ZrC solid solutions // Phys. Rev.
B-2009.-80(13), 134112.

2. Dashevskyi M., Boshko O., Nakonechna O., Belyavina N. Phase transformations at me-
chanical milling of the equiatomic Y-Cu powder mixture// Metallofizika i Noveihie
Tekhnologii -2017. -39, N. 4.-P. 541-552
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Zinc oxide is an important material due to its optical, photocatalytic, and
magnetic properties. ZnO can be an effective photocatalytic nanomaterial due to
the high generation rate and distribution of photoinduced electrons e and holes h*.
Doping ZnO with rare earth elements has a great influence on the photocatalytic
efficiency of ZnO [1].

The undoped and La,O,-doped ZnO nanoparticles were synthesized using a
chemical method from Zn?* and La’" nitrates solutions. Investigate the X-ray
diffraction patterns of undoped and La,O,-doped ZnO nanoparticles on a “Dron-
3M” X-ray diffractometer. The undoped ZnO nanoparticles are identified as a
waurtzite structure ZnO. The XRD patterns of the La,O,-doped ZnO do not show
any other peaks corresponding to La, La,0, or any other additional phases
associated with impurities. These indicate the ideal solubility and homogeneity of
La** ions in the ZnO lattice.

Micro-Raman scattering measurements were carried out to study the influence
of La** doping on the structural and vibrational properties of ZnO samples.

This work supported by the research project of the NAS of Ukraine “Creation
of promising materials based on ZnO doped REE for use in catalysis”.

1. YuY, Chen G., Zhou Y., Han Z. Recent advances in rare-earth elements modification of
inorganic semiconductor-based photocatalysts for efficient solar energy conversion: A re-
view // J. Rare Earths. - 2015. - V. 33(5). - P. 453-462.
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Both the nanoparticles of hydrated tin(IV) oxide (HTO) and their aggregates
were embedded into fibers of a Fiban A-6 polymer anion-exchanger. In order to
control the particle size, a thermodynamical approach based on Ostwald-Freudlich
equation has been developed. The approach considers not only the solubility of
compounds being deposited, but also sorption capacity of polymer matrix,
concentration of reagents, their volume etc. According to the literature data, HTO
is characterized by the lowest solubility among other hydrated oxides of multivalent
metals. It means, HTO is able to form non-aggregated nanoparticles inside polymer
phase. As found using TEM and SEM, some aggregates were also formed, but their
content is inconsiderable. Specific surface area and porous characteristics were
determined using a method of nitrogen adsorption-desorption. The composites were
applied to the removal of U(VI) carbonate compounds from aqueous solutions,
main regularities of adsorption have been established.

The composites show higher sorption rate comparing with pristine fibers: the
half-time of the equilibrium is achieved after 6 min, the total removal is after 25
min. In the case pristine fibers these values are 10 and 40 min, respectively. The
models of Weber-Morris and Yelovich as well as the models of pseudo-first and
pseudo-second order were applied. The isotherms were fitted with Henry,
Langmuir, Freundlich, Dubinin-Radushkevich, Frumkin models. The constants of
these formulas were determined, sorption thermodynamical parameters were
estimated. U(VI) sorption is a spontaneous endothermic process, since entropy
increases. The composite was used for the removal of U(VI) from the model
technological solution. It should be stressed that a growth of U(VI) ions
concentration from 1 to 4 mg dm= improves their recovery from 58 to 95 %
(pristine polymer) and from 68 to 100 % (composite).
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Inorganic/organic nanosystems based on semiconductor nanocrystals and
conducting or thermoplastic polymers are actively investigated nowadays [1,2].
These polymers are useful for optical applications due to complete transparency
in the visible range of the spectrum and relatively high stability. Recently BaZrO,
(BZO) perovskite has attracted attention as a substrate for superconductor
synthesis, a high-temperature microwave dielectric, and a fluorescent material. The
luminescence characteristics of BZO significantly depend on the fabrication
technology of micro- and nanocrystals. In this report, the irradiative properties and
structure of hybrid composites based on polystyrene (PS) and micro- (d < 10 um)
and nanocrystals (d < 50 nm) of BZO have been studied using luminescent
spectroscopy and X-ray analysis. A strong cathodoluminescence (CL) was found
for BZO-nanocrystals. Results demonstrate high-temperature stability CL intensity
and spectral composition after 2 hours of annealing at 400, 500, 700, and 800°C.
This behavior is also attributed to micro-BZO (d< 10 um) powders. For the BZO-
PS composites, a significant reduction of the CL intensity is observed. At the same
time, the low-energy and high-energy bands (near 4 eV) appeared. The coexistence
of an amorphous halo with the diffraction peaks of BZO is clear evidence of the
nanocomposite formation. According to XRD analysis, BZO presents a cubic
perovskite-type structure in crystalline form with space group Pm_3m, and the
average size of domains is 23 nm. The lattice parameter a for BZO decreases from
4.19083(6) A to 4.1879(2) A in the BZO-PS composite. All this suggests that
polystyrene considerably alters the subsurface structure of BZO.

1. Panzer M. J., Aidala K. E., Bulovi¢ V. Contact printing of colloidal nanocrystal thin films
for hybrid organic/quantum dot optoelectronic devices // Nano Rev.-2012.-3.-16144.

2. Savchyn V. P, Popov A. 1., Aksimentyeva O. I. et al. Cathodoluminescence characteriza-
tion of polystyrene-BaZrO, hybrid composites // Low Temp. Phys.-2016.-42, N 7.-P. 597-
600.
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The nanocomposites based on crosslinked polyurethane (PU), synthesized from
adduct of trimethylolpropane with toluene diisocyanate (TMP-TDI adduct) and
polyester poly(diethylene glycol) adipinate with mol. mass 2000 (PDEGA 2000),
contained 1,2-propandiolisobutyl-POSS were created and the impact of different
amount of POSS on the thermodynamic of interactions and dynamic-mechanical
behavior of the nanocomposites were investigated.
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Fig. 1.The isotherms of methylene chloride vapors sorption (a) and Tan delta of
mechanical loss (b) by nanocomposites with POSS content 1 (2), 3 (3), 5 (4), 10 % (5).

From Fig.1(a), the sorption isotherms of solvent vapors by POSS-containing
PU nanocomposites are higher than of the native PU. With an increase in the
amount of POSS, the vapor sorption values increase, thereby demonstrating a
decrease in the density of the obtained nanocomposites. The free energy of
polyurethane and POSS mixing was calculated and was shown that it is positive
for all systems with different amount of POSS. That means the thermodynamic
incompatibility between this PU and hydroxy-POSS takes place.

From Fig.1(b), the temperature dependences of tan o for the native PU and
nanocomposites, obtained by DMA method, could be seen. The introduction of
POSS led to a shift of tan 6 maximum towards higher temperatures. This means
that the segmental motion in polyurethane decreases with an increase of POSS
content, while the glass transition temperature of nanocomposites increases. This
indicates the restriction of the segmental motion of PU chains, which causes by
the introduction of POSS nanoparticles into the system.
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on self-action nonlinear response under picosecond
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Polymers with n-conjugated electron system, like azobenzene or azomethine,
represent a promising class of nonlinear optical (NLO) polymers, being widely
recognized as candidates for many practical applications such as data storage,
photoswitchable sensors, holographic recording, optoelectronic devices, etc. [1].
Impact of two several photoactive groups’ joint contribution on NLO properties of
polymers was not properly investigated yet.

In the presented study we have investigated self-action
effects manifestation and neutral/acceptor substituents
influences in PMMA thin films doped with 1% (wt.) of
azo-azomethines within picosecond range pulsed laser
excitation at 1064 nm [2]. Aforementioned azo-
azomethines were synthesized through standard azo-
coupling procedure with further condensation between
aldehyde containing azobenzenes and hydroxy-aniline.

Refractive NLO response efficiency magnitude
[Re(x®)|~10-7 esu rises two times both for unsubstituted

(R,=—H) imine moiety and nitro-analogue (R,=—NO,) one due to replacing a
neutral (R,=—H) group with an electron-acceptor (R,=—NO,) substituent.
Enhancement of [Re(x®)| for the dyes with R =-H is accompanied with switching
sign of the NLO refractive response from self-focusing to self-defocusing mode.

The obtained results are promising for design of efficient NLO nanocomposite
materials with wide possibility to control both sign and magnitude of photoinduced
refractive index variations in near IR range.

1. Ovdenko V., Multian V. et al. Novel efficient nonlinear optical azo- and azomethine poly-
mers containing an antipyrine fragment: synthesis and characterization // J. Mater. Chem.
C.-2020- 8 — P. 9032-9045.

2. llchenko S., Multian V. et al. Application of P(VDF-TrFE) Glass Coating for Robust Har-
monic Nanoparticles Characterization // Micromachines-2021- 12(1) — P. 41.
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Advanced light-responsive polymeric materials containing -A=B- chromophore
groups undergo reversible frans-cis-trans photo-isomerization cycle, like -N=N-
or —CH=N-, are used in a number of modern electronic photoswitchable systems
like sensors, liquid crystal displays [1], elements of optical information storage

devices, etc.

In the present work we have prepared composite “host-guest”
films, containing host PMMA and azo- (4ze) or azo-azomethine
(Azo-CH /Azo-NO,) “guest” (1% wt.) subsystem. The laser beam
self-action effects in thin films were studied within fundamental
wavelength of mode-locked Nd:YAG laser pulses at 1064 nm [2].

Analysis of photoinduced refractive/absorptive nonlinear
optical (NLO) response manifestation has shown that the dyes
demonstrated slight < 4% photobleaching phenomenon, being
saturated at laser intensity of about I ~ 25 MW/cm?. Self-
defocusing effect with efficiency [Re(y®)|~10- esu was observed
in the same range. Azomethine group incorporation provides

twice enhancement of the cubic NLO susceptibility |[Re(y®)| in the following order
-NO,>-CH,>Azo without significant donor/acceptor substituents’ origin impact.
The obtained data is important for design of novel photoswitchable media.

1. A.Uklein et al. Nonlinear optical properties of new photosensitive smart materials based
on nematic liquid crystal with H-bonded dye—polymer complex // Optics Communications.-
2013-296- P. 79.

2. V.Ya.Gayvoronsky et al. Interplay of quadratic and cubic nonlinear optical responses in
KDP single crystals with incorporated TiO, NPs. In Nanomat. Imaging Techn., Surf. Studies,
Springer Proc. in Phys. 146, P.349.
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The process of electrostimulated diffusion of lithium ions in a power source
based on nanoporous carbon material (NCM) obtained by hydrothermal
carbonization of plant raw materials at a temperature of 750°C was considered in
the work using the method of galvanostatic intermittent titration technique. The
method is based on the chronopotentiometry procedure [1], during which lithium
ions are intercalated (deintercalated) in the electrode material when a small direct
current is applied for a limited period of time 7. At the end of this time, the material
is characterized by the lithium content (or intercalation degree) x + Ax depending

on the current direction.

The diffusion coefficient of lithium ions in the case of a straight-line
dependence E = f(z-?) (E is the voltage of the electrochemical cell) was calculated

Tt MA "

2
by the formula p = 4[ my ][AESJ , where M, m are the molar mass and mass
AE

of NCM, respectively, V is the molar volume of the
formed intercalation compound, 4 is the area of the
electrode, dE_is the change in the voltage of the
electrochemical element under the applied current
during time 7, dE is the relaxation voltage during
this time.

Calculations of the diffusion coefficient of
lithium ions in NCM using the galvanostatic
intermittent titration technique according to the
above formula indicate a significant decrease in the
D value (Fig. 1) when the intercalation degree x
increases from 0 to 0.435 due to the formation of
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Fig. 1. Dependence D
versus x for NCM.

solid electrolyte interphase enriched with introduced lithium ions, the electrostatic
interaction of which complicates the process of further intercalation.

1. Deesa D.W., Kawauchi S., Abrahama D.P.,, Prakash J. Analysis of the galvanostatic in-
termittent titration technique (GITT) as applied to a lithium-ion porous electrode // J Power

Sources.-2009.-189.-P. 263-268.
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The development of deposits and the extraction of lithium from primary and
secondary resources are associated with environmental risks: the alienation of
fertile lands, the salinization of fresh water sources, high costs of fresh water, and
its contamination with soluble lithium compounds (the maximal allowable
concentration for Li* ions is 0.03 mg dm) and other toxic impurities. It is known
that membrane methods are promising for extracting valuable components from the
the solutions of technological and natural origin. There is currently no information
about selective membranes specifically for continuous lithium extraction. Moreover,
such membranes should be characterized by mechanical strength, because this
property determines their suitability for separation technologies.

The purpose of the work is to develop ion-selective membranes for the selective
removal of Li* ions from salt solutions. The tasks are to study the diffusion
permeability of membranes to these ions, as well as to establish the possibility of
their extraction from solutions by a combined membrane-sorption method.

A method of modifying ceramic membranes with lithium-titanium spinel
(Li,Ti,0,,) has been developed. The modifier was embedded to the pores of the
membranes. This sorbent is selective for lithium ions. The amphoteric properties
of the modifier ensure a constant rate of salt diffusion.

The modifier was investigated with X-ray analysis and TEM, the last method
was also applied to the composite membrane, the modifier particles were shaded
with organic acid. A size of embedded particles is 15-20 nm. Potentiometric method
was also used to estimate charge selectivity of the membranes. This property is
provided by aggregation of nanoparticles, which screen the macropores of ceramic
matrix.

Due to the formation of a concentration gradient in the volume of the
membrane, a diffusion flow arises, which is determined by the diffusion coefficient
of Li* ions in the membrane, its thickness and the concentrations of ions in the
surface layers of the solution on both sides of the membrane.

Organic- inorganic membranes were obtained by impregnating ultrafiltration
membranes with a composite modifier - hydrated zirconium (IV) dioxide (HZD)
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containing oxidized graphene (GO, 0.5 wt.%). The modifier was precipitated
in the active layer of the membrane forming a "secondary active layer". The
layer thickness calculated according to the Kozeny-Carman equation is 0.66-
1.38 pm. A thinner layer is formed in the membrane with smaller pore size,
which is identified according to the rejection of calibrant (polyvinylpyrrolidone,
molexular mass of which is 40 kDa). The diffusion coefficients of Li* and Na*
ions were determined, the effect of HZD and HZD-GO composite on the ion
transport was discussed. The influence of the modifier on the retention ability
relatively to hardness ions (10-14%) and to protein compounds (95-98%) was
established. The mathematical modeling of the dependence of the permeate
flux versus time showed that the ion exchanger particles in the polymer active
layer prevents the accumulation of organic substances in pores. Therefore,
only the outer surface of the membrane is contaminated, and the precipitate can
be easily removed mechanically. It was shown that the insertion of GO into pores
of the membranes is advisable only in the case of a finely porous active layer.
In particular, the performance of the initial polymer membrane (20 dm? m= h')
and the selectivity to the calibrant of 40 kDa (99%) is the criteria of the choice
of polymer matrix. In comparison with a membrane modified only with
inorganic ion-exchanger, the membrane containing GO shows high filtration rate
of protein solutions and considerable resistance against contamination. The results
are discussed from the point of view of hydrophilic-hydrophobic properties of
composite membranes.
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In order to join ceramics and other non-metallic materials to metals by brazing,
non-metallic surfaces often have to be coated with various metals, in particular
chromium, in the form of thin films. This metal in the form of coatings is widely
used in such industries as semiconductor technology, magneto-optics, touch
sensors, and magnetic devices for storing information, etc. Adhesion of a metal
film to non-metal surface, especially in the process of its annealing which occurs
anyway during brazing or welding, plays an important role in these materials joints
formation. For this reason, it is important to study the behavior and properties (in
particular, the morphology) of metal nanofilms during their heating.

In this work, we study the dispersion kinetics of chromium nanofilms 100 nm
thick deposited both onto oxide (alumina ceramics, sapphire, quartz glass) and non-
oxide (silicon nitride ceramics and glassy carbon) materials and annealed in
vacuum at temperatures of 1000-1200 °C with exposure at each temperature during
from 2 up to 20 min.

The initial chromium films on all substrates were continuous and practically
retained their continuity at annealing temperatures up to 1000 °C. After a long
exposure (20 min) at 1000 °C, the films on all substrates begin to decompose. This
process is intensified at 1100 °C; as a result of annealing at 1200 °C, chromium
films disintegrate completely into separate fragments and drops.

As a result of long exposure at 1100 °C, chromium films on silicon nitride
ceramics interact with the substrate material, and this interaction is significantly
enhanced with an increase of the annealing temperature up to 1200 °C.

Using the obtained results, it is possible to recommend the use of chromium
coatings on all the studied materials for subsequent brazing with appropriate solders
at temperatures not exceeding 1100 °C, given that at these temperatures these films
do not completely disintegrate, and the non-metallic substrates surface area coated
by the metal films is 60-70 % of the original substrates area. At the same time, the
units brazing time at 1100 °C should not exceed 10 min.
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In the work the questions of stability and regularities of transport properties of
polymer composites with nanocarbon filler under thermal load are considered. The
analysis has been carried out on the basis of the results of the temperature
dependence of the electrical resistance studies for polymer composites based on
epoxy resin with different types of nanocarbon filler with a filler concentration of
up to 10% by mass.

The temperature dependence of the electrical resistance of the composite
material is determined, in the first approximation, by the change with temperature
of three parameters: 1) the electrical resistance of the nanocarbon filler particles
R; 2) contact electrical resistance between nanocarbon filler particles R ; 3) the
number of continuous conductive chains (current paths) through the specimen N,

For all nanocarbon materials used as fillers, the main mechanism of charge
carrier scattering is temperature-independent charge carrier scattering at crystallite
boundaries. Thus, for all nanocarbon fillers, electrical resistance R . decreases with
temperature due to an increase in the concentration of charge carriers. The
temperature dependence of the contact electrical resistance R is determined by the
temperature dependence of the nanocarbon filler itself and the change with
temperature of the contact spot radius. Thus, the temperature dependence of the
contact resistance is quite complex. Moreover, if the temperature coefficients of
linear expansion (TCLE) for the particles of the nanocarbon filler and the polymer
matrix are different, then the increase in the size of the polymer layers between the
nanocarbon particles or their chains with increasing temperature results in the
exclusion of these chains from the current transfer process.

It is shown in the work that there is a clear correlation between the structural
and morphological state of the surface of nanocarbon filler particles, their shape
and aspect ratio, and the character of the temperature dependence of the electrical
resistance of the composite material. The factors that lead to such a correlation are
analyzed in detail in the work.
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A method for modifying polymer proton-conducting cation-exchange materials
with a two-component modifier has been developed. The modifier involves tin
(IV) hydrophosphate and carbon quantum dots. It was taken into consideration that
Sn(IV) is in a form of anionic complexes in aqueous solutions, the surface of
carbon constituent is charged negatively. In order to overcome this barrier, the
modifier was deposited from the solution of non-equivalent sorbed electrolyte. Its
content in polymers was controlled to prevent the formation of aggregated
nanoparticles. Cation exchange resin was a model object for investigations. Porous
structure of these materials in a swollen state is similar to that of ion exchange
membranes. The composite based on this resin contains only non-aggregated
nanoparticles, a size of which is 4-20 nm. These particles are in hydrophilic pores.
Additions of carbon nanodots results in a partial aggregation of inorganic
nanoparticles, the size of aggregates is up to 50 nm. They can be located only in
hydrophobic pores. The effect of carbon constituent on electrical conductivity of
the Nafion membrane under elevated temperatures has been found. The maximal
value (0.32 Ohm'm) is reached, when the content of carbon constituent in the
modifier is 4 %. This is larger in 2 times than the conductivity of membrane
containing only tin hydrophosphate and more than in 1000 times higher comparing
with the conductivity of pristine membrane. The growth of conductivity is due to
participation of protons of carboxyl groups, which are located on the surface of
nanodots, in charge transfer. Further increasing the content of carbon nanodots
causes a decrease of conductivity due to localization of aggregates in hydrophobic
pores. The advantages of the composite modifier over other inorganic substances
is a possibility to obtain it from relatively cheap and available reagents. Moreover,
the synthesis method is eco-friendly: it provides no usage of chemical reagents.
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Using the methods of green chemistry, three types of silver-containing
biomaterials (powders, films, solutions) with effective antimicrobial and antiviral
action were developed.

Powdered silver-containing materials based on polyelectrolyte complexes with
the participation of polysaccharides (pectin — chitosan, pectin — cationic starch,
carboxymethylcellulose (CMC)—cationic -cyclodextrin, anionic starch — cationic
starch) were developed.

Silver-containing film materials based on polylactide biopolymer were created
in various ways: (i) thermochemical reduction of Ag* ions in PLA-AgPalm-
chitosan polymer systems to metal nanoparticles; (ii) by using green tea extract
Ag" ions were reduced in the polymer matrix of PLA-AgPalm (in situ method);
(iii) cathodic sputtering of silver nanoparticles on the surface of the PLA.

Silver-containing solutions (sprays) were synthesized by reducing silver ions
with green tea extract, mint, propolis, and pectin.

The obtained materials were characterized by physico-chemical methods, and
their antimicrobial, antiviral and cytotoxic properties were studied. The relationship
between the structure, morphology, antimicrobial and antiviral properties of the
obtained materials was studied.

The obtained materials can be promising for the treatment of wounds of various
infectious origins; for the formation of antimicrobial coatings in medical,
pharmacological, and biological laboratories to ensure sterile conditions; for
creating packaging materials for long-term, high-quality and safe storage of food;
for creating antimicrobial air filters in ventilation systems in hospitals and
microbiological laboratories; for creating medical masks, etc.
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In this work we establish an approach to model miscibility gaps of alloys using
statistical physics, lattice dynamics from first-principles calculations. We carefully
calculate the entropy to include all processes introducing disorder to the system,
i.e., combining the electronic, phononic, and configuration entropies. Furthermore
we present our algorithm for generating Special Quasirandom Structures (SQS).
We model the miscibility gap in tungsten - chromium and tungsten - molybdenum
systems, obtaining the agreement with the experimental data. Furthermore, we
propose an enhancement for the tungsten-chromium W, Cr, alloy with tantalum
and hafnium, leading to the modified stabilization temperatures TS, where the solid
solution is miscible.

We acknowledged the financial support by the Czech Science Foundation
through grant No. 20-18392S as well as the Czech MSMT via project e-INFRA
CZ (ID:90140).
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tungsten-chromium system, alloy, ab-initio, miscibility gap, solid solution,
special quasirandom structures
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Lithium-ion battery (LIB) anodes are usually composed of graphite or other
carbon materials. The graphite anode has a stable structure, good electrical
conductivity, and can embed up to 1 lithium atom for every 6 carbon atoms in its
crystal lattice. However, graphite has a low capacity (372 mA-h/g), which limits
the performance of LIB and cannot meet the ever-increasing need for batteries.

This paper briefly discusses the trends, current problems and prospects for the
use of silicon Si and its oxides SiO, SiO,, which have a high theoretical capacity
(4200, 2600 and 1965 mA-h/g, respectively). This means they can store more
energy per unit mass compared to traditional graphite. However, anode materials
based on Si and its oxides are associated with a large volume of expansion during
charging and discharging of the battery, which can lead to damage to the anode
structure, as well as low electrical conductivity. SiO, is considered as a potential
replacement for the Si anode in LIB as it has moderate volume expansion (100 %)
and low cost. However, SiO, has a weak electrochemical kinetics.

The results of the synthesis of the composite nanomaterial for LIB anodes based
on highly dispersed SiO, and carbon C are presented. SiO, powder was synthesized
from the metallurgical industry wastes with particle sizes in the range of 100-
200 nm. The Si0,/C nanocomposite was obtained by annealing in an argon
atmosphere at the temperature of 500°C, which results in the formation of a layer
on the surface of SiO, spherical particles, which ensures the electrical conductivity
of the entire anode material.

It is shown that the carbon content in the SiO,/C composite can have a
significant effect on the electrical conductivity of the anode. The anode based on
the obtained nanocomposite demonstrates good electrochemical characteristics.
After 500 cycles at a current density of 1.0 A/g, the LIB capacity remains at 786
mA-h/g, and at 0.2 A/g, the specific discharge capacity is 900 mA-h/g.

Thus, the SiO,/C nanocomposite material synthesized using metallurgical waste
is a promising anode material for LIB.
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In recent years, researchers have attracted the attention of hydrogels based on
natural polymers, which are used in tissue engineering for bone treatment, as heart
or nerve implants [1]. Alginate (Alg), chitosan (CS), gelatin (Gel) are often used
to create materials that aim to mimic the natural extracellular matrix of native
tissue. These polymers are biocompatible and biodegradable, at the same time their
concentration, ratio and technological conditions of use have a huge impact on the
physicochemical properties of the created hydrogel systems [1]. The combination
of these biopolymers and the selection of technological conditions for their creation
provides an optimal composition that meets the requirements for materials of the
specified direction. To solve the task, a number of samples were synthesized with
a ratio of Alg:Gel equal 3:1; 1:1; 1:3. The results of the study proved that an
increase in the proportion of gelatin leads to a decrease in the degree of swelling
(SW) from 550% (for Alg:Gel 3:1) to 400% (for Alg:Gel 1:3) in samples cross-
linked simultaneously with chitosan and calcium ions.

In samples cross-linked exclusively by calcium ions, a sinusoidal curve of
swelling in physiological solution is observed, which is obviously related to the
participation of Ca?" in ion exchange processes and the reverse diffusion of calcium
ions due to the concentration gradient. SWs of these samples are generally smaller
than that of samples cross-linked with CS, and are 260-360%. However, the
degradation degree (DD) is significantly higher than for samples cross-linked with
CS. Degradation of samples synthesized at pH 7 begins after 24 hours, and samples
synthesized at pH 4.10 - after 96 hours. Increasing the crosslinking time with
calcium ions from 20 minutes to 24 hours significantly increases the time before
the degradation of the samples begins. The Alg : Gel 1:3 and Alg : Gel 1:3 samples
are especially noteworthy, which show shape stability after 432 hA of testing.

1. Serafin A., Culebras M., Collins M. N. Synthesis and evaluation of alginate, gelatin, and
hyaluronic acid hybrid hydrogels for tissue engineering applications // Int J Biol Macro-
mol.-2023.-233.-123438.
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In presented work the peculiarities of phase transitions in the bromine layers
and their effect on the electrical conductivity of intercalation compounds based on
fine crystalline pyrolytic graphite are considered.

As recently conducted studies of the structure of GICs with bromine in the
temperature interval of (150-300) K by the methods of X-ray diffraction and Raman
spectroscopy [1, 2] have shown, that three phase transitions occur in the layers of
the intercalate in this temperature range. These are transition of bromine in from
“quasiliquid” state to the incommensurate with the graphite layer lattice at the
temperature > 290 K (1); the transition of bromine from incommensurate with the
graphite layer to commensurate lattice at the temperature ~ 250 K (2) and the
transition of bromine from one commensurate with the graphite layer lattice to
another commensurate lattice at temperature ~ 150 K (3).

Figure presents the dependence p (T)
for second stage GIC with bromine. As py*10%, Ohmr'm
can be seen from the Figure, in the > ;
indicated temperature intervals, there are [
indeed peculiarities in the dependence 1.0
p,(T). Moreover, at temperature ~ 150 K,

the value of resistivity changes 100 times. ot : . . . TK
In work factors causing peculiarities in 50 100 150 200 250 300
the temperature dependence of resistivity Fig. Dependence pa(T) for second
in the intervals of phase transitions are stage GIC with bromine: 1 — cooling,
analyzed in detail. 2 - heating

1. Mandrolko V.M., Borovyi M.O., Ovsiienko L.V, Len T. A., Matzui L.Yu., Gomon O. O.,
Naumova D.D. Peculiarities of phase transformations in graphite intercalation compounds
with bromine // Mol. Cryst. Lig. Cryst. -2021.-721, N1.-P.17-23.

2. Prokopov O.1., Ovsiienko L.V, Strelchuk V.V., Kolomys O.F., Matzui L.Yu., Len T. A. Phase
transitions in the graphite intercalation compound with bromine // Mol. Cryst. Liq. Cryst.
-2018.-672, -N1.-P41-53.
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This research studies the effects of replacing the d-block element Cu?" with
Co?" ions in the copper ferrite-spinel composition [Cu, Co Fe,04 (x=0.0; 0.2; 0.4;
0.6; 0.8; 1.0)] and its influence on the material's structural, vibrational, and
dielectric properties. The samples are prepared using the sol-gel autocombustion
technique. The tetragonal phase of copper ferrite diminishes progressively upon
introducing cobalt ions, and at x=0.6, the spinel phase Fd3m becomes predominant.
The spinel-type cubic structure at room temperature for Cu, CoxFe,0, (0.6<x<1.0)
was verified by analyzing X-ray diffraction patterns using the Rietveld method.
Raman spectroscopy investigations identified 2(5) optically active modes in
CuFe, O, (CoFe,0,) at ambient conditions. Md&ssbauer spectroscopy of
Cu,_ Co Fe,0, (x=0.0; 0.2; 0.6) samples revealed two sextets for each specimen,
signifying the presence of Fe in both A and B positions. Position identification was
conducted based on the distribution of superexchange interactions and isomer shift
data. The dielectric constant and the dielectric loss tangent were evaluated within
a frequency range of 0.01 Hz to 105 Hz at room temperature, revealing a decrease
in these values as the frequency increased.

The synthesized nano-sized ferrite particles were evaluated as photocatalysts
for removing dyes from aqueous media using photo-Fenton. The Co, ,Cu, Fe,O,
composition demonstrated 97% elimination of Methylene Blue dye, and complete
removal of Congo Red and Malachite Green dyes within 200, 80, and 100 minutes,
respectively, under exposure to visible light from a 150 W halogen lamp. In
addition, the study demonstrates that incorporating a transition metal ion (Co?")
into CuFe,O, establishes the foundation for diverse applications of the resulting
material. Previous conclusions are supported by the material's structural properties,
including crystallinity, lattice constant, magnetic characteristics, and dielectric
properties.

J. Mazurenko acknowledges the Polish National Agency for Academic Exchange (Grant

Ulam NAWA: BPN/ULM/2022/1/00093) for financial support.
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A promising method for realizing plastic deformation by simple shear under
high-pressure conditions is the equal-channel angular extrusion (ECAE) process
and its modified version, the equal-channel multi-angle extrusion (ECMAE)
process, which allows changing the spatial orientation of the shear planes, the
intensity and the extent of accumulated deformation in one cycle of the process,
which is not possible in the case of the ECAE process. Studies [1-3] have shown
that such a process is suitable for the structural modification of synthetic polymers.
At the same time, the possibilities of ECAE and ECMAE in the case of
biodegradable polymers have been little studied. The key parameters of processes
based on deformation by simple shear are the intensity of deformation (the value
of the cutting angle of the channels), the degree of accumulated deformation,
temperature, speed and pressure of extrusion. The direction of shear deformation,
i.e., the deformation pathway, also has a significant effect on the type of
microstructure formed and the properties of the polymers.

In this work, the effect of the key parameters of the ECMAE process on the
efficiency of the structural rearrangements and the physical and mechanical
properties of the processed polymers was studied using polylactides with a different
content of D and L forms of lactide as an example.

1. Jiang Q, Boulahia R, Zairi F, Vozniak I, Qu Zh., Gloaguen J.-M., Liu X. Microstructure
and mechanical properties of severely deformed polypropylene in ECAE (Equal Channel
Angular Extrusion) via routes A and C // Polymers.-2022.-14.-5287.

2. Beloshenko V.A., Voznyak A.V., Voznyak Yu. Effects of equal-channel, multiple-angular
extrusion on the physical and mechanical properties of glassy polymers // J Appl Polym
Sci.-2015.-132.-42180.

3. Beloshenko V.A., Varyukhin V.N., Voznyak A.V., Voznyak Y.V. Solid-phase extrusion of
polyamide-6 by using combined deformation schemes // Polym Eng Sci.-2011.-51.-
P 1092 —-1098.
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Nanocomposites based on thermoplastic polyurethane and montmorillonite
(Mt) modified with oligourethaneammonium chloride (OUACH) were synthesized.
The Mt of the Askan deposit (Georgia) was used. The method of Mt modifying is
described in a previous work [1]. The nanocomposites were obtained by the method
of exfoliation in a solution. The influence of the filler content on the
thermodynamics of interactions, physical and mechanical properties, and
morphology of the created nanocomposites was investigated.

For the thermodynamic compatibility
investigation of polyurethane and Mt
modified with oligourethaneammonium
chloride, the sorption of acetone vapors by
samples was studied using a vacuum
installation with McBain balances. The
thermodynamic parameters calculations
have shown that the free energy of mixing
the filler and the matrix during the
formation of the nanocomposites decisive-
ly determines the physical and mechanical
properties of the created nanocomposites.
In case of thermodynamic compatibility
between the matrix and the filler, dense
surface layers of the matrix on the filler,
high-quality polymer-filler contacts in the
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Fig. 1. Concentration dependence of
the tensile strength of the
nanocomposites (1)
and the free energy of polymer-filler
mixing during the nanocomposites
formation (2)

system are formed, which leads to the creation of nanocomposites with increased
parameters of physical and mechanical properties. Mt modified with urethane-
containing compounds, can form strong hydrogen bonds with the polar polymer
matrix such as polyurethanes, polyamides, polyamidoimides, thus this method
allow to create high performance polymer systems.

1. Savelyev, Yu. V., Gonchar, A.N., Travinskaya, T.V. Montmorillonite Modified with
Oligourethane Ammonium Chloride and Based Nanostructured Polymers//Amer.Jour.of
Nanoscience and Nanotechnology -2013.-1.-P. 87-93.
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Lithium-manganese spinel LiMn,O, is one of the most intensively researched
cathode materials for lithium-ion batteries. The morphology and particles size of
LiMn,O, significantly affect its specific capacity and stability at high discharge
current densities. There are a number of methods in the literature that allow to
increase the specific characteristics of LiMn,O, and ensure their stability under
long-term cycling conditions [1].

Composite electrodes with a conductive matrix based on graphene are able to
maintain a high specific capacity even under high discharge current densities [2].
This is due to the ability of graphene to create structures with improved electronic
and ionic charge transfer properties. However, the surface and morphological
properties of LiMn,O, in composite electrodes may have additional influence
depending on the properties of the graphenes used.

In the work discusses the results of capacitive and resource testing of composite
electrodes depending on the physicochemical characteristics of LiMn,O, and
industrial graphenes of XG Sciences Inc. It is shown that the size of spinel particles,
their geometric configuration and the size and shape of agglomerates as well as
similar properties of graphenes significantly affect the rate characteristics of
composite electrodes improving them compared to electrodes containing traditional
conductive components.

1. Potapenko A., Gromadskyi D., Kirillov S. Manifold increase in high rate properties of’
LiMn,0, in a LiMn,O, poly(pyrrole) composite and the depth of Li* penetration into the
material in fast pseudocapacitive processes // J Solid State Electrochem.-2022.-26.-2907-
2918.

2. Li A., Shao Z., Yang S., Li X., Zhang A. Precipitation synthesis and enhanced electro-
chemical performance of graphene-modified LiMn,O, for lithium-ion batteries // Ionics.-
2020.-26.-3231-3238.
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anoferrites possessing a spinel crystal structure have demonstrated good
performance as photocatalysts in the visible light range. This is due to the fact that
some spinel ferrites keep an optical band gap of approximately 1.5-2 eV, which
enables the excitation of valence band electrons by visible light photon energy.
The synthesis of these materials using the sol-gel self-combustion technique
requires a specific chelating agent, which serves as an oxidizing agent in the initial
precursor. The use of different chelating agents during the sol-gel self-combustion
synthesis of ferrites significantly influences the resulting product's morphology
and physicochemical characteristics.

The produced specimen underwent annealing in air at temperatures of 500°C
and 800°C for three hours. The decrease in the degradation efficiency, as the
annealing temperature increased, can be attributed to two factors. Firstly, an
increase in particle size led to a reduction in specific surface area. Secondly, the
combustion of the remaining carbon scaffold, which functioned as an additional
sorbent for the dye.

A modified sol-gel autocombustion method was utilized to synthesize a
nanosized, single-phase CuFe,O, ferrite with an average crystallite size of 27 nm.
This product was used to photodegrade Methylene Blue dye in an aqueous medium.
Due to the small optical band gap of 1.55 eV, photodegradation was possible under
visible light exposure. Results indicate that the degradation capability decreases
with an increase in the post-synthesis annealing temperature. Moreover, the
synthesized product's photocatalytic characteristics rely on the type of chelating
agent utilized during synthesis. When glycine was used as the oxidizing agent,
there was a 12% increase in degradation capacity.
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Homogeneous mixing of chemical substances is crucial in chemistry, materials
and technology. Commercial attention has been devoted to compatibilization of
macromolecules in efforts to produce new materials with tailored properties.
However, different from low-molecular-weight compounds, the entropy of mixing
for macromolecules is inherently very low; therefore, in most cases, the mixing of
two or more polymers results in phase separation on the macroscopic scale. This
fatal problem poses a significant barrier to producing many scientifically and
technologically relevant homogeneous blends. To overcome the limitations of the
existing approaches, several new strategies have appeared to prepare polymer
blends using supramolecular complexation, porous coordination polymers, polymer
nanoparticles, fluid interfaces. However, it remains difficult to improve versatility,
mass-productivity and/or compatibility. Hence, the search for an easy and efficient
strategy to achieve the perfect mixing of polymers at the molecular level continues.

In this work, we have attempted to mathematically model the mixing of
immiscible polymers under conditions of ultrahigh plastic deformation, taking into
account the peculiarities of the mechanics and physics of polymers. For this
purpose, various viscoelastic-plastic models were created taking into account the
peculiarities of polymer mechanics using professional software packages based on
the finite element method. In addition, the well-known VPSC code, which is well
suited for modeling the plastic deformation of metals, was extended to polymeric
materials.
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The polymerization of vinyl monomers in the presence of dispersed mineral
fillers allows obtaining materials with interesting properties. This paper presents
the results of a study of the polymerization of various vinyl monomers in the
presence of aerosols. The monomers used were styrene (ST), methyl methacrylate
(MMA), methyl acrylate (MA), butyl methacrylate (BMA), and butyl acrylate
(BA). In all experiments, industrial samples of aerosols were used, namely: A-175,
alumina aerosil (AlA), titanium aerosil (TiA), and methyl aerosil (MeA). The
specific surface area of the studied samples determined by low-temperature
nitrogen adsorption was 190 m?/g for A-175, 170 m?/g for AIA, 120 m?/g for TIA,
and 190 m?/g for MeA. The particle size of the fillers was in the range of
10-40 nm and the bulk density was 40-60 g/I. The content of aluminum oxide in
AlA was 3.5 %. The content of titanium oxide in TIA samples was 4.0 %. Methyl
ester contained 4.0 % methoxyl groups. Benzoyl peroxide (BP), oligomeric sebacic
acid peroxide (OPSA), and diperoxide (DP) were used as initiators of radical
polymerization. The introduction of aerosil into the polymerization system leads
to a slowdown in the polymerization rate of ST, while in the case of MA, MMA,
BMA, the polymer formation rate increases. The polymerization rate of monomers
was studied by the dilatometric method up to 10 % conversion. The polymerization
mixture was intensively stirred during the polymerization study, with the aerosil
being evenly distributed throughout the system.

Was study of the adsorption of OPSA and DP on aerosil in styrene solution.
The adsorption of OPSA on aerosil occurs due to the formation of hydrogen bonds
between peroxide groups and OH-groups of aerosil. The thermodynamic
parameters of the adsorption process and the area occupied by the OPSA link in
the adsorption layer were determined. In the case of MA, MMA, and BMA,
competitive adsorption of peroxide and vinyl monomer takes place. The increase
in the polymerization rate of MA, MMA, BA, and BMA is associated with an
increase in the viscosity of the polymerization mixture, which reduces the rate
constant of polymer chain breakage. In some cases, a slight increase in the order
of the initiator in the filled systems was found, indicating that part of the growing
polymer chains breaks linearly. The molecular weights of the polymers formed in
homogeneous and filled systems were determined.
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Polymer-polymer composites (PPCs) based on a conductive polymer —
polyaniline (PANI) and water-soluble polymers such as: polyvinyl alcohol (PVA)
and polymethacrylic acid (PMAA), have unique properties. Such PPCs have good
electrical conductivity and can form strong films on various surfaces. Composites
with such properties can be successfully used for the construction of chemic
sensors, protection of metals from corrosion, etc. In our work, PPCs were obtained
mechanic chemically by mixing the calculated amounts of PVA or PMAA with
PANI in a small amount of water and treating the resulting mixture with ultrasound
for 15 minutes. After drying, the obtained composites were investigated for their
physical and chemical properties. The study of the X-ray spectra of the original
polymers and composites based on them showed that intermolecular hydrogen
bonds are formed between the components of PPC. Quantum chemical calculations
confirmed the formation of hydrogen bonds between the components of the
composite. Different conformational states of PANI and PMAA macromolecules
lead to the formation of several types of hydrogen bonds, which are characterized
by different energies and lengths.

The electrical conductivity of the obtained composites was studied. Electrical
conductivity depends on the ratio of PANI and PMAA or PVA and is characterized
by a maximum. The study of the dependence of electrical conductivity on
temperature made it possible to determine the activation energy of charge transfer,
which varies within fairly wide limits.

The study of thermal destruction of PANI, PMAA and PPCs was carried out
by the method of thermogravimetry. The destruction of PMAA takes place in stages
at temperatures higher than 100 °C, the macromolecule splits off water molecules,
with further heating, and deep decomposition takes place. The destruction of PVA
is also characterized by a complex nature and has several stages. Thermal
decomposition of PANI also takes place in several stages. The decomposition of
composites occurs in stages, and the temperature of destruction depends on the
ratio between the components. This fact confirms the conclusion about the
intermolecular interaction between the macromolecules that form the composite.
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Polymer/inorganic hybrids consisting of a silica sol and polyacrylamide
(Si0,-g-PAAm) with different numbers and lengths of grafted chains have been
synthesized and characterized. Their main molecular and structural parameters
were determined using elemental analysis, DTGA, static light scattering,
viscometry, potentiometric titration, and TEM. The functional properties of hybrids
as hydrophilic matrices in the in situ synthesis of nickel nanoparticles (NiNPs)
were controlled by UV-Vis spectroscopy and the original approach developed. The
kinetic features and efficiency of the formation of NiNPs in hybrid solutions have
been established depending on the structure and concentration of the hybrid
matrices and the concentration of Ni-salt.

The accumulation rate and yield of NiNPs in hybrid solutions increased with
an increase in the concentration of Ni-salt from 0.010 to 0.078 kg-m-3, and the
reaction rate mainly decreased with an increase in the concentration of hybrid
matrices from 0.5 to 2.0 kg-m=. The structure of the hybrid matrices, determined
by the number and length of grafted chains and the permeability of the polymer
layer, was one of the key factors affecting the formation rate and yield of NiNPs.
This provided greater or lesser accessibility of the active groups of the polymer
"corona" and the inorganic "core" for metal ions and reducing agent molecules. A
number of morphological studies of purified reduction products using TEM showed
that the main structural elements of NiNPs/SiO,-g-PAAm nanocomposites are
swollen "hairy" particles of hybrids with small amorphous NiNPs (1.7+£0.8 nm)
embedded in the polymer "corona".
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Xanthan gum of microbial origin is currently considered one of the most
interesting, studied and widely used natural polysaccharides due to its remarkable
biocompatibility, biodegradability and non-toxicity. Having a regularly branched
chemical structure and a negative charge in the side chains, its macromolecules
can take both an elongated (helical) and a coiled conformation in solutions,
depending on the balance of intra- and intermolecular electrostatic interactions and
hydrogen bonds. Xanthan coils in aqueous solutions are physical nanogels with a
micelle-like structure (Fig. 1), which can be used to create new hybrid materials
of the type: nanogel “core” — polymer “corona”. This work presents the
implementation of this idea to obtain new xanthan/poly-N-isopropylacrylamide
(K-g-PIPAAm) hybrids.

The chemical structure, molecular
parameters, morphology, solution behavior,
and coil size of a xanthan sample produced
by the bacteria Xanthomonas campestris
were characterized using FTIR, viscometry,
potentiometric titration, DTGA, and TEM.
Synthesis of hybrids was carried out by
radical graft polymerization [IPAAm from the
surface of the xanthan coils. As a result, a
number of hybrids were obtained with
predicted the same length, but a different
number of PIPAAm grafts. Their properties
were studied by FTIR, DTGA and TEM.

X '-:3".":'.1. 2

Fig. 1. TEM image of xanthan coils.
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In this review, nanomaterials based on SiO,"P,0,-Me O/ (where Me is
multivalent metal) are considered. Main approach to their synthesis is sol-gel
technique. Multicomponent reactions, where three or more reactants takes part in
a single reaction, are often used to prepare composites. A size of the primary
particles of 20-100 nm is reported. As a result, a new material is formed, it includes
two of more components. The composites can be also obtained with sol-gel
synthesis, In this case, both support matrix an active components are formed
simultaneously. The properties of glass-ceramics depends on the main crystalline
phases and microstructures, which is determined on the composition of the parent
glass. Nucleating agents also plays a key role, P,O, promotes the separation of
glass phase, increases the size of spherical droplets, and reduces the temperature
of crystallization. Other approaches to the composite synthesis are reinforcement
of preliminarily formed active component with a matrix, and embedding active
component into the preliminarily formed matrix. It is stressed that the promising
technique to obtain silica phosphates is ore processing.

Functional properties of the nanomaterials are sorption and catalytic ability, as
well as proton conductivity and bioactivity. Their exceptional chemical stability
and mechanical durability allow us to consider them as promising materials for
technological processes. TiO, was found to promote crystallization and to enhance
mechanical strength of MgO-A1,0,-Si0,-P,O, glass. This glass is used as dental
material. Dual role of ZtO, on the crystallization temperature of Li-containing glass
is suggested. The ion exchange capacity towards ammonia for the composite based
on zirconium-containing silica phosphate, reaches about 3 mmol g! under ambient
conditions. The composite was used as an adsorbent of ammonia The materials
retain high capacity value up to 1300 K, where ZrP,O, is formed. At lower
temperatures, the composites are characterized by amorphous structure.

Transparent glass-like ceramics consisting of nanocrystals are recommended
for electronic devices of different applications, Silica phosphate Zr-containing gels
are also in a focus of attention as promising materials for the fabrication of hybrid
organic-inorganic proton exchange membrane for low temperature fuel cells. The
material is able to retain water up to 573 K.
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Hydroxyapatite (HA) composites are the most promising for bone tissue
engineering, especially like magnetosensitive materials that could promote
regeneration processes during the treatment of bone injuries.

In our previous work [1] it was shown that not only the content but also the
type of used magnetite significantly influence on the resorption rate of biogenic
HA/magnetite/chitosan (BHA/M/Ch) composites in physiological saline for 2 days.
Moreover, no cytotoxic effect was detected for all composite materials, regardless
of the ratio of components and the method of magnetite synthesis.

The aim of the present work was study effect of physiological solution for
different time on morphology of BHA/M/Ch composites.

BHA/M/Ch composites (1, 5, 25 and 50 wt.% of magnetite) were obtained by
technology described in our previous work [2]. Composites were maintained in
physiological solution (saline, 0.9% NaCl) for 2, 10, 16 and 31 days (solid:
liquid =1:50) at 36.5+0.5°C followed by control of phase composition, specific
surface area (BET), density (helium pycnometry), and microstructure (SEM).

It was established that increasing maintaining in saline leads to increasing
specific surface area and decreasing particle size. The higher amount of magnetite,
the higher dissolution rate. At the same time, for long maintaining in saline the
higher influence of BHA takes place. No clear correlation between density and
composition has been shown. It was found no change in the phase composition.

1. Synytsia A., Zaremba P, Zahorodnia S., et al. Biogenic hydroxyapatite-based composites
modified by magnetite and chitosan: bioresorption in physiological solution and cytotoxicity
// Funct Mater. — 2022. —29, N 4. — P. 506-513.

2. Synytsia A., Sych O., Babutina T, et al. Biogenic hydroxyapatite-based composites mod-
ified by magnetite and chitosan: synthesis, phase composition and structure // Funct Mater.
—2022.—29, N2.— P. 299-304.
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Plasmon phenomena in noble metal nanoparticles are well studied and widely
used in contrast to semiconductor crystals, where this is a relatively new field of
research [1]. One of the promising semiconductor materials capable of localized
surface plasmon resonance is copper monosulfide (CuS). Moreover, the peak of
its plasmon absorption falls on the NIR region, which attracts the special attention
of researchers to this material and opens up interesting application possibilities.
As in noble metals, in CuS the oscillator strength and the position of the plasmon
resonance peak can vary depending on the size and shape of the particles, as well
as the dielectric properties of the environment.

In this work, the dependence of the extinction cross section of CuS
nanoparticles on their geometrical parameters was modeled. In particular, the
extinction cross section of CuS nanoparticles was calculated from the incident
radiation wavelength at different values of the ellipsoid semi-axis length (10, 30,
50, 70 and 90 nm) with constant values of the semi-axes b and ¢ = 10 nm. It was
established that the deviation from the spherical shape of the particle leads not only
to the shift of the extinction maximum to the long-wavelength spectral region, but
also to an increase in the maximum value of the extinction cross section. For
instance, changing the length of the ellipsoid semi-axis a from 10 to 90 nm at
constant values of the semi-axes b and ¢ led to a shift in the position of the
extinction peak by 1.48 pm (from 0.92 to 2.4 um), and its value increased from
1.7x10* to 3x103 cm™2. Thus, changing the ratio between the ellipsoid semi-axes
makes it possible to adjust the optical response of CuS nanoparticles in the NIR
region without loss in the intensity of plasmon absorption. It can be successfully
used when solving problems in electronics or medicine, as well as when developing
dual-purpose systems.

1. C. R. Conti, Localized Surface Plasmon Resonances in Semiconductor Nanocrystals //
The Florida State University. — 2022.
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Among the rare Earth elements cerium is the most widely distributed in the
Earth’s crust. This element is widely used in pharmaceuticals and photographic
industries, metallurgy, microelectronic, organic synthesis starting materials,
scintillation counters, catalysts, glass additives, fuel additives, as one of the active
components of catalytic converts in vehicles. Cerium is also used in agriculture,
forestry and animal husbandry, and as such, more and more attention is now being
paid to the study of cerium in the environment. Cerium, like other rare Earth metals,
has low to moderate toxicity. However, there are also other reports on the toxicity
of cerium. The animals were given large amounts of cerium, they died of
cardiovascular collapse. This element has also been found to cause pneumoconiosis
due to inhalation of dust containing cerium. The growing industrial use of cerium
and reports on its toxicity make it essential to have analytical procedures suitable
for monitoring cerium in the environment [1,2]. Electrochemical methods, such as
stripping voltammetry, are used to directly measure trace concentrations of metal
ions in environmental samples. Voltammetry techniques are relatively easy, fast
and inexpensive. In recent times, there has been an increasing use of nanomaterials
for the manufacture of electrodes used in voltammetry. For the construction of
electrodes, nanomaterials are sought that are chemically passive, widely available,
have high mechanical strength and good conductivity [3]. The research presented
here proposes the development of a new voltammetric procedure for the
determination of trace amounts of Ce(III) using carbon nanotubes as the working
electrode preparation material. The electrode prepared on the basis of nanotubes
ensured low detection limits for cerium determination and very good selectivity
towards other ions.

1. Dahle J.T., Arai Y. Environmental Geochemistry of Cerium: Applications and Toxicology of’
Cerium Oxide Nanoparticles// Int. J. Environ. Res. Public Health -2012, -12, -P. 1253-1278.

2. Adamczyk M., Grabarczyk M., Wlaztowska E. Fast and simple differential pulse adsorp-
tive stripping voltammetric determination of Ce(Ill) in natural water samples//Desalination
Water Treat., -2022, -264, -P. 188—195.

3. Baig N., Sajid M., Saleh T.A., Recent trends in nanomaterial-modified electrodes for elec-
troanalytical applications//TrAC, Trends Anal. Chem. -2019, -111, -P. 47-61.
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An experimental and theoretical study of the thermoluminescence (TSL) of a
PDHS/MCM-41 nanocomposite (NC) with the introduction of a silicon organic
polymer poly(di-n-hexylsilane) (PDHS) into MCM-41 nanopores with a pore
diameter of 2.8 nm has been carried out. It is shown that the NC TSL curve is
shifted toward low temperatures by 32 K relative to the polymer film, while its
half-width is reduced by a factor of 6 and its shape is changed. The TSL curve
consists of two bands: a very narrow intense band at 17 K with a half-width of 8
K, as well as a weaker and broader band with a maximum at 29 K and a half-width
of 23 K. The energy spectrum of charge carrier traps is quasi-continuum. The
positions of shelves in fractional TL method for a determination of energy spectra
are discrete, they coincide with the energies of optical vibrations quanta.

The model [1, 2] was used to explain the experiment. In the model, the
contributions from optical vibrations to the TSL curve and from other states are
considered separately. The observed position of the peak of the TSL curve and the
value of the activation energy in TSL allow to make a suggestion that the narrow
peak of the TSL curve is a result of charge transfer to the conductive region of the
polymer in the pore due to the absorption of an optical vibration quantum with an
energy of 0.042 eV. The less intense broad band on the TSL curve arises due to the
broadening of the distribution of the polymer segments. This broadening for a
polymer in a pore is much smaller than in a film due to decrease of intermolecular
interactions.

1.Sugakov V. I, Ostapenko N. I. Effect of molecular optical vibrations on thermo -lumines-
cence of silicon organic polymer. // Chem. Phys.-2015.-456. - P. 22— 27.

2.V. Sugakov, N. Ostapenko, Yu. Ostapenko, O. Kerita, V. Strelchuk, O. Kolomys Molecular
vibrations, activation energies of trapped carriers and additional structure in thermolumi-
nescence of organic polymers. //Synth. Met.-2017.- 234,-P. 117-124.
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The growing scientific interest in the research of piezoresistive sensors in recent
years is due to their wide application in such areas as the construction, automotive,
aviation industries, as well as in robotics, biology and biomedicine, rehabilitation
and personal health monitoring. The objective of this research was to develop high
performance conductive polymer composite (CPC) materials for flexible
piezoresistive sensors using hollow three-dimensional (3D) graphitic shells (GS)
as a highly conductive particulate component. Polystyrene (PS), a cost-effective
and robust polymer widely used in various applications such as household
appliances, electronics, automotive parts, and packaging, was chosen as the
polymer matrix. Hollow spherical three-dimensional graphene shells (GS)
synthesized by chemical vapor deposition (CVD) using magnesium oxide (MgO)
nanoparticles as a substrate, which were removed after synthesis, were used as
conductive fillers. Commercial multi-walled carbon nanotubes (CNTs) were
applied as a reference graphene material.

The main focus of this study was to investigate the impact of the GS on the
piezoresistive response of graphene/polymer composite thin films. The performed
studies allow to confirm that PS/GS composites can be characterized by a different
type of piezoresistive response than composites with CNTs. So, it is shown that if
the electrical conductivity of polymer films filled with CNTs decreases linearly
with deformation, then for composites filled with GS this dependence has a
complex character. The use of empty carbon shells greatly affects the sensors
response during bending of composite, due to GS deformation, which leads to the
absence of a response under elastic deformation. The sensitivity of PS/GS
composites becomes very high when the strain goes beyond elastic strain, resulting
in an extremely large change in sensor conductivity.
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Photonic crystals activated by Eu’*-containing complexes with organic and
inorganic ligands are of both fundamental and practical interest, especially, from
the point of view of managing their optical properties.

Photoluminescence (PL) spectra of the C.H EuOxH,O salt in pores of opal
films, with the globule diameter of 300 nm, were measured by exciting the
“hypersensitive” D «’F, transition with a 532 nm DPSS laser radiation. Backward
scattering geometry with respect to the opal (111) plane was used.

Three emission bands centered at 580 nm, 592 nm, and 617 nm, corresponding
to the SD—’F , >D;—"F, and °D —F, transitions in the Eu** spectrum, respectively
[1], were observed in the PL spectrum (dashed curve). Maximum possible number
of components of the Stark structure of the transitions °*D,—F,
(=1, 2), equal to 2j+1, and the high
intensity of the SD,—7F, transition
indicated a low symmetry of Eu®*
centers, not higher than C,

An additional impregnation of the
salt infiltration area with an aqueous
solution of glycerol (85%) resulted in
decreasing dielectric contrast from
1.85 to 1.13 and was accompanied by
the broadening of emission bands with
the spectral intensity redistribution ok o
(solid curve). It might be caused by Wavelengh (nm)
disordering of the ligands in the Eu*" ion coordination environment.

11

(un "a1) Aysusiu| 1d

PL Intensity (rel. un.)

in opal film
with glycerol,

1. Binnemans K. Interpretation of europium (IIl) spectra // Coord Chem Rev.-2015.-295.-
P 1-45.



Session 1. Nanocomposites and Nanomaterials 75

Photonic band gap and interface effects on the
Eu luminescence spectrum in opal films and heterostructures

Mukharovska V.S., Derhachov M.P.,, Moiseienko V.M.

Physics, Electronics and Computer Systems Department,

Oles Honchar Dnipro National University. Prospect Haharina,
72, Dnipro-49010, Ukraine.

E-mail: mukharovska@ffeks.dnu.edu.ua

Opal-based photonic crystals (PhCs) offer versatile control of the
photoluminescence (PL) spectrum through adjusting photonic stop band (PhSB)
parameters and defect incorporation, enabling innovative light sources and sensors.
Broad PhSB coverage is crucial for optimal emission control, making dual
heterostructures with slight difference in globule size highly favorable option.

Opal-based PhCs were fabricated as films on a glass substrate, composing of
silica particles (SPs) synthesized by the Stober method. A dual heterostructure was
formed by depositing a second film layer with similar-sized SPs prepared by the
multistage Stober method. PL spectra of Eu?* containing salt in both single-film
and heterostructure were measured under forward scattering geometry using a
410 nm semiconductor laser.

The PL spectra of Eu?* salt in opal films show strong angular dependence of
the intensities. However, single-film and dual-film structures exhibit contrasting
features, with the latter lacking inhibition of PL bands within the PhSB
region (Fig.). Observed disparity can be attributed to the interface between the
films, which acts as a defect. This results in the presence of allowed states in the
PhSB of heterostructure, which itself is a combination of the individual PhSBs of
each film. The impact of the interface on light scattering is also analyzed in this
context.
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Polymer nanocomposites are currently the subject of intensive research and
have broad prospects for practical application. The increased interest in the
development and study of their properties is justified by the possibility of obtaining
materials with new or improved polyfunctional qualities. The development of new
polymer nanocomposites with desired properties and the study of the patterns of
their change makes it possible to create materials for obtaining coatings
with controlled thermal properties, among which thermal conductivity occupies
a particular place. In view of the foregoing, materials based on
polychlorotrifluoroethylene and active, both pure and modified with silicon
dioxide, thermally expanded graphite deserve special attention.

The purpose of this work is to establish the regularities of the effect of changing
the content of components and modifying the surface of the filler on the heat
conductivity of composites of the PCTFE-TEG and PCTFE-TEG/SiO, systems,
as well as methods for obtaining composite materials with a controlled heat
conductivity value at a low content of fillers while maintaining the unique
properties of the polymer.

Studies of the temperature dependences of heat conductivity in the temperature
range 303 + 463 K were carried out with continuous change of the heater
temperature in modes close to regular heating using a dynamic A-calorimeter, which
is a modernized heat conductor meter “UT-A-400".

It has been established that the percolation threshold both in the PCTFE-TEG
and in the PCTFE-TEG/SiO, systems occurs at concentration values of ~ 0.95%,
as evidenced by a sharp jump in heat conductivity. A further increase in the
concentration of both TEG and TEG/SiO, leads to a certain decrease in the heat
conductivity, which in the case of TEG/Si0, almost immediately begins to increase
again and at a concentration of ~ 2.43% is two times higher than the corresponding
values for both pure polymer and composite PCTFE-TEG.

Thus, it was found that the modification of TEG with SiO, significantly
increases the heat conductivity of the composites.
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Today injectable composites based on sodium alginate and hydroxyapatite
(including biogenic origin) are very promising for bone tissue engineering and
allow reaching hard-to-reach defects using techniques that are minimally invasive.

The aim of the present work was preparation and investigation effect of
biogenic hydroxyapatite (BHA) amount on the structure and properties of sodium
alginate/biogenic hydroxyapatite (AlgNa/BHA) composites.

AlgNa/BHA composites (BHA content 1, 2, 3 and 10 wt.%) were obtained by
mixing of 2% sodium alginate hydrogel and BHA. Previously 2% sodium alginate
hydrogel was obtained using sodium alginate, calcium sulfate dihydrate, glycerin
and distilled water as a starting materials. BHA was prepared by calcination of
cattle bone at 800 °C.

AlgNa/BHA composites were characterized by DTGA (Q-1000 derivatograph,
MOM), XRD (X'Pert PRO diffractometer, Malvern PANanalytical), FTIR
(IRAffinity-18S spectrometer, Shimadzu) and SEM (Zeiss Ultra Plus microscope,
Carl Zeiss Meditec AG). Skeleton density was measured by using a helium
pycnometer (AccuPyc II 1340, Micromeritics) according to ISO 12154:2014.
Additionally, the equilibrium swelling degree of hydrogels was evaluated after
incubating in a thermostat TS-1/80 SPN at 25°C in distilled water for 24 h.

It was demonstrated the incorporation of BHA into a covalently cross-linked
alginate hydogel and the formation of composite with a complex porous structure.
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Recently, a lot of researches have been done on nanostructured niobium oxides,
in particular on the transparent semiconductor oxide Nb,O,. The areas of its
application are catalysis, electronic devices, such as solid-state capacitors,
memristors, solar cells, as well as various sensors and biosensors, including optical
ones [1].

Nanostructures from Nb,O; can be obtained by various methods, such as
hydrothermal and sol-gel methods, pulsed laser deposition, electrodeposition, and
liquid anodization in pore-forming electrolytes. Nanostructured niobium anodic
oxides have many advantages, such as self-assembled formation, large surface area,
controlled pore size and film thickness. The growth and morphology of the anodic
oxide film (nanoporous, nanochannelled, nanoveined and nanocolumns) strongly
depend on the electrolyte composition and temperature, spinning voltage, and
anodization duration [1-3].

A special problem is the preparation of nanostructured anodic niobium oxide
films from vacuum-deposited niobium films. The development of a controlled
technology for such nanostructures on substrates used in microelectronics and
thin-film sensors (silicon, glass) opens up many opportunities for wide
application. Obviously, the formed oxide nanostructures should be affected not
only by the anodization parameters, but also by the structural features of the
niobium films themselves, which depend on the deposition mode and film
thickness [3].

This work is devoted to study the formation of nanoporous anodic Nb,O, from
niobium films with a thickness of 100 - 300 nm deposited by the magnetron method
on sital and glass substrates.

Anodizing was carried out in a two-electrode cell with a platinum wire cathode.
A glass capillary pressed against the anodization area on the niobium film served
as a container for the electrolyte. The anodizing area 2,25 mm? was limited by a
positive photoresist mask. A potentiostatic anodizing mode was used in the voltage
range of 10 - 40 V. An NH,F solution in ethylene glycol with a small amount of
water was chosen as the electrolyte. It gives opportunity to avoid damage of the
substrate during anodization.
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Fig. 1. Chronampermetric dependences obtained during anodic oxidation
of niobium films thickness of 200 nm at voltages of 10V (curve 1),
20V (curve 2), 30 V (curve 3), and 40 V (curve 4).

The chronometric dependences (Fig. 1) obtained during anodization showed
that anodic oxidation during the formation of porous Nb,O; films have a minimums
current. It is associated with a change in ion and electron currents during the
transition from the formation of a dense barrier film to a nanostructured two-layer
oxide film consists of barrier layer and porous layer [2]. The minimum becomes
deeper with increasing voltage. The rate of transition of the niobium to the oxide
increase when forming voltage enlarges. At a voltage of 40 V, the through oxidation
time of a 200 nm thick niobium film is less than a minute, and the resulting two-
layer oxide film has many cracks and peels.

1. Rani R., Zoolfakar A., O'Mullane A., Austin M., Kalantar-Zadeh K. Thin films and nanos-
tructures of niobium pentoxide: fundamental properties, synthesismethods and applications
// J Mater Chem A.- 2014.- 2.- p. 15683EW

2. Chong B., Yu D., Jin R, Wang Y., Li D., Song Y., Gao M., Zhu X., Theoretical derivationof
anodizing current and comparison between fitted curves and measured curves under dif-
ferent conditions // Nanotechnology.- 2015.-26.- P. 145603 (15p)

3. Lebyedyeva T, Shpylovyy P, Skoryk M., Kryvyi S., Lytvyn P. Formation of Nanoporous
Anodic Alumina by Anodization of Aluminum Films on Glass Substrates // Nanoscale Res
Let.- 2016.- 11.- I. 1.- article id.203, 11 pp.
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Nowadays the synthesis of new oxide nanosized materials is relevant in the
creation of high sensitive sensors for detection of toxic and explosive gases in air.
Tin dioxide due to its chemical stability remains the most popular among oxide
semiconductor materials [1]. An increase in the sensitivity of the semiconductor
gas sensors based on tin dioxide can be achieved both by introducing catalytically
active additives into the materials of the gas sensitive layers of the sensors [2], and
by reducing the sizes of the particles of the nanomaterials [3]. Nanosized SnO, has
been synthesized by a sol-gel technique and characterized by IR-spectroscopy,
DTA-DTG, XRD and TEM methods. Nanosized SnO,-based sensor materials have
been prepared by mixing different quantities of components (tin dioxide and
carboxymethylcellulose) in a paste for creation of gas sensors. It is found that the
composition of the pastes significantly affects the parameters of the sensors
obtained on their base. The obtained data are explained by necessity of the presence
of a sufficient number of contacts between the particles of the sensor material,
which ensure the electrical conductivity of the sensor. Extreme nature of the
temperature dependence of the sensor sensitivity for the synthesized material
confirms the contribution of the size effect in the formation of the sensitivity.

1. Peng S., Yingshuo Y., Jing X., Yanfeng S., Jian M., Geyu L. One-step synthesis and gas
sensing characteristics of hierarchical SnO, nanorods modified Pd loading // Sens Actuat
B Chem.-2011.-160, N 1.-P. 244-250.

2. Oleksenko L.P., Maksymovych N.P, Sokovykh E.V., Matushko 1.P. Effect of palladium ad-
ditives on the functional characteristics of semiconductor hydrogen sensors based on nano-
sized SnO, // Theor Exp Chem.-2014.-50, N 2.-P. 115-120.

3. Yamazoe N., Shimanoe K. New perspectives of gas sensor technology // Sens Actuat B
Chem.-2009.-138, N 1.-P. 100-107.



Session 1. Nanocomposites and Nanomaterials 81

Nanocatalyst based on thermally expanded phlogopite,
Pd(II) and Cu(IT) compounds for oxidation
of CO and SO, with atmospheric oxygen

Rakitskaya T.L., Nazar A.P, Kiose T.0.

Faculty of Chemistry and Pharmacy, Odesa 1.1. Mechnikov
National University,2, St. Dvoryanska, 65082, Odesa, Ukraine.
E-mail: email.of. corresponding annnzr1401@gmail.com

A common situation is when carbon monoxide and sulfur dioxide are
simultaneously present in the waste gases of industrial enterprises. In this regard,
research on the polyfunctionality of the Pd(II)-Cu(II)/S (S— different carriers)
nanocatalyst and the detection of the influence of SO, on its activity are relevant.
Natural materials, including polyphase phlogopite concentrate, are effectively
studied as carriers (S) of palladium(IT) and copper(I) compounds. The phase
composition of the phlogopite concentrate significantly affects the activity of the
Pd(IT)-Cu(TI)/S catalyst. We found that high-temperature treatment of natural
material leads to homogenization of the phase composition, increase in the content
of phlogopite and its swelling. The paper presents the results of the study of nitric
acid concentration on the physicochemical properties of thermally expanded
phlogopite (TS-Phl) and its acid-modified forms. The samples were modified with
1M, 2M, 3M and 6.0M nitric acid by the reflux method for one hour (XH-TS-Phl-1,
where X =1,0; 2,0; 3,0; 6,0 M HNO,). Pd(I1)-Cu(I1)/XH-TS-Phl-1 catalysts were
obtained by the impregnation method, the drying temperature was 110°C. Samples
were characterized by XRD, SEM, FT-IR spectroscopy, and pH measurement.
Catalysts were tested under conditions of room temperature, relative air humidity
of 65-67% in reactions of oxidation of CO (C., = 300 mg/m®) and SO,
(Cyo, = 150 mg/m?). It was established that only on acid-modified XH-TS-Phl-1
samples palladium(II) and copper(Il) exhibit catalytic properties in the reaction of
CO oxidation by oxygen. In the steady-state mode, the degree of CO conversion
is greater, the greater the concentration of nitric acid used to modify TS-Phl. Pd(II)-
Cu(IT)/XH-TS-Phl-1 samples in the reaction of oxidation of sulfur dioxide with
oxygen revealed chemisorption-catalytic properties: the process occurs without
establishing a steady state.



82 NANOTECHNOLOGY AND NANOMATERIALS

Hydrothermally and mechanically induced
transformations in the porous and crystal structure
of zirconium dioxide

Sydorchuk V., Levytska S., Kiziun O.

Institute for Soption and Problems of Endoecology of the National Academy
of Sciences of Ukraine.

13 Naumova St., Kyiv-03164, Ukraine.

E-mail: bilychi@ukrnet

It is known that polymorphism is characteristic of zirconium dioxide. Different
phases are formed depending on the method of its synthesis. Precipitation from
aqueous solutions is usually used to prepare of the ZrO, in a nano-dispersed and
X-ray amorphous state. Its calcinations lead to formation of metastable tetragonal
phase and decrease in dispersity due to sintering. The latter limits the use of the
ZrO, in high-temperature catalytic processes.

We have used successive hydrothermal and mechanochemical treatments (HTT
and and MChT, respectively) to synthesize a stable monoclinic modification and
create a mesoporous structure that is more resistant to sintering processes. Indeed,
HTT at 260-320°C results in the formation of highly crystalline ZrO, consisting
of a mixture of monoclinic and metastable tetragonal phases, which contains about
40-50% of the first. At the same time, the initial precipitated micro-mesoporous
Zr0, is transformed into a uniformly mesoporous one. Soft dry milling (300 rpm)
transforms the tetragonal component into a monoclinic one (within 0.5-1 h) so that
ZrO, samples of an almost pure monoclinic phase are formed. Its crystallites are
nano-sized: 12-14 nm. Also, the mesoporous structure of hydrothermal samples is
almost completely preserved after MChT: milled samples have specific surface
area in the range 60 — 100 m?/g, volume of mesopores — 0.15-0.19 cm?/g and
mesopore diameter 4.0 — 6,5 nm.

The prepared samples do not undergo phase transformations and retain a
developed porous structure up to high temperatures, at which they are used as
catalyst supports.
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One of the most promising types of advanced nanostructured functional
materials are cluster-assembled materials that are deposited using cluster beams.
The morphology and properties of such structures can differ significantly from the
properties of conventional nanocrystalline composites, and are mainly determined
by the structure and sizes of cluster building blocks [1]. In turn, the problem of
controlling the properties of substrate-free clusters is nontrivial, and its complexity
is aggravated when passing from single-component to binary beams. In this regard,
it is extremely useful to study van der Waals clusters of inert and simple molecular
gases, which are good objects for testing theoretical models due to the simplicity
of intermolecular forces.

In this work, we carried out a comparative electron diffraction study of the
structure and size for pure argon and nitrogen clusters, and for clusters doped with
krypton atoms. The krypton fraction in gas mixtures varied from 0.1 to 6 mol.%.
The cluster sizes were varied by changing the initial temperature and initial gas
pressure at the supersonic nozzle inlet and ranged from 3 to 20 nm (from 500 to
40000 molecules per cluster).

It was established that the addition of krypton to the argon jet lead to the
intensification of cluster growth while the addition of krypton to the nitrogen jet
can lead to either the intensification of cluster growth or its suppression. It was
also shown that the growth intensifications were accompanied by opposite phase
transformations. In Ar-Kr clusters, an increase in the relative fraction of the hcp
phase is observed, while in N,-Kr clusters, an increase in the fcc phase fraction
occurs. The most probable reasons for the presented experimental phenomena are
discussed and the mechanisms of cluster formation in binary gas jets are proposed.

1. Qingda Liu, Xun Wang. Cluster-assembled materials: Ordered structures with advanced
properties // InfoMat.-2021.-3.-P. 854-868.
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The two most popular methods introducing of nanosized particles into solder
joins by flux are based on either addition of nanoparticles (NPs) directly into the
solder paste, or the mixing of NPs with flux placed between solder and substrate.
In the latter case, the solder joints are prepared in a sandwich form
Cu/flux+NPs/solder/flux+NPs/Cu, and the nanosized additions are concentrated
at the interface between the substrate and solder. Such hybrid solder joints are
expected to have significantly better mechanical properties with lower nanopowder
consumption compared to the solder paste mixing process. In a recent study, the
authors found that hybrid Sn3.5Ag solder joints prepared by Fe NPs doped flux
reveal a higher shear strength and a lower growth rate of Cu,Sn, phase with
increasing the NPs additions up to 2.0 wt.% [1].

The present study is focused on the investigations of the mechanical properties
of the hybrid SAC305 solder joints with Fe NPs. The nanocomposite fluxes with
various content of Fe NPs (0.0 wt.%-2.0 wt.%) were prepared by mechanical
mixing for 30 min. The samples were soldered at 543 K for 5 min. A part of the
samples was thermally aged for 7 days and 14 days. Subsequently, the variation of
hardness across the solder layer was determined by means of nano-indentation tests
to obtain a correlation between the distribution of Fe NPs in the solder joints with
their microstructure and hardness. Additionally, a comparative analysis of the
experimental data with literature has been provided.

Financial support for this study came from the Austrian Science Fund (FWF)
under Project No. P 34894 and from Austria’s Agency for Education and
Internationalisation (OeAD) under Project ASEA-UNINET / 2022-2023 / TU
Wien / 3.

1. Wodak L., Yakymovych A., Khatibi G. Hybrid Solder Joints: Morphology and Mechanical
Properties of lead-free Sn-based Solders with nano-sized Fe doped Flux //ISSE2023, ac-
cepted for publication in IEEE Xplore.
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Spin-crossover (SCO) complexes are transition metal coordination compounds
that undergo reversible phase transitions between low spin (LS) diamagnetic and
high spin (HS) paramagnetic states upon exposure to external stimuli. Such
molecular spin-crossover can occur for certain first series transition metal ions with
3d*-3d’ electronic configurations, and these materials are attractive due to their
unique electronic bistability that holds promise for various technological
applications [1].

The present study investigates the spin-crossover transition in a hexagonal
lattice of finite size consisting of a grid of SCO molecules. The lattice is a standard
model for the study of spin-crossover phenomena, and the finite size simulates
more realistic experimental conditions. The work addresses to the role of the type
of lattice and its finite size in the occurrence of phase transition in the spin-
crossover nanocrystal. We used the Metropolis algorithm of Monte Carlo
simulations to calculate the system's magnetization for various grid sizes and
intermolecular interaction strengths.

Our findings indicate a transition from LS to HS states and vice versa for some
grid sizes and intermolecular interaction strengths. We observed the dependence
of the transition on the interaction strength by varying this parameter. Additionally,
the transition behavior is influenced by the size of the finite lattice, as shown by
our simulations.

In conclusion, our Monte Carlo simulations of a hexagonal lattice of finite size
have allowed us to observe the transition of different kind from LS to HS states
for various grid sizes and interaction forces. These results shed light on the
cooperative behavior of intermolecular interactions in SCO systems and suggest
potential avenues for further research in this area.

1. Gudyma lu., Maksymov A., Enachescu C. Phase transition in spin-crossover compounds
in the breathing crystal field model // Phys. Rev. B—2014. — 89, 224412.

2. Gudyma Iu., Yarema V. On the role of random bond in spin-crossover compounds// Ap-
plied Nanoscience (2022).
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Constructing a multilayered structure as an absorbing coating is an important
tool for improving the characteristics of microwave absorbing (MA) and shielding
materials. The influencing factors on microwave absorption performances of multi-
layered structures are filler types and their spatial distribution in composite layers,
filler loadings, stacking sequences and thicknesses, etc. Combining the electrical
conductivity and magnetic susceptibility in the composite layers is a promising
way due to the synergy of dielectric and magnetic losses. Multicomponent epoxy
composites with various content (0-5 wt.%) of nanocarbon (graphite nanoplatelets
(GNP), carbon nanotubes (CNT) and magnetic fillers (30wt.% of Fe, Co and Co,0,
particles) were studied in a frequency range (1-67) GHz. The observed enhanced
microwave permittivity and dielectric loss tangent in these multicomponent
composites may be explained by the enhanced contribution of interfacial
polarization due to an additional large number of conductive magnetic particles
and the formation of more interfaces with accumulated electric charge in
heterogeneous structures. The modeling of reflection loss  of multilayered
composite structures using measured permittivity and permeability spectra showed
good microwave absorptive properties. For example, a 4-layered composite
structure based on GNP/Co,0,/epoxy layers showed a more pronounced reflection
loss |RLmin| =(30-32) dB (sample thickness is 2.2-2.5 mm) and effective bandwidth
Aroas =24 GHz compared with single layers.

Much better microwave absorption properties of the multi-layered structures
compared with the uniform single composite layer can be ascribed to the improved
impedance matching with free space and the addition of interior interfaces.
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Piezoelectric materials generate electric charge in response to physical
stresses (the direct piezoelectric effect) or through deformation under an
electric field (the inverse piezoelectric effect). These phenomena are related to
the development of piezoresponse force microscopy, sensors, actuators, resonators,
electric energy harvesters [1, 2]. It is important to know whether the signs of the
piezoelectric coefficient in piezoelectric materials have uniform positive or
negative values, or a mixture of local negative and positive responses. For example,
it has been recently predicted from first phrinciples that the usual ferroelectric phase
of HfO, (orthorhombic with space group Pca2,) presents a negative longitudinal
piezoresponse. Though, existing experimental measurements of hafnia’s
piezoresponse suggest a perovskite-like behavior (i.e., a positive longitudinal
effect) [3]. Research at the atomic level is needed to elucidate the physical
mechanisms governing these phenomena.

In this paper the piezoelectric effects of the HfO, nanoclusters are studied by
methods of the density functional theory and first-principles pseudopotential based
on own program code [4]. The spatial distribution of valence electron density,
density of states, and Coulomb potential along transverse direction are calculated.
Local force responses from the electronic subsystem, cationic, anionic sublattices
of hafnium oxide to multidirectional deformations are discussed.

1. Liu J,; Zuo H., Xi, W., Luo Y., Yao D., Chen Y., Wang K., Li Q. Wind Energy Harvesting
Using Piezoelectric Macro Fiber Composites Based on Flutter Mode // Microelectron. Eng.
-2020,-231. - P111333.

2. Buragohain P, Lu H, Richter C., Schenk T., Kariuki P., Glinsek, Hiroshi Funakubo S., et
al. Quantification of the Electromechanical Measurements by Piezoresponse Force Mi-
croscopy // Adv. Mater. -2022.-34.-P. 2206237.

3. Dutta S, Buragohain P, Glinsek S., Richter C., Aramberri H., Lu H., Schroeder U., Defay
E., Gruverman A., Iiiiguez J. Piezoelectricity in hafnia // Nature Communications.-2021.-
12.-P.7301.

4. Balabai R., Solomenko A., Radchenko T., Tatarenko V. Functionalization of Quasi-Two-
Dimensional Materials: Chemical and Strain-Induced Modifications. - Progress in Physics
of Metals. — 2022. - 23. —-P.147.
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Binary oxides M—Ce—O are good systems for carrying out catalytic processes.
The work aims to synthesize and characterize binary nanopowder of cerium and
cobalt oxides to create catalytic active materials. The synthesis of the powder was
carried out by co-precipitation Co(NO,), and CeCl; in a weakly alkaline
environment with the addition of an auxiliary. The washed and lyophilized
precipitate was fired at a T = 600 °C for 3 hours.

The morphology of the nanopowder is shown in Fig. 1a. Oxide particles are
homogeneous and do not form aggregates, their average size is 34-35 nm.
According to RFA (Fig. 1b), the powders included two oxides: CeO, (PDF No. 34-
0394) and Co,0, (PDF No. 9-418). For CeO, the parameter & = 0.5233 nm, and
the CSR is 11.3 nm. For Co,0,, the parameter & = 0.8050 nm, and the CSR is 18.8
nm. The EDS data confirm the formation of a binary system includes two kinds of
oxides. Cerium oxide particles contain wt.%: Ce 68.56; O 22.83; Co 6.34; C12.27,
and cobalt oxide particles, respectively, wt.%: Co 57.95; O 33.22; Ce 8.1; C1 0.73.
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Fig. 1. Composite cerium and cobalt oxide s nanopowder: a — SEM image;
b — diffractogram. Numbers correspond to: 1 — CeO,; 2 — Co,0,.

Thus, the binary powder of cerium and cobalt oxides with nanometer-sized
particles which are characterized by homogeneity and absence of aggregation, was
obtained by a chemical method with subsequent calcination of lyophilized powder
at T =600 °C. Further research will be aimed at determining the catalytic activity
of binary powders and obtaining a perovskite-type structure based on them.
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Fumed oxides SiO, and AL,O, with a specific surface area of ~80 m?/g were
proved as the perspective carriers for bimetallic NiFe and CoFe nanoparticles
catalytically active in the reaction of CO, hydrogenation [1]. One of the important
things for the effective CO, conversion over the catalyst’s surface is the surface
basicity of it [2] due to the impact to value of CO, adsorption. Therefore, in order
to achieve a better catalytic effect, the bimetallic NiFe and CoFe composition
were deposited over the surface of mixed bi- (Al,0,/SiO,) and ternary-
(A1,0,/8i0,/Ti0,) industrial fumed oxides marked as SA96 and AST1 respectively.

The catalytic experiment was carried out on a flow bed glass reactor at
atmospheric pressure and a total gas flow rate of 0,1 I/min. The reaction gas mixture
of CO,/H, balanced with He in a composition’s ratio of 2/55/43 vol.% was applied
over the studied nanocomposite catalyst within the temperature range of
25-450 °C. The structure and properties of composites in the oxide and metallic
form were investigated with TG, XRD, nitrogen adsorption and TD MS methods.

The results of the catalytic study showed that the application of Co-Fe and
Ni-Fe active mass on the surface of fumed carrier SA96 is more promising
compared to similar catalysts applied to carrier AST1 due to the absence of carbon
monoxide among the reaction products.

1. O. Pryhunova, A. Dyachenko, O. Ischenko, V. Diyuk, et al. NiFe(CoFe)/silica and
NiFe(CoFe)/alumina nanocomposites for the catalytic hydrogenation of CO, // Appl.
Nanosci. — 2023. https://doi.org/10.1007/s13204-023-02781-x

2. A. Catarina Faria, R. Trujillano et al. Cyclic operation of CO, capture and conversion
into methane on Ni-hydrotalcite based dual function materials (DFMs) // Journal of CO,
Utilization. — 2023. — 72. - Article#t 102476
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Hydroxyapatite is a mineral of the apatite group with the formula
Ca,,(PO,),(OH),. Its structure is formed mainly by calcium and phosphorus atoms.
It is included in the bones and teeth of living organisms. In nature it is found in
magmatic, calcareous, metamorphic and phosphate rocks. This biomaterial has
many favorable properties, including stability, reactivity, low manufacturing costs
and high adsorption capacity. Hydroxyapatite has become a versatile biomaterial
with applications in many fields. However, it is not a material without flaws.
Therefore, the field of research into its modifications, including iron oxides, metal
ions, or other organic compounds, is thriving [1].

Modification of the structure of hydroxyapatite with other compounds leads to
the formation of a composite - a material made of different components, which in
combination give the substance new properties. An interesting alternative that
enriches the structure of apatite biomaterial is modification with iron oxides, mainly
magnetite Fe,O, and maghemite y-Fe,O,, which are distinguished primarily by
their magnetic properties. Another interesting modification of hydroxyapatite is its
combination with white clay, which results in good adsorption properties, for
example, of uranium, cadmium, nickel and tetracycline ions. Satisfactory results
were also obtained in studies on the removal of uranium ions using hydroxyapatite,
the structure of which was enriched with silver and calcium ions. The
hydroxyapatite compound, combined with graphene oxide and chitosan, has proven
its applicability in the adsorption processes of dyes and heavy metals, in this case
copper ions. As can be seen, these materials are multidisciplinary in nature, and
their potential use is compatibile the idea of sustainable development.

1. Biedrzycka A., Skwarek E., Urban M.H, Hydroxyapatite with magnetic core: Synthesis
methods, properties, adsorption and medical applications // Adv Colloid Interface Sci.-
2021.-291.-P. 102401.
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Copper bismuthate CuBi,0, is p-type semiconductor with band gap within 1.5-
1.8 eV depending on method of its synthesis. From this point of view, it is a
promising material for photocatalytic application under the action of visible light.
Its heterostructures with n-type semiconductors are also of particular interest. It is
known that the method of synthesis has a significant impact on the physicochemical
characteristics of photocatalysts and, ultimately, plays a decisive role in their
activity. Usually, CuBi,0, is obtained using coprecipitation from solutions or solid-
phase interaction of oxides at a temperature of 700°C or higher.

In this work, facile top-down technique, high-energy ball milling, was used for
synthesis of bulk and supported onto titanium dioxide CuBi,0,. Milling at 850 rpm
of stoichiometric mixture of Bi,0, with CuO or Cu,O in air allow to prepare almost
pure CuBi,0, with crystallite size about 13 nm. When copper and bismuth salts as
starting reagents were used, activation of reaction mixtures is observed due to
milling. The prepared milled precursors are transformed into CuBi,0, as a result
of subsequent calcination at 500°C, i.e. 200°C lower than during the thermal
treatment of the un-activated mixture. All synthesized samples have band gap
within 1.6-1.8 eV.

A milled sample prepared from CuO at 850 rpm was supported to TiO, (anatase)
in the amount of 5-10% also using a mechanochemical procedure. Due to this, the
specific surface of the obtained compositions increased compared to the bulk milled
samples - up to 22-25 m?/g. In turn, this results in dispersion of the deposited
CuBi,0, phase on the TiO? surface, so that it does not form a separate crystalline
phase that would be recorded by XRD. Another consequence of such
mechanochemical deposition-dispersion is that a one absorption edge was found
in the electronic spectra of these compositions. It corresponds to a band gap of
2.95 eV, which is much closer to that of TiO,. Thus, doping of titanium dioxide
with copper bismuth occurs during mechanochemical deposition.
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Material brass is widely used in industry due to its good mechanical properties.
However, among the drawbacks is the low wear resistance. To improve the
mechanical properties of brass, various types of functional coatings are applied to
its surface. ZnO nanorods were synthesized as a transitional layer between the
substrate and the functional layer under conditions of plasma surface treatment
carried out in a helicon high-frequency discharge [1]. The obtained ZnO structures
are randomly oriented nanorods with lengths up to several microns and cross-
sectional sizes ranging from 5 to 20 nm. Such a transitional layer provides high
adhesion of the desired coating to the brass substrate.

The physics of formation and growth of these nanostructures is complex and
multi-level. Their synthesis was previously carried out [2] at relatively high oxygen
pressures (~300 bar) without prior plasma treatment. By employing combined
regimes of surface cleaning and activation of brass using plasma argon flows,
followed by independent heating of prepared samples in an oxygen atmosphere at
pressures around ~10-2 Pa, the synthesis of well-defined ZnO nanorods occurs on
the surface of brass through the diffusion of zinc atoms from within the lattice to
its surface.

1. Rudenko E.M., Panarin V.Ye., Kyrychok P.O., Svavilny M.Ye., Korotash 1.V., Palyukh
0.0., Polotskyi D.Yu., Trishchuk R.L. Nitriding in a helicon discharge as a promising tech-
nique for changing the surface properties of steel parts // Usp. Fiz. Met.-2019-20, N 3.-
P.485-501.

2. Lu Yuan, et al, Spontaneous ZnO nanowire formation during oxidation of Cu-Zn alloy //
J. Appl. Phys. -2013-114, 023512-8.
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In recent years, chromophoric organic reagents have been widely used to
modify the silica surface, which allows one to obtain the corresponding organo-
mineral composites for broad application prospects. In this case, N-heterocyclic
azo dyes (HR) — 1-(2-pyridylazo)-2-naphtol (PAN) and 1-(2-thiasolylazo)-2-
naphtol (TAN) — are of great interest. Previously silicas with HR immobilized were
used to metal (M) ions solid-phase determination by light adsorption of MR. It is
known, that MR, stability, molar extinction coefficient and affinity to hydroxylation
surface are higher than ones of MR. So, the sorbent with HR molecules disposition,
optimal for MR, formation lets improve sensitivity and selectivity of solid-phase
determination of M.

Hybrid materials with required location of reagent molecules on the surface
were obtained via adsorption of Zn(PAN), and Zn(TAN), and were deeply
investigated by Fourier transform infrared spectroscopy, thermogravimetric
analysis in nitrogen and air atmosphere, scanning electron microscopy, and
adsorption methods. The best characteristics were shown by Zn(TAN),
immobilized on silica gel Merk 60 (before and after acid treatment, SG1 and SG3)
and Zn(PAN), immobilized on Silpearl UV 250 (SP,). These organo-mineral
sorbents were used in further work to study the sorption of M from dilute solutions.
The result obtained testify that only Ni(II), Cu(II) and Co(II) were adsorbed. The
color of sorbents changed drastically and strongly depended on nature and initial
concentration of M in solution. This phenomenon was used for working out visual
test and diffusion reflectance spectrometry methods. Detection limits of Ni(Il),
Cu(II) and Co(II) determination were 2, 15 and 15 pg/l respectively. Methods were
successfully used to soil extracts and tap water analysis.
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II-VI based dilute magnetic semiconductor (DMS) are material in which
impurity ions, 3d- or 4f- transition metal (TM) elements replace II ions in crystal
lattice [1]. The chemical composition of the DMS is represented by type of (II-
VI):TM or ternary solid solutions type of I, TM VI, where x denotes the fraction
of impurity ions substitution in the DMS lattice structure. Dopant-carrier exchange
interactions in the DMSs give rise to large Zeeman spin splittings of the excitonic
or band states and related giant magneto-optical Faraday rotation.

At present, the mechanism that controls the incorporation of a dopant into a
nanoparticles has not been fully studied. The developed various theoretical doping
models were mainly used to explain the experimental results on the chemical
colloidal synthesis of nanostructures of the DMS. In this work, we compare the
structural, optical, and magneto-optical properties of Mn-doped CdS, CdTe, and
ZnO semiconductor nanostructures obtained by various physical and chemical
methods. All the samples were characterized by transmission electron microscopy,
scanning electron microscopy, optical absorption, photoluminescence and Faraday
rotation spectroscopy. The magneto-optical spectra of nanoparticles exhibit
peculiarities typical for bulk DMSs due to the strong spin-exchange interaction
between band carriers and magnetic ions and simultaneously manifest some
features because of confinement effects in low dimensional structures.

1. Furdyna J. K., Kossut J., Diluted Magnetic Semiconductors (Academic Press, New York)
25, 1988.
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Carbon materials (CM) based on plant biomass are obtained by carbonization
and activation of feedstock at high temperatures. CM obtained by this method has
a large developed internal surface area. However, the control of thermochemical
processes leading to the formation of pores is a common problem nowadays. This
problem is especially urgent in the case of obtaining CM for electrodes of
electrochemical capacitors application. Moreover, it is not only the size of the
specific surface that is important but also the pores size distribution.

The aim of this paper is to study the effect of thermal activation on the
development of the CM porous structure. The initial material was obtained by
thermal carbonization at 800°C from walnut shells [1]. To improve the structural
and adsorption characteristics of the obtained CM, thermal activation was carried
out at 400°C for 2 hours.

In order to determine the structural and adsorption characteristics of CM, the
analysis of nitrogen adsorption/desorption isotherms obtained at -196°C was
carried out using the Quantachrome Autosorb automatic sorbtometer.

The data analysis shows that thermal activation leads to changes in the
parameters of the porous structure of CM. In particular, during the activation
process, the specific surface area SBET increases from 230 to 431 m?%g. In this
case, the process of thermal activation promotes the development of a mesoporous
structure. This is evidenced by the ratio of the mesopore volume V__ to the total
pore volume V., which is V /Vs = 75% (for the initial sample this ratio
is = 11 %). The value of the average pore diameter increases from 2.2 to 4.8 nm.

1. Ivanichok N. Ya., Ivanichok O. M., Rachiy B. 1., Kolkovskyi P. I., Budzulyak I. M., Kot-
syubynsky V. O., Boychuk V. M., Khrushch L. Z. Effect of the carbonization temperature of
plant biomass on the structure, surface condition and electrical conductive properties of
carbon nanoporous material // Journal of physical studies -2021.-25, N 3.-P. 3801(10 p.).
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The unique properties of two-dimensional (2D) materials such as graphene [1]
and materials with a structure similar to graphene [2] cause interest in connection
with the possibility of applying such materials in quantum electronics, sensor
technique and quantum computing systems. The study of impurity centers in such
materials is one of the fundamental areas of modern nanoscience.

The paper presents the calculation of the energy of singlet and triplet states of
two-electron systems such as exchange-coupled pairs of shallow hydrogen-like
impurities and D—centers in 2D graphene-like structures with ion-covalent bond.
The calculations were carried out by the variational method with using the Gaussian
system of functions. Similar functions were previously used to calculate the energy
of the singlet and triplet states of the 2D hydrogen molecule [3]. The parameters
of the electron—phonon coupling were determined using the dielectric
characteristics calculated in Ref. [2] by the modified method of binding orbitals of
binary 2D ANB8-N compounds.

1. Li X, Tao L., Chen Z., Fang H., Li X., Wang X., Zhu H. // Graphene and related two-
dimensional materials: Structure-property relationships for electronics and optoelectronics
// Applied Physics Reviews. 2017. -4(2). -P. 021306-1-021306-31. doi:10.1063/1.4983646

2. Davydov S. Y. Elastic and photoelastic characteristics of graphene-like compounds //
Technical Physics Letters.—2017.-43(3).-P. 258-261. doi:10.1134/s106378501703004x

3. Kashirina N. I., Kashyrina Ya. O., Korol O. A., Roik O. S. Calculation of the energy of a
two-dimensional hydrogen molecule // Molecular Physics.-2023.-121(6).-Article: 2198619
doi:10.1080/00268976.2023.2198619
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Lanthanum is one of the most abundant rare earth elements (REE). La and
lanthanides represent a group of very similar rare elements that are hard to be
separated. Methods of La determination mostly require a thorough sample
pretreatment, which includes preconcentration, separation withdrawal of this REE.
There is also a problem of La withdrawal from the technological solutions. One of
the ways of solving problems of samples preparation for the analysis is the solid
phase extraction method using various sorbents, in particular natural zeolites, which
have a lot of advantages in comparison with other ones. The sorptive properties of
the Transcarpathian clinoptilolite towards trace amounts of La(III) were investigated
under dynamic conditions. Trace amounts of La(III) are sorbed most efficiently from
weakly alkaline solutions at pH 9.2. It was established that hydrolyzed cationic and
even neutral complexes of La(IIl) are priority species for sorption on clinoptilolite.
The investigation has demonstrated that La(IIl) sorption on the clinoptilolite is
caused by the processes of ion exchange and adsorption on the zeolite surface.
Sorption capacity of the clinoptilolite increases significantly with decreasing
concentration of La(III) in the solution. This is caused, probably, by the decrease of
the amount of LaOH?" and La,(OH),** with increasing concentrations of La(III) in
the solution. The most effecttively La(IIl) is sorbed by clinoptilolite samples
previously calcined at 550—700 °C. Siloxane bonds are formed in the structure of
clinoptilolite at this temperature, that together with the silanol groups are responsible
for the sorption of La(IIl). The maximal sorption capacity of clinoptilolite towards
La(IIT) at optimal conditions is equal 61.7 mg/g. The solutions of mineral acids
(HNO,, HCI) and acidified 1 M NaCl and 1 M KClI solutions are effective La(III)
desorbents. The method for La(IlI) trace amounts preconcentration from the aqueous
solutions was proposed in a solid phase extraction mode. Differences in the optimal
sorption conditions of La(III), Ce(I1I), Nd(III), Sm(III) and Eu(IIl) make it possible
to concentrate and separate of the La(IIl) selectively from solutions containing the
other specified REEs of the cerium group.
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Today, there are many studies on fluorescent sensors sensitive to ammonia and
acetone in the air, including those using nanoparticles and nanostructured materials.
It is important to create and research such sensors, which could sense analytes in
the region of very low concentrations. This is topical for non-invasive diagnosis
of diseases based on the analysis of exhaled air. Our recent study showed the
possibility of detecting acetone and ammonia molecules in the air with fluorescent
sensors based on silicate matrices, coumarin fluorescent dyes, and CdTe
nanocrystals [1]. This work aimed to investigate the sensory properties of such
materials to samples of model mixtures of human exhaled air, where such
molecules are present in trace amounts.

Experiments showed a 57% increase in the fluorescence of coumarin 7 in an
ethanol solution when CdTe quantum dots (size 2.3 nm, luminescence emission
X, = 530-535 nm) were added in a 1:1 ratio. This is explained by the presence of
FRET (Forster resonance energy transfer), since there is an overlap of the
fluorescence band of quantum dots and the absorption band of coumarin 7.
Experimental studies of the fluorescent sensor response of the created
nanostructured films under interaction with analyte molecules in model mixtures
of human exhaled air were carried out. The fluorescence response of samples with
silica gel 60 (specific surface area 500 m?/g), coumarin 7, and CdTe quantum dots
(size 2.3 nm, A__ = 530-535 nm) at 0.5 ppm ammonia was 1%, 1 ppm — 2%,
5 ppm — 6%, and 10 ppm — 14%. The response of samples with Aerosil A-380 (380
m?/g) and coumarin 4 to 3 ppm acetone was 0.06%, 6 ppm — 0.16%, 9 ppm —
0.24%, 12 ppm — 0.35 ppm, and 15 ppm — 0.43%. It was found that after pumping
clean air through the cuvette with the sample, the fluorescence intensity was almost
wholly recovered for each sample type.

1. Mitsai V.P, Lazorenko Ya.P., Misyura A.G., Mamilov S.0. Gas-Sensing Fluorescent
Nanostructured Composites with Coumarin Dyes and CdTe Semiconductor Nanoparticles
for Non-Invasive Medical Diagnostics // Nanosistemi, Nanomateriali, Nanotehnologii.-
2021.-19, N 4.-P. 941-952.
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Au NPs have been widely using industrial areas such as sensor, environmental
monitoring, and disease therapy due to their unique optical properties, and very
small scale size distributions [1]. Au NPs synthesized via top-down and bottom up
approach [2]. Each method have advangates/disanvantages each other. Green
synthesis of NPs have advantages such as biocompatible, eco-friendly, cheep, not
need high pressure, temperature [3].

In this study, we synthesized Gold (Au) NPs by using Punica granatum bark
extract. Characteristic peaks of NPs were determined at 569 nm. According to
FE-SEM images NPS have spherical morphology with 61 nm. DLS and zeta
potential of NPs have been found at 162 nm, and -29 mV, respectively. Functional
groups and christianity of NPS were detailed by using FT-IR, and XRD analysis,
respectively. As a result, we suggest that, Green synthesized Au NPs might be use
for detection of atrazine as colorimetric sensors.

1. Liu G., Lu M., Huang X., Li T, Xu D. Application of gold-nanoparticle colorimetric sens-
ing to rapid food safety screening. Sensors, 2018; 18(12):1-16 .

2. Kumar A., Chisti Y., Chand U. Synthesis of metallic nanoparticles using plant extracts,
Biotechnol Adv, 2013; 31(2): 346-356.

3. Singh J., Dutta T., Kim H.K., Rawat M., Samddar P., Kumar P. Green synthesis of metals
and their oxide nanoparticles : applications for environmental remediation. J Nanobiotech-
nology, 2018; 16(84):1-24.
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Cellulose is the most widespread natural polymer on Earth, which is widely
used in the production of paper and cardboard, ethers and esters of cellulose,
oxycellulose and nanocellulose. Nanocellulose, as a biodegradable material, has
unique properties: mechanical strength, transparency and chemical resistance, light
weight and low coefficient of thermal expansion, and is used to improve the
properties of composite materials [1]. The study described the extraction of
nanocellulose from hemp and corn pulp, obtained by environmentally friendly
organosolv method of delignification by cooking using a mixture of acetic acid
and hydrogen peroxide [2]. A stable transparent nanocellulose gel was extracted
from organosolv pulp by acid hydrolysis followed by ultrasound treatment and
used for the production of paper and cardboard. The nanosize of nanocellulose was
confirmed by AFM and TEM methods [3].

It has been established that the addition of nanocellulose to the fibrous
composition or to the surface of paper (cardboard) improves the physical and
mechanical properties of food packaging paper and cardboard for flat layers of
corrugated cardboard. The changes that occur with the addition of nanocellulose
were investigated using SEM and XRD methods. The recommended values of the
consumption of nanocellulose for the production of paper and cardboard with
indicators that meet the requirements of the relevant standards have been
determined.

1. Reshmy R., Philip E., Paul S. et al. Nanocellulose-based products for sustainable appli-
cations: recent trends and possibilities // Rev Environ Sci Biotechnol.-2020.
https://doi.org/10.1007/s11157-020-09551-z.

2. Barbash V., Yashchenko O. Preparation, Properties and Use of Nanocellulose from Non-
Wood Plant Materials. DOI: 10.5772/intechopen.94272.

3. Barbash V.A., Yashchenko O.V., Yakymenko O.S., Zakharko R.M. Extraction of organo-
solv pulp and production of nanocellulose from hemp fibers // KPI Science News.-2021,
N 3.-P. 83-90. DOI: 10.20535/kpisn.2021.3.25145.
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Metal oxide nanocrystals, including rare-earth orthovanadates, have garnered
significant attention from scientists due to their valuable properties, making them
promising for diverse biological and medical applications. Recent advancements
in nanomedicine have unveiled that metal oxide nanoparticles can participate in
Reactive Oxygen Species (ROS) production reactions involving electron/hole
transfer. Our research has uncovered that orthovanadate nanocrystals exhibit both
pro- and anti-oxidant activities, depending on the nanocrystals' size, external
conditions, and pre-treatment regimen. Furthermore, when orthovanadate
nanocrystals were pre-exposed to ultraviolet light before the experiment, a
phenomenon known as "dark" ROS generation was observed.

In this study, we investigate the role of europium activator on the pro-oxidant
properties of orthovanadate nanocrystals. By utilizing fluorescence probe
molecules specific to superoxide anions and hydroxyl radicals, as well as a non-
specific ROS sensor, we examine and compare the efficiency of "dark" ROS
generation between doped and undoped nanocrystals. Our findings reveal that in
small nanocrystals (2 nm), UV-light pretreatment leads to the reduction of Eu**to
Eu?". Electrons stored in Eu?* participate in electron transfer reactions with oxygen
molecules, resulting in the production of superoxide anions and other ROS. This
enhances the overall efficiency of "dark" ROS generation compared to undoped
nanocrystals. However, such effects were not observed in larger nanocrystals.

Consequently, activating orthovanadate nanocrystals with europium ions
represents a method to enhance the ability for "dark" ROS generation in UV pre-
exposed small nanocrystals.

Acknowledgments: This research was supported by National Research
Foundation of Ukraine, Grant Ne 2020.02/0052 for Leading and Young Scientists
Research Support.
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Wastewater containing even residues/traces of organic dyes can cause severe
environmental pollution, as they affect the organoleptic parameters of surface
waters, reduce light penetration, inhibit vital processes, and prevent photosynthesis
in water. In addition, some dyes are toxic, mutagenic, and even carcinogenic [1-3].

Traditional purification methods, such as adsorption, ultrafiltration, reverse
osmosis, coagulation, ion exchange, etc., do not destroy dye molecules. From the
point of view of mineralization of organic pollutants, modern progressive
advanced oxidation processes are more effective, but they do not provide the "zero
pollution" [1].

In view of this, the photocatalytic method of destruction is the most promising
and promising. And photocatalysis using composite semiconductors, including
composites of ZnO with zeolite, is a new approach to expand the range of light
absorption, as well as to achieve more efficient distribution of charges and increase
their service life. In this regard, the aim of the presented research was to develop
a new effective composite photocatalyst based on zinc oxide [2,3].

The main tasks of the presented research were the following. Develop synthesis
methods and synthesize laboratory series of ZnO composites with zeolite. To
investigate the morphology, particle size, phase composition, optical band gap,
structural and adsorption characteristics, and acid-base surface centers of the
synthesized composites. To study their photocatalytic activity in model processes of
photodegradation of organic pollutants using the example of anionic (Congo red)
and cationic (methyl blue, methyl green) dyes in static and dynamic modes. To
establish the relationship between the structure, composition, structural adsorption,
acid-base properties, and photocatalytic activity of the synthesized composites.

1. Kukh A., Ivanenko 1., Asterlin 1. Composite Titanium Dioxide Photocatalytically Active
// Materials: Review Springer Proceedings in Physics.- 2020.- 247.-P. 379-390.

2. Hutsul K., Stepanova A., Byts O., Ivanenko I. Photocatalytic activity of ZnO under near-
real conditions // Materials Today: Proceedings.-2022.-62. (P15).-P.7654-7659.

3. Ivanenko 1., Hutsul K., Krymets G. The precipitation synthesis of zinc (II) oxide for pho-
tocatalytic degradation of anionic and cationic dyes // Applied Nanoscience (Switzerland).-
2020.-12 (3).-P. 755-759.
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Useful adsorbent is characterized by the high adsorption capacity, high
selectivity, efficient adsorption kinetics, easy separation from solution after the
adsorption process is completed, simplicity of regeneration and low production
costs. The purpose of the presented research was to verify whether innovative
carbon- silica composites fulfill these expectations. Three composites were selected
for the study: primary C/SiO,, modified iron-enriched C/Fe/SiO, and modified
manganese-enriched C/Mn/SiO,. Accordingly, studies were conducted to determine
the elemental composition and textural parameters of the selected solids.
Subsequently, these composites were used in the adsorptive removal of heavy metal
ions (Pb(Il), Zn(Il)) and a pharmaceutical (antibiotic diclofenac) from aqueous
solutions in single and mixed adsorbate systems. Diclofenac is one of the most
popular over-the-counter nonsteroidal anti-inflammatory drugs (NSAIDs). Lead,
on the other hand, is an absolutely toxic element, and zinc possesses significant
threats in excess to living organisms. Measurements of adsorption and desorption
capacities were also carried out. Potentiometric titrations and electrophoretic
mobility measurements were conducted to comprehensively characterize both the
composites themselves and the adsorption layers formed in systems with metals
and the pharmaceutical. They allowed the determination of point of zero charge
and isoelectric point, two important parameters that characterize solid-solution
interface.

Based on the results obtained, it was concluded that the silica-carbon
composites used are effective adsorbents that can be applied in the process of
simultaneous removal of heavy metal ions and drugs from aqueous solutions.
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Phosphors based on ZnGa,0,:Cr with a spinel structure are used in various
luminescent screens with both long and medium afterglow times as the red
component. In this regard, the paper investigates the optical absorption edge of
ZnGa,0,:Cr thin films obtained by radio-frequency (RF) ion-plasma sputtering,
which is optimal for depositing semiconductor and dielectric films. Thin
ZnGa,0,:Cr films with a thickness of 0.3-0.8 um were obtained by RF ion-plasma
sputtering in an atmosphere of a mixture of argon and oxygen of different
percentages on fused quartz (v-SiO,) substrates.

The analysis of the obtained micrographs of these films indicates a slight
dependence of the size of nanocrystallites forming ZnGa,O,:Cr thin films on the
presence and atmosphere of heat treatment. In particular, the average grain diameter
of the unannealed films is 211 nm, when annealed in an argon atmosphere, it
increases to 222 nm, and when annealed in an oxygen atmosphere, it increases to
245 nm. As a result of the studies, it was found that, regardless of the composition
of the sputtering atmosphere and the heat treatment atmosphere, the fundamental
absorption edge of ZnGa,O,:Cr thin films is formed by direct allowed electron
phototransitions. The analysis of the fundamental absorption edge shows that the
optical band gap Eg of ZnGa,O,:Cr thin films is very sensitive to the composition
of the sputtering and heat treatment atmosphere. Thus, for films deposited in an
argon atmosphere and annealed in oxygen, Eg = 4.55 eV, and for films annealed
in argon, Eg = 4.62 eV. An even greater shift is observed when some oxygen is
added to the argon spray atmosphere. The addition of 15% oxygen leads to
Eg=4.67 eV, and the addition of 20% oxygen leads to Eg = 4.81 eV.

The Burstein-Moss effect was used to explain the increase in the band gap
energy with a change in the concentration of current carriers. As a result, it was
found that for films annealed in oxygen p = 0.202 m, for films annealed in argon
u = 0.414 m, for films deposited in an atmosphere of 85%Ar + 15%0,
pu = 0470 m, and in an atmosphere of 80%Ar + 20%0, p = 0.481 m. The
estimationof the concentration of free charge carriers N showed that for films
annealed in argon N = 1.07-10'7 ¢cm?3, for films deposited in an atmosphere of
85%Ar + 15%0, N = 8.81-10'7 cm3, and for films deposited in an atmosphere of
80%Ar +20%0, N = 5.09-10" cm=. We discuss our results.
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Currently, organic substances present in water bodies are increasingly attracting
the attention of environmentalists and are considered as dangerous pollutants.
Traditional treatment facilities usually do not provide the required degree of
purification, as they accumulate wastewater from industrial enterprises, agricultural
effluents and household waste.

Since a huge number of organic compounds are used that affect the environment
and humans, research in the field of using photocatalytic processes has advanced
significantly. The development of new efficient photocatalysts is an important task.

In this work, a PVA-CoFe, ,Ce, .0, composite was synthesized. The
morphology and structure of the starting materials and the composite were
characterized using scanning electron microscopy, X-ray analysis, and IR-
spectroscopy. Magnetic parameters were measured using a vibration magnetometer.
The photocatalytic activity of the obtained materials was carried out based on the
results of measuring the absorption spectra.

The particle size is approximately 8-12 nm. In the X-ray pattern of
PVA-CoFe, ,.Ce,,,0,, it was found that there are extended but easily identifiable
peaks. A significant broadening of all diffraction peaks and their low intensity is
observed. For the most intense peak at (26=40-70), the broadening of the peak to
3.1° full width at half-height is observed, which corresponds to the presence of
nanosized PVA-CoFe, ,,Ce, ,O, crystallites. In addition, the presence of cerium
cations with a much larger radius is also evident. The X-ray pattern of
PVA-CoFe, ,.Ce, ,0, has small ferrite peaks. IR spectra showed the chemical
interaction of polyvinyl alcohol and hydroferrite.

The results show that the pphotocatalytic properties of PVA-CoFe, ,.Ce, ,0,
composites in the methylene blue composition destruction reaction are 70-98%,
depending on the reaction conditions.
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Increased interest in the study of magnetic tunnel contacts is due to the effect
of tunnel magnetic capacitance (TMC), the value of which reaches several hundred
percent in contacts with a barrier nanolayer of MgO. This allows us to talk about
the prospect of practical application of the tunnel magnetic capacitance effect in
memory elements and other spintronic devices. The TMC effect occurs in
magnet/dielectric (semiconductor)/magnet tunnel contacts and its magnitude
depends on the spin polarization of electrons in the magnet and the structure of
energy levels in the barrier nanolayer. Large values of TMR and TMC in tunnel
contacts with the Fe/MgO interface are related to the features of the electronic
structure of the Fe/MgO interface, where the efficiency of spin-dependent tunneling
is ensured by a good agreement between the crystal lattice parameters of the iron
magnetic electrode and the crystal lattice parameters of magnesium oxide. Our
work presents the results of research on magnetoresistance and the
magnetocapacitive effect in Tb,, ,Co.Fe,./Pr,O, /Tb,, ;Co.Fe, tunnel magnetic
contacts with perpendicular magnetization of magnetic electrodes and a
paramagnetic barrier layer. In tunnel contacts with perpendicular anisotropy of the
electrodes, the antiparallel orientation of magnetization radically changes the
distribution of the magnetic field in the contact barrier layer and causes the
appearance of a high-gradient magnetic field in the direction of magnetization of
the contact magnetic electrodes. Under the action of such a field, there is a spatial
separation of spin-polarized major and minor electrons, which creates an
inhomogeneous distribution of electric charge in the contact barrier layer. As a
result, an additional energy barrier appears for major spin-polarized electrons, and
an additional effective spin capacitance appears in the contact. Experimental values
of tunnel magnetic resistance in Tb,, Co.Fe.,./Pr.O, /Tb , Co[Fe, tunnel magnetic
contacts exceed 110%, and values of tunnel magnetic capacitance exceed 115%.
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Obtaining and investigation of nanocomposite films containing both
semiconductor and metal nanoparticles embedded in a dielectric matrix or
semiconductor nanoparticles embedded in a combined semiconductor-metal oxide
may provide new functionalities, which would be strongly dependent on the matrix
structure, composition, native defects etc., governing their electrical and optical
properties.

The DC conductivity characteristics of the SiAl,O N (Si) films at low voltages
significantly differ from those of the SiO N (Si) films. The effect of the
conductivity decrease with the increase of electric field at low voltages is observed
for the films annealed both in nitrogen and argon atmosphere. At this, the decrease
in conductivity with voltage is most pronounced for the SiAl O,N, films annealed
in nitrogen. Increase of the voltage (field) leads to the decrease of the conductivity
to a certain value, after which it begins to rise.

To analyze the conductivity in this voltage range, we use the Richardson—
Schottky expression for a solid state. Analysis of the experimental data shows that
in our case the dielectric constant er is negative at low voltages. Negative dielectric
static constant was observed for some nanostructured materials. It is tightly related
to the effect of negative capacitance in the low-frequency (< 1 MHz) region.

A qualitative model based on the peculiarities of electric field polarization of
the films was proposed to explain the conductivity decrease with the increase of
electric field. The important role is played by the interface traps at the Si
nanoparticles — amorphous matrix interfaces that capture electrons. Negative
dielectric constant originates from the negative charge trapped at the interfaces
near the cathode region. The internal electric field increases the external field. The
increase of the charge trapped at the Si nanocrystals — dielectric matrix interfaces
explains the decrease of conductivity with the field growth.
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According to the Food and Agriculture Organization (2020), the industrial
production of wooden boards in the world reached 367 million m3, the production
of fiberboard, chipboard and OSB made up 250 million m? of them. Wood
composite materials occupy a leading place in the field of construction, so it was
interesting to investigate the effect of nano-sized metal particles on their
characteristics. First of all, we are interested in reducing the release of
formaldehyde, it is used in the composition of resins for better gluing of wood raw
materials. According to research conducted by the National Academies of Sciences
in Washington in 1980, it was found that free formaldehyde is a carcinogen and
leads to myeloid leukemia, cancer of the nasal cavity, damage to bone marrow
function, and other negative consequences. Free formaldehyde is released both
during the pressing of wood-composite panels and during their further operation.

Since ZnO is used as part of analyzers to determine free formaldehyde, it was
interesting to investigate the effect of metallic zinc nanoparticles on the
concentration of formaldehyde in samples of chipboards. This study is interesting
because depending on the size and degree of oxidation, the metal can have different
effects on the final result.

With the help of the electro-spark method of manufacturing nanoparticles, we
have the opportunity to obtain nanoparticles with a very small amount of oxide
forms. Adhesive dispersion modified with 2%, 4% and 8% colloidal solution of
zinc nanoparticles was used for research. The best results were obtained when using
glue modified with 8% zinc nanoparticles, which was a reduction of formaldehyde
emissions by 48% on the third day after pressing. Since there is information in the
literature about the negative effect of zinc on the physical and mechanical
properties of wood-composite materials, further research on the effect of a mixture
of zinc nanoparticles with other metals, in particular aluminum, is necessary.
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Nanocrystalline ceria (CeO, NPs) are well known for their application in
various fields of industry, as well as in biology and medicine [1, 2]. Knowledge of
synthesis schemes, physicochemical and morphological features of nanoscale CeO,
is important for assessing their antioxidant behavior. In this study, f-CD@CeO,
are synthesized via the simple co-precipitation method in alkaline media using
unmodified B-cyclodextrin (B-CD) as a solubilizer and stabilizer agent. The
properties of obtained NPs are studied using various methods of physical-chemical
characterization such as UV—visible spectroscopy, Fourier-transform infrared
(FTIR) analysis, transmission electron microscopy (TEM), dynamic light scattering
(DLS) and thermogravimetric analysis. The characterization by TEM revealed
B-CD@CeO, NPs with uniform spherical shape and average diameter of 5 nm.
Average hydrodynamic diameter of B-CDs@CeO, NPs in aqueous solution
according to DLS was 30.2 nm. These small B-CD@CeO, NPs have excellent
colloidal stability. The reaction of the autoxidation of epinephrine to adrenochrome
was used in order to determine the ability of NPs to inactivate superoxide radicals.
We have found that B-CDs@CeO, have maximum activity at a concentration of
NPs of 100 mg/l. Comparison of B-CD@CeO, nanoparticles with citrate-stabilized
NPs has shown that presence of f-CD has no deteriorating effect on the antioxidant
activity of nanoceria making these materials potent both as antioxidant agents and
carriers of water-insoluble antioxidant molecules for obtaining of hybrid
nanomaterials with improved antioxidant action.

1. Karakoti A.S., Monteiro-Riviere N.A., Aggarwal R., Davis J.P.; Narayan, R.J., Self W. et
al. Nanoceria as antioxidant: Synthesis and biomedical applications // JOM. - 2008. - 60.
- P33-37.

2. Das S., Dowding J.M., Klump K.E., McGinnis J.F,, Self W., Seal S. Cerium oxide nanopar-
ticles: Applications and prospects in nanomedicine // Nanomedicine. - 2013. - 8. - P.1483-
1508.
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The antimicrobial properties of highly dispersed (particle size 100 Fm)
Ukrainian transkarpathian clinoptilolite (CL) composition with transition metal
ions such as Ag* and Zn** (CL-Ag 1.05, CL-Zn 1.1, CL-Zn 2.2, CL-Ag 1.05-Zn
1.1) were studied. The concentration of metal ions in the compositions are: Ag" —
1.05 mg/g, Zn** — 1.1 and 2.2 mg/g.

Silver— and Zinc—containing zeolite materials have been prepared on the basis
of clinoptilolite using ion-exchange reactions between zeolite and salt of a
transition metal in a solid phase extraction mode. Compositions of zeolite with
listed above zinc ions concentrations have been shown antimicrobial activity
against gram-negative bacteria E.coli (20-40% survival) and yeast C. albicans
(about 30%). Compositions of zeolite with silver ions in different concentrations
have been shown significant antibacterial (survival of E. coli 0.1-1.2%) and
antifungal (survival of C. albicans 0.2-1.2%) activity. The combination of zinc and
silver ions in the composition based on clinoptilolite slightly increased the
antimicrobial effect, delaying the growth of E. coli in the range of 0.04-1.1% and
the yeast C. albicans from 0.1 to 1.0%.
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Solid contact ion-selective electrodes (SCISEs) are useful and often chosen
measuring devices in potentiometry. Due to this, it is important to improve their
construction to make the obtained results more accurate, precise and reproducible.
One of the more frequently modified element of these electrodes is a solid contact
(SC), which ensures the stability and reversibility of the potential [1]. In addition,
it provides good ion-electron conductivity, faster charge transfer, which in turn
improves other analytical parameters of electrodes, i.e. the membrane resistance
and electrical capacitance of the double layer [2].

In the presented poster, it will be discuss the effect of temperature on the
performance of potassium ion-selective electrodes, in which different
nanostructured materials, i.e. perinone polymer, poly(3-octylthiophene) (POT) and
multiwalled carbon nanotubes (MWCNTs) were used as the solid contact. SCISEs
were prepared by covering glassy carbon disc electrode (GCE) with a layer of solid
contact material and then depositing a membrane cocktail by the drop casting
method. The control electrode was an unmodified membrane coated disc electrode.

For all prepared electrodes, the effect of temperature on parameters such as the
slope of characteristic, range of linearity, limit of detection, stability and
reversibility of the potential, long-term stability (EO) and selectivity towards Mg?",
Na', Ca?" ions was studied.

1. Wardak C., Morawska K., Paczosa-Bator B., Grabarczyk M. Improved Lead Sensing
Using a Solid-Contact lon-Selective Electrode with Polymeric Membrane Modified with
Carbon Nanofibers and lonic Liquid Nanocomposite // Materials.-2022.-16, N 3.-P. 1003.

2. Pietrzak K., Morawska K., Malinowski S., Wardak C. Chloride lon-Selective Electrode
with Solid-Contact Based on Polyaniline Nanofibers and Multiwalled Carbon Nanotubes
Nanocomposite // Membranes.-2022.-12, N 11.-P1150.



112 NANOTECHNOLOGY AND NANOMATERIALS

Factors influencing the characteristics
of porosity of ceramic materials

Zelenska A.A., Yanushevska O.1., Dontsova T.A., Kyrii S.0.

National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute” Beresteiskyi pr., 37, Kyiv-03056, Ukraine.
E-mail: Anastasial 61221 @gmail.com

In recent years, there has been a rapid increase in interest in the study of porous
ceramic composite materials due to their excellent properties, such as high
permeability, high temperature stability, wear resistance, high selectivity, corrosion
resistance, and others. Due to their unique properties, ceramic membranes
(separation of liquid and gaseous phases) have recently been increasingly used in
industry, squeezing polymer membranes, in particular, in the process of industrial
wastewater treatment. The use of ceramic materials involves the appropriate degree
of their porosity, which can be achieved by using pore generating agent, varying
the sintering temperature of membranes, using different methods of forming
membranes and a wide range of pressing pressure, etc. Usually, the following
materials are used as pore generating agent: carboxylic acids, carbonates, carbon
materials (technical carbon, graphite), etc. In [1], macroporous bioactive glass
(Ca0-Si0,-P,0, system) was obtained using the sol-gel method, using granulated
stearic acid as a pore generating agent. To prepare inexpensive microporous
ceramic matrices, the authors [2] used: a mixture of Spanish clay, chamotte and
starch. As pore generating agent, calcite was used in the amount of 15 — 20 wt.%.
Studies [3] demonstrate the use of calcium carbonate as pore generating agent in
a ceramic membrane based on kaolin, zeolite, and silica xerogel composites. It was
established that the volume fraction of connected pores depends on the content of
calcium carbonate. Research shows that the type of pore generating agent affects
the porosity of ceramic materials, and by varying its content, the desired porosity
and strength of the materials can be achieved.

1. Zhou Zh., Ruan Jm., et al. Synthesis and structural characterization of macroporous
bioactive glass // J Cent. South Univ. Technol.-2007.-14.-P. 301-304.

2. Lorente-Ayza M.-M., Mestre S., Menéndez M., Sanchez E. Comparison of extruded and
pressed low cost ceramic supports for microfiltration membranes // J. Eur. Ceram.-2015.-
35(13).-P. 3681-3691.

3. Aripin H., Priatna E., et al. Characterization of Ceramic Membrane based on Calcium
Carbonate from Onyx Stone and Its Application for Coconut Sap Treatment // Int. J. Eng.
Sci.- 2022.-35(02).-P. 300-306.
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One of the biggest challenges for humanity today is the task of developing
efficient technologies for accumulating and storing electricity. The electrochemical
systems in use, which are divided into lithium-ion batteries and carbon
supercapacitors, are unable to meet the rapid growth in energy consumption despite
constant improvement and increase in their efficiency. Their main disadvantages are
insufficient energy capacity, inability to be miniaturized and incorporated into
microelectronics, and harmful environmental impact. Therefore, fundamental
research in this area has become extremely relevant, which will allow us to offer a
radically new approach to solving the problem of electricity storage. All studies are
actually related to the development of the concept of quantum energy storage as an
alternative to existing electrochemical ones. In this context, it is worth highlighting
the work on the creation of a quantum supercapacitor, the energy intensity of which
can approach the energy intensity of, for example, burning gasoline [1, 2].

To realize this concept, it is necessary to form nanostructured materials that,
due to the large area of heteroboundaries and high dielectric constant, would
accumulate an electric charge at the interface. Based on the experience from
previous studies [3, 4], we have formed the supramolecular clathrate MSM-
41<CH,N,S<CoCL>>, which demonstrates the ability to accumulate an electric
charge at the interface. This is evidenced by the results of impedance and current-
voltage studies. To understand the physical mechanisms of the observed
phenomena, X-ray diffraction studies and studies of the structure of impurity
energy levels were also carried out by measuring the currents of thermally
stimulated discharge.

1. Patent PCT BY 99/00012, 27 May 2003.

2. Ferraro, D., Andolina, G. M., Campisi, M., Pellegrini, V., & Polini, M. Physical Review
B, 100(7), (2019). doi:10.1103/physrevb.100.075433

3. Maksymych V., Klapchuk M., Borysiuk A., Kulyk Yu., Stadnyk V., Bordun 1., Kohut Z.,
Ivashchyshyn F. Materials Research Bulletin. 163, 112220(1-9), (2023). doi:
10.1016/j.materresbull.2023.112220.

4. Maksymych V., Calus D., Seredyuk B., Baryshnikov G., Galagan R., Litvin V., Bujnowski
S., Domanowski P, Chabecki P, Ivashchyshyn F. Semsors. 23, 4161, (2023).
doi:10.3390/s23084161
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Multifunctional hybrid TiO, and SiO, nanocomposites (films, powders) with
new, unusual, properties are attracting a lot of attention as the latest nanomaterials
for use in various areas of opto- and nanoelectronics, catalysis, biosensorics, fuel
cells etc. Significant progress in this direction was achieved thanks to the
application of controlled sol-gel synthesis, which opened up new technological
possibilities for the creation of such materials.

The hybrid TiO, and SiO, sol-gel films with a high concentration of dyes,
having a dimer fluorescence output of 36 times more than that of solutions have
been created. The results of the tests obtained hybrid films showed the possibility
of creating on their basis components of integral optics (elements of optical
memory, planar waveguides) [1].

Tests of proton conductivity of the composite membrane Nafion/TiO, has
highlighted the benefit of doped titania nanocomposites introduction on the
conductivity in the temperature range up to 240 °C, that maintained at
10-5-10-2 S/em, compared to the commercial Nafion membrane. It may be a
prerequisite for effective behavior in conditions close to operating conditions of
fuel cells.

It was shown that obtained TiO, nanocomposites significantly improve the main
operational parameters of laccase-based electrodes when compared with controls.
The developed bioelectrodes were tested for phenol analysis in real communal
wastewater samples spiked with these analytes, demonstrating the high accuracy
of the assay [2].

1. Yashchuk, V., Tikhonov E., Telbiz G., Leonenko E. Lasing of the Rhodamine 6G in the
Planar Waveguides Formed from Thin Hybrid Films of the Silica and Titania // IEEE 8th
International Conference on Advanced Optoelectronics and Lasers (CAOL). -2019.-P. 161-
164.

2. Kavetskyy T., Smutok O., Demkiv O., Kukhazh Y., Stasyuk N., Leonenko E., Kiv A.,
Kobayashi Y., Kinomura A., Sausa O., Gonchar M., Katz E. Improvement of laccase biosen-
sor characteristics using sulfur-doped TiO, nanoparticles // Bioelectrochem. -2022.-147 .-
P 108215(1-8).
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For successful operation in fuel cells proton conductive membranes must have
a number of characteristics including mechanical strength.

We synthesized polymeric and nanocomposite proton conductive membranes
based on acrylic monomers and sol-gel systems by UV-polymerization in the
presence of 2 mass % of photoinitiator and determined their viscoelastic properties
by DMA (Table 1). Feed compositions for membrane syntheses were as follows:
SSNa — acrylonitrile (AN) : acrylic acid (AA) : potassium styrene sulfonate
(SSNa) : ethyleneglycole dimethacrylate (EGDMA) = 44 : 14 : 20 : 20 mass %;
SSNa/SG — to the same feed composition 10 mass % of sol-gel precursors (TEOS
and MAPTMS) were added.

Table 1. Viscoelastic properties of the membranes

Membrane | T, (°C) tan Smax E’ (MPa) (25°C) E’ (MPa) (200°C)
SSNa 176 0.31 4393 130
SSNa/SG 179 0.32 3928 122
04
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Nanostructured glasses and vitreous materials based on them are one of the
promising nanomaterials [1]. During the synthesis of nanostructured glass-
crystalline materials, the main aspect is the provision of volumetric uniform finely
dispersed crystallization, in particular, due to the implementation of the liquation
mechanism of nucleation. The appearance of secondary delamination, as a stage
of heterogeneous nucleation of crystal centers, is associated with the formation of
stabilized clusters — heterophase fluctuations that form a self-organizing
nanostructure [2].

The features of nanostructure formation in the developed lithium aluminum
silicate glass-crystalline materials at the initial stages of nucleation and their
influence on the formation of a self-organized sitalized structure were analyzed
[3]. The influence of the thermal background of the developed glasses on their
structure during heat treatment was determined. The mechanism of phase formation
in the glasses of the K,0 — Li,0 - RO —RO,-ALO, - B,0, - P,0, - Si0O, system
was determined, consisting in the flow of volumetric finely dispersed glass
crystallization due to the intensive formation of lithium metasilicate nucleators
(T=550+580°C) in the form of spherulites; the formation of crystals of lithium
metasilicate or B-eucryptite (T=630+650°C) and their recrystallization into stable
lamellar crystals of disilicate (T=820°C) of B-spodumene columnar-flat prismatic
habit (T=850°C), which are strongly connected. The developed glass-crystalline
materials form a dissipative sitalized structure by the mechanism of phase
separation under conditions of low-temperature heat treatment, which allows to
ensure their high operational properties and can be recommended for structures to
protect special equipment and devices.

1. O. V. Savvova and O. 1. Fesenko Formation of Apatite-Like Layer on the Surface of
Nanostructured Calcium—Phosphate—Silicate Coatings on Titanium Alloys // Nanosistemi,
Nanomateriali, Nanotehnologii.- 2017.- 15(4).- P. 649-662

2. Savvova, O.V,, Fesenko, O.1., Voronov, H.K., Riabinin, S.O. Features of the formation of
nanostructure in lithium-aluminium-silicate glass-ceramic materials at the initial stages of
nucleation // NNN.- 2020.- 18(4).- P. 8§9-902.

3. Savvova O., Voronov H., Fesenko O., Riabinin S., Tymofieiev V. High-strength glass-ce-

ramic material with low temperature formation // Chemistry and Chemical Technology.-
2022.- 16(2).- P. 337-344.
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Among the main problems found in the polymer solid-state dye lasers, there
are degradation of the dye organic molecules in the polymer matrix and negative
consequences of the dye aggregation processes on the material stability and optical
characteristics. One of the methods, allowing diminishing these effects is
incorporation of different inorganic dopants into the polymer medium, in particular,
aerosil nanoparticles. Nanoparticle introduction into the polymer host was shown
to improve the dye photostability and luminescence intensity [1].

However, the development of laser elements, operating under conditions of
powerful radiation, requires polymers of high elasticity, which ensures their strong
beam resistance. Most polyurethanes possess high polarity and elasticity, but the
insertion of organic dyes and inorganic nanoparticles can significantly affect the
chemical structure, dynamic and viscoelastic characteristics of these matrices.

This work contains the investigations of the structure, dynamic and viscoelastic
properties of the dye-activated and aerosil-doped polyurethanes by means of the
IR-spectroscopy, dynamic-mechanical analysis and electron paramagnetic
resonance methods for different nanoparticle concentrations and dye functional
groups. In the presence of dyes, the self-association of urethane groups within the
polyurethane rigid segments prevails and the interactions of these groups with the
flexible oligoether components decrease. This promotes the mobility growth of the
flexible parts. The obtained data are consistent with the drops in the glass transition
temperature and modulus of elasticity for dye-doped polyurethanes.

In conclusion, the presence of both dye and aerosil nanofiller has a positive
effect on the polymer mechanical properties, which ultimately improves the
stability of the corresponding laser elements as a whole.

1. Bezrodna T., Antonenko O., Kosyanchuk L., Roshchin O., Bezrodnyi V,
Negriyko A., Yaskovets A. // Dopov. Nac. Akad. Nauk Ukr.-2019.-7.-P. 36-43.
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Environmental pollution has become one of the most severe problems, which
is harmful to human health and ecological systems. Various methods such as
chemical precipitation, membrane filtration, ion exchange, electrochemical
processes, chemical coagulation and adsorption have been utilized to remove heavy
metals from wastewater. Among these methods, adsorption is known to be the most
efficient method. A large number of natural and synthetic materials have been used
for the adsorption-based removal of heavy metals from wastewater. These materials
include zeolites, clays, biosorbents and silica.

This work is devoted to the synthesis and study of the sorption properties
of silica gel with adsorbed copolymer 5-(4'-nitro)-phenylazo-8-
methacryloxyquinoline with methyl methacrylate (3:1), poly(aminostyrene) and
poly(oxystyrene) modified with boc-S-benzyl-L-cysteine on Cu (II), Cd (II), Pb
(IT) and Fe (III) ions.

The fact of adsorption of the copolymer and polymers on the silica surface was
confirmed by the methods of IR spectroscopy and thermogravimetric analysis. The
amount of copolymer in the synthesized composite according to the
thermogravimetric analysis is 25%.

From the analysis of CEM-photo it was established that the copolymer on the
silica surface is mainly in the form of convex agglomerates and does not
significantly affect the structure of the surface of the silica gel. By comparing the
sorption properties of the modified and the original silica, it is found that as a result
of the modification, its sorption properties are improved with respect to the Cu (II),
Cd (II), Pb (1) and Fe (III) ions.
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Recently, numerous approaches have been studied for the development of
cheaper and more effective technologies, both to decrease the amount of
wastewater produced and to improve the quality of the treated effluent. Adsorption
has become one of the alternative treatments, in recent years, the search for low-
cost adsorbents that have metal-binding capacities has intensified. The adsorbents
may be of mineral, organic or biological origin, zeolites, agricultural wastes,
biomass, and polymeric materials. For this purpose, it is advisable to use natural
porous minerals, in particular saponite clay.

This work is devoted to the synthesis and research of the sorption properties of
polymer-inorganic composites based on adsorbed copolymer 5-(4"-nitro)-
phenylazo-8-methacryloxyquinoline with methyl methacrylate (3:1) on the
saponite surface of the Tashkiv deposit to ions Pb(II), Cd(II), Cu(Il), Fe(IlI). The
fact of immobilization of copolymer on the saponite surface was established by
comparative analysis of the IR spectra of the modified and the original saponite.
The amount of adsorbed polymer in the synthesized material according to the
thermogravimetric analysis is 24.65%.

Using the results of low-temperature adsorption-desorption of nitrogen and
scanning electron microscopy, changes in the morphology of the saponite surface
after adsorption of poly[8-oxyquinolinemethacrylate] by the selected methods are
shown.

The sorption characteristics of the synthesized composites with respect to
Cu(II), Pb(IT) and Fe(III) ions were investigated in static mode. It was established
that as a result of the physical adsorption of the copolymer on the saponite surface,
its sorption capacity for Cu(Il) ions increases by 3.47 times compared to the
original carrier, for Pb(Il) ions - by 1.5 times, and for Fe(III) ions — 6 times, and
for Cd(II) ions — 10 times.



120 NANOTECHNOLOGY AND NANOMATERIALS

Facile and environmentally friendly synthesis
of transition metal phosphides based nanocomposite
electrocatalysts for hydrogen evolution from water

Mazur D.O., Pariiska O.0., Kurys Ya.l.

L.V. Pisarzhevskii Institute of Physical Chemistry of National Academy of
Sciences of Ukraine.

Prospect Nauki, 31, Kyiv-03028, Ukraine.

E-mail: mazur.denis.olegovich@gmail.com

Transition metal phosphides and their nanocomposites are considered to be one
of the most promising Pt-free hydrogen evolution reaction (HER) electrocatalysts.
At the same time, obtaining of nanocomposite electrocatalysts based on d-metal
phosphides is often a complex and multi-stage process, and also requires the use
of environmentally hazardous phosphorus compounds. We have proposed a
universal approach to obtaining nanocomposite electrocatalysts for hydrogen
evolution from water based on d-metal phosphides (Co, Ni, Mo, Fe, V) and N,
P-doped carbon. The approach involves the pyrolysis (at 900°C in an inert
atmosphere) of H,PO,-doped polyaniline together with the salt of the corresponding
metal. The proposed approach has advantages such as the simplicity of its
implementation, the low cost of the initial reagents and the absence of toxic
compounds among them.

The formation of phosphides in the obtained composites has been confirmed
by X-ray phase analysis, regardless of the type of d-metal (except for vanadium,
where nitride phosphide was formed). It has been found that FeP, MoP, and V NP,
are the sole metal-rich crystalline phases in their respective hybrid materials.
However, in the case of Co- and Ni-containing composites, a coexistence of two
phases is observed (Co,P as the dominant phase along with CoP; Ni,P as the
dominant phase along with Ni,P.).

The ability of all the obtained nanocomposites to exhibit electrocatalytic activity
in the HER has been determined in 0.5 M H,SO, and 1.0 M NaOH aqueous
solutions. However, the type of phosphides in the composite materials, which serve
as the main active sites in HER, significantly influences the efficiency of
electrochemical hydrogen evolution from water. It has been demonstrated that the
most effective electrocatalyst in acidic electrolyte is based on Ni P, (with a Tafel
slope, b~60 mV/dec and an overpotential at 10 mA/cm,, n,,~150 mV), while in
alkaline electrolyte, the catalyst based on MoP shows the highest efficiency
(b~84 mV/dec and mn,,~126 mV). Based on the determined b values
(55-109 mV/dec) for the synthesized catalysts, it can be suggested that the
hydrogen evolution proceeds via the Volmer-Tafel mechanism.
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We theoretically investigated the magnetic field-induced Freedericksz transition
in a rectangular cell filled with a ferronematic (FN). As the latter, we considered a
suspension of hematite spindle-like magnetic nanoparticles in a nematic liquid crystal
[1]. The main feature of this magnetic impurity is that magnetic moments of the
elongated spindle nanoparticles are oriented perpendicularly to their main axes.

The original texture of the rectangular
ferronematic cell is shown in the figure. We
suppose that the diamagnetic susceptibility
of the nematic matrix is positive. We also
assume that planar boundary conditions for
the nematic director n are specified on cell
walls (parallel to x axis) and on surfaces of
the nanoparticles (parallel to main axes).
As a result, in the absence of a magnetic
field, the initial director n, and the unit
vector e, of the average orientations of the nanoparticles main axes are lic along
the x axis.

The magnetic field H is directed along the y axis. This field interacts both with
magnetic particles (dipole interaction) and with nematic matrix (quadroupole
interaction). In the weak field regime, the dipole mechanism dominates and the
cell is magnetized along the field direction (or along the unit vector m,). Due to
the additional coupling interaction between nanoparticles and nematic matrix,
which is characteristic of FN, the initial uniform orientational state of the cell is
stabilized. As the field strength increases, the quadrupole mechanism is activated,
which tends to orient the nematic director also along the field. At the some critical
field, 2D orientational deformations of the cell arise. We found this critical
Freedericksz transition field and determined its dependence on material parameters
of the nematic matrix and the magnetic nanoparticles, as well as on cell sizes.

1. Tomasovicova N., Burylov S., Gdovinova V., Tarasov A., Kovac J., Burylova N., Voroshilov
A., Kopcansky P, Jadzyn J. Magnetic Freedericksz transition in a ferronematic liquid crystal
doped with spindle magnetic particles // Journal of Molecular Liquids. — 2018, 267, P. 390-
397.
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Acid activation of bentonite clay is a common method of obtaining porous
sorbents for organic and inorganic substances, acid catalysts. At the initial stage of
acid activation, exchangeable cations are replaced by hydrogen ions with the
formation of H-bentonite. Already at the early stages of activation, a significant
amount of exchangeable ions is removed, and the release of structural cations from
the crystal lattices of clay begins. Then, depending on the acid concentration,
structural cations are washed out in the following sequence: Mg?* > Fe?" > Fe3* >
AP [1].

Nanomaterials on the base of the natural clay mineral of Cherkasy deposit
bentonite were carried out by nitric and hydrochloric acids treatment. Nitrogen
sorption-desorption isotherms for all samples have a waveform and belong to type
IT isotherms according to the [TUPAC classification. In the range of values of
p/p0 > 0.35-0.4, well-defined hysteresis loops are observed on the isotherms,
which indicates the presence of a well-developed structure of H3-type meso- and
macropores characteristic of such samples. In acid-activated bentonite, as a result
of the partial dissolution of its oxide structure, the porosity changes significantly,
and the specific surface area increases by more than three. The X-ray diffraction
spectrum of acid-activated bentonite samples undergoes significant changes only
in the region of small reflection angles. At the same time, there is both a decrease
in the relative intensity of reflexes and an increase in the reflection angles. Longer
acid treatment leads to disruption of the structure of the bentonite phase.

Feature of purification of contaminated water from radionuclides uranium,
cesium, and strontium by acid-activated bentonites was presented in a wide range
of concentrations. It was established that acid activation of bentonite clay
significantly increases sorption characteristics for cesium ions.

1. Novakovi¢ T,; Rozi¢ L., Petrovic¢ S. et al. Synthesis and characterization of acid-activated
Serbian smectite clays obtained by statistically designed experiments. // J. Chem. Eng. —
2008. - 137 (2). — P. 436—442.
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There were investigated by the methods of X-ray diffraction analysis, electron
microscopy, magnetic measurements, and plotting the temperature dependences of
electrical resistance (ER) the conditions for the formation of metastable structures
and phase transformations in multicomponent films Fe,,Si; B,,-(Cu, Nb),
(composition 1) and films Fe,,,Si B, ,-(Ni, Mo), , (composition 2) obtained by
three-electrode ion-plasma sputfering. ,

In the freshly deposited state, in films of composition 1, an amorphous structure
was recorded, characterized by a blurred halo corresponding to the CSR size
L~1.6 nm. In films of composition 2, a nanocrystalline structure with a CSR size
of L~ 12 nm is fixed. At 843K, the beginning of the decay of metastable structures
is observed with the appearance of a supersaturated solid solution of a-Fe. The
activation energy of the relaxation processes of the initial metastable structures
was estimated from the temperature dependence of reaching the maximum value
of the relative change in electrical resistance (R/R), assuming that the maximum
values of R/R, for a single-phase interval, achieved at different heating rates,
correspond to the same degree of relaxation of the structure. The values of
activation energy calculated by the Kissinger method are 10400 + 1200 K. The
obtained value is four times lower than the values of activation energy and the
average diffusion coefficient in the Fe,\Ni, P, B, alloy quenched from the liquid
state (43000 K), determined kinetic parameters.

This difference is explained by the two-dimensionality of the films under study
as compared to quenched from the liquid state foils. The coercive force (HC) of
freshly deposited films of compositions 1 and composition 2 is twice as high as
the HC of pure iron films. After heating films of composition 2 to 893K, HC
decreases by 1.2 times, and in films of composition 2 by 1.5 times, which is
explained by the establishment of the optimal ratio between particles of
nanocrystalline a-Fe and amorphous phase residues.
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The development of methods for obtaining nanosized particles of metals and
their compounds, including iron and cobalt, remains relevant due to their unique
magnetic, antibacterial, antifungal, anticancer, catalytic, etc. properties. Both
surface charge and (-potential are important characteristics that determine the
stability of nanofluids based on these nanoparticles, their use in wastewater
remediation processes, and allow us to draw additional conclusions concerning the
mechanisms of their formation.

We obtained nanosized particles of cobalt ferrous ferrite, and lepidocrocite in
a presence of cobalt (II) chloride in Fe (St,)-H,0-0,-CoCl, system [1]. The cobalt
ferrous ferrite particles exhibited irregular shapes with sizes ranging from
approximately 20 to 60 nm. We determined the electrokinetic potential of the
particles using the microelectrophoresis method in the presence of cobalt (1)
chloride as a non-indifferent background electrolyte or sodium chloride.

In the presence of NaCl background electrolyte, we observed a characteristic
pattern of particle recharging. In the presence of non-indifferent CoCl, electrolyte,
for both cobalt ferrous ferrite and lepidocrocite phases, both cobalt ferrous ferrite
and lepidocrocite phases exhibited positive {-potential values across the measured
pH range of 5-10 without recharging. The obtained {-potential values showed no
significant variations throughout the entire pH range, likely attributed to the
adsorption of Co?" ions on the particle surfaces, compensating for changes in
C-potential caused by pH fluctuations.

The slight changes in the {-potential range suggest a minor compression of the
diffuse part of the electric double layer, indicating that the electrokinetic dispersion
factor is not the primary determinant in this case. Consequently, we conclude that
other stability factors, primarily hydration, play a more significant role in
maintaining the colloidal stability.

1. Lavrynenko O. M., Netreba S. V., Prokopenko V. A., Korol Ya. D. The influence of the pH
value and the cation composition of dispersion medium on the formation of iron-oxygen
structures on steel surface // Him Fiz Tehnol Poverhni.-2011.-2, N 1.-P. 93-100.



Session 1. Nanocomposites and Nanomaterials 125

Cerium titanate thin films: synthesis and characterization

Bibik Yu.!, Kramar A."?, Smirnova N.?, Gaidai S.!, Ischenko O.',
Dyachenko A.%, Vorobets V.3, Kolbasov G.%, Linnik O.>

! Taras Shevchenko National University of Kyiv,

Volodymyrska Str., 64/13, Kyiv-01601, Ukraine.

E-mail: bibik2002yulia@gmail.com

2 Chuiko Institute of Surface Chemistry of the National Academy of Sciences
of Ukraine.

General Naumov Str., 17, Kyiv—03164, Ukraine.

3 Institute of General & Inorganic Chemistry of National Academy of
Sciences of Ukraine, Acad. Palladin Str. 32/34, 03680, Kyiv, Ukraine.

Development of new semiconductive materials with unique physicochemical
properties is important task of chemistry and physics. Metal titanates present the
solid complex structures containing the common bonds between the metal ions ([-
M-O-Ti-]) that are responsible for the differed on bare metal oxides electronic and
surface properties.

In this research, three-layered films with Ce:Ti=1:1 ratio were synthesized by
sol-gel method. The different treatment temperatures of the films’ layers were
applied to find out the optimal conditions for cerium titanate crystallization. It is
shown that the preliminary treatment of interlayered coatings at 300°C leads to
crystallization of CeO, (10-15 nm) and anatase (2-6 nm), whereas CeO,
(10-15 nm), Ce,Ti,07 (16-21 nm) and anatase (4-9 nm) are formed at 600°C. The
XPS data indicate that the films’ surface contains in 3-4 times higher atomic content
of Ti than Ce that are present in different oxidation states (Ce*" and Ce*")

The effect of phase composition on the band gap energy values and the
potentials of the conduction and valence bands is shown by photoelectrochemical
investigation. The band gap energy of the films contained CeO,&TiO, and
Ce0,&Ce,Ti,0,&Ti0, corresponds 2.9 eV and 3.0 eV, respectively, whereas TiO,
is characterized by 3.2 eV. The cathodic shift of the conduction band potentials is
observed for cerium-contained films compared to TiO,. Photocurrent quantum
yield at A=400 nm is increased in 2-4 times for CeO,&Ce,Ti,0,&TiO,
compositions compare to CeO,&TiO,.

The higher activity of electrocatalytic hydrogen evolution process is fixed for
Ce0,&TiO, films compare to CeO,&Ce,Ti,0,&TiO, ones that is connected to the
electronic structure of the crystalline phases.
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The work presents the results of complex investigations of electrical and
electrodynamic properties of polymer composites (PCs) based on
polychlorotrifluoroethylene with nanocarbon fillers. As fillers thermoexfoliated
graphite (TEG) and multiwalled carbon nanotubes (MWCNTs) have been used.

PCs have been obtained by a two-stage method, in the first stage of which the
nanocarbon filler has been dispersed in an alcoholic medium (ethyl alcohol). At
the second stage, the necessary amount of powdered polychlorotrifluoroethylene
(spherical aggregates with a diameter of d ~ 200 nm) has been added to the
dispersion of ethyl alcohol - nanocarbon. The mixture, with constant stirring, has
been heated to a temperature not higher than 640 K until the alcohol was
completely removed. Bulk specimens for the study of electrical and electrodynamic
properties have been made from powdered PCs by the method of thermal pressing.

In the work, studies of the concentration and temperature dependences of the
conductivity on direct and alternating current for PCs with different nanocarbon
fillers have been carried out. Also, the concentration and temperature dependences
of the real and imaginary components of the complex dielectric constant have been
analyzed. The frequency dependences of the attenuation coefficient of
electromagnetic radiation (EMR) and the standing wave coefficient for PCs with
filler content from (2.5 to 5) % mass in the temperature range from 293 K up to
373 K have been also studied in detail.

Conducted studies have shown that electrical transport in the investigated PCs
occurs both due to direct contacts between filler particles and contacts through thin
polymer layers. The reproducibility of the conductivity value after thermal cycling
indicates the absence of irreversible changes in the microstructure of PCs upon
heating and a high level of polymer-nanofiller interphase interaction. High stability
of electrodynamic characteristics in the temperature range of (293 — 373) K has
been also established. A slight improvement in the shielding characteristics has
been revealed, mainly due to an increase in the EMR absorption coefficient at
heating studied PCs up to temperature of 373 K.
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Fluorine-containing polymers are one of the best materials used in friction units
of machines and mechanisms. Due to their unique properties (low coefficient of
friction, high level of wear resistance, wide range of working temperatures, high
chemical resistance, etc.), such materials are increasingly intensively displacing
traditional materials for tribological purposes as metals and their alloys. Among
the disadvantages of fluoropolymers should be attributed their low level of physical
and mechanical properties, which is improved by filling with reinforcing fillers,
preferably nanosized.

Polytetrafluoroethylene, polyvinylidenefluoride, and a copolymer of
tetrafluoroethylene and ethylene were used as fluoropolymers in this work. Micro-
and nano-sized amorphous silicon dioxide (silica gel) are used as fillers [1].

The filling took place both according to the traditional method of mechanical
combination of the original components of the composition, and with the help of
in situ combination in the process of synthesis of the filler

According to the obtained results, the materials obtained by in situ combination
of initial components have a 10-20% better level of physico-mechanical,
thermophysical and tribological properties than those obtained by standard
methods. This happened due to the change in the morphology of the filler and its
better distribution in the volume of the polymer matrix, as well as the creation of
fillers with a main particle size of up to 100 nm [2,3].

1. Kabat O., Heti K., Kovalenko I., Dudka A. Fillers on the silica base for polymer com-
posites for constructional purposes // Jour Chem Techn.-2019.-27(2).-P. 247-254.
https://doi.org/10.15421/08192702

2. Kabat O.S., Kharchenko B.G., Derkach A.D., Artemchuk V.V., Babenko V.G. Polymer
composite materials based on fluoroplast and a method for their production // Vopr Khim
Khimich Tekhn.-2019.-3.-C. 116-122

http.//dx.doi.org/10.32434/0321-4095-2019-124-3-116-122

3. Kabat O.S., Derkach O.D., Pavlushkina N.V., Pikula I.1. Polymeric composites of tri-
botechnical purpose based on fluoropolymers // Probl Tribol.-2019.-92(2).-P. 75-81.

https://doi.org/10.31891/2079-1372-2019-92-2-75-81
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Motivated by the broad need to develop battery-based energy storage
technologies, ion intercalation into materials suitable for these applications has
been pursued intensively in recent years. Layered transition metal dichalcogenides
featuring a Van der Waals interlayer coupling are capable of hosting ions in its
various interstitial sites, making transition metal dichalcogenides an important class
of electronic materials for ion intercalation studies [1]. In all these studies, however,
the process of Li ion intercalation and its effect on the electrical transport in the
thin crystal were not studied in detail [2-3]. In order to minimise the disadvantages
in the manufacture for anode materials, it is necessary to use in advance a
computational experiment, which is based on quantum calculation from the ab
initio.

Applying the methods of the functional of electronic density and ab initio
pseudopotential, we carried out computational experiments on atomic models that
reproduced the 2-D layered structure of SnS, and 2-D layered structure of TaSe,
with intercalated Li atoms. We have obtained the spatial distribution of the density
of valence electron, the total energy, the energy barriers of migration of Li atoms
in the interlayers of SnS, and of TaSe,. Such a transfers was investigated at various
degrees of the interlayers spatial SnS, and TaSe, of metal atoms. The comparison
distributions of the density of valence electrons, the energy barriers of migration
of Li atoms in the intermediate layer SnS, are compared and migration of Li atoms
in the intermediate layer TaSe, are compared.

1.Wu Yu., Xing H., Lian Ch-Sh., Lian H., He J., Duan W., Liu J., Mao Zh., Liu Y. lon inter-
calation engineering of electronic properties of two-dimensional crystals of 2H-TaSe, //
Rev. Materials .-2019.-3.-P. 104003.

2. Wu Yu., Lian H., He J., Liu J., Wang Sh., Xing H., Mao Zh., Liu Y. Lithium ion intercala-
tion in thin crystals of hexagonal TaSe, gated by a polymer electrolyte // Applied physics
letters.-2018.-112.-P. 023502.

3. Zhang Z., Wang Y., Zhao Z., Song W., Zhou X., Li Z. Interlayer chemical modulation of
phase transitions in two-dimensional metal chalcogenides // Molecules.-2023.-28.-P. 959.
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Unusual electrophysical properties of carbon nanotubes cause their extensive
research in various directions. The electronic properties of individual CNT particles
and the composite or material consisting of such structures differ: they depend on
the amount of contact between neighboring particles and the presence and
composition of impurities in them. Therefore, it can be assumed that in such
structures and composites contact phenomena play the main role in determining
certain properties.

Optimizing the properties of materials is widespread in materials science
because it contributes to the improvement of the properties in the desired direction.

Mechanical deformation and defects are affecting the electronic structure,
concentration of charge carriers, electrical, emission, and other properties of CNTs.
Defects occur both in the process of synthesis (growth and gas impurities) of CNTs,
and in the event of external influences, especially radiation exposure. They deviate
the shape of CNTs from a straight line, change the conditions of current flow, affect
the concentration of charge carriers, the Fermi energy, and electrical conductivity.

Edge dislocations in CNTs almost double the interlayer distances in the
dislocation core, which leads to a downward shift in the energy diagram of
dimensional quantization levels, causes them to “capture” free electrons, and thus
opens conduction channels for charge carriers that are inside the CNTs, which
causes an order of magnitude increase in radial electrical conductivity and the
appearance of quantum oscillations during deformation.

Each of the topological defects of graphene layers of different genesis (growth
and radiation) deviates the shape of CNTs from a straight line and forms a
topological disorder that reduces electrical conductivity and increases the thermo-
EMF coefficient. The combined effect of defects of different genesis, or the
irradiation dose, reduces the curvature of the shape of nanotubes, which indicates
the interaction of topological defects and their "healing" as a result of the
recombination of knocked-out the carbon atoms with vacancies.
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In the modern world, the threat of military conflicts is constantly increasing,
as a result of which the problem of detecting ultra-low quantities of explosives at
a distance or in difficult conditions is becoming an urgent problem. The detection
of traces of explosives is actively researched by scientists [1]. A serious danger is
created by explosive substances, in particular RDX (hexogen), PETN (penthrite),
NG (nitroglycerine), TNT (trinitrotoluene), and NMH (octogen), most of which
contain nitro groups. Therefore, many known detection methods are not aimed at
finding specifically explosive substances, but at groups containing nitrogen [2].

On the basis of known liquid crystal materials with a wide temperature range
of mesophase existence and a stable spiral pitch, new liquid crystalline mixtures
based on E7 nematic and CB15 cholesteric impurity, doped with single-double and
multi-walled nanotubes were created. The concentration of nanotubes is up to
0.7%. Obtained spectral characteristics of mixtures doped with nanotubes, which
are characterized by a minimum transmission at a length of 600 nm, and shifts to
the long-wavelength region with an increase in the concentration of substances
containing nitro groups. These mixtures can be used as a sensitive element of
sensors for detecting explosive substances. A model of an optical sensor for the
detection of nitro groups during the storage of explosive substances has been
developed.

1. Adegoke, O., & Nic Daeid, N. Colorimetric optical nanosensors for trace explosive de-
tection using metal nanoparticles: advances, pitfalls, and future perspective. Emerging Top-
ics in Life Sciences, 5(3), 2021, p. 367-379.

2. Ka Chuen To, Sultan Ben-Jaber and Ivan P. Parkin Recent Developments in the Field of
Explosive Trace Detection Cite this: ACS Nano 2020, 14, 9, p.10804—10833.
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The influence of fillers of different nature in the process of obtaining polymer
composite materials (PCM) is given considerable attention, since the choice of the
type of filler in PCM makes it possible to obtain systems with predetermined
dielectric and physical-mechanical characteristics. Given the lack of a single theory
of the influence of the type of filler on PCM characteristics, the study of the
properties of such systems is of considerable theoretical and practical interest.

A linear flexible polymer - polyvinyl chloride (PVC) with a Fikincher constant
of 65 was chosen as the object of research. As a filler, nanodispersed copper with
characteristic dimensions of 31+39 nm was used, obtained by two different
methods: the electrochemical method and the method of electrical explosion of the
conductor. Samples for research were obtained in the P-mode in the range of filler
concentrations from 0.05 to 5 volume percent. The concentration and frequency
dependence of the real component &’ and the value of dielectric losses tgd was
performed in the frequency range from 100 Hz to 100 kHz using a measuring
capacitor cell.

According to the results of experiments conducted on systems formed with
different filler content, its concentration and production method affect the processes
of structure formation in PCM, which is reflected in a significant change in the
entire complex of physico-mechanical and dielectric properties of polymers. The
characteristic dependences between the values €', €'’ and tgd, the content and type
of filler in the system and the frequency of the external field acting on it are
established.

As aresult of the conducted research, the peculiarities of the concentration and
frequency dependence of the dielectric constant value, dissipative energy losses of
PCM with metal filler obtained by various methods were established and analyzed.
It is shown that the electrical relaxation in such systems is nonlinear in nature. It
has been established that the effectiveness of the filler depends on the content and
method of its production.
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Electrodischarge processing of carbon-containing gases is widely used to obtain
carbon nanomaterials of various structures and purposes. This method has a number
of disadvantages, the main of which is that when a certain power of the electric
discharge is reached and/or its constant increase, the productivity grows more
slowly or stops growing altogether, which leads to an increase in specific energy
consumption per mass unit of the output product. Also, with an increase the length
of the working gas gap, in which the gas is processed by plasma, the power of the
electric discharge installation for obtaining nanomaterials can be increased. This
effect is shown in [1]. However, the discharge gas gap cannot be more than 30-40
mm due to the fact that the breakdown voltage of a gap will be 60-80 kV, which
can damage the equipment and is unsafe. The instability of the process also
increases due to fluctuations in the length of the plasma column caused by the flow
of gas inside the reactor.

Therefore, the aim of this work is to find a way to increase the productivity of
carbon nanomaterials at a constant specific power consumption of high-voltage
installations for the electric discharge treatment of carbon-containing gases without
increasing the length of the interelectrode gap.

The main idea of the work is that in order to increase the productivity of carbon
nanomaterials at a constant length of the interelectrode gap, it is necessary to
increase the density of the treated substance in the reaction zone during the
electrodischarge processing. This can be achieved either by increasing the pressure
of the carbon-containing gas or by using a carbon-containing liquid. These two
methods will be described in this work.

1. D. V. Vinnychenko. Influence of the electrical parameters of high-voltage electrical dis-
charge installations of nanocarbon synthesis on their productivity and specific energy con-
sumption // Technical Electrodynamics-2016.-4.-P. 95-97.
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Magnetically adjustable microwave filters consisting of a bulk non-magnetic
dielectric cylinder with a high Q-factor and a composite film containing nano-sized
particles of nickel ferrite have been manufactured. BaTi,O, was used as the non-
magnetic component of filters and a composite consisting of photopolymer matrix
including ferrite particles.

Nanosized particles of nickel ferrite were synthesized by the citrate sol-gel
method and characterized by XRD, TEM method. Ferrite particles were mixed
with Permabond UV-630 photopolymer and applied to the ends of dielectric
cylinders and exposed to ultraviolet light. Filters with films 50, 80, 100, 200 nm
thick were manufactured. The resulting structures were investigated using an
Agilent N5230A PNA-L network analyzer to obtain their transmission spectra.

X-ray diffraction patterns showed the formation of single-phase spinel after
heat treatment at T = 1173 K. The average diameter of the particles was 85 nm.
Despite the small volume of ferrite films there are steep field-driven peaks on the
spectra of the filters. The external magnetic field changes the resonance frequency
and peak absorption.

According to classical electrodynamics, the frequency shift should be
proportional to the volume fraction of the ferrite component. The frequency shift
of the obtained filters increases with the increase in the thickness of the ferrite film
from 0.6 MHz for a 50 nm film to 26 MHz for a 100 nm film. Increasing the film
thickness to 200 nm practically did not affect the frequency shift. The reason must
be investigated.

The described heteromaterial filters can be used as a new smart adjustable
component base for classical ferrite devices (filters, circulatiors, generators, etc.).
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foundation of Ukraine within the framework of the “Microwave devices based on
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Graphene is considered to be a promising material for various fields of practical
application. The unique properties of graphene as a gapless semiconductor are due
to the conical shape of the electronic spectrum of the hexagonal structure of the
sp>-bonded carbon monolayer [1]. In particular, the Fermi level position and, as a
result, the ambipolar conductivity of graphene can be controlled by an external
electric field. This property of the carbon monolayer is used to create a new type
of field-effect transistors (FETs) with graphene as a conductive channel material
[2]. The efficiency of graphene FETs significantly depends on the quality of the
supporting dielectric layer and its interface with the graphene film [3]. Therefore,
the study of various types of supporting layers and the peculiarities of using
reduced graphene oxide (RGO) film may be promising for simplifying the
technique of manufacturing graphene FETs.

In this work, RGO-based FETs with SiO, and a porous silicon layer as the
supporting dielectric were created. The porous silicon layer was additionally
subjected to thermal treatment. The quality of the supporting layers was researched
using thermal activation spectroscopy and volt-farad characteristic measurement.
The electrical properties of the FETs based on RGO film were studied in both DC
and AC modes. A significant influence of the supporting layer and silicon substrate
on charge carrier transfer processes in the RGO-based FETs was found.

1. Zhan G. et al. Engineering the Electronic Structure of Graphene // Adv. Mater.-2012.-
24.-4055.

2. Moon J.-S. Graphene Field-effect transistor for radio-frequency applications: review //
Carbon Letters.-2012.-13.-17.

3. Nagashio K. et al. Electrical transport properties of graphene on SiO, with specific sur-
face structures // J. Appl. Phys.-2011.-110.-024513.
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Thin films AIN synthesized on flexible polymer substrates in a helicon-arc ion-
plasma reactor demonstrate effective blocking of IR radiation [1,2]. The spectral
characteristics of these films are determined by their composition, structure and its
perfection, and also depend on their thickness. In the synthesis of AIN films by
vacuum-arc discharge deposition with the addition of chemically active nitrogen gas,
the technological conditions of their production have a significant impact on the
blocking properties of the films. An important step in the synthesis of AIN is the
activation of the film surface by the plasma component of the gas immediately before
the formation of the nitride coating in an RF helicon discharge with ultra-high density
plasma (up to ~10'2 cm) and high energies of ion flows (up to ~30 eV), which are
accelerated in the self-consistent electric fields of the plasma. AIN synthesis is carried
out on the surface of the substrate through the chemical reaction of Al atoms and
ions with the excited atomic and partially ionized nitrogen component.

In the helicon-arc unit, two plasma sources operate simultaneously: helicon and
vacuum-arc. This allows for effective influence on surface processes on the
substrate. The addition of a helicon plasma flow to the substrate increases the
fraction of the ionic nitrogen component, which intensifies the processes of AIN
synthesis and changes the structure of the film, in particular, leads to its texturing.
The effect of an additional helicon plasma flux on the structure of AIN films and
their spectral characteristics in the infrared range (2-25 um) was investigated. A
change in the structure of these films under the influence of an additional flux of
helicon plasma and a change in the characteristics of the Reststrahlen band were
found.

1. Rudenko E..Tsybrii Z., Sizov F. et al. Infrared blocking, microwave and terahertz low-
loss transmission AIN films grown on flexible polymeric substrates // Journal of Applied
Physics, -2017. -121, N 13. -ASN 135304 (8).

2. Tsybrii Z. Sizov F., Vuichyk M. et al. AIN and MgO thin-layer coatings on the bendable
polymeric substrates as selective filters for IR and THz spectral ranges // Infrared Physics
& Technology. -2020. -107. -ASC 103323 (7).
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Upon incorporation of nanocrystalline (NC) CdTe into Si, an increase in the
photoluminescence (PL) of Si was found due to the formation of a heterojunction,
which ensures the injection of charges into the bulk of Si.

The dependence of the PL intensity of the “porous Si (PSi) — CdT NC”
composite system on the morphology of the PSi surface and the conditions of
deposition of a colloidal solution of CdTe NC on the porous surfaces of n-type Si
wafers oriented in the (100) direction was studied. PSi layers were formed by
electrochemical etching with the formation of pores with a diameter of 2.5 pm, a
depth of 20-30 pum, and a density of 10° cm? and by chemical etching with the
formation of smaller pores with a larger diameter and lower density.

The measurements showed that, during the deposition of CdTe NC in PSi with
a small pore diameter (2.5 um), the radiation efficiency per unit surface area turned
out to be lower than for a matrix with larger pores i.e. NC penetration occurs more
efficiently in pores with a large diameter. This is probably due to the incomplete
filling of pores due to the difficulty of penetration of CdTe NC into smaller pores
due to the presence of an adsorption layer of a stabilizer on the NC surface, which
is used in the colloidal synthesis of NC in order to increase the resistance to
aggregation and sedimentation. The reason for the incomplete filling of small pores
can also be the appearance of an electrostatic field due to the presence of a charge
on the surface of CdTe particles. This may be due to insufficient exchange of charge
carriers between the components of the system. The possibility of removing the
stabilizer shell from the surface of CdTe NC is being studied, which leads to an
increase in the number of embedded NCs in PSi pores. Another positive effect of
the removal of the shell may be the elimination of the reason for some decrease in
the radiation yield from CdTe NC. To achieve this goal, 5-10% isopropyl alcohol,
which dissolves the surface layer of thioglycolic acid, was added to the colloidal
solution of CdTe nanocrystals during precipitation. The use of this technique made
it possible to increase the efficiency of the PL of the PSi—nanocrystalline CdTe
system, in which the PSi layer was formed by electrochemical etching.
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The degree of crystallinity, dynamic moduli of elasticity and shear at a
frequency of mechanical stresses ~1 MHz, spectra of Raman light scattering
(RMS), photoluminescence (PL) of pure low-density polyethylene (LDPE),
polyvinyl chloride (PVC) and its composites with the dye methylene blue (MB)
after radiation functionalization by electrons with energy Ee = 1.8 MeV and
absorption dose of 10 MRad, 1 MRad were studied.

From the reconstruction of the Raman spectra, it was established that the
introduction of the MB modifier leads to the cross-linking of LDPE
macromolecules through side groups, which is accompanied by their destruction.
The PL spectra show the formation in LDPE and PVC due to the crosslinking of
polyene structures, which is significantly enhanced by the introduction of MB and
electron irradiation. With an increase in the content of MB, there is a restructuring
of the conjugated systems, which are mainly responsible for improving the dynamic
elastic and shear modulus.
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The presented work discusses the features of reactive (1) and non-reactive
sintering of HfB -SiC-C ceramics, which is a promising material for solar energy
systems, as well as leading edges, nose cones and nozzles of rocket engines.

Hot pressing of HfC-B,C-Si powder mixture leads to the formation of new
phases of hafnium diboride and silicon carbide according to the following reaction:

HfC+B,C+Si—HfB +SiC+C. (1)

The reaction took place for 4 min
at the temperature of 2120 K. The
porosity of final samples did not
exceed 1%. Non-reactively sintered
samples contained 10-15% of pores,
moreovere, their compaction kinetics
differed significantly from the
reactively sintered ones.

The main issue with ceramics is
their low crack resistance, which was
improved by the introduction of
carbon shown in the figure. The
manufactured samples exhibited
Fig. Scanning electron microscopy crack resistance and microhardness

(secondary electrons) of a grafite inclusion  alues of 7 MPa-m'? and 21GPa
in the matrix HfB,-SiC

respectively.
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Materials with a spinel structure have long been of interest because they can
be used as magnetic materials, pigments, catalysts, and refractories. They can
exhibit different properties depending on the synthesis method. Various methods
can be used for the synthesis of spinel nanoparticles with a large surface area, such
as sol-gel, co-precipitation, hydrothermal, combustion, microemulsion,
sonochemical method, etc. In this research, we have used the method of green
chemistry for cobalt ferrite obtaining. Green chemistry is a technique applied for
nanoparticles synthesis and involves using of plant extract as an effective reducing
and chelating agent. This paper describes the synthesis of cobalt using different
types of plant extracts as an effective reducing agent. In particular, the extracts
from follow plants were used: Gingko Biloba leaves, Physalis fruits, and Rosa
canina fruits. The powders were characterized by XRD, SEM, EDS, and IR
spectroscopy. Crystallite sizes of the samples are obtained by Scherer and
Williamson-Hall methods and were found around 10 nm. The spinel structure of
magnetic nanoparticles has been confirmed by XRD and IR spectroscopy. The
tetrahedral and octahedral structure is confirmed by two corresponding peaks in
the IR spectra, and few peaks in the range 1300-3700 cm! that show surface
functionalization of magnetic nanoparticles. SEM and EDS proved the surface
morphology and elemental composition respectively. Nanoparticles of CoFe,O,
obtained by an environmentally friendly method can be used as a magnetic
adsorbent for water purification.
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The increasing use of polymers in various fields highlights the need for new
functional polymers. Traditional synthesis methods, involving trial and error testing
of various small molecules, are costly, time consuming, and unreliable. Therefore,
computer modeling methods such as ReaxFF and empirical potential come to the
rescue. ReaxFF can detail chemical reactions, including the formation and breaking
of bonds during simulation. [1].

In this work, the synthesis of cross-linked polymers based on glycidyl ethers
of quercetin (GEQ): poly(7,4’-diglycidyloxy-3,5,3-trihydroxyflavone) (I),
poly(7,4’,3’-triglycidyloxy-3,5-dihydroxyflavone) (II) and poly(7,3,4°,3’--
tetraglycidyloxy -5- hydroxyflavone) (III) with a desired set of properties that were
obtained previously is reported [2]. The process involves an amine-epoxy ring-
opening reaction and proton transfer, linking DETA and GEQ molecules into
dimers, trimers, etc., in a system of 10 DETA and 20 GEQ.

Necessary note, the obtained crosslinked polymers in the result computer
simulating synthesis had low densities. For I, II and III the densities were equaled
0.261 g/cc, 0.398 g/cc, and 0.371 g/cc, respectively. Therefore, for the obtained
polymers, a geometry optimization (by the Fast Internal Relaxation method) and
an annealing procedure (three cycles in the temperature range of 298—598 K) were
carried out [1]. After the annealing procedure, the densities of the crosslinked
polymers for I, I1, and III were consisted of 1.301 g/cc, 1.283 g/cc, and 1.287 g/cc,
respectively. The glass transition temperatures of the synthesized polymers,
determined for the stated densities, were 466K, 449K, and 420K for I, II, and III
respectively, as per the previously described procedure.

Through computer simulation of network polymer synthesis using the ReaxFF
force field, it's found that the calculated data align well with previous experimental
results.

1. Vashisth A., Ashraf C., Zhang W., Bakis CE., van Duin AC. Accelerated reaxff simulations
for describing the reactive cross-linking of polymers // The Journal of Physical Chemistry
A.-2018. -122 N32.-P. 6633-6642.

2. Mishurov D, Voronkin A, Roshal A, Brovko O. Relaxation behavior and nonlinear prop-
erties of thermally stable polymers based on glycidyl derivatives of quercetin. Optical Ma-
terials. -2016. -57, -P. 179-84.
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Natural materials have practically exhausted their potential in frontier
technologies. Doping semiconductor materials to concentrations well above the
equilibrium one opens a new avenue for designing high-performance materials for
solar cells, ultrasensitive photodetectors, sensors, optical modulators, light emitters
and lasers, and thermoelectric generators. Moreover, nanosized condensed films
provide ample opportunities to obtain metastable phases that cannot be reached in
bulk. In this respect, there is a quest for nanosized metamaterials and structures
with unique properties for next-generation technologies of energy conversion and
storage.

To tackle the problem, we investigated the mechanism of the metastable phase
formation in Bi — amorphous Ge binary system down to the atomic level.

The a-Ge/Bi/a-Ge layered films with the size varied in the range of 30 —
300 nm formed by sequential condensation of components in a high vacuum for
throughout thickness characterization of the dissolution process. Cross-section
lamellae cut from annealed at different temperatures Ge/Bi/Ge layered films were
used for advanced TEM characterization of the metastable alloys. The thickness
of samples varied in the range of 30 - 300 nm and the overall composition in the
range of 5 wt% - 50 wt% of Bi. The films were annealed between 20 and 300°C.

Morphology, nanostructure, and distribution of chemical elements in the
samples were systematically investigated through film thickness down to the
atomic scale using high-resolution imaging, diffraction, and EDX techniques in a
TEM.

The concentration of Bi in the metastable Bi-Ge alloy was determined as a
function of annealing temperature, film thickness, and overall composition of the
layered film. As a result, the terminal concentration of Bi in the metastable Bi-Ge
alloy was established for each configuration studied. The activation temperature
of the dissolution process was determined also.

As a result, the type of the Bi-Ge metastable solid solution was identified and
fully characterized.
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Phosphides of some transition metals directly and in the composition of carbon
composites are currently considered as promising platinum-free electrocatalysts
toward important reactions of hydrogen evolution (HER), oxygen evolution (OER),
and oxygen reduction (ORR). We have shown the possibility of obtaining nitrogen
and phosphorus co-doped carbon nanocomposites with nickel phosphides particles
(Ni P /N,P-C) - as HER, ORR and OER electrocatalysts - by pyrolysis of
polyaniline doped with phosphoric acid together with NiCl,-6H,0.

Based on the data of X-ray phase analysis, it was found that an increase in the
pyrolysis temperature leads to the formation of nickel phosphides with a lower
phosphorus content in the composition of the composites. The dominance of Ni ,P,
and the presence of NiP occurs in NixPy/N,P-C(800) formed at 800°C; the absence
of NiP in Ni P /N,P-C(900) and NixPy/N,P-C(1000) obtained at pyrolysis
temperatures of 900 and 1000°C, as well as a sharp increase of Ni,P when the
composite formation temperature increases from 900 to 1000°C.

It was found that the activity of the obtained nanocomposite catalysts in the
HER increases in 0.5 M H,SO, in the order NixPy/N,P-C(1000) < NixPy/N,P-
C(800) <Ni P, /N,P-C(900), and in 1.0 M NaOH — Ni P, /N,P-C(1000) <Ni P /N,P-
C(900) < NixPy/N ,P-C(800). The electrocatalyst NiXPy/N ,P-C(900) has the highest
functional characteristics in HER in acidic electrolyte (Tafel slope, b ~ 58 mV/dec;
overpotential at 10 mA/cm?, 1, ~ 150 mV), and in alkaline — NixPy/N ,P-C(800)

(b~ 100 mV/dec; n,, ~ 176 mV).

At the same time, the activity of electrocatalysts in ORR and OER (in an
alkaline electrolyte) is the opposite to that found for in HER, which may be due to
different sites that are involved in these processes. The obtained Ni P /N,P-C(900)
and Ni P, /N,P-C(1000) are characterized by high values of the half-wave potential
in the ORR (~ 830-850 mV vs RHE), and oxygen reduction on them occurs mainly
by the 4-electron mechanism. In OER, the mentioned catalysts provide values of
the overpotential of oxygen evolution at a current density of 20 mA/cm? ~ 370-
400 mV and are characterized by the value of b ~ 161 mV/dec.
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It is well known that dispersion and morphology have a decisive influence on
the properties of nanomaterials. If some regularity has already been determined
for nanopowders of metals and oxides, there are few studies for coordination
compounds. Coordination compounds of lanthanides are widely used as precursors
for luminescent materials. Depending on the electronic structure of the central ion,
compounds can emit in the visible or IR range of the spectrum. In this work, the
synthesis of mono- and heterometallic, monomeric and metallopolymer complexes
of lanthanides with unsaturated -diketones was carried out. Copolymers based on
styrene, vinylcarbazole and methyl methacrylate were obtained. The composition,
structure, morphology, dispersity and spectral-luminescence properties of all
synthesized compounds were studied.

The study of the synthesized compounds by classical physicochemical methods
of analysis (IR, DRS, luminescence spectroscopy) demonstrated different optical
properties for similar systems. In this regard, a thorough study of the dispersion
and morphology of the synthesized powders and films was carried out. The
relationship between the dispersion, morphology and luminescent properties of the
synthesized lanthanide coordination compounds was established. The highest
emission characteristics are characteristic of aggregatively and kinetically stable
systems with an ordered structure.
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The development of nanotechnologies is constantly moving forward, and the
development of new methods of synthesizing nanoparticles of precious metals by
replacing raw materials with the aim of optimizing and reducing the cost of final
products is an urgent task of modern science. AgNPs and AuNpcs are characterized
by high electrical and thermal conductivity, chemical stability, catalytic activity,
optical properties. Nanoparticles of precious metals are used in the food, cosmetic
and pharmaceutical industries. The use of plant extracts as sources of reducing
substances for the synthesis of nanoparticles of noble metals attracts attention due
to the environmental friendliness and practicality of this method. Disadvantages
of this method are the presence of secondary compounds and metabolites,
temperature limitations characteristic of enzymes. The choice of method depends
on the field of further application of the obtained AgNPs\AuNpcs. Therefore, the
purpose of this study is a comparative analysis of gold and silver nanoparticles
obtained by "green synthesis" and when aminopolycarboxylic acids are used as
reducing agents. For the study, water-alcohol-glycerin extracts of aloe vera,
matricaria chamomilla, Avena sativa, Urtica dioica produced by the company
"Vilarus" were taken. The starting solutions consist from extract 4.0%, glycerol
10%, ethyl alcohol 20%, sodium benzoate 0.08%, water >20%. Structural
analogues of ethylenediaminedisuccinic and ethylenethiaminetetraacetic acids were
used as chemical reducing agents. The conducted studies showed high efficiency
of both natural extracts and polycarboxylic acids. However, the extracts are
characterized by a higher reducing ability at lower concentrations and, accordingly,
a higher stability of the synthesized nanoparticles. The use of natural extracts
expands the range of practical applications of the obtained AgNpcs.
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We present results of ab initio density functional theory studies of energy
spectrum and ground stage parameters of small f-Ga,O, nanoclusters (5 to 45
atoms). Calculations were performed using ultrasoft pseudopotentials in the basis
of plane waves, similar to previous studies of semiconductors [1]. To describe the
exchange-correlation energy of the electrons, a generalized gradient approximation
with Hubbard corrections (GGA+U) in Perdew, Burke and Ernzerhof
parameterization was used. Optimization of the nanocluster structure was
performed using conjugate gradient method. No symmetry restrictions were used
during structure optimization.

In order to determine the most stable structure for the small clusters Ga,O,
nanoclusters (5 to 45 atoms) we examined a number of isomers. Among them were
ring structures, chain structures, sphere structures, all of which satisfy the
assumption of the presence of translational symmetry in the studied atomic
systems.

To analyze the stability of B-Ga,O, clusters we calculated binding energy per
one formula unit of Ga,O,. Analysis of the energy values shows that for -Ga,0,
nanoclusters built from one to three formula units the most energetically favorable
are chain-like structures. All such structures have approximately the same binding
energy. With increase of formula units in the researched systems the shift to ring
structures (four to six Ga,O, formula units) and then to compact sphere structure
(seven to nine formula units) was observed. Among the structures in the form
embedded clusters more stable are those in which the interatomic distance between
the outer and inner shell is greater.

1. Bovhyra R.V., Popovych D.1, Bovgyra O.V., Serednytski A.S. Ab Initio Study of Structural
and Electronic Properties of (ZnO)n “Magical” Nanoclusters n= (34, 60) // Nanoscale Re-
search Letters.-2017.- 12, P. 76-82.
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Improving the durability of engine tribo-couplings that operate under high-
temperature and dry friction conditions is an urgent task. The nanolaminate MAX
phases of Ti-Al-C system and their corresponding coatings hold promise for this
application. Alloying with different elements can further enhance their tribological
properties. The purpose of this study is to investigate the impact of Sn concentration
on the tribological properties of Ti-Al-C coatings at two temperatures: 20°C and
500°C.

The Ti-(Al, Sn)-C coatings were deposited into polished stainless steel samples
using the vacuum arc method. MAX phase cathodes, namely Ti,AlC,
Ti, (Al ,5,Sn,,,)C, and Ti,(Al, ,,Sn, ,)C, were employed in the deposition process.
The composition and structure of the coatings were examined through XRD, SEM,
and EDX analysis methods. To investigate the mechanical properties, a
microhardness tester was used. The wear resistance was evaluated by subjecting
the coated plates to reciprocating motion against a hardened steel ball ShKH15.

Tribological tests revealed that Ti-Al-C coatings exhibited a friction coefficient
(p) ranging from 0.4 to 0.5. The wear specific rate (w) increased from
6.47x10-° mm3/Nm at 20 °C to 3.28%10* mm?3/Nm at 500 °C. On the other hand,
Ti,(Al, ,,,Sn, ,,)C coatings displayed a coefficient u within the range of 0.35 to
0.65, and a value of w slightly decreased from 2.14x10-° mm3/Nm at room
temperature to 1.94x10-°> mm?3/Nm at 500 °C. An increase in the tin concentration
did not result in an improvement in the tribological properties of the coatings.
Therefore, incorporating a small amount of tin into the MAX phase Ti,AlC
enhances the wear resistance of the resulting coatings.
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Lead phosphate crystal is an attractive acoustooptic material for fabrication of
nanocomposites, that undergoes a ferroelastic phase transition from a high-
temperature rhombohedral phase to a low-temperature monoclinic phase at 453 K
[1, 2]. There may be a modification of its properties when fabricating lead
phosphate nanocrystals regularly arranged in opal matrix. In this paper, opal-based
nanocomposites with inclusions of the Pb,(P,,V,,0,), nanocrystals are
characterized by using Raman spectroscopy technique within the 290 K — 470 K
temperature range.

The nanocomposite was prepared by the procedure based on capillary forced
impregnation of opal matrix with the lead phosphate melt with the following
crystallization. To investigate the processes in volume of sample its surface layer
was mechanically removed to a depth 0.5 mm.

Nonpolarised Raman spectra, excited by a 532 nm DPSS laser radiation, were
measured by using the spectrometer based on a double monochromator DFS 12
equipped with a photon counting system. The samples were heated by resistance
furnace in air atmosphere.

Comparison of the nanocomposite spectrum measured at room temperature
with that obtained for single crystal earlier [2] testify to the crystalline state of
substance in opal pores. Analysis of the ratio of the Raman spectral intensities of
bands at 833 cm! and 938 cm’!, corresponding to the valence vibrations of VO,
and PO, groups, respectively, points to the stoichiometry maintenance. No new
Raman bands that could indicate the formation of a new crystalline phase were
detected. Temperature behavior of the Raman band parameters was analyzed in
the framework of the phase transition theory.

1. Viokh R., Martynyuk-Lototska 1. Crystals as effective acoustooptic materials // Ukrainian
Journal of Physical Optics.-2009.-10.-P. 89-99.

2. Salje E., Ilshi K., Ferroelastic Phase transitions in lead phosphate-vanadate
Pb(PxV, O,),// Acta Crystalographica.-1977.-A33.-P. 399-408.
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Polymers and composites containing azo- chromophore groups are a class of
optical materials extensively investigated in the past decade while it combines the
virtues of photoisomerization and photo-orientation and nonlinear response to a
strong optical field. For example, azobenzenes can be used in in optical information
storage devices, as optical switches and sensors, in polarization holography [1],
and in photonics, etc. One of the best matrixes for this deal is
polymethylmethacrylate (PMMA) that provide high optic transparency and low
light scattering loses. One of the ways of photophysical properties regulation is
introduction of heterocyclic fragments into photochromic molecule instead of
classic aromatic system.

Azo-compounds synthesized by 3-aminopyridine

x = diazotization and further coupling with a-naphthol/B-
~~on nhaphthol/8-hydroxyquinoline were obtained with a good
N - yield. A commercially available azo dyes, i.e., Sudan I and
N 1-(2-Pyridylazo)-2-naphthol, were used to study the
N7 influence of the pyridine nitrogen position (ortho- or meta-
isomer) or its absence on the polymer composite diffraction

= characteristics.
. |Y Thin films of a polymer composite containing 5% (wt.)

of azo compounds and 95% (wt.) of PMMA were formed
X =N, CH from a DCE solution. It is shown that the diffraction
Y=N,CH efficiency increases with the transition from thin films
(~1 pm) to thicker ones (~2.5 um). The diffraction efficiency
values for the parallel polarization of the recording beam are greater than for the
perpendicular one.

B

1. Ovdenko V., Vyshnevskyi D., et al. Synthesis, characterization, spectral properties and
evaluation of the photophysical behavior of novel Congo Red based polymers // Optical
Materials.-2023.-135.-P. 113268
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A superlattice approach is an efficient solution for fabricating nanocomposite
structures composed of Si nanopaticles embedded in a SiO, matrix for nano- and
optoelectronic applications [1]. In this approach, a superlattice containing
alternating understoichiometric Si oxide (SiO,, x < 2) and SiO, layers with
nanometer thicknesses is first created. A high-temperature anneal of such
superlattice induces phase separation of SiO,_ and formation of Si nanoparticles,
the sizes and positions of which are defined by the initial SiO, layer thicknesses
and locations, respectively. Various Si morphologies, from isolated spherical
quantum dots to fully percolated two-dimensional networks, can be obtained by
varying the initial SiO_ stoichiometry [2]. Understanding the formation
mechanisms of different Si structures is needed for obtaining nano-Si/SiO,
composites with required characteristics.

In this work, the kinetics of phase separation in ultrathin SiO_ films is modeled
using the 2D Monte-Carlo simulation method. The separation of Si and Si oxide
phases by redistribution of oxygen atoms between the neighboring Si-Si.O,
tetrahedral complexes composing the SiO, microstructure is considered. The net
direction of oxygen redistribution corresponds to the decrease of the penalty energy
of the participating complexes, which is taken into account by applying the
Metropolis algorithm. As a result, the dependence of the morphology of the Si
nano-structures formed in Si oxide matrix on the initial SiO_ stoichiometry is
obtained. Nearly spherical isolated Si quantum dots form at x > 1. Progressive
increase of excess Si content leads to the formation of elongated Si particles, their
merging and finally fully percolated Si networks at the percolation threshold
x~0.7.

1. Zacharias M., Heitmann J., Scholz R., Kahler U., Schmidt M., Bldsing J. Size-controlled
highly luminescent silicon nanocrystals: A superlattice approach // Appl. Phys. Lett.-2002.-
80.-P. 661-663.

2. Laube J., Gutsch S., Wang D., Kubel C., Zacharias M., Hiller D. Two-dimensional per-
colation threshold in confined Si nanoparticle networks // Appl. Phys. Lett.-2016.-108.-P.
043106.
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The paper proposes an intelligent high-frequency electromagnetic field sensor
that uses the phenomenon of ferromagnetic resonance. The device is a multilayer
structure (Fig. 1), which uses a number of phenomena caused by the spin properties
of electrons, which cause the existence of a spin current.
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Fig. 1. Electromagnetic field spin sensor: a) — front view (1 — protective layer;

2 — magnetic layer with a weak coercive force, where precession of the magnetization
vector occurs, 3 — non-magnetic metal,; 4 — freely remagnetized magnetic layer
(in the plane of the sample); 5 — magnetic layer with fixed magnetization
in the plane of the sample); b) cross section and its geometric dimensions
(1, 2 — protective layer and outer ferromagnetic layer, 3, 4 and
5 — nanoscale spin valve structures).

Highly sensitive sensors can significantly expand the field of application of
Internet of Things devices and other cyber-physical systems, where electromagnetic
field emitters with different radii are used. The use of fundamentally new methods
of digital signal processing will significantly expand the possibilities of application,
protection against interference and the possibility of functioning in the conditions
of complex electromagnetic conditions of sensor networks of various levels of
topological complexity and control technologies. Based on the analysis of literary
sources, it was concluded that it is possible to combine several phenomena related
to the application of spin at once: generation of spin current, generation of spin-
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polarized current due to the reverse spin Hall effect, remagnetization of a
ferromagnetic layer with a small coercive force, reverse remagnetization due to
the passage of direct current in the opposite direction to the spin-polarized current.
The researched method of detecting the external electromagnetic field has a number
of advantages compared to traditional detection methods that use conventional
antennas made of conductors: hardware losses due to thermal current and
secondary radiation of the antenna are significantly reduced; potentially increases
detection speed and accuracy.

1. K.-H. Chiao, Y.-R. Wu. Micromagnetic simulations for deterministic switching in SOT-
MRAM cell with additional heavy metal capping strip// Appl. Phys. Lett.-2023.-122.-142403.

2. K. Olejnik, T. Seifert, Z.Kaspar, Vit Novaik et al. Terahertz electrical writing speed in an
antiferromagnetic memory//Sci. Adv.4,eaar3566.

3. R. L. Politanskyi, L. F. Politanskyi, I. 1. Grygorchak, A. D. Veriga, Modeling of Spin
Valves of Magnetoresistive Fast-Acting Memory, Journal of Nano- and Electronic Physics,
10(6), 06027(2018); https://doi.org/10.21272/jnep.10(6).06027.
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Understanding thermal transport properties in materials used for green energy
transition is essential to improve device conversion efficiency. For example,
silicon-germanium alloys are widely used as active elements of thermoelectric
converters [1]. In the latter, the figure of merit, the quantity that defines the device’s
efficiency, is inversely proportional to the thermal conductivity of the compound.
Hence, thermal management in thermoelectrical converters is one of the critical
issues for their further improvement.

In binary compounds such as silicon-germanium alloys, the tailoring of the
thermal properties can be ensured by the “smart” distribution of one component
into another. Paths for such engineering can be based on spatial modulations with
different local concentrations of substituting elements (Si or Ge). However, there
is still a lack of information about the impact of the atom arrangement in such
alloys on thermal transport properties.

Thus, the main goal of our study is to investigate the configurational
dependencies of Si Ge, samples on heat conduction, keeping the same
concentration of the composite components. To this aim, we used equilibrium
molecular dynamics based on the Green-Kubo method [2]. This approach allowed
us to evaluate thermal conductivity for different distributions of Ge atoms. The
obtained results will be used to understand better the features of heat transport in
Si-Ge nanocomposite systems.

1. Kuryliuk V., Tyvonovych O., Semchuk S. Impact of Ge Clustering on the Thermal Con-
ductivity of SiGe Nanowires: Atomistic Simulation Study // Phys. Chem. Chem. Phys.-2023.-
25, N8.- P. 6263—6269.

2. Kuryliuk V., Nepochatyi O., Chantrenne P, Lacroix D., Isaiev M. Thermal Conductivity
of Strained Silicon: Molecular Dynamics Insight and Kinetic Theory Approach // J. Appl.
Phys.-2019.-126, N 5.-P. 055109.
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Electrochemical sensors are attractive analytical devices because they combine
high sensitivity and simplicity with low instrumentation cost. Currently, a major
challenge in electroanalysis is the development of miniaturised and portable
electrochemical sensors made of alternative and inexpensive materials. These
devices require only small volumes of samples and reagents, which is highly
desirable from an economic and environmental point of view. A good solution to
address this challenge is screen-printing technology as an established method for
the preparation of portable chemical sensors. Screen-printed electrodes (SPEs) are
widely used and the range of materials from which they are made continues to
expand. One of these materials are carbon nanotubes. They improve electrode
properties important in voltammetric measurements, for example, increase the
surface of the working electrode. Also they exhibit good chemical stability and
excellent electrical conductivity. In our work, we proposed use of screen-printed
carbon electrode modified with carbon nanotubes as a simple and fast tool for
determination of trace concentrations of lead ions. Today, there is quite a bit of
lead in our environment, used mainly in batteries, formerly as a fuel additive.
Metallic lead as well as lead compounds show high toxicity. Salts and oxides of
this element are poisons that accumulate in the body, causing disorders of the
nervous system, in extreme cases leading to brain damage and death, so analytical
techniques to monitor its content in various samples are being sought.
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MgH,-based composites with nanoparticles of perovskites and graphite were
synthesized by the reactive ball milling method. These composites can have a dual
use (similar to the MgH,-Zr,V30, H -C composites [1]) — for hydrogen storage
and hydrolysis generation. Ferrites of rare earth metals, Dy, ,Nd ;FeO, and
TbFe, Cr, ;O,, were synthesized by the sol-gel method (particle size of 80-300 nm)
and used as catalytic additives. The effect of these complex oxides on the
hydrogenation of magnesium during milling and improvement of hydrogen
sorption-desorption kinetics is shown. The phase-structural composition of the
composites was determined by powder X-ray diffraction. Thermal desorption from
these composites occurs in two stages and at temperatures above 300 °C. The
activation energy (£ ) of hydrogen desorption was determined by the Kissinger
method, based on the analysis of thermodesorption curves at different heating rates.
Ea for the composite with TbFe  ,Cr, O, is 123 kJ/mol, and for the composite with
Dy, ;Nd, ;FeO, - 147 kJ/mol. The synthesized nanocomposites were tested as
materials for generation of hydrogen by hydrolysis in pure water and in magnesium
chloride solutions. The duration of ball milling increased the reaction rate and the
yield of hydrogen in hydrolysis reactions. During the hydrolysis of the synthesized
composites in pure water, the volume of hydrogen released was 320-350 ml/g. The
degree of conversion significantly improved with the addition of MgCl,, the yield
of the reaction reached 90% after 30 min of hydrolysis.

1. Zavaliy I.Yu., Berezovets V.V, Denys R.V., Kononiuk O.P, Yartys V.A. Hydrogen absorp-
tion-desorption properties and hydrolysis performance of MgH,-Zr.V,0, Hx and

MgH -Zr V30, H -C composites // J. Energy Storage. -2023.- 65, P. 1072445.
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Results of investigations of the magneto-electric effect (MEE) manifestations
in the region of an individual magnetic domain, which is in a state close to collapse
(H|k, where k is a light wave vector) are presented in this paper. The effect of an
electric field (E|lk) and a bias magnetic field on the domain walls (DW's) of a
cylindrical magnetic domains (bubbles) has been experimentally studied. The
studies were carried out by the magneto-optical method based on the Faraday effect
using a polarizing microscope [1,2]. Ferrite-garnet film with a developed <111>
surface, grown by liquid-phase epitaxy on a gadolinium-gallium substrate with the
composition (TmBi),(FeGa),0,,, was chosen for the study. The thickness of the
film was about 7 um, and the thickness of the substrate was about 600 um.
Investigated of the electric-field dependences of domain diameter (d) for fixed
values of the external magnetic field. The results of visually observed changes in
the domain diameter showed that an abrupt change in the domain diameter in an
gradient electric field was observed for a cylindrical domain in a state close to
collapse. Our results indicate the manifestation of a direct relationship between the
curvature of the domain wall and the degree of its response (sufficient for visual
observations) to external action by a gradient electric field. The jump in the domain
diameter, which is sharp in shape, is probably associated with the defective
structure of the film and the pinning of the DW on defects. For an ideal situation
of a defect-free film, the change in diameter would occur linearly with increasing
electric field value.

1. Koronovskyy V., Ryabchenko S., and Kovalenko V. Electromagneto-optical effects on
local areas of ferrite-garnet film // Phys Rev B.-2005.-71.-P. 172402-172405.

2. Koronovskyy V., Vakyla Y. Sensitivity of domain walls of bismuth-substituted iron garnets
to a magneto-electric interactions caused by external complex field influence // JAP. - 2015.
-118. - P 184101-1 - 184101-4.
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Reducing the consumption of non-renewable natural resources, including crude
oil and gas, by replacing them with renewable bio-raw materials is a very essential
challenge of modernity. Given the rapid development of isobutanol
(2-methylpropan-1-ol, i-BuOH) production by fermentation of non-food biomass
of plant origin in the last decade, i-BuOH is one of such renewable bio-raw
materials. Four butene isomers (1-butene, trans-2-butene, cis-2-butene and
isobutene), which are used in industry to produce various polymers, fuel additives,
etc., can be obtained by dehydration of the bio-alcohol.

The purpose of the work is to establish the effect of nature and strength of acidic
sites of FER, MFI, FAU and BEA zeolites on their catalytic properties in the
process of i-BuOH dehydration. The acid-base characteristics of zeolite samples
were investigated by IR-spectroscopy of adsorbed pyridine, potentiometric
titration, and temperature programmed desorption of NH, and CO, probe molecules
with mass spectrometric control. It was found that a larger quantity of strong acid
sites with desorption activation energy of ~ 125 kJ/mol on the surface of FER and
MFTI zeolites contributes to the formation of linear isomers of butene, and can be
attributed to Brensted acid sites. Whereas, the predominance of strong Lewis acid
sites on the surface of FAU and BEA catalysts leads to the formation of isobutene
and other by-products.
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Doping with metal ions is well known strategies to increase the photocatalytic
activity of titania based materials. Tungsten has been chosen as one of the
promising agent employed to improve not only charge separation but also
adsorption processes due to high surface acidity of W"*/TiO, photocatalysts.

Mesoporous nanoscale TiO, and TiO,/W"" (0,1% mo 10%) films were
synthesized by the sol-gel method wusing titanium tetraisopropoxide,
(NH,),,W,0,,-11H,0, nonionic triblock copolymer Pluronic (P123) as a
templating and acetylacetone as complexing agent at pH=3-4 (adjusted by HCIO,),
and deposited on glass and steel substrates via dip-coating procedure. The structural
and optical properties, phase composition of the synthesized films and powders,
obtained after precursors gelation were investigated by XRD, Raman and UV-Vis
spectroscopy. Band gap energy and the position of flat band potentials were
estimated by direct photoelectrochemical measurements. XRD patterns of Wr/TiO,
powders showed anatase (20-25 nm) and rutile (35-40 nm) nanocrystalline phases.
The lower degree of anatase to rutile transformation was observed for tungsten
doped films compared to pure titania. The most effective in the photoreaction of
Cr¢* ions reduction to Cr** in the presence of EDTA as an electron donor under UV
irradiation were TiO, films with a content of 5-7% Wn"". When the dopant
concentration was increased to 10%, the activity decreased, but remained higher
than to pure TiO,. Electrocatalytic properties of TiO, and W*/TiO, electrodes were
investigated in process of oxygen electroreduction. The potential of oxygen
reduction changes with the film composition.
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Modification of nanosized TiO, with ions and atoms of transition metals, in
particular silver and copper, is widely used to obtain composite materials with high
photocatalytic and bactericidal activity. Due to the difference between the ionic
radii of Ti(IV) and the modifier ion, the unit cell of TiO, is slightly deformed, the
band gap of TiO, decreases, and the photocatalytic activity increases under the
influence of visible light. As we showed earlier, the content of up to 7% of Cu™*
ions in the structure of films and powders leads to acceleration of photocatalytic
reactions of water denitrification, reduction of Cr®" ions to Cr3*, etc. Bactericidal
activity arises from the release of ions from the surface of metal NPs upon contact
with water or biological fluid. The release of ions from the surface of NPs (or their
oxides) critically depends on their localization in the TiO, structure, which is related
to the method of synthesis. The purpose of this work was to compare the structure,
photocatalytic and bactericidal properties of modified samples of porous Cu-TiO,
films and dispersions depending on the concentration of copper in a wide range
(from 0.1 to 30%) and the nature of the pore former at the sol-gel synthesis
stage - 1) pluronic or 2) PEG in the presence of terpineol. It is found that in an
aqueous environment, metal ions are released from the surface of sol-gel powders
synthesized using method 1, which determines the ability to decontaminate
effluents from organic toxic substances. Copper-containing crystalline films and
Cu-TiO, dispersions have a high redox photocatalytic effect in relation to heavy
metals and their adsorption removal. In the case of using method 2, stable oxide
phases of the dopant are formed in the TiO, structure, from the surface of which
metal ions are not desorbed. The studies have shown a high bactericidal activity in
relation to Escherichia coli (E. coli). The desorption of Cu®, Cu?* ions from the
surface of the composites quantitatively correlates with the bactericidal properties
of the obtained powders.
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Numerous experimental studies of electrical properties of random mixtures and
composites reveal more complicated types of transition from a non-conducting to
a conducting state than that predicted by the classical percolation theory; typical
examples are two-step, several-step, and smeared percolation. This fact evidences
the significance of specific features of a percolating system — its microstructure
and physico-chemical mechanisms in it — for the formation of its electrical
conductivity and permittivity. A consistent theory is therefore required to (1)
incorporate the relevant quantitative characteristics, often uncertain, of the system
into a single model; (2) account for feasible variations of those as the system’s
composition is changed; and (3) exploit a reliable technique for homogenization
of the model.

We suggest that requirements (1)-(3) can be met by treating a real system in
terms of a model dispersion of hard-core—penetrable-shell particles. The details of
such a model in application to composite solid and polymeric electrolytes are given
in [1,2]. The shells are electrically inhomogeneous (for instance, layered); their
conductivity profile accounts for the dominant mechanisms in the real system. The
dispersion is subject to certain rules of dominance for its overlapping components.
The homogenization is internally closed and carried out using the compact group
approach; the results for the conductivity are rigorous in the static limit.

In this report, we demonstrate the capability of the indicated model to predict
and quantitatively describe a several-step electrical percolation in random system.
The effect is accompanied by a drastic increase in the dielectric constant near the
percolation thresholds. The results obtained are validated by comparing them with
experimental data.

1. Sushko M. Ya., Semenov A. K. Rigorously solvable model for the electrical conductivity
of dispersions of hard-core—penetrable-shell particles and its applications // Phys. Rev. E.-
2019.-100.-P. 052601-1-14.

2. Sushko M. Ya., Semenov A. K. A mesoscopic model for the effective electrical conductivity
of composite polymeric electrolytes // J. Mol. Liq.-2019.-279.-P. 677-686.
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Conducting polymers (CP) are similar to metals and semiconductors due to
their electrical and optical properties while preserving the useful properties of
polymers — easy and inexpensive synthesis, elasticity, etc. Materials based on CP
are versatile because their properties can be easily modified by surface
functionalization and/or doping. One of little studied CP is poly(2-aminothiazole)
(PAT), which contains S and N in a 5-membered thiazole ring. PAT has interesting
sorption properties [1]. It is known that 2-aminothiazole is a biologically active
compound with antimicrobial, antitumor properties [2]. In addition, graphene-based
coatings functionalized with PAT have been reported to show potential applications
in corrosion protection and antistatic coatings [3]. Therefore, optimizing the
conditions for the synthesis and studying the physicochemical properties of PAT
and its composites is a promising and actual task. In this work, we studied the
conditions of chemical synthesis of PAT and its composites with graphene oxide
(GO) in an aqueous solution under the action of inorganic oxidants, as well as
electrochemical deposition on electrode surfaces of various natures — Pt and
optically transparent SnO,. The globular structure of obtained polymer with a
globule size near 0.4-0.6 pm was shown by scanning electron microscopy. For
PAT/GO the globules are smaller. According to the FT-IR spectra of PAT and
PAT/GO composite, the polymerization of aminothiazole occurs through the amino
group. To confirm the results of IR-spectroscopy, a quantum-chemical calculation
using the semi-empirical PM7 method was carried out. The electrochemical activity
of polymer films was examined. Increasing effective parameters of charge transport
for surface films obtained in the presence of GO were detected.

1. Biyikoglu M., Cift¢i H. Adsorption of Ag(l) ions from waste waters using poly(2-aminoth-
iazole): kinetic and isotherm studies // Polym. Bull.-2020.-77.-P. 6161-6174.

2. Kashyap S. J. et al. Thiazoles: having diverse biological activities // Med. Chem. Res.-
2012.-21.-P. 2123-2132.

3. Qiu S. et al. Noncovalent exfoliation of graphene and its multifunctional composite coat-
ing with enhanced anticorrosion and tribological performance // J. Alloys Compd.-2018.-
747.-P. 60-70.
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Excited-state intramolecular proton transfer (ESIPT) is a four-level
photochemical process [1] observed in some luminescent molecules. This process
can be influenced by external factors, such as an electromagnetic field. Since high-
conductive nanostructures might create enhanced local electromagnetic fields, it
is worthwhile to investigate how they will affect ESIPT when irradiated at the
localized surface plasmon resonance (LSPR) frequency.

To investigate this process, we compared the luminescence of the multidomain
dye HTTH [2], which was applied in the polystyrene matrix onto nanochip with
gold nanostructures and onto glass plate, before and after the heating (80°C, 1 min)
and cooling (4°C, 1 min) cycles to enhance diffusion of dye molecules to the
nanostructures. We found that the initial luminescence on the glass plate was
significantly higher than on the nanochip. Additionally, changes were observed in
all spectra after thermal treatment.

From the spectra normalized by the highest peak (443 nm), we found that the
initial samples exhibit nearly identical spectra in the low-energy peak region
(540 nm), indicating similar conditions for the ESIPT phenomenon in both samples.
However, after heating and cooling, the intensity of the low-energy peak decreases
to a much greater extent in the spectrum of the sample with the nanochip. This
finding highlights the significant influence of gold nanostructures on the ESIPT
phenomenon in HTTH multi-domain dye when luminescence and LSPR overlap.

1. Sedgwick A. C., Wu L., Han H.-H., Bull S. D., He X.-P,, James T. D., Sessler J. L., Tang
B. Z., Tian H., Yoon J. Excited state intramolecular proton-transfer (ESIPT) based fluores-
cence sensors and imaging agents // Chem Soc Rev.-2018.-47.-P. 8§842-8880.

2. Zhang Z., Chen Y.-A., Hung W.-Y., Tang W.-F., Hsu Y.-H., Chen C.-L., Meng F.-Y., Chou
P-T. Control of the reversibility of excited-state intramolecular proton transfer (ESIPT) re-
action: host-polarity tuning white organic light emitting diode on a new thiazolo[5,4-d]thi-
azole ESIPT system // Chem Mater.-2016.-28.-P. 8815-8824.
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The crystal structure of Ag XS Hal (X = Si, Ge; Hal = Cl, Br, I) compounds
was first investigated by Kuhs et al. [1]. Due to their high ionic conductivity,
superionic conductors are of great interest in the field of solid-state electronics
given the increasing demand for electrochemical energy storage. Compounds with
the structure of argyrodite are promising superionic materials that are suitable for
the fabrication of electrochemical sensors and solid-state energy sources based on
them, such as photoanodes, supercapacitors, all-solid-state batteries, etc. [2]. The
microstructure of ceramic samples of the composition Ag.(Si, Ge )S.I was studied
by scanning electron microscopy. The composition of the samples was determined
by an energy dispersive X-Ray method. Microhardness measurements were carried
out using a PMT-3 microhardness tester with a Vickers diamond indenter in the
load range of 0.05-2 N.

By indexing the obtained powder patterns, the formation of Ag(Si, Ge )S.I
solid solutions was determined. Established that Ag.(Si, Ge )S.I solid solutions
crystallize in a face-centered cubic cell (SG F-43m). The microstructural
investigation of the Ag (Si, Ge )S.I-based ceramics shows a narrow distribution
of crystallite sizes and close values of the average crystallite size in the range of
2.52-2.70 um. The chemical composition of the investigated ceramic samples is
homogeneous and close to the specified composition. For Ag.(Si, Ge )S.I-based
ceramics, the presence of a direct size effect was established - the microhardness
H decreases with increasing values of the applied load P.

The characteristic of microhardness dependence on composition at different
loads with a nonlinear decreasing trend and correlation with porosity value was
determined.

1. W.F. Kuhs, The argyrodites — A new family of the tetrahedrally close-packed srtuctures//
Mater. Res. Bull.-1979. Vol.14, pp. 241 — 248.

2. M. Laqibi, B. Cros, S. Peytavin, M. Ribes, New silver superionic conductors A gXYZ (X
= 8i, Ge, Sn; Y=8, Se; Z= CI, Br, 1) — synthesis and electrical studies// Solid State lon-
ics.-1987.- Vol. 23, pp. 21-26.
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The ever-expanding field of energy conversion, storage, and conservation
demands new materials that meet stringent requirements in terms of cost,
environmental impact, stability, efficiency, and simple synthesis. Nanocomposites
based on functional polymer/inorganic supramolecular structures demonstrate their
effectiveness in electronics as high-Q capacitors in the radio frequency range and
sensors for external physical fields; exhibit great promise in energy storage devices,
where they are explored as quantum batteries and spin capacitors possessing spin
electromotive force. New developed approaches for obtaining composites with
tailored optical and electrophysical properties consist of assembling
polymer/inorganic clathrates intercalated with nanoparticles and Li* ions on
ceramic or polymeric surfaces as well as in spatially confined molecular crystal
lattices of MoS, or GaSe. Combination of radical and non-radical reactions
provides in situ formation of the assemblies of a “host — guest” complex
architecture wherein grafted polymeric brushes can be host and guest
simultaneously. Precise control over composition, brush length, and packing
density further enhance the ability to manipulate functional properties, paving the
way for applications of the synthesized materials in energy conversion and storage.

This research presents a comprehensive investigation of the energy storage
properties of polymer-containing composites and coatings. The study shows
synthesis technique and highlights potential avenues for utilizing these synthesized
materials in energy storage and related applications.
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Zinc oxide (ZnO) is a widely used semiconductor with versatile applications
in gas sensors, TCO, displays, transistors, and solar elements. ZnO doping has
attracted scientific interest for its ability to modify the band gap. While Al In, and
Ga doping in ZnO is extensively studied for n-type systems, research on other I11
elements like La, Y, and Sc is limited. However, these elements show potential as
alternative TCO materials. A recent study [1] investigated the impact of surface
morphology on the optical and electrical properties of Y-doped ZnO thin films
(ZnO: Y). The researchers found that increasing the Y concentration to 4.7 wt. %
in ZnO: Y films caused a blue shift in the absorption edge. However, higher
concentrations resulted in a redshift.

In this work, we present the results of first-principle calculations of the band
structure and optical properties of ZnO: Y with different impurity concentrations
to establish the doping effect on ZnO's electronic and optical properties. For DFT
calculations, the GGA (PBEsol) exchange-correlation functional was used with
Hubbard corrections implemented in the CASTEP package. In our work, we
consider the 2x2x2, 3x3x1,2x2x3,2x2x4, 3x3x2, and 3x3x3 supercell in which
Y replaced one Zn atom, corresponding to dopant concentrations of 6.25%, 5.56%,
4.17%, 3.125%, 2.78%, and 1.85%, respectively.

The calculations revealed that as the concentration of Y impurity increases, the
lattice parameters of the material also increase. The investigation into the electronic
properties demonstrated that the Fermi level of the doped ZnO moves upward into
the conduction band, indicating its behavior as an n-type semiconductor. Moreover,
the bandgap expands as the Y concentration rises, resulting in a blue shift of the
absorption edge in ZnO: Y. The influence of point defects, particularly oxygen and
zinc vacancies, on ZnO: Y’s electronic structure was also considered to account
for the experimental data. It was discovered that the presence of Zn vacancies leads
to a reduction in the band gap. These findings hold significance in the future
development of ZnO: Y for experimental purposes.

1. B. Turko, U. Mostovoy, M. Kovalenko, et al., Effect of dopant concentration and crys-
talline structure on the absorption edge in ZnO: Y films // Ukr. J. Phys. Opt. -2022.-22.-P.
31.
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Oxide glass ceramics are composite materials perspective for various
applications, in particular, in electronics, optical thermometry and biomedicine.
The properties of oxide glass-ceramics are largely determined by processes in the
"interface/interphase region", which has an atomic structure different from the
structure of both crystalline and glass components. The mutual diffusion of
component atoms can be effectively modeled in calculations using the molecular
dynamics (MD) methods. Further application of the electronic structure calculation
methods to the obtained atomic structures (when coordinates of atoms optimized
in MD approach are input parameters of ES calculations) allows to calculate the
most important micro- and macro-characteristics of the interphases layers.

In this report we present results of the computational studies of atomic and
electronic structures of interfaces in “KBi(MoO,), crystal / K,O0-P,0,-M00O,-Bi,0,
glass” glass-ceramic composite material. The atomic structures of interface layers
of composites were calculated by MD methods implemented. The calculations
were performed for ~20x20x45 A three-dimensional periodic cells, which
contained 300-500 atoms of composites. The electronic structure calculations were
performed in the DFT approximation using the band-periodic plane wave
pseudopotential method, for which the cells of smaller size ~12x12x12 A were
used. Calculations of the excited electronic states energies and optical absorption
spectra of particular oxyanionic molecular groups of interface regions were
performed by the TD-DFT method.

Relationships between atomic and electronic structures of interface
(interphases) layers and optical characteristics of studied composites are discussed.
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Hydroxyapatite nanocomposite catalysts supported
on carbonaceous materials for Guerbet condensation
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The development of catalysts for the production of industrially important
substances using raw materials of non-petroleum origin like non-food biomass is
one of the promising areas of research. The process of producing higher alcohols
from (bio)alcohols via the Guerbet reaction is generally accepted to be a sequence
of reactions: dehydrogenation of initial alcohol, followed by aldol condensation,
dehydration, and hydrogenation of the unsaturated aldehyde. Hydroxyapatite
catalysts can be used for this purpose due to the balanced acidity and basicity of
the surface [1]. A dispersion of active components on a support with a larger surface
area is proposed in order to increase productivity of catalysts for the selective
conversion of short-chain alcohols into higher ones [2].

This work presents the results of the investigation of catalytic properties of the
supported catalysts containing hydroxyapatite (HAP) and carbonaceous materials
(CM) during Guerbet condensation of 1-butanol in the flow mode. The effects of
the nature of carbonaceous materials as a catalyst carrier on the acid—base
characteristics and catalytic properties (activity and selectivity) are considered.
HAP/CM systems exhibit catalytic activity in the process of 1-butanol
condensation with carbon chain elongation. The distribution of 1-butanol
conversion products depends on the carbon carrier nature. The yield of
2-ethylhexanol is up to 21% can be achieved over HAP/activated coconut charcoal.

1. Zikrata O.V. Larina O.V,, Valihura K.V.; Kyriienko P1., Balakin D.Y., Khalakhan I., Vel-
truska K., Krajnc A., Mali G., Soloviev S.0O., Orlyk S.M. Successive Vapor-Phase Guerbet
Condensation of Ethanol and 1-Butanol to 2-Ethyl-1-Hexanol over Hydroxyapatite Cata-
lysts in a Flow Reactor // ACS Sustain. Chem. Eng.-2021.-9(51).-P. 17289—17300.

2. Larina O.V., Kyriienko P1., Shcherban N.D., Yaremov P.S., Balakin D.Y., Khalakhan 1.,
Veltruska K., Soloviev S.0., Orlyk S.M. Carbon-Supported Mg—Al Oxide Hybrid Catalysts
for Aqueous Ethanol Conversion into 1-Butanol in a Flow Reactor // Ind. Eng. Chem. Res.-
2021.-60(32).-P. 11964-11976.
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The energy of covalent bonds in a free e-aminocaproic acid (ACA) dioligomer
molecule and when it is incorporated into an intermolecular complex with a
graphene-like surface was calculated by the density functional theory method using
the B,LYP exchange-correlation functional, the 6-31G(d,p) basis set, and the Grimme
dispersion corrections [1]. As a polyamide fragment, the ACA dioligomer was used,
which is formed by the condensation of two ACA molecules, and a polyaromatic
molecule with a gross composition of C,,H,,, which is commensurate with the dimer
of the considered amide, was chosen as the graphene-like plane. It was believed that
the energy of a covalent bond is numerically identical to the energy effect of the
reaction of its homolytic cleavage with the formation of two radicals in the doublet
state. The analysis of the results of quantum chemical studies shows that the bond
between nitrogen and carbon atoms (—HN—CO-) in the amide group of the free ACA
dioligomer molecule turned out to be the strongest and its energy is 447.1 kJ/mol. In
the formed nanocomposite polyamide—fragment of a graphene-like plane, the energy
of all investigated covalent bonds significantly increases compared to the free ACA
dioligomer molecule.

The experimental study of PA6, PA 6.6 and PA 12.12 nanocomposites showed
an increase in strength characteristics compared to the initial polymers with the same
preliminary thermomechanical treatment, a change in the degree of crystallinity, an
increase in the maximum oxidation temperature of high-molecular (crystalline) areas
of polymer materials, etc. with a low content of carbon nanotubes.

1. Cherniuk O., Demianenko E., Terets M., Zhuravskyi S., Makhno S., Lobanov V., Kartel
M., Sementsov Yu. Study of the mechanism of infuence of carbon nanotubes surface chem-
istry on the mechanical properties of fberglass // Appl Nanosci.-2020.-10, N 12.-P. 4797—
4807.
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The focus of this work is on studying the structural and electrical properties of
ionic metal-alkanoate composites consisting of a cadmium octanoate matrix in
combination with various types of nanoparticles. Specifically, carbon and gold
nanoparticles were chemically synthesized within the smectic A phase of
(Cd™(C,H,,CO0)2, brief - CdC,), which served as a well-ordered nanoreactor.
The size and shape of the nanoparticles were precisely controlled during the
synthesis, resulting in highly stable and organized nanocomposites. The structural
properties of these nanocomposites were studied using the transmission electron
microscopy (TEM) technique, which allows an understanding of the nanoparticle
locations and estimation of the sizes and dispersion of the synthesized
nanoparticles.

The electrical characteristics were studied at different temperatures
corresponding to different phases of the material. Since our samples have a layered
structure of smectic A, we examined the electrical properties parallel and
perpendicular to their cation-anion layers. We compared the electrical properties
of both pure matrix and nanocomposites with gold and carbon nanoparticles to find
out their role. Notably, the nanocomposites exhibited anisotropic conductivity,
highlighting the structural anisotropy of the material. Based on the experimental
data, a simple model of the charge transfer process is proposed.

D.Zhulai greatly appreciates a research grant from the German National
Academy of Sciences Leopoldina.
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The development of rapid-hardening nanoengineered cementitious composites
with high operational properties is based on the principles of directed control of
the processes of early structure formation at the nano-, micro- and macro-scale
levels due to the establishment of regularities in the selection of component and
particle size composition, changes in the energy and physico-chemical parameters
of the surface of nanoparticles with the provision of nucleation effects, adsorption
modification, self-reinforcement, self-autoclaving, photocatalysis.

A fundamentally new concept of creating ultra rapid-hardening nanoengineered
cementitious composites with enhance operational characteristics has been
introduced, which involves the use of nanomaterials with an extremely high surface
area-to-volume ratio and a large proportion of surface or interfacial atoms. The
synthesis of nanocomposites of various types (N-C-S-H-PCE, Ca-Al LDHs) with
a huge specific surface and metastable characteristics, which determines their
extremely high surface energy and reactivity during the formation of the structure
of cementitious systems in the early stages, was carried out [1, 2].

This work shows that by controlling physico-chemical processes at the
nanoscale level, it is possible to adjust the technical characteristics of the material
as a whole to obtain nanoengineered cementitious composites of a new generation
with fundamentally new properties and functions that provide long-term high
mechanical, technical and environmental characteristics of buildings and structures,
in including in extreme operating conditions. At the same time, ultra-high-strength
cementitious composites will provide significant prospects for the development of
advanced technologies for the creation of fortification and protective structures
and objects.

1. Sanytsky M., Kropyvnytska T., Heviuk I, Sikora, P, Braichenko S. Development of ultra-
high strength cementitious composites using superzeolite and N-C-S-H-PCE alkaline nano-
modifier // Eastern European Journal of Enterprise Technologies. - 2021.- 5/6(113).-
P 62-72.

2. Kropyvnytska T., Sanytsky M., Kaminskyy A., Vakhula O. Effect of layered double hy-
droxides Ca-Al LDHs and polycarboxylate ethers on the hardening of portland limestone
cement // Eastern-European Journal of Enterprise Technologiesthis.- 2022.- 5(6-119).-
P. 30-40.
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It is shown that the structural functionalization of PA-6 with the MB dye leads
to the rearrangement of the electronic and vibrational structure, the degree of crys-
tallinity, and the mechanical properties, which contributes to the increase of
electrical conductivity in the percolation region caused by the strengthening of

tunnel transitions. In Fig. 1. the dependence of electrical conductivity of PA-6 on
the content of MB is given.
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Fig. 1. Dependence of electrical conductivity (in a logarithmic scale)
of bulk PA-6 with the a-form of the crystalline phase on the
concentration of MB 0 (1), 0,001 (2), 0,002 (3), 0,005 (4), 0,007 (5),
0,01 (6), 0,015(7), 0,017 vol. part (8) (T=293°K)

1. Pinchuk-Rugal T M., Dmytrenko O.P, Kulish M.P.,, Alieksandrov M.A., Pavlenko O.L.,
Onanko A.P, Grabovskiy Yu.E., Strelchuk V.V., Kolomys O. F. (2021) Mechanisms of Stack

Interaction in Polymer Composites of Polyvinylchloride with Methylene Blue. Springer Pro-
ceedings in Physics. 247:245-254.
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The conversion of biomass-derived terpenes and terpenoids into high value-
added compounds opens the way to sustainable and environmentally friendly
chemical synthesis. Baeyer-Villiger oxidation of D-dihydrocarvone with hydrogen
peroxide allows to obtain lactone (4-isopropenyl-7-methyl-2-oxo0-oxepanone),
which is used for production of flavouring substances. Due to developed
mesoporosity in hierarchical Sn-beta zeolites, promoting accessibility of
catalytically active Sn Lewis acid sites (LAS) for reactants, these materials can be
promising catalysts in the aforementioned reaction. The crucial role of Sn LAS in
this material is to activate the carbonyl group of the ketone, making it more reactive
towards the attack of an oxidant molecule [1].

Hierarchical (micro-mesoporous) and conventional (microporous) Sn-beta were
prepared via a two-step post-synthetic method involving dealumination of
commercial Al-beta (Si/Al=12.5) and conventional Al-beta (Si/Al=15),
respectively, by nitric acid followed by wet impregnation in the absolute ethanol,
containing anhydrous tin(IV) chloride. According to UV vis spectroscopy, most of
the tin atoms in the obtained samples are localized in the zeolite framework in
tetrahedral coordination and formed Sn LAS.

In oxidation of D-dihydrocarvone with H,O, (30 wt% solution, 1,4-dioxane as
a solvent, 90°C, 24 h), the higher selectivity towards corresponding lactone for
hierarchical Sn-beta with Si/Sn=30 (89 % at 75 % conversion of ketone) compared
to conventional Sn-beta with the same tin content (47 % selectivity) can be
explained by lower Sn LAS strength localized on the external surface of
hierarchical beta zeolite.

1. Peeters E., Calderon-Ardila S., Hermans 1., Dusselier M., Sels B.F. Towards industrial
relevant Sn-beta zeolites: synthesis, activity, stability, and regeneration // ACS Catal.-2022.-
12.-P. 9559-9569
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Recently, there has been a growing interest in research related to the creation
of new efficient laser media based on composites. Composites consist of
semiconductor quantum dots (QDs) and laser-active dye molecules or noble metal
nanoparticles (NPs).

The conditions for achieving fluorescence enhancement of composites will
depend on many parameters, such as size, shape, structure and concentration of
nanoparticles, chemical and spectroscopic properties of phosphor molecules,
dielectric permittivity of the matrix. These parameters determine the spectrum of
the plasmon resonance band of introduced nanoparticles, as well as the degree of
influence of NPs on the probability of absorption, radiation, and non-radiative
energy transfer processes.

The present study is devoted to the study of the influence of dyes with different
absorption spectra on the spectrum and intensity of luminescence of CdS QDs and
dyes, as well as the influence of silver NPs on the luminescence of CdS QDs.

The dependence of the contour of the fluorescence spectrum of CdS QDs on
the type of dyes (methylene blue and acridine yellow) and the influence of the
concentration of the dye on the intensity of their luminescence in the composite of
CdS QDs / dyes was investigated. The influence of Ag NPs on the luminescence
enhancement factor of CdS QDs and the dependence of this phenomenon on the
concentration of silver nanoparticles in the CdS QD/Ag NP composite was studied.

It was found that at low concentrations of the dye, an increase in the
luminescence intensity of the methylene blue dye is observed, which is explained
by the mechanism of energy transfer from the CT (donor) to the dye (acceptor) by
the Forster mechanism (FRET). However, at a high concentration of the dye,
quenching of luminescence is observed, which is explained by the transition of
part of the dye molecules into aggregates that do not luminesce. [1]

In the composite of CdS NCs with silver NPs, the luminescence of CdS NCs is
enhanced due to the excitation of surface plasmons of silver NPs and, as a result,
due to an increase in the local electromagnetic field. As the experiment shows, the
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luminescence enhancement factor of CdS NCs in the composite with silver NPs
shows a concentration dependence. The increase in the luminescence intensity of
CdS NPs is replaced by the quenching of their luminescence, remaining, however,
greater than the initial value. We believe that this can be explained by taking into
account the fact that metal NPs in a state of plasmon resonance participate in two
processes - they absorb and scatter light.

The dominance of one of these processes depends on the distance between CdS
NPs and silver NPs. As the distance between the particles decreases, absorption
prevails over scattering. As the concentration of silver NPs increases, their density
increases and they mainly absorb plasmon energy, which leads to a weakening of
the luminescence enhancement effect of CdS NPs.

The investigated nanocomposites had stable characteristics and can beused as
biological markers in nanomedical and biological applications.

1. Smyntyna V.A., Skobeeva V.M., Verheles K.A., Malushin N.V. Influence of Organic Mol-
ecules on the Luminescent Properties of Composites Based on CdS Quantum Dots // Physics
and chemistry of solidstate.-2017.-18, N 4.-P. 426-430.
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The primary organic contaminants of wastewater, antibiotics and dyes,
contribute significantly to environmental pollution. These pollutants not only
compromise the integrity of aquatic life but also pose substantial risks to the health
and vitality of humans and other living beings. Their concentration in water could
potentially trigger cancer, induce genetic mutations and cause respiratory harm.
Thus, the exploration and development of methods to purify organic contaminants
is of significant interest. In this regard, photocatalysis emerges as a noteworthy
solution, given its benign conditions, straightforward procedure, and eco-friendly
characteristics. ZnO has earned considerable acclaim as a photocatalyst for
pollutants degradation due to its superb transport capabilities, affordability, and
non-harmful properties.

Our findings reveal that ofloxacin and methyl orange maintain considerable
stability under UV light exposure, with no self-degradation observed. Moreover,
following the mixture of the antibiotic and dye with ZnO in a lightless environment,
their concentration remained unchanged, implying that the adsorption process
could be disregarded. ZnO displayed remarkable photocatalytic efficacy in the
degradation of contaminants under UV light exposure, achieving complete
elimination of ofloxacin within 1 h and methyl orange within 2 h, respectively. The
photodegradation of ofloxacin and methyl orange using ZnO under UV light
treatment adhered to the first-order reaction, and the rate constants were
subsequently determined.

Therefore, the results we have obtained underscore the superior photocatalytic
effectiveness of the created ZnO in the photodegradation of ofloxacin and methyl
orange under UV light exposure, showcasing its potential for environmental
preservation.

This research is funded by the EU NextGenerationEU through the Recovery
and Resilience Plan for Slovakia under the project No. 09103-03-V01-00108 and
project APVV-19-0302.
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Natural polymers are well known for their biocompatibility, non-toxicity,
biodegradability as well as their binding ability to drugs, inorganic and metal
nanoparticles. Among them, the heteropolysaccharide xanthan and polyphenolic
biopolymer eumelanin, which is an anticancer drug, play an important role as a
templates for metal nanoparticles (MeNPs) encapsulation. MeNPs, stabilized in
natural nanocarriers or natural drugs, can be used for controlled imaging-guided
tumor chemotherapy. In the present work, the xanthan and eumelanin samples, of
natural microbial origin, were used as templates for a simple and effective in situ
synthesis of cobalt and silver nanoparticles in an aqueous medium.

The processes of borohydride reduction of cobalt and silver salts to metal
nanoparticles in xanthan and eumelanin nanostructures respectively were studied
depending on the concentration of salts and given matrices using photography, UV-
Vis and FTIR spectroscopy, TEM. It was shown that the corresponding matrices
provide high stabilization of Co and Ag NPs in an aqueous medium. The resulting
CoNPs/Xant composition consisted of swollen xanthan coils ~47-97 nm in size
containing small amorphous CoNPs ~1.3-9.8 nm in diameter. The morphology of
the AgNPs/EMel composition is mainly represented by various EMel
nanostructures containing silver metal nanoparticles of ~1.5-12 nm in size.
However, in single large EMel structures the size of AgNPs can reach ~50 nm.
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Photocatalytic degradation of ciprofloxacin
in ultraviolet light using TiO,
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Removal of antibiotics is very difficult due to its intractability and complex
structure. Among the effective cleaning methods, advanced oxidation methods are
distinguished. AOPs include: ozonation, Fenton's reaction (homogeneous process),
radiation-stimulated catalytic reaction, electrochemical processes, ultrasonic
treatment, liquid-phase catalytic peroxide oxidation, photolysis, photocatalysis [1].
The photocatalysis process is a green and inexpensive way to clean wastewater
from antibiotics. For the degradation of the antibiotic to CO, and H,O, it is
necessary that the redox potential should be greater than that of the alkaline radical
[2]. TiO, is most often used as a photocatalyst because this catalyst has good optical
and electronic properties, chemical stability, reusability, non-toxicity and low cost.
In addition, this photocatalyst allows you to oxidize antibiotics to CO, and H,O.
As a modification of TiO, uses, a combination with other semiconductors based
on metal oxides, doping with metals and non-metals, sensitization with dyes,
modification with MOF. Under the influence of light, MOFs behave like
semiconductors and therefore can be considered as a potential photocatalyst for
highly efficient antibiotic degradation due to their extremely high thermal and
mechanical stability and excellent structural characteristics [3].

1. Kutuzova A., Dontsova T, Kwapinski W. Application of TiO ,-Based Photocatalysts to
Antibiotics Degradation: Cases of Sulfamethoxazole, Trimethoprim and Ciprofloxacin //
Catalysts. - 2021.-728, N 6.- P. 7-12.

2. Chen X, Yao J., Xia B., Gan J., Gao N., Zhang Z. Influence of pH and DO on the
Ofloxacin Degradation in Water by UVA-LED/TiO, Nanotube Arrays Photocatalytic Fuel
Cell: Mechanism, ROSs Contribution and Power Generation // J. Hazard. Mater. - 2020. -
383.

3. Du C, Zhang Z., Yu G., Wu H., Chen H., Zhou L., Zhang Y., Su Y, et al. A Review of
Metal Organic Framework (MOFs)-Based Materials for Antibiotics Removal via Adsorption
and Photocatalysis // Chemosphere. — 2021. - 272.
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The process of electric erosion, which caused by gas discharge between metal
electrodes immersed in a liquid, is one of the most interesting methods for
generating metal nanoparticles. These methods have gained special attention due
to their potential use in sterilization, treatment, and the production of materials for
various fields such as medicine and agriculture.

This work focuses on the diagnostics of such a kind of underwater discharge
plasma using optical emission spectroscopy. The investigation of plasma discharges
in liquid between metal granules is carried out directly in the discharge chamber
of the installation developed for synthesizing colloidal substances with metal
nanoparticles. Four discharge modes have been examined, including discharges
occurring in deionized water or electrolyte, as well as the same cases with the
presence of air bubbles. The correlations between electrical parameters, plasma
parameters, and the discharge liquid media have been investigated.

The electrical parameters, such as voltage, current, and power supplied, have
been determined by analyzing the resulting wavelength during discharge burning..
The plasma parameters have been determined from the registered emission spectra.
Specifically, the excitation temperature has been obtained by the Boltzmann plot
technique based on the emission intensity of metal atomic spectral lines.
Meanwhile, the electron density has been calculated from the full width at half
maximum of spectral lines, broadened due to the Stark effect.
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Galvanic replacement (GR) is one of the effective methods of decorating metal
and semiconductor surfaces with metal nanoparticles and nanostructures. In
particular, GR in the ultrasound field (sonogalvanic process) in solutions which
containing reducible metal ions and surfactant synthesizes stabilized metal
nanoparticles within the solution's volume [1,2].

This study aimed to determine the conditions for the synthesis of silver (AgNPs)
and gold (AuNPs) nanoparticles colloidal solutions, and the binary system
(AgAu)NPs in aqueous solutions of metal precursors and surfactant in an ultrasonic
field using magnesium as a sacrificial metal.

It has been discovered that the shape of AgNPs and AuNPs is affected by the
concentration of metal ions and the duration of sonogalvanic synthesis in both
stationary and pulsating ultrasonic fields. The ratio of silver and gold precursors
in the solutions has the biggest impact on the concentration of these metals in the
(AgAu)NPs binary system. Kinetic regularities of sonogalvanic synthesis of
nanoparticles have been established.

1. Kuntyi O.1., Zozulya H.1., Kytsya A.R. "Green" synthesis of metallic nanoparticles by so-
noelectrochemical and sonogalvanic replacement methods: review // Bioinorg Chem Appl.-
2021.-9830644.

2. Zozulya G., Kuntyi O., Mnykh R., Kytsya A., Bazylyak L. Synthesis of silver nanoparticles
by sonogalvanic replacement on aluminium powder in sodium polyacrylate solutions // Ul-
trason Sonochem.-2022.-84.-P. 105951-1-105951-9.
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Spray-drying (SPD) technique is a well-known reproducible and scalable way
to produce fine particles (usually few micrometers size). When the sol of the
nanoparticles (NPs) is used for the SPD, the hierarchical particles known as
suprapraticles are formed.

Here we report an application of SPD technique to make zeolite TS-1 (MFI
type) supraparticles from primary 110 — 130 nm TS-1 NPs, prepared by low
temperature aging (90°C) of tetraethoxysilane, titanium isopropoxide and
tetrapropylammonium hydroxide aqueous solution.

The proposed approach has following benefits:

1. Synthesis of hierarchical TS-1 zeolite supraparticles (HTS) do not need either
long-time hydrothermal treatment (possibly, similar process takes place directly
during SPD stage) or application of secondary long-chained or gemini-type
surfactants.

2. The TS-1 HTS of 2 — 10 micrometers size possess large surface area (up to
560 m?g) and biporous structure combining the micropores (1-1.2 nm) intrinsic
to the zeolite NPs and secondary mesopores (40-50 nm). It is favorable for catalytic
applications, particularly, for reactions of bulky molecules, which are not able to
enter inside the zeolite micropores.

3. The TS-1 HTS demonstrate up to 100 % conversion and 90 % selectivity it
styrene conversion to styrene carbonate, which is superior to 250 nm TS-1 particles,
prepared by a standard procedure.

4. The TS-1 NPs sol pretreatment and SPD procedure conditions allow to get
TS-1 HTS formed by either individual or «glued» particles.
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Recently, electron-hole liquid (EHL) in dichalcogenides of transition metals
(DTM) has been under intense research [1]. In 2D systems, EHL should be formed
in the shape of individual islands. As a result of carrier recombination processes,
the island has a finite radius, the size of which depends on the recombination speed
and radiation intensity. Currently, there is almost no investigation of EHL droplets
in DTM, and the interaction between islands has not been considered until now.
The studying EHL in low-dimensional structures remains relevant, in particular
for applied purposes [2].

The stochastic theory of the formation of spatial structure of EHL under light
irradiation was composed in [3] for 2D semiconductor systems using the kinetic
approach applied to excitonic liquid [4]. Using this methodology, we performed
simulations in the case of homogeneous irradiation of the DTM layer (namely,
MoS, and MoTe,). The kinetic equation for the number of particles in the island
was solved together with the equation for the diffusion of excitons outside the
island, taking into account the spatial distribution of the pumping.

The pumping was assumed to be in the shape of a strip, the thickness of which
varied from the value, at which the formation of islands was possible along the
line of the strip only, to thicker strips, where the formation of several rows of EHL
islands is possible. The parameters of the locations of the islands were estimated
depending on the geometry of the system and the pumping intensity.

The ordered arrangement of EHL islands in the layer of a dichalcogenide is an
example of the new type of lattice in a 2D structure.

1. Arp T'B., Pleskot D., Aji V. et al. Electron—hole liquid in a van der Waals heterostructure
photocell at room temperature // Nature Photonics.-2019.-13.-P.245.

2. Xiao Tang and Liangzhi Kou. 2D Janus transition metal dichalcogenides: properties and
applications // Phys. Status Solidi B.-2022.-259.-P.2100562.

3. Chernyuk A.A., Sugakov V.I. Spatial structures of islands of electron-hole liquid in semi-
conductor quantum wells // Physics Letters A.-2020.-384.-P.126185.

4. Sugakov V.I. Formation of inhomogeneous structures of condensed phases of excitons in
quantum wells // Phys. Rev. B.-2007.-76.-P.115303.
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One of the promising methods of decomposition of drugs, which contaminate
water sources, is the photocatalytic destruction of these substances on
heterogeneous catalysts, among which TiO, is one of the most popular. However,
this catalyst has a number of disadvantages, so the intensive search of the systems
with improved characteristics on the base of complex oxides composition
(including TiO,) and the methods of their synthesis attracts the attention of the
most scientific lab [1].

The mechanochemical synthesis (MChT) of the samples TiO,/WO, with a
molar ratio of 1: 1 in medium, such as air, water, ethanol, was realized in this study.

It was shown that MChT permits to obtain the samples with larger specific
surface area and total pore volume than the initial oxides mixtures. It was
established that the treated system TiO,/WO, = 1:1 (water) demonstrates there the
significantly higher photocatalytic activity (K,) and the degree of metronidazole
photodegradation (G) under the action of UV light than the modified system
TiO,/WO, = 1: 1 (air, ethanol) or the initial TiO,/WO, = 1: 1.

1. Jing Liu; Lubing Yang,; Chen Li; Yongkai Chen; Zhen Zhang Optimal monolayer WO,
nanosheets/TiO, heterostructure and its photocatalytic performance under solar light //
Chemical Physics Letters.-2022.- 804, N 139861.
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Photothermal methods are promising for the study of various nanostructured
materials with different morphologies. Such methodologies are based on the
photothermal transformation effect: excitation of thermal fields in material due to
its irradiation with visible light. The most significant advantages of these methods
are the possibility to perform measurement contactless, which is crucial in
applications to nanostructured materials.

During the talk, we will analyze the applications of the photothermal
approaches for the investigations of thermal transport properties of silicon-based
nanomaterials like porous silicon, silicon nanowires arrays, multilayered structures.
Specifically, we will focus on the applications of the Raman approach [1] as well
as gas-microphone [2] and piezoelectric [3] photoacoustic techniques for
characterization of such materials.

We will show the advantages of the complimentary use of these approaches for
the study of thermal transport anisotropy of the mentioned above systems.
Specifically, thermal conductivity tensor was measured in silicon-based
nanostructured materials. The strong anisotropy in the heat propagation was
demonstrated in the case of porous silicon and silicon nanowires arrays.

1. Isaiev M., Didukh O., Nychyporuk T., Timoshenko V, and Lysenko V. Anisotropic heat
conduction in silicon nanowire network revealed by Raman scattering// Appl. Phys. Lett.-
2017.-110.-011908

2. Dubyk, K.; Chepela, L.; Lishchuk, P.; Belarouci, A.; Lacroix, D.; Isaiev M. Features of
photothermal transformation in porous silicon based multilayered structures//Applied
Physics Letters-2019.-115(2).-021902.

3. Isaiev, M. et al. Application of the photoacoustic approach in the characterization of
nanostructured materials// Nanomaterials.-2022.-12.-708
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The structure and chemical composition of zeolites affect their chemical nature
of the surface, adsorption, acid-base properties, determining their use in
heterogeneous catalysis (chemical and petrochemical industry, fine organic
synthesis), separation of gas mixtures and gas sorption, ion exchange. Zeolites,
which have several levels of pores that exist in an orderly manner in the material,
and the presence of pores of a larger diameter improves access to smaller pores,
are classified as hierarchical. Cyclic carbonates are widely used in the chemical
industry, in particular as monomers of biodegradable polymers, electrolytes of
lithium batteries, precursors in organic synthesis, aprotic polar solvents. The
development of zeolite hierarchical catalysts for the heterogeneous-catalytic liquid-
phase production of cyclic carbonates is a promising direction.

CeO,-containing materials show a fairly high activity in the first stage of the
reaction of obtaining cyclic carbonate from styrene — (oxidation of styrene with
hydroperoxide of tert-butyl alcohol to the corresponding epoxide) - conversion of
styrene up to 77%. Provided that the second-stage catalyst (zeolite with basic
properties or Bu,NI is present in the reaction mixture, the styrene epoxide formed
in the first stage was almost quantitatively transformed into the corresponding
cyclic carbonate. In the absence of an additional catalyst of the second stage, the
epoxide was partially converted into a cyclic carbonate, most of the epoxide was
further oxidized to ketoalcohols or diketones. Modification of CeO,-containing
materials with magnesium oxide led to a decrease in the conversion of styrene, but
increased the selectivity for cyclic carbonate, which was manifested in a significant
decrease in the number of products of deep oxidation of styrene. Such a change in
catalytic properties can be caused by an increase in the basicity of the catalyst. The
development of research can be the optimization of the oxidation process of olefins
(for example, styrene) with oxidants of various nature with the participation of
"softer" catalysts (for example, titanosilicate zeolites of various types). The
selection of heterogeneous catalysts for the second stage of the process — the
formation of cyclic carbonates from epoxides under CO, pressure can be focused
on Cs-exchangeable forms of zeolites (or other alkali metals) as well as
titanosilicate zeolites.
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According to US National Oceanic and Atmospheric Administration,
microplastics are synthetic organic polymer particles with a size less than 5 mm
[1,2]. But there is not clear definition of nanoplastics. There are two views on which
particles can be called nanoplastics [3]. According to the first point of view,
nanoplastics are organic polymer particles with sizes from 1 to 100 nm [4]. This is
consistent with the common definition of nanoparticles. But there is also another
point of view, according to which the size of nanoplastics is in the range from 1 to
1000 nm [3].

Nano- and microplastics pollution is a significant ecological problem. The
disintegration of plastic waste is a main source of these pollutants in water, but
there are many other sources, including wastewater after treatment, tire wear, paint
failure, industrial processes, textile washing, personal care products, at-sea losses,
etc. [2,3]. In Ukraine, the problem of nano- and microplastics is still not given
sufficient attention due to the fact that in Ukraine in general, plastic packaging
gained popularity much later than in Europe or the USA. But currently, there is a
huge amount of unprocessed plastic waste in the country, which is a potential
source of micro- and nanoplastics.

1. Duis K., Coors A. Microplastics in the Aquatic and Terrestrial Environment: Sources
(with a Specific Focus on Personal Care Products), Fate and Effects // Environmental Sci-
ences Europe.-2016.-28 (1).-P. 1-25.

2. Litynska M. Microplastics in natural water: sources and determination // Water and Water
Purification Technologies. Scientific and Technical News.-2022.-3 (34).-P. 3-9.

3. Cai H, Xu E. G, Du F, Li R., Liu J. Shi H. Analysis of Environmental Nanoplastics:
Progress and Challenges // Chemical Engineering Journal.-2021.-410.-128208.

4. Gongalves J. M., Bebianno M. J. Nanoplastics Impact on Marine Biota: A Review // En-
vironmental Pollution.-2021.-273.-116426.
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This work discusses structure and magnetic properties of magnetite Fe,O, (M)
prepared by the Elmore method and Laponite® based magnetic composites
(LapM). For in situ preparation technique, the LapM composites were obtained
from mixtures of Lap platelets and iron Fe?"/Fe’* salts using co-precipitation
reaction in the alkaline environment. For ex situ preparation technique, the LapM
composites were obtained by mixing of M with Lap platelets in aqueous
suspensions. The synthesized magnetic materials were studied by Roentgen-phase
analysis, IR spectroscopy and Quantum Design PPMS DynaCool vibrating sample
magnetometry. Table I presents the main characteristics of the studied magnetic
materials.

Table 1.
Main characteristics of the studied materials at T=300 K
M (Fe,0,) LapM LapM LapM

Samples #1 in situ, #2 | in situ, #3 | ex situ, #4
Concentration of Fe (wt. %) 70.56 50.3 39.7 39.2
Lattice constant, nm 0.8368(8) | 0.8345(5) | 0.8366(8) | 0.8353(3)
Particle size, nm 9 9 15 11
Magnetization, emu/g, H=2000 O¢ 57.7 42.6 19.7 28.5

The magnetization loops, M(H), were measured at temperatures 7=3+380 K in
magnetic fields up to 4 kOe. The temperature dependences of the magnetization,
M(T), were measured in ZFC-FC mode in magnetic fields of 0.1, 0.3, and 1 kOe.
The M(H) and M(T) data confirm the transition of all samples to the
superparamagnetic state at 7>300 K. In this case, the coercivity of the samples tends
to 0 Oe being 225+270 Oe at 7=3K. The data obtained indicate the presence of deep
integration of the M and Lap components in the investigated LapM materials.

We acknowledge funding from the National research foundation of Ukraine,
Grant No. 2020.02/0138
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Due to their high biological activity and wide spectrum of application,
curcuminoids attract the attention of researchers. Curcumin, as their main
representative, is used in complex therapy of autoimmune, infectious,
neurodegenerative and oncological diseases. Its advantage is non-toxicity, low
working concentrations, a wide range of practical applications from biological
activity to fluorescent properties. Poor solubility in water and rapid clearance
prevent curcuminoids from realizing their potential. Quite simple ways to eliminate
these shortcomings are the modification of the diferuloylmethanate molecule - the
synthesis of Schiff bases to obtain complexes based on them. Currently, the
therapeutic effect of a number of complex compounds of curcumin with transition
metals has been studied, which indicates the efficiency of this approach.

The purpose of this study is the synthesis of modified curcuminoids, mono-
and heterometallic complexes based on them. A new strategy is the study of hybrid
systems based on them, obtained by grafting curcuminoids onto the surface of
inorganic and polymer matrices. At the same time, an important task is to establish
the relationship between composition structure properties.

A new curcuminoid based on alanine was synthesized, its composition, structure
and properties were determined. New mono- and heterometallic metal complexes
of 3d- and 4f metals were obtained. Hybrid systems were obtained by grafting
metal curcuminates onto the surface of halloysite nanotubes. Spectral-luminescent
properties, dispersion and morphology of all synthesized compounds were studied.
It is shown, that hybrid systems based on curcuminoids are characterized by high
dispersion and stability, which allows them to be proposed as precursors of
functional materials.
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High arsenic level in natural water is typical for China, Taiwan, Vietnam,
Bangladesh, India, Iran, Ghana, Hungary, USA, Mexico, Chile, Argentina, etc.
[1-3]. In these countries, arsenic concentration in groundwater can often reach 40
mg/l, which is 4000 times higher than the maximum allowable arsenic content (10
pg/l) in drinking water [1,2]. Excessive and prolonged consumption of arsenic-
containing drinking water may cause a lot of health consequences due to
mutagenicity, teratogenicity and carcinogenicity of arsenic compounds [4].

There are a lot of arsenic removal methods, but adsorption is the most
commonly used treatment method [1]. Multicomponent adsorbents are often
significantly effective then based on single component. The arsenic removal of
activated carbon modified by iron(I1l) oxyhydroxide is 51% more than unmodified
carbon [1]. Multicomponent adsorbents based on zeolites or different oxides are
also effective for arsenic removal. So, multicomponent nanostructured adsorbents
are very perspective materials for arsenic compounds removal.

1. Litynska M., Dontsova T., Yanushevska O., Tarabaka V. Development of iron-containing
sorption materials for water treatment from arsenic compounds // East.-Eur. J. Enterp. Tech-
nol.-2021.-2 (10 (110)).-P. 35-42.

2. Amini M, Abbaspour K. C., Berg M., Winkel L., Hug S. J., Hoehn E. Statistical modeling
of global geogenic arsenic contamination in groundwater // Environmental Science & Tech-
nology.-2008.-42(10).-P. 3669-3675.

3. Litynska M., Dontsova T. Suspension sorbents for removal of arsenic compounds and
humates from water // Water and Water Purification Technoogies. Scientific and Technical
News.-2020.-3 (28).-P. 14-25.

4. Alchouron J., Navarathna C., Rodrigo P. M., Snyder A., Chludil H. D., Vega A. S. House-
hold Arsenic Contaminated Water Treatment Employing Iron Oxide/Bamboo Biochar Com-
posite: An Approach to Technology Transfer // Journal of Colloid and Interface
Science.-2021.-587-P. 767-779.
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Complex mixed oxide systems ZM O, (M = V or Mo) have attracted
considerable attention as effective catalysts, anode materials and promising rare-
earth-free phosphors due to its high absorption and emission properties and low
cost of raw materials. The traditional synthesis of mixed oxide systems Z M O is
either energy-consuming or leads to water pollution. Our goal is to develop a green
low-temperature synthesis of Z M O, without water pollution.

The raw materials for the syntheses used ZnO and V,0, (MoO,) that was
treated: 1) mechanochemically on a Pulverisette-6 planetary ball mill in an aqueous
medium during different times; ii) barothermaly in steel autoclave in water
medium,; iii) ultrasonically in water medium at room temperature. Synthesized
samples were characterized by XRD, BET, SEM, TEM, FTIR, TPR-H, and DTA.
The key role of water in the formation of ZnM, O, systems from poorly soluble
oxides was shown. Based on the results of the SEM and TEM methods, a
topochemical mechanism for this reaction was proposed. XRD data shows the
formation of Z MoO,-0.8H,0 and Zn,V,0,(OH),-2(H,0) phases in all cases. DTA
shows a loss of crystalline water in the temperature range 150-350 °C with the
formation of Z MoO, and Zn,V,0, confirmed by XRD analysis. The TEM and
SEM images of Z MoO, show a structure of short needle-shaped particles and
Zn,V,0O, have the morphology of thin nanoplates. The PL spectra of zinc
pyrovanadate obtained by alternative syntheses have intense broadband emission
from 400 nm to 700 nm. So, alternative syntheses with mixture ZnO and V,O;
(Mo0,) in water medium makes it possible to synthesize nanostructured complex
mixed oxide systems at room temperature, avoiding environmental pollution.
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Metallic thin coatings with nanometer thickness on the surface of polymeric
films are important for the development of novel materials in various fields: organic
electronic devices, medicine, smart packaging and protective films. The
characterization of the coatings and their interaction with the substrate is essential.
One of the methods necessary for such characterization is XRD phase analysis,
which gives information about the crystal state of the coatings. Ti, TiN, TiO, Mo,
MoN, Zn, ZnO coatings on chitosan films were deposited by magnetron sputtering.
Coating thickness was 10-30 nm.
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Fig. 1. XRD pattern of Zn coating on chitosan (left) and glass (right).

XRD studies of coatings on the chitosan films deposited during 3 min reveal
no crystal phases in the coatings, but this is may be due the low thickness, when it
is not sufficient for detecting the X ray diffraction patterns due to little number of
crystal planes taking part in the XRD pattern formation. When the deposition time
is longer than 9 min, embrittlement of the chitosan substrates is too intense, so we
used deposition in the same condition on a glass substrate as a reference samples.
The crystal composition, crystal state of the coatings strongly depend on their
elemental composition and do not depend on the substrate.
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This results of the study of segregated polymer composites based on ultra-high-
molecular-weight polyethylene (UHMWPE) filed with hybrid filler - nanocarbon
and magnetic nanoparticles. As nanocarbon particles we use graphite nanoparticles
(GNPs) and Fe, Fe,O0, and Co,0, as magnetic component. Shielding of the
reflection and transmission spectra in the frequency ranges 40 — 360 GHz of such
segregated polymer composites (SPCs) as a function of the content of
electroconductive filler particles have been studied.. The enhanced EMI shielding
efficiency of 237 dB is obtained for (GNPs-Fe)/UHMWPE SCM at Swt.% of the
filler content. SE, values were found to be much higher than SE, for all types of
developed SCPs materials. It indicates a leading role of absorption factor in the
overall EMR decay which may be explained by the significant role of EM-waves
multiple-reflection inside a composite specimen with segregated structure. The
phenomenon of negative imaginary permeability has been revealed for all types
of with the influence of of type and content of fillers, frequency on the imaginary
permeability has been investigated. As we know, a positive imaginary part of
permeability manifests by convention the magnetic energy loss. Contrarily, a
negative value denotes the magnetic energy radiation out of the investigated
material. Up to now the discussion about the nature of negative imaginary
permeability is a hot topic [1,2 ]. We hypothesize that the source of that radiated
energy is in the motion of charges under the ac electric field. Such motion of
charges produces an ac magnetic field. Motion of charges is fed on the electric
field energy so this energy loss appears as an increased imaginary part of
permittivity. In the considered CMs a negative imaginary permeability is
accompanied by an essential increase in the positive imaginary permittivity which
can be treated as the total energy loss due to the prevailing dielectric loss.

1.D. L D. Li, Feng, D. S. Pan, L. W. Jiang, Z. M. Dai, S. J. Li, Y. Wang, J. He, W. Liua and
Z. D. Zhang.Negative imaginary parts of complex permeability and microwave absorption
performance of core double-shelled FeCo/C/Fe, .Cr, Se, nanocomposites RSC Adv., 2016,
6, 73020.

2.Miaomiao Z, at all.,Microwave absorption performance ofreduced graphene oxide with
negative imaginary permeability J. Phys. D: Appl. Phys. 53 (2020) 02LT01
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The improvement of the efficiency of organic solar cells is an important
scientific challenge [1, 2]. Maximum power conversion efficiency for elements
based on C,, and dyes has been reached the level of around 15 %. This percentage
could be increased if the fullerene C, molecule is substituted with the C, molecule
because of its advantages when compared to the C,, molecule: allowing a broader
absorption spectrum and more efficient photo-current generation.

Here we report about charge redistribution on fullerene C,; when interaction
with squaraine dye, shown in fig.1, a for two locations around fullerene. The first
location is parallel to the longest diameter of C, (fig.2, a) and the second one is
perpendicular to it (fig.2.b).
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Fig.1. Optimized geometry of squaraine dye and atomic charges in initial state (black
squares) and in the complexes b (blue triangels) and c (red traingles).

It can be seen in fig. 1,a that charge distribution on the n-conjugated chain of
the dye changes: equalized charges in the initial state became alternated (1-6, 17 —
22 atoms). Oxygen atoms got less negative charges in the complexes, proving the
charge transfer onto fullerene.
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Molecule of C,, fullerene has 30 atoms with negative charges and 40 atoms
with positive charges. In complex with squaraine dye 31 atoms have negative
charges and 39 — positive charges for perpendicular location. In case of parallel
location amount of positively and negatively charged atoms is the same as in pure
fullerene despite of slight redistribution between the atoms. Additional negative
atom on C,, molecule appears on the side close to the dye.

Obtained results of charge distribution in complexes of C,, with dye point on
that orientation of C,; molecules is important for the effective charge transfer in
the solar elements.

1. Mehrabian, M., Afshar, E. N., & Akhavan, O. (2023). TiO, and C,, transport nanolayers
in optimized Pb-free CH ,NH Sn,-based perovskite solar cells. Materials Science and En-
gineering: B, 287, 116146.

2. Wang X. et al. Control and regulation of the performance of fullerene-based dye-sensitized
solar cells with a D-D—A structure by external electric fields //Nanoscale Advances. — 2023.
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Amphiphilic nanoparticles of the "core-shell" type are intensively used as
carriers of small molecules, in particular for intracellular delivery of anticancer
drugs [1,2]. Thermo-responsive PNIPAM-based NPs used in biomedical field
usually are obtained in a form of nanosized gels dispersed in water. The inherent
lower critical solution temperature (LCST) of PNIPAM-based “shell” is ~32°C [3]
what is a sufficient drawback for NPs intravenous administration due to
aggregation of NPs [4].

In the presented study nanoparticles with polystyrene in the "core", and the
outer “shell” formed by a layer of (N-isopropylacrylamide-co-acrylamide/ N,
N-dimethylacrylamide) copolymers with different starting ratio of monomers were
investigated. = LCST of PNIPAM-based “shell” of NPs was tuned by
copolymerization of NIPAM with hydrophilic monomers (e.g., acrylamide (AA)
or N,N-dimethylacrylamide (N,N-DMAA)) to ~38-40°C. The effect of the molar
ratio of the copolymer components as well as outer “shell” thickness on the thermal
sensitivity of the nanoparticles dispersion was found. It was determined that the
increase in the content of acrylamide units in the poly(NIPAM-co-AA) copolymer
shell cause the increase of the "coil-globule" transition temperature.

1.A. Yakovliev, L.O. Vretik, R. Ziniuk, J.L. Briks, Yu.L. Slominskii, J.Qu, T.Y. Ohulchanskyy
Polymeric nanoparticles loaded with organic dye for optical bioimaging in near-infrared
range// 14th International Conference on Photonics and Imaging in Biology and Medicine
(PIBM) © OSA 2017-W3A.108.pdf

2. M.Yu. Losytskyy, L.O. Vretik, O.A. Nikolaeva, A.I. Marynin, N.F. Gamaleya, V.M.
Yashchuk. Polystyrene-diphenyloxazole-chlorin e6 nanosystem for PDT: energy transfer
study // Molecular Crystals and Liquid Crystals. — 2016. —Vo0l.639, Iss.1. — P.169-176.

3. M. Ballauff, Y. Lu “Smart” nanoparticles: Preparation, characterization and applications
// Polymer.-2007.- Vol. 48.-P.1815-1823.

4. N. Vanparijs, L. Nuhn, B.G. De Geest Transiently thermoresponsive polymers and their
applications in biomedicine // Chem. Soc. Rev.-2017.- Vol.46.-P. 1193-1239.
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Epoxides are quite important materials which have wide use as precursors for
production of different valuable polymers, in particular, cyclic carbonates [1]. Mild
oxidation of olefines is one of the important methods to produce epoxides.
Ti-containing zeolites are known to be effective catalysts for olefin epoxidation
process [2]. However, in process involving “bulky” cyclic olefines molecules, such
as cyclohexene or cyclooctene, the activity of microporous "zeolites" is extremely
low, due to their diffusion and steric limitations [2]. The creation of materials with
a developed external surface (hierarchical zeolites), and a high concentration of
active centres on the external surface is aimed at significantly improving the
catalytic activity of these materials.

In the work, a number of Ti-containing hierarchical zeolites were obtained using
Gemini-type surfactants as structure-directing agents. Such materials are
characterized by a developed external surface and a high proportion of active
centres available for bulk molecules. A high selectivity of activity in relation to the
target product was revealed in the case of Cs-AIBEA in the styrene oxidation with
hydrogen peroxide at a temperature of 100 °C (Fig. 1). Such materials are also
expected to be active and selective catalysts for the oxidation of cyclic olefins with
hydrogen peroxide under milder conditions.

1. Marciniak A. A., Lamb K. J., Ozorio L. P, Mota C. J. A., North M., Heterogeneous cat-
alysts for cyclic carbonate synthesis from carbon dioxide and epoxides// Curr Opin. Green
Sust. Chem. — 2020. — p. 26.

2. Na K., Jo C., KimJ., Ahn W.-S., Ryoo R. MFI Titanosilicate Nanosheets with Single-Unit-
Cell Thickness as an Oxidation Catalyst Using Peroxides// ACS Catal. — 2011. — 1, (8). —
P.901-907.
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CoPt-based magnetic thin films are attractive materials for different spintronic,
permanent magnets applications and exchange coupled composites [1]. The
formation of ordered magnetic phases in Co/Pt based thin films at low temperatures
when bulk diffusion is frozen may require a longer annealing duration [2].

In present study, Pt(14 nm)/Co(13 nm)/Ta(3 nm) were sputter deposited on
SiO,/Si substrate and annealed in high vacuum at the temperatures of 450 °C and
550 °C with annealing duration from 30 minutes to 8 hours. X-ray diffraction was
used to analyze the effect of annealing duration on structure of the post-annealed
stacks. Chemical composition and magnetic properties were determined by SIMS
chemical depth profiling and VSM magnetometry.

Despite the fact that the disordered 4 /-CoPt remains the main phase in the stack
composition, a long heat treatment time leads to complete homogenization of the
stack structure and an increase in the coercive field.

1. A. Hafarov, O. Prokopenko, S. Sidorenko, D. Makarov, 1. Vladymyrskyi L10 ordered thin
films for spintronic and permanent magnet applications // Modern Magnetic and Spintronic
Materials. NATO Sci. Peace Secur. B: Phys. Biophys.-2020.-P. 73-84.

2. Beke D.L., Kaganovskii Y., Katona G.L. Interdiffusion along grain boundaries — diffusion
induced grain boundary migration, low temperature homogenization and reactions in
nanostructured thin films // Prog. Mater. Sci. -2018.-98.-P. 625-674.
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Growing field of optoelectronic devices usage requires new efficient eco-
friendly materials. Nano/microcrystalline cellulose and its derivatives have been
considered recently as a basic component of “paper” electronics. The
physicochemical properties of cellulose-based materials can be significantly
improved by adding of some fillers e.g., oxides. The interaction between this
natural polymer host and filler determines many useful features of the cellulose-
based composites. Unfortunately, a little attention has been paid to such interaction
due to its high complexity.

Here, we report morphology, structural, and optical (luminescent) properties
of cellulose composites containing K, Tb, Eu (PO,), luminescent oxides.

Composites were made from bacterial nanocellulose or commercial
microcrystalline cellulose and noted oxide, taken in the form of micro/nanopowder,
as a result of mixing aqueous suspensions of micro/nanocellulose and oxide with
subsequent ultrasonic treatment and drying in air.

The data on optical properties of “cellulose+K,Tb, Eu (PO,),” composites were
analyzed together with corresponding data for starting oxide micro/nanopowders
and suspensions of initial cellulose. It was found that visible luminescence of
composite films can be excited from ultraviolet to blue spectral region. The
cellulose-related luminescence band with maxima near 570 nm was observed when
excitation took place at 440 nm, while only weak Tb*"-related emission was found
for this excitation wavelength. The Eu®* - related luminescence was observed for
excitation at 473 nm. The studied composites can be considered as a multi-colored
luminescent material suitable for use in 3D printing devices.
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In this report, we want to consider the features of the magnetocapacitive effect in
tunnel magnetic contacts with perpendicular magnetization of magnetic electrodes.
Great interest in magnetic tunnel junctions is caused by the fact that not only a large
value of tunnel magnetoresistance is obtained by the fact that in recent years in tunnel
contacts with interfaces of the Fe/MgO type, a significant change in the capacitance
in the magnetic field has been experimentally registered.This effect is called the
magnetic tunneling capacity (MTC) effect, and it is considered one of the most
promising effects that may have practical applications in memory cells and other
spintronic devices. In contact tunnels with perpendicular anisotropy, the antiparallel
orientation of magnetization radically changes the distribution of the magnetic field
in the contact barrier layer and causes the appearance of a high-gradient magnetic
field in the direction of magnetization of the contact magnetic electrodes. Under the
action of such a high-gradient field, there is a spatial separation of spin-polarized major
and minor electrons of electrons in the interface region, which creates an
inhomogeneous distribution of electric charge in the contact barrier layer. As a result,
an additional energy barrier for major spin-polarized electrons appears near each of
the magnetic electrodes, and an additional effective capacitance, called spin
capacitance, appears in the contact barrier layer. This additional spin capacitance can
significantly reduce the total capacitance of the tunnel magnetic contact. The value of
such additional spin capacity is proportional to the value of the spin polarization of
electrons in the magnetic electrodes and the value of the magnetic field gradient with
antiparallel orientation of their magnetizations. The mechanism of tunnel magnetic
capacitance described by us is not only fundamentally different from the mechanism
of tunnel magnetic capacitance in tunnel contacts with Fe/MgO interface boundaries,
but also, in our opinion, has a better prospect for practical use. The large values of
TMR and TMC in tunnel contacts with Fe/MgO interfaces are related to the features
of'the electronic structure of the Fe/MgO interface, where the effective spin-dependent
tunneling effect is ensured by a good agreement between the crystal lattice parameters
of the iron magnetic electrode and the crystal lattice parameters of the magnesium
oxide nanolayer. In tunnel magnetic contacts with perpendicular magnetization of the
electrodes, such matching of the grid of the magnetic electrode and the barrier
nanolayer is not a strict necessity, which allows to simplify their manufacturing
technologies. We conducted experimental studies of magnetoresistance and
magnetocapacitive effect in tunnel magnetic contacts Tb,,Co,Fe../Pr,O,,/Tb /Co.Fe.
with perpendicular magnetization of magnetic electrodes and a paramagnetic barrier
layer. At room temperature, the value of tunnel magnetic resistance exceeds 110%,
and the value of tunnel magnetic capacitance exceeds 115%.



198 NANOTECHNOLOGY AND NANOMATERIALS

Ceramic membranes based on silicon carbide

Molchan Y.M.!, Dontsova T.A., Shtyka O.>

! Faculty of Chemical Technology, National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”. Beresteisky Avenue (former
Peremohy), 37, Kyiv, Ukraine, 03056, Ukraine.

E-mail: molchan.ylia@lll.kpi.ua

2 Institute of general and ecological chemistry, Lodz university of technology,
Zeromskiego 116, 90-924, Lodz, Poland

Ceramic membranes based on silicon carbide (SiC) have many advantages over
ceramic materials made from aluminum oxide, silica, titanium oxide, and silicon
dioxide. These advantages include thermal and improved chemical stability, and
high mechanical properties. SiC ceramic membranes are used to separate gases
and liquids, namely for wastewater treatment, in the energy, gas purification, food
and pharmaceutical industries [1].

In recent years, research has been conducted on reducing the temperature and
maintaining high porosity of sintering SiC ceramic membranes. This was achieved
by adding mullite, silicon dioxide, zirconium, alumina, zeolite and glass. Alumina
reduces the sintering temperature from 2200°C to 1350-1500°C, and liquid
glass - to 800°C [2].

We synthesized a series of membranes based on silicon carbide with the
addition of sodium tetraborate, aluminum oxide, sodium and ammonium carbonate.
The physicochemical properties of ceramic membranes were studied using
diffraction methods of analysis, scanning electron microscopy, and transport and
mechanical characteristics were determined.

1. Hotza D., Luccio Di M., Wilhelm M., Iwamoto Y. Silicon carbide filters and porous mem-
branes: A review of processing, properties, performance and application // Journal of Mem-
brane Science. 2020, 610, 118193

2. Wang J. Silicon carbide ceramic membrane support sintered at 800 °C with low-temper-
ature sintering aid//Ceramics International. 2023. ISSN 0272-8842.
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The functionalization of the surface of natural clay minerals allows an
opportunity for obtaining new materials with controlled properties and a winde
range sphere potential technical and environmental applications. Various inorganic
(metal oxides and oxyhydroxides) and organic (polymer, surfactant) compounds
are used for this purpose.

The main objects of this study were natural montmorillonite (MMT) from the
Cherkasy deposit (Ukraine) and a composite based on MMT. The highly porous
MMT composite was synthesized according to the method described in [1],
considering the ratio HDTMA/CEC = 5/1 mass ratio. Surface functionalization of
the studied samples was carried out with the help of chemical modification. For
this aim we are used organic compounds containing active acid groups (-COOH)
and basic groups (-NH,).

The successful surface modification of MMT and MMT composite confirmed
X-ray phase analysis and IR spectroscopy. Titration methods determined the
content (wt.%) of grafted functional groups. For all modified samples, the content
of amino groups was 2.5 wt.%, and for carboxyl groups - 2.9 wt.%.

In this work we also considered the possibility of using the obtained materials
as adsorbents for treatment polluted waters from copper ions. The results indicate
an increase in the sorption capacity of the synthesized materials to Cu (II) ions
compared with the pure samples in the range of initial concentrations
0.1-10 mgL-'.

1. Bondarieva A., Tobilko V. Porous nanocomposite based on natural clay minerals // 2022
IEEE 12th International Conference “Nanomaterials: Applications & Properties” (Abstract
books). — 2022.
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As an innovative approach, graphene oxide-silver nanocomposite (GO-AgNPs)
was fabricated by the usage plasma-chemical method. Graphene-based powders
were obtained by the method of controlled detonation gas synthesis. The method
involves extracting the finished graphene and subsequent thermal and mechanical
activation in the vortex layer device. The carbon material obtained by this method
is graphene with a content of the crystalline phase of graphite up to 32%. The
average size of crystallites L of graphene sample is 168 A. Physicochemical
properties, antibacterial and cytotoxicity activity of both nanocomposites were
subsequently studied comparing with free silver nanoparticles (AgNPs) and pure
GO. The processed graphene samples are characterized by the presence of a certain
amount of graphene oxide. The synthesized nanocomposite GO-AgNPs was
characterized using UV-vis methods, powder X-ray diffraction. The surface
morphology of synthesized nanoparticles was studied using scanning electron
microscopy. It was detected, that syntheses Ag/GO composite exhibits properties
such as good optical sensitivity to trace heavy metal ions, adsorption affinity, and
catalytic activity for the removal of organic compounds. Thus GO-AgNPs can be
considered a multifunctional nanocomposite that can be applied in various fields
such as biomedical treatment and environmental remedy.
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The MAX-phases attract considerable attention as advanced materials due to
their unique properties [1]. Now several ways are being proposed for their synthesis
[2]. Most of them are complex procedures and require high pressures and
temperatures. These approaches typically are featured by the sluggish interdiffusion
between the sintered components, resulting in multiphase products. The synthesis
of mono-phased stoichiometric carbides (MAX-phases) is fronted with crucial
technological limitations. In this report, we notify about a simple approach to
produce a high percentage of the MAX phase in the sample without high pressure.
The structure of the synthesized MAX-phases is studied by XRD, SEM and NMR
techniques. The influence of the heating rate on the formation of the MAX phase
was established. The powder mixture was heated up to the final sintering
temperature of 1435 °C with 40, 100, and 120 K/min rates. The sample, heated at
40 K/min, contained ~70 wt.% MAX-phases Ti,AlC, and ~30 wt.% TiC. In the
sample heated at a rate of 100 K/min, the amount of the Ti,AIC, phase increases
to ~88 wt.%. A further increase in the heating rate to 120 K/min changes the phase
composition of the sample. The composite containing ~96 wt.% of MAX-phase
Ti,AlC, was successfully synthesized using the proposed method. This method is
featured by the short time in duration, also. The proposed process is realized by a
high heating rate (up to ~10? K/min), which inhibits unwanted phase formation
and limits elemental loss due to the short-time process.

1. Sokol M., Natu V., Kota S., Barsoum M.W. On the chemical diversity of the MAX phases
// Trends Chem. - 2019. - 1, - P. 210-223. https://doi.org/10.1016/j.trechm.2019.02.016.

2. Kirian 1.M, Voynash V.Z., Lakhnik A.M., Kochelab Ye.V., Rud A.D. Synthesis of Ti,AIC,
MAX-phase with different content of B,O, additives // Metallofiz. Noveishie Tekhnol. - 2019.
—41.—10. - P 1273-1281. https://doi.org/10.15407/mfint.41.10.1273.
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It is well known that polymers are most useful materials in modern world.
Textile, automotive, electronics as well as space technologies are difficult to
imagine without polymers and their compositions [1]. But degradation of polymers
is observed under the influence of external factors, in particular UV radiation. ZnO
is successfully used in ultraviolet protection of materials [2].

In this paper, composites based on high-disperse pyrogenic silica containing
zinc oxide nanoparticles in the surface layer were studied. Such type fillers with
ultraviolet protection properties are of considerable interest. Zinc oxide particles
was obtained by impregnation of silica with an alcohol solution of zinc acetate
followed by temperature treatment at 600°C. The zinc oxide content was 0.02, 0.2,
2 and 10 mmol per 1 g of silica. According to spectrophotometric studies of
aqueous dispersion of silica coated with 10 mmol/g ZnO shows a transparency in
the range of 400-900 nm, which is significantly reduced in the UV region with a
maximum near 376 nm. X-ray analysis shows that only 10 mmol/g zinc oxide
amount sample have diffraction peaks at 260 = 32°, 34°, 47° and 56° which are
characteristic of the crystalline structure ZnO.

1. Koniuszewska A., Kaczmar J. Application of polymer based composite materials in trans-
portation //Progress in Rubber, Plastics and Recycling Technology.- 2016.- 32, N 1 P. 1-
24.

2. Farouk A., Textor T., Schollmeyer E., Tarbuk A., Grancacic A. Sol-gel derived inorganic-
organic hybrid polymers filled with ZnO nanoparticles as ultraviolet protection finish for
textiles //AUTEX Research Journal.- 2009.- 9, N 4 P. 114-120.
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A catalytic conversion of a gas blend named syngas (CO + H,) into the mixture
of liquid hydrocarbons, occurring at elevated temperatures and pressures in the
presence of metal catalysts is known for a century as the Fischer-Tropsch (FT)
process. The catalysts consisted of Co nanoparticles (NPs) and redox-active metal
oxides, such as MnO, allows to get unusual FT selectivity with favorable formation
of olefins, long-chain alcohols and other chemically valuable products [1]. The
catalysts of this type are usually prepared by rapid co-precipitation of metal
oxalates mixture followed by its reduction, to give intimate nanocomposite of Co
NPs with corresponding metal oxide. However, the oxalate method is hardly
compatible with application of inert catalytic supports, ensuring good diffusion
characteristics of the catalyst and efficient heat sink from Co NPs, which is
necessary due to high exothermicity of the FT process.

Herein we report novel nanocomposites of Co and Co/Mn catalysts with SiC
and TiC carrier nanoparticles, prepared by oxalate precipitation. The
nanocomposites were characterized by SEM, powder XRD, N, adsorption and
H,/D, dynamic exchange to measure specific surface of Co NPs. According to
SEM EDX data, the active catalyst phase is uniformly distributed on the support.
The supported catalysts appeared superior to unsupported ones in terms of specific
catalytic activity (per Co unit mass) and selectivity to C>* hydrocarbons and
alcohols. Besides that, the catalysts Co/SiC and Co/TiC demonstrate enhanced
selectivity to olefin formation, caused probably by the electronic effects of
semiconducting SiC and TiC.

1. Xiang, Y.Z.; Kruse, N. Nature Commun. 2016, 7(1), 13058
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During last decade layered double hydroxides, also known as hydrotalcite-like
compounds, have been extensively studied as catalysts or catalyst precursors. Since
calcination of these materials yields mixed oxides with basic properties, layered
double hydroxides have found applications in many organic reactions considered
to be catalyzed by bases. However, different TiO, containing materials were
investigated as promising materials for different catalytic processes. These
properties induced by acid and base centers on surface, which obtained by different
ways such as modification of surface, ion-exchange, post-synthetic treatment or
composite formation. The physico-chemical properties of catalysts materials
depend on preparation methods and post-synthetic treatment procedures. Formation
of the Ti-containing layered double hydroxides may induce the lattice distortion
and as a result different active sites obtaining.

The aim of this work was to improve the production of Ti-containing layered
hydroxide materials and to study their catalytic activity. The layered double
hydroxides were obtained by hydrothermal sol-gel method and characterized by
XRD, TGA, N, ad/desorption, FTIR, SEM, TEM. The products of catalytic
reactions were analysed by GC-MS.

It was shown that hydrothermal treatment of sol-gel reaction mixture with
followed calcination of obtained powder induce double or ternary phase formation
with small crystallite size with layer morphology. The phase composition depends
on Ti-precursor nature, pH of reaction mixture and calcination temperature. These
materials characterized by acidity that supported by Lewis acid sites that induce
catalytic activity

As result, Ti-containing layered hydroxide materials were obtained by
hydrothermal sol-gel method using different titanium precursors. It was shown,
that phase composition strongly depends on reactiom mixture composition and
postsynthesis theatment. This materials demonstrate catalytic activity.
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In recent decades, azo dyes based on various heterocyclic fragments have
gained popularity among scientists. As they have a wide range of practical
applications, for example, for dyeing fibers, photoelectronics, printing systems,
optical data storage technologies [1], as textile dyes, they are also used in many
biological reactions and in analytical chemistry [2].

A series of substituted ((benzo[d]thiazol-2-yl)
diazenyl)naphthalen-2-ols was synthesized with a good
yield. The structure of the azo compounds was confirmed

on using 1H and 13C NMR spectroscopy, IR spectroscopy. The

N kinetics of photoinduced trans-cis-trans isomerization in

A

N

)\ ethanol solutions, as well as solvatochromic properties were
\\/ S studied using UV-Vis spectroscopy. It was shown that the
//_<\ rate of isomerization decreases upon passing from a donor

substituent (-CH,) to an acceptor one (-NO,).
Thin polymeric films containing PMMA/Azo in 95/5 %
ratio were formed from DCE solutions and the diffraction
R=-CHs,-1,-Cl,  efficiency were studied. The diffraction efficiency values for
-, -NO, the methyl-substituted compound at parallel polarization of
the incident beam were 4 times higher than those for the
nitro-substituted analogue, while the values of the diffraction efficiency at

perpendicular polarization almost coincided.

R

1. Cojocariu, C., & Rochon, P. Synthesis and optical storage properties of a novel poly-
methacrylate with benzothiazole azo chromophore in the side chain // Journal of Materials
Chemistry.-2004.-14(19).-P. 2909.

2. Riaz, 8., Ambreen, et al. Synthesis, characterization, solvatochromic study, and applica-
tion of new heterocyclic monoazo acid dyes // Journal of Molecular Liquids.-2019.-
P110917.
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Metal-organic frameworks (MOFs) are a class of porous materials with periodic
lattice structures constructed by self-assembling organic ligands and metal nodes
through bridging coordination bonds. Compared to conventional porous materials,
MOFs have the following advantages: diverse structure, chemical functionality,
ultra-high specific surface area, and tunable morphology and size [1].

Currently, MOFs are being actively studied due to the prospects of their use in
the fields of gas adsorption, gas storage, gas separation, and sustained release of
drugs [2]. In addition, due to their unique structural properties, MOFs have high
photochemical properties. When nanomaterials are created with typical
semiconductors, such as TiO, and ZnO, they enhance the photocatalytic activity
of the latter by exciting the electrons of MOFs from the HOMO orbital to the
LUMO orbital [3]. This can be explained by the photosensitivity of organic ligands
and metal ions/clusters in MOF materials [4]. Therefore, the synthesis of
nanomaterials is extremely promising for photocatalytic applications.

We have synthesized a series of TiO,/MOFs samples for the photodegradation
of pesticides.

1. Jiao L., Seow J.Y.R., Skinner W.S., Wang Z.U., Jiang H.-L. Metal-organic frameworks:
Structures and functional applications // Materials Today. 2019, 27, 43-68.

2. Falcaro P. Application of metal and metal oxide nanoparticles@MOFs // Coordination
Chemistry Reviews. 2016, 307, 237-254.

3. Karthik P, Balaraman E., Neppolian B. Efficient solar light-driven H2 production: post-
synthetic encapsulation of Cu,0 co-catalyst in a metal-organic framework (MOF) for boost-
ing the effective charge carrier separation // Catalysis Science & Technology. 2018, 8, 13,
3286-3294.

4. Horiuchi Y. Visible-light-promoted photocatalytic hydrogen production by using an
amino-functionalized Ti(IV) metal-organic framework //

The Journal of Physical Chemistry C. 2012, 116, 39, 20848-20853.
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Selective filtration plays a crucial role in various industrial and scientific
applications such as water treatment, chemical and pharmaceutical industries,
biomedical research, dairy production and more.

Ceramic membranes are highly regarded for their exceptional qualities,
including resistance to high temperatures, chemical substances, and long-lasting
durability [1]. These characteristics make ceramic membranes highly desirable for
implementation in a wide range of industrial processes. Ceramic membranes can
be enhanced by incorporating a layer of nanoparticles to further increase their
selectivity and filtration efficiency.

This layer incorporates metal oxide nanoparticles like titanium oxide (TiO,),
zirconium oxide (ZrO,), aluminium oxide (Al,O,), and others [2,3]. The presence
of this layer can enhance the filtration properties of the membrane by enabling the
selective permeation of specific substances while effectively retaining
contaminants.

Using membranes with a selective nanoparticle layer allows for the efficient
and selective removal of various hazardous contaminants from water.

1. Serhiienko A., Dontsova T, Yanushevska O., Nahirniak S., Hosseini-Bandegharaei A.
Ceramic membranes: new trends and prospects (short review) // Water and water purifica-
tion technologies. Scientific and technical news.-2020.-2(27).-P. 4-31.

2. Kyrii S., Dontsova T., Kosogina I., Podopryhor V., Serhiienko A. Influence of yttrium and
niobium oxides modifiers on physicochemical and photocatalytic properties of titanium (IV)
oxide. East.-Europ. J. of Enterp. Tech.-2021.-4(6(112))-P. 67-74.

3. Dontsova T, Kutuzova A., Bila K., Kyrii S., Kosogina I., Nechyporuk D. Enhanced Pho-
tocatalytic Activity of TiO,/SnO, Binary Nanocomposites // Journal of Nanomaterials.-
2020.-2020.-P. 1-13.
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The miniaturization of soldered joints in electronic devices require the
development of new lead-free solders (LFS) with improved thermophysical and
mechanical properties. The Sn-Ag-Cu alloys of eutectic or near-eutectic
compositions are considered the most promising and are widely used as solder
materials. The reliability of solder joints is especially determined by the
intermetallic compound formed at the joint interface. Unlike traditional Pb-Sn
solders, SAC solders generally have a higher melting point and tin content.
Therefore, formation and growth of the IMC layer occurs faster in the SAC solder
joints, which leads to brittle fractures and a decrease in the service life of the joints
due to thermal fatigue. To improve the properties and strengthen the base solder
matrix, various nano-sized admixtures, in particular ceramic, are added. In contrast
to metal nanoparticles, they are non-wettable by metal melts. To solve this problem,
metallic coatings are applied to their surface to form core-shell structures and to
improve adaptation to the solder matrices. As a result, the metal-coated layer forms
a strong “bridge” that reacted with the LFS matrix to form an intermetallic layer
during soldering. Another important requirement for the LFS application is their
reliability in a wide range of operating temperatures, including sub-zero
temperatures. In this work, the effect of ceramic AL O,, TiO,, SiO, and ZrO,
admixtures coated with gold on the properties and microstructure of the solder
joints based on Sn-Ag-Cu was studied both at elevated and sub-zero temperatures.
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To distinguish a most appropriate adsorbent (or its composites) for the release
of Cyanidin 3,5-O-diglucoside via extraction methods, it is crucial to study the
adsorption characteristics of each composite in respect to Cyanidin 3,5-O-
diglucoside. Methods of quantum chemistry is convenient and prompt for
theoretical calculation of such characteristics.

Therefore, the reaction enthalpy was calculated via computer simulation of
intermolecular complex formation as means the consequent interaction of Cyanidin
3,5-0- diglucoside with silica, aluminosilicate and hydroxyapatite. Calculations
were performed using the MOPAC 2016 software [1] using of the PM7 method
[2]. The quantum chemical calculation results show that the smallest interaction
enthalpy (AH 298 =-264.1 kJ/mol) among the three absorbents under investigation
is belong to the silica. A much larger value is characteristic for aluminosilicate
(AH 298 =-522.8 kJ/mol). And the largest enthalpy with the absolute value
(AH 298 =-595.3 kJ/mol) was obtained for the interaction Cyanidin 3,5- O-
diglucoside with a hydroxyapatite surface. Since the reverse the process to
adsorption is desorption, therefore a release of Cyanidin 3,5-O-diglucoside
molecules from the surface hydroxyapatite is thermodynamically the least likely
among the three adsorbents tested.

1. MOPAC2016, James J. P. Stewart, Stewart Computational Chemistry, Colorado Springs,
CO, USA, HTTP://OpenMOPAC.net (2016).

2. Stewart J. J. P, Optimization of Parameters for Semiempirical Methods VI: More Mod-
ifications to the NDDO Approximations and Re-optimization of Parameters // J. Mol. Mod.
-2013.-19. - P 1-32.
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In terms of ecological photocatalysis, semiconductive materials have to satisfy
the certain conditions as visible light absorption, non-toxicity, strong resistance to
aggressive media and inexpensiveness. Titania is a commonly used photocatalyst
in green chemistry application. Incorporation of Fe’* cation in titania lattice
depending on the synthesis conditions (heat treatment, iron content) can lead to
crystallization of naturally formed phases such as hematite, pseudobrookite,
pseudorutile, landauite.

The iron titanate thin films (Fe:Ti=1:1, 1:3 and 3:1) modified by urea have been
synthesized via sol-gel method. Titanium isopropoxide, iron (III) chloride, 5 mol.%
urea, ethanol and perchloric acid were mixed at 40°C. Three-layered films were
obtained by dip-coating method on glass substrate with heat treatment (the 1st and
the 2nd layers at 300°C; the 3d layer at 450 °C or 475 °C for all Fe:Ti=1:1 samples
and 500°C for the rest).

The red shifted onset (~ 500 nm) of the optical band in the absorption spectra
of all Fe:Ti=1:1 (450, 475, 500°C) samples is noted. The Fe:Ti=1:3 and 3:1 films
show spectral shift to the shorter (~ 450 nm) and longer (~ 550 nm) wavelength,
respectively. It was calculated the optical band gap energy values for indirect
transitions from Tauc plots. Two Eg values, 2.2 eV and 2.7 eV, are obtained for all
Fe:Ti=1:1 samples related to Fe,TiO, and Fe, Ti,0, crystalline phases, respectively,
as detected by XRD. The films with Fe:Ti=1:3 (Eg at 3.0 eV) and Fe:Ti=3:1 (Eg
at 1.9 eV) are crystallized to anatase and the mixture pseudobrookite and diiron(I1I)
titanium oxide phases, respectively.

The photocatalytic activity was tested in tetracycline hydrochloride destruction
as well-known consumed antibiotic in cattle, poultry farming. The highest
conversion percentage (46%) as well as the adsorption ability was detected under
visible light (A>400 nm) using Fe:Ti=1:1 sample annealed at 450°C. Photoactivity
of'the 1 to 1 ratio films was decreased with calcination temperature increase. The
Fe:Ti=1:3 film showed similar activity to Fe:Ti=1:1 (475°C and 500°C) samples.
However, the last films were more active compare to the Fe:Ti=3:1 under both
solar simulated (A>330 nm) and visible light irradiation.

Thus, the Ti and Fe ratios as well as the calcination temperature influence on
the crystalline composition of the films that, in turns, determines the adsorption
capability and photocatalytic activity in the process of tetracycline degradation.
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The method of co-precipitation was applied for the synthesis of the nanosized
heterometallic composites using appropriate metals’ salts as precursors. The
consequence procedures of drying-calcination-reduction provide the formation of
Co-Ni-Fe nanosized materials that were tested in the catalytic conversion of CO,
to methane. The catalytic behaviour of Co-Ni-Fe nanoparticles in the reaction of
CO, hydrogenation was evaluated at the atmospheric pressure within the
temperature range of 100-450 °C with GC registration of outlet gases. The

CH, Yield (%) at 300°C
[ ]CO, Conversion (%) at 450 °C
CH, Yield (%) at 300°C
I CO, Conversion (%) at 450 °C

co®®

Fig. CH, yield and CO, conversion
over Co-Ni-Fe catalysts estimated from
the GC data

structure of the tested catalyst was
investigated before and after exposure to
the catalytic process by the XRD, SEM
and nitrogen adsorption methods. The
thermodesorption procedure with MS
analysis of desorbed particles from the
surface of catalysts was applied for the
reaction mechanism estimation.
Evaluated results of catalytic activity are
presented in the figure.

TPDMS spectra offered the species
desorbed from the surface of catalysts
with m/z=44 (CO,), 28 (CO), 43 (C,H,*),
58 (C,H,,). This indicates the formation
of butane as the reaction co-product in
addition to methane.
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Transition to the practical use of nanoelements requires the development of
physical concept of the atomic mechanisms that govern the strength of these objects
within a wide temperature range. This problem is of key importance for
straintronics elements, since governing of their functional properties is realised by
deformation during mechanical loading. Carbyne-graphene nanoelements (CGNs)
are very attractive for use as straintronics elements, since their deformation
significantly changes the band gap. In particular, this makes them promising for
creating nanolasers and other optoelectronic devices with tunable wavelengths.

The atomistic model of the contact bonds breaking in CGN under the
thermomechanical loading is proposed. It is shown that nature of the temperature
dependence of the CGN strength is governed by two main factors, namely, (i) by
thermally induced change in the contact bonds length (i.e. in the bonds between
carbyne chain and graphene sheet) and (ii) by release of the elastic deformations
energy, which accumulates during the nanoelement deformation. The effect of the
second factor is decisive for carbyne-graphene nanoelements and other
nanoobjects, which consist of a combination of one- and two-dimensional
nanostructures; it makes it impossible to apply the Arrhenius reaction theory to
predict the temperature dependence of the strength of such nanoelements.

A statistical criterion for failure of a carbyne-graphene nanoelement at a
constant strain rate was developed. Dependences of the strength variance on
temperature were obtained. It is shown that this statistical distribution differs from
the one obtained earlier [1] under the condition of constant load.

1. S. Kotrechko," E. Kolyvoshko, N. Stetsenko, - A. Timoshevskii, G. Palumbo, Y. Matviy-
chuk. Prediction of stability and lifetime of carbyne, carbyne—graphene and similar low-di-
mensional nanostructures. Applied Nanoscience (2022).
https://doi.org/10.1007/s13204-022-02629-w.
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We investigated influence of multiwalled carbon nanotubes (CNT) on spectral
characteristics of composites “rubber - carbon nanotubes” on the base of butadiene-
nitrile rubber at 0-10% of CNTs. IR reflectance maxima of composites were
measured in the spectral area of the rubber CH deformation and valence vibrations.
IR absorption spectra of composites “rubber - carbon nanotubes” after
vulcanization includes some giant two-polar oscillations. IR absorption spectrum
of composites “rubber - carbon nanotubes” at 1% of CNTs without vulcanization
includes the alone two-polar oscillation. Two-photon interference is a result of
quantum entanglement of dipole-active vibrations and photon splitting according
to Hong-Ou-Mandel (HOM) quantum effect. Two-photon maximal entanglement
saturation is called as Bell states. HOM quantum effect is perspective for high-
coherent optical quantum computers on composites “rubber-carbon nanotubes”.

1. Ou Z., Hong C., Mandel L. Relation between input and output states for a beam splitter
// Optics Communications.-1987.-63, N 2.-P. 118-122.

2. Trachevskiy V., Kartel M,, Sementsov Yu., Zhuravskyi S. Modification of Rubbers with
Carbon Nanotubes // International Journal of Recent Scientific Research.-2017.-8, N 7.-P.
18822-18825.

3. Kartel M.T., Karachevtseva L.A., Sementsov Yu.l., and Lytvynenko O.O.. Hong-Ou-Man-
del quantum effect on “polymer - multiwall CNT” composites // Chemistry, Physics and
Technology of Surface.-2022.-13, N 2.-P. 170-178.
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The method of carbon nanotubes (CNTs) synthesis by chemical vapor
deposition (CVD) is widely used nowadays [1]. The advantages of CVD method
are its simplicity and sufficient reproducibility, an available carbon precursor —
hydrocarbon gases, and a CNTs yield of up to 95%. The possibility of sustainable
growth of CNTs on surfaces of various shapes and sizes with low energy
consumption is essential. The study of the peculiarities of the processes of
interaction of electromagnetic radiation (EMR) with carbon nanosystems is
practically important and relevant. The characteristic of a substance called "thermal
conductivity", which is described by the coefficient of thermal conductivity, is one
of the physical quantities. It characterizes the rate of change or equalization of the
temperature of the material in non-equilibrium processes that are related to thermal
energy. Thermophysical properties of carbon nanomaterials of various origins,
including CNTs obtained by the CVD method, were studied using the impulse
method of measuring thermal conductivity. Table shows the solution to the problem
of thermal conductivity calculation.

2 -6
# sample Tair[10°s] | © saglple Sample thickness, [10°- % El{ille/:r]nallo
[107 s] m]. L, m L.
conductivity
CNTs-1 329 897 1400 2,2
CNTs-2 329 608 1025 3,76
CNTs-3 329 694 980 2,63
CNTs-4 329 746 950 2,16
CNTs-5 329 985 950 1.4
Thermally 329 709 1060 2,97
expanded
graphite
Intercalated 329 653 1005 3,12
graphite

1. Khovavko O.1., Nebesnyi A.A., Filonenko D.S., Barabash M.Yu., Leonov D.S., Svyatenko
O.M. Peculiarities of the Formation of Carbon Nanotubes from the Products of the Air Con-
version of Methane by the Method of Chemical Deposition // Nanosistemi, Nanomateriali,
Nanotehnologii. 2022. 20, N3. P. 715-724. https://doi.org/10.15407/nnn.20.03.715
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One of the simplest and most effective ways to solve the problem of industrial
wastewater treatment from organic pollutants is the process of adsorption of
organic compounds by porous materials, which can then be removed from the
reactor. The purpose of this work was to investigate the effect of temperature on
the adsorption efficiency of methyl blue (MB) dye from an aqueous solution by
our obtained nanostructured magnetically sensitive composite of the «core-shell»
type Si0,/CoFe,0,/SiO,(RL)/CuO and to determine the activation energy of the
process. The core of the composite is cobalt ferrite deposited on amorphous SiO,,
which has magnetic properties and allows the composite to be easily separated
from the reaction medium by magnetic separation for reuse. For stabilization, the
core is covered with a layer of porous SiO, with the addition of surfactant
(rthamnolipid (RL) (Pseudomonas sp.)), on which CuO clusters are deposited. The
investigation of the kinetic regularities of adsorption by a composite as a sorbent
(5 mg) was carried out by the spectrophotometric method at a wavelength of
620 nm on a MB model solution with a volume of 5 ml and a concentration of
5-10°mol/L in a static reactor with stirring in the temperature range of 293-333 K.

The calculation of the main kinetic parameters of the adsorption process of
methylene blue was carried out according to the equation derived earlier [1]. The
high values of the reliability coefficient of the approximation of the obtained
straight lines indicate that the kinetic parameters are well described by the
previously considered pseudo-first-order model.

The calculated value of the activation energy for the temperatures of 293K and
333K (£,=5375,8 ]) indicates precisely the self-fluidity and the physical nature of
the MB adsorption on the surface of the SiO,/CoFe,0,/SiO,(RL)/CuO composite,
the rate of which is practically independent of the process temperature.

1. Makido O.Yu., Medvedevskikh Yu.G., Khovanets G.I. Investigation into the adsorption
of methylene blue on the surface of a «core-shelly type catalyst for the Fenton system //
Vopr. Khimii i Khim. Tekhn.-2020.-6.-P. 91-98.
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ZnO NPs with controlled morphology due to their non-toxicity, high
photosensitivity, high surface-to-volume ratio, efficient charge transport, and
chemical stability can find application in different scientific fields. Among different
morphologies, the one-dimensional nanostructures provide a direct and stable
pathway for rapid electron transport. The attachment of Au NPs to semiconductor
Zn0O nanorods or nanowires is a powerful approach for producing new chemically
functionalized materials with improved photoelectrochemical activity. Au NPs are
relatively stable, catalytically active, water-soluble, optically sensitive, and
biocompatible.

In this work, we provided facile methods to synthesize ZnO-Au nanohybrids
Several types of ZnO nanowires (NWs) and nanorods (NRs) were used. ZnO NRs
were obtained by the sol-gel method as reported in [1]. The Au NPs were deposited
from HAuCl, solutions directly onto ZnO NWs and ZnO NRs without adding any
linking molecules. Two types of synthesis were compared: simple deposition from
aqueous solutions and photo-deposition at room temperature. The Au NPs density
and size of on ZnO NRs and NWs can be controlled by adjusting the concentration
of HAuCl,. The structure, crystallinity, and morphology of ZnO and ZnO/Au
nanomaterials have been investigated with XRD, SEM, TEM, RAMAN, and FTIR
spectroscopy.

Obtained results will allow to use ZnO 1D nanostructures as a potential
platform for creation of electrochemical biosensors and photocatalysts.

Acknowledgement. Research was funded under the CFLA project “Jauna
fotoluminescences  platforma  Listeria ~ monocitogénu  noteikSanai”
(1.1.1.5/21/A/001).

1. Beek WJ et al. Hybrid zinc oxide conjugated polymer bulk heterojunction solar cells // J
Phys Chem B.-2005.-109 (19).-P. 9505-16.



Session 1. Nanocomposites and Nanomaterials 217

Nanodimension and magnetic state
of copper-based Heusler alloys

Demchenko L."?, Titenko A.%, Kravets A.>%, Kozlova L.5, Lytvyn M.’

I Stockholm University, Materials and Environmental Chemistry
Department, Stockholm, Sweden

E-mail: lesyademch@gmail.com

2 National Technical University of Ukraine "Kyiv Polytechnic Institute”,
37 Peremogy Avenue, Kyiv 03056, Ukraine

3 Institute of Magnetism, National Academy of Sciences and Ministry of

Education and Science of Ukraine of Ukraine,
Vernadskyi Boulevard, 36-b, Kyiv 03142, Ukraine

Cu-based shape memory (SM) alloys can exhibit unusual magnetic properties
depending on their heat treatment, additionly to their functional properties. In this
system, ferromagnetic nanosized particles of Heusler compound Cu,MnAl are
precipitated due to aging, which contributes to an increase in SM effect and
superelastisity SE [1]. Depending on the size and distribution of nanoparticles, the
alloys of this system can exhibit superparamagnetic, ferromagnetic and
antiferromagnetic ordering [2].

The structural and magnetic analysis of Cu-Al-Mn and Cu-Al-Mn-Fe alloys
depending on their heat treatment was performed in this work. The influence of
aging on induced martensitic transformation was established. The magnetic
behavior of Cu-Al-Mn and Cu-Al-Mn-Fe alloys is significantly different from each
other, which is a consequence of the formation of Heusler ferromagnetic phases
Cu,AlMn, or Fe,Al and (Fe,Mn),Al during isothermal aging of ternary alloys and
the transformation to a superparamagnetic state. In the quaternary composition
doped with iron, antiferromagnetic ordering is dominated. Such precipitates create
a significant cumulative effect on thermoelastic M T, as well as on both mechanical
and magnetic behavior. The doping with Fe contributes to non-monotonic changes
in MT temperatures.

1. Titenko A., Demchenko L., Perekos A., Gerasimov O. Effect of Thermomagnetic Treatment
on Structure and Properties of Cu—Al-Mn Alloy // Nanoscale Res Lett.-2017.-12.-P. 285.

2. Titenko A., Demchenko L., Perekos A., Babanli M., Huseynov S., Ren T.-Z. Deformational
and magnetic effects in Cu—Al-Mn alloys // Appl Nanosci.- 2020.-10.-P. 5037-5043
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Our research has been focused on the preparation (1-3,6) and characterization
of layered semiconductor (MIS metal-isolator-semiconductor) structures (5,6)
based on porous silicon (Sipor) with embedded clusters of catalytic (Ni, W) metals
by means of I-V characteristics and PL spectra under the influence of organic
molecules (glucose) adsorption (7). The morphology of silicon composite was
characterized by atomic force microscopy (AFM) (Fig.1)

[\ pSi - el-chem

Minimum 9.467522
Maximum 31.755032
2 Mean 17.966770

Std. Dev. 4.859647

diametr,nm

(a) ()

Fig.1. Morphology of porous silicon with a W clusters, AFM (a);
size distribution of crystallites on the Sipor surface
(~ 80% crystallites is in range 15 — 20 nm) (b)

The porous silicon layer was prepared by electrochemical etching in
HF-C,H,OH solution. Then a thin Ni and\or W film (5-10 nm) was deposited on
surface of Sipor by dc magnetron method. The subsequent thermal treatment in
range of 250-550 °C in Ar leads to incorporation of metal clusters into a porous
silicon matrix. It was found (1) adsorption of glucose molecules reduces the
intensity of photoluminescence spectra; (2) filling pores with W leads to increased
sensitivity of the sensor structure based on porous silicon to adsorbed molecules
of glucose; (3) the structures based on porous silicon with metal clusters are
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Fig.2. Pl spectra for Sipor and Sipor with W and/or Ni clusters,
the highest intensity Pl in the case of Sipor+ W

sensitive to adsorption of glucose (Fig. 2) and can be used to create sensors on
glucose
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Geopolymers are the promising materials for the removal of toxic substances
from industrial and drinking water. The most popular and simplest method of its
preparation is based on the reaction between an alkali such as NaOH/Na,SiO, and
metakaolin (gelation stage), mixture obtained is placed in an oven to cure for 24 h
at 60 °C (polycondensation reaction) [1]. This method is used in work presented
for obtaining the pyramids (last stage has been carried out in the special forms).

Another new approach is applicated for
producing the spherical rods that is included
the extruding of solution of reagents heated up
to 60 °C to NH,CI solution for neutralization
of NaOH. This process significant diminishes
the time of washing the final material up to
neutral pH. Morphology of kaolinite,
metakaolin, and the geopolymers are analyzed
via XRD, XRF and SEM techniques. It is

r.nm found that porous structure of materials
Fig. 1. Pore size distributions obtained depends from the technology used for its
in term of DFT method for the  production. Surface area of geopolymers

geopolymers synthesized by two increase from 25 (pyramids) up to 88 m?/g

methods. . C .
(rods). As seen from pore size distributions
obtained from nitrogen adsorption/desorption curves in term of DFT method rods
have a great number of micro- and mesopores (Fig. 1) those are absent in the structure
of pyramids.

The adsorption capacity of the geopolymeric samples for heavy metal ions
decreases in the order Co?" > Cu?* >Pb?* > Cd?*> Zn?* and in the case of rods these
values are greater than for pyramids. Capacities accounted by Langmuir model reach
to 50-100 mg/g that could be compared with values for powder materials [2].
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1. Ge Yu., Yuan Yu., Wang K., He Y., Cui X. Preparation of geopolymer-based inorganic
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Luminescent carbon nanodots (CNDs) is a relatively new class of light-emitting
nanomaterials. The broadband spectrum of luminescence in the visible region
makes them promising objects for optoelectronics as phosphors for artificial light
sources. For practical application as upconversion phosphor it is important to
disperse CNDs in transparent solid state matrix. It has been demonstrated
previously that treatment of the highly dispersed fumed silica powder by
phenyltrimethoxysilane (C,H,,0,Si, PATMS) in combination with subsequent
annealing in a pure nitrogen at temperatures of 500 - 600 °C leads to the formation
on the surface of SiO, particles nano-sized carbon precipitates (CNDs) which emit
in the ultraviolet (UV) and visible regions. To study the effect of the amount of
phenyl groups in the carbon precursor on the processes of formation of CNDs, their
structural and photoluminescence (PL) properties, CNDs were synthesized by
similar procedure using diphenylsilanediol (C1,H1,0,Si, DPSD), the molecules
of which contain two phenyl groups in contrast to PhTMS, that contains one phenyl
group. It is shown that the treatment of the surface of SiO, particles with DPSD
leads to the appearance of bright, broadband UV PL and thermal treatment leads
to a decrease in intensity and a red shift of the PL. maximum. Formation of the
CNDs in the surface of SiO, particles and light emission mechanisms in terms of
polycyclic carbon fluorophors are discussed.
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Over the last 15 years, perovskites have become popular materials among
scientists working with photovoltaic effects, but also with non-linear optical effects
[1,2]. Particularly groundbreaking was the use of thin layers of perovskites in solar
cells, thanks to which efficiency of the solar cells exceeded 30% [3]. Moreover,
non-linear optical effects (NLO) occur in thin layers of perovskites, which allows
for new applications, for example, the generation and modulation of light or high-
resolution imaging.

Apart from the many advantages that perovskites have, there is a problem
related to their stability. Currently, this is the main reason for stopping

the commercialization of devices containing perovskites. The oral
communication propose solution to extend the lifetime of perovskite thin films as
CH,NH,CdI, and CH,NH,PbCl, by covering them with a thin layer of tin (IV)
oxide or lead (II) iodide, which have no a significant effect on the optoelectronics
properties.

1. Kojima A, Teshima K, Shirai Y et al. (2009) Organometal Halide Perovskites as Visible-
Light Sensitizers for Photovoltaic Cells. // J. Am. Chem Soc. 131, 6060-6051,
ttps://doi.org/10.1021/ja809598r

2. Tang H, He S, Peng C (2017) A Short Progress Report on High-Efficiency Perovskite
Solar Cells. // Nanoscale Research Letters 12:410.
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3. Lye Y, Chan K, Ng Z (2023) Review on the Progress, Challenges, and Performances of
Tin-Based Perovskite Solar Cells. Vi Nanomaterials 13, 585.
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The utilization of thick-film ceramics based on the mixed transition metal
manganite system, particularly in combination with humidity-sensitive
nanostructured MgAl O, ceramics, offers significant advantages in the field of
functional electroceramics. This study aims to fabricate and characterize the
structural properties of thick-film nanostructures that are sensitive to both
temperature and humidity.

The investigation focused on temperature-sensitive elements and multilayered
structures  composed  of  Cuy,NijCo ,Mn, O, (p-type conductivity),
Cu, Niy,Co, Mn, ,0, (p+-type conductivity), and dielectric MgALO,
(i-type). The humidity-sensitive thick-film layer was applied onto a pre-formed
temperature-sensitive layer. Importantly, the formation of various thick-film
structures, including p-p*, p-p*-p, and integrated temperature-humidity-sensitive
p-i-p* structures, was achieved within a single technological cycle. The structure
of the humidity-sensitive thick films demonstrated a distinct contrast when
compared to the AL,O, substrate with a conductive Ag layer. The material exhibited
shallow pores, serving as pathways for water absorption into the nanopores, where
capillary condensation occurred. Macropores facilitated effective water absorption
into the inner structure of the material from the environment. In contrast to the
microstructure of humidity-sensitive MgAl O, thick films, Cu, Ni,Co,,Mn, ,O,
thick films exhibited a higher presence of macropores clustered together. This
structure was also observed in the bulk material of the same composition. Hence,
the structural characteristics of ceramics can be successfully transformed into
similar compositions of thick films. The use of ceramic materials with a spinel
structure as the primary component in thick film preparation ensured the density
and interlayer contact within the multilayered structure.
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Any material containing a transition metal such as Zr, Hf, Ta, Mo, W or Nb
together with B, C or N can be classified as ultra-high temperature. Our research
on Ultra High Temperature Ceramics (UHTCs) focuses on ceramics and
composites based on ZrB,, ZrC, HfB,, TaB, and HfC. We have developed new
composite materials based on refractory borides, carbides and their solid solutions
with an increased set of properties compared to existing materials. A high level of
mechanical and damping characteristics is achieved due to high connectivity
between the grains of the existing phases and a high concentration of defects (twins,
dislocations, packing defects) due to the use of starting nanopowders and sintering
under high and moderate pressure. Ceramic composites are promising for use as
construction and wear-resistant materials at high operating temperatures.

However, despite high mechanical properties, an excellent level of resistance
to high temperatures and oxidation, in general, such ceramics are quite brittle. One
of the strategies for reducing fragility and improving the operational qualities of
the composite is the creation of ceramic laminate structures [1]. One of the ways
to improve the mechanical characteristics of layered structures is the development
of laminates with weak interfaces to deflect cracks [2]. Since it is known that the
addition of carbon can be used [3] to create a weak interface in the layered structure
to deflect cracks, as well as to improve the physical and mechanical properties, we
used carbon-containing additives (SiC, ZrC, HfC, NbC, TaC, and nanocarbon) at
sintering of our UHTM materials. To compact the materials to a non-porous state,
sintering methods were used under conditions of high pressure and temperature
(1100-1900 °C, up to 4.1 GPa) - on anvil-type presses with a notch, as well as by
the hot pressing method. (1600-2000 °C, up to 30 MPa). Such synthesis methods
are effective and economical for obtaining material samples of the required
dimensions. Also, their use can prevent the evaporation of early d-metals of the
IV-V group of transition metals, which make up the basis of our ceramic
composites.
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Among the groups of studied materials, the samples based on the ZrB,-SiC,
HfB,-SiC and TaB,-SiC systems, sintered both under hot pressing conditions and
under high pressures, performed best. Thus, the composites prepared under high
pressures-high temperatures from HfB,-30 wt.% SiC mixture had density
p=6.21 g/cm? and high mechanical properties: microhardness HV(9.8 N)=38.1+1.4
GPa, HV(49 N)=27.7+£0.2 GPa, HV(98 N)=26.3+2; fracture toughness
K, (9.8 N)=8.2+0.2, MH*m0.5, K, (49 H)=6.8+0.6 MH*m0.5, Young's modulus
E=817 GPa. The composites sintered at high pressure from ZrB,-20 wt.%
SiC mixture had density of 5.04 g/cm? HV(9.8 N)=24.2+£1.0 GPa,
HV(49 N)=16.7+1.1 GPa, K,. (49 H)=7.1£1.55 MHm0.5 elasticity modulus
E=386 GPa. From the TaB,-SiC based material, it is possible to consolidate very
dense samples with porosity close to 0 by both methods of consolidation. Thus,
HP samples TaB,- 20 wt.% and 30 wt.% SiC were characterized by hardness up to
29.7 GPa and 34.4 GPa respectively, and compressive strength 876 MPa and
1090 MPa respectively.

The main idea of the research was to use an integrated approach to the creation
of new materials: (1) obtain materials with excellent operational characteristics in
a wide range of pressures and temperatures with the help of advanced technologies
(2) and the use of nanopowders as precursors. with known consequences arising
therefrom. The improvement of mechanical characteristics compared to pure
materials can be explained by the formation of solid solutions in the structure of
the materials.
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(0786) “Study of regularities and optimization of sintering parameters of composite
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Currently there is an active search and development of methods to improve the
surface properties of materials, create materials with specific characteristics, etc.
One of such method is ionic implantation, a technology for surface nanoscale
modification of materials by means of ion fluxes [1]. Among its advantages this
technology has low consumption of active element, absence of thermal effect on
the base material and the formation of nanosized modified layers with enhanced
material characteristics.

However, ionic implantation is a technology that requires complex, expensive
equipment and consumables. Obviously, one of the main problems of using ion
processing is the need for accurate prediction of results for a wide range of base-
ion combinations.

Therefore, the purpose of this work is to simulate the process of implantation
of metal ions into steel.

Titanium, aluminum, molybdenum and chromium were chosen as the target
materials. Stainless foil was taken as the base material.

The simulation was carried out by means of the author's computer application.

As aresult of modelling, ion penetration indicators (runs, concentrations, layer
thickness, etc.) were determined. It was found that these indicators directly depend
on the target material, which indicates the prospects for continuing research in this
direction.

1. Zazhigalov, V.A., Honcharov, V.V., Bacherikova, L.V. et al. Formation of Nanodimensional
Layer of Catalytically Active Metals on Stainless Steel Surface by lonic Implantation //
Theor Exp Chem.-2018.-54, P. 128—137.
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In the present study, transition metal Al-doped ZnO nanoparticles (TM-ZN
NPs) were synthesized via the chemical co-precipitation method. The structural,
morphological, electronic, optical, vibrational as well as the photocatalytic
properties of the elaborated TMZO-NPs, are then investigated. Hexagonal wurtzite
crystallinity of all elaborated NPs is confirmed by the phase analysis and particle
size is found to be affected by TM doping. XRD peak shows that all samples prefer
orientation along (002) axis and TM (Al) may substitute ZnO structure as the peaks
shift toward higher angles. The surface morphology of all samples exhibits mixture
of spheroid-like and hexagon-like shaped structures. FTIR analyses are carried out
to identify the important bands attributed to TM-O and Zn-O stretching vibration
modes. The absorption intensity and edge are found affected by adding TM dopant.
Degradation by pure ZnO and TMZO NPs of the methylene blue is investigated
after 90 min UV light exposure. TM dopant affects the degradation of MB dye,
where a high percentage (97.14%) being achieved after reasonable time of exposure
(90 min) under UV light for Aluminum doped ZnO nanoparticles (A1ZO NPs).

1. Kareem M., Bello 1., Shittu H., Sivaprakash P, Adedokun O., Arumugam S.J., Synthesis,
characterization, and photocatalytic application of silver doped zinc oxide nanoparticles,
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A., Kheawhom S., Mohamad A.J.O.M, Ni doping effect on the electronic, structural and op-

tical properties of ZnO nanoparticles prepared by Co-precipitation route, Optical Materials
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Crystal structure engineering is a very powerful tool for purposed tuning of
functional properties of the materials. Application of chemical pressure caused by
rare earth (RE) cation substitution in the orthophosphate lattice allows impact in
prognoses way on structural parameters of monoclinic and tetragonal phases and
energy band gap and hence on the important physical properties of the materials.
In this respect over 35 new mixed RE orthophosphates from 25 different RPO,—
R’PO, pseudo-binary systems have been synthesized and their structural parameters
were analyzed.

Single phase nanocrystalline powders of R, R’ PO, with average grain size
of 21-31 nm were obtained by solid state reactions in air by sequential calcination
of appropriate mixtures of corresponding RE oxides and (NH,),HPO, at
1473-1673 K. Additionally, two series of La, Dy PO, and Ce, Tb PO, samples
with average grain size of 120~160 nm and microstrain values of 0.01-0.05 %
were obtained by co-precipitation method. It was established that the monazite
type of structure is inherent for the RPO,—R PO, systems with “light” RE, namely
La, R PO, (R=Nd, Sm, Eu), Ce, R PO, (R=Pr, Nd, Sm, Tb), Pr, R PO, (R=Nd,
Sm, Eu, Gd) and Nd, R PO, (R=Sm, Eu). In contrast, mixed phosphates with
tetragonal zircon type of structure are formed in the systems of “heavy” RE and
yttrium, e.g., Dy, R PO, (R=Ho, Yb), Ho, R PO, (R=Er, Yb, Lu) and
Y, R PO,(R=Tb, Dy, Ho, Er, Tm, Lu). In the mixed systems of “light” and “heavy”
RE phosphates, two kinds of solid solutions are formed, as it was confirmed for
La, Dy PO, system, in which an immiscibility range between monoclinic and
tetragonal phase was found at 0.6<x<0.97.

Structural parameters over 25 new mixed phosphates with monazite and zircon
types of structure are included by International Centre for Diffraction Data (ICDD)
as standard reference data in PDF-4 database.
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Poly(3,4-ethylenedioxythiophene)-poly(styrenesulfonate) (PEDOT:PSS) thin
polymer films exhibit high light transmission and electrical conductivity. They can
be produced on large areas using vacuum-free techniques at room temperature. By
utilizing this polymer, PEDOT:PSS/Si heterojunction solar cells can be created,
which offer promise due to their easy fabrication and low cost. However, there is
a need to improve the efficiency and stability of these photoconverters. One
approach to enhance the photoelectrical heterostructure parameters is to increase
the film conductivity through physical or chemical doping of the PEDOT:PSS
polymer layer. The texturing of the silicon surface can reduce optical losses,
increase light energy absorption, and improve the electrical parameters of the
semiconductor surface in certain cases.

This paper investigates the effects of carbon nanotube admixtures in
PEDOT:PSS-based composite films on their optical and electrical properties, as
well as the parameters of Si-based photoconverting heterostructures. Film
thicknesses and optical parameters were determined using spectroscopic
ellipsometry in the range of 250-2100 nm, while electrical dc-conductivity was
measured using the four-point probes method.

Our studies demonstrate that composite films with a small volume fraction of
carbon nanotubes exhibit higher conductivity compared to pure PEDOT:PSS.
Additionally, the corresponding PEDOT:PSS/Si solar cell heterostructures exhibit
higher efficiency. Moreover, it is possible to obtain films with different electrical
properties by varying the morphology of the composite, which is influenced by the
method of nanotube deposition. Wet chemical etching for Si interface texturing
significantly enhances the heterojunction efficiency, possibly due to reduced optical
losses and semiconductor surface passivation. Investigation of the photoelectrical
properties of such composite films enables the creation of silicon-organic solar cell
heterostructures with competitive photovoltaic characteristics.

Authors acknowledges the support from the grant 2022.01/0126 “Development
and implementation of a dust-insensitive smoke detector based on a plasmon-
polariton photodetector”.
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This study focused on investigating the inner-structure properties of undoped
and Y-doped BaTiO, ceramics through a combination of methods. BaTiO, ceramics
were doped with varying amounts of Y (0.2, 0.4, 0.6, and 0.8 mol%) and then
sintered at a temperature of 1250 °C. The positron annihilation lifetime (PAL)
measurements were conducted using an ORTEC spectrometer, with a 22Na source
positioned between two ceramic samples.

The obtained data were analyzed using the LT computer program, and the most
accurate results were obtained through a two-component fitting procedure [1].
Gwyddion open-source software were used for construction of SEM images and
preprocessing (subtraction of planes, streak subtraction, elimination of scanning
defects, etc.) and formation of a three-dimensional representation.

The short lifetime value of t; (approximately 0.16 ns) observed in
polycrystalline ceramic materials is typically associated with the free annihilation
of positrons. This value was found to be consistent with the theoretically calculated
free positron lifetime in BaTiO,, indicating similarity to BaTiO, single crystals.
Moreover, the observed values of 1, (approximately 0.37 ns) are believed to arise
from the annihilation of positrons at vacancy complexes formed between oxygen
vacancies and metal ion vacancies. It was observed that 1, decreases with
increasing Y content in BaTiO, ceramics from 0.2 to 0.6 mol%, while in samples
with 0.8 mol% of Y, the intensity I, decreased from 20% to 15%. These findings
suggest that Y doping results in a reduction in the size and quantity of free-volume
defects in ceramics, indicating a process known as "shrinking of defects" in BaTiO,
ceramics doped with 0.4 and 0.6 mol% Y. However, increasing the Y content to
0.8 mol% led to a weakly expressed agglomeration of free-volume defects.

1. Siemek K., Olejniczak A., Korotkov L. N., Konieczny P, Belushkin A. V. Investigation of
surface defects in BaTiO, nanopowders studied by XPS and positron annihilation lifetime
spectroscopy // Applied Surface Science. — 2022. — 578. — 151807.
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Polymer nanocomposites are recognized for their exceptional thermo-physical
properties. However, the widespread production of polymer composites reinforced
with carbon nanotubes (CNTs) on a commercial scale heavily relies on stringent
technological process standards. Therefore, it necessitates experimental approaches
to regulate the impact of manufacturing conditions, with a key focus on achieving
uniform dispersion of nanofillers. Our research concentrates on empirically
investigating the thermal conductivity of engineered polymer nanocomposites by
incorporating varying amounts of single-walled and multiwalled carbon nanotubes
(CNTs) into the epoxy matrix structure.

In this particular study, we emphasize the examination of how increased loading
levels and/or dispersion quality influence the overall thermosetting characteristics
of the composite material. To gather relevant data and gain insights into the
peculiarities of nanofiller incorporation into the host polymer matrix, visual
thermographic analysis and direct thermal response measurements were employed.
The experimental setup involved a NI USB-6009 DAQ unit that controlled a 5V/1A
electrical furnace with a flat heated surface on which the cylindrical samples were
placed. The temperature at the opposite edge of the samples was measured using
a thermocouple. The thermocouple signal was acquired through one of the analog
channels of the DAQ module, which provided a 14-Bit resolution and 48 kS/s
sample rate, ensuring the collection of reliable temperature versus time plots during
both heating and cooling phases. The entire experiment was managed through
custom-developed NI LabVIEW software.

Visual insights into the heat flow processes within the samples were obtained
using a FLIR TG series thermal camera. The recorded thermal response data were
utilized to discuss the mechanisms underlying the differences in thermo-physical
behavior observed in epoxy composites reinforced with single-walled and multi-
walled carbon nanotubes.
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This study focuses on investigating the ageing processes in thick-film elements
consisting of spinel temperature-sensitive ceramics. The ageing test was conducted
through long-term isothermal treatment at 170°C to assess the thermal stability of
the thick films. The duration of the ageing test was 250 hours, during which
electrical resistance measurements (R) were performed at 25°.

It was observed that all the temperature-sensitive materials exhibited a
characteristic linear dependence of electrical resistance within the temperature
range of 298 K to 368 K. In the single-layered thick films, the change in electrical
resistance after 250 hours was approximately -7.5% and -8.7%. This behavior an
be attributed to two independent processes: initially, a rapid diffusion process of
molecules in the surface layer dominates, followed by the burning of organic
components, resulting in a decrease in relative electrical resistance.

The kinetic dependencies of the single-layered thick-film elements
demonstrated a typical suppressed-exponential relationship with time, in
accordance with a known relaxation function. This behavior is associated with the
burnout of organic compounds, which is characteristic of structurally
heterogeneous media like thick-film ceramic structures. In two-layered thick-film
structures, an increasing trend in the thermally-induced ageing curve with relative
saturation was observed within the first 50-150 hours. The maximum drift in
electrical resistance was approximately 6%. The ageing kinetics in these structures
were described by an extended exponential relaxation function. It is worth noting
that the thermally-induced mechanism in these samples was complex and involved
not only cation redistribution but also mass transfer processes.

Unfortunately, the two- and three-layered thick-film structures exhibited
relatively high stability, with a drift in electrical resistivity of 1.5%. Achieving such
high stability required modifications in paste compositions (to achieve the required
viscosity) and the preparation of thick-film layers based on different ceramic
compositions.
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BaGa,0, ceramics have garnered attention as a promising material for various
applications such as insulators in optoelectronic devices and secondary coatings
for plasma panels. The objective of this study is to investigate the development of
inner free volumes, including extended defects and nanopores, in BaGa,O,
ceramics doped with varying amounts of Eu*" ions, utilizing positron annihilation
lifetime spectroscopy (PAL) as the analytical method.

The examination focused on the evolution of free-volume defects in BaGa,O,
ceramics produced through solid-phase synthesis, employing initial components
of BaCO, and Ga,0,, along with different concentrations of Eu,O, content (1, 3,
and 4 mol%). PAL measurements were carried out using the ORTEC system, with
a positron source of 22Na isotope. The investigation was conducted at 22 °C and
a relative humidity of 35%, utilizing two identical ceramic samples placed in a
sandwich configuration. The obtained PAL spectra were analyzed using LT
software through a four-component fitting procedure, which is suitable for spinel
ceramics with a branched porous structure.

In the BaGa,O, ceramics, two PAL channels can be observed: the capture of
positrons by bulk defects and the decay channel of ortho-positronium atoms. The
short-term component of the PAL spectra reflects the microstructural characteristics
of the main phase, while the middle component is associated with defect-related
voids near grain boundaries. The lifetimes of the third and fourth long-term
components are indicative of the transformation of nanopores.

Upon analyzing the second component of the PAL spectra for both undoped
and Eu*'-doped BaGa,O, ceramics, it was observed that an increase in Eu** content
from 1 to 3 mol% results in the agglomeration of free-volume defects near the
grain boundaries of the ceramics. Simultaneously, the nanopores within the
ceramics expand in size, and their quantity increases. However, further increments
in the Eu®" ion content lead to the fragmentation of both the free-volume defects
and nanopores.
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Positron annihilation lifetime spectroscopy (PALS) is a highly sensitive method
used to investigate the presence of internal nanovoids in solids. This research aims
to study the presence of free nanovolumes in humidity-sensitive ceramics by
employing multicomponent positron-positronium trapping models.

The findings reveal that humidity-sensitive ceramics exhibit two distinct
components in the PALS measurements. The first component, characterized by
specific parameters (t, I,), reflects the microstructural properties of the material.
The second component, with parameters (z,, I,), corresponds to volume defects
near the intergranular boundaries, which are formed by additional phases. Another
channel in the measurements contains only one component, characterized by
parameters (t,, 1,), and represents the annihilation of ortho-positronium (o-Ps)
through the "pick-off" process in nanopores.

By conducting PALS investigations on modified MgAl,O, ceramics under dry
and wet conditions, and employing high-statistical measurements, it was possible
to observe and analyze the behavior of the four identified components. The second
channel exhibited two components, with parameters (t,, I,) and (t,, 1,), indicating
the decay of o-Ps atoms within nanopores. The first component in this channel
reflects the annihilation of o-Ps through the “pick-off” process in nanopores of
approximately 0.2-0.3 nm in size and in the presence of water, resulting in an
increase in intensity (I,). The second component in this channel, characterized by
parameters (t,, 1), describes the annihilation of 0-Ps through the “pick-off” process
within an empty pore volume with a radius of 1.8-2 nm, where water molecules
are formed as a layer on the pore walls.

In conclusion, the application of the multicomponent positron-positronium
model proves to be more suitable for describing the transformation of free volumes
in materials with well-developed porous structures. Additionally, it facilitates the
study of adsorption-desorption processes in ceramics such as MgAl O, spinels.
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The method of modulation polarimetry was used to study nanoscale films of
zinc oxide. Samples of ZnO films were obtained by deposition from a solution of
zinc acetate followed by annealing.

The studies performed have shown that the obtained ZnO thin films can be
effectively used as optical plasmonic sensors. The use of the modulation
polarimetry technique in the version of internal reflection, in particular, the
Kretschmann geometry, made it possible to obtain detailed information on the
optical properties and structural features of the films under study. An analysis of
the spectral and angular dependences of the Stokes vector components confirms
the presence of a cluster structure in ZnO films and resonant dipole interaction
with an electromagnetic wave. As it turned out, in isolated dielectric clusters, the
field is oriented along the normal to the cluster surface. The cluster structure of
ZnO films detected by modulation polarimetry is confirmed by the results of atomic
force microscopy (AFM).

Particular attention should be paid to the fact that the studied films exhibit a
dipole resonant interaction independent on the light incidence angle, which
indicates the versatility of the method and its potential for use in various areas of
electronics and photonics.

The results obtained indicate the possibilities of using the studied nanosized
ZnO films in various practical applications, in particular, in optical sensors. The
use of polarization modulation can make it possible to create sensitive elements
with high resolution and sensitivity to properties’ changes.
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Nanocomposites achieve enhanced mechanical and electrical properties
compared to the host material by incorporating nanotubes (such as carbon) into an
insulating matrix. In the simulations presented, we introduce the concept of
tunneling range. If the shortest distance between two nanotubes is within the
tunneling range, they are considered to establish a tunneling contact.

Mathematically, the system is represented as a graph, and the percolation search
involves identifying the connected component of the graph that includes elements
touching opposite edges of the simulated box, acting as “electrodes”. These
“electrodes” are simulated as pseudo-tubes with zero dimensions. To determine
the conducting cluster, we employed a weighted quick union algorithm with path
compression. Around 20 simulations were conducted for each system using the
same parameters, and the percolation threshold value was obtained as the average
from these results.

Consequently, we developed a viable three-dimensional model that describes
the percolation phenomenon in the nanocomposite system of “conductive
nanotubes/insulating medium”. The mathematical description captures the process
of nanotube network formation, and the numerical calculations incorporate the
tunneling mechanism of electrical conductivity. The resulting percolation threshold
values exhibit satisfactory agreement with existing experimental data.

Moreover, it was observed that increasing the size of the simulated and/or
conducting a greater number of computer experiments yield more accurate results,
which better correlate with experimental observations. Additionally, our findings
demonstrate that a “soft-core” model without tunneling capability cannot produce
reliable results. Furthermore, our research reveals that increasing the alignment
angle generally decreases the percolation threshold, with the alignment's influence
being more pronounced within the angle range of 30 to 50 degrees.
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Currently, medium-entropy alloys (MEA) and high-entropy alloys (HEA) are
actively being developed and investigated [1]. They represent a type of
multicomponent alloy and are considered promising materials for industrial
applications. Contents and ratio of each component is taken into account in the
case of multicomponent alloys. By reducing or increasing the proportion of
additional elements, one may generate a variety of metallographic structures which
have a significant effect on the properties of alloys [2,3]. Here we present the results
of the synthesis MEA coatings using magnetron sputtering in an argon plasma. The
selection of the composition of the multicomponent composition is determined by
the required level of performance properties. The mosaic target had a titanium base
with inserts made of zirconium, niobium, and molybdenum. The TiZrNbMo
coatings were synthesized under various plasma generation conditions. The
influence of frequency modulation (10 Hz and 1000 Hz) and power (300 W and
1000 W) on the structure and properties of the TiZrNbMo coating was studied.
Additionally, coatings were deposited by magnetron sputtering at various substrate
biases (ranging from 0 to -150 V). Scanning electron microscopy with
microanalysis was employed to determine the thickness, surface morphology and
chemical compositions of the coatings. The mechanical properties of the
TiZrNbMo coatings were determined by nanoindentation.

1. Geanta V., Voiculescu L., Vizureanu P.,, Sandu A. V. High Entropy Alloys for Medical Ap-
plications // Engineering Steels and High Entropy-Alloys. -2019.-P. 181-198.

2. D.Banerjeea, J.C.Williams. Perspectives on Titanium Science and Technology // Acta
Materialia.-2013.-61. N 3.-P. 844-879.

3. Misiruk 1.0., Tymoshenko O.1. et al. Effect of deposition parameters on microstructure
and tribological properties of hard CA-PVD multi-component TiAICrN and TiAICrCN coat-
ings // PAST. -2020. -130. N 6.-P. 123 -126.
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Heavy-weight micro- and nano-sized powders are widely used as additives to
cementitious systems in construction and dental applications. Due to their high
atomic number replacement of Portland cement with additives enable to produce
composites with radiopacifying and radiation (gamma-ray and neutron) attenuation
properties. In the recent years there is a growing concern to produce lead-free
materials, thus various additives are used including Bi,0,, Ti,0,, WO,, Gd,0O, or
Fe,0,. Special interest is put on application of Bi,O, due to its high atomic number
(Z=83), low price, non-toxicity and biocompatibility. However, presence of Bi203
powder delays the hydration process of cement substantially resulting in increased
setting time of cement pastes and low early strength. Therefore, incorporation of
such material in additive manufacturing of concrete is limited.

One of the popular inexpensive methods is production of thin silica coatings
on the nanoparticles surfaces’ in order to increase their reactivity and improve their
bonding withing the matrix. Therefore, new type of admixture composed of Bi,O,
and Gd,O, particles coated with thin silica coatings has been proposed. Two types
of sol-gel silica coatings towards production of core-shell structures were
synthesized (varied with coating method and specific surface area) and their effect
on the fresh properties of 3D printable concrete mix was evaluated. Static yield
stress, dynamic yield stress and recovery rate were evaluated using rotational
rheometer. Study showed that depending on the coating type incorporation of
proper nanostructure can substantially improve the early age properties of 3DPC,
resulting in higher thixotropy of the mix. Moreover, inclusion of silica coating
minimalize the negative effect of delayed hydration, thus mixtures containing
newly developed structure are suitable for 3D printing applications without threat
of low early strength and potential failure of structure in plastic state.

Acknowledgement: This research was funded in whole by the National Science
Centre, Poland within Project No. 2020/39/D/ST8/00975 (SONATA-16).
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Nanocellulose (NC)-based polymer composites with inorganic luminescent
particles have attracted attention as materials for LEDs, document protection,
interior decoration, smart ceilings, night indicators, luminescent logos and labels,
transformers of mechanical energy to visible light, etc.

Despite the different nature of the matrix (nanocellulose) and the filler
(inorganic micro/nano-sized particles of a complex oxide), the interaction between
them can be a mechanism that allows to control and manage the properties of the
composite material to some extent.

In this work, the features of the PL characteristics and the mechanisms of its
excitation were investigated for NCs filled with oxide phosphors of three types
(K, Tb(PO,):Eu, (green-orange emission), K,Eu(PO,)(WO,) (orange-red), or
ScALO,:Dy,Eu (green-yellow)) in comparison with the PL characteristics of the
specified phosphors in their "free" powder state.

Correlations of the PL properties with morphology, spatial, electronic and
vibrational structure of composites were identified and analyzed.

The ways of possible application of the studied composites were discussed, too.
Particularly, the studied composites in “liquid” forms can be used as luminescent
inks in 3D printing devices.
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In recent years, many different materials based on hybridized carbon in its low
dimensional forms (such as functionalized graphene, carbon nanotubes, graphene,
graphene quantum dots, graphene nanoribbons, etc.) and these systems are widely
used in optoelectronics, especially when interfaces with molecules are created [1,2].
Here, we present a microscopic view of the substrate-molecule interface interaction
in an archetypal hybrid material consisting of graphene functionalized with dye
molecules. The non-radiative energy transfer at a 0D/2D interface can be explained
by two main mechanisms: Forster and Dexter couplings. The Forster process
describes the direct transfer of energy from an optically excited molecule to the
substrate (in our case graphene or its derivatives). The Dexter coupling is based
on simultaneous transfer of charges between the molecule and graphene states after
the photoexcitation process. The Forster and Dexter energy transfer rates can be
calculated analytically via Fermi's golden rule with the momentum-dependent
initial and final states of the graphene substrate and the HOMO and LUMO states
of the molecule. Having characterized the hybrid material within the limits of DFT
calculations, including the fully geometrical relaxation of the structure, its
electronic band structure, optical properties and charge rearrangement, we will
focus on energy transfer, which was measured recently experimentally. The
obtained results will be applied to other carbon hybrid nanostructures and, in
general, to the description of energy transfer processes when the molecular
transition dipole moment and the substrate—-molecule separation are known.

1. §. Osella, M. Wang, E. Menna, and T. Gatti, Lighting-up nanocarbons through hybridiza-
tion, Optoelectronic properties and perspectives, Optical Materials X 12, 100100 (2021).

2. O. Semchuk, T. Gatti, and S. Osella, Carbon based hybrid nanomaterials: overview and
challenges ahead, Surface 14(29), 78-94 (2022).
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As aresult of the aggression of the Russian Federation on Ukraine, the demands
for treatment of burns has increased significantly. For this purpose silver-containing
hydrogel dressings cross-linked by high-energy electron irradiation are effectively
used. Depending on the dose and the content of silver, the structure of hydrogel
nanocomposite, the size and distribution of the Ag nanoparticles, reduced from
silver nitrate, may change and that effects on the properties of the dressings.

Some structural peculiarities of PVA-AgNPs nanocomposite were studied by
XRD analysis, SEM and TEM methods. XRD analysis of the unirradiated sample
revealed a peak characteristic of silver nitrate. When the sample is irradiated by
high-energy electrons this peak disappears and the (111)... Ag and (200)... Ag
peak appear. With a further dose increase, the intensities of both peaks increase
confirming the reducing of Ag from silver nitrate.

SEM analysis has shown that the nanocomposite has a porous structure with
the small porous size 10-30 um able to absorb water effectively and bubbles size
0.1-1 mm, which seems appear due to cross-linking, radiolysis and reduction
reactions. The pore surfaces are smooth and uniform. Silver nanoparticles with the
size of 40-90 nm and their agglomerates with the size of 160-470 nm were found.

TEM analysis revealed that in addition to Ag nanoparticles the Ag,O oxide
presents in the irradiated samples in a form of oxide shell on the silver nanoparticles
or as standalone faceted nanoparticles with the size of 30-70 nm. Probably, this
oxide is formed from reduced Ag, which interacts with the products of the
radiolysis of water in hydrogel irradiated by high-energy electrons.
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The digitization of data has sparked a global trend, leading to the widespread
use of digital photodetection tools. This shift has been accompanied by a drive for
smaller, more affordable electronic devices, as well as advancements in digital data
transmission, analysis, and storage systems. These developments have paved the
way for new applications of digital photodetection tools across various domains,
including industry, infrastructure design, logistics, medicine, social interactions,
academic research, and the military-industrial complex [1]. With the rise of "Big
Data," the transmission and storage of large volumes of digital information have
become increasingly important. This concept aligns with the utilization of machine
analysis methods, including sophisticated neural network algorithms capable of
extracting high-level features through deep learning. These tools not only expand
the researcher's capabilities but also facilitate machine-to-machine interaction
analysis. By relying less on human intervention, this approach reduces the burden
on personnel and helps mitigate issues associated with human error.

After conducting thorough research, a comprehensive approach has been
devised to improve the effectiveness of digital photodetection systems. This is
accomplished by utilizing nanostructured photoluminescent coatings, which
facilitate the synchronization of the photoelectric converter's absorption spectrum
with the transmission spectra of the light filters, aligned with specific color schemes
[2]. Key factors influencing the system's performance include the photosensitivity
of the photoelements and color balance. These factors are evaluated based on the
photomatrix's color scheme, the optical characteristics of the photoluminescent
coating, and the silicon substrate of the photoelectric converters. Through the
implementation of this methodology, the efficiency of the digital photodetection
system can be significantly enhanced. The model compounds used for calculations
were pyrazoline photoluminescent dyes [3]. The advantage of this set of
luminophores is their high quantum yield of photoluminescence (QY = 75-80%),
absorption in the near ultraviolet and visible ranges, and a sufficiently wide Stokes
shift (115 nm to 280 nm). Control over the luminophores’ characteristics
(absorption spectrum and Stokes shift width) is achieved through the selection of
the base dye and additives during the synthesis stage. Nanostructuring of the
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synthesized luminophor involves the incorporation of dye molecules into
submicron and nanoscale pores of a white zeolite, followed by laser thermal
annealing. This process, characterized by the amount of white zeolite relative to
the total mass and the duration of the thermal annealing procedure, allows for an
increase in the main photoluminescence peak by 5-11%. However, depending on
the sample's irradiation time, it also leads to a decrease in luminophor transmittance
and partial bleaching, which affects the target parameters.

Thus, a methodology for synthesizing coating luminophores has been
developed, which is based on the utilization of organic pyrazoline dyes and the
introduction of additives such as polymethyl methacrylate and polystyrene. This
approach enables controlled modification of the absorption and photoluminescence
spectra, as well as nanostructuring of the luminophor through the incorporation of
dye molecules into submicron pores of zeolite. Finally, a methodology for
determining the optimal parameters of the photoluminescent coating layer on the
elements of the photomatrix (with a silicon substrate for the photoelectric
converters of the constituent elements) has been developed based on the target
indicators of photosensitivity and color balance.

1. Li Z,, Yan P, Zou J. Depth information acquisition and image measurement algorithm
using microarray camera // International Journal of Autonomous and Adaptive Communi-
cations Systems. — 2023. — 16(5). — P. 45-52.

2. Anikin P.S., Beliak Ie.V. Development of multispectral recording media for multilayer
photoluminescent information recording // Electronics and Information Technologies. —
2019. - 12. —p. 3—-13.

3. Kryuchyn A.A., Beliak le.V. Development of nanostructured luminophor coating for
broadening of solar cell absorption spectrum // Proc. SPIE: Next Generation Technologies
for Solar Energy Conversion. — 2014. —9178. —p. 91780R-91787R.
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In recent years, many different materials based on hybridized carbon in its low
dimensional forms (such as functionalized graphene, carbon nanotubes, graphene,
graphene quantum dots, graphene nanoribbons, etc.) and these systems are widely
used in optoelectronics, especially when interfaces with molecules are created [1,2].
Here, we present a microscopic view of the substrate-molecule interface interaction
in an archetypal hybrid material consisting of graphene functionalized with dye
molecules. The non-radiative energy transfer at a 0D/2D interface can be explained
by two main mechanisms: Forster and Dexter couplings. The Forster process
describes the direct transfer of energy from an optically excited molecule to the
substrate (in our case graphene or its derivatives). The Dexter coupling is based
on simultaneous transfer of charges between the molecule and graphene states after
the photoexcitation process. The Forster and Dexter energy transfer rates can be
calculated analytically via Fermi's golden rule with the momentum-dependent
initial and final states of the graphene substrate and the HOMO and LUMO states
of the molecule. Having characterized the hybrid material within the limits of DFT
calculations, including the fully geometrical relaxation of the structure, its
electronic band structure, optical properties and charge rearrangement, we will
focus on energy transfer, which was measured recently experimentally. The
obtained results will be applied to other carbon hybrid nanostructures and, in
general, to the description of energy transfer processes when the molecular
transition dipole moment and the substrate—molecule separation are known.

1. S. Osella, M. Wang, E. Menna, and T. Gatti, Lighting-up nanocarbons through hybridiza-
tion, Optoelectronic properties and perspectives, Optical Materials X 12, 100100 (2021).

2. O. Semchuk, T. Gatti, and S. Osella, Carbon based hybrid nanomaterials: overview and
challenges ahead, Surface 14(29), 78-94 (2022).
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The aim of this work was to grow epitaxial layers of low-temperature gallium
arsenide by low temperature liquid phase epitaxy for optoelectronic devices in the
terahertz range.

That was investigated that generation of additional defects in GaAs epitaxial
layers and short carrier lifetime [1] makes GaAs an excellent candidate to realize
fast THz modulation.

Generation of additional defects was achieved by complex doping rare-earth
elements [2].

The Electrochemical Capacitance-Voltage (ECV) profiling technique was
applied to investigate electrophysical properties of epitaxial layers. To investigate
structural characteristics X-ray diffraction analysis (XRD) was used.

1. V.G. Verbitskiy, V.S. Antonyuk, A.O. Voronko*, L.M. Korolevych, D.V. Verbitskiy, D.O.
Novikov JOURNAL OF NANO- AND ELECTRONIC PHYSICS No 4, 04029(6pp) (2021).

2. Rostyslav Krukovskyi, Hryhoriy Ilchuk, Semen Krukovskyi.: Rare-earth elements in the
technology of obtaining epitaxial layers based on III-V materials / — LAP LAMBERT Aca-
demic Publishing, 2018. — 61 p. (ISBN 978-613-9-81809-9).
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Apatite (Ca (PO,)(OH),) and whitlockite (B-Ca,(PO,),) related calcium
phosphates due to their biocompatibility and bioactivity are widely used in
orthopedics and dentistry for bone restoration [1]. At the same time, the biphasic
calcium phosphates (mixture of apatite and whitlockite-type phases) have also
significant interest due to the possibility of regulation of material bioresorption by
varying the weight ratios of their components [2]. The main way for influence on
functional properties of synthetic calcium phosphates is their chemical modification
with cationic and anionic substitutions (mainly carbonate (CO,*) and trace metals
(Na*, K¥, Zn?")). The foreign ions change chemical and thermal stability,
mechanical and biological properties of such synthetic materials.

The aim of the study focuses on the synthesis of nanoparticles of calcium
phosphates which contain of sodium or potassium cations as well as their
combination with addition of Zn?>" and fixed amount of carbonate-anions,
characterization of prepared phosphates using powder X-ray diffraction and FTIR
spectroscopy methods and investigation of their antibacterial activity.

Chemically modified calcium phosphates were prepared from an aqueous
solution. According to powder X-ray diffraction results the biphasic calcium
phosphates which contain different amount of dopants were obtained. The
antibacterial activity of obtained phosphate again Staphylococcus aureus have been
evaluated.

1. Eliaz N., Metoki N. Calcium Phosphate Bioceramics: A Review of Their History, Struc-
ture, Properties, Coating Technologies and Biomedical Applications // Materials (Basel).-
2017.-10.-P. 334

2. Ebrahimi M, Botelho M. Biphasic calcium phosphates (BCP) of hydroxyapatite (HA)
and tricalcium phosphate (TCP) as bone substitutes: Importance of physicochemical char-
acterizations in biomaterials studies. // Data Brief.-2017.-10.- P 93-97.
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Traditional lamp-based lighting systems,such as filament bulbs and fluorescent
tubes, have been progressively replaced by LED-based solid-state lighting (SSL).
LED emits lights when forward current is applied to its p-n junction. Small and
energy efficient LEDs have quickly conquered the field of microelectronics and
optoelectronics. Commercial LEDs aremade of III-V group compounds, which are
GaAlAs (red-emitting), AlInGaP (yellow-orange), InGaN (blue, green), AllnGaN
(ultra violet). Among them InGaN/GaN heterostructures with quantum wells (QW)
as the core light-emitting region define an important standard for SSL [1].

The purpose of the study was to investigate the temperature dependence of
electroluminescence and current-voltage characteristics (CVCs) of the InGaN/GaN
heterojunction assembly in comparison to the homojunction ones (GaP, GaAsP).

The InGaN/GaN heterostructure with QWs was grown on sapphire (Al,0,) and
demonstrated the maximum emission of electroluminescence at 505 nm [2]. It was
found that at 290 K the single band splits into two peaking at 500 and 506 nm, the
latter is of lower intensity. The separation of ~30 meV between them is close to
the energy of acoustic phonone in GaN. The rise of injection current leads to a
blue-shift by 0.043 eVdue to the band filling effect. It is a distinct feature of the
heterojunction. The quantum yielddrops twice in a linear interval from 1 to 20 mA.

CVCs were acquired in the current generator mode for the 77-290 K
temperature range. They demonstrate a power-law dependency. The negative
differential resistance region most evidently appears at 77 K.Some decrement in
the dI/dU slope before the S-shaped region is indicative of increment in the diode's
differential resistance. The S-type regions are immanent to the systems with
positive feedback [3]. The presence of instability within dI/dU<0 implies a
variation in the current flow mechanism. The phenomenon might occur due to the
resonant tunneling of carriers along the quantization levels, enhanced by the effect
of their quasi-ballistic transfer through QWs.

We believe that both the appearance of a negative differential resistance and a
decrease in quantum yield are manifestations of discrete levels in QWs.

1.Laubsch A.et al. IEEE Trans. Electron Devices, 2010, 57, 79.
2. Mosiuk T. et al. Nucl.Phys. At. Energy, 2023, 24, 27.
3. Vernydub R. et al. RAD Conf. Proc., 2021, 5, 84.
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The InN-GaN solid solutionsare used for the production of efficient InGaN
LEDs emitting in the UV and Vis ranges thanks to their direct and wide band gap.
They are typically fabricated on a sapphire substrate resulting in a lattice mismatch
of ~12% between GaN and Al,O,. The development of mismatch dislocations
especially in the quantum wells (QW) region introduces piezo-fields through the
mechanical stress and additionally strengthens the natural polarization in the (0001)
direction of growth [1]. The quantum-confined Stark effect is becoming more
pronounced resulting in larger space separation of charges due to distortion of the
energy zones and lower probability of their radiative recombination [2].

The permeable radiation is known to affect the electrophysical properties of
materials by introducing structural defects and reducing the lifetime of minority
charge carriers. The impact manifests in reduction of the emission intensity and of
the current as it has been demonstrated for both the homo- and heterojunction LEDs
[3]. The degraded characteristics might be partially restored by the thermal
annealing [4].

In the present study we will focus on changes in electroluminescence spectra
of InGaN/GaN LEDs with QWs caused by the 2 MeV electron beam irradiation
with the flux up to 2.25-10"cm=2. The blue color (A _, = 470 nm) emitting
InxGa, N/GaN (x = 0.2) LEDs were grown on sapphire substrates.
Thetemperature-dependent emission study was performed in the temperature range
of 77-300 K for both the pristine and the irradiated LEDs and results are presented
in Fig. 1.

As can be seen from Fig. 1, the emission spectral line has the Gaussian type
profile perturbed by a phonon repetition peak (the phonon energy is
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Fig.1. Temperature-dependent (77-290 K) emission spectra of pristine (4) and
irradiated with 2 MeV electron flux (B) InGaN/GaN LEDs with QWs.

ho® = 65 meV) in the low-energy side. It was also observed that the intensity of
the LED glow can be amplified by increasing the injection current. Although, this
can be done within a certain interval only, because for the current value exceeding
20 mA, there is a tendency to saturation caused by the filling of QWs and rising
ballistic transfer of carriers through them. These effects are even more prominent
for the irradiated LED, where the characteristic maximum appears at currents much
smaller than the nominal one (=5 mA), and followed by a steady decrease in
quantum yield.The luminescence intensity diminishesdue to the introduction of
deep non-radiative levels in the QW.

The observed performance decrement of the heterojunction LEDs under study
after being irradiated with the 2 MeV has been found less pronounced in respect
to what was observed for the correspondent homojunction LEDs according to the
literature [5], thus, suggesting a better radiation resistance.

1. Das A. Opt. Spectrosc., 2022, 130, 137.

2. De S. et al. Appl. Phys. Lett. 2012, 101, 121919.

3. Vernydub R. et al. RAD Conf. Proc., 2021, 5, 84.

4. Budnyk O. et al., Nuclear Physics and Energy, 2022, 23, 116.

5. Konorova O.V., Radkevich O.L, Slisenko V1., Tartachnyk V.P. The influence of structural
defects on the physical properties of some semiconductor compounds AIIIBV. - Kyiv:
Naukova dumka, 2021.
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3D crystals of transition metal dihalcogenides (TMD materials) and their 2D
structures belong to the class of materials, technologically promising for creation
a variety of optoelectronic devices, photonics, light and display photodetectors,
solar panels, quantum sensors, etc. They possess a unique electronic band structure,
high charge carrier mobility (around 500 cm?V-!'s!), and belong to the class of two-
dimensional (2D) materials. The electronic and vibrational processes in these
materials, especially double electron-photon resonances, require further
investigation. Interestingly, a monolayer of a TMD such as molybdenum disulfide
(1L-MoS,) is a direct semiconductor with a bandgap ~1.8 eV, while the bulk crystal
of 2H-MoS, is an indirect bandgap semiconductor with a bandgap ~1.2 eV.

We have investigated a correlation of vibrational modes, electronic excitations
without taking into account an electron spin and with taking it into account and
their dispersion for 3D crystals of the MoS, and their 2D-monolayers 1L-MoS, at
high symmetry points of the corresponding Brillouin zones.

The influence of the lone electronic pairs, formed in the MoS, structures by the
sulfur ions S*, on the energy spectra and on the structure of electronic n-zones, and
the nature of spin-dependent splitting of m-states of spinor excitations in K and H
points of the Brillouin zone in 3D crystals of MoS, have been explained.
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Recently, the demand for harvesting different types of alternative green energy
sources (solar, mechanical, thermal, etc.) increases due to the waste generated
during the production of energy devices which cause significant problems related
to environmental factors and human health. The one of common energy source
available is mechanical energy, and the piezoelectric effect is frequently used to
convert appropriate energy types (for example, human body motion and vibrations)
into electrical energy [1,2]. Piezoelectric nanogenerators are dependent on a
piezoelectric material for the conversion of mechanical stress into useful electrical
energy.

The aim of this study was to investigate the effect of BiFeO, nanoparticles'
weight amount (1-20%) on the properties of polylactide/BiFeO, thin films. BFO
nanoparticles were fabricated using the facile reverse co-precipitation method,
followed by annealing and ultrasonic dispersion in chloroform, which was used as
a solvent for polylactide granules. Obtained mixtures were solution-casted on glass
plates, cut into proper shape and gold electrodes were sputtered on both sides.
Prepared thin films were characterized by means of filler dispersion (SEM),
structure (XRD, DSC), dielectric properties and piezoelectric response of
polylactide/ bismuth ferrite thin films to different air stream pressure.

1. J. Ghazanfarian, M.M. Mohammadi, K. Uchino. Piezoelectric Energy Harvesting: A
Systematic Review of Reviews// Actuators.-2021.-10.-P. 1-40.
https://doi.org/10.3390/ACT10120312.

2. C. Rae, F. Bradley. Energy autonomy in sustainable communities - A review of key is-
sues// Renew. Sustain. Energy Rev.-2012.- 16.-P. 6497-6506.
https://doi.org/10.1016/j.rser-2012.08.002.
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Recently, as the bacterial infection situation has been prolonged due to Corona
19, the popularity and consumption of various antibacterial products such as the
packaging material, medical devices and implants are gradually increasing. The
inorganic bacteriostatic agents such as ZnO, CuO and Ag nanoparticles have
attracted a great deal of attention over the past years. The work is devoted to the
study of effective polymeric composite films based on polycarbonate [1] and zinc
oxide or silica carriers with immobilized nanoparticles of silver and copper oxides.

A standardized disk-diffusion approach was used to evaluate the antibacterial
activity of composite film with a diameter of 5 mm relative to the gram-positive
bacteria (Staphylococcus aureus, Bacillus subtilis), gram-negative bacteria
(Escherichia coli) and yeast (Candida albicans). The antibacterial activity was
determined by measuring the diameter of the inhibition zones were measured in
millimetre (mm) around samples [2]. Materials containing silica carriers with
immobilized silver and copper oxide nanoparticles demonstrated the antimicrobial
properties and inhibit their growth of a wide range of microorganisms.

1. Sohrabi S., Pazokian H., Ghafary B., Mollabashi M., Superhydrophobic-antibacterial
polycarbonate fabrication using excimer laser treatment // Optik, 2022. V.262, 169377.

2. Kozakevych R., Bolbukh Y., Lupascu L., Lupascu T, Tertykh V. (2018). Polymeric com-
posite films with controlled release of natural antioxidant Enoxil. In: Fesenko O., Yatsenko
L. (eds) Nanochemistry, Biotechnology, Nanomaterials, and Their Applications. NANO
2017. Springer Proceedings in Physics, V. 214. Springer, Cham.
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In this study, we conducted an ab initio investigation of the structural, electronic
and optical properties of AgCaBr, and AgSrBr, Calcium-based halide perovskites.
using the full-potential linearized augmented plane-wave (FP-LAPW++lo) method
[1] basis set as implemented in the WIEN2k code [2].Calculated structural
parameters, including the lattice constants (), bulk modulus (B) and its pressure
derivative (B'), for the considered compounds using both the local density (LDA)
[3] and generalized gradient approximations (GGA—PBEsol) [4] are consistent with
the available data in the scientific literature. To calculate the electronic properties,
the exchange-correlation potential is treated with various functionals, and we find
that the newly developed Tran—Blaha-modified Becke—Johnson (TB-mBJ) [5-7]
functional significantly improves the band gap. Band structure, total and site-

1. Cottenier S. Density Functional Theory and the Family of (L)APW-methods: aStep-by-
step Introduction // Instituut voor Kern-en Straling sfysica, KU Leuven, Belgium 4,second
ed., ISBN-2002-2013.-978-90.- P. 807215-807222.

2. Blaha P, Schwarz K., Madsen G., Kvasnicka D., Luitz J. WIEN2k:An Augmented Plane
Wave Plus Local Orbitals Program for Calculating Crystal Properties // Vienna University
of Technology, Institute of Materials Chemistry Getreidemarkt, Vienna, Austria-2017.-
9/165-TC A-1060.

3. Perdew J.P., Wang Y. Accurate and simple analytic representation of the electron-gas
correlation energy // Phys. Rev. B-1992.-45.- P. 13244-13249.

4. Perdew J.P, Ruzsinszky A., Csonka G.I., Vydrov O.A., Scuseria G.E., Constantin L.A.,
Zhou X., Burke, K. Restoring the Density-Gradient Expansion for Exchange in Solids and
Surfaces // Phys. Rev. Lett.-2008.-100.- P. 136406-136410.
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projected /-decomposed densities of states, charge-carrier effective masses, charge
transfers and charge density distribution maps were obtained; analyzed and
compared with the available theoretical data. The frequency-dependent complex
dielectric function, absorption coefficient, refractive index, extinction coefficient,
reflectivity and electron energy loss function spectra were calculated. The origins
of the peaks and structures in the optical spectra are determined in terms of the
calculated energy band structures.

5. Becke A.D., Johnson E.R. A simple effective potential for exchange // J. Chem. Phys.-
2006.-124.- P. 221101-221105.

6. Tran F,, Blaha P, Schwarz K. Band gap calculations with Becke-Johnson exchange po-
tential // J. Phys. Condens. Matter-2007.-19.- P.196208-1962016.

7. Tran F., Blaha P. Accurate Band Gaps of Semiconductors and Insulators with a Semilo-
calExchange-Correlation Potential // Phys. Rev. Lett.-2009.-102.- P. 226401-226405.
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X-ray photodynamic therapy (X-ray PDT) of cancer is based on generation of
reactive oxygen species in tumor upon its irradiation by deep-penetrating X-ray
irradiation. For this, nanosystems accumulated in the tumor should be developed,
which absorb X-ray quanta and transform their energy into that of reactive oxygen
species. Here we have studied formation of model nanosystem for X-ray PDT
“silver nanoparticles / DNA / berberine” and electronic excitation energy transfer
process in it. In this nanosystem, silver nanoparticles are suggested to absorb
X-rays and produce secondary electrons used to excite DNA; electronic excitation
energy of DNA bases is supposed to be further transferred to berberine which
would enerate reactive oxygen species to destruct cancer cells.

Thus, we have synthesized silver nanoparticles on low molecular weight DNA
and then added berberine to the obtained suspension. Absorption and fluorescence
spectra of berberine in the presence of DNA-silver nanoparticles system proves
the binding of berberine molecules to DNA-silver nanoparticles and thus the
formation of “silver nanoparticles / DNA / berberine” nanosystem. Besides,
fluorescence excitation spectra demonstrate that electron excitation energy transfer
takes place from DNA bases to berberine in the formed nanosystem. This energy
transfer is a necessary stage in the suggested process of energy transformation from
X-ray quantum to reactive oxygen species.

In addition, interaction of “silver nanoparticles / DNA / berberine” nanosystem
with the model phospholipid membrane was studied by differential scanning
calorimetry. It was shown that this nanosystem leads to the increase in cooperativity
of the membrane phase transition.

The work was supported by the National Research Foundation of Ukraine
(project 2020.02/0367)
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cross-linked by electron irradiation

Sytnyk 1.0.', Demchenko V.L.?3, Dolgoshey V.B.., Iurzhenko M.V.?3,
Neimash V.B.*, Monastyrsky G.E.", Mamunya Y.P.>3

INTUU “lIgor Sikorsky Kyiv Polytechnic Institute”.

37, Prospect Beresteiskyi, Kyiv-03056, Ukraine.

E-mail: sytnyk.illia@lll.kpi.ua

2 E.O. Paton Electric Welding Institute,

National Academy of Science of Ukraine

11, Kazymyr Malevych str. Kyiv-03150, Ukraine.

3 Institute of Macromolecular Chemistry,

NASU, 48, Kharkivske shosse. Kyiv-02160, Ukraine.

4 Institute of Physics, National Academy of Science of Ukraine
46, Nauky Ave., Kyiv-03028, Ukraine

Hydrogels are highly sought after for their exceptional properties, including
high water content, softness, flexibility, and biocompatibility. lonizing radiation is
favored for crosslinking hydrogels, improving their mechanical characteristics and
resistance to high temperatures. Incorporating titanium oxide (TiO,) particles is
promising for enhancing hydrogel properties, particularly antibacterial activity.

In this work the structure of PVA-PEG-TiO, hydrogel composites was
investigated and an influence of TiO, concentration on mechanical properties
composites was evaluated. At the same time, studies of the antimicrobial activity
of these composite systems were conducted.

The synthesis process of hydrogel samples incorporating titanium dioxide
particles was described in detail [1,2]. Dynamic light scattering method determined
the hydrodynamic diameter of the TiO, particles to be approximately 320 nm.
Scanning electron microscopy was employed to visualize the distribution of TiO,
particles within the polymer matrix. Analysis of the sample structure using wide-
angle X-ray diffraction indicated a slight shift in the diffraction maxima responsible
for the TiO, crystalline phase, suggesting an interaction between titanium dioxide
and the PVA-PEG polymer matrix.

Mechanical testing conducted on a tensile testing machine revealed a decrease
in both the tensile strength and elongation at break as the concentration of TiO,
particles increased. This decrease in mechanical properties was attributed to the
disruption of the polymer network's integrity and connectivity caused by the
presence of TiO, particles.
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Furthermore, antimicrobial activity was investigated by evaluating the hydrogel
samples against Staphylococcus aureus and Escherichia coli. A hydrogel with a
TiO, concentration of 1 wt.% showed no bactericidal effect, hypothesized to be
due to the large size of the TiO, particles.

1. Hydrogels in pharmaceutical formulations / N. Peppas [and all] // European Journal of
Pharmaceutics and Biopharmaceutics. — 2000. — T. 50, Ne 1. — C. 27—46. — ISSN 0939-
6411. — DOI: https://doi.org/10.1016/S0939-6411(00)00090-4.

2. Calo E., Khutoryanskiy V. V. Biomedical applications of hydrogels: A review of patents
and commercial products // European Polymer Journal. — 2015. — T. 65. — C. 252—267.
— ISSN 0014-3057. — DOI: https://doi.org/10.1016/j.eurpolymj.2014.11.024.
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The results of studies of the surface relief of the Co-W(WO,)-TiO, composite
systems influence by an atomic force microscopy are discusses.

The research was carried out on samples coated with Co-W(WO,)-TiO,
composition, at. %: 89.1 Co, 5.4 W and 5.5 Ti (in terms of metal), deposited from
a citrate complex electrolyte containing 5 g/dm? of titanium dioxide, at a current
density i, = 3.5 A/dm?, T'= 323 K and the electrolyte mixing speed is 100 rpm [1].

The results of AFM analysis of the surface of the studied samples indicate the
formation of a fine-grained, more ordered and uniform structure, compared to the
base material. Areas of different morphology are observed on the surface: the main
surface layer has a fine-grained structure, and cone-shaped agglomerates with a
base diameter of up to 5 microns, similar to the structure of metallic cobalt, are
located in certain areas. Separately located protrusions are also visualized on the
surface of the coating, which differ significantly in height from the main surface.
The surface roughness for the scanning area of 48 x 48 um is R, = 0.3 um and
R,=0.3, which indicates a significant surface (90° — 270°) indicates anisotropy
of the properties of the obtained material.

The fractal dimension D for the Co-W-TiO, coating is 2.70, which reflects
three-dimensional nucleation during coating formation. The fractal dimension
decreases to 2.44 as the scan area decreases to 10 X 10 um, and in the nanoscale
relief (2.5 x 2.5 um) it is 2.24, indicating local surface alignment when transitioning
to nanoscale relief.

1. Yermolenko I. Yu., Sarai V. V., Karakurkchi G. V., Kryvobok N. A. Electrochemical dep-
osition of multicomponent cobalt composite coatings doped with titanium(IV) oxide. Es-
ource- and energy-saving technologies in the chemical industry: Scientific monograph.
Riga, Latvia : "Baltija Publishing”, 2022. P. 204-222.
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We revealed the formation of the ferroelectric orthorhombic phase in oxygen-
deficient HfO, nanoparticles prepared at different annealing conditions for the
controlled formation of oxygen vacancies. X-ray diffraction was used to determine
the phase composition of the nanoparticles. Micro-Raman spectroscopy was used to
explore the correlation of lattice dynamics and structural changes appearing in
dependence on the average size of the nanoparticles and vacancies concentration.
Landau-Ginzburg-Devonshire (LGD) phenomenological approach and phase-field
modelling were used to calculate the phase diagrams, ground and metastable states,
polar and structural properties of oxygen-deficient HfO, nanoparticles of various
shape, which properties are strongly affected by surface and size effects. Special
attention has been devoted to the comparison of modelling and experimental results.
The combination of the Raman spectroscopy with X-ray diffraction, ferroelectric
measurements, LGD, and phase-field theoretical approaches allows to establish the
role of oxygen vacancies and to reveal the physical origin of possible correlations
between the lattice dynamics, microstructure, phase composition and ferroelectric
properties of the HfO, nanoparticles prepared in different conditions.
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Raman spectra of stoichiometric (a) and oxygen-deficient (b) HfO,
nanoparticles of sizes (9 - 14) nm. (c) Calculated polarization behavior in electric
field (normalized units) changes from the dielectric curve for stoichiometric HfO,
nanoparticles to the pronounced double and single hysteresis loops for the oxygen-
deficient HfO, nanoparticles.

The work is supported by the NATO SPS Programme Grant G5980 “FRAPCOM”.



260 NANOTECHNOLOGY AND NANOMATERIALS

Revealing of two relaxed forms in excited state
in polymethines polymers by soliton theory

Vasylyuk S. V%3, Simchenko S.V.?

! Faculty of Physics, Taras Shevchenko National University of Kyiv,
64/13, Volodymyrska Street, 01601, Kyiv, Ukraine

2 State University of Telecommunications,
7, Solomenska street, 03110, Kyiv, Ukraine

3 International European University,
42/ V, Academician Glushkov Avenue, 03187, Kyiv, Ukraine

*Corresponding author: svitlanafvasylyuk@gmail.com

Linear conjugated systems are called molecular compounds where the
alternation of simple and multiple bonds. In general, the linear conjugated systems,
which will be discussed here can be represented by the formula: [R, - (CH)_-R,],
where R, and R, - terminal group connected to the polymethine chain. These
systems can be either electric neutral and charged positively or negatively -
depending on what they injected - electron or hole. Methine carbon atom of (CH)
in the chain is in sp2-hybridized state. To explain the properties of some organic
compounds such as quasi-metallic conductivity, a significant change in the spectral
properties of ionic dyes that absorb and emit light in the near infrared region of
the spectrum managed, including through the use of the concept of solitons.
Established that injection of electrons / holes in the conduction band leads to soliton
level appearance inside the restricted area and this is accompanied by marked shift
of the valence band top and the conduction band bottom, when electron injected -
downward energy, in the case of holes injection - in the direction of energy
increasing. In this work we use the charge transfer model based on the concept of
solitons, according to Davidov A.D. which complements and develops other
models. The joint spectral and quantum-chemical investigations of relaxation paths
of symmetrical polymetine dyes are performed. They have shown existence of
three relaxation paths: one symmetrical path with a conservation of the symmetry
for the electronic structure and two unsymmetrical paths with various symmetry
breaking mechanisms. All three components are experimentally detected by time-
resolved fluorescent spectroscopy at low temperatures in polar medium. The
fluorescent paths differ by their lifetime and spectral shape (band maxima) as well
as strongly depend on rigidity and polarity. Reported studies give a significantly
increased fundamental understanding of molecular electronic relaxations in excited
state of symmetrical polymethine dyes.
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In recent years, there has been scientific and practical interest in studying the
luminescent properties of oxides based on alkaline earth metals. This interest is
driven by their potential for creating high-performance phosphors and solid-state
lasers with lamp pumping [1]. Calcium oxide (CaO), barium oxide (BaO), and
potassium oxide (K,O) are widely used in optical devices and light-emitting
devices operating in the visible spectrum and exhibiting luminescent properties.
To obtain samples of (CaO),(P,0;),, (BaO),(P,0;),, and (K,0) (P,0y),, the method
of vacuum melting of high-purity substances was used. Manganese was added step
by step during the melting process to achieve better homogeneity of the melt with
parallel stirring. Optimal melting conditions and melt stirring were chosen based
on existing experimental data.The samples were polished plates measuring
50x15x15 mm. Manganese was added for doping in various percentage ratios. In
this work, the influence of manganese concentration (Mn) on the luminescence
intensity of these glass-like compounds was investigated.

For excitation of luminescence, a nitrogen laser LGN-10 with a wavelength of
337 nm was used. Luminescent characteristic studies were carried out at room
temperature (20°C) under constant voltage and with the signal amplification
coefficient from the photomultiplier tube (PMT). Luminescence spectra were
examined using the spectral complex KSVU-12 in automatic mode. The
photocurrent signal from the PMT was amplified by an original design instrumental
amplifier [2] and recorded using a high-speed analog-to-digital converter (ADC).
The measurement results were simultaneously displayed in real-time on a computer
screen and recorded in a data file on a hard disk. Figure 1 shows the
photoluminescence spectra of the investigated samples activated with manganese
(a-b-c) with manganese content ranging from 1% to 10%. The dependence of
luminescence intensity on the amount of activating impurity is also shown (g).

From the graphs, it can be observed that the introduction of manganese doping
leads to the emergence of a single emission band (with a wavelength of
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Fig 1. Photoluminescence spectra of oxide compounds based on: (a) (BaO) (P,0),
(b) (KZO)x(PZOQ), (c) (CaO)x(PZOj)}, doped with manganese (1-10%) and the
dependence of emission intensity on the concentration of the doping impurity (g).
1-(Ba0) (P,0y), 2 - (K,0)(P,0y), 3 - (CaO)x(P,0,),

approximately 672 nm), indicating the activating property of manganese. The
spectral peaks are relatively narrow, indicating the elemental nature of the emitting
centers. This suggests that the observed emission band is caused by centers of the
same type. It can be hypothesized that the main luminescence band is due to the
formation of paired and triple associates of Mn?" ions in the investigated
compounds.A comparative analysis of the position of the spectral peaks and the
emission intensity showed that the percentage ratio of manganese practically does
not affect the emission wavelength, while the luminescence intensity varies
proportionally to the percentage content of manganese in the sample.
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In works [1,2], it was established that nanoporous Al,O, matrices with ADP
crystals in the pores have a low reflection coefficient (~0.5%) in the spectral range
of 1.0-10.0 um. However, the mechanism of this phenomenon was not established
in these works.

This work investigates the effect of mechanical surface treatment on the optical
properties of nanoporous Al,O, matrices with the inclusion of ADP, KB5S, and KDP
crystals in the pores. In addition, profilograms of the surfaces of the studied
samples were taken before and after mechanical processing. The conducted studies
make it possible to assess the presence of diffuse scattering by the surfaces of these
studied nanomaterials and to evaluate its impact.

1. Andrushchak N., Vynnyk D., Andrushchak A., Haiduchok V., Zhydachevskyy Y. and Kush-
Ilyk M. Optical Properties of Nanoporous Al,O, Matrices with Ammonium Dihydrogen Phos-
phate Crystals in Nanopores // 2018 IEEE 8th International Conference Nanomaterials:
Application & Properties (NAP), Zatoka, Ukraine, 2018, pp. 1-4.

2. Andrushchak N. et al. Optical and Electron Microscopy Studies of AL,O, Nanomatrices
with Embedded ADP and KB5 Nanocrystals // 2022 IEEE 12th International Conference
Nanomaterials: Applications & Properties (NAP), Krakow, Poland, 2022, pp. NCI02-1-
NCI02-4.
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In recent years, many different materials based on hybridized carbon in its low
dimensional forms (such as functionalized graphene, carbon nanotubes, graphene,
graphene quantum dots, graphene nanoribbons, etc.) and these systems are widely
used in optoelectronics, especially when interfaces with molecules are created [1,2].
Here, we present a microscopic view of the substrate-molecule interface interaction
in an archetypal hybrid material consisting of graphene functionalized with dye
molecules. The non-radiative energy transfer at a 0D/2D interface can be explained
by two main mechanisms: Forster and Dexter couplings. The Forster process
describes the direct transfer of energy from an optically excited molecule to the
substrate (in our case graphene or its derivatives). The Dexter coupling is based
on simultaneous transfer of charges between the molecule and graphene states after
the photoexcitation process. The Forster and Dexter energy transfer rates can be
calculated analytically via Fermi's golden rule with the momentum-dependent
initial and final states of the graphene substrate and the HOMO and LUMO states
of the molecule. Having characterized the hybrid material within the limits of DFT
calculations, including the fully geometrical relaxation of the structure, its
electronic band structure, optical properties and charge rearrangement, we will
focus on energy transfer, which was measured recently experimentally. The
obtained results will be applied to other carbon hybrid nanostructures and, in
general, to the description of energy transfer processes when the molecular
transition dipole moment and the substrate—-molecule separation are known.

1. §. Osella, M. Wang, E. Menna, and T. Gatti, Lighting-up nanocarbons through hybridiza-
tion, Optoelectronic properties and perspectives, Optical Materials X 12, 100100 (2021).

2. O. Semchuk, T. Gatti, and S. Osella, Carbon based hybrid nanomaterials: overview and
challenges ahead, Surface 14(29), 78-94 (2022).
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Carbon dots (CDs) with an average diameter less than 10 nm have garnered
increasing attention in the research of material science and biomedical engineering
due to their unique properties such as small size, photoluminescence (PL), high
water-dispersity, biocompatibility, low toxicity, and tunable surface functionality.
In this presentation, I will begin with the introduction of the methodologies used
to synthesize a wide array of CDs. Specifically, three unique CD species that
represent both top-down and bottom-up approaches will be scrutinized through
extensive structural characterizations to optimize their properties and applications.

Then, I will shift focus to the wide scope of exceptional biomedical applications
of CDs recently developed in our lab: (1), surface modification nanoarchiteconics
of carbon nitride dots (CNDs) for enhanced drug loading and higher cancer
selectivity; (2), a drug delivery system of CDs conjugated with memantine for
targeting tau aggregation associated with Alzheimer’s Disease; (3), the structure-
activity relationship of CNDs in inhibiting tau aggregation (4),
difluoromethylomithine (DMFO) derived CDs for the treatment of Neuroblastoma
and imaging; (5) metformin-derived CDs showed a unique nucleus targeting
property, which suggests a huge potential for future nucleus-targeting drug delivery.

1. Kirbas Cilingir, Emel, Elif S. Seven, et al. “Metformin Derived Carbon Dots: Highly Bio-
compatible Fluorescent Nanomaterials as Mitochondrial Targeting and Blood-Brain Bar-
rier Penetrating Biomarkers.” Journal of Colloid and Interface Science, vol. 592, 2021,
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In the modern production of electronic devices, mechanical instrument, as well
as details of engines in automotive, aviation and space vessels, the ceramic
coatings of different applying are widely used. For example, in electronic industry
dielectric coatings for the high-quality capacitors with low level of conductivity,
are effectively applied today. Another way of application of dielectric ceramics
films in the electronic industry is production of reactive elements for transmitters
and receivers’ antennas of communication devices [1 — 4]. In instrument-making
industry the ceramic coatings are effectively applied as hardness protective means
for defense at cutting instruments [5 — 7]. As for reinforcing coatings, their use
allows you to significantly extend the period of trouble-free operation for
important parts of mechanisms that rotate at high speed and are subject to
significant friction [5 — 7]. Main industrial applications of new type of high
voltage glow discharge electron guns (HVGDEG) in the technology of obtaining
the ceramic films with the stable stichometry are considered in the papers [8, 9].
In the paper [9] the basic principles of High Voltage Glow Discharge (HVGD)
self-aligned electron and ion optics are considered. Therefore, the main subject
of this report is considering of self-consistent arc discharge over crucible for
deposition of ceramics films with including the active gas components, such as
oxygen or nitrogen [5 — 7]. The basic construction of technological device for
lighting the arc over the crucible is presented at Fig. 1. The main geometrical
parameters of this devices, as well as the electric circuit to switching it, are also
noted at Fig. 1.

The mathematical model of such an electrode system for the physical conditions
of non-self-sustained arc discharge combustion can be built on the basis of the
following assumptions and theoretical propositions, which were proposed in the
in the papers of gas discharge and discharge plasma physics [10, 11].

1. The distribution of the electric field between the ring electrode and the
surface of the metal being evaporated is determined by analytically solving the
Poisson equation in cylindrical coordinates [12]. The corresponding coordinate
system (7 z) is shown in Fig. 2.
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Fig 1. Structural scheme of the device for maintaining an arc discharge
in metal pairs and the method of connecting this device to the electrical circuit.
1 —ring electrode, 2 — crucible, 3 — power source, 4 — electronic
system for arc discharge current control

2. The magnitude of the space charge is determined by the continuity equation
for electron and ion currents [13, 14].

3. The energy of metal atoms above the surface of the crucible is determined
by Boltzmann's law as kT, , where k is the Boltzmann constant, and 7, is the
evaporation temperature [15].

4. Metal vapors above the crucible are saturated. According to this physical
assumption, the concentration of metal atoms nm is determined.

5. The level of metal vapor ionization is determined by the ionization coefficient
Bm.

6. The concentration of residual gas atoms is determined by the residual gas
pressure in the technological chamber pg.

7. The level of residual gas ionization is determined by the ionization coefficient
B,

8. The values fm and g for the mathematical model under consideration are
considered constant and do not depend on the arc discharge burning voltage U,

9. According to the physical model of singly charged ions, the numbers of ions
and electrons in the volume, where the arc discharge maintained, are considered
the same.

The basic set of equations algebraic equation is follows:

’ ,2 / 2 2
Jjs=en, 2ki+ M +en, 2K, + —e(p(r) +en, —e(p(r)’
mim mim mig mig me
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where jd is the current density of the arc discharge, m, is the mass of metal
ions, m, is the mass of gas ions, n, is the concentration of metal ions, n, is the
concentration of gas ions, 7, is the temperature of the external environment in the
technological chamber, ne is the concentration of electrons, m, is the mass of an
electron, K is the semiempirical coefficient of proposed model. The set of equation
(2) is transformed into cubic equation relatively to the value of potential ¢(7) and
it was solved with using Cordano formula [16].

Corresponded graphics solution for titanium vapors in nitrogen media with the
different operation pressure in electron gun are presented at Fig. 2 [17].

1A

Fig 2. The current-voltage characteristics of non-self-sustained arc discharge for the
electrode system of the technological device, the structural scheme of which is presented
in Fig. 2. Calculations with using formulas (1) were provided for residual pressure
values in technological chamber p, from 2 Pa to 9 Pa and for different values of the
inner radius of the ring electrode R

The proposed mathematical model of the arc discharge in metal vapors, based
on set of equations (1), have been developed for the practical aspect of depositing
high-quality ceramic coatings with including the components of active gases.
Obtained and presented in the paper graphical dependences for the current-voltage
characteristic of the arc discharge are also very important scientific results in a
practical point of view for analyzing the electrical regimes of lighting the arc in
the metal vapors and its dependence on operation pressure and geometry of ring
electrode.
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Nanoparticles have attracted significant attention due to their unique properties
and versatile applications in various fields, particularly in optoelectronics. Among
these nanoparticles, zinc oxide (ZnO) has been extensively investigated for its
exceptional optical and electronic characteristics, including its potential to enhance
nonlinear optical phenomena such as third harmonic generation (THG)[1-2]. THG
is a nonlinear optical process where three incident photons combine to produce a
photon with triple the frequency (one-third the wavelength) of the incident
photons[3]. In this study, we aim to investigate the influence of ZnO nanoparticles
with sizes below 100 nm on the nonlinear optical properties of a pyrazoline
compound incorporated into poly(methyl methacrylate) thin films. By
incorporating ZnO nanoparticles into the polymer matrix, we explore the potential
enhancement of THG in these composite thin films. The characterization of the
THG was carried out using the Fringe Maker technique. The results obtained from
this study will be presented and discussed in detail during this communication.

Acknowledgements: The presented results are part of IMAGE project that has
received funding from the EU Horizon 2020 research and innovation program
under the Marie Sktodowska-Curie grant agreement No 778156.
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Lithium-sodium tetragermanate LiNaGe,O, (LNG) crystal demonstrates strong
anisotropy of electrical conductivity ¢ contributed by interstitial Li ions moving
through the channels within structural framework [1]. It is known, that under
certain conditions preparation of the structures inhomogeneous in nanometer scale
allows to enhance significantly ionic conduction of solid electrolytes. Earlier this
assertion had been confirmed by studying single crystals, glasses and nanometer
structured glass-ceramics of lithium heptagermanate Li,Ge,O,,. In particular, it
was shown that ionic conductance of amorhous and nanocrystalline states in about
three-five orders exceeded typical ---- values of the same single crystalline
compound [2]. In this work we report the data on preparation of LNG glass and
partially crystalized glass-ceramics. The structural content of the prepared
compounds was characterized by XRD phase analysis. Electrical conductivity 6
was measured in the temperature interval 3001000 K and in AC field frequency
range 102=-10°Hz.

By using the fast quenching the melt [2], we have prepared LNG samples of
the two kinds. The samples of the 1-st type were prepared by melting LNG single
crystals and subsequent quenching the melt. The samples of the 2-nd type were
prepared by grinding of the initial reagents in stoichiometric ratio in an agate ball
mill and their melting without preliminary synthesis. The samples of the both types
represent optically transparent and colorless plates with the widths of about
0.5+1.0 mm.

XRD phase analysis showed that the samples of the 1-st type consist of
90+92 % of LNG glass and contain near 8 % of the ordered regions with mean
size of the crystallites of about 20 nm. Theses samples were devitrified on heating
under the control of DSC. It was shown that the glass started to soften at
T =780 K whereas final crystallization happened at 7,.=820 K [3]. In the range
included the temperatures 7, and 7, of DSC anomalies, electrical conductivity was
measured on heating. It was shown, that conductivity of the glassy samples of the
1-st type exceeded in one-three orders ¢ values measured along the main axes of
LNG single crystal [4]. Approaching Tg from below led to softening the glass and
a more sharp increase of conductivity on heating. The final crystallisation of the
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glass at T, was accompanied by the irreversible decrease of conductivity in about
three orders of magnitude. An isothermal heat treatment of the samples of the 1-st
type at the temperatures 1015 K below T, allowed to increase the volume of the
crystallized regions. Partial crystallisation of these samples was accompanied by
decrease of electrical conductivity in about one order of magnitude.

XRD phase analysis evidenced that the samples of the 2-nd type practically did
not contain amorphous phase and represented polycrystals with average crystallites
sizes of about 40+50 nm. Thermal treatment of these samples at 800+815 K during
a few hours resulted in ¢ increase in about one order of magnitude. Presumably
growth of electrical conductivity of these samples can be attributed ot the
appearance and increase in volume of nanocrystallites of highly conductive phase
in Li(Na)O, — GeO, family.
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In this study, thin films of 4-dicyanomethylene-2-aryl-6-[(4-dimethylamino)-
styryl]-4H-pyran were successfully synthesized. The photoluminescence properties
of the thin film were analyzed at room temperature, revealing the presence of two
overlapping bands with maxima at 635 nm and 665 nm. Further investigation into
the decay kinetics of the photoluminescence indicated the existence of two distinct
components: a fast decay component (~3 ns) and a slow decay component (~7 ns).
This observation provides valuable insights into the luminescence behavior of the
thin film and contributes to a better understanding of the excited-state dynamics
of the synthesized samples.

Additionally, this research marks the first successful fabrication and
characterization of an organic light-emitting diode (OLED) based on the
4-dicyanomethylene-2-aryl-6-[(4-dimethylamino)-styryl]-4H-pyran compound. By
exploring the performance characteristics of the OLED, such as current efficiency,
luminance, and color purity, the study demonstrates its potential for the
development of highly efficient OLED devices.

The findings from this investigation hold significant implications for the
optimization and design of OLEDs. The understanding of the decay kinetics and
the successful realization of an OLED using the abovementioned material pave the
way for further advancements in the field of organic electronics. By leveraging
this knowledge, researchers can work towards improving the efficiency, stability,
and overall performance of OLEDs, leading to the development of more advanced
and energy-efficient lighting and display technologies.

Acknowledgement. This research work was supported by National Research
Foundation of Ukraine, 2020.02/0217 “Light-generation low-dimensional
structures with polarized luminescence based on organic and inorganic materials”.
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The compound

2,3-bis(4-(10H-phenoxazin-10-yl)phenyl)benzo[5,6][1,4] dioxino[2,3-g]quinoxaline
was synthesized and characterized as an emitter material for undoped OLEDs. This
compound exhibits delayed thermally activated fluorescence (TADF) in the long
wavelength region. The highest emission intensity of the synthesized compound
film was observed at 556 nm. The electroluminescence of undoped organic light-
emitting diodes demonstrated a similar emission maximum value when the
compound was used as an emitter. It was found that the value of the
photoluminescence decay time of 2,3-bis(4-(10H-phenoxazin-10-yl)phenyl)benzo
[5,6][1,4] dioxino[2,3-g] quinoxaline in the Zeonex film (1 wt.%)) in vacuum are
in the range of 30 ps at room temperature. Accordingly, there are 8.43 ns in air,
which is associated with oxygen quenching of triplet states. The newly synthesized
material demonstrates a bipolar charge transfer mechanism with drift mobility in
the vicinity of 10 cm?/Vxs. The undoped OLED based on this TADF emitter
showed a maximum external luminescent quantum efficiency of up to 10.0% and
a maximum brightness of up to 28,000 cd/m?>.
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Despite the fact that quantum computers running on superconducting qubits
have already been created, as it was said by Prof. Srinjoy Ganguly "we are in the
nisq (noisy intermediate-scale quantum) era and still very far from achieving the
maturity level to have a fully fault-tolerant quantum computer". This leads to the
proposal of other non-superconducting realizations of qubit states, such as: laser-
controlled phonon vibrations of ions in laser-cooled traps; spin-spin transitions of
nuclei in hydrocarbon molecules controlled by nuclear magnetic resonance; light-
induced transitions of rare-earth ions in laser crystals.

A new look at the well-studied coherent states of rare-earth ions in laser
materials as model of qubit states seems to be promising and prospective. The
inhomogeneous broadening (Fig. 1) of the Nd** ions luminescence spectra in
La, Y NdF; nanopowder observed at liquid helium temperatures can be useful
in view of greater variety of Nd3* optical centers and their energy states as potential
candidates (it looks that OC1 type centers are the most promising) for modelling
of qubit states.
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Fig. 1. La, Y, Nd,  F, T= 4.2 K: (a) luminescence excitation spectrum at the
I,,(1) — G, ,(1,2) transition of Nd** ion detected at the ‘F (1) “I,,(1, 2) transitions;
(b) luminescence spectrum in the range of *F, (1) —=*I,,(1,2) transitions for
A= 377.964 nm. Dashed lines show decomposition of spectral bands on Lorentzian
components of groups OCI1-OC3 of optical centers.
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Al nanoparticles and thin films are very attractive for light trapping in solar
cells due to realization of surface plasmon resonance (SPR). Aluminum is
promising alternative to noble metals because it has low cost, high prevalence in
nature and ease of processing using a wide range of methods. In addition, the
intrinsic property of broad plasmon resonances of Al, manifested in the ultraviolet—
visible—near-infrared wavelength range, can be used in solar energy.

The purpose of this work was to obtain and study the structural and optical
properties of the Al thin layer of on the surface of silicon for its further use to
improve the parameters of solar cells due to the capture of light as a result of the
SPR phenomenon. The structures of ¢-Si/Al, ¢-Si/Al/ SiO_ were studied before and

after temperature treatment at T = 460°C, 600°C in an argon atmosphere for
30 min. The Al layer with a thickness of 13.5 nm was deposited by the thermal
evaporation method. The SiO_ film with a thickness of d =191 nm was obtained
by ion-plasma sputtering of the silicon target in the vacuum on the p-Si substrate
in an atmosphere of argon and oxygen. The stoichiometry index of the original
SiO, film was determined by IR
spectroscopy and was x=0.86, the
refractive index was measured on an M I==Tra ‘ : " re

241B1 T=400 C

ellipsometer and was n=2.17. 09 | —auts2 =000 c
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Transition Metal Dichalcogenides (TMD) solid solutions have gained
significant attention due to their unique properties and potential applications in
such fields as optoelectronics (photodetectors, solar cells, and light-emitting
diodes) and energy storage, particularly in batteries and supercapacitors. By
combining different TMD compounds, it is possible to create materials with
improved sensitivity, selectivity, and response time for detecting various analytes,
including gases, chemicals, and biomolecules.

By creating solid solutions of TMD compounds, it is possible to tune and
modify the properties of the resulting material that are not present in the individual
TMD compounds.

Here, we reported the synthesis of MoS, | Se, few-layers nanoparticles and
their characterization by FTIR and Raman spectroscopy methods.

Figure below demonstrates the fragment of Raman spectrum (A =633 nm) in
the region of two typical peaks of MoS,

(E,, A,, modes), which are attributed to T Vestiseas
. . . i e WoS0ESE! 5
in-plane vibration of S atoms and out- i L osz

o |—— Mo5e2

of-plane vibration of S and Mo atoms,
respectively. These MoS,-like modes
shifted to low frequency by increasing
the Se content in MoS, | Se,, . Itis also
seen, that spectra consist of the first
order bands and those due to harmonics

and combination modes. = e e =0 =0
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The methods of positron annihilation lifetime spectroscopy (PALS) and X-ray
powder diffraction analysis (XRPD) are employed to study volumetric changes in
As-Se compounds at the border of glass-forming region exemplified by As, Se,,
alloys subjected to high-energy ball milling (nanomilling) in dry and combined
dry-wet modes. The glassy-crystalline nature of As, Se,; probes is confirmed by
character halos in the XRPD patterns, showing domination of amorphous As-Se
phase modified by inclusions of cubic arsenolite (As,O,) and rhombohedral arsenic
(As) polymorphs. The formalism of modified Positronics approach based on the
x3-x2-CDA (coupling decomposition algorithm) describing conversion of bound
positron-electron (positronium, Ps) states in positron traps is applied to identify
changes in wet-milled probes (stabilized by Polyvinylpyrrolidone, PVP) in respect
to dry-milled ones. Under transition from wet-milled to dry-milled probes, the
positron traps typical for nanostructured As-Se compounds with defect-specific
lifetime of 0.376 ns (corresponding to multi-atomic vacancies in As-Se matrix)
appear instead of Ps-hosting holes preferred in the PVP environment with
Ps-related lifetime of 1.730 ns, these changes being accommodated in oxidized
As-Se matrix with character defect-free bulk positron lifetime close to 0.264 ns.
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The development of sorption technologies for the removal, separation, and
concentration of radionuclides is an actual problem. In this respect the development
of efficient adsorbents become especially relevant nowadays. Nanocomposite
adsorbents with a sorption-active inorganic phase are of particular interest for the
selective removal of radionuclides.

137Cs radionuclides are the main component of liquid radioactive waste formed
owing to the operation of nuclear facilities. Due to their long half-life (~ 30 years),
and high chemical activity, and radioactivity as a gamma-ray emitter, cesium
radionuclides pose a considerable threat to human health. Therefore, the treatment
of liquid radioactive waste to a safe level is a crucial key to the sustainable
development of nuclear energy.

Double transition metal ferrocyanide nanoparticles (FC NPs) possess high
selective to cesium ions; however, due to the low hydromechanical stability they
have not found wide practical applications. In the last decades, a variety of
approaches have been developed for the synthesis of composite adsorbents by
incorporating the FC NPs into the appropriate solid supporting matrix to improve
their hydromechanical strength and adsorption characteristics.

Polymer granules with functional groups are a promising solid matrix for the
fabrication of composite adsorbents with ferrocyanide phase. A novel composite
adsorbent based on potassium copper ferrocyanide nanoparticles-loaded
macroporous ion exchange resin was fabricated by in situ formation of ferrocyanide
phase. Results of X-ray diffraction, Fourier transform infrared spectroscopy as well
as scanning electron microscopy confirmed the formation of ferrocyanide phase,
which consisted of crystalline cubic-shaped nanoparticles (70 to 100 nm). The FC
NPs were revealed to form on the both surface and inner part of polymer granules.

The efficiency of the synthesized adsorbent for removal of cesium ions was
evaluated under various experimental conditions. It has demonstrated a rapid
adsorption process, high adsorption capacity over a wide pH range, and selectivity
in Cs ion removal from model solutions with high salt content.
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Nanoparticles have attracted significant attention due to their unique properties
and versatile applications in various fields, particularly in optoelectronics. Among
these nanoparticles, zinc oxide (ZnO) has been extensively investigated for its
exceptional optical and electronic characteristics, including its potential to enhance
nonlinear optical phenomena such as third harmonic generation (THG)[1-2]. THG
is a nonlinear optical process where three incident photons combine to produce a
photon with triple the frequency (one-third the wavelength) of the incident
photons[3]. In this study, we aim to investigate the influence of ZnO nanoparticles
with sizes below 100 nm on the nonlinear optical properties of a pyrazoline
compound incorporated into poly(methyl methacrylate) thin films. By
incorporating ZnO nanoparticles into the polymer matrix, we explore the potential
enhancement of THG in these composite thin films. The characterization of the
THG was carried out using the Fringe Maker technique. The results obtained from
this study will be presented and discussed in detail during this communication.

Acknowledgements: The presented results are part of IMAGE project that has
received funding from the EU Horizon 2020 research and innovation program
under the Marie Sktodowska-Curie grant agreement No 778156.
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In this report, we want to consider the features of the magnetocapacitive effect in
tunnel magnetic contacts with perpendicular magnetization of magnetic electrodes.
Great interest in magnetic tunnel junctions is caused by the fact that not only a large
value of tunnel magnetoresistance is obtained by the fact that in recent years in tunnel
contacts with interfaces of the Fe/MgO type, a significant change in the capacitance
in the magnetic field has been experimentally registered.This effect is called the
magnetic tunneling capacity (MTC) effect, and it is considered one of the most
promising effects that may have practical applications in memory cells and other
spintronic devices. In contact tunnels with perpendicular anisotropy, the antiparallel
orientation of magnetization radically changes the distribution of the magnetic field
in the contact barrier layer and causes the appearance of a high-gradient magnetic
field in the direction of magnetization of the contact magnetic electrodes. Under the
action of such a high-gradient field, there is a spatial separation of spin-polarized major
and minor electrons of electrons in the interface region, which creates an
inhomogeneous distribution of electric charge in the contact barrier layer. As a result,
an additional energy barrier for major spin-polarized electrons appears near each of
the magnetic electrodes, and an additional effective capacitance, called spin
capacitance, appears in the contact barrier layer. This additional spin capacitance can
significantly reduce the total capacitance of the tunnel magnetic contact. The value of
such additional spin capacity is proportional to the value of the spin polarization of
electrons in the magnetic electrodes and the value of the magnetic field gradient with
antiparallel orientation of their magnetizations. The mechanism of tunnel magnetic
capacitance described by us is not only fundamentally different from the mechanism
of tunnel magnetic capacitance in tunnel contacts with Fe/MgO interface boundaries,
but also, in our opinion, has a better prospect for practical use. The large values of
TMR and TMC in tunnel contacts with Fe/MgO interfaces are related to the features
of the electronic structure of the Fe/MgO interface, where the effective spin-dependent
tunneling effect is ensured by a good agreement between the crystal lattice parameters
of the iron magnetic electrode and the crystal lattice parameters of the magnesium
oxide nanolayer. In tunnel magnetic contacts with perpendicular magnetization of the
electrodes, such matching of the grid of the magnetic electrode and the barrier
nanolayer is not a strict necessity, which allows to simplify their manufacturing
technologies. We conducted experimental studies of magnetoresistance and
magnetocapacitive effect in tunnel magnetic contacts Tb,,Co.Fe., Pr.O,/Tb,/Co,Fe.
with perpendicular magnetization of magnetic electrodes and a paramagnetic barrier
layer. At room temperature, the value of tunnel magnetic resistance exceeds 110%,
and the value of tunnel magnetic capacitance exceeds 115%.
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The sulfur-doped samples (S-GO) were grown by the Hammers method
(heavily impregnated with strongly concentrated sulfuric acid), technology details
in [1]. The multilayer S-GOs were thermally stable in an ambient environment.

In order to correlate spectral parameters with structural characteristics, the
Raman spectra of graphene oxide for as prepared S-GO and heat-treated S-GO
were examined. A heat treatment of S-GO samples was made inside a closed
degassed graphite tube at temperatures 25 to 50°C for every 5°C interval over
15 min. Raman spectroscopy is a very powerful and widely used technique for
identifying defects in graphite and graphene structures [2].

The synthesized S-GO samples were characterized by Scanning electron
microscopy, Energy-dispersive X-ray spectroscopy, Raman and Photoluminescence
spectroscopes (532 nm excitation laser).

The transformation of S-GO structure and PL spectra were estimated from the
temperature-dependent shifts of Raman band peaks (components of deconvoluted
spectra).

1. Sophia Figarova, Elvin Aliyev, Reshad Abaszade, Vagif Figarov, Negative Thermal Ex-
pansion of Sulphur-Doped Graphene Oxide // Advanced Materials Research.-2023.- 1175,
P 55-62

2. R.G.Abaszade, M.B.Babanli, V.O.Kotsyubynsky, A.G.Mammadov, E.Giir, O.A.Kapush,
M.O.Stetsenko, R.1.Zapukhlyak, Influence of gadolinium doping on structural properties
of carbon nanotube, Physics and Chemistry of Solid State.-2023.- 24(1), P.153-158
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Over the past two decades, we have seen a tremendous growth in the
bio/chemo-analytical sensing technologies of omics, approaches that
comprehensively consider the entire genome, transcriptome, proteome,
metabolome and microbiome. Combined with recent advances in material nano-
sciences, biotechnology, chemistry, electronics, and other disciplines, "omics on
electrodes" is becoming the most powerful toolbox in biomedicine. Significant
progress has been made in the field of "skinomics", a field of bioinformatics
originally applied to the study of large-scale data in dermatology and skin biology
[1]. In our opinion "skinomics" has been recently transformed into
SKINOMITRONICS, which we defining here for the first time as an area of
analytical chemistry dealing with the development of wearable devices for the
detection of molecular targets on/under the skin. In this presentation, we would
like to deliver an overview of recent advances and challenges in the research and
development of omics based sensors for medical diagnostics.

This research was supported by the National Research Foundation of Ukraine
(project Ne. 2022.01/0022 "Sensing platform based on graphene and textiles for
analysis of metabolites in sweat").
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Toolbox to Understand Skin Aging. In: Farage, M., Miller, K., Maibach, H. (eds) Textbook
of Aging Skin. Springer, Berlin, Heidelberg.
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The interaction of cells of the immune system with the tumor is a delicate
balance between the immune activation and immunosuppression processes. There
are studies showing the role of vanadium compounds in the regulation of T-cell
signaling, which allows them to be considered as promising antitumor drugs with
an immune modulatory effect.

The purpose of this research was to evaluate the effect of nanocomplexes (NC)
containing rare-earth orthovanadates GdYVO,:Eu* and cholesterol on the growth
of Ehrlich ascites carcinoma (EAC) and changes in the immune system indices of
tumor-bearing recipients.

The experiments were conducted in Balb/c mice, in the peritoneal cavity of
which the EAC cells were grown for 7 days (group 1). The EAC cells were
incubated for 3 hours with the NCs synthesized at the Institute for Scintillation
Materials of the National Academy of Sciences of Ukraine. The EAC cells after
incubation with NC were injected into mice (3x10%mouse) and in vivo cultivated
(group 2). The intensity of tumor growth in animals of both experimental groups
on the 4th and 7th days after inoculation was determined. The immune system of
animals was examined by assessing the number of T-helper (CD4"), T-suppressor
(CDS8"), T-regulatory (CD4*CD25%), and natural killer (CD16/32%) cells in the
lymph nodes. The same indices were investigated in a control group.

It was established that on the 7th day of the EAC development, the number of
all subpopulations of immunocompetent lymph node cells being under examination
gradually decreased, with the exception of the subpopulation of T-regulatory
(CD47CD25") cells, which was 1.5 times higher than in the control group. Induction
of oncological pathology by tumor cells pre-treated with NC resulted in the
inhibition of tumor growth by 74.70+4.38%. This was accompanied by an
increased number of natural killer cells (CD16/32%) and a decreased content of
T-regulatory cells.



286 NANOTECHNOLOGY AND NANOMATERIALS

Peculiarities of silver nanoparticles synthesized
using Artemisia vulgaris “hairy” root extracts

Duplij V!, Kharchuk M.?, Kobylinska N.’, Matvieieva N.™

! Institute of Cell Biology and Genetic Engineering National Academy of
Sciences of Ukraine, 148 Zabolotny str, Kyiv-03143, Ukraine. E-mail:
Joyna@ukr.net

2 D. K. Zabolotny Institute of Microbiology and Virology National Academy
of Sciences of Ukraine, 152 Zabolotny str, Kyiv-03143, Ukraine.

3 A.V.Dumansky Institute of Colloid Chemistry and Water Chemistry National

Academy of Sciences of Ukraine, Ak. Vernadsky blvd. 42, Kyiv-03142,
Ukraine

"Green" synthesis of metal nanoparticles (NPs) is becoming increasingly
popular due to its environmental friendliness and low toxicity. One of the
advantages of “green” synthesis is a high degree of size and shape control of the
resulting NPs. Silver nanoparticles (AgNPs), the most widely studied type of NPs,
can be synthesized in different sizes and shapes using a variety of plant extracts.
These NPs tend to be more stable than those synthesized using chemical methods
due to the complex combinations of compounds, such as polyphenols and
flavonoids. The extracts from the “hairy” roots of Artemisia vulgaris L. were used
to obtain and study AgNPs. TEM was applied to evaluate the size and shape of
obtained AgNPs.The results demonstrated the differences in size and shape of NPs
when the extracts of different “hairy” root lines (independent transformational
events) were used. In particular, the use of flavonoid-rich “hairy” root water
extracts allowed us to obtain smaller (2.5-49 nm, Fig a) NPs than using the extracts
of mother plants (18-235 nm, Fig b).
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Fig. - Size distribution of nanoparticles: NPs obtained using extract from Artemisia
vulgaris "hairy" roots (a) and extract from control plants (b)

AgNPs synthesized using A. vulgaris “hairy” root extract due to a narrow range
of nanoparticle sizes have a potential source of biocompatible, antimicrobial
nanoparticles with potential applications in medicine and other fields.
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Eryptosis, which is a Ca?-dependent regulated cell death modality of
erythrocytes, has been suggested to be an alternative and more sensitive approach
to test hemocompatibility of nanomaterials. In the current study, eryptotic
parameters are used to detect erythrotoxicity of a nanocomplex consisting of
dextran-graft-polyacrylamide (D-PAA) and ZnO nanoparticles synthesized from
zinc sulphate (D-PAA/ZnO NPs (SO,*)). Experimental evidence shows that this
nanocomplex demonstrates anti-cancer potential in vitro.

Aim. The aim of our study was to analyze the ability of D-PAA/ZnO NPs
(SO,*) nanocomplex to induce eryptosis in vitro.

Materials and methods. Blood (hematocrit 0.4%) was exposed to the
D-PAA/ZnO NPs (SO,*) nanocomplex during 24 h at concentrations from 0 to
800 mg /L. Following the incubation, the cells were stained with annexin V-FITC
according to the standard protocol to detect the cell scrambling common for
eryptosis. Furthermore, analysis of forward scatter (FSC) signaling was used to
detect changes in the morphology of RBCs.

Results. Our flow cytometric data indicate that D-PAA/ZnO NPs (SO,>)
nanocomplex did not promote cell shrinkage, evidenced by no statistically
significant changes in FSC signaling indices. Cell shrinkage is a typical sign of
eryptosis. In addition, the nanocomplex at all the concentrations used increased
neither the number of phosphatidylserine-displaying cells, nor the fluorescence of
Annexin V-FITC indicating the lack of cell scrambling in erythrocytes exposed to
D-PAA/ZnO NPs (SO,%). Taken together, it can be assumed that the D-PAA/ZnO
NPs (SO,*) nanocomplex does not trigger eryptosis.

Conclusions. Our findings indicate that eryptosis can be used in
hemocompatibility studies of complex nanosystems and confirm good
hemocompatibility of D-PAA/ZnO NPs (SO,*) nanocomplex.
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Hemocompatibility is an important parameter in the complex evaluation of
biocompatibility of various nanomaterials. Erythrocytes can undergo either
hemolysis, a lytic cell death, or eryptosis, a non-lytic regulated cell death, in
response to nanomaterials. The latter is generally considered to occur in order to
prevent the former. Both parameters are suggested to be used in nanotoxicological
hemocompatibility studies. Furthermore, the osmotic fragility test (OFT) is used
to evaluate resistance of red blood cells (RBCs) to hemolysis.

Aim. The current study was designed to assess the impact of cell culture
medium on osmotic fragility of erythrocytes incubated with a nanocomplex made
up of dextran-graft-polyacrylamide (D-PAA) and ZnO nanoparticles produced
using zinc sulphate (D-PAA/ZnO NPs (SO,*)), which is reported to have anti-
cancer activity.

Materials and methods. The D-PAA/ZnO NPs (SO,*) nanocomplex was
incubated for 24 h with blood (hematocrit 0.4%) at different concentrations (0-
800 mg / L) either in Ringer solution or RPMI-1640 supplemented with 10% fetal
bovine serum (FBS). After incubation, the samples were centrifuged and the pellets
were resuspended in 0.2% NaCl. After further centrifugation, the supernatant was
analyzed spectrophotometrically at 541 nm.

Results. Our experimental data suggest that D-PAA/ZnO NPs (SO,*)
nanocomplex has the ability to induce hemolysis during OFT depending on the
medium used for incubation. Incubation of RBCs in RPMI was found to trigger
hemolysis to a higher degree compared with Ringer solution. This can be associated
with interactions of nanocomplexes with proteins to form protein corona. However,
further studies are required to figure out the interactions of D-PAA/ZnO NPs (SO,*)
nanocomplex with different molecules and their impact on biological effects.

Conclusions. /n vitro toxicity studies are important for assessing the
hemocompatibility of nanomaterials. Researchers should carefully choose a medium
used for incubation of blood cells with nanomaterials in toxicological studies.
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Polymer nanoparticles represent one of the innovative non-invasive approaches
for drug delivery applications in cancer therapy. In this study, the star-like Dextran-
graft-Poly-N-iso-Propilacrylamide (D-g-PNIPAM: D6 and D70 modifications) was
developed for the temperature-triggered targeted delivery of the common
chemotherapeutic drugs — Doxorubicin (Dox) and Cisplatin (Cis-Pt). The size
distribution of particles in aqueous solution was determined by dynamic light
scattering technique at different temperatures. Model studies of the release rate of
the drugs from the D-g-PNIPAM copolymer depending on the temperature were
performed using a mass-spectrometric analysis. D-g-PNIPAM nanoparticles
increased toxic potential of the drugs against human and mouse lung carcinoma
cells (A549 and LLC (Figure)), but not against normal human lung cells (HEL299).
The drug-loaded D-g-PNIPAM-nanoparticles promoted further oxidative stress
and apoptosis induction in LLC cells by increasing intracellular ROS generation
and activation of caspase 3/7. The data obtained indicate that the strategy of
chemotherapeutic drugs encapsulation within the branched D-g-PNIPAM
nanoparticle allows not only to realize temperature-triggered drug release but also
to potentiate its cytotoxic, prooxidant and proapoptotic effects against lung
carcinoma cells in vitro.
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Fig. LLC cells viability treated with free Cis-Pt or D-g-PNIPAM-Cis-Pt.
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Muscle trauma is one of the most common body injuries. The intensification
of free radical processes takes place in almost most pathological conditions,
including muscle trauma. Water-soluble C; fullerenes (C.)) with powerful
antioxidant properties are promising nanoagents for developing an effective therapy
for skeletal muscle trauma. Here the selective biomechanical parameters of muscle
soleus contraction (Fig. 1) and biochemical indicators of blood in rats were studied
after intramuscular injection of C at various doses 1 h before the initiation of
muscle injury and ischemia of varying severity using the tensometric and
biochemical analysis. So, analysis of the force response of the skeletal muscle after
C,, injection at a dose of 1 mg/kg has revealed its protective effect at the level of
30% for ischemia, and at the level of 17% for muscle injury. The analysis of
biomechanical markers responsible for the correction of accurate positioning
confirmed C,, effectiveness at a level of more than 50%. With the C,
administration, there is a clear tendency to a decrease in the biochemical parameters
of blood in ischemia by about 33%, and in muscle injury - by 8%. These findings
demonstrate the ability of C, to correct the pathological state of the skeletal muscle
that occurs when it is mechanically injured and most effectively affect the
restoration of the system of precise control of motor reactions. This research was
supported by the NRFU.
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Fig.1. Rat muscle soleus contraction force when applying 50 Hz stimulation for 5 s
with a total duration of 500 s without relaxation (a): injury/ischemia - muscle trauma;
injury/ischemia+1/2 mg/kg C,, - corresponding pathology against the background
of C,,injections at doses 1/2 mg/kg, respectively; 1,2,3 - the 1,2 and 3 degree of the
pathological process in the muscle. The investigated biomechanical markers

of muscle contraction (b):

S - integrated muscle power (calculated area under the force curve); F, /F, —
minimum/maximum forces of a single contraction; tmax - time to reach maximum muscle
contraction force; ty, - time to decrease muscle contraction force by 50% from the initial

level; t, - time after stimulation cessation until muscle force returns to its initial value
(characterizes muscle rigidity), t . — the time between stimulation start and contractile

process start (delay in the start of a muscle contraction).
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The biomechanical parameters of muscle gastrocnemius contraction, biochemical
indicators of blood and muscle tissue as well as histological changes in rat muscle
tissue after chronic alcoholization for 3, 6 and 9 months were studied. The oral
administration of C, fullerene aqueous solution (C, FAS) at a dose of 1 mg/kg
throughout the experiment was used as a therapeutic agent. C, FAS was shown to
reduce the pathological processes development in the muscle apparatus by an average
0f 35-40% (Fig. 1). In particular, it reduced the time occurrence of fatigue processes
in muscle during long-term development of alcoholic myopathy and inhibited
oxidative processes in muscle, thereby preventing its degradation (Fig. 2).

; I alcoholization
stimulation
y 50 Hz ‘ —
control 2s

alcoholization +C,,

v |l
100 /

3 months 6 months 9 months

The force of muscle contraction

Fig.1. The forces of the 1** (I") and 10" (10°) contractions of the muscle
gastrocnemius of alcoholised rats induced by 6 s non-relaxation stimulation
pools at 50 Hz: alcoholization - rats treated with alcohol; alcoholization+ C,, - rats
treated with a mixture of alcohol and C,FAS at a dose of 1 mg/kg
during the whole period
of alcoholization; 3, 6 and 9 months - alcoholization lasting
3, 6 and 9 months, respectively.
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Fig.2. Representative histological images of muscle gastrocnemius: A and D — control
group; B and E — alcoholization group, C and
F —alcoholization+ C,, group. A, B, C — hematoxylin and eosin staining; D, E, F —
hematoxylin and picrofiuchsin staining by van Gieson. Scale bar — 50 um.

Thus, these findings indicate promising prospects for the usage of water-soluble
C,, fullerenes as potent antioxidants for the corrections of the pathological
conditions of the muscle system arising from alcohol intoxication.
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Assessment of the C, fullerene permeability through
the lipid envelope of SARS-CoV-2 coronavirus using
molecular dynamics method
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According to recent WHO data, the spread of SARS-CoV-2 is observed in all
countries without exception. Therefore, research on possible ways to mitigate the
impact of SARS-CoV-2 on the human body is a global challenge for modern
biomedicine. Existing research data [Piotrovsky et al., 2005] indicate that the high
lipophilicity of C,, fullerene determines its “membranotropic” mechanism of
antiviral action.

Obtained results indicates that a single C, fullerene is capable to penetrate the
lipid envelope of the coronavirus and subsequently exit it (Fig. A), which correlates
with [Zhang et al., 2013]. When investigating systems with 5 and 10 C,; molecules,
the latter is able to form nanoclusters that, as it turned out, penetrate and exit the
lipid envelope faster (Fig. B,C). Thus, the formation of an equilateral triangle (3
C,, molecules) or a tetrahedron (4 C,
molecules) occurs, which begin to
immerse themselves in the envelope,
and by the end of molecular
dynamics (MD), they are on the
other side. Therefore, the aggregation
of C,, fullerenes occurs either before
penetration into the lipid envelope of
the coronavirus, or inside it. It can be
assumed that C fullerenes as part of
nanoclusters are capable of forming
pores in the envelope of the SARS-

CoV-2 coronavirus, thereby
Fig. The lateral view of the constructed systems disrupting its structural integrity.
with different numbers of C, This undoubtedly leads to a

m(_)leculgs at' different time'invtervals ofMp disruption of the corresponding
simulation is shown: the lipid envelope is .
. ) . stages of the replication cycle of the
depicted in gray, the C,, fullerene in yellow. . : .
Panels A, B, and C correspond to systems with 1,YTUS and th.e _Suppression of its
5, and 10 C,, molecules, respectively. functional activity in general.
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Cytotoxicity and divalent cation chelation by
quinoline derivatives in aqueous solutions
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Derivatives of 8-hydroxyquinolines (STQ) are widely used in various fields,
including agriculture, medicine, testing industry, etc [1]. They have strong chelating
properties due to the proximity of the hydroxyl group and the heterocyclic nitrogen
atom. 8-hydroxyquinolines form four- and six-valent complexes with Mg?*, Cu?",
Zn**, Bi**, Mn?*, Cd?*, Ni**, Fe3*, and AI** [1]. One of the limitations of their
practical use is a low solubility in water. Different polar groups are grafted to the
main core to improve solubility. The chelating ability of 8-hydroxyquinoline
derivatives STQ-H, STQ-Cl, STQ-CN and STQ-NO, was tested. Aqueous
solutions of Zn(CH,COO0),, CaCl, and MgCl, were prepared on the basis of 0.9%
NaCl. Solutions of each cation separately and a mixture of Ca?", Mg?*, Zn?>" in a
1:1:1 molar ratio were used. The initial concentration of each cation was 0.5 mM,
which was diluted twice up to 0.0078125 mM. One of STQ derivatives in DMSO
was added to each cation. Final STQ concentration of 0.05 mM. Optical absorbance
was measured after 5, 20, 40, 60 min in the wavelength range of 200-700 nm.
Cytotoxycity was tested at breast cancer cell line MDA-MB-231. The
STQ-Cl/cation complexes were the least stable in aqueous solutions. A decrease
in the optical absorbance about 300 nm was detected after 20 min. STQ-CN/cation
complexes were stable up to 60 min. A significant increase in the absorbance about
300 and 365 nm was found when Ca, Mg, Zn (each concentration was 0.0625 mM)
were present in a solution. This effect was not detected during chelation of
individual cations and other tested STQ derivatives. MDA-MB-231 EC50 was
1.3 uM for STQ-H, 1,2 uM for STQ-CI. Maximal cytotoxicity for STQ-CN and
STQ-NO, was about 70% at 0,125 mM after 48h incubation.

1. Saadeh H.A., Sweidan K.A., Mubarak M.S. Recent Advances in the Synthesis and Bio-
logical Activity of 8-Hydroxyquinolines /Molecules.-2020-25.-P. 4321.
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Computationally designed sensing elements for
BPA analysis using smartphone

Yarynka D.V, Goncharenko A.1.%, Gorbach L.A.°,
Brovko 0.0.3, Sergeyeva T.A.

! Institute of Molecular Biology and Genetics of the National Academy of
Sciences of Ukraine. Zabolotnogo str. 150, Kyiv-03143, Ukraine.

E-mail: t_sergeyeva@yahoo.co.uk

2 National University “Kyiv Mohyla Academy”

2 Skovorody str., Kyiv-04070, Ukraine

3 Institute of Macromolecular Chemistry of the National Academy of Sciences
of Ukraine. Kharkivske Shosse, 48, Kyiv-02160, Ukraine.

The novel, user-friendly, colourimetric biosensor for bisphenol A (BPA) was
introduced. The BPA-sensitive molecularly imprinted polymers (MIP) films were
designed and used as sensing elements of smartphone-based biosensor for BPA
analysis. Using computational modelling method, we demonstrated the successful
design of BPA-sensitive artificial binding sites, which were formed in the structure
of the proposed MIP-based sensing elements. The MIP films were synthesized
using the method of in situ polymerization with BPA as a template, ethylene glycol
methacrylate phosphate (EGMP) as a functional monomer, the tri(ethylene glycol)
dimethacrylate/oligourethaneacrylate (TGMA/OUA) mixture as the main
component of the polymeric network. The colourimetric detection of BPA,
selectively adsorbed by the artificial binding sites in the EGMP-based thin MIP
films’ structure, is based on the 4-aminoantipyrine method. The sensor responses
associated with BPA binding to the MIP films surface were registered by the
smartphone camera (Meizu 16, 20 MP, F/1,8) and the captured images were
analyzed with the smartphone application Spotxel® Reader (Sicasys Software
GmbH, Germany) within real-time. The pink-coloured intensity of MIP films was
proportional to BPA concentration in the analyzed samples. Some parameters of
analyzed samples including pH, buffer and salt concentration, affecting sensor
performance were tested and optimized. A dynamic linear range of 10 uM to
1000 uM was obtained. The detection limit of the designed biosensor was
calculated equal to 10 uM. The smartphone-based biosensor with computationally
designed MIP film sensing elements can successfully identify and quantify BPA
in samples of natural and waste waters contaminated with BPA.

Financial support from National Academy of Sciences of Ukraine is gratefully
acknowledged.
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Chemiluminescent and Bioluminescent
Imaging Technologies

Snizhko D.V:'?, Zholudov Y.T."?, Kukoba A.V,
Bilash O.M.', Xu G.?

! Biomedical engineering department, Kharkiv National University of Radio
Electronics. Prospect Nauky, 13, Kharkiv 61166, Ukraine.

E-mail: dmytro.snizhko@nure.ua

2 State Key Laboratory of Electroanalytical Chemistry, Changchun Institute
of Applied Chemistry, Chinese Academy of Sciences,

Changchun, Jilin 130022, PR. China.

Imaging technologies are significant in bioinformatics and medicine. The great
progress are in last decade for their utilization in biomedical implementations and
discovering the molecular basis of life. In this work we discussed recent
chemiluminescent (CL) and bioluminescent (BL) imaging approaches established
for imaging of different significant analytes. [1] CL and BL detection imaging
technology are characterized by their excellent signal-to-noise ratio, high
sensitivity, wide linearity, fine rapidity and are techniques of choice in real-time
noninvasive imaging. So, BL and CL phenomenon have been extremely
perspective as detection approaches in many fields, including immunology,
genetics, pharmaceutical analysis, cytology, forensic medicine, liquid
chromatography. Their integration with other methods like ELISA and molecularly
imprinted polymers has a great potential. Moreover, BL and CL imaging
microscopy exhibit the merits of high detectability, selectivity, and easy estimation
of the luminescent signal response for carrying out a simple and accurate
quantitative assay of the labeled probes, which is considered to be a significant
advantage over the traditional fluorescencebased imaging technology. As a result,
it can be applied to characterization new material properties including
nanostructures.

This work was kindly supported by the Ministry of Education and Science of
Ukraine (0122U001533), National Research Foundation of Ukraine
(2020.02/0390), the Chinese Academy of Sciences President’s International
Fellowship Initiative (PIFI) and the National Natural Science Foundation of China
(No. 22174136 and 21874126).

1. Mostafa I.M., Abdussalam A., Zholudov Y.T., Snizhko D.V., Zhang W., Hosseini M., Guan
Y, and Xu G. Recent Applications and Future Perspectives of Chemiluminescent and Bio-
luminescent Imaging Technologies // Chemical & Biochemical Imaging.- 2023.- I,
https://doi.org/10.1021/cbmi.2c00002
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Nanostructural and biochemical properties of natural
isoprene hexaoligomer from amaranth oil
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Hexaoligomeric isoprene (squalene) is an organic unsaturated compound with
the formula C, H,,. It is a liquid oligodienic hydrocarbon, an acyclic triterpene
composed of six isoprene units with a freezing point of -55 °C and boiling point
of +203 °C, predominantly found in the surface tissues of plants, animals, and
human skin. It is a colorless hydrocarbon, and its hydrogenated derivative is called
squalane (C,,H,), with most commercial samples having a natural origin [1].
Unlike unsaturated squalene, due to the complete absence of double bonds,
squalane is resistant to autoxidation. This, combined with its lower cost and
desirable physical properties, has led to its wide use in cosmetics and perfumery [2].

CH, CH, CH,
H,C~C=C~CH,~(CH,~C=C~CH,),~CH,~C~C-CH,
I H H

CKBaJICH

Squalene-2,6,10,15,19,23-hexamethyltetracosane-2,6,10,14,18,22-hexaene.[3].

Traditionally, squalene was obtained from shark liver. Approximately 3,000
sharks are needed to produce one ton of squalene. [4]. Due to environmental
concerns, alternative sources such as amaranth and olive oil, rice, and sugarcane
have been commercialized and as of 2021, they supply around 40% of the total
industry volume [5]. One highly valuable property of squalene is its ability to react
with water molecules and release oxygen, converting to squalane through the
following reaction:

C;Hsot 6 H,0 = C H, + 30,7 (M

Thus, it can serve as a source of oxygen, which is essential for the human body.
Research conducted by many scientists has allowed for the identification of
anticancer, antimicrobial, and fungicidal effects of amaranth oil. Therefore, the
targeted components are widely used in medicine, perfumery, the production of
baby food, the chemical-pharmaceutical industry, the bakery, confectionery, and
other industries [6,7].
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As squalene accumulates in the human body, it strangely activates the immune
system, making a person more resistant to various illnesses. In addition, it
effectively rejuvenates the skin, which is why it is considered a revolutionary
product in cosmetology. After all, such a useful carbohydrate is produced in the
human body to the maximum extent only up to the age of 25 (40%), and then its
level decreases, with the average level of squalene in us being only 5% in middle
age! Squalene is found not only in shark liver, especially since the product is
expensive and very exotic. In small amounts, it can be found in olive oil, rice bran,
and even yeast. Many studies, including the experiment of the Kansas Medical
Center at the University of Kansas in the USA, have been conducted to confirm
the benefits of squalene. Three groups of mice were selected for the experiment,
one of which was given regular food, and the other two were fed food with a 2%
squalene content of the total volume (one for two weeks, the other for a month).
All laboratory mice were exposed to radiation, the dose of which was lethal for
small rodents. However, the results showed that after a month, the mortality rate
in the first group was 100%, and the mice from the third group, which received
squalene throughout the entire experimental period, remained alive, despite the
fact that they were supposed to die from a large dose of radiation [8]. Squalene has
low acute toxicity and is not a significant irritant to human skin or sensitizer. [9].
The highest amount of squalene is found in amaranth oil, from 6 to 8%, depending
on the extraction technology.

At the chemistry department of the Faculty of Natural Sciences of Vasyl
Stefanyk Precarpathian National University in Ivano-Frankivsk, Ukraine, applied
research was conducted on various technological methods for the extraction and
deparaffinization of squalene and squalane from amaranth oil (amaranthus seed
oil). The amaranth oil was extracted from the seeds of two species of the
Amaranthus genus - A. cruentus and A. hypochondriacus, which grow in the
botanical garden and dendropark of the Precarpathian University [10]. This is a
transparent liquid ranging in color from light to dark yellow. In cosmetology, it is
used as a softening, nourishing, and rejuvenating agent. Amaranth, or amaranthus
(Latin: Amaranthus), is a widely distributed genus of mainly annual herbaceous
plants with small flowers gathered in dense spike-like or corymbose inflorescences.
There are over 100 known species that grow in warm and temperate regions.

As aresult of experiments conducted by scientists, three methods for isolating
squalene and squalane from amaranth oil were proposed. The first method involves
neutralization and precipitation of salts of higher carbon acids, which make up up
to 90% of amaranth oil, and isolation and rectification of squalene. However, large
losses of squalene, exceeding 50%, were observed with this method. The second
method, which we tested, is deparaffinization - precipitation of squalene and
squalane using urea, which we previously used for deparaffinization and increasing
the octane and cetane numbers of motor fuels [11]. With this method, only
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paraffinic and olefinic hydrocarbons with a chain length greater than C ; are
separated from amaranth oil, making it suitable for squalene and squalane, which
have a carbon content of up to C, H,,. As a result, losses of squalanes decreased,
and we were able to separate up to 90% of squalene and squalane from amaranth
oil. However, the amount of squalene decreased to 1%, and the amount of squalane
increased to 7%, according to the reaction (1) which we previously presented in
our work. As a result of our work, we proposed a new, improved method for
isolating saturated squalane from amaranth oil by converting unsaturated squalene
through hydrogenation in an aqueous environment.

1. Sell, Charles S. (2006). "Terpenoids". Kirk-Othmer Encyclopedia of Chemical Technol-
0gy. doi:10.1002/0471238961.2005181602120504.a01.pub2. ISBN 0471238961.

2. Rosenthal, Maurice L. (2002). "Squalane: the natural moisturizer”. In Schlossman,
Mitchell L. (ed.). Chemistry and Manufacture of Cosmetics. Vol. 3 (Bk. 2) (3rd ed.). pp.
869-875.

3. https://zilliamavky.ua/ingrediyenti/oliya-amaranta

4. Jump up to:a b ¢ d e f Ciriminna, Rosaria; Pandarus, Valerica; Béland, Frangois;
Pagliaro, Mario (2014). "Catalytic Hydrogenation of Squalene to Squalane". Organic
Process Research & Development. 18 (9): 1110-1115. doi:10.1021/op5002337.

5. McPhee D, Pin A, Kizer L, Perelman L (2014). "Deriving Renewable Squalane from Sug-
arcane" (PDF). Cosmetics & Toiletries. 129 (6).Pappas, A (2009). "Epidermal surface
lipids". Dermato-endocrinology. 1 (2): 72—

6. Stadnyk R. V., Semenyshyn Ye. M., Fedorchuk-Moroz V. L, Trotskyy V. I., Yatchyshyn Yu.
Y. Kinetics of oil extraction from the seeds of tassel amaranth (Amaranthus caudatus) and
amaranth hybrid (Amaranthus hibrydus). Bulletin of Lviv Polytechnic National University
Scientific Journal of Ukraine. 2009, No. 644. ISSN 0321-0499.

7. Lebska T, Hryhorieva L., Karpovets P. Features of the chemical composition and
prospects for the use of the biologically active additive "Squamarin". International scien-
tific-practical journal "Goods and Markets". 2010, No. 1(9). ISSN 1998-2666.. https://ama-
ranth-association.com/scho-take-skvalen-divovizhniy-vuglevoden/.

9. Final Report on the Safety Assessment of Squalane and Squalene". International Journal
of Toxicology. 1 (2): 37-56. 1982. doi:10.3109/10915818209013146. S2CID 31454284.
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11. Sergiy Kurta, Victoria Ribun, Olga Khatsevich. Current state of synthesis and use of
oxygen generating additives // Evolution in Polymer Technology Journal ISSN: 2642-0864
(2019) Mini-Review, Volume?2;Issue 4. p. 1-7. https://chembiopublishers.com
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Chlamydia avoids the effects of drugs by hiding in the fat droplets contained
inside the cells.The presence of these parasites in the body can lead to inflammation
in the genitourinary system, lungs, eyes, also can lead to arthritis. In our studies,
we used the Bu L2 strain of lymphogranuloma venereum as an infectious agent
and 6-7-day-old chicken embryos as a model. Infection with Chlamydia
trachomatis was carried out inside the yolk sac. There were used the liposomes
from the natural lecithin and from the original mixture of negatively charged polar
lipids. The percentage of inclusion of the antibiotic ciprofloxacin in liposomes
obtained from polar lipids with a negative charge was 91%, which is 3 times higher
than the inclusion in liposomes from lecithin. That’s why we continued to work
only with negatively charged liposomes. 1% liposomes with ciprofloxacin were
injected to the experimental groups of embryos after Chlamydia trachomatis
infection. Commercial ciprofloxacin was introduced into the control groups of
embryos after Chlamydia trachomatis infection. The death of chicken embryos
infected with a suspension of venereal lymphogranuloma without any treatment
was 100% on the 4th-5th-6th day after infection. The results of the experiment are
visible in the table.

Table
Survival table of Chlamydia trachomatis -infected chick embryos

The amount of ciprofloxacin per
Ne 1 chick embryo in mg

0,24 | 0,12 | 0,08 | 0,022 | 0,012

% of — T the nof
% 0 surv'lvmg err'lbryos Wlt the m'troductlon ofa 00 67 60 56 5
commercial solution of ciprofloxacin

% of surviving embryos with the introduction of|

loaded liposomes with ciprofloxacin

100 | 100 100 | 100 100

As much as possible a positive therapeutic effect has been reached: 100 % of
chicken embryos with Chlamydia trachomatis were healthy after one injection of
the liposomal ciprofloxacin. The use of liposomal ciprofloxacin makes it possible
to reduce the therapeutic dose of this antibiotic in 20 times.
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by changes in the fractal dimension of this surface
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The formation of textured films on various surfaces is studied considering the
wide range of applications. For example: gettering of materials for integrated
circuits, coating of "biosolar panels" by modified E. coli cells with lycopene
capable of converting sunlight into electric current, immobilization of
biotechnological producers or diagnostic biosensors based on porous silicon. The
formation of biofilms has a negative impact for implants in regenerative medicine.

The orderliness of yeast, microalgae and probiotic bacteria has been detected,
which corresponds to the microscopic or grain-heterophase level of distribution of
structural elements (5 nm - 100 um). In order to carry out the detection a drop of
a suspension of microorganisms was applied to a plate of degreased polished silicon
or glass, left to dry completely spontaneously. Then the surface texture was
photographed in reflected light at various magnifications. The same was conducted
under the influence of a static magnetic field (MF) with an induction of 0.15 to
0.17 T, directed perpendicular to the surface of the sample.

Visually, there were found significant differences both in the preservation of
the shape of dried cells (under the influence of MF, the structure of cells has not
been collapsed within 2 years of observation) [1], and in the self-organization of
cells during drying on the silicon surface. The trend for different types of
microorganisms was an increase in fractal dimension D (formation of figures) and
a decrease in lacunarity L. The authors attribute cell distribution to the interaction
of the predominantly negative {-potential of microorganisms with positively
charged silicon impurities that getter the surface under MF exposure.

1. Nizhelska O.1., Marynchenko L.V., Makara V.A., Naumenko S.M., Kurylyuk A.M. The sta-
bilizing effect of magnetic field for the shape of yeast S.cerevisiae on silicon surface // Innov
Biosyst Bioeng.-2018.-2, N. 4.-P. 278-286.
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Gold nanosystems improve male reproductive function
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Polymers with a dextran core and grafted polyacrylamide chains dextran-
polyacrylamide (D-PAA) in the anionic form of D-g-PAA(PE), as a polymer matrix
carrier, in particular gold nanoparticles (AuNPs) - are being actively studied.

The aim is to evaluate the effect of five treatment of gold nanosystems (D-g-
PAA(PE)/AuNPs) and Ouercetin on male reproductive function in mice under
conditions of experimental chronic kidney disease (EChKD).

The study was performed on male and female mice with EChKD, a model of
which was created by immunizing animals with kidney homogenate. AuNPs loaded
(synthesized, retained) in D-g-PAA(PE) are spherical in shape, size 4-11 nm. D-g-
PAA(PE) (2,0 and 10,0 mg/kg), D-g-PAA(PE)/AuNPs (1,96 and 9,78 mg/kg) was
administered intravenously, five times. Quercetin (Sigma, USA) (50 mg/kg) was
administered intraperitoneally, five times after the introduction of gold.

Our data suggest that under conditions of EChKD takes place disorder of male
reproductive function. Under conditions of EChKD and exposure to 1.96 mg/kg
of D-g-PAA (PE)/AuNPs decreased: the number of abnormal sperm, the number
of necrotic cells of the testes, the number of necrotic cells of the epididymis, values
of preimplantation mortality compared to such a value in conditions of EChKD.
Under conditions of EChKD+D-g-PAA(PE)/AuNPs+Quercetin found: decrease in
the number of abnormal sperm, increase in the number of spermatids, increase in
the number of living cells and decrease in necrotic cells of the epididymis,
reduction of preimplantation mortality of embryos, increase in the number of live
newborns (pups) compared to such values under the conditions of EChKD. Under
conditions of EChKD and exposure to 9,78 mg/kg D-g-PAA(PE)/AuNPs, male
reproductive function is impaired and additional probable damage occurs, namely
in the value of pre-implantation mortality compared to EChKD.

Conclusion: Treatment of 9,78 mg/kg D-g-PAA(PE)/AuNPs leads to disorder
of the male reproductive system, but is not critically dangerous for therapeutic use.
Whereas the treatment of 1,96 mg/kg D-g-PAA(PE)/AuNPs has possible
therapeutic applications to improve male reproductive function. The effect of such
gold nanosystems may reduce oxidative stress and improve sperm DNA repair,
which requires further study.
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The imbalance between reactive oxygen species (ROS) production and
scavenging in living cells is known to be one of the main sources of cell mutations
and death, as well as the development of various diseases at the organismal level.
Recently, NPs with ROS-regulating abilities have emerged as a novel
nanotherapeutic approach [1].

The aim of this study is to evaluate the role of vanadium ions in the antioxidant
activity of GdVO,:Eu’* NPs.

Material and methods. In this study, GdVO,:Eu’* NPs were synthesized as
water colloids using previously described methods [2]. ROS-scavenging
(antioxidant) ability of synthesized GdVO,:Eu** NPs was evaluated by optical
spectroscopy methods using specific organic probes for hydrogen peroxide (H,0,),
superoxide anion (O, -), and hydroxyl radicals (xOH).

Results. Synthesized GdVO,:Eu** NPs are in the form of ellipsoid of
12 x 6 nm size. About 60 % of vanadium ions in the nanoparticle’s crystal lattice
were found to be in lower valence states (V4" and V3*). Multiple switching between
V3/V4 and V4#/V3* states is responsible for the effective ROS scavenging activity
with respect to H,O,, O,, and OH.

Conclusion. GdVO,:Eu3* NPs hold great potential as ROS-down regulation
agent for biomedical applications.

Acknowledgment. This research was supported by National Research
Foundation of Ukraine for Leading and Young Scientists Research Support, Grant
No 2020.02/0052.

1. Zhang C., Wang X., Du J., Gu Z., and Zhao Y. Reactive Oxygen Species-Regulating Strate-
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Cerium oxide NPs (such as nanoceria) are well-known for their vast biological
applications related to their antioxidant activity in living cells [1]. The most recent
findings revealed that a wide class of inorganic nanoparticles (such as nanoceria)
can take an active part in intercellular processes mimicking the action of large
biomolecules, such as enzymes. Redox-active NPs potentially can revolutionize
the nano-drug market in the next future, but the following applications of these
materials should be preceded by careful studies of the mechanisms of their action
in biologically relevant conditions.

Our experimental results show that Ce3* -Vo-Ce?** surface defect complexes on
the surface of nanoceria acting similar to active sites in enzyme molecules actually
provide nanoceria with enzyme-like activity. In accordance with this supposition,
the processes of hydrogen peroxide (HP) decomposition by nanoceria can be well
described using the Michaelis-Menten equations usually used in the description of
enzyme-substrate interaction. The maximum rate of HP decomposition shows clear
dependence on the size of nanoparticles i.e. on the number of available surface
sites for binding of HP molecules. At HP concentrations, for which almost all
Ce*-Vo-Ce*" sites are involved into HP decomposition, the process of slow
Ce**—Ce*" oxidation turns into fast redox cycling and Ce**/Ce*" oscillations are
observed [2]. Both the change of C**/Ce*" ratio and change of pH play an equally
important role in initiation and synchronization of Ce*/Ce* redox cycling in
nanoceria colloidal solutions.

This research was supported by National Research Foundation of Ukraine,
Grant Ne 2020.02/0052 for Leading and Young Scientists Research Support.

1. Saifi M. A., Seal S., Godugu C. Nanoceria, the versatile nanoparticles: Promising bio-
medical applications // Journal of Controlled Release.-2021.- 338.-P. 164-189.

2. Seminko, V. et al. (2021). Mechanism and dynamics of fast redox cycling in cerium oxide
nanoparticles at high oxidant concentration// The Journal of Physical Chemistry C.-2021.-
125.-P. 4743-4749.



306 NANOTECHNOLOGY AND NANOMATERIALS

Control of TiO,_ antioxidant behavior
by a Ti**(Ti**)/Ti* ratio

Bespalova L1, Yefimova S.L., Maksimchuk P.O., Kireev V.V., Seminko V.V.

Yu. V. Malyukin Department of Nanostructured Materials, Institute for
Scintillation Materials National Academy of Sciences of Ukraine.
Nauky ave., 60, 61072 Kharkiv, Ukraine.

E-mail: ephimovasveta@gmail.com

Recent developments in TiO,-related photocatalysis have been linked to highly
defective TiO, nanoparticles (NPs). It has been demonstrated that high levels of
oxygen vacancies and diverse defects, such as Ti** ions, can significantly improve
TiO,_  photocatalytic performance [1]. At the same time, some researchers have
reported on a crucial role of the Ti**/Ti* ratio in the TiO,__ structure on antioxidant
properties of TiO, _surfaces and NPs [2]. Based on these findings, we hypothesize
that changing the Ti3*(Ti?")/Ti*" ratio in the TiO,_ structure we can modify its
antioxidant behavior.

In this study, two types of TiO,  NPs were synthesized using a modified method
that involved varying the amount of nitric acid as a catalyst and peptizing agent.
The TiO, A NPs were of uniform size (about 5 nm), but possessed different
Ti3*(Ti?")/Ti*" ratios [3]. The structure of the synthesized TiO, NPs was
characterized using TEM, XRD and XPS. Additionally, the antioxidant properties
of the synthesized TiO, NPs were assessed using the Total Antioxidant Capacity
(TAC) test and specific organic probes for various Reactive Oxygen Species (ROS).
The results of this investigation demonstrated that TiO, NPs with a higher
Ti3*(Ti?*)/Ti** ratio exhibited greater antioxidant activity, specifically in the
scavenging of ROS.
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Calixarenes are supramolecular compounds with a unique three-dimensional
structure, which have a biological activity determined by the chemical groups on
the upper or lower rims. Thiacalix[4]arenes C-1191 and C-1192 each have 4
chalcone groups on the lower rim, which are attached to the thiacalix[4]arene ring.
In such macrocycle the phenyl rings are connected not through methylene groups
(CH,), but through sulfur atoms (S). Tert-butyl groups are located on the upper rim
of both compounds. The thiacalixarene cycle in C-1191 has a cone conformation
and chalcone fragments are connected to it through one methylene group (CH,).
Therefore, all chalcone fragments are located close to each other and close to the
sulfur atoms. The thiacalixarene ring in C-1192 exists in a [,3-alternate
conformation and the chalcone fragments are connected to it through three
methylene groups (CH,-CH,-CH,). Therefore, the chalcone fragments are located
quite far from each other and from the thiacalixarene cycle. The purpose of the
work is to investigate the effects of thiacalyx[4]arenes C-1191 and C-1192 on the
mitochondria of rat uterine smooth muscles and to compare them with the effects
of calix[4]arene C-1011, which contains 4 chalcone amide groups in its structure
but does not contain sulfur atoms. Experimental models - mitochondrial fraction
and isolated myometrial cells.

The hydrodynamic diameter of mitochondria was investigated using the
dynamic light scattering method. It was shown that short-term incubation of
mitochondria with thiacalix[4]arenes was not accompanied by changes in
mitochondrial size, with the exception of 10 uM C-1192, which increased
mitochondrial hydrodynamic diameter by an average of 25% compared to control.
We previously showed that calix[4]arene C-1011 significantly increased the
hydrodynamic diameter of mitochondria. Using the Ca?*-sensitive fluorescent
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probe (fluo 4AM) and a spectrofluorimeter, it was shown that 1 puM
thiacalix[4]arenes C-1191 and C-1192 did not affect both the basal Ca?*
concentration ([Ca?'] ) and the accumulation of this cation in the mitochondria
matrix. Previously, it was shown that the incubation of mitochondria in the presence
of C-1011 was accompanied by an increase in the [Ca*"]  values both in the
absence and in the presence of exogenous Ca?". Using a myometrial cell suspension
treated with digitonin, flow cytometry and a potential-sensitive probe (TMRM), it
was shown that 1 uM thiacalix[4]arenes C-1191 and C-1192 increased the level of
mitochondrial membrane polarization. Calix[4]arene C-1011 had a similar effect,
as was established earlier.

Thus, compared to calix[4]arene chalcon amides, thiacalix[4]arene chalcon
amides had a less powerful effect on the size of mitochondria, did not affect [Ca?'] |
during short-term incubation, but caused hyperpolarization of mitochondrial
membranes.
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The using the biodegradable synthetic polymers for drug delivery systems
attract considerable attention of researchers during last ten years [1]. A lot of
polymers were studied as platform for drug delivery: polyethylene glycol (PEG),
poly(N-vinyl-2-pyrrolidone) (PVP), poly(N-isopropylacrylamide) (PNIPAM),
hyaluronic acid (HA), polyglutamic acid (PGA), polylactic and polyglutaric acid
(PLGA), N-(2-hydroxypropyl) methacrylamide (HPMA), polyvinylpyrrolidone
(PVP). Nanoscale drug delivery systems (DDS) often improves solubility and as
results the better therapeutic activity observed and the side-effects reduced
scientifically. NDDS can passively accumulate in cancerous tissue due to high
vascularity and through lymphatic system.

Another class of polymers polyoxazolines (POx) was investigated as
perspective materials for DDS. Ten types of POx were prepared by living cationic
ring-opening polymerization of 2-oxazolines. The living nature of polymerization
can lead to narrow molar mass distributions and allows for controlled introduction
of chain-end (initiation/termination) and side-chain functionalities.

It was found that the living nature of the cationic ring opening polymerization,
subsequently by postpolymerization modification using click chemistry, with
highly defined structures with specific architectures and properties.

1. Connor E., Lees I., Maclean D. Polymers as Drugs—Advances in Therapeutic Applica-
tions of Polymer // J Pol Science, Part A: Pol Chem.-2017.-55.-P. 3146-3157,
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cations // Angew. Chem. Int. Ed. -2009.- 48.-P. 7978 — 7994
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Due to their unique physicochemical properties, gold nanoparticles are used in
various ways in the field of cancer treatment, including disease diagnosis, drug
delivery, and photothermal and photodynamic therapies [1]. Drug delivery is a
method of administering a drug to achieve a therapeutic effect in humans or animals
[2]. For the desired controlled release of the drug, "smart" polymer carriers are
used, which allows the delivery of the drug at the right time and concentration due
to the release of the drug in response to an external stimulus [3].

In this work, the processes of synthesis of poly-N-isopropylacrylamide
(pNIPAM) by RAFT polymerization on the surface of gold nanoshells and silver
nanoparticle seeds were investigated. The studies were performed by means of
absorption spectroscopy technique. The absorption spectra of the aqueous solutions
were measured before and after the addition of monomer and iniferter, and also
were compared depending on different concentrations of components and
ultraviolet irradiation time. It was established that using an iniferter with citrate-
coated gold nanoparticles leads to their aggregation. It was found that the creation
of a thermoresponsive polymer layer simultaneously with the synthesis of silver
nanoparticle seeds leads to the formation of nanoparticles with a polymer coating.
Due to the performed studies, it is proposed to create a thermosensitive polymer
layer simultaneously with the synthesis of nanoparticles, which showed a positive
result on the example of the synthesis of silver nanoparticles.

1. Shin, W.; Kang, K.; Jang, H. Recent Advances in Nanoparticle Shape and Composition
Regulation Based on Galvanic Replacement for Cancer Treatment // Preprints.org.-2018.

2. Ward, M. A., & Georgiou, T. K. Thermoresponsive Polymers for Biomedical Applications
// Polymers.-2011.-3(3).-P. 1215—1242.

3. Hatefi A.; Amsden B. Biodegradable injectable in situ forming drug delivery systems //
J. Control. Release.-2002.-80.-P. 9-28.
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Hydrogels based on natural polymers (gelatin, alginate) are a popular material
in biomedical research and applications, as they have multipurpose properties [1].
The microstructure of such hydrogels, which includes porosity, pore size and
distribution, fiber orientation, granulation, and morphology, has a significant
impact on their physical, mechanical, and biological properties [2].

Gelatin/alginate hydrogel materials structured with PEG diglycidyl ether were
obtained. After fabrication, the hydrogels were characterized by IR-FTIR, SEM,
DSC, swelling was also investigated, and then their stability was studied using
degradation studies. To give the products a specialized medical purpose, they were
filled with a number of painkillers (novocaine, lidocaine, diclofenac) and
antiseptics (chlorhexidine). The drugs were introduced after studies of the
compatibility between the active ingredients and their release was studied. Drug
release studies have demonstrated rapid release of analgesic drugs and sustained
release of antiseptics, so such hydrogel materials may be useful for patients who
require immediate anesthetic and long-lasting antiseptic effects during wound
healing therapy.

1. Itsasne Erezuma, Izeia Lukin, Martin Desimone, Yu Shrike Zhang, Alireza Dolatshahi-
Pirouz, Gorka Orive. Progress in self-healing hydrogels and their applications in bone
tissue engineering // Biomat. Adv.-2023.-146.-213274

2. Yuyue Zhang, Hong Chen, Jianshu Li. Recent advances on gelatin methacrylate hydrogels
with controlled microstructures for tissue engineering // Int. J. Biol. Macromol.-2022.-221 .-
P 91-107.
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The processes of diffusion of nanoscale objects in living tissues are important
for understanding the peculiarities of using a number of diagnostic and therapeutic
methods [1]. However, the study of diffusion by known methods is usually costly
and time-consuming. Among the promising methods for these tasks is the group
of photoacoustic (PA) methods. The important thing here is that the parameters of
the PA response depend on the spatial distribution of substances that absorb the
excitation radiation.

In the present work, a new PA method suitable for studying diffusion processes
was developed and tested on model
objects. The method is based on the use of
an effect similar to the one known in the PA
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Fragments of protein molecules are considered as sensitive elements of surface
plasmon resonance (SPR) biosensors in the layered structure "prism - gold
nanolayer - protein receptor”.

On the basis of studies of proteins as channels of metabolic electron transfer,
the specific conductivity of protein chains was found. This characteristic is
important for modeling the sensory effect on SPR, as it directly determines the
dielectric permittivity of proteins. The change in dielectric constant upon at the
interaction of the protein receptor with the protein ligand determines the sensory
effect. This effect is characterized by changes in resonance characteristics, such as
wavelengths and angle of incidence of the SPR.

It was established that the basis for the sensory effect is the dependence of
specific conductivity on the length of the primary structure of protein chains. The
length was considered in the terms of the number of amino acid residues NV. Unlike
an all-nucleotide biosensor, in which N is the number of nucleotides, in an all-
protein biosensor the specific conductance has a different dependence on N.

It is shown that the sensory effect appears only at certain lengths of the primary
structure of protein chains. The lower limit of the number of amino acid residues
above which a sensory effect occurs was estimated.

Thoughts are expressed about the mechanism of interaction between the protein
receptor and the protein ligand and the influence of this interaction on the spectral
and angular position of the SPR.
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A large body of scientific research points to inflammation as a mechanism most
often present in the development of Alzheimer's disease (AD). Curcumin targeted
delivery may be a viable alternative to classical treatment protocols. The delivery
system can be liposomes - universal systems that can be loaded with both lipophilic
and hydrophilic compounds. Mixture of sunflower phospholipids in the form of
powder (defatted dry lecithin) was used as a raw material for the formation of
liposomes.

Phospholipids and their fatty acid composition were identified by tandem mass
spectrometry. Liposomes were prepared by "freezing-heating" methods;
"sonication" and extrusion. The most effective method for liposomal form of
curcumin creating was determined. It was the extrusion through membranes
method. Curcumin liposomal form obtaining method included dissolving a mixture
of sunflower phospholipids, cholesterol, and polyethylene glycol and curcumin
solution adding; evaporating of mixture until a lipid film was formed; hydration,
and sequential extrusion through membranes with pore diameters of 200, 100, and
50 nm. The size of "empty" liposomes and liposomes with curcumin and
microRNA was determined using: a) dynamic light scattering using a laser
photocorrelation spectrometer and b) atomic force microscopy (AFM). The
efficiency of curcumin encapsulation was 95.34 + 3.76%.

The effect of curcumin on the expression of APP and AP in response to
treatment with curcumin at different concentrations and the effect of curcumin on
the expression of APP and AP from miRNAs were evaluated. Curcumin was shown
to decrease mRNA, APP, AB40 and AB42 levels compared to untreated cells.

The obtained data found the sunflower phospholipids using as raw material for
the nano-sized containers creation — liposomes for pharmacologically active
ingredients transport and strategy for the Alzheimer's disease treatment, taking into
account the key role of the liposomal form of flavonoids and micro RNA.



Session 2. Nanobiotechnology for health-care 375

Anti-cancer activity of zinc-tetraphenylporphyrin
photosensitizer / dextran-graft-polyacrylamide copolymer/
Au(Ag) nanoparticles nanohybrids

Yeshchenko 0., Kutsevol N.?, Khort P/,
Virych P2, Chumachenko V2, Virych P3

! Physics Department, Taras Shevchenko National University of Kyiv,

60 Volodymyrska str., 01601 Kyiv.

E-mail: mirasonlll@gmail.com

2 Chemistry Department, Taras Shevchenko National University of Kyiv,

60 Volodymyrska str., 01601 Kyiv.

3 Laboratory of Mechanisms of Drug Resistance, R.E. Kavetsky Institute for

Experimental Pathology, Oncology and Radiobiology,
45 Vasylkivska str., 03022, Kyiv, Ukraine.

The comparative studies of the anticancer activity of triple nanohybrids of zinc-
tetraphenylporphyrin (ZnTPP) photosensitizer / dextran-graft-polyacrylamide
(D-g-PAA) copolymer / Au (Ag) nanoparticles depending of the presence of Au or
Ag nanoparticles in the nanosystem were performed. The 420 nm light irradiation
of low power (10 mJ/s) has a significant cytotoxic effect on LNCaP prostate cancer
cells in vitro under adding of ZnTPP/D-g-PAA/AuNPs and ZnTPP/D-g-
PAA/AgNPs hybrid nanohybrids into the incubation solution. ZnTPP/D-g-
PAA/AgNPs nanohybrids has considerably higher anticancer activity (82%)
comparing to ZnTPP/D-g-PAA/AgNPs one (45%). Most possibly, for ZnTPP/D-
g-PAA/AgNPs nanohybrid it is due to resonance of light irradiation wavelength of
420 nm both with absorption Soret peak of the ZnTPP photosensitizer and localized
surface plasmon resonance (LSPR) in AgNPs. Meanwhile, for ZnTPP/D-g-
PAA/AuNPs nanohybrid the 420 nm light is out of resonance with LSPR in Au
NPs. Therefore, the plasmon enhancement of reactive oxygen species (ROS) by
ZnTPP molecules is considerably higher for the nanohybrid containing the Ag NPs
comparing to one with Au NPs. Another possible cause of higher anticancer activity
of silver containing nanohybrid is higher cytotoxicity of Ag NPs than Au NPs. In
conclusion, due to the high cytotoxic activity of D-g-PAA/AgNPs and D-g-
PAA/AuNPs hybrid nanohybrids in combination with 420 nm light irradiation of
low power such nanohybrids have quite high potential in photodynamic treatment
of prostate cancer.
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Nanoparticles (NPs) are widely used in modern medicine in high-resolution
imaging of tissues, antimicrobial coatings, nanofabrication of implants, gold NPs
are used for bone tumor treatment with external magnetic fields [1]. Different types
of magnetic NP, nanofibers and nanocapsules are used for targeted drug delivery
to the cells and tissues [2]. In this study a review of different types of NPs used for
the drug delivery to different types of tumors and their documented efficiency is
given. External magnetic field, light or infrared radiation via an optic fiber or
acoustic streaming are used for activation of the release and transportation of the
drug-loaded NPs toward the tumor cells and adsorption of the drag [3].

A novel mathematical model of movement of the NPs in the capillaries, through
the capillary wall and in the interstitial in the field of acoustic force accounting for
the diffusion and temperature-induced coupled phenomena is presented. The tumor
and healthy tissues are modeled as a set of capillaries surrounded by their ‘influence
domains’ (Krogh model). Numerical solutions of the problem with different tumor
types and volumes (V,), number of NPs (N,) injected into the blood stream, drug
load (mj) on NP, blood velocity (V,) and acoustic field mean force, frequency and
temperature (F_, o, T) have been found. Functional dependence of the minimal
N, needed for efficient therapy (i.e. mean amount of drug Md for a given Vt was
found as a relationship min{N,}=f(Fac, o, T, V,, V, R,L), where R and L are
radius and length of the Krogh cylinder.

1. Madkour L.H. Nanoparticle-Based Drug Delivery in Cancer Treatment (Nanotechnology
for Drugs, Vaccines and Smart Delivery Systems). CRC Press. 2022.

2. Batyuk L., Kizilova N. Protective action of nanodiamonds against influence of ionizing
radiation in rats // AS Cancer Biol.-2020.-4.-P.01-05.

3. Batyuk L., Kizilova N. Magnetohydrodynamic flows of micro/nano fluids through thin
capillaries // Visnyk of Kyiv National University, Phys Math Sci. -2019.-3.-P.32-36.
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Using the deep neural network REDNet capable is allow to structure
automatically data clean restoring while accounting for their noisy nature. It is one
of the possible approaches for medical images existing noise reducing [1]. REDNet
has already been effectively used in several computer vision and image processing
applications [2].

Image wifh noise Reconstructed image Original image

Fig. 1. MRI brain images: with noise, reconstructed and original.

The denoising results thanks to REDNet network using with artificially added
15% Gaussian noise are shown on Fig. 1. The received images quality was checked
by PSNR and SSIM metrics. The medical images noise reduction with corresponding
influence for more accurate diagnosis is shown by quantitative calculations.

The results for medical images REDNet denoising using confirmed its
flexibility and ability for different noise levels and image types adjust.

1.Wu, Changhe & Gao, Tianhan. (2021). Image Denoise Methods Based on Deep Learning.
Journal of Physics: Conference Series. 1883. 012112. 10.1088/1742-6596/1883/1/012112.

2.F. Gu, H. Zhang, C. Wang and B. Zhang, "Residual encoder-decoder network introduced
for multisource SAR image despeckling,” 2017 SAR in Big Data Era: Models, Methods and
Applications, Beijing, China, 2017, pp. 1-5.
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Previously [1,2] we showed that diverse combinations of inorganic substances
coupled with appropriate herbal material via mechano-chemical activation
facilitates formation of composite materials that causes the therapeutic and
preventive medication properties in cosmetic products. Due to the specific
adsorption capacity of composite components towards to biologically active
substances (BAS), as well as the diversity in their dispersion, the simultaneous
release of herbal active components and microelements of clays is feasible.

The main factors that allow successful application of such composites are
the non-toxicity and sedimentation resistance in various systems achieved by
particle size.

Via the method of mechanochemical activation, composite materials were
obtained, which were used as activators of cosmetic products.

1.V.V. Paientko, E. Skwarek, Matkovsky A.K. DEVELOPMENT OF MEDICAL AND PRO-
PHYLACTIC TEETH PASTES AND BIOLOGICAL ADDITIVES ON THE BASE OF CLAY-
SILICA- PLANT RAW COMPOSITES//heritage of European science: Chemistry and
pharmaceuticals, Medicine, Biology, Agriculture, Pedagogy, Psychology, Philology. Mono-
graphic series «European Science». Book 17. Part 4. 2023-p.8-21

2. V.V. Paientko, E. Skwarek, COMPOSITES WITH IMMOBILIZED Bioactive Compounds
ON SOME INORGANIC MATRICES FOR COSMETICmPURPOSES// eritage of European
science: Chemistry and pharmaceuticals,Medicine, Biology, Agriculture, Pedagogy, Psy-
chology, Philology. Monographic series «European Science». Book 17. Part 4. 2023-p.22-
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Polymer hydrogels are natural or synthetic materials with high water content.
They are excellent for treating wounds of various geneses due to their
biocompatibility, softness, plasticity, and ability to transfer biologically active
compounds and absorb wound exudate. Functionalization of hydrogels with drugs
is essential. Hydrogel bandages for the treatment of wounds must release the active
substance for a long time. Long-term maintenance of therapeutic concentrations
of antimicrobial drugs significantly accelerates wound healing and reduces the risk
of inflammatory processes [1].

Polymer chemical structure and cross-linking density are determining factors
in drug adsorption and desorption. Drug penetration into human tissues and
interaction with bacterial cells promote by functional groups, which often have a
positive or negative charge. Cross-linked PAA hydrogels containing polymer
fragments with ionizable cationic/anionic functional groups were synthesized as
model matrices to study their ability to absorb and release ionic dyes.

Hydrogels were synthesized by graft copolymerization of acrylamide on
chitosan, dextran, and dextran sodium sulfate with simultaneous cross-linking using
N,N-methylene-bis-acrylamide.

Study of swelling kinetics and sorption—desorption of acid fuchsin, basic
fuchsin and neutral red as drug models to assess the transport of bioactive
molecules by synthesized gels was carried out.

1. Lei L., Bai Y., Qin X., Liu J., Huang W., Lv Q. Current Understanding of Hydrogel for
Drug Release and Tissue Engineering // Gels. — 2022. — 8(5) — P. 301. doi:
10.3390/gels8050301.
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Today in molecular biological studies considerable attention is paid to
macrocyclic nanoscale compounds calix[4]arenes (the size of the macrocycle
cavity is more than 1 nm?). The advantages of calix[4]arenes include their easy
synthesis and low toxicity [1]. A research of effectors capable of modifying the
intensity of redox reactions in the inner mitochondrial membrane and the activity
of Ca?" transport systems in it is an urgent issue of biochemical membranology
and molecular biotechnology. The currently synthesized calix[4]arene C-1193
(5,17-bis(dihydroxyphosphonylmethylol)-25,27-dibutoxythiacalix[4]arene)
contains four sulfur atoms, which cause nucleophilic properties and high reactivity.

The experiments were carried out on a suspension of isolated rat myometrial
mitochondria. Using the Ca?*-sensitive probe Fluo-4 AM, we demonstrated a time-
and concentration-dependent (0.01-10 uM) inhibition of Ca?* accumulation by
mitochondria. It was established that C-1193 inhibits the oxidation of NADH and
FADH, too. The investigated calix[4]arene, depending on the concentration,
inhibited the formation of reactive oxygen species in mitochondria (DCF
fluorescence). At the same time, according to the results of photon correlation
spectroscopy C-1193 did not change hydrodynamic diameter of mitochondria, so
it did not cause their swelling. The selected calix[4]arene inhibited the synthesis
of nitric oxide, Ki is 5.5 + 1.7 nM very effectively, which makes the studied
compound a high-affinity blocker of endogenous NO generation in mitochondria.

These results are the basis of the possible application of the selected
calix[4]arene as a tool in the research of biochemical processes associated with
mitochondria and directed regulation of smooth muscle functioning.

1. Pan Y-C., Hu X-Y.,, Guo D-S. Biomedical Applications of Calixarenes: State of the Art
and Perspectives // Angewandte Chem Int Ed. - 2021.- 60, N 6. - P. 2768-2794.
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Development and usage of nanostructures for drugs delivery is one of the most
promising directions of nanoscience and nanobiotechnology application for health-
care area. Among effective ways to enhance drug molecules transmembrane
transfer there is a way when membrane penetration facilitating agent molecules
form noncovalent nanocomplexes with the drug molecules to be delivered.

In the current combined mass spectrometry and quantum chemical study, we
examined the formation of nanocomplexes between the molecules of selected
anticancer mercapto-derivatives of nucleobases and drug delivery facilitating
agents dimethyl sulfoxide (DMSO) or ascorbyl palmitate (AP). DMSO is known
as a transmembrane drugs penetration enhancer, while AP is a fat soluble form of
vitamin C, which can form nanosomes promising for the drug delivery. Formation
of stable noncovalent complexes of DMSO or AP with 6-mercaptopurine and
2-mercaptoadenine in the polar solvent methanol was revealed by the electrospray
ionization mass spectrometry (ESI MS) probing. The complexes are similar to the
nanocomplexes of DMSO with the molecules of a number of antibiotics, formation
of which was demonstrated in our previous study [1]. Structural and energetic
parameters of the DMSO-drug complexes were calculated using the DFT method.

The results of the study on formation of noncovalent nanocomplexes between
the anticancer drug molecules and the delivery facilitating molecules or molecular
clusters can be considered as a basis for the development of nanostructures for
facilitating of transmembrane transfer of the fat insoluble drugs.

1. Pashynska V., Kosevich M., Gomory A., Drahos L. Dymethyl sulfoxide as a functional
agent for antimicrobial drug's transport facilitating: mechanistic study by mass spectrom-
etry // Funct Mater. -2022.-29(1).- P. 100-106.
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One of the promising areas of application of nanotechnology is diagnostic and
clinical nanomedicine. It is known that silver nanoparticles (AgNPs) exhibit broad
antimicrobial activity [1], but there is a high probability of adsorption/adhesion
effects of Ag nanoparticles (average diameter 100 nm) on erythrocyte membranes
[2]. The work investigated the activity of monodisperse silver nanoparticles of
different sizes (18 nm, 30 nm, 50 nm, 85 nm, and 100 nm). AgNPs were
synthesized according to the method [3]. Absorption spectroscopy and dynamic
light scattering were used to estimate the size of AgNPs. Absorption spectra were
recorded using a Hitachi spectrophotometer (Japan) in the range from 400 to
800 nm. Studies included Red Blood Cells (RBCs) morphology and viability, RBCs
membrane integrity, oxidative stress, and cell cycle progression. Cytotoxic effects
significantly increased from AgNPs-50 nm to AgNPs-100 nm. The obtained results
can help in the development of modulators of AgNPs, and give an understanding
of their toxicity.

1. Batyuk L.V., Kizilova N.N., Muraveinik O.A. Effects of silver nanoparticles in vitro on
the structural and functional state of RBCs membranes in patients with stomach tumor //
Proceedings of Ukrainian Conference with International Participation « Chemistry, Physics
and Technology of Surfacey. Kyiv. -2021.- P. 31.

2. Bankapur A.i, Barkur S., Chidangil S., Mathur D. A Micro-Raman Study of Live, Single
Red Blood Cells (RBCs) Treated with AgNO, Nanoparticles // PLOS ONE.-2014.- 9,N 7.-
P1-10.

3. Wan Y, Guo Z, Jiang X, Fang K, Lu X, Zhang Y, Gu N. Quasi-spherical silver nanopar-
ticles: Aqueous synthesis and size control by the seed-mediated Lee—Meisel method // J Col-
loid Interface Sci.-2013.-394.-P.263-268.
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Tryptanthrin is a naturally occurring yellow indoloquinazoline alkaloid, the
well-known m-electron-containing compound. Tryptanthrin and its derivatives
possess broad "spectrum" of health-care activities including anti-pathogenic,
antibacterial, anticancer and anti-inflammatory [1,2] due to its unique feature of
binding to telomeric G4 DNA and stabilizing it. In particular, complexes based on
iodo-tryptanthrin and bromo-tryptanthrin possess the higher anticancer activity
than other tryptanthrin derivatives. The feature of tryptanthrin binding to G4 DNA
can be used in nanobiotechnology for the development of new antitumor drugs.

Comparative investigations of optical absorption (at room temperature),
fluorescence (at room temperature and T=78 K) and phosphorescence (at T=78 K)
of the molecular complexes based on tryptanthrin (Try-Pt) and iodo-tryptanthrin
(ITry-Pt) with platinum chloride and DMSO were done. The positions of the first
excited singlet (S1) and triplet (T1) energy levels of these complexes were
obtained. The existence of two optical absorption centers in the Try-Pt molecule
was confirmed. The short-wavelength shift of optical absorption spectrum of [Try-
Pt in comparison with the corresponding spectrum of Try-Pt as well as the
appearance of new bands, the significant decrease of fluorescence intensity of [Try-
Pt in contrast to the corresponding fluorescence intensity of Try-Pt, the short-
wavelength shift of fluorescence and phosphorescence spectra of ITry-Pt relative
to the corresponding spectra of Try-Pt are, in our opinion, the spectral
manifestations of the effect of the iodine atom on the pi-electron system of
tryptanthrin.

1. Qin Q.-P, Zou B.-Q., Hu F-L., Huang G.-B., Wang S.-L., Gu Y-Q., Tan M.-X.
Platinum(1l) complexes with rutaecarpine and tryptanthrin derivatives induce apoptosis by
inhibiting telomerase activity and disrupting mitochondrial function // Med. Chem. Com-
mun.- 2018. -9.- P.1639-1648.

2. Pinheiro D., Pineiro M., Pina J., Brandao P, Galvao A.M., Seixas de Melo J.S. Tryptan-
thrin from indigo: Synthesis, excited state deactivation routes and efficient singlet oxygen
sensitization // Dyes and Pigments.- 2020.- 175.- 108125.
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Nanotechnology is emerging as an efficient platform for theranostics, since
nanoparticle-based contrast agents are powerful tools for enhancing in vivo
imaging, while therapeutic nanoparticles may overcome several limitations of
conventional drug delivery systems. Theranostic nanoparticles have drawn
particular interest in cancer treatment, as they offer significant advantages over
both common imaging contrast agents and chemotherapeutic drugs. However, the
development of platforms for theranostic applications raises critical questions [1].

Poly(2-oxazoline)s are a perfectly suited class of polymers for the preparation
of well-defined (co-)polymers, allowing the integration of a wide range of
functionalities. Poly(2-oxazoline)s have the potential to find a variety of
applications in biological systems due to their known biocompatibility. In
particular, poly(2-oxazoline)-based block copolymers can be synthesized in an
efficient way via a living cationic polymerization process represent attractive
systems to be applied in diverse fields.

In this work we present synthesis of star—shaped polymers with three and four
chains poly(2-ethyl-2-oxazoline)s (POxs) as thermo-sensitive building blocks.
POxs were prepared via living cationic ring opening polymerization by using 1,1,
1-tris(hydro- xylmethyl)ethane tristriflate and pentaerythritol tetratriflate as
initiators.

1.Dreifuss T. et al. A challenge for theranostics: is the optimal particle for therapy also op-
timal for diagnostics? // Nanoscale. - 2015. -7. N 37. - P15175-84.
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Gramicidin S (GS) is a prospective antimicrobial peptide which maintains its
effectiveness over 80 years since its discovery [1]. It was established that
antimicrobial action of GS is directly related to damages of lipid membranes of
bacterial cells and related elevation in its non-specific permeability [2], though the
detailed mechanism is still under consideration.

Literature data reveal two-modal GS embedding into lipid membranes due to
the ability of GS to form associates inside the membrane bulk [2]. As a result, nano-
emulsion is formed consisting of the lipid domains containing GS monomers or
GS associates. It seems a sufficient reason for the permeability elevation underlying
GS antimicrobial action. We supposed conjunction of the alternative mechanisms
of GS embedding and showed that GS monomers concentration in membrane could
follow the low s = A c* + p,A c®A cP, where a and B are exponents in Freundlich
equation of independent sorption, and y = o + 3 > 1 which is in line with our
experiment. Our model also describes impact of GS monomers that restricts the
growth of GS associates inside the membrane. Generally, nano-emulsification of
lipid membrane with conjunction of two modes of GS embedding appeared to be
a conceivable model which explains a lot of GS effects.

1. Gause G., Brazhnikova M. Gramicidin S and its use in the treatment of infected wounds
// Nature.-1944.-154.-P.703.

2. Afonin S., Diirr U.H.N., Wadhwani P.,, Salgado J., Ulrich A.S. Solid state NMR structure
analysis of the antimicrobial peptide gramicidin S in lipid membranes: concentration-de-
pendent re-alignment and self-assembly as a p-barrel // Top Curr Chem.-2008.-273.-P. 139-
15.
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The development and implementation of biotechnological processes with edible
and medicinal macromycetes aimed on the effective and safe production of
biological medicinal preparations and medicines is the important priority of the
modern pharmaceutical industry. The study of the main growth and biosynthetic
activity of medicinal macromycetes regulation and stimulation factors is a necessary
component of the such biotechnological process [1].

The ecologically safe regulation and stimulation factors, as low-intensity artificial
lighting, and new drugs based on the colloidal solutions of metal nanoparticles able,
under certain conditions, to have the essential effects on the biophysical and
biochemical processes in living organisms, including fungi [2].

We have used a pure culture of the valuable medicinal macromycete F. officinalis
IBK-5004. The impacts of colloidal solutions of metal nanoparticles (FeNPs, MgNPs,
AgNPs) in combination with low-intensity artificial lighting at wavelength of
470 nm on the growth and biosynthetic activity of F. officinalis IBK-5004 was studied.

It was established that both of these factors (adding the metal nanoparticles solution
to the growth substrate and artificial lighting) revealed its effectiveness as a growth
regulator, demonstrating the ability to both grows stimulation and inhibition.The
obtained results showed that low-intensity blue light induce an growth in the
synthesis of endopolysaccharides by 38.4% and reduce the exopolysaccharides
by 12.4% on media without NPs. Addition of silver nanoparticles (AgNPs) to the
inoculum significantly inhibited the synthesis of polysaccharides compared to the
control. The addition of colloidal solutions of nanoparticles (FeNPs, MgNPs) to
the seed mycelium of F. officinalis stimulate the synthesis of polysaccharides.

1. Mykchaylova O, Poyedinok N, Shchetinin V. Screening of Strains of the Medicinal Mush-
room Fomitopsis of icinalis (Vill.) Bondartsev Singer Promising for Biotechnological Use//
Innov. Biosyst. Bioeng.-2023.-6, N3-4.-P. 110-8.

2. Poyedinok, N., Mykhaylova, O., Sergiichuk, N. Effect of Colloidal Metal Nanoparticles on
Biomass, Polysaccharides, Flavonoids, and Melanin Accumulation in Medicinal Mushroom
Inonotus obliquus (Ach.:Pers.) Pilat. //Appl Biochem Biotechnol.-2020.-191, -P.1315—1325.
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Inorganic nanoparticles (NPs), including noble metal nanoparticles are one of the
platforms employed for promoting selective cellular delivery and uptake of boron-
rich compounds [1]. Besides known strategy for functionalization of metal
nanoparticles surface with metallacarboranes through thiol bonding [2], herein we
propose a method for their attachment to the gold nanoparticle (AuNPs) through a
phosphorothioate function using as a model ligand thiophosphate derivative of bis(1,2-
dicarbollido)-3-cobalt(1-)ate, [8,8'-u-O,P(O)SH-3,3'-Co(1,2-C,B,H, )2]JHDBU(1).

For this novel AuNPs functionalized with 1 (AuNPs/1) the position of the
maximum of localized surface plasmon resonance band was shifted to the long-
vawelength region for a several nanometers, from A =524 nmtoA =526 nm,
and the intensity of the band was increased compare to untreated AuNPs. The mass
spectrum of the AuNPs/1 recorded in negative mode unambiguously showed a
diagnostic signal corresponding to a singly and doubly ionized 1 at 434.2 m/z and
216.6 m/z and characteristic boron isotopes pattern. Based on theoretical calculations
and UV-vis data the coverage of AuNPs surface was estimated as self-assembled two
layers of modifier. The obtained AuNPs and novel AuNPs/1 nanocomposite were
characterized using DLS and ELS techniques, and the binding constant of AuNPs/1
with BSA protein were calculated using the data on emission quenching.

1. Gozzi M., Schwarze B., Heyl|Hawkins E. Preparing (metalla)carboranes for nanomed-
icine // ChemMedChem. -2021.-16(10).-P.1533—1565.

2. Pulagam K.R., Gona K.B., Gomez-Vallejo V., Meijer J., Zilberfain C., Estrela-Lopis 1.,
Baz Z., Cossio U., Llop J. Gold nanoparticles as boron carriers for boron neutron capture
therapy: synthesis, radiolabelling and in vivo evaluation // Molecules.-2019.-24.-P.3609-
3630.

3. Mukha Iu., Sardo C., Smiatkowski K., Rusinchuk N., Kadlubowski S., Lesnikowski Z.
Functionalization of gold nanoparticles with metal complexes of boron clusters, Nanomat.
Nanotech., in preparation.
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Liposomes loaded with antitumor molecules are used for targeted drug delivery
to the site of neoplastic growth, reducing the overall toxicity of drugs and
controlling their spread within the biological niche, increasing their effectiveness
in cancer therapy [1]. Variation of the lipid composition of liposomal membranes
makes it possible to create delivery vehicles of the desired diameter, surface charge,
stiffness, permeability, bioavailability etc. and paves the way for controlled action
of encapsulated drugs [2]. Surface charge density on the membrane and the
asymmetry of lipid distribution between leaflets can have a significant impact on
the bioavailability of drugs.

We have studied the effect of surface charge density, cholesterol content and a
composition of suspending medium on the effectiveness of liposomal incorporation
into the cultured fibroblasts. It appeared that negatively charged DPPC—Cardiolipin
liposomes are most aggregation prone in PBS solutions. This aggregation is
reversible in both PBS and DMEM solutions. Confocal microscopy certifies the
fastest fusion of DPPC—Cholesterol liposomes with cultured monolayers of murine
fibroblasts. Cholesterol controls accumulation and release of antimicrobial peptides
from liposomal nanocarriers. Our data suggests methodology for choosing optimal
biophysical properties of liposomal vesicles for loading them with cationic
antineoplastic medicines including redeployed antimicrobial peptides.

1. Wang S., Chen Y., Guo J., Huang Q. Liposomes for tumor targeted therapy: A review //
Int J Mol Sci. — 2023. -24(3). — P. 2643

2. Yefimova S.L., Kurilchenko 1.Y., Tkacheva T.N., Rozhkov V.A., Sorokin A.V., Lukianova
N.Y, Bezdenezhnykh N.A., Malyukin Y.V, Chekhun V.F. Comparative study of dye-loaded
liposome accumulation in sensitive and resistant human breast cancer cells // Exp Oncol.
2012. - 34(2). — P. 101-106.
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Textile wastewater heavy metal pollution has become a severe environmental
problem worldwide [1]. A lot of dyes that are used in the textile industry contain
heavy metals [1]. The high concentrations of heavy metals in effluents from textile
industry cause severe toxicological implications on the environment with a
dramatic impact on human health [1]. Conventional heavy metal detection methods
often require expensive equipment, highly skilled personnel, the application of
complex operational procedures, long detection times, and they are not applicable
for real-time detection [2].

As a result of this work new impediometric urease-inhibition based biosensor
was developed for determination of heavy metal ions in water. A differential pair
of gold interdigitated electrodes deposited on a ceramic substrate was used as
impediometric transducer. As a bioselective element urease was chosen, which was
immobilized by cross-linking with glutaraldehyde on the surface of electrodes.
Sensitivity of urease biosensors toward different heavy metal ions was investigated.
The possibility of biosensor reactivation with EDTA after inhibition was
demonstrated. The biosensor was characterized by high reproducibility of
responses and showed high storage stable during 6 months at -4 °C. In future the
developed biosensors can be used for heavy metal ions detection to control
wastewater treatment in textile industry.

This work is supported by CARA (the Council for At-Risk Academics) and is
part of a project that has received funding from the European Union’s Horizon
2020 research and innovation programme under the grant agreement No 958491,
Project Waste2Fresh.

1. Sasireka Velusamy, Anurag Roy, Senthilarasu Sundaram, Tapas Kumar Mallick // A Re-
view on Heavy Metal lons and Containing Dyes Removal Through Graphene Oxide-Based
Adsorption Strategies for Textile Wastewater Treatment// The Journal of the Chemical So-
ciety of Japan -2021.- 21. -P.1570— 1610.

2. Tao Hu, Qingteng Lai, Wen Fan, Yanke Zhang, Zhengchun Liu // Advances in Portable
Heavy Metal lon Sensors // Sensors -2023.- 23(8), 4125, https://doi.org/10.3390/s23084125
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Obtaining of “green” synthesized nanoparticles is one of the directions of
modern bionanotechnologies. This method involves the use of plant extracts that
have reducing properties instead of various chemical compounds. It is worth noting
that extracts from “hairy” roots obtained via Agrobacterium rhizogenes-mediated
transformation demonstrated reducing activity due to the presence of polyphenols.
That is why such extracts can be effectively used for the synthesis of metal
nanoparticles, in particular, silver nanoparticles (AgNPs).

In our study, four Artemisia tilesii “hairy” root lines (No. 2-5) were chosen for
the preparation of 70% ethanolic extracts. AgNPs were obtained using the extracts
by standard method with ImM AgNO,. Size and morphology of AgNPs were
examined by transmission electron microscopy (TEM 1230 JEOL, Tokyo, Japan)
with an acceleration voltage of 80 kV. Dimensions of AgNPs were measured using
Imagel] software and calculated as diameters.

Silver nanoparticles of all samples had rather non-uniform ellipsoid or barrel-like
shapes. Therefore the areas of transections were measured, diameters were calculated
and presented on the distribution histograms. The diameters of AgNPs for different
samples were between 2.86...45.42 nm, and the range of distribution for all four
samples was almost the same. However, the samples differed in the quantitative
distribution of nanoparticles according to their sizes (diameters). In particular, in
sample No.2, the largest number of nanoparticles had a size of 5-10 nm, although in
general the size of most nanoparticles varied from 2.8 to 30 nm. Most of nanoparticles
from sample No. 3 had sizes from 5 to 20 nm, and no significant dominance of
nanoparticles of a certain size was observed. Sample No.5 differed from the others
because 61.4% of all nanoparticles were 5-10 nm in size. Such broad dissimilarities
among the samples may represent the diversity of chemical compositions of various
extracts obtained from different “hairy” root lines.

Thus, it is probably worth studying the chemical compositions of “hairy” root
extracts and properties of obtained NPs due to their possible use in bioengineering.
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In recent decades, considerable attention has been paid to the use of microbial
preparations in agroecosystems to improve the growth, development and
productivity of plants by improving their nitrogen and phosphorus nutrition, the
release of plant growth stimulators, and their protection from phytopathogens and
phytophages. Particularly promising are complex microbial preparations, the
effectiveness of which is due to their multifactorial

One of them is the complex bacterial preparation Azogran, developed at the
Zabolotny Institute of Microbiology and Virology NAS of Ukraine. It is created
on the basis of the interaction of nitrogen-fixing bacteria Azotobacter vinelandii
IMV B-7076 and the phosphate-mobilizing strain Bacillus subtilis IMV B-7023
with particles of the clay mineral bentonite. The preparation improves the growth
and development of a significant number of plant species, increases the yield of
cereal, vegetable and technical crops by 18-37% [1].

It was established that Azotobacter vinelandii IMV B-7076 bacteria are able to
improve nitrogen nutrition of plants, synthesize a number of biologically active
substances, and inhibit the growth of phytopathogenic micromycetes [2]. However,
the synthesis of vitamins by this strain by interaction with bentonite nanoparticles
was not investigated, which became the purpose of this work.

It was shown that during the cultivation of Azotobacter vinelandii IMV B-7076
bacteria in a medium containing 0.1% bentonite nanoparticles, the content of
vitamin Bl was 1.96 pg/ml, while in a medium that did not contain these
nanoparticles, its concentration was significantly lower-1.40 pg/ml. At the same
time, the cultivation of Azofobacter in a medium with bentonite nanoparticles had
a slight effect on the accumulation of vitamin PP (niacin).

1. Kurdish I.K. Introduction of microorganisms into agroecosystems. Kyiv. Naukova dumka,
2010. 253 p.

2. N.V. Chuiko, A. Yu. Chobotarov, Ya. 1. Savchuk, 1. M. Kurchenko, I. K. Kurdish. Antago-
nistic Activity of Azotobacter vinelandii IMV B-7076 against Phytopathogenic Microorgan-
isms. Microbiological Journal. 2020. 82, No. 5. -R. 21-29.
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by click reaction
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In this study, the synthesis of three Bodipy compounds was carried out using
2,4-dimethyl pyrrole as a precursor. To obtain both intermediate and final products
in pure form, column chromatography was applied at each stage of the synthesis.
The products were obtained in a pure form and characterized using various
methods. First, melting point determination and FT-IR spectroscopy were
performed, followed by functional group analysis using FT-IR spectroscopy, and
then 1H-NMR and 13C-NMR spectra of these compounds were obtained.
Deuterated chloroform was used as the solvent for NMR spectra.

The synthesized compounds were named as B-Cl, B,, and B,. After the initial
characterization, the spectroscopic properties of these compounds were
investigated using fluorescence spectroscopy and UV-vis spectroscopy. In addition,
a study was conducted to investigate the effect of the solvent on the fluorescence
properties of these compounds [1,2,3].

Bodipy, Fluorescence, 2-4 dimethyl pyrrole, Spectroscopic Properties
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Fig. 1 -Synthesis of 5,5-difloro-1,3,7,9-tetrametil-10-(4-((kinolin-8-iloksi)metil)fenil)-
SH-4A%, 52*-dipirolo[1,2-c:2',1'-f][1,3,2]diazaborinin (B2)

1. Kursunlu, A. N., Yilmaz, A. K., Yemisci, E. ve Guler, E., 2022, Photophysical challenges
and antenna effect between click reaction-based Bodipy derivatives manufactured from
Knorr pyrrole, Results in Chemistry, 4, 100460.

2. Kursunlu, A. N., Sahin, E., Guler, E., 2016, Cu (II) chemosensor based on a fluorogenic
bodipy-salophen combination: sensitivity and selectivity studies, Journal of fluorescence,
26, 1997-2004.

3. Loudet, A. ve Burgess, K., 2007, BODIPY dyes and their derivatives: syntheses and spec-
troscopic properties, Chemical reviews, 107 (11), 4891-4932.
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Nanocrystalline ferrites with a spinel structure are used in gas sensors, magnetic
storage media, supercapacitors, magnetic hyperthermia, and controlled drug
delivery systems. The use of nanosized spinels as activators of oxidizing agents in
advanced oxidation processes of toxic organic water pollutants is also known [1].
The most common method of synthesis of spinel nanoparticles is the co-deposition
method. The aim of the work was to study the structural and phase characteristics
of MnFe,O, spinel particles, synthesized by co-deposition in an ultrasonic (US)
field, and their approbation as persulfates activators in the decolorization process
of safranin T azine dye.

The regularities of the influence of the calcination temperature on the average
size of MinFe,O, spinel crystallites and the temperature of the reaction medium on
the kinetics of safranin T decolorization were determined. According to the results
of XRD analysis using the Debye-Scherrer equation, the average size of MnFe,O,
crystallites was calculated, and it was equal to ~7 nm at a calcination temperature
of 400°C. It was found that using an advanced oxidation process of
US/MnFe,0,/S,0.> for 2 hrs at a safranin T concentration of 20 mg/L, a K,S,0,
concentration of 5.7 mM, a catalyst dose (MnFe,O,) of 0.1 g/L, a pH of the reaction
medium of 3.00, a temperature of 60 °C, and a specific US power of 68 W/L, the
decolorization rate of safranin T was 98.3% and the decolorization rate constant
was 1.529x10-3 s,

1. J. Yu, W. Qiu, X. Lin, Y. Wang, X. Lu, Y. Yu, H. Gu, S. Heng, H. Zhang, J. Ma. Periodate
Activation with Stable MgMn O, Spinel for Bisphenol A Removal: Radical and Non-Radical
Pathways // Chemical Engineering Journal, 459, 2023, 141574.
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Multidimensional coordination polymers that are based on stilbene derivatives
are widely reported metal coordination compounds. Their structural and
physicochemical properties are strongly determined by the type and conditions of
the synthesis methods but also by the precursors of metal centers used.
Coordination polymers have received extensive research attention due to their
applicability in various fields including catalysis, sensing, storage and separation
or transport of active substances [1-5].

The aim of the work was to optimize the synthesis conditions and
characterization of multidimensional coordination polymers based on the
4,4'-stilbenedicarboxylate ligand as a bridging building block. Different inorganic
compounds of s- and d- block metals were applied as sources of metal centers. The
preparation of metal complexes has been conducted at different conditions (pH,
solvent, temperature, and way of supplying energy). Physicochemical
characterization of the obtained coordination polymers was performed using the
following methods: single crystal X-ray diffraction, ATR-FTIR, TG-DSC, TG-
FTIR, PXRD and SC-XRD.

1. Ding M., Flaig R.W., Jiang H.-L.,Yaghi O. M. Carbon capture and conversion using
metal-organic frameworks and MOF-based materials // Chem. Soc. Rev.-2019.-48. 2783-
2828.

2. Li B., Wen H.-M., Cui Y., Zhou W., Qian G., Chen B. Emerging Multifunctional Metal—
Organic Framework Materials // Adv. Materials.-2016.-28. 8819-8860.

3. Mallakpour S., Nikkhoo E., Hussain C. M. Application of MOF materials as drug delivery
systems for cancer therapy and dermal treatment // Coord. Chem. Rev.-2022.-451. 214262.

4.0mwoma, S. Trace Metal Detection in Aqueous Reservoirs Using Stilbene Intercalated
Layered Rare-Earth Hydroxide Tablets // J. Anal. Chem.-2020.-97. 9712872.

5. Bauer C.A., Timofeeva T.V., Settersten T.B., Patterson B.D., Liu V.H., Simmons B.A., Al-
lendorf M.D. Influence of connectivity and porosity on ligand-based luminescence in zinc
metal-organic frameworks // J. Am. Chem. Soc.-2007.-129. 7136-7144.
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Certain guanine-rich sequences of telomeric DNA form specific four-stranded
assemblies — G-quadruplexes (G4). Their stabilization by small molecules results
in the inhibition of telomerase, a tumor-associated enzyme responsible for telomere
elongation. G4 structures were also found in the promoters of proto-oncogenes.
So quadruplex DNA is a promising target for novel anticancer drugs [1].

We have previously designed new tri- and tetrasubstituted acridine derivatives
as efficient telomerase inhibitors (IC,,1.6-3.8 uM) with antiproliferative activity
in vitro in the nanomolar range [2]. In the present research, we have studied the
interaction of these inhibitors with their molecular target, DNA quadruplex.

G4 of antiparallel topology was obtained by folding the deoxyoligonucleotide
d[AGGG(TTAGGG),] (Tel22, a fragment of telomeric DNA) in the presence of
Na* cations stabilizing the nano-sized quadruplex structure.

The binding affinity of compounds was evaluated using a semi-automated FID
(Fluorescent Intercalator Displacement) assay [3]. It is based on the competitive
displacement of Thiazole Orange (TO) dye from its fluorescent complex with DNA
by the tested ligand resulting in concentration-dependent emission decrease.

Using a microplate fluorescence reader, DC,, parameters (ligand concentration
at which 50% of TO was displaced) and binding constants of the inhibitors were
determined. These values correlate well with biological activity of compounds,
and efficient inhibitors show high affinity to G4, with Kb in the range
(0.8-4)x10¢ M. Thus, the studied bioactive compounds strongly bind to
quadruplex DNA target.

1. Neidle S. Quadruplex nucleic acids as targets for anticancer therapeutics // Nat. Rev.
Chem.—2017—1.-0041.

2. Negrutska V.V., Saraieva I.V., Kostina V.G., Alexeeva I.V., Lysenko N.A., Dubey I.Ya.
Telomerase inhibition by new di- and trisubstituted acridine derivatives // Biopolym. Cell.—
2016.—32.—P. 468-471.

3.Tse W.C., Boger D.L. A Fluorescent Intercalator Displacement assay for establishing DNA
binding selectivity and affinity // Acc. Chem. Res.—2004.—37.—P. 61-69.
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Nanostructured polymers with tyrosinase activity capable of selective cleavage
of o-hydroxyphenols were synthesized using the method of molecular imprinting.
The catalytic molecularly imprinted polymers (MIP) were obtained by co-
polymerization of 4-imidazolacrylic acid, ethyleneglycoldimethacrylate, and Cu(II)
in the presence of o-hydroxyphenol as a template molecule. The synthesized
nanostructured polymers were used as a sensitive part of the biomimetic sensor
based on a portable oxygen-meter for o-hydroxyphenol revealing in aqueous
samples. The sensor provided detection of o-hydroxyphenols within the range
0.08-2.5 mM with the detection limit 0.08 mM. The selectivity of the developed
sensors as for the detection of different phenols was investigated using
o-hydroxyphenol, phenol, 2-nitrophenol, 4-nitrophenol, o-cresol, p-cresol,
2-methoxyphenol, m-hydroxyphenol, 2-(3,4)-dihydroxyphenyl)-ethylamine,
andl1,2,3-trihydroxybenzene as analytes. High selectivity of the synthesized
nanostructured polymers with tyrosinase activity towards o-hydroxyphenols was
confirmed. Methods of calibration of the laboratory prototypes of the sensor device
based on biomimetic polymers for the determination of o-hydroxyphenols in
natural and wastewaters were developed. The analysis of real samples of natural
and wastewaters from Kyiv, Cherkasy, Odesa, and Sumy regions of Ukraine as for
the content of o-hydroxyphenols was carried out using the developed sensor
systems. A comparison of the biosensor analysis data with the results of traditional
analytical methods was made and good correlation between the data obtained with
different methods was demonstrated. The proposed method is superior to traditional
analytical methods in terms of the simplicity of the analytical procedure, its cost,
as well as the cost and compactness of the equipment.

Financial support from National Academy of Sciences of Ukraine is gratefully
acknowledged.
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Aspartate aminotransferase (AST) is a specific enzyme found in the liver and
heart. Its normal blood concentration blood should not exceed 40 unitsL-1. Thus,
blood AST activity serves as a diagnostic marker of liver and myocardial diseases
[1]. Therefore, the development of rapid, precise, and user-friendly devices for
AST monitoring is an important task in biotechnology.

This paper describes the development of a highly selective amperometric
biosensor based on glutamate oxidase for determining AST activity in multi-
component biological fluids. The bioselective element was created by cross-linking
BSA and glutamate oxidase using glutaraldehyde. The membrane thickness was
approximately 120 nm. Optimal concentrations of reactants were determined, and
the selectivity of the amperometric transducer to electroactive substances was
enhanced by employing a semipermeable polyphenylenediamine membrane.

The biosensor's capability to measure AST activity was demonstrated, and a
calibration curve depicting the relationship between the biosensor's response and
AST concentration was obtained. The calibration curve was then utilized to
determine the linear range, minimum limit of detection, noise, drift, sensitivity to
the substrate, and other analytical characteristics of the biosensor. Additionally,
various parameters of the biosensor were investigated, including signal
reproducibility, stability of functioning, signal duration, and the total duration of
one analysis, taking into account the preparation process.

After the completion of the development and optimization of this biosensor, it
will be possible to proceed with testing the performance of the developed AST-
sensitive biosensor in blood serum.

1. Ndrepepa G., Holdenrieder S., Kastrati A. Prognostic value of De Ritis ratio with aspar-
tate aminotransferase and alanine aminotransferase within the reference range// Clinica
Chimica Acta-2023.-538.-P. 46-52.
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Enzyme biosensors are generally characterized by good selectivity towards
potential interferents and the ability to maintain their working parameters over
multiple applications, making them highly specific to certain analytes. However,
there are also disadvantages of such systems. The main limitation lies in the narrow
operational range of concentrations of the analyte that can be measured using these
devices, as enzymes can become saturated at certain substrate concentrations and
no longer respond to further increases in concentration|[1].

There are various methods for improving the analytical characteristics of
enzyme biosensors. For example, the use of microfluidic systems and
nanomaterials can significantly enhance sensitivity and measurement accuracy.
Additionally, by optimizing the immobilization conditions, the design of the
bioselective element or by applying a multi-enzyme membrane approach[2-3].
Methods based on the usage of several enzymes in the composition of the
bioselective element or the addition of nanoparticles were used in our researches
and showed promising results for application in the field of biosensors.

1. Bucur, B., Purcarea, C., Andreescu, S. and Vasilescu, A.Addressing the Selectivity of En-
zyme Biosensors: Solutions and Perspectives// Sensors.-2021.- 21(9). — P. 30-38.

2. Li, Y, Schluesener, H.J. and Xu, S. Gold nanoparticle-based biosensors.// Gold Bull. —
2010. —43. — P29-41.

3.Vigneshvar, S., Sudhakumari, C., Senthilkumaran, B. and Prakash, H. Recent Advances
in Biosensor Technology for Potential Applications — An Overview. //Bioprocess Engineer-
ing. — 2016. - 4.
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Complexes of germanium with biologically active ligands, vitamins, medicinal
forms of chemical compounds significantly expand the areas of their application,
as well as sensitize the pharmacological effect and reduce the toxicity of pure
organic molecules, which are precursors in the production of drugs. Thus,
coordination compounds of germanium and preparations based on them are
characterized by antitoxic, anti-inflammatory, antihypoxic, immunostimulating,
reparative and nootropic properties, which not only expands the field of their
practical application, but also solves an important task for synthetic chemistry: the
synthesis of new compounds of a given composition with predicted properties.
This effect was observed on complex compounds of germanium with amino acids,
vitamins, nucleic acids and their components, carbohydrates, lipids, fatty acids,
enzymes, hormones, steroids and others.

Therefore, the purpose of this research is the synthesis of new mono- and
heterometallic coordination compounds of germanium and silver with
ethylenediaminedisuccinate acid (edds), research of their composition, structure
and properties. Silver was chosen as the second complexing metal to increase the
antibacterial and antiviral properties of the synthesized compounds.

Complexes were synthesized in aqueous solutions at pH=6.5-7. White
precipitates fell out of the solutions, but in the case of the heterometallic complex,
upon drying, the colour of the solution became pink, which is due to the recovery
of surface molecules. All synthesized coordination compounds were investigated
by the methods of IR, ESP, chemical and thermal analysis, DLS, SEM microscopy.
The method of IR spectroscopy made it possible to establish the method of
coordination of ligands to t.i. metal. It is shown that MMC forms a core-shell
structure, where the core is a germanate ion and the shell is formed by complex
silver particles.
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Experimental and model-theoretical studies were conducted to investigate the
peculiarities of geomechanical, physical, colloid-chemical, and nanochemical
factors influencing the nanoscale contact formation and rheological behavior of
real and model iron-aluminosilicate (IAS) bottom sediments, considering their
layered deep-seated occurrence. The study examined the features of rheological
phenomena and physicochemical geomechanics during nanostructural layered
transformations of iron-aluminosilicates. The findings demonstrate that the
formation of different TASs under dynamic conditions depends on the
physicochemical transformation of iron compounds, silicate and carbonate
conversions, leading to the rapid preliminary acquisition of nanostructures. For the
first time, it was shown that decreasing moisture content in IAS dispersions
correlates with decreased flow, while the rate of micro- and macrostructure
formation increases, particularly in the context of sliding marine sediments. These
sediments further consolidate in deep-seated layered deposits. The obtained results
are important for the development of modern concepts related to ecological
equilibrium mechanisms in marine and oceanic environments [1, 2], as well as for
the advancement of new technological solutions aimed at preventing catastrophic
events on ocean slopes and maintaining ecological balance in underwater marine
sediments using the methods of physicochemical geomechanics.

1. Kovzun 1. G., Prokopenko V. A., Panko A. V., et al. Nanochemical, Nanostructural
and Biocolloidal Aspects of Transformations in Dispersions of Iron-Aluminosilicate Min-
erals. — Kyiv: PH “Akademperiodyka”. — 2020. — 187 p. https://doi.org/10.15407/akadem-
periodyka.416.188

2. Emelianov V.A. Basics of marine geoecology. — Kyiv: Naukova dumka, 2003
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Specialized methods were employed to investigate the peculiarities of
microorganism activity in biocolloids based on carbonates and iron-
aluminosilicates (IASs) in relation to the formation of structures in marine bottom
polymineral carbonate-iron-aluminosilicate turbidite-pelitic sediments, with a
preliminary influence on such processes of geomechanical, nanochemical, colloid-
chemical, and rheological factors. It was examined in detail the model conditions
of the displacement of marine pelitic-turbidite dispersions accompanied by the
reformation of geocenoses composition depending on their depth of occurrence on
the shelf (up to 200 m), on underwater horizontal sections of continental plates
(abyssal plains) both at depths of up to 2 km and 8 km, as well as their behavior in
deep-water dips reaching 11 km. It was demonstrated that microbiological
processes in polymineral IAS structures lead to the final formation of crystalline
microgoethite or magnetite and iron-manganese concretions. Biocolloidal
transformations are also accompanied by parallel inorganic reactions, resulting in
the formation of various IASs in the deep oceanic regions and calcium and
magnesium carbonates in the shelf zone. The obtained results are of significant
importantance for the development of modern concepts regarding the impact of
oceanic environments on the disruption of ecological equilibrium, which, according
to preliminary data, exceeds the similar impact from terrestrial ecosystems by
several orders of magnitude. However, their investigation remains insufficient,
posing a threat to the future of life on Earth [1, 2].

1. Kovzun I. G., Prokopenko V. A., Panko A. V., et al. Nanochemical, Nanostructural and
Biocolloidal Aspects of Transformations in Dispersions of Iron-Aluminosilicate
Minerals. — Kyiv: PH “Akademperiodyka”. — 2020. — 187 p.

https://doi.org/10.15407/akademperiodyka.416.188
2. Emelianov V.A. Basics of marine geoecology. — Kyiv: Naukova dumka, 2003
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Semiempirical quantum-chemical methods compise an attractive compromise
between accuracy and computational efficiency in modelling electronic structure
and properties of nanoscale systems. However, their underlying physical models
rely on highly parameterized interpolations and thus require thorough accuracy
testing, even in case of such physically sound models as DFTB [1].

In this contribution, we present a methodology for selecting the molecules
which tend to be as difficult as possible for a given semiempirical method (in our
case, GFN, TB). To this end, we create an ensemble of machine-learning models
predicting the error of the given method on a specific molecule, given its structural
formula. The created model can be used to rank large databases of molecular
structures, based on their ‘difficulty’ the selected semiempirical method (see
Fig. 1 for the selectde examples).

0 NN oH o
H l o HO
A S N Hy M =
N OH
NH,

Fig. 1. Examples of molecules selected from ChEMBL database using
the proposed model

The proposed approach can be helpful in revealing the weaknesses of the
physical models underlying the existing semiempirical quantum-chemical methods
and in this way can stimulate their further development.

1. Bannwarth C., Caldeweyher E., Ehlert S., Hansen A., Pracht P, Seibert J., Spicher S.,
Grimme S. Extended tight-binding quantum chemistry methods // WIREs Comput Mol Sci.-
2021.-11.-Pel493.
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Clinoptilolite is a naturally occurring zeolite mineral with unique structure and
chemical composition. It has been studied for its various properties and
applications, including its potential antibacterial qualities. The available literature
suggests that certain forms of clinoptilolite exhibit antibacterial activity, however,
the search for new forms and complexes with higher efficiency continues.

Our research is aimed at the antibacterial properties of various forms of
clinoptilolite originating from the Transcarpathian region in Western Ukraine in
the complex with 3-[5-(1H-indol-3-ylmethylene)-4-oxo-2-thioxothiazolidin-3-yl]-

propionic acid (Les-6614). As previously described Les-6614 has slight
antimicrobial activity, simultaneously possessing anti-inflammatory features [1].
Therefore, the complex of clinoptilolite with Les-6614 may prove a promising
agent for antibacterial treatment.

The obtained results demonstrate that complexes, formed by clinoptilolite with
Les-6614, exhibit significant antibacterial effect against Pseudomonas aeruginosa
(gram-negative bacterium) but not against Staphylococcus aureus (gram-positive
bacterium). Furthermore, the antibacterial properties of the complexes depend on
both, the form of the clinoptilolite itself, and the conditions of chemical reactions
during the sorption of Les-6614 onto clinoptilolite samples.

1. Konechnyi Yu., Lozynskyi A., Ivasechko 1., Dumych T, Paryzhak S., Hrushka O., Partyka
U., Pasichnyuk 1., Khylyuk D., Lesyk R. 3-[5-(1H-Indol-3-ylmethylene)-4-oxo-2-thioxoth-
iazolidin-3-yl]-propionic Acid as a Potential Polypharmacological Agent // Sci. Pharm.-
2023.-91(1), 13.
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A dominant pathway for xenobiotics to penetrate the systemic blood flow and
spread further into tissues and organs is the portal system of the liver. Zinc oxide
(ZnO) is one of the nanomaterials that are widely commercially available ZnO
nanoparticles (NPs) are used in modern pharmacology as antimicrobial
preservatives [1]. However, there is an open issue regarding the mechanisms of
action of ZnO NPs, in the form of nanocolloids, on the hepatobiliary system.

Our study was to analyze the impact of nano-ZnO (average size 25 nm) water
colloids on the functioning of rat liver cells in vivo under long-term oral application
by Wistar rats. During the chronic intragastric introduction of the ZnO nanocolloids,
there was a considerable increase in the activity indices for enzymes ALT and AST.

We also studied the bilirubin of blood, which is one of the main indices of
pigment exchange and being a highly informative parameter of the functional state
of the liver. A significant increase in the bilirubin concentration in the blood plasma
of the animals in these conditions demonstrated considerable destruction of liver
parenchyma, which allowed bilirubin to penetrate blood.

We performed the thymol test, and the analysis of its results demonstrated the
increase in its indices. Thus, the results obtained demonstrate that the ZnO
nanocolloids are hepatotoxic, and under the chronic effect of NPs cause the
impairment of protein and pigment exchange in the liver.

Thus, the results of the research indicate that at the long-term oral input of the
ZnO nanocolloids into the organism, there is considerable the cytotoxic damage,
the impairment of protein degradation pathway, and the pigmentation disorders in
liver tissues.

1. Scientific committee on toxicity, ecotoxicity and the environment opinion on the results
of the risk assessment of: Zinc metal (CAS No. 7440-66-6), Zinc chloride (CAS No. 7646-
85-7), Zinc sulphate (CAS No. 7733-02-0), Zinc distearate (CAS No. 557-05-1, 9105-01-
3), Zinc phosphate (CAS No. 779-90-0), Zinc oxide (CAS No. 1314-13-2) Human Health
Part; Proceedings of the 39th plenary meeting; Brussels, Belgian. 2003.
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Existing ecological trends in replacing of the natural gas as main fuel both for
industry and private consumers create new challenges for polymeric science as
well as for the science in general. Considering the armed aggression of RF against
Ukraine transition to alternative sources of fuel is more than actual both for Ukraine
and for the rest of the world.

The paper presents the results of complex studies of the effect of gas mixtures
of hydrogen with natural gas in the ratios of 10%H,/90%CH, and 20%H,/80%CH,
on PE-80 and PE-100 polyethylene pipes and their material. The results of complex
strength and thermophysical studies of the materials of PE-80 polyethylene pipes,
which were previously operated in the existing gas distribution networks of Ukraine
for 15 years and PE-100 polyethylene pipes which were not used before, are
presented.

The influence of gas mixtures on the thermophysical properties of polyethylene
pipes has been established, which is manifested in a decrease in the size of
polyethylene crystallites and their orderliness in the volume of pipes under the
influence of gas mixtures. During analysis of results of the strength tests, it was
determined that all pipe samples, according to their strength characteristics, meet
the requirements of regulatory documents issued for polyethylene pipes used for
natural gas transportation [1, 2].

Submitted results are the basis for a further more wide-scale investigation
aiming to study the possibility to transport pure hydrogen and hydrogen mixtures
using the gas distribution networks operating in Ukraine and EU.

1. EN 12814-4:2018 Testing of welded joints of thermoplastics semi-finished products.

2. EN ISO 1167-1:2006 Thermoplastics pipes, fittings and assemblies for the conveyance
of fluids. Determination of the resistance to internal pressure General method.



Session 3. Nanochemistry and biotechnology 347

Development and application of Clinoptilolite-Argentum
based preparations for the healing of burn wounds

Syrvatka V.J.', Vasylechko V.0.%, Shtapenko O.V3, Slyvchuk O.Yu.’,
Roman 1.1.7, Fedorenko V.0.', Gromyko O.M.’

! Department of Genetic and Biotechnology, Ivan Franko National University
of Lviv, 4 Hrushevskoho St., 79005 Lviv, Ukraine.

E-mail: vasyl.syrvatka@gmail.com

2 Department of Analytical Chemistry, Ivan Franko National University of
Lviv, 6 Kyryla i Mefodiya, 79005 Lviv, Ukraine.

3 Laboratory of Reproductive Biotechnology, Institute of Animal Biology
NAAS, Lviv, 38 V. Stus St., 79034 Lviv, Ukraine.

Burn wounds are one of the major medical problem worldwide due complexity
of the healing process. Development of new effective pharmaceutical compositions
with active antimicrobial agents as argentum and supporting components as
clinoptilolite sorbent for improving the wound healing is an important task for
health care. This study aimed to develop preparations based on clinoptilolite-
argentum and argentum nanoparticles and evaluate their effectiveness in treating
burn wounds in rats.

Ethics Commission of the Institute of Animal Biology of the NAAS approved
all experimental procedures on animals in accordance with the Ukrainian current
legislation. Second-degree burns with size 6 cm? were created on the dorsal area
of 32 male rats under general anesthesia. The animals were randomly divided for
4 experimental groups (8 rats in each): animals from a control group were treated
by saline solution; group 1 - pure clinoptilolite; group 2 - clinoptilolite with metallic
argentum; 3 - clinoptilolite with chitosan-argentum nanoparticles. On Days 0, 3,
7,9 and 11 of treatment wound areas in all animals were measured. On Day 12, all
rats were euthanized and burn samples for histological and biochemical
examinations were collected.

The results showed that the wound areas of group 3 animals (3,14 + 0,17 cm?
on Day 11) reduced more rapidly compared to the control (4,38 £ 0,23 cm?) andsm
experimental groups 1 (4,13 + 0,28 cm?) and 2 (3,75 + 0,19 cm?). Best positive
effect on burn healing of clinoptilolite-argentum based preparations (groups 2 and
3) was confirmed by histological analysis. Reduction of the inflammation level
and acceleration of the tissue regeneration in the wounds of groups 2 and 3 were
established. There were no significant changes in activity of superoxide dismutase,
catalase, and concentration of malondialdehyde and proteins oxidative
modifications between the control and experimental groups.

Therefore, the clinoptilolite-argentum based preparations are effective for
treatment of burn wounds in rats.
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Sustainable economic development is the development that takes into account
the balance of interests between the present and future generations, and the
foundation for shaping the goals of sustainable development is the concept of a
balanced interaction between the economic, social, and environmental spheres of
societal development. According to the FAO report, the world is moving in the
wrong direction [1]. Nanotechnology can become the very tool for sustainable
development that will contribute to combating hunger and malnutrition, poverty
and destitution, preserving public health, promoting the use of affordable and clean
energy, conserving marine ecosystems, fostering innovation, and driving economic
growth. Thanks to nanotechnology, goods can be improved, becoming more
affordable and compact, while acquiring new properties. It is important that
nanotechnology to continue to be a critical component of the convergence of
knowledge, technology and society (CKTS) as its offers the potential to expand
the limits of sustainability and address all critical needs of human development on
Earth including basic commodities (e.g., energy, water and food), finished goods
(e.g., cell phones, cars and airplanes) and services (e.g., shelter, healthcare and
employment) [2]. Almost everything that humans need for their livelihood can be
created by molecular robots directly from atoms and molecules. This mode of
production that is expected to be much more cost-effective and environmentally
friendly than traditional agricultural and industrial methods. Humanity will be able
to exist in an entirely different environment that is conducive to life, where disease,
poverty and hunger will be almost eliminated, and the climate and ecological
conditions will be greatly improved.

1. FAO, IFAD, UNICEF, WFP and WHO. 2022. The State of Food Security and Nutrition
in the World 2022. Repurposing food and agricultural policies to make healthy diets more
affordable. Rome, FAO. https://doi.org/10.4060/cc0639en.

2. Diallo, M.S., Fromer, N.A. & Jhon, M.S. 2013. Nanotechnology for sustainable develop-
ment: retrospective and outlook. J Nanopart Res 15, 2044. https://doi.org/10.1007/s11051-
013-2044-0.
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The use of silver nanoparticles and silver salts in various fields is increasing
every year, that already has a negative impact on the environment and human health
[1,2]. There was a problem of developing new methods for silver detection.

As a result of the work, an impediometric biosensor based on urease was
optimized for the inhibitory determination of silver ions. The main analytical
characteristics improved: sensitivity, linear range of detection, limit of detection,
reproducibility, the ability to reactivation. The minimum detection limit of Ag*"ions
was improved to 1 nM. The biosensor is characterized by high signal
reproducibility (RSD=2.28%) and high stability during long-term storage
(at -4 °C) that allows these biosensors to be stored for up to 6 months without a
significant decrease in their sensitivity. It was found that the biosensor can be
reused by reactivation with EDTA. The developed biosensor can be used to
determine silver ions to control the quality of wastewater purifiers in textile
production.

1. De Leersnyder 1., Rijckaert H., De Gelder L., Van Driessche 1. and Vermeir P.// High
variability in silver particle characteristics, silver concentrations, and production batches
of commercially available products indicates the need for a more rigorous approach //
Nanomaterials.-2020.- 10, N 7, -P. 1394.

2. Xue Y., Zhang S., Huang Y., Zhang T., Liu X., Hu Y. and Tang M. //Acute toxic effects
and gendervelated biokinetics of silver nanoparticles following an intravenous injection
in mice//J of Applied Toxicology. -2012.-32, N 11, -P. 890-899.
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The application of ideal graphene in electronic, optoelectronic and catalytic
systems is impossible due to the zero band gap. The modification of graphene by
various methods is provided to overcome this disadvantage. The most effective
method is a single-atom functionalization (SAF) by a transition metal atom (ATM),
which is considered in this report. Based on the characteristics of the coordination
centers, if graphene is considered as a multifunctional ligand, the SAF ATM
methods can be divided into five categories: (1) coordination on the m-electron
system of graphene; (2) coordination on the heteroatoms, which are pre-doped into
the graphene sheet; (3) coordination on graphene defects, such as vacancies and
edge; (4) coordination on the functional groups of doped graphene; (5) coordination
using a combination of several options.

The report presents the results obtained by DFT method (B3LYP, 6-31G(d,p),
with the involvement of Grimme dispersion correction) at SAF ATM (iron atom)
system formed by the replacement of four carbon atoms (surrounding the double
vacancy in graphene) by four nitrogen atoms (Fe-N -graphene) using the concept
of coordination chemistry. The d-metal complexes play an important role in
inorganic chemistry, materials science and nanotechnology. The method used to
describe the nature of the ligand-metal bond is based on ligand field theory and
includes a useful and simple crystal field theory (based on the electrostatic model)
as well as a more complex approach based on molecular orbital theory.

The Fe-N -graphene complex has a planar structure with local symmetry D,,.
For this case the diagram of the d-orbitals splitting of the Fe atom in the field of
ligands (four nitrogen atoms) would be analogous to a square planar complex
(fig. a). The dxz and d _ orbitals are degenerate and have eq symmetry; the other
orbitals are singly degenerate: the d_, orbital has a, symmetry; the d,,-y, orbital
has b, symmetry; the dxy orbital has b, symmetry. The d-orbitals of the Fe atom
with lobes on that axis have lower energy due to the lack of ligands on the z-axis
of octahedral coordination. The o-bonding orbitals of the Fe atom have lobes in
the x and y directions. The d, orbital interacts with the px orbitals from the nitrogen
atoms in the Fe-N -graphene complex, and the d _ and a’yZ (e q) orbitals interacts with
the p_ orbitals of nitrogen atom, as seen in fig. b.



Session 3. Nanochemistry and biotechnology 351

¢« »

W
do. S @
2-y2 b[q _\W\ »
- 4 -
dn e &H—u ] -
——— I L { =
b 2q ’M )
dxy -%- L
eq : ., / Y / AY
dys, dy, P e Q .
o % < )
z »

a

Fig. The d-orbital splitting of levels of the Fe atom in the field of tetragonal
symmetry (a), the molecular orbital illustrating the interaction of the d__
orbital of the iron atom with the p_orbital of the nitrogen atom (b).

The coordination of transition metals on graphene can be understood in terms
of the local symmetry of the coordination center and the molecular orbitals formed
during the coordination of the TM atom. The d-orbitals of the TM atom can mix
with graphene orbitals of the same symmetry, which leads to a redistribution of
molecular orbitals in energy and, consequently, to a change in the splitting in the
ligand field.
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Increasing the bioavailability of hydrophobic substances is possible via creating
compositions with surfactants, in particular biogenic ones. Priority is given to
biosurfactants of a glycolipid nature — rhamnolipids — products of bacteria of the
genus Pseudomonas. This is due to their properties (emulsification, micelle
formation, foaming, wetting of surfaces, solubilization of substances, that poorly
soluble in water, low toxicity, environmental safety). An important property of
rhamnolipids is the effect on the permeability of cell membranes and on growth of
microorganisms [1]. The ability of rhamnolipids to enhance the effect of various
biologically active substances, to stabilize liposomes for transporting substances
into cells is known [2]

Promising antimicrobial compounds of a hydrophobic nature include thioesters
of sulfonic acids, in particular esulan — ethyl ester of p-aminobenzenethiosulfonic
acid (ETS) with antioxidant, antimicrobial, antiviral, and antitumor effects.
However, its use is limited by low water solubility and bioavailability. Previously,
it was shown that the antimicrobial activity of ETS in compositions with
rhamnolipids was increased against a number of test microorganism’s cultures [3].

A modern form of ETS compositions can be rhamnolipid nanomicelles with
ETS. Their advantages are a significant surface area of nanoparticles; protection
of the biologically active substance; prolonged and controlled release of the
biocide. So far, rhamnolipids as nanocarriers for hydrophobic drugs have not been
sufficiently studied.

The aim of the work was the synthesis of ETS/rhamnolipid nanomicelles,
determination of the optimal ratio of components for the maximum loading of
nanomicelles, determination of antimicrobial activity.

Nanomiclles were obtained via mixing ETS in a rhamnolipid-ethanol solution,
followed by the addition of a buffer and separation on a 0.22 um PTFE membrane.
The dimensions of the obtained nanomicelles were determined by the method of
dynamic light scattering on a DynaProNanoStar device (Wyatt Technology, USA)
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Table 1

ETS load in nanomicelles and
encapsulation effectiveness

ETS:rhamno- Load % Encapsulation ef-
lipide ratio fectiveness %
1:1 42 25
1:2 23 26
Fig 1. Nanomicelles Scanning 1:4 18 35

electron microscope analysis

at 298 K. The dimensions of ETS/rhamnolipid nanomicelles were 157 nm and the
polydispersity index were 0.40. Scanning electron microscope analysis showed
that most of the synthesized nanomicelles have sizes from 3 pm to 14 pm, and are
mostly spherical in shape.

The ETS load in the obtained nanomicelles decreased with decreasing of the
ETS amount, but the encapsulation efficiency was increased (Table 1).

Determination of the obtained nanomicelles antimicrobial effect on
Staphylococcus aureus test culture (Table 2) showed that the most active
nanomicelles ETS-rhamnolipid have ratio 1:1. The minimum inhibitory
concentration (MIC) is 1.47 pg/ml, the minimum bactericidal concentration (MBC)
is 2.94 pg/ml. For nanomicelles of 1:2 ratio MIC is 6.07 pg/ml; MBC —
3.045 pg/ml, ratio 1:2 - MIC — 8.38 pg/ml; MBC —4.19 pg/ml.

So, it was established that the optimal ratio of ETS-rhamnolipid in nanoparticles
is 1:1, and the ETS loading
was 42%. The nanopar-
ticles showed effect against
Staphy-lococcus — aureus.

Table 2

The minimum inhibitory concentration and minimum
bactericidal concentration on Staphylococcus aureus.

Considering biosurfactants g, L T MIC, pg/ml MIC, pg/ml
ecological safety and prob- lan ratio 1:1

lem of pathogen resistance 1:1 42 25

to antibiotics, nanopartic- 1:2 23 26

les is a promising tool. 1:4 18 35

1. A. Sotirova, D. Spasova, D. Galabova, E. Karpenko, A. Shulga Rhamnolipid-biosurfactant
permeabilizing effects on Gram-positive and Gram-negative bacterial strains // Current

Microbiology. — 2008. — V. 56.

— P, 639-644.

2. Lubenets V, Karpenko O, Ponomarenko M, Zahoriy G et al. Development of new antimi-
crobial compositions of thiosulfonate structure. Chem Chem Technol. 2013; 7 (2): 119—

124. doi 10.23939/chcht07.02.

119

3. Lubenets V., Stadnytska N., Baranovych D., Karpenko O., Havryliak V., Novikov V.: Thio-
sulfonates: the prospective substances against fungal infections. — In de Loreto, Tondolo,
J.S.M: Fungal infection. Pp. 1-25. IntechOpen, London 2019.
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Today, cancer mortality occupies another place after the disease of the
cardiovascular system among all causes of death in Ukraine. For the treatment of
cancer, classical chemotherapeutic drugs with a cytotoxic effect are used, which
have a large number of side effects. The creation of less toxic structural analogues
of known effective drugs and their modulation by nanostructures in order to
enhance the cytotoxic effect is promising nowadays.

The aim of this study was to estimate the effect of cis-Pd complex on the
viability and cell cycle distribution of LLC (Lewis lung cancer) cells separately
and in combination with C, fullerene.

Cis-Pd(HL)CI, (the purity of compound was >98%) was synthesized at Taras
Shevchenko National University of Kyiv (Ukraine) as described in. A highly stable
water colloid solution of C; fullerene (10-* M, purity >99.5%) was synthesized at
Technical University of [lmenau (Germany).

By using computer modeling it was shown that compound cis-Pd(HL)CI, form
stable complexes with DNA separately and in combination with C, fullerene.

LLC cells viability was estimated using MTT test at 24, 48 and 72 h after
addition of cis-Pd complex in 0.2 - 10 uM concentration range. The cytotoxic
activity of cis-Pd complex against LLC cells at 48h incubation was found to be
higher as compared with cisplatin, IC,; value for cis-Pd complex was 2.744 uM,
whereas for cisplatin - 27.79 uM. Cell cycle analysis revealed the increased LCC
cells content in G2/M phase after treatment with cis-Pd complex and the increased
cells content in apoptotic subG1 phase after combined treatment with cis-Pd
complex and C, fullerene.

Thus, the cis-Pd complex showed a pronounced cytotoxic effect, compared to
cisplatin, which was enhanced by combined treatment with C fullerene.
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Photopolymerization shrinkage in acrylic polymer-filler nanocomposites is
identified at the example of commercially available dental restoratives of various
packing, such as densely-packed ESTA-3 (ESTA Ltd, Kiev, Ukraine) and loosely-
packed Charisma (Heraeus Kulzer GmbH, Germany). Observed changes in
atomic-deficient structure of these composites are parameterized with PAL
(positron annihilation lifetime) spectroscopy applied in positron-Ps trapping
conversion mode, the model-independent estimate of volumetric shrinkage being
done in terms of average positron lifetime. Under saturated light curing,
fragmentation of Ps-hosting holes is shown to prevail in polymer sub-system of
these restoratives, predetermining polymerization-driven inverse (positron-to-Ps)
conversion in their unconstrained three-component PAL spectra. The Ps-hosting
holes get to be more fragmented in light-cured composites owing to cross-linking
of monomer chains, they being merged into holes smaller in volumes but larger in
numbers. Meaningful description of these transformations is presented employing
the Positronics approach based on the x3-x2-CDA (the coupling decomposition
algorithm). In densely-packed composites, polymerization shrinkage occurs mainly
in filler sub-system owing to disappearing of free volumes in junctions between
filler particles, while in loosely-packed composites this process occurs in filler-
polymer sub-system owing to preferential disappearing of free-volume cavities at
the interfaces between filler particles assemblages and surrounding polymer matrix.
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Recently, intensive research on the use of conductive conjugated polymers in
organic solar cells (OSCs) has been undertaken due to the systematic increase in
the cost of energy resources and the emergence of new sources of electrical energy.
Their main advantages include lightweight, ease of manufacture, flexibility, low
in cost, and the possibility of fairly simple adjustment of the main parameters of
the electronic structure of OSCs molecules, such as the energies of the lowest
unoccupied and the highest occupied molecular orbitals, donor (D) and acceptor
(A) materials of the active layer and width of their band gaps (E,).

In this work presents the results of quantum-chemical calculations of the main
properties of lower oligomers n = 1-8 of the conductive polymer poly[2,6-(4,4'-
bis(2-ethylhexyl) dithieno [3,2 - b:2',3'-d] silole) — alt - 4,7 - (2,1,3 — benzothiadia-
zole)] (PSBTBT), which is used as an electron donor in OSCs. All spatial and
electronic structure calculations were performed in the DFT approximation
(B3LYP, 6-31 G™) and TDDFT. Exponential approximation of the data for
oligomerston gave a value of E,=1.54 eV for the polymer. The main microscopic
parameters of molecules of the active layer of OSCs based on PSBTBT (D) and
(6,6)-phenyl-C61-methyl ester of butyric acid (A) are: E ,=0.50; E ,=0.21;
E,;;=0.83 eV. The estimation of the value exciton binding energy shows that for
the monomer it is 0.33 eV, and then with increasing n=2-8 it remains practically
unchanged in the interval from 0.26 to 0.28 eV. If we use the formula given in [1]
to determine the macroscopic operational parameter of the OSCs, the open circuit
voltage VOC, we will get a value of 0.90 V, which is a good indicator for solar
cells of this type. The obtained results and their analysis show that the computer
modeling of the materials used in OSCs allows to optimally select their component
elements to obtain the highest open circuit voltage values.

1. Li Y. Molecular Design of Photovoltaic Materials for Polymer Solar Cells: Toward Suit-
able Electronic Energy Levels and Broad Absorption // Acc. Chem. Res.-2012.-45.-P. 723-
733.
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The development of new cost-effective methods for the synthesis of amorphous
silica is of great practical importance, since highly dispersed silica is used in
various industries in its initial or modified form both to improve the properties of
materials and to create new composite materials. Therefore, special attention is
paid to resource- and energy-efficient technologies, not requiring some special raw
materials or the application of many expensive reagents and equipment [1].

The results of studies of a developed and successfully implemented new
approach to the synthesis of highly dispersed amorphous nanosilica are presented.
The proposed approach is based on the usage of ammonium fluoride, the physical
effects of sublimation and desublimation of the silicon-containing part of the initial
raw and is implemented on a pilot plant. The use of technogenic metallurgical
wastes (copper slags) as the feedstock and ammonium fluoride as the only reagent,
as well as the low synthesis temperature (400°C), makes this approach cost-
effective and promising for implementation in manufacturing.

It is shown that this method makes it possible to obtain amorphous nanosilica
with a purity of at least ~99.97% and a specific surface area of 10 (according to
BET) and 110 (according to SAXS) m?/g. The synthesized SiO, particles are
characterized by a regular spherical shape with some lamellar structures, including
small seed particles.

It has been revealed that the sizes of the synthesized particles can be controlled
by changing the synthesis conditions: the concentration of ammonium
hexafluorosilicate, pH, and temperature during the hydrolysis. It was also shown
that changing the pH of the solution from 6 to 1 during hydrolysis before
precipitation makes it possible to increase the specific surface area of the resulting
hydrolytic SiO, by 4 times.

1. Kurbanov M.Sh., Tulaganov S.A., Andriyko L.S., et al. Comparison between the properties
of amorphous silicas produced by pyrogenic and fluoride synthesis // Silicon.—2022.— 15(3),
pp. 1221-1233 https://doi.org/10.1007/5s12633-022-02087-7
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Thermal and electrophysical properties of polymer
composites based on silver and nickel alloys
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It was obtained samples of epoxy polymer (EP) and composites based on EP
and magnetosensitive silver and nickel alloy, which were formed under the action
of an external magnetic field and without it and subsequent thermal cross-linking
of the samples. It has been found that in composites formed under normal
conditions in the absence of an external magnetic field, the particles of the filler
are discretely distributed in the polymer matrix. The formation of a composite
under the action of an external magnetic field leads to the formation of continuous
channels from the particles of the alloy Ag / Ni in the continous matrix EP. It has
been established that discrete alloy particles do not significantly contribute to the
resistivity and thermal conductivity of composites due to high intercontact electric
and thermal resistance. This leads to the fact that the resistivity remains quite
significant, and the coefficient of thermal conductivity is rather small for both pure
of epoxy polymer and for a composite with a concentration of Ag / Ni filler up to
5%. When the Ag / Ni concentration increases above 5%, the particles of the
ferromagnetic filler begin to contact each other. Subsequent application of the
magnetic field leads to the formation of continuous conducting channels of the
ferromagnetic particles of filler oriented along the lines of the magnetic field. The
presence of continuous channels from the particles of the alloy Ag / Ni causes a
significant decrease in the specific resistance and the growth of the thermal
conductivity of the composites in the direction of orientation. There are grounds
to consider the received materials as the modern composites with controlled
anisotropy of electro- and thermal conductivity with the help of an external
magnetic field.
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Abstract

This work presents the results of the study of the effect of an external magnetic
field on the thermal and electrical conductive properties of composites based on
epoxy polymer and magnetite.

The samples of the initial epoxy polymer (EP) and composites based on EP and
magnetite (Fe,0,) were obtained. Epoxy oligomer (EDO) based on bisphenol A,
with density =1150 kg/m? at 293 K (trade mark DER 321 from DOW Chemical)
was used to obtain samples. Polypox H354 (manufactured by UPPC (Germany)
was used as a hardener for EDO. As a filler, magnetite (Fe,O,) with a density of
5200 kg/m? with an electrical conductivity of 10-4+10-2 S/m and a particle size of
1+5 pum was chosen.

Such samples were formed under the action of an external magnetic field and
without it. It is found that the formation of a composite under the influence of an
external magnetic field leads to the formation of continuous channels from
ferromagnetic particles of Fe,O, in a continuous matrix of EP. It is established that,
despite of the high intrinsic electrical conductivity of Fe,O,, the presence of
continuous filler channels does not contribute significantly to the resistivity of
composites due to high intercontact resistance within the filler channels. The
thermal conductivity in the direction of the orientation of the Fe,O, particles
increases substantially.
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Raman spectroscopy is one of the most informative techniques that is applied
in the structural analysis of reduced graphene oxide (RGO). Major bands in Raman
spectra of RGO are located in 1000-1700 cm™! interval and presented by high-
intensity peaks D (at ~1350 cm™') and G (at ~1600 cm'). Minor bands of D* and
D” were obtained as a result of curve fitting [1]. However, detection of minor-
intensity bands may be performed using principal component analysis (PCA).
Applying PCA allows increasing the signal-to-noise ratio significantly so that one
may clearly indicate the signal. A set of 7 samples of hydrazine-reduced and
thermally treated GO was synthesized for the revision of the Raman spectra of
RGO. Obtained Raman spectra was processed by PCA algorithm. The analysis of
the dependence of Loadings of the 1%t component that contains 93.7% of total
variance on Raman Shift given on Figure 1 clearly shows the presence of D* and
D” bands as well as new broad band in the range of 1200-1300 cm™! denoted as
DA New band may be attributed to aromaticity disruption and formation of small
aromatic domains.
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Fig. 1. Dependence of Loadings of I°' Principal
Component (PC1) on Raman Shifi

1. S. Claramunt et al. The Importance of Interbands on the Interpretation of the Raman
Spectrum of Graphene Oxide. J. Phys. Chem. C. 2015, 119(18), 10123—10129.
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Adsorption studies have been in the area of interest of contemporary science
for a long time. The process of adsorption permits reduction of significant amounts
of gas and liquid pollutants emitted to the environment, including pesticides,
detergents, organic dyes and metal ions from mono- and multi-component
solutions. A large group of effective adsorbents are carbon materials of which the
most popular is activated carbon. Adsorbents of this type can be obtained by
impregnation of an organic precursor with the activating agents such as sodium or
potassium hydroxides followed by thermochemical treatment in a neutral gas
atmosphere [1]. Industrial methods of production of carbon adsorbents are based
on conventional heating, which, however, requires activation in high temperatures.
An interesting alternative is the use of microwave radiation, which permits running
the process at lower temperatures, shortening of the time of heating and energy
saving [2].

The main aim was to develop low cost and effective adsorbent from biomass
(thyme herb) to eliminate brilliant green from aqueous solution. The impact of
different experimental parameters on the course of adsorption, like contact time,
pH, and solution concentration, was studied. The thermodynamics of the sorption
process was analyzed to establish the practical applicability of the adsorbent for
wastewater treatment from liquid pollutants.

1. Bazan-Wozniak A., Pietrzak R. Adsorption of organic and inorganic pollutants on acti-
vated bio-carbons prepared by chemical activation of residues of supercritical extraction
of raw plants // Chem Eng J.-2020.-39.-P. 124785.

2. LiuZ., Zhou X., Wu F,, Liu Z. Microwave-Assisted Preparation of Activated Carbon Mod-
ified by Zinc Chloride as a Packing Material for Column Separation of Saccharides // ACS
Omega. -2020.-5(15). P. 10106-10114.
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Complex compounds of metals and semiconductors with a supramolecular
structure possess a number of interesting, often unique, physical, physicochemical,
chemical, and biophysical effects at the same time that can be successfully used in
the creation of promising micro- and nanoelectronic devices of various functional
purposes [1]. However, the electrophysical properties and mechanisms of current
transfer in them are not sufficiently studied and is the subject of research, the results
of which are given in this report.

The resistivity, dielectric constant, tg, and current-voltage characteristics (CVC)
of thin films of the germanium Ge(IV) complex (GC) with oxyethylenediphosphonic
acid H,Oedph were studied.

It is shown that the electrophysical properties of GC can be easily modified at
the synthesis stage by introducing into their composition ions of other impurities
that form salts with ions of other metals and organic cations [2]. In particular, the
specific Ohmic resistance can thus be changed by 3 orders of magnitude - from
101 Qem to 107 Qem.

On the basis of the analysis of the supramolecular structure and the temperature
dependence of the conductivity of the complex compound based films and CVC,
the possible mechanisms of current transfer are considered. The presented data
assert the presence of several competing mechanisms of current transfer in GC,
characteristic of complex compounds with a supramolecular structure and
hydrogen bonds. In particular, depending on the properties of the modifying
element or the temperature in the complex compounds, the so-called "relay" or
"crew" current transfer mechanisms can be implemented.

The report also indicates the possible areas of application of GC in micro- and
nanoelectronics when creating promising devices, in particular, in sensors for
various purposes.

1. Lytovchenko V.H., Yevtukh A.A., Lepikh Ya.l, Horbaniuk TI Fizyka ta khimiia
napivprovidnykovykh adsorbtsiinykh sensoriv// Monohrafiia. Kyiv. Naukova dumka. 2021,
227p. ISBN N978-966-00-1791-7

2. Martsynko Ye.E. Dys. kand. khim. nauk: 02.00.01.-Odesa.-2005.-155p.
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Solid solutions of orthovanadates of rare earth elements (REEs) are used as
materials for matrices and activators for optical quantum generators, phosphors,
scintillators, optical polarizers, LEDs. Solid solutions based on YVO,, GdVO,, and
LuVO, are of greatest interest, since these orthovanadates do not have their own
absorption bands in the visible and UV ranges of the spectrum. They can be used
to create lasers for use in the treatment of cavernous and fibro-cavernous forms of
tuberculosis, bone tuberculosis, upper respiratory tract diseases and in gynecology.
Nd, Eu, Dy, Ho, Er, Tm, and Yb are most often used as activators.

The possibility of the formation of solid solutions in wide ranges between the
matrix components and the matrix with activators is because REEs orthovanadates
(except for LaVO,) belong to a single structural type — a zircon-type structure. At
the same time, the radius of the yttrium cation is slightly different from the REEs
radii, as it occupies approximately the middle of the range of REEs radii. Phase
relations and properties of solid solutions for most systems involving YVO, and
other REEs remain insufficiently studied.

Using crystal-energy approach, in the approximation of regular solid solutions,
the mixing energies (interaction parameters), critical decomposition temperatures
Td, and substitution limits for Y, Ln VO, (Ln = Ce-Lu, and Sc) solid solutions
were calculated. It was established that with an increase in the REEs number, the
contributions to the total mixing energies Q. , due to the difference in the sizes of
the substituted structural units (Q,), change regularly, significantly decreasing from
16.26 to 0.01 kJ/mol in the range from Y, Ce VO, to Y, Ho VO, solid solutions;
and then slightly increase from 0.01 to 1.74 kJ/mol in the series from Y, Ho VO,
toY, Lu VO, solid solutions. It was shown that with REEs numbers increasing,
the Td of solid solutions decrease for the orthovanadate systems of the Ce-subgroup
and increase for the orthovanadate systems of Y-subgroup with maxima for the
Y, . Eu VO, and Y, Yb VO, systems. A thermodynamic stability diagram and
decomposition domes for the Y, Ln VO, (Ln = Ce-Lu, Sc) systems were
constructed which allow graphical prediction of the Td for solid solutions at given
substitution limits or equilibria substitution limits at a given Td, as well as ranges
of thermodynamic stability of solid solutions.
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The possibilities of processes of high-speed evaporation and condensation of
metals and non-metals in a vacuum for the creation of new composite materials
are considered. Such materials include composite dispersion-reinforced layered
and porous materials. Dispersion-strengthened condensates consist of a
polycrystalline metal or ceramic matrix with dispersed particles of the second phase
evenly distributed throughout the volume. By changing the temperature of the
substrate, the deposition rate can be changed in a wide range, the average size of
matrix crystallites from several hundreds of microns to several hundred
nanometers, particles of the strengthening phase — from several nanometers to
several microns.

The evaporative condensation method allows you to implement two typical
approaches to the formation of structural microlayer condensates:

1. Carry out condensation at relatively low temperatures and, as a result, obtain
condensates with a high density of the crystal lattice inside each layer.

2. To produce microlayer condensates with a sufficiently balanced structure at
temperatures above (0.4-0.5) Tpl of the most refractory layer.

Electron beam technology can be successfully used for porous materials with
adjustable sizes and volume of pores. Condensates based on Fe(Ni,Co)CrAl alloys
deposited as coatings on gas turbine blades have gained wide practical application
[1]. Electrical contacts are made from composite condensed sheet materials Cu-
Mo, Cu-W, Cu-Cr; from the Cu-A1,0, composition - electrodes for contact spot
welding.

1. Prikhna T.O., Grechanyuk .M., Karpets M.V., Grechanyuk V.G., Chornovol V.O. Elec-
tron-Beam and Plasma Oxidation-Resistant and Thermal-Barrier Coatings Deposited on
Turbine Blades Using Cast and Powder Ni(Co)CrALY(Si) Alloys I. Fundamentals of the
Production Technology, Structure, and Phase Composition of Cast NiCrAlY Alloys. Powder
Metallurgy and Metal Ceramics 2022, 61(1-2), P. 70-76.
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CdSe,_S, thin films are prepared by the method of high-frequency (HF)
magnetron sputtering (13.6 MHz) using a VUP-5M vacuum station (Selmi,
Ukraine). The target—substrate distance was 60 mm. The start and end of the
process were controlled by means of a movable shutter. Before the sputtering
process, the chamber was evacuated. The gas pressure inside the chamber was
4x10# Pa. This pressure is achievable when using a Polifenilovyi Efir SO4E
diffusion fluid in the vapor oil vacuum pump, which provides a low partial vapor
pressure (9%107 Pa). The sputtering was carried out at a pressure of argon (Ar) in
the range of 1.0-1.3 Pa. The power of the HF magnetron was maintained at the
level of 100 W and the temperature of the substrate at 563 K. For heating the
substrates, a high-temperature tungsten heater with a power of 300 W was used.
The temperature was controlled by means of a proportional-integral-derivative
(PID) controller for controlling heating and cooling rates, as well as for ensuring
the temperature conditions of deposition.

The phase analysis and crystal structure refinement were examined with using
X-ray diffraction data (DRON-2.0M) at the room temperature. The thickness of
the films was measured on a Veeco profilometer (model Dektak 8). The mean value
of the CdSe,_S, film thickness is ~0.5 um. The X-ray fluorescence spectroscopy
(XRF) and energy-dispersive X-ray (EDX) study were used for analyzing the
chemical composition of materials. The spectral dependence of the optical
transmittance (Shimadzu UV-3600) of the obtained sample in the visible and near-
infrared regions is studied at room temperature.

The integral optical transmittance and the bandgap value of studied films are
determined. The optical bandgap increases with increased sulfur concentration in
the films. The spin-orbit splitting decreases with increase S concentration in the
films.
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CuNiO, belongs to a group of materials called delafossites, which are known
for their wide range of electrical properties. The conductivity of these materials
can vary from insulating to metallic. CuNiO, as other delafossites have good
photocatalytic properties and could possibly be used for reduce water in a solar
water-splitting device [1].

Thin CuNiO, films (~ 150 nm thick) were obtained by RF magnetron sputtering
on glass substrates and on plane-parallel n-Si plates. A stoichiometric mixture of
CuO and NiO was used to make the target. Substrate temperature °; = 350°C,
spraying was carried out with spraying time t = 30 min and magnetron power
P =180 W. Its resistivity was p = 20 Q-cm. The optical width of the band gap is
E,=2.81 eV and absorption of light photons takes place by means of direct optical
transitions [2].

Studies of I-V—characteristics of anisotype p-CuNiO,/n-Si heterostructures at
forward and reverse biases in the temperature range 7 = 295 — 344 K indicate the
rectifying properties of the structures. The rectification ratio at || = 0.7 V and
T=295 K was RR ~ 102 The diode characteristics of the heterostructure are due
to the energy barrier gp, ~ 0.3 eV from the n-Si side. At forward biases of
0.04 V<V <0.1V in the structure of p-CuNiO,/n-Si the generation-recombination
mechanism of current transfer prevails. At V > 0.1 V the tunnel mechanisms of
current transfer with participation of surface states, with the activation energy
E_ ~0.13 eV, prevail. The reverse current at biases — 0.3 V < V < - 3kT/q V is
determined by generation mechanism of current transfer. At -2 V<V <-03V
the tunnel mechanisms of current transfer. The p-CuNiO,/n-Si heterostructure is
photosensitive at reverse displacement under AM1.5 radiation conditions.

1. G Gnanamoorthy, V Karthikeyan, Daoud Ali, Gokhlesh Kumar, Virendra Kumar Yadav,
V Narayanan, Global popularization of CuNiO, and their rGO nanocomposite loveabled
to the photocatalytic properties of methylene blue // Environmental Research, 204(C),
112338, 2022.

2. LP. Koziarskyi, E.V. Maistruk, D.P. Koziarskyi, Optical Properties of CuNiO, Thin Films
// Acta Phys. Pol. A, vol. 142, no. 5, 2022.
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Electrolytic doping is used to prepare nanosized oxide materials of transition
metals. By adding cation additives in the electrolyte during electrodeposition, the
phase composition, structure disorder, the nature of defect states, and their concen-
trations can be tuned [1-3]. In this work, MnO, was electrodeposited from 0.7M
MnSO, in 0.1 M HF. As additives (NH4),SO,, CoSO, and FeSO, were investigated.

XRD analysis shows that the addition of ammonium ions favours the formation
of the hollandite phase, while Co?* and Fe?* promote the ramsdellite phase.

Besides the structure, also the morphology of the different doped samples
varies. The ammonium ions favour the growth of nanoneedles in the hollandite
phase, with a final diameter of about 12—-24 nm. The further addition of cobalt ions
in the range between 0 and 0.1 M reduces the size of the nanoneedles by almost a
factor of two. Iron ions lead to the formation of aggregates with visible single
acicular nanocrystals, which is consistent with the disappearance of the hollandite
phase in XRD. The electrodeposition of lamellar microaggregates, covered with
nanoneedles and nanowires, was also observed [2, 3].

Several synthesized materials are evaluated for their electrocatalytic activity
for the oxygen evolution reaction (OER). Electrode inks are prepared and drop-
coated as thin-film electrodes to be studied by rotating disk electrode (RDE). We
optimized the protocol for electrochemical measurements on the RDE for these
materials [4], and characterized the OER activity in alkaline and neutral media.

1.G. V. Sokol skii, S. V. Ivanov, N. D. Ivanova et al. Doped manganese(IV) oxide in processes
of destruction and removal of organic compounds from aqueous solutions // J. Water Chem.
Technol.-2012.- 34.-P. 227-233.

2. G.V.Sokolky, L.V.Zudina, N.V.Gauk, Instruments of electrolytic doping for multifunctional
manganese(lV) oxide nanodispersed materials // Nanoscale systems: structure, properties,
technologies (NANSIS - 2019): VI Nauk. conf. / editor.: A.G. Naumovets (etc.). — Kyiv.-
2019.- P. 46.

3. L. Zudina, G. Sokolsky, V. Chumak, N. Haiuk, OER/ORR parameters of Fe’* and Co**-
doped manganese dioxide electrode materials // Materials Today: Proceedings.-2022.- 62,
15.-P. 7759-7766.

4. Bhandari, S., Narangoda V, P, Mogensen, S. O., Tesch, M. F., Mechler, A. K. Effect of
Experimental Parameters on the Electrocatalytic Performance in Rotating Disc Electrode
Measurements: Case Study of Oxygen Evolution on Ni-Co-Oxide in Alkaline Media // Chem-
ElectroChem.-2022.-9 (17): 202200479, P. 1-9.
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In this report, we describe a simple model of BEDT-TTF molecules. This model
demonstrates how the doping molecules affect the alignment of BEDT-TTF
molecules. This alignment is called a structural phase. Any change of the phase,
which leads to the different positiont of molecules, is called a phase transition. This
report is intended to explain a mechanism of this transition.

Firstly, the molecule is presented using

the model of rectangular plates (see Fig.1). - _ o
In this model a molecule in the shape of a w q‘I M
o O

rectangle parallelepiped is superimposed ~) W
on the real structure of a BEDT-TTF < Ly .
molecule.

Secondly, we present three phases. Q { ﬁf““

These are the a-phase, the B-phase and the
0-phase [1], [2]. In the B-phase all Fig. 1. The model of rectangular
molecules are placed parallel to each other.  plates for BEDT-TTF molecules.
Introduction of a smaller charged
molecules results in deflection of BEDT-TTF molecules and a slight increase of
the equilibrium distance. This is caused by the quadrupole and electrostatic
interaction between BEDT-TTF molecules and small dopants. These two types of
interaction cause a molecular repulsion in BEDT-TTF.

In summary, the phase transition of the material occurs in order to stabilize the
system and preserve its energy of intermolecular interaction.

1. Commeau, B., Geilhufe, R. M., Fernando, G. W., Balatsky, A. V. Structural and electronic
properties of a, f-(BEDT-TTF)213 and k-(BEDT-TTF)2X3

(X=1FBr,Cl) organic charge transfer salts // APS March Meeting Abstracts.-2018.-2018.-
P 1-7.

2. Mori H., Mori T., Tanaka S. Systematic study of the electronic state in 6-type BEDT-TTF
organic conductors by changing the electronic correlation // Physical review B.-1998.-57,
N 19.-P. 12023-12029.
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Among a number of functional poly(arylene ether)s (PAEs), azobenzene-based
PAEs offer a versatile platform for developing thermo- and mechanically-stable
materials with macroscopic properties that can be externally manipulated by light.
Incorporating perfluorinated aromatic units into a polymer's structure not only
enhances its chemical and thermal stability, but also upgrades its optical and
electro-optical properties. However, the importance of fluorinated azo-containing
PAEs (abbreviated as FPAEs) is still somewhat neglected in the literature, even
though azo-free FPAEs themselves possess unique properties that are essential for
effective functioning in modern high-tech applications.

In current work, a novel light-responsive FPAE copolymer with both
azobenzene and perfluorinated biphenylene units as well as meta-linked fragments
in the polymer backbone was developed:

F FFE F F FF F F FF F
(o] N=N (o] (o] N=N (o] (o] o

A o S8 s et TR

The resulting copolymer exhibited complete solubility in chloroform,
dimethylformamide, and dimethylacetamide, and was successfully cast into a
flexible solid film (stress at break: 62 MPa; elongation at break: 5%; Young
modulus: 1.45 GPa) using solution-casting techniques. Upon photoirradiation with
typical UV light at 365 nm, photoisomerization occurred both in solution and in
the solid film. Additionally, the copolymer film displayed light-induced
birefringence changes when irradiated with polarized green light Azopolymer has
potential as intelligent on-off photoswitches and in producing photonic elements,
like gratings, polarizers, and plasmonic nanostructures. Its surface patterns can be
used to microstructure or nanostructure other materials.

The authors acknowledge funding from NASU via the project 0123U100832
and “NATO for Peace” project SPS - G6030 and Kent State University’s Ukraine
Scholars Fund.
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We present the results obtained in the study of dielectric properties of water
and NaCl-water solutions of hydroxypropylmethylcellulose. The dielectric
permittivity at frequencies 5 kHz, 10 kHz, 20 kHz, and 50 kHz was measured for
water and 0.9% NaCl-water solutions of HPMC with mass concentrations 0.1%,
0.4%, 2%, 2.5% and 3% in the temperature range from -190°C to 50°C.

All systems were found to undergo low-temperature dielectric relaxation. When
HPMC is added to water, a hydration shell, affecting the network of hydrogen
bonds in ice, is formed. Adding polymer impurities into ice leads to the increase
in the entropy and energy of the activation process, shifting its maximum towards
higher temperatures (Fig. 1).

When NaCl is added to water-HPMC system, ions in the solid state surround
HPMC molecule and change the way hydration shell affects the network of
hydrogen bonds in ice. These ions also affect the hydrogen bond network elsewhere
in ice, shifting the relaxation process towards lower temperatures (Fig. 1).
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Fig.1 Maxima of the dielectric relaxation at 10 kH for pure water,

water-HPMC solution and water-NCIl HPMC solutions of increasing concentrations.



372 NANOTECHNOLOGY AND NANOMATERIALS

Conductivity and response formation of semiconductor
gas sensors based on tin oxide nanomaterials

Oleksenko L.P', Fedorenko G.V.?, Maksymovych N.P.,
Vasylenko 1. V.2, Ripko O.P.', Symonenko Ye.O.’

! Taras Shevchenko National University of Kyiv, Department of Chemistry,
Volodymyrska Street, 64/13, Kyiv-01601, Ukraine.

E-mail: simonenkoelizaveta5 1 @gmail.com

2 L. V. Pisarzhevsky Institute of Physical Chemistry of the National Academy
of Sciences of Ukraine. Prospect Nauki, 31, Kyiv-03028, Ukraine.

The semiconductor sensors are widely used for detection of explosive and toxic
gases leakages in air due to their high sensor response and low production cost [1].
Improvement of the main sensor characteristics (sensitivity, selectivity, stability,
power consumption and other parameters) is a main task during development of
new semiconductor nanosized gas sensitive materials for the sensor layers that are
able to change amount of chemisorbed oxygen on their surfaces. The chemisorbed
oxygen is known to be responsible for the sensitivity of the sensor because the
oxygen is involved in the catalytic oxidation of the target gas molecules on the
semiconductor surface [2]. In this work highly sensitive to methane semiconductor
sensors were obtained with the use of nanosized tin dioxide synthesized via sol-
gel technique. Experimental data of dependences of conductivities of the created
sensors were used for approximation by a simple mathematical model of the sensor
conductivity and its response formation mechanism. The model is based on features
of gas oxidation reaction on the surface of the gas sensitive material and allows to
connect sensor conductivity with surface processes occurred on its gas sensitive
layer. The relationship between the oxygen surface coverage and gas content in air
was used in the model of the sensor response formation.

1. Marikutsa A., Rumyantseva M., Gaskov A., Samoylov A. Nanocrystalline tin dioxide: Ba-
sics in relation with gas sensing phenomena. Part 1. Physical and chemical properties and
sensor signal formation // Inorg Mater.-2015.-51, N 13.-P. 1329-1347.

2. Wang C., Yin L., Zhang L., Xiang D., Gao R. Metal oxide gas sensors: sensitivity and in-
fluencing factors // Sens.-2010.- 10.- P. 2088-2106.
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The influence of cationic and anionic surfactants and their binary synergistic
mixtures on acid corrosion of steel has been investigated. The impact of corrosion
process and combined multifaceted effect of application of synergistic binary
mixtures on the mechanical properties of steel such as plasticity and microhardness
of the surface layers during acid etching have been evaluated.

Divers synergistic compositions with oppositely charged functional groups are
found to be more efficient compared to individual additives. Such binary mixtures
tend to exhibit peak protective efficiency at molar concentration as 1:1 owing to
the inhibition of both anodic and cathodic partial reactions. High protective
efficiency peaks are also in line with improved mechanical properties of the
samples.

Thermodynamic parameters of the studied systems within a synergistic extrema
have also been evaluated and found to be in line with the protective efficiency and
influence on the mechanical properties. Overadditive reduction of the surface
tension on the air-solution interface, an increase in enthalpy (AH>0, endothermic
process), as well as an increase in the entropy of the system (AS>0) has been
observed at molar concentration ratio of the mixture components as 1:1.

The plasticity of the steel samples etched in the presence of the binary inhibitive
mixtures are found to be improved both compared to blank acid solutions as well
as compared to the state of delivery owing to reduced microhardness of the surface
layer.
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