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FOREWORD

The 5th International Conference “Nanotechnologies” (Nano — 2018) organized by the
Georgian Technical University is devoted to the methods of synthesizing of nanomaterials,
studying their structure, physical, chemical, and technological properties, as well as applications
in techniques.

Conference will provide an evaluation of present state-of-art, new achievements, and
prospects of developments in nanotechnologies. At the planned oral and poster sessions the
results of experimental investigations of nanosystems will be presented, as well as theoretical
approaches to their modeling.

I sure that the conference will become a forum of nanoscientists for broad
interdisciplinary discussions and, therefore, not only intensify the actual collaboration, but also
facilitate the future international cooperation in nanotechnology research.

Nano — 2018’s oral and poster sessions cover following fields:
Nanotechnology

Nanophysics

Nanochemistry

Nanobiology and Nanomedicine

Nano Materials Science

Nanoengineering and Nanoelectronics

Nano Safety

Nano Education

There are presented about 140 papers by authors of leading universities and research
institutions from more than 20 countries.

I cordially welcome participants of the 5th International Conference
“Nanotechnologies”, November 19 — 22, 2018, Tbilisi, Georgia (Nano — 2018) and wish them
successful and fruitful work!

Archil Prangishvili

Rector of the Georgian Technical University

Chairman of the Nano — 2018 International Scientific Committee
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DIVERSITY OF MANGROVE FUNGI RECORDED
FROM SOUTH-WEST COAST OF RED SEA, EGYPT

A. E. Abdel-Aziz, S. S. Mohamed,
A. M. Abde—Raheem, M. A. Abdel-Wahab

Department of Botany
Faculty of Science
Sohag University
Sohag, Egypt
editorjpac@gmail.com

Twenty-seven fungal species were collected and identified from Avicennia marina
decayed wood from four stands located on the southern part of Red Sea coast in Egypt. Of the
27 recorded fungi, 4 species recorded for the first-time form Egypt, namely Ascocylindrica
marina, Eurotiumhalophilicum, Hortaeawerneckii, and Torulasp, bringing the total number of
marine fungi in Egypt to 88 species.

The highest fungal diversity was recorded at Marsa Shakraa site while the lowest was
recorded at Wadi El-Jimal site. Eutypabathurstensis and Stachybotryschartarum were the most
common species, while Eurotiumhalophilicum and Fulvocentrumclavatisporum were the most
infrequent species. Twenty-two overlapped species were recorded between four studied sites.

Fungal communities at the three northern sites are quite different from that at southern
site. Diversity of the recorded fungi compared with that recorded from tropical and subtropical
mangroves. Frequency of occurrence and distribution of the recorded fungi was studied. Cluster
analysis and principal component analysis (PCA) was used to compare the similarity between
the fungal communities in the four studied sites.



SUCCESSIVE PHASE TRANSFORMATIONS AND
TWINNING PROCESSES IN SHAPE MEMORY ALLOYS

O. Adiguzel

Department of Physics
Firat University
Elazig, Turkey
oadiguzel@firat.edu.tr

A series of alloy systems, shape memory alloys, exhibit a peculiar property called shape
memory effect performed by the deformation in low temperature product phase condition and
heating after releasing the stress.

Shape memory effect is performed by successive thermal and strain induced martensitic
transformations governed by changes in the crystalline structure of material in the crystal and
lattice level.

Thermally induced transformation occurs with cooperative movement of atoms
occupying lattice sites in the materials on cooling from high temperature parent phase region.
Thermally induced martensite occurs as lattice twinning by means of lattice invariant shear,
and the twinned martensite structures turn into detwinned structures by means of stress
induced martensitic transformation.

The deformed material recovers the original shape heating, and material cycles between
the deformed and original shapes on cooling and heating. The microstructural mechanisms
responsible for the shape memory effect are the twinning and detwinning processes as well as
martensitic transformation. Martensitic transformation occurs as martensite variants with
lattice invariant shears in two opposite directions, <110>-type directions on the {110}-type
planes of austenite matrix.

Copper based alloys exhibit this property in metastable f-phase region, which has bcc-
based structures at high temperature parent phase field. Lattice invariant shear is not uniform in
copper based shape memory alloys, and these types of shears gives rise to the formation of
layered complex structures, depending on the stacking sequences on the close-packed planes of
the ordered lattice.

In the present contribution, X-ray diffraction and transmission electron microscope
studies were carried out on two copper based CuZnAl and CuAlMn alloys. These alloy samples
have been heat treated for homogenization in the B-phase fields. X-ray diffraction profiles and
electron diffraction patterns reveal that both alloys exhibit super lattice reflections inherited
from parent phase due to the displacive character of martensitic transformation. X-ray
diffractograms taken in a long time interval show that diffraction angles and intensities of
diffraction peaks change with the aging time at room temperature. In particular, some of the
successive peak pairs providing a special relation between Miller indices come close each other,
and this result leads to the rearrangement of atoms in diffusive manner.



EFFECT OF BARIUM TITANATE NANOPARTICLES ON ELECTRO-
OPTICAL PROPERTIES OF LIQUID CRYSTAL POLYMER

Kh. Alammar!, H. Majdi?

1 College of Pure Sciences
University of Babylon
Babylon, Iraq
dr_khalid1959@yahoo.com
2 Al-Mustagbal University College
Babylon, Iraq

In this study, it is found that addition of barium titanate nanoparticles will decrease the
phase transition temperatures and decrease of switching times as well. The performance of the
electro-optical cell has been improved and can be useful in the field of process control.



PIEZORESISTANCE OF InsGai-xAs NANOWIRES
P. A. Alekseev }, R. R. Reznik?, G. E. Cirlin?, V. L. Berkovits!

TA. F. Ioffe Physical-Technical Institute
Russian Academy of Sciences
Saint-Petersburg, Russia
npoxep@gmail.com
2Saint-Petersburg Academic University
Russian Academy of Sciences
Saint-Petersburg, Russia

Semiconductor nanowires (NWs) are an ideal candidate for designing nano-sized devices
utilizing mechanical and electronical degrees of freedom. Diameter of NWs could be reduced to
several nanometers. Additionally, NWs could be deformed up to 5 % strain without fracture.
Modulation of the electri current through NW could be implemented by changing of Schottky-
barrier height between the NW and electrical contact due to piezoresistance.

Recently we have shown a unified mechanism of the surface Fermi level pinning in
III-As nanowires [1]. This finding implies a fixed position of the pinning with respect to
vacuum level at energy distance of ~ 4.8 eV.

It is known that in InAs the Fermi level pinning occurs in conduction band, while in
GaAs it occurs in the middle of a bandgap. For In.Gai-xAs alloys with In content x of 0.9 — 0.8
realizes a flatband condition, where the pinning position equal to bottom of conduction band.

Here, we show that a tensile strain of In.GaixAs NW with x of 0.9 — 0.8 strongly
switches a rectifying contact (where a Fermi level is pinned below a conduction band) to
Ohmic contact (where a Fermi level is pinned under a conduction band) and dramatically
increases the NW conductivity.
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Figure 1.(a) Scheme of /- Vcurves measurement with simultaneous deformation of NW by
SPM probe. /- V curves measured for (b) InossGaoisAs nanowires with different deformation.

Scanning probe microscopy (SPM) was used for measuring /- V' curves with deforming
of the NWs (Figure 1). By moving of the SPM probe, one can control a degree of the NW
deformation by a transverse bending. It follows from the figures that for the InossGaoisAs NW
the deformation leads to switching the /- V' curve from rectifying to Ohmic behavior. For the 1
V bias voltage the deformation leads to a modulation of the current by three orders of
magnitude.

Reference

[1] P. A. Alekseev et al. Nanotechnol., 2018, 29, 314003.
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SILICON CARBIDE CATALYTIC SUPPORTS
FOR FISCHER-TROPSCH PROCESS

S. A. Alekseev!, S. V. Gryn!, V. Iablokov?, A. Huczko?

I'T. Shevchenko National University of Kyiv
Kyiv, Ukraine
alekseev@univ.kiev.ua
2Voiland School of Chemical Engineering & Bioengineering
Washington State University
Pullman, USA
3 Department of Chemistry
Warsaw University
Warsaw, Poland

The Fischer—Tropsch (FT) technology is widely used for fuel production. Besides that,
recent studies have also demonstrated the possibility to produce terminal alcohols and/or short
chain olefins and Cs. carbons with high selectivity directly from syngas. Catalytic supports with
high thermal conductivity, chemical stability and water resistivity are desirable for the FT
process. The silicon carbide seems very promising for the FT catalytic supports due to
processing of these set of properties.

Here we presented highly active and selective catalysts of the FT process based on
electrochemically-derived porous SiC (pSiC) [1], SiC nanowires [2] (Figure 1) and
monodispersed, 9 + 0.4 nm, cobalt nanoparticles [3].
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Figure 1. SEM images of porous SiC and SiC nanowires.

The catalyst based on Co/pSiC demonstrated catalytic activity in FT reaction and
selectivity to Cs. hydrocarbons superior to Co/SiO: catalysts prepared by intercalation of Co NPs
into commercially available Davisil SiO2 and foam-like MCF-17 silica. The catalyst Co/SiC-
NWs demonstrates reasonable overall activity, combined with unexpectedly high selectivity
towards formation of Cs- linear alcohols.

References

[1] ACS Appl. Nano Mater., 2018, 1, 2609-2620.
[2] Phys. Status Solidi B, 2013, 250, 2713-2716.
[3] Nano Lett., 2012, 12, 3091-3096.
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IMPLICATIONS FOR NANO AND ADVANCED
MATERIALS IN CLEAN ENERGY TECHNOLOGIES

H. Aminian

FiMatcon
Ottawa, Canada
Hossein.aminian@fimatcon.com

Nano and advanced materials offer unique properties such as optical, mechanical &
electrical and play an important role in development of energy-related applications.

This presentation will discuss implications for nano and advanced materials in clean
energy technologies.

It provides an overview of challenges in the manufacturing, formulation and scale up.
Case studies and examples will be given and the state of the art will be discussed.
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NEW ENERGETIC MATERIALS BASED ON
GRAPHENE-METAL NANOPARTICLES

M. K. Atamanov 2, Zh. K. Yelemessova !-2,
B. T. Lesbayev 2, N.Chikhradze3, I. Akhvlediani?,
M. Chikhradze3, E. Mataradze?3, Z. A. Mansurov -2

1 Al-Farabi Kazakh National University
Almaty, Kazakhstan
amk1310@mail.ru
2Institute of Combustion Problems
Almaty, Kazakhstan
3 G. Tsulukidze Mining Institute
Thilisi, Georgia

Metal-organic frameworks (MOFs) attract a lot of interest as potential energy materials,
because of their high density and high heat of detonation. The porous crystalline structure
attracts attention due to its high specific surface characteristics and the possibility of changing
their physicochemical properties by introducing metal centers. A method for synthesizing
multilayer graphene-metal frameworks (GMFs) from vegetable wastes such as rice husks or
walnut shells has been developed.

The use of graphene-metal structures as energy-intensive additives can become one of
the promising ways to improve the efficiency of high-energy rocket fuels. It is determined that
graphene oxide structures with a high specific surface and developed texture characteristics
with an additive of 1 % are effective initiators of the thermal decomposition of
hydroxylammonium nitrate and are capable of reducing the temperature of the onset of
decomposition of the substance to a value in the range of 40 to 100 °C, as well as to decrease the
activation energy from 110 + 5 to 85 + 9 kJ / mol. It has been established that graphene oxide
structures, depending on the concentration of 1 — 5 % of the total mass, promote the convective
burning rate of hydroxylammonium nitrate An increase in the linear combustion speed of
hydroxylammonium nitrate to 400 mm / s (initial pressure of 6 MPa) and the ability to reduce
the required initial pressure to 1 MPa are established to provide self-sustaining combustion
conditions with the addition of GOFs based on rice husks (1 % of the total mass).

Based on experimental results, it was found that the addition of 1 % GOFs affects the
rate of evaporation of water droplets and methanol in the form of a reduction in the
evaporation time of droplets for both liquids by 30 % and a decrease in the boiling point of the
liquids. On the basis of these data, it is possible to develop a method for purifying sewage from
various toxic metal salts that precipitate.
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ON SOME CONDENSED PHOSPHATES OF MONO- AND
POLYVALENT METALS AND SPHERES OF THEIR APPLICATIONS

M. A. Avaliani

R. Agladze Institute of Inorganic Chemistry & Electrochemistry
I. Javakhishvili Tbilisi State University
Thilisi, Georgia
marine.avaliani@tsu.ge

Condensed phosphates of polyvalent metals are foreordained to play a great role in our
“high-tech” society in the coming decades. This conclusion is founded upon the tendency of
increasing applications resulting from the electronic arrangements of these materials that based
to their exceptional physical, magnetic, optical, electrical and chemical properties so flexible to
the demands now being positioned on materials [1 - 3].

Many innovative and original studies in the field of condensed phosphate’s chemistry
have begun in the 19th c. In the 20th c. more serious attention of researchers was dedicated as
well to the chemistry of double condensed phosphates of polyvalent metals. This field of
inorganic polymers developed much rapidly due to the evolution of methods of analysis and the
importance of considerable application of phosphate materials in several domains. Mentioned
condensed phosphates, in fact the inorganic polymers are used as raw components for
manufacture of phosphates glasses; the application of crystalline and non-crystalline ultra-
phosphates in quantum electronics are caused by their structure and specific features such as
the thermal, vibrational and luminescent properties.

The other spheres of application of condensed phosphates are: thermo-resistant
materials, effective applying fertilizers, detergents, cement substances, ion-exchange and
catalytic agents, bio-materials.

The use of the phosphates is known in fine arts also (thermo phosphate painting —
“Thermo Phosphate Pictorial Art” developed by O. Pavlov) [4].

Thereby application of phosphates is so large and the further investigations in this
branch of inorganic chemistry must be interesting for scientists, especially in purpose to enlarge
the sphere of utilization of condensed compounds [5].

References

[1] A. Oudahmane, D. Avignant, D. Zambon. Dipotassium dialuminium cycloocta-
phosphate. Acta Crystallogr. E, 2010, 66, 7, i49-150.

[2] M. A. Avaliani, I. V. Tananaev, M .K. Gvelesiani. synthesis and investigation of double
condensed phosphates of scandium and alkali metals. In: Phosphorus, Sulfur, Silicon &
Rel. Elements, 1990, 51, 1-4, 453-453.

[3] N.N. Chudinova, I. V. Tananaev, M. A. Avaliani. Synthesis of gallium—potassium binary
polyphosphates in polyphosporous acid melts. Inorg. Mater., 1977, 13, 12, 2234-2235.

(4] I. V. Tananaev, X. Grunze, N. N. Chudinova. Prior directions and results in the domain
of condensed phosphates’ chemistry. Inorg. Mater., 1984, 20, 6, 887-900.

[5] M. Avaliani. New inorganic polymers-condensed phosphates obtained in multi-
component systems from solution-melts of phosphoric acids. Nano Studies, 2016, 13,
135-138.
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AREAS OF CRYSTALLIZATION OF CONDENSED SCANDIUM AND
SYLVER PHOSPHATES AND REGULARITIES OF THEIR FORMATION

M. A. Avaliani?, V.A. Chagelishvili!, M. K. Gvelesiani,
N. V. Barnovil, V. M. Kveselava!, N. A. Esakia?, E. V. Shapakidze3

'R. Agladze Institute of Inorganic Chemistry & Electrochemistry
I. Javakhishvili Thilisi State University
Thilisi, Georgia
marine.avaliani@tsu.ge
2A. Tvalchrelidze Caucasus Institute of Mineral Resources
Thilisi, Georgia
ellennelia@gmail.com
3 Department of Chemistry
Faculty of Exact & Natural Sciences
I. Javakhishvili Tbilisi State Universit
Thilisi, Georgia
avaliani21 @hotmail.com

Development of nano-technologies for obtaining of inorganic polymers, notably double
condensed phosphates of polyvalent metals, as well as research of areas of their crystallization,
are very important [1, 2].

Table 1. Reliance of composition from temperature 7'and molar ratio
n=Ag0O/5c20s. ¢ — Sc(POs3)3—C, 0 — Sc(PO3)3—Cl, A — AgScHP30no,
£ — AgScPsOn, 0 — AgSc(H2P207)2, m — AgScP207, and A — Ag2ScP3Ono.

I,°C |n=1.5-25n=35-5.0n=6.0-75n=8.0-10.0
130 - 150 0 A O O
180 — 200 0 A A A
220 — 240 0 163 10 105
310 - 355 o & A 103
400 — 450 0o A A A
500 — 550 o A A [

Presented work is the outcomes of synthesis and estimation of areas of crystallization of
double condensed phosphates of some trivalent and monovalent metals in correlation with
temperature &molar ratio of initial components. Many double condensed compounds are
obtained at temperature range 100 — 600 °C. More interesting synthesized inorganic oligomers

and polymers are presented in the Table 1.

References

[1] M. A. Avaliani, I. V. Tananaev, M. K. Gvelesiani. synthesis and investigation of double
condensed phosphates of scandium and alkali metals. In: Phosphorus, Sulfur, Silicon &

Rel. Elements, 1990, 51, 1-4, 453-453.
[2] N.N. Chudinova, I. V. Tananaev, M. A. Avaliani. Synthesis of gallium—potassium binary
polyphosphates in polyphosporous acid melts. Inorg. Mater., 1977, 13, 12, 2234-2235.
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RADIATION INDUCED NONLINEAR CROSS SECTIONS
OF CONDUCTIVE ELECTRONS SCATTERING ON
CHARGED IMPURITIES INBILAYER GRAPHENE

A. K. Avetissian, B. R. Avchyan, A. G. Ghazaryan, Kh. V. Sedrakian

Centre of Strong Fields Physics
Yerevan State University
Yerevan, Armenia
amarkos@ysu.am

Graphene and multi-layer graphene films have engaged a huge interest because of their
unique physical properties [1]. Many important physical phenomena that unite low-energy
physics of condensed matter and quantum electrodynamics were investigated in a monolayer of
graphene [2]. Bilayer graphene (AB stacked) is also of great interest since its electronic states are
considerably richer than those ofmonolayer graphene, and multiphoton resonant excitations
and high-harmonic generation in bilayer graphene were considered in [3]. The energy range of
interest lies in the THz domain, where high-power THz generators and frequency multipliers
are of special interest, and in general, the role of THz radiation for the study of nonlinear
phenomena in condensed matter physics is important. The relativistic quantum theory of
induced scattering of 2D Dirac particle on an arbitrary electrostatic field of impurity ion in the
presence of an external electromagnetic radiation field (actually terahertz radiation to exclude
the valence electrons excitations at high Fermi energies) has been developed [4, 5].

In the presented work, the quantum theory of nonlinear stimulated scattering of charged
carriers on the Coulomb field of impurity ions in the presence of an external strong coherent
electromagnetic radiation in doped bilayer graphene is developed. The interaction of electrons
with the scattering potential is considered in the Born approximation. The analytic formulas in
case of screened Coulomb potential have been analyzed numerically for actual parameters of
interaction system in the strong radiation field. The results of our investigations show that in
the THz domain of frequencies one can achieve efficient rates of absorptionof pump waves of
moderate intensities by this mechanism.

This work was supported by the RA MES State Committee of Science and Belarusian
Republican Foundation for Fundamental Research (RB) in the frames of the joint research
projects SCSAB16-19 and BRFFR F17ARM-25, accordingly.

References

(1] K. S. Novoselov, A. K. Geim, S. V. Morozov, D. Jiang, Y. Zhang, S. V. Dubonos, 1. V.
Grigorieva, A. A. Firsov. Science, 2004, 306, 666.\

[2] K. S. Novoselov, A. K. Geim, S. V. Morozov, D. Jiang, M. I. Katsnelson, I. V. Grigorieva,
S. V. Dubonos, A. A. Firsov. Nature, 2005, 438, 197.

[3] H. K. Avetissian, G. F. Mkrtchian, K. G. Batrakov, S. A. Maksimenko, A. Hoffmann.
Phys. Rev. B, 2013, 88, 165411.

[4] A. K. Avetissian, A. G. Ghazaryan, Kh. V. Sedrakian, B. R. Avchyan. J. Nanophoton.,
2017, 11, 036004.
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NOVEL TWO DIMENSIONAL NANOSTRUCTURES AS POTENTIAL
ACTIVE MEDIA FOR HIGH HARMONIC GENERATION

H. K. Avetissian}, S. A. Maksimenko?, G. F. Mkrtchian!

! Centre of Strong Fields Physics
Yerevan State University
Yerevan, Armenia
avetissian@ysu.am
2 Institute for Nuclear Problems
Belarus State University
Minsk, Belarus

In the last decade, graphene and its analogs — silicene, germanene, and stanene have
attracted enormous interest due to their unique electronic and optical properties. The novel 2D
nanostructures as potential effective optical materials have triggered many nonlinear optical
studies. In particular, graphene-like nanostructures can serve as potential active media for
nanolasers and frequency multipliers. Depending on the nanostructure symmetry the odd- and
even-order nonlinear optical effects can occur. In particular, freestanding graphene is
centrosymmetric and even-order nonlinear effects vanish within the dipole approximation.
With the breaking of the inversion symmetry in these nanostructures, one can also observe
even-order nonlinear optical effects.

With the increase of the pump wave intensity, one can enter into the regime [1, 2]
where multiphoton effects are essential and high-harmonics are generated [3], which until the
last decade have been the prerogative of atomic systems. Hence, it is of interest to investigate
the potential of these nanostructures as an active medium for high harmonic generation
process.

In the presented work, we develop a nonlinear microscopic theory of interaction of a 2D
nanostructure with the coherent electromagnetic radiation taking into account the electron-
electron Coulomb interaction using the self-consistent Hartree-Fock approximation. The
carrier-carrier and carrier-phonon scattering processes are described phenomenologically. With
the solution of the derived equations for the density matrix, we investigate the high harmonic
generation process in 2D nanostructures depending on the pump field polarization, relaxation
processes and the many-body Coulomb interaction between the charge carriers. Our results
show that novel graphene-like nanostructures can serve as an effective medium for the high
harmonic generation in the wide range of pump frequencies.

References

[1] H. K. Avetissian, A. K. Avetissian, G. F. Mkrtchian, Kh. V. Sedrakian. Phys. Rev. B,
2012, 85, 115443.

[2] H. K. Avetissian, G. F. Mkrtchian, K. G. Batrakov, S. A. Maksimenko, A. Hoffmann.
Phys. Rev. B, 2013, 88, 165411.

[3] N. Yoshikawa, T. Tamaya, K. Tanaka. Science, 2017, 356, 736.
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THERMODYNAMIC ANALYSIS OF INTERACTION OF CARBON
WITH TiOz, ZrO2, AND B203 AND OBTAINING MIXTURE OF
BORIDES AND CARBIDES OF TITANIUM AND ZIRCONIUM

J. 1. Bagdavadze, Z. N. Tsikaridze, K. Z. Ukleba

Boron-Containing & Composite Materials Laboratory
F. Tavadze Metallurgy & Materials Science Institute
Thilisi, Georgia
Ketino.ukleba@gmail.com

At this stage of development of the industry, composite nanostructure materials are
widely used. Among them it should especially be noted materials containing carbides and
borides of metals TiB2/TiC and ZrB:/ZrC. Borides and carbides of titanium and zirconium have
a unique set of physical and chemical properties (high hardness, high-temperature strength,
corrosion resistance, radiation and wear resistance).

In the literature, different methods of obtaining of these compounds are known and
their use becomes to be more promising.

The innovation of presented work is studying of physical and chemical bases of high-
temperature processes of receiving carbides and borides of the specified systems that will give
the chance of carrying out the minimum quantity of experiments.

Therefore, in the work presented by us, the task of carrying out the thermodynamic
analysis of FTA (full thermodynamic analysis) [1] of the process for the production of carbides
and borides of titanium and zirconium (Ti-B-O-C and Zr-B-O-C) was performed, and, based
on it, the analysis of carrying out experimental studies on obtaining nanostructured
compositional materials.

Data on FTA of the considered system in literature aren’t found by us. Therefore the
great interest represents its reception for the specified system. Calculations are carried out on
the computer with application of the ASTRA—4 program described in Ref. [1]. They are
performed in the temperature range 500 — 2000 K with a step of 50 ° in vacuum.
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Figure 1. Dependence of components content Figure 2. Dependence of components content
on temperature for reaction (1) in vacuum. on temperature for reaction (2) in vacuum.
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The full thermodynamic analysis (FTA) of the systems Ti-B-O-C and Zr-B-O-C in

vacuum was carried out for the following reactions:
2 TiO2 + B20s + 8 C = TiB2 + TiC + 7 CO

and

2 7rO2 + B203 + 8 C = ZrB2 + ZrC + 7 CO.
The main results of FTA for both compositions are presented in the form of diagrams (Figures 1
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Figure 3. XRD diagram Figure 4. XRD diagram

of TiB2and TiC mixture.

of ZrB2and ZrC mixture.

The X-ray diffraction patterns of the powders obtained are presented in Figures 3 and 4.
In conclusion, one can state that:
L. Full thermodynamic analysis (FTA) of the Ti-B-O-C and Zr-B-O-C systems was
carried out in the temperature range of 500 — 2000 K in vacuum, and based on this
analysis, experimental studies were carried out to obtain TiB2/TiC and ZrB»/ZrC

composite materials.

2. X-ray diffraction patterns of the obtained powders indicate that generally it turns out
mixes TiB2/TiC and ZrB2/ZrC.
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The effect of the magnetic field A on thermopower (TP) in films of ferromagnetic
nanocomposites (FMNC) with nanoparticles (NP) Co in Al203 and SiO: matrices was studied.
The result was estimated as the coefficient of magneto-TP — §a.

For FMNC Co/ALQOs, the value of §« > 0 exceeds the value of = 70 % [1]. For Co/SiOz, &«
is negative and reaches =~ — 90 %. The concentration of Co did not exceed the percolation
threshold values. Such sharp difference of magnetic characteristics of the NC can be explained
by the features of the composition and magnetic properties of the NP.

Hopping conductivity in NC occurs due to vacancies of oxygen in the matrix and NP. In
the Al:Os matrix, the magnetic moments of the NP and free electron spins in the external field
H are collinear [1]. This leads to their mutual “repulsion” in the process a transport and
substantially reduces the number of scattering NP’s. The consequence of this is an increase in
the conductivity of the films and their a# which reaches a giant value of ~0.01 V /K [1].

The FMNC consisting of Co in an oxygen-containing matrix is covered with CoO [2]. In
the SiO2 matrix, §« < 0 is a consequence of the interaction of electron spins and positively
charged magnetic oxygen vacancies (OV) with the Co—CoO interface [3], stimulated by the
magnetic field. Spins and magnetic moments of OV are antiparallel in an external magnetic
field, which leads not only to the Coulomb, but also to the magnetic attraction of electrons and
OV. As a result, the electron “sticks” to the OV, a state arises that excludes electrons from
transport processes due to the small mobility of the OV. Such a state can be considered as quasi-
exciton dielectric (QED). The QED lifetime is probably not large, but this leads to an increase in
the resistance of the FMINC and a significant negative value of da.

In Co/AL:O3 QED does not arise due to a large dielectric constant (Al2Os — £ = 10 and
SiO2 — £ = 3.9). The degradation of the magneto-TP over time indicates the significant role of
the OV.
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We have synthesized graphite oxide (GO) and reduced graphene oxide (rGO) from
industrial wastes — graphite foils. Flexible graphite foil (FGF) is widely used in chemical,
petrochemical, metallurgical processes, for the production of ceramic composites. It is
characterized by inert and anticorrosive properties and is an ideal thermal insulation material
for high-temperature processes, etc. Different sizes of foil pieces (FGF) remaining from different
technological processes were used for obtaining GO and rGO (Figure 1).
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Figure 1. Image of the wastes (I) and XRD samples of GO (II) obtained from them.

Practically they are expanded graphites, and their chemical oxidation can be done using
known methods with some adjustment. First of all, dry or wet grinding of wastes, removal of
various types of impurities and sifting is necessary. The following oxidative systems were used
to oxidize the obtained expanded graphite powder: NaNO3-KMnOsH2S0s, KMnOs+H2SO4—
H3POs4, and KMnO4+H2SOs.

Depending on the oxidative system, the reaction was carried out under different
conditions (0 — 50 °C for 2 — 10 h). Hydrogen peroxide solution was used for the decomposition
of the reaction mixture. It was confirmed that, in contrast to graphite powder, the oxidation of
a powder of the same size obtained from waste requires 20 — 25 % more sulfuric acid.
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Boron B (together with lithium Li and beryllium Be) belongs to the least abundant
chemical elements. Explanation can be found in cosmology: in order to synthesize boron nuclei,
Nature requires an environment that is dramatically different from those producing the
remainder of the Periodic Table.

Role of boron in forming of molecular, nano-, and solid state structures is
incommensurably great. Understanding of the structural diversity of boron-containing
materials reduces to the electronic structure of B atom in isolated state. Configuration of
valence electrons peculiar to the free B atom, 2s?2p, in bounded structures becomes
energetically unstable and tends first to 2 s2 2 p? and then even to 2 5?2 p3 by adding electrons
from foreign atoms and / or defects usually in high concentrations peculiar to boron-rich
structures. Because all-boron structural units are highly electron-deficient, elemental boron
crystalline and amorphous modifications as well as boron-rich solids exhibit very complex
atomic structures. Diversity of atomic and, consequently, electronic structures and related
properties of boron-rich materials yields extremely wide field for their industrial applications.

In the current literature, there is stated that deposits of borate minerals found on the
Earth usually are located in arid desert regions with a geological history of volcanic and / or
hydrothermal activity. However, assumption on their geological origin contradicts the well-
established fact that boron deposits are extremely rare and mainly concentrated in relatively
small region (72 %, in Turkey). It is an argument supporting theory of cosmological origin of
boron deposits on the Earth.

Some further speculations on origin of boron deposits will be presented.
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Based on averaging the parameters of individual Josephson junctions (applying the
London model for each transition), a material equation was obtained that relates the average

current density j in the medium and the vector potential of the magnetic field A [1]:

jz—(Ac/47L'/12)eXpl— (7[/16)(27&4a/<1>0)22] , where ® ,=hc/2¢=2.07-10" T - m? is the
magnetic flux quantum of, a is the average distance between centers of granules forming the
Josephson junction, A is the penetration depth of the (exponential) weak magnetic field into
the medium under consideration. The value A is determined by the “microscopic” parameters
of the medium-the average values of the distance between the centers of the granules, the
density of the Josephson junctions in the medium, and the critical current of the transitions.
Based on above relation, the flow of a constant electric current through a strip wire from a
Josephson medium (a granular superconductor) from a different configuration is simulated. It is
shown that, for strip wires, the transport current is concentrated in a narrow near-boundary
region of 2 — 3 A thickness, and in the central part of the wire the current density is much
smaller. A strong non-uniform distribution of the transport current along the conductor cross-
section is realized when the linear dimensions of its cross-section (thickness or width) exceed
the value 4 many times. This leads to a nonlinear dependence of the critical current on the
geometric dimensions of the conductor. Thus, the critical current density decreases with
increasing thickness and width of the strip conductor. In the other case, when the linear
dimensions of the conductor cross section are much less than A the critical current density, the
practical value does not depend on the geometric dimensions of the conductor. Thus, when one
strives to attain as much as possible the value of the transport current through wires from the
Josephson medium, it is advisable to make them in the form of a “lithcendrat”, that is, consisting
of a large number of separate strip veins with dimensions of not more than a few, isolated
among themselves. We note that the values in the Josephson medium can have dimensions of
the micron and sub-millimeter values, which is several orders of magnitude higher than similar
values in the traditional superconductor. Consequently, it is much easier to realize a
“lithcendrate” from a granular superconductor or ceramic high-temperature superconductor
than from a traditional superconductor.

This work was provided by the Ministry of Education and Science of the Russian
Federation (Agreement No. 14.578.21.0234, RFMEFI57816X0234).
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The IlI-nitrides, namely, InN, GaN, and AIN have revolutionized solid state lighting and
continue to attract substantial research interest due to their unique properties and importance
for optoelectronic devices that cover a wide spectral range from the infrared to the ultraviolet.
The GaN and InN-based hetero-structures are also important elements in modern high power
high frequency electronics. The technical applications in micro and nanoelectronics require a
comprehensive knowledge of the structural and electronic properties of both the InN-GaN
volume and surfaces. Data present first photoemission results obtained for the Cs ultrathin layer
adsorbed on the InN and GaN surfaces and shown possibility of photoemission method to study
effect of Cs adsorption on the electronic properties of these Ill-nitrides. We perform first
photoelectron spectroscopy (PES) study of electronic structure of the ultrathin Cs/InN and
Cs/GaN interfaces. Experiments were carried out 7n situ at BESSY II synchrotron, Berlin, using
PES with photon energies in the range of 80 — 900 eV. The normal photoemission spectra from
the valence band (VB) and In 4d, N 1s, Ga 3d, Cs 4d core levels have been revealed under
different cesium coverage.

The intrinsic surface states for the clean GaN surface at binding energies of ~5 and 7 eV
are attenuated during Cs adsorption. Simultaneously three Cs induced surface states are found
to arise. Drastic changes in the surface state spectrum were ascertained and shown to be
originated from the local interacting Ga dangling bonds and adsorbed Cs atoms initiating the
electron redistribution effect with formation of the semiconductor-like Cs/n-GaN interface.
The surface and interface are identified as semiconducting-like and the band bending caused by
the Cs adsorption is detected. The modification of the surface state spectra is evident to
originate from the interaction between Cs adatoms and Ga dangling bonds that leads to
hybridization among Ga 4s— 4p and Cs 5p — 6s orbitals. The Cs adsorption is found to induce
the negative energy shift of the Ga 3d core level spectrum that is originated from the charge
transfer from Cs adatoms to Ga surface atoms with increasing the Ga-valency. For the Cs/InN
interface, the In 4d peak displays the strong core level shift and the appearance of an additional
In 4d peak originated from In—Cs bonding. Change in the surface electronic structure of the InN
caused by Cs adsorption is found to originate predominantly from suppression of the intrinsic
surface state concerned with the local interaction between In dangling bonds and Cs adatoms.

Authors thank synchrotron BESSY II and Russian-German Beamline, Helmholtz
Zentrum, Berlin, for providing facilities to perform experiments and help during experiments.
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Methods for making metal’s nanopowders largely determine their activity. The physical
methods of producing nanopowders are mainly based on evaporation in vacuum, rapid cooling
and condensing of metals. In this case, high rates of cooling speed are one of the prerequisites
for receiving active nanopowders. The method of electrodispersing of liquid-phase droplets is
widely used in modern nanostructure technologies; it is based on the Rayleigh (capillary)
instability. Due to that, if the droplet charge of Rradius reaches the critical value

Q=87 (e0a R 7,
the process of droplet distribution begins; here «a is a surface tension coefficient [1]. The
droplets formed during emission process are also unsustainable, and we obtain the cascade
decaying of droplets to the sizes

dmin=8-10 7 &0 3.

At this size, the particles lose charge as a result of the electronic emission. For the majority of
materials, these sizes comprise several nanometers and are distributed in a narrow range.
Therefore, the methods of electrodispersing are very promising to obtain high-dispersed
materials.

In the 80s of the last century, we created the planar magnetron sputtering device. It is
original construction and represents new generation of magnetrons with a rotating magnetic
field. The flow of refrigerant fluid flows with high turbulence in the system and used for the
rotation of magnetic unit in the cathode node [2]. The refrigerant fluid flow falls with pressure
on the holding blade of the magnetic system and triggers the rotation of the entire magnetic
block. The rotation of the magnetic system, which is under the sputtering disc cathode-pellet in
its immediate vicinity, ensures the synchronous rotation of the magnets, which are distributed
along the closed contour under cathode surface. The configuration of the magnetic system
derived mathematically by us, provides formation of the even erosion on the target surface.

To date, we have developed a new and innovative magnetron ion-plasma
electrodispersion device and the method of nanostructure production [3, 4]. The magnetron
ion-plasma electrodispersing device and the vacuum equipment will provide the effective
transition of the cathode-pellet material to nanostructures and receiving of metallic
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nanopowders of high purity. The equipment may be used to receiving highly active
nanopowders, which also makes it useful in fundamental research and practical application.
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Owing to their chemical stability, thin surface films of GaN are promising to be used for
improvement of the electronic and optoelectronic devices based on A™BY semiconductors. Such
films should provide an effective protection of the crystalline semiconductor surfaces against
oxidation in air or against chemical interaction with components of growth ambient in MBE
chamber. However, because of the high value of the lattice mismatch (~ 20 % for GaN and
GaAs) nitride films loose mechanical stability and coherency with the substrate lattice when
their thickness becomes almost two monolayeres. The extremely small thickness of the nitride
surface films is also vital to provide electron transparency of the films and their compatibility
with various device technologies. On the other side, conventional nitridation techniques using
nitrogen plasma provide only formation of strongly defected and thick GaN layers.

We developed a wet chemical nitridation procedure in hydrazine—sulfide solutions
which allows us to create monolayer films of GaN on GaAs and GaSb surfaces [1]. Formation of
the GaN films results from selective adsorption of the nucleophilic components of the solution
on the Ga- and As-related surface adsorption centers. At the beginning, adsorption of SH-
anions results in removal of the surface oxide layer together with a layer of surface As atoms.
Then dissociative adsorption of hydrazine molecule on the opened Ga- surface atoms results in
formation of the surface GaN monolayer. Performed investigations confirm that the wet
chemical nitridation procedure produces an effective surface chemical passivation of GaAs and
GaSb crystals [1]. Finally, a number of possible applications of the nitride films including
passivation of GaAs nanowires are demonstrated [2].
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Today improvement of environmental ecological conditions and the population’s health,
are global problems. For resolving this problem, it is very important to produce ecologically safe
agricultural products in which warms can play significant role. It’s very important to study the
influence of various factors on the growth of protein mass and reproduction quality for warms
[1 - 3]. For this purpose the experiments were conducted, for which we synthesized (1) chelate
chrome with methionine and (2) chelate zinc with methionine minimal (min), normal (norm)
and maximum (max) doses in g and then the substrate of the warms was saturated with these
chelates.

During the whole period of both experiments, in all groups, the weight of worms was
increased. In addition, compared to the controller, all test groups have the mass increase high
quality and it reaches the maximum for the chrome chelate in the 1% test group (min) 106.19 %,
and for zinc chelate in the 2nd group (norm) — 107.32 %. As for the increase of reproduction
quality of cocoons for both cases, compared to all the test groups are higher and reaches
maximum for the chrome chelate in 3rd test group (max) — 142.59 %, but for the zinc chelate in
Ist test group (min) — 152.87 %. Based on the results, obtained from the analysis, optimal and
affective dose is established for chrome chelate 0.0028 g for 300 g of substrate and for zinc
chelate — 0.0269 g for 300 g substrate. So, balancing the warms substrate with chelate chrome
and chelate zinc makes positive influence on the warm’s weight growth and greatly increases
cocoons reproduction quality.

The obtained results, we think have a great importance for development of warm
cultivation where the protein mass is used to balance the combined food of agricultural animals
and birds as a vitamin-protein, high-quality, concentrated supplement.
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As it is known, the third group nitrides are wide band gap semiconductors. They are
primarily used as the basic material for light emitted diodes and optoelectronic devices working
in the ultraviolet spectral range. In addition, their radiation resistance is also important. But it is
also known that in nitride films, which are formed at high temperatures (900 — 1100 °C), is a
difficult to create the p-n junction, because of difficulty to get p-type nitride. To solve this
problem, it is important to research and process methods of forming and modifying nitrides.
One of the main methods of modifying semiconductors is their doping by different impurities.

In the present work, there are investigated possibilities, in the process of low-
temperature growing, doping gallium nitride (GaN) for obtaining p-type conductivity. As a
dopant materials were selected indium (In), silicon (Si), magnesium (Mg), iron (Fe) and copper
(Cu). The experiments were carried out at a low-temperature (7" < 700 °C) by the original
method developed by us. Studies have shown that Fe and Cu impurities allow p-type
conductivity, which make them to use for receiving p-n junction and appropriate
optoelectronic devices.
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The negative trion, which consists of two electrons bound by a hole, is the
semiconductor analogue of the hydrogen ion H-. As the exciton is neutral, its attraction is very
weak the trion can only be observed at very low temperatures. Hence, the existence of trions
was proposed more than 50 years, but it was only, in the 1990’s, identified in semiconductor
quantum wells [1 —4].

As is well known, the reduced dimensionality enhances considerably the binding energy
of charged excitons, and thus facilitates the experimental observations. In this context the
investigation of negative trions in semiconductor quantum dots (QD) is very promising. QDs
are structures in which the charge carriers (electrons or holes) are confined in all three
dimensions. In such nanometer QDs, some novel physical phenomena and potential electronic
device applications have generated a great deal of interest [5 — 8]. We will consider heavy hole
and light hole negative trions in strongly prolate ellipsoidal quantum dot (SPEQD).

The ground state of the negative trion is a singlet state; therefore, ground state spatial
trial wave function of the negative trion is symmetric with respect to the interchange of the
position vectors of the electrons (holes).
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Figure 1. Dependencies of heavy hole and
light hole negative trions on small semiaxis.
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The variation function for the negative trion will be constructed on the single-particle
wave functions and will have the following form [9]:
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where C is normalization constant, p, = ‘ P;— Py

, jok={1,2,a,b}, &, ,and y are variational

parameters. These parameters can be determined after minimizing the integral:
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Here H is the Hamiltonian of the system, which is described by the following form:
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j
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By the help of the variation method one can calculate the energy of negative trions for
the ground level (Figure 1).

Let us proceed to the calculation of the binding energy. For two types of negative trions,
expressions for the binding energy are defined below:

E, (Xz_) = (2Ee +EZh)_E(XZ_)’
i i (4)

E, (Xh ) = (2Ee +E, )_E(Xh )
where E ,E,, and E,, are the energies of the electron, light hole and heavy hole respectively,

in the SPEQD.
As the next step let us calculate the recombination energies of negative trions, calculated

according to the following formulas:

(X[) — g® (Xz_)_E(f)

e b

Wy

o, (X,)=E" (X, )-EY,

e

(5)

where indices i and f are the initial and final states, respectively. The recombination energy is

defined as a difference between the total energies of the initial and final states after
recombination.

References
[1]  W.Xie. Chem. Phys., 2012, 408, 69-74.
[2] M. A. Lampert. Phys. Rev. Lett., 1958, 1, 450.
[3] B. Stebe, A. Ainane. Superlatt. & Microstruc., 1989, 5, 545.
[4]  A.]. Shields, M. Pepper, M. Y. Simmons, D. A. Ritchie. Phys. Rev. B, 1995, 52, 7841.
[5]  B. Stebe, A. Ainane, F. Dujardin. J. Phys. Cond. Matter, 1996, 8, 5383.
[6] W. Xie. Solid State Comm., 2001, 118, 305.
[7] E. Anisimovas, F. M. Peeters. Phys. Rev. B, 2003, 68, 115310.
(8] C. Riva, F. M. Peeters, K. Varga. Phys. Rev. B, 2000, 61, 873.
[9] B. Szafran, B. Stebe, ]. Adamowski, S. Bednarek. Phys. Rev. B. 2002. 66, 165331.

31



ABSORPTION AND FLUORESCENCE SPECTROMETRY
FOR ANALYSIS OF QUALITY OF DNA DOUBLE HELIX

V. G. Bregadze!, I. G. Khutsishvili -2, T. G. Giorgadze!,
T. B. Khuskivadze!, Z. G. Melikishvili3

'E. Andronikashvili Institute of Physics
L. Javakhishvili Thbilisi State University
Thilisi, Georgia
vbregadze@gmail.com
2 Institute of Biophysics
Ilia State University
Thilisi, Georgia
3V. Chavchanidze Institute of Cybernetics
Georgian Technical University
Thilisi, Georgia

The aim of this work is to demonstrate the significance of the phenomena of light re-
radiation and the electron excitation energy transfer from the donor to the acceptor in the
hydrolysis reactions of glycoside and phosphodiester bonds in DNA, which is important for the
functionality of cells in the norm and pathology and for the analysis of the quality of the double
helix DNA for diagnostic purposes.

It is shown that photons of the near-IR region of the spectrum excite the overtones of
the large-amplitude valence vibration of water molecules in the 700 — 1500 nm spectral range.
This causes the activation of electrolytic dissociation of water molecules with the formation of
H* and OH-, which is necessary for the hydrolysis reaction of chemical bonds in biological
molecules.

The application of the original nanoscale method of a laser induced fluorescence
resonance energy transfer to a donor-acceptor intercalator pair for the quantitative and
qualitative study of stability quality DNA double helix in a solution, in real time is shown in the
following biologically important processes: photo-irradiation, photodynamic effect and electron
excitation energy transfer in strongly scattering environment (colloidal) with multiple
scattering of light, i.e. in processes that can be successfully used in light therapy of cancer,
dermatology, wound healing, etc.
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Recently, graphene and other quasi-two-dimensional materials (hexagonal boron
nitride-h-BN, phosphorus, silicine and transition metal dichalcogenides) [1, 2] together with
van der Waals heterostructures (several such layers in combination with graphene) attract great
interest because of the prospects of their applications in nanoelectronics and optoelectronics.
They have remarkable properties that may not occur in their individual constituent layers.

In this review, it is proposed to highlight some of the latest developments in the
electronic, mechanical and optoelectronic properties of graphene-based heterostructures: two-
layer graphene (BG) and graphene / h-BN structures, as well as their analogs with “closed” holes
[3 — 6], features of their semimetallic, metallic and semiconductor properties.

Different stable forms of nanoholes with closed edges are studied in BG layered and
nanoribbon structures of AA, AB and Moiré stacking with closed edge holes: atomic structures
and electronic properties. The most advantageous shape of the BLG holes was determined in a
manner analogous to the method used by G. Wulff to find the optimal shape of the crystals,
which can also be used to determine the shape of the pores for two-dimensional crystals. The
comparisons of modeling examples with experiments are made [3, 5, 7, 8]. Nanostructured few-
layer graphene films with interlayer edge reconstruction (by high-energy Xe * ions) for
electronic applications were considered by experimentally and theoretically [6]. The graphene /
h-BN structures with nanoholes and their unique properties are also considered [4].

Prospects and possible applications of such materials in nanoelectronics and electro-
optics, mechanical, biomedical, and photovoltaic devices are discussed.
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The a-amino acid based (AAB) poly(ester amide)s (PEAs) belong to the class of AA-BB
type heterochain polymers obtained by solution active polycondensation [1 — 3]. Besides the
diversity in material properties, they have shown good biocompatibility and low inflammatory
response [4], which makes PEAs highly attractive for biomedical applications.

One of the most convenient ways to functional polymers is the incorporation into the
polymeric backbone unsaturated double bonds that could easily be derived [5]. Unsaturated
PEAs (UPEAs) were synthesized using in solution active polycondensation di-p-nitrophenyl
fumarate as a bis-electrophilic partner of di-p-toluenesulfonic acid salts of bis-(a-amino acid)-
o,w-alkylene diesters — key monomers for preparing AAB-PEAs [6].

The syntheses of three types of new unsaturated PEA polymers were explored — (i) Leu-
and Phe-based unsaturated PEA homopolymers (UPEAs) composed of 100 % of fumaric acid,
(i) Leu-based unsaturated-saturated copolymers (USPEAs) composed of fumaric acid and
saturated fatty diacids, and (iii) Leu- and Phe-based UPEA copolymers composed of 100 %
fumaric acid (co-UPEAs).

The UPEAs were further chemically modified into functional derivatives as well as
subjected to thermal and photochemical transformations (curing) that substantially expand
material properties and, hence, the scopes of potential applications of a-amino acid based
biodegradable poly(ester amide)s as absorbable surgical devices and drug carriers.
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There is suggested a new semiclussical model for multielectron atoms describing the
atomic electron-states in terms of hydrogen-like orbitals.

Based on the constituent atoms semiclassical electron-orbitals, the electronic structure of
molecules, nanosystems, and condensed materr can be calculated anallitically expressing the
quantum-chemical integrals by special functions.
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Functionalized gold nanoparticles with controlled optical properties are the subject of
intensive studies and biomedical applications, including genomics, biosensors, immunoassays,
clinical chemistryand laser phototherapy of cancer cells, the targeted delivery of drugs, optical

GOLD NANOPARTICLE AND FLUORESCENT
DYE DECORATED CALMODULIN AND PROSTATE
SPECIFIC MEMBRANE ANTIGEN PROTEINS AS
CONTRAST AGENTS IN BIOLOGICAL TISSUES
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bioimaging and the monitoring of cells [1].

In this work, we propose two nanocomposites consisting of gold nanoparticle (GNP) and
fluorescent dye decorated proteins, which can serve as the contrast agents for the detection of
diseases at the early stage of development, using the simple and inexpensive imagine methods.
As the proteins targeted by GNPs and fluorescent dyes, we selected Calmodulin (CaM) and

Prostate specific membrane antigen (PSMA).
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Figure 1. Light emission enhancement in GNP/PSMA/dye
nanocomposite (a) and schematic illustration of GNPs
functionalized with the fluorescent dye and CaM (b).

37

oana
«b‘aéh E_



During the experiments, we have prepared and investigated CaM, PSMA and GNPs
based nanocomposites and demonstrated that CaM and PSMA conjugated with fluorescent dye
and GNPs can increase the fluorescence intensity upon the excitation of pumping laser source.
(Figure 1).

Besides, we have shown that the fluorescence enhancement strongly depends on (1) size,
shape, and concentration of GNPs; (2) distances between GNRs, fluorescent dyes and
CaM/PSMA; and (3) relative spectral positions between the plasmon absorptions of GNPs and
the absorption and emission of the fluorescent dyes [2]. This ability of controlled targeting and
visualization of CaM/PSMA by fluorescence can be beneficially used in the tracking of CaM and
PSMA mediates processes in biological tissues and cells, such as inflammation, metabolism,
apoptosis, muscle contraction, intracellular movement, malignant cells growth, etc.
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Novel semiconductor-base nanotechnology is gradually moving into new applications in
the world economy. Semiconductor application requires increasing of investigations in the
direction of their properties. The main criterion of semiconductor suitability for application in
semiconductor devices electrical properties, particularly current carriers’ mobility. Therefore,
the problem connected with the explanation of the experimental results of charge carriers’
mobility on the base of theoretical complicated formulas is very urgent.

In the current paper, current carriers’ mobility due to ionized impurity scattering is
discussed and calculated using numerical methods. Calculations were done for different
temperatures and different range of current carriers concentration.
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NANOTECHNOLOGICAL APPROACH FOR MONITORING OF GM MAIZE
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The development of efficient methods for the monitoring of genetically modified
organisms (GMOs) is of crucial importance for the environment and human health protection,
food labeling and safety assessment. Genetically modified (GM) maize is among major GM
crops. In this study a new nanotechnological approach namely multiplex polymerase chain
reaction (PCR) coupled with low-density DNA microarray (biochip) was developed for fast,
cheap and reliable identification of GM maizevarieties such as Bt-176 and MON 810.
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Figure 1. Agarose gel for multiplex PCRs. Figure 2. Microarray image analysis.

New PCR primers and suitable DNA probes were designed using bioinformatics tools.
The products of multiplex PCRs were analyzed by agarose gel electrophoresis (Figure 1). The
sensitive 3D platform dendrimeric matrixes with new DNA probes were manufactured and used
in hybridization with multiplex PCR amplicons (Figure 2). Multiplex PCR results and
microarray image analysis demonstrated that new biochips and multiplex PCR methods allow
simultaneous detection of the junction region between maize genome and GMO-specific
cauliflower mosaic virus (CaMV) 35S promoter in MONS810, the junction region between
transgenic CrylAb delta-endotoxin (crylAb) gene and maize genome in MONS810 and the
junction region between transgenic bar gene and maize genome in Bt-176. Analysis of
foodstuffs indicated that new nanotechnological approach developed in this study may be used
for reliable and fast tracing of GM maize events MON 810 and Bt-176 in foods.

40



ANALYSIS OF VORTEX DYNAMICS OF
ELECTROLYTE IN DC MAGNETIC FIELD

D. O. Derecha -2, Yu. B. Skirtal, I. V. Gerasimchuk 2

! Department of Physics of Meso- & Nanocrystal Magnetic Structures
Institute of Magnetism
National Academy of Sciences of Ukraine
Ministry of Education & Science of Ukraine
Kyiv, Ukraine
dderecha@gmail.com
2Faculty of Physics & Mathematics
National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”
Kyiv, Ukraine
igor.gera@gmail.com

In recent years, a growing interest in the field of electrochemistry is related to the study
of processes occurring at the ferromagnetic-electrolyte interfaces, in particular, the phase
separation of electrolyte in an external magnetic field. Such processes depend on both the
gradient of magnetic field and its distribution on the metal surface.

Earlier [1, 2] the optical investigations of formation of the dispersed phase in electrolyte
and the dynamic characteristics of its motion both in infrared and visible irradiation were
carried out. The performed study allowed obtaining the distributions of the characteristic
frequencies of the electrolyte motion over the volume of the medium under investigation.

Figure 1. Thermal imager ULIR-vision TI-384.

In the present study, the motion of the electrolyte under different configuration of the
magnetic field was investigated, and the distribution of the temperature gradients arising during
the reaction was studied using the thermal imager ULIR-vision TI-384 (Figure 1).
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The work proposes highly photosensitive and stable molecular switches created through
the integration by the improved method of microcapsulating designed by us [1] in the polymer
of nemato-chiral liquid-crystal compositions doped with bistable, so called long-radical
spiropyrans (II), which help economize the electrical power needed for the photoinduction
occurring during the photochromic transformations.

CH
HaC CHs

R = CHs (I) and R = CisH2s (IT)

The work is based on an event of nanostructuring of merocyanine molecules into the
spherical micelles, which are formed as a result of photoinduction with the ultraviolet (UV)
light. Nanostructuring increases the effective photosensitivity of the composition [2].
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Figure 1. Absorption spectra of UV
photoinduced spiropyrans I (1) and II (2).

The pseudo-phase formed in the solution at a nano-level by the UV photoinduction, the
micelles, deplete the base solution off merocyanine molecules and as a result, spiropyran
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molecules start to transform into the merocyanine molecules to restore the thermodynamic
equilibrium. The merocyanine molecules formed photochemically are added by the molecules
formed to restore the thermodynamic equilibrium i.e., from this moment, the process takes
place at the expense of the internal energy and the coloration of the system continues without
the consumption of the radial energy (Figure 1).

(a) (b)

Figure 2. Polymer films doped
compounds I (a) and II (b).

This result was clearly seen, when recording the image on the polymer films (see the

Figure 2).
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2-amino-4-(4-substitutedphenyl)-5-oxo-4H,5H-pyrano [2,3-d] pyrido [1,2-a]

pyrimidine-3-carbonitrile derivatives 2-12 [1 — 3] were synthesized via multi-component
condensation reaction of different aromatic aldehydes (Figure 1), 3H-pyrido[1,2-a]pyrimidine-
2,4-dione 1 and malononitrile by using ZnO nanoparticle as green, environmentally friend
catalyst under solvent-free conditions.

Figure 1. Multi-component condensation
reaction of aromatic aldehydes.

The present work creates a variety of biologically active heterocyclic compounds in

excellent yield and short times. The structures of all compounds were elucidated with the
elemental analysis, IR, 'H-NMR, and mass spectral data.
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When solving the problem of re-cultivation of oil polluted soils, it seems more expedient
to develop methods for stimulating the activity of native oil-assimilating microflora of polluted
soil. These methods do not require laborious, costly operations associated with releasing,
cultivation and introduction of a hydrocarbon-oxidizing microorganism culture [1]. The
greatest effect in this case can be achieved through the use of environmentally safety
meliorants, for example, natural zeolites which simultaneously provide the sorption of
petroleum hydrocarbons and the adhesion of cells of oil-assimilating microorganisms from soil.

In this paper, the effect of natural zeolite (clinoptilolite) introduced into oil-polluted soil
on the growth and development of a test plant was studied. Zeolite is a macromolecular system
with a developed surface, the activity of which is due to the molecular-sieve effect of
micropores [2].

The experiment was carried out on grey-brown soil. The soil was polluted with oil from
the Samgori field (Georgia). The degree of soil contamination with oil was 2.5; 5.0 and 10 % of
the mass of the soil natural zeolite-clinoptilolite containing tuff of the Tedzami origin, the
Handaki section of Georgia, with a main mineral content of 70 — 80 %. Eight types of the
experiments were performed, each in four repetitions. In laboratory conditions, experiments
were conducted to study the effect of oil products and zeolites on laboratory germination,
germination energy, and the formation of the vegetative mass of the test culture. Experimental
data showed that the application of zeolite has a meliorative effect on the soil and improves the
biometric parameters of the test culture in comparison with the indices of the culture grown on
contaminated soil. The energy of germination of the test culture on the substrate rises an
average of 10 — 40 % and germination capacity by 60 %. Energy of germination of test culture
was determined on the fourth day, and the germination capacity on the tenth day after sowing.
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Nowadays, nanomaterials and nanotechnologies are used practically in all fields of
agriculture: crop production, animal husbandry, poultry farming etc. The use of nano-products
in crop production as micro-fertilizers provides an increase of productivity (on average 1.5-2
times) for almost all food cultures [1]. Zeolites are nanoporous crystalline solids and have a
frame structure with an alumino silica-oxygen basic motif [2]. The aim of the research was the
possibility to improve the agrochemical and biological characteristics of the soil under the
influence of organic-mineral fertilizer: modified (NH+* and K*) zeolite + lignite (source of humid
substances [3]) and its influence on some biometric test cultures. The following biometric
indicators were determined: the germination energy (GE), the relative value of the germination
energy (RVGE), germination capacity (GC), the relative value of germination capacity (RVGC)
of seeds. The greatest increase in GE and GC occurs when zeolites, modified with potassium and
ammonium cations and brown coal are used during the third sowing. Enrichment of the soil
with substrates affects the growth of both the above-ground part and the root system of the
plant, although this difference on different substrates occurs differently. The root system
develops more on the substrate: soil + zeolite and brown coal + zeolite, and the aboveground
part on the substrate — soil + modified zeolite. A large difference is also observed in case of
brown coal + modified zeolite. Differences were also noticed in the dry mass of plant, both the
aboveground part and the root system, which demonstrate an increase in the growth of plants
grown on the studied substrates. Further investigation in this direction is very actual from an
ecological point of view. It contributes to the utilization of substandard coal industry wastes as
organic components for increasing soil fertility.
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The synthesis and characterization of II-VI group semiconductor compounds have
attracted considerable attention in recent years due to wide applications and variable bandgap
energy. The Cd«Zni-sS ternary compound has significantly application such as solar cells,
photodetectors, lasers and other opto-electronic devices [1]. Synthesis of Cdi«Zni-S
nanoparticles with varying samples concentrations (x = 0, 0.2, 0.4, 0.5, 0.6, 0.8, and 1) allow
that the optical bandgap of Cd«Zn1-sS to change between band gap values of ZnS and CdS [2]. In
this paper we studied optical, structural properties and morphology of Cd:Zni-sS nanoparticles.

The Cd«Zni-»S nanoparticles were synthesized by sonochemical method in aqueous
medium at air conditions. Appropriate amount of Cd(CH3COO)2-2H>0, Zn(CH3COO)2-:2H:0 as
cation source, Na2S-9H»O as anion source and polyvinyl alcohol (PVA) as capping agent were
used. The Cd? and Zn?* molar ratios were as 1:4 and 2:3. Capping agent was prepared 2 % water
solution. All reagents were dissolved in distilled water. The reaction was carried out in air
atmosphere for 2 h. The final sample color was light yellow. The sample resulting of reaction
was separated by centrifugation and washed three times with distilled water and dried at room
temperature.
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The synthesized Cdo2ZnosS and CdosZnosS nanoparticles were obtained in cubic crystal
structure by X-ray diffractometer (XRD). The nanoparticles sizes were defined by Debye
Scherrer equation from XRD results and scanning electron microscopy (SEM) images. The
particle sizes of Cdo2ZnosS and CdosZnosS were calculated 1.78 and 2.14 nm, respectively, by
XRD and for CdosZnosS nanoparticles was 10.4 — 15.8 nm by SEM images. The values of the
optical band gap energies of Cdo2ZnosS and CdosZnosS nanoparticles were found to be 2.80 and
2.45 eV, respectively. It was clear that from energy dispersive X-ray spectroscopy (EDX) the
ratio of ions which entered into the solution was same compilation in nanoparticles. The results
show that initial reagents were spent totally formation of the sample. As seen from results the
optical band gap values decrease with increase of particles size.

References

[1] P. Kumar, A. Misra, D. Kumar, N. Dhama, T. P. Harma, P. N. Dixit. Opt. Mater. 2004,
27, 261-264.
[2] T. L. Chu, S. S. Chu, J. Britt, C. Ferrikide, O. Q. Wu. J. Appl. Phys.,1991, 70, 2688-2693.

48



SUPERCONDUCTING GAP IN Cal22 IRON-BASED SUPERCONDUCTORS
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We present the point-contact Andreev reflection study of the iron-based single crystals
Ca(Fe1-xCox)2As2 (Cal22) with x = 0.04 and 0.10, which become superconducting below 15 — 17
and 20 K respectively. The point contacts based on the above-mentioned samples were formed
by touching a clean thin sharpened Cu wire to the cleaved surface of the bulk sample [1]. The
resistance of such point contacts was in the range from several Ohms to tens of Ohms that
corresponded to the contacts’ size from several to hundreds of nanometers, thus, forming a
nanoobject between two bulk materials. The measurements of current—voltage (/ — V')
characteristics of the point contacts and their first derivatives (dV'/ dl') were carried out in the
temperature range 3 — 20 K using the standard lock-in technique [1].

We selected dV'/ dI spectra, which demonstrate the Andreev-like double minima
structure below the superconducting critical temperature. The minima located in the energy
range between 5 and 10 meV transform to a single minimum with temperature increasing, and
disappear above the critical temperature. Normal state of dV'/ dI shows usually a zero-bias
maximum of Kondo type, probably due to scattering on non-stoichiometric Fe or Co magnetic
impurities. The fit of dV / dI spectra within BTK model [2] results in the one gap with
2 A/ ks Tc=5 and 10 for the samples with x=0.04 and 0.10, respectively. Comparing our results
with the literature data one can see a large variation of the reduced gap values: from 2 A/ ks 7
=2-4and 5 - 10 for two gaps in Bal22 and Cal22 [3-6]upto2 A/ ks T ~15 for Cal22 in [7].
Moreover, the broad distribution of the both gaps within a nanometer scale connected with
impurity scattering in st-superconductors [8]. Thus, our data are in the line with this scenario,
while non-ideal interface at point-contact formation enhances impurity scattering, which is
seen by observation of the mentioned above Kondo maximum.

The authors thank Z. Bukowski, M. Babij, and A. J. Zaleski for providing the samples.
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Quantum dots (QDs) are typical II-VI semiconductor materials, owing to their unique
optical properties and tunable photoluminescence, have received much interest in the field of
electronic and biomedical applications. However, the cytotoxicity of QDs has become a major
concern for their safe use in bioimaging, delivery or tracking biomolecules. The role of surface
chemistry of QDs is the determining factor of toxicity since surface functionalization is required
for nanoparticles synthesized by conventional physical or chemical methods. But we have
previously developed a novel alternative approach for the production of CdS QDs in an extra-
cellular way by the biological synthesis using bacteria Escherichia coli, fungi Pleurotus ostreatus
and plant LZinaria maroccana as biomatrices. Produced nanoparticles are stable and luminescent,
have a range of sizes from 2 to 10 nm in diameter. Although an important question remains to
study their toxic properties in comparison with inorganic cadmium sulfide salt, because of their
heavy metal composition that could cause harmful effects to human health and environment. In
the present research we have evaluated cytotoxic / cytostatic effects, proliferative activity,
adhesive potential of produced CdS nanoparticles using HeLa cells, tumor cells of human T- and
B-lymphocytes, AGS cancer cell line by MTT-assay and flow cytometry methods. It has been
found that QDs have reduced toxicity as compared to inorganic cadmium sulfide which makes
them attractive as a new type of non-toxic luminescent probes for bioimaging applications in
cytological studies.
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STRUCTURAL STUDIES OF POLYIMIDE FILMS: SIZE EFFECT
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In connection with the rapid development of a number of areas of modern technology in
recent years has sharply increased interest in the properties of polymer materials at low
temperatures. The study of polymers at low temperatures is also of great importance for
understanding a number of important problems in the physics of polymers [1].

The work is devoted to the study of the change in the structure of polyimide films by X-
ray diffraction analysis. Structural studies were carried out on a DRON-2.0 diffractometer with
Bragg—Brentano focusing in Cu K radiation. The plane of the sample was perpendicular to the
primary of X-rays beam. The scattering intensity curves were plotted in the angular interval 2 &
=4-70° at room temperature.

The sample for the experiments was a polyimide film with a thickness of 75 and 125 um.
The samples were subjected to deformation prior to rupture at 7' = 293 and 77 K. The
deformation was carried out under conditions of uniaxial tension before breaking at a
deformation rate Veer=0.85 mm / min.

Common to the diffraction patterns obtained is the presence of reflections at small
angles (2 &< 30 °) and absence at large angles. This kind of intensity distribution indicates the
presence of short-range order and the absence of long-range order in the investigated objects.
However, the form of the diffraction patterns for the two thicknesses under study differs
significantly. The appearance of an asymmetric peak at § = 75 pm and three broad maxima at &
=125 pm reflects the influence of the scale factor on the structure of the polyimide film.

The deformation of the samples at 77 K has a different effect on the distribution of the
scattering intensity for samples with different thicknesses. In the case of a smaller thickness, the
peaks shift toward smaller angles. In the case of a larger thickness, additional peaks appear. The
authors assume that formation of regions with a lower density (compression regions) occurs in a
thinner film [2]. In a thicker film, the degree of ordering of the regions increases.
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As it is well known, the nonlinearity of the medium can give rise to new physical effects
such as dependence of the transparency of the medium on the power of the wave being
transmitted, spatial localization of nonlinear waves in periodic arrays of optical waveguides, etc.
From the technological applications point of view, of special interest are layered and modulated
structures of different types. In nonlinear optics, for example, where layered and modulated
structures can be applied in optical communication systems, optical fibers, photonic crystals,
optical delay lines, the investigations of localized states in the system with two linear /
nonlinear defect layers (for instance, in optical switches) and in periodic modulated structures
[1] are very actual.

The study of the adsorption of polymer chains in the system with the interfaces modeled
by o-functions or potential wells (in some cases — by nonlinear or / and asymmetric ones)is also
of importance. The investigation of the structures of such type is also important in the theory of
Bose-Einstein condensation.

In the present study, within the framework of nonlinear Schrodinger equation we
analytically studied the nonlinear localized states in the system with two potential wells in the
cases of linear and nonlinear media in the wells, as well as their linear and nonlinear
environment. All possible solutions in such a system are found and studied at the conditions of
continuity of the wave function and its first derivative at the boundaries of the potential wells
and the environment. The exact solutions are found, and the character of localization of
nonlinear stationary waves are studied for all possible combinations: (1) continuous linear
medium in the system; (2) nonlinear medium in the potential wells and linear medium in the
surrounding areas; (3) medium with linear properties in the potential wells and nonlinear
medium in the surrounding areas; (4) continuous nonlinear medium in the system. The
frequency dependences of the field amplitudes for all types of possible stationary localized states
are obtained.
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The investigations of the structure and dynamic properties of multilayered systems with
thin layers are of great interest now. The simultaneous influence of the layered structure of the
medium and the nonlinearity give rise to new physical effects such as spatial localization of
nonlinear waves in modulated structures (see, for example, [1, 2]), dependence of the
transparency of a medium on the power of the wave, etc. Of special interest are layered
structures of different types promising for technological applications.

We study analytically the localized states of nonlinear waves propagating along two
coupled identical parallel plane defect layers (interfaces) in anonlinear medium. In this case the
nonlinear states are localized near interfaces but the densities of two fluxes are equal only for
small density of the total one [1]. For the total energy of fluxes larger than some threshold
value, the wave propagates mainly along one of the interfaces. All the possible localized
solutions in such a system in the case of attractive character of interfaces and nonlinear medium
outside them are foundanalyticallyand studied both analytically and numerically. We
demonstrated that the exact solutions are governed by a single scaling variable which describe
the ratio between the interface distance and the soliton state localization length.

The total number of elementary excitations in the system and its total energy are found
analytically. We present these dependences as functions of the distance between the interfaces
in the universal scaling formsvalid for different values of the interface “power”. We obtain
numericallya monotonous behaviour of the reduced total number of elementary excitations as a
function of the scaling variable characterizing the distance between the interfaces.

Using the exact solution of the nonlinear Schrodinger equation on intervals of constant
potentials opens the possibility to treat various problems of localization using the appropriate
boundary conditions. The obtained results can be applied for the description of localization of
nonlinear wave fluxes in multilayered systems of different physical origin.

[1] I. V. Gerasimchuk, A. S. Kovalev. Low Temp. Phys., 2000, 26, 8, 586-593.
[2] I. V. Gerasimchuk, A. S. Kovalev. JETP Lett., 2007, 85, 10, 488-492.
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The study of propagation and the character of localization of nonlinear waves in periodic
and modulated systems on meso- and nanoscales is one of the main problems of the dynamics of
nonlinear waves and solitons. The model describing an optical waveguide consisting of both
linear and nonlinear parts, in a linear medium, was introduced by Malomed et al. [1]. The
instability of the soliton state supported by a purely nonlinear defect, and a possibility to
stabilize it by linear potentials were demonstrated in [2].

In this work in the framework of the investigation of wave localization in systems with
Kerr nonlinearity in optical waveguides, we study the localization of soliton states near a single
nonlinear waveguide (interface) and describe all possible localized modes in such a system.
Because of the wave localization in a plane waveguide (or localization of oscillations at the
interface) there nonlinear properties appear. We take into account the Kerr nonlinearity only in
the waveguides (assuming that the width of the waveguides is much smaller than the distance
between adjacent ones), and describe the waveguides by both nonlinear and linear terms. The
medium between the waveguides is assumed to be optically linear.

We demonstrated that the soliton states localized near the nonlinear waveguide are
possible for any sign of anharmonicity in the case of attraction of elementary excitations to the
waveguide. However, for the mutual repulsion between the elementary excitations inside the
waveguide, the localized states can exist only in the case of attractive character of the
waveguide. That is, localized states near attractive waveguide are possible even for a repulsive
character of interaction between the excitations inside the waveguide. For all possible localized
states, the total number of elementary excitations and the total energy of the system were found
and analyzed.

The present study can be useful for a wide range of physical applications: in nonlinear
dynamics of solids, photonic and magnonic crystals, modulated (layered) media with a periodic
system of nonlinear waveguides (interfaces or defect layers), Bose-Einstein condensation,
magnetic multilayers with an array of plane magnetic defects, etc.
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The first attempt at scientific study of the phenomenon occurring in matter -
Thermodynamics, in spite of considering the substance as a continuous substance, gave a
definite impetus to the development of technology, but could not explain many phenomena
observed by that time. It became necessary to turn to new concepts that considered the
substance at the molecular-atomic level — Molecular-Kinetic Theory (MKT), which determined
the most powerful development of different technologies. We can say that almost everything
created by humans around us is based on MKT. But over past 40 — 50 years experimental data
have been accumulated, which MKT is unable to explain even qualitatively, observed in
substances not only of nanoscale size but also of conventional dimensionsand in the case of
cryogenic temperatures, it is completely powerless. This clearly indicates that in order to
eliminate this shortcoming, it is necessary to turn to new physical concepts. We propose new
ideas for studying matter at a more precessional-electron level — Molecular-Potential Theory
(MWT), which takes into account the state of chemical bonds between atoms and molecules
during the passage of the entire phenomenon. As it is known, the electrons participating in the
creation of chemical bonds can be in two quantum states: the bonding state and the antibonding
state. These states are described by the corresponding energy levels, which in condensed media
are combined into a bonding and antibonding energy zones. The electron in the antibonding
zone and the hole in the bonding zone are antibonding quasiparticles (AQP). The transfer of an
electron from the bonding zone to an antibonding site means the formation of an AQP that
weakens the chemical bonds between the atoms around which it appears during its chaotic
motion facilitating the change in the location of the atoms. The concentration of AQP can be
varied asby the temperature as by the athermic pathway, as well as by a decrease in the
dimensions of the sample in the nanoscale size. The latter opens up new technological
opportunities. Examples are given confirming the conclusions listed above.

As it is known, the striking feature of the nanoworld is that all the characteristic
properties of a substance on a nanosize scale depend on their size, in contrast to the material of
larger sizes for which they are constants [1, 2]. This opens up tremendous opportunities for the
creation of new nanotechnologies in any field of human activity, as in the positive as in the
negative sense. But this raises the question for researchers: are the phenomena observable in
nanoscale substances subject to the already known laws of nature, or do they cast doubt on
previous ideas about physics. The nanosize scale of matter is also interesting because in this field
in different cases it is possible to apply representations of both classical physics, in the form of
Molecular-kinetic theory, and quantum physics.But as it turned out to date Molecular-Kinetic
Theory (MKT) [3] is unable to explain many of the observed phenomena, not only in nanoscale
but also in substances of ordinary size. This played, probably, an important role in the fact that
in recent years the number of publications dealing with nanophysics and nanotechnology has
decreased. Let us give some examples of the insolvency of MKT: 1) the mechanism of phase
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transitions[4], 2) diffusion in solid and liquid [5], 3) dimer, trimer of atoms in steam, 4) increase
viscosity with temperature[6], 5) curing of gas under the action of light, etc. And in the case of a
phenomenon associated with a change in the location of an atom at low temperatures, it is
completely powerless to explain the observed phenomenon [7].

In this paper, based on experimental data, we tried to prove that in both cases the same
laws apply,if we apply new more processional concepts of the nature of the substance than is
the case in MKT. New ideas, in contrast to MKT, take into account the state of chemical bonds
between neighboring atoms under given conditions (Molecular-Potential Theory (MPT)) and
explain all the phenomena in matter related to the change in the location of the atom in it [7].

Firstly, let us talk a little about the ways of development of natural science. People

watching certain phenomena try to use them and understand their essence. To do this, based on
the knowledge available for that time and intuition, models are created, changing with increase
in the knowledge, etc. For example, first of all, the science of matter considered it as a non-
separate substance and thermodynamics was created, which gave a powerful impetus to the
development of science and technology. But over time it turned out that it was powerless to
explain the observed new phenomenon. It became necessary to recognize that the substance is
discrete and MKT [3] was created, which gave a more powerful impetus to the development of
science and technology. It is possible to say with confidence almost everything that surrounds
us is created on the basis of MKT. However, with the growth of experimental data, more and
more results appeared that could not be explained on the basis of MKT.Here are some examples
of the insolvency of MKT that are usually ignored.
1) There is no mechanism for a first-order phase transition (Figure 1) at the atomic level.
To confirm this, we give the opinion of the famous scientist Goodstein: “melting and boiling —
at first glance, easily understandable phenomena lead to a dead end of scientists, because until
now there is no satisfactory explanation at the microscopic level” [4].
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Figurel. Dependence of substance
temperature on amount of heat transferred.

2) It is known that the values of the self-diffusion coefficients of all chemical elements at
temperatures approximately equal to their melting point in the solid and liquid state strongly
differ by several orders of magnitude for each element [5] (see Figure 2 and Table 1).

As it is well known, the thermal coefficient of diffusionis determined by the expression

D= Doexp (- U/ kT). (1)
where Uis the activation energy of diffusion, usually of the order of eV, T'is the temperature of
diffusion, kis the Boltzmann constant, Do is weakly dependent factor temperature [5]. Since the
temperature can be assumed to be the same, an increase in the coefficient of self-diffusion is due
to a decrease in the activation energy U. It is clear that the chemical bonds force has decreased.
But why at the same temperature the strength of the chemical bonds has decreased?
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Figure 2. Temperature dependence of self-diffusion
coefficients of elements in solid and liquid states.
Table 1. Coefficients of self-diffusion of
elements in solid and in liquid states.
. Diffusion Diffusion
Melting . .
coefficient coefficient
# | Element | Temperature | . . e
TK in solid state, | in liquid state,
’ D,cm?/s D, cm?/s
1 Li 454 9.4.10® 6.6-10°
2 Na 371 2.4.107 3.6-10°
3 Cu 1356 5.4.10°% 2.6:10°
4 Ag 1234 5.2.10°° 2.410°
5 Au 1336 5.4-107° 2.1-10°
6 Mg 923 2.6-10°® 6.0 -10°
7 Al 933 1.6-107 7.2.10°
8 Cd 594 6.0 -10°° 1.8-10°
9 Tl 577 1,2.107° 1.6-10°
10 Sn 505 3.4-10 6.3-10°
11 In 430 9.5-1071° 1.6:10°
12 Pb 600 3.6-101° 4.6-10°
13 Si 1683 5.6-1012 1.9-10*
14 Ge 1210 1.1-1012 1.7-10*
15 Sb 904 1.9-10°10 3.8.10°
16 Te 723 6.0-10™ 3.1.10°
17 Fe 1803 2.0-107 2.7-10°
18 Co 1765 1.4-10°° 40-10°
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In addition, the values of the coefficients of self-diffusion of all chemical elements in the
solid state also differ greatly for different elements, whereas in the liquid state this difference is
only one or two orders of magnitude (Table 1). It should be noted that the coefficient of
diffusion of impurity atoms under the light stimulated (above certain intensities) diffusion is
orders of magnitude greater than in the case of thermal diffusion at the same temperatures. This
difference decreases with increasing of the temperature.

3) It turned out that, when the mass spectrometer was examining the composition of the
equilibrium vapor present over the melted chemical element at temperatures just above 7'm, the
vapor consists of the single atoms of the element, but with increasing 7, dimer appears, with a
further increase in temperature, trimers appear, and so on, forming the clusters consisting of 7
to 10 atoms (Figure 3). If the vapor is formed due to the fact that at 7nthe kinetic energy of the
atoms is already able to rupture the chemical bonds and divide the atoms, turning the liquid
into vapor, why they again begin to unite with increasing in the temperature, i.e. in the kinetic
energy of the atoms? MKT is unable to explain this!
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4) It is known that the viscosity of a substance decreases with increasing in the
temperature, which, naturally, is associated with an increase in the kinetic energy of atoms,
which reduces the chemical strength of connection. But for some substances after a decrease, in
a certain temperature range the viscosity increases and then decreases again (Figure 4).
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5) An experimental fact is known, which is hardly discussed in the scientific literature. In
one part of the sealed transparent ampoule a solid substance (GaAs) is located. The ampoule is
placed in the heater and its middle part can be illuminated (Figure 5). As a result of heating, the
solid substance sublimes filling the entire ampoule with steam. During illumination, the
particles of the condensed matter fall out. Thus, when the electromagnetic energy is added to
the kinetic energy that sublimates the substance, its condensation takes place!

Ohservational device

Sealed cuvette. .
Substance in

the solid state Thermo oven

Thermostat | ‘ ‘ | Diaphragm

Figure 5. Gas curing due to lighting.

All this clearly indicates that it is necessary to correct or improve the theory. We
propose new more precessional concepts for explaining all the phenomena associated with a
change in the location of an atom in condensed media, both at high and low temperatures.
Unlike MKT, which considers matter only at the atomic-molecular level, we also consider it at
the electronic level and show thatall physicochemical properties are determined by the
electrons participating in the creation of chemical bonds between atoms.

The main provisions of MKT are as follows: 1. All bodies consist of a large number of
smallest particles (atoms, molecules or ions). 2. The particles forming the body continuously
and randomly (chaotic) move. 3. The forces of attraction and repulsion act between the
particles forming the body. But it does not specify how this is done and requires the use of
idealized and simplified assumptions about the motion and interaction of molecules (for
example: molecules are considered as elastic nuclei, etc.), which incorrectly describes the
properties of a real body. Therefore, we replaced item 3 in the following way: all interactions
between particles that make up the body are determined by the state of their electrons involved
in creating chemical bonds between them.

4 Antibonding state
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Figure 6. (a) Population of the energy levels of two atomic

molecules by electrons of constituent atoms. (b) Distribution
of negative charge density at binding and antibonding levels.
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To facilitate the perception of our presentation (our report), let us recall some well-
known issues (positions) about chemical bonds. When two atomic molecules are created (in the
simplest case of identical atoms), the number of quantum states is preserved, but they are split
into a bonding (with less than the initial energy) and an antibonding (with more than the initial
energy) levels, on which the electrons are located, taking into account the Pauli principle and
rules of Hund (Figure 6).

Two atomic molecules are divided into three groups, depending on how the energy of
the chemical bond changes, when they take one electron, i.e. they are once ionized. In one
group, the energy of the chemical bond decreases, while in the second increases (!). And the
third does not change the rice.
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Anti-bonding zone

\ Bonding zone
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Figure 7. During the approach of atoms the formation (on the example of IVGroup of Periodic
System) hybridized orbitals and their further splitting on binding and anti-bonding orbitals
of which with further approach of the atoms are formed bonding and anti-bonding zone.
Bonding and anti-bonding energy bands: a) semiconductor or dielectric, b) metal, where £r

is the Fermi level, £;is the band gap in semiconductors and £’ is the pseudo-gap in metals.

Thus, the electrons participating in creating a chemical bond can be in two states, being
in one state they strengthen the connection and in the other — weaken it. In the language of
quantum mechanics, the first is called the bonding state (the bonding orbital), the second is
called the antibonding state (the antibonding orbital). And the electrons located on these
orbitals, i.e. energy levels are called, respectively, bonding and antibonding electrons, the ratio
of the number of electrons located at these energy levels near a given atom determines the force
(energy) of the chemical bond with neighboring atoms [8]. The more electrons are at the
bonding energy levels, in comparison with those located on antibibonding, the greater is the
energy of the chemical bond. If these quantities are equal, then the chemical bond energy is
zero (that is, there is no chemical bond and the substance passes into the gaseous state), since
the energy gain of the system due to bonding electrons (minimum energy) is leveled by
antibonding electrons (maximum energy). In solid bodies (consisting of a large number of
atoms), bonding and antibonding states are transformed into corresponding zones of a certain
energy width [8]. In dielectrics and semiconductors, these zones are separated by an energy gap,
the so-called “forbidden band”, and in metals they are blocked by pseudo-gap Figure 7.
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Figure 8. Methods of formation of AQP.

So, the structure of the energy bands of substances, their mutual location on the energy
scale and their filling with electrons, at a given temperature and external conditions,
completely determine all the properties of these substances. Their change as a result of any
influence (temperature, pressure, light, different fields) causes a change in the various
properties of substances (aggregate state, conductivity, mechanical and optical properties, etc.
For example, Sn at low temperature is a semiconductor, at room temperature — a metal [9]). As a
result of the transition of the electron from the bonding to the antibonding zone, an electron
appears in it, and a free space, the so-called hole, is formed in the bonding zone. Both these
quasiparticles decrease the energy of the chemical bond between the atoms around which they
find themselves during their chaotic motion and, therefore, they can be called antibonding
quasiparticles (AQP). Naturally, the greater the concentration of AQP, the weaker the chemical
bond in the material and the easier it is to change the location of the atoms. It should be
remembered that the AQP can be created both thermally and athermically (pressure, light,
injection, magnetic and electric fields) Figure 8.

In the case of a solid body, if the AQPs are created in an athermal way, it must soften
and expand with out heating (chemistry knows the rule: as the energy of the chemical bond
decreases, its length increases, i.e. the distance between atoms [10]), which is proved
experimentally [11 — 14]. Both experiments unequivocally prove the existence of AQPs and
their affect on the increase in the probability W of the change in the location of atoms in
matter. Based on the new representation of the MPT for the probability Wiof changing the
location of atoms in matter, expression

Wa=A (nae/ NP Won, (2)
where A is the constant value, n4qr— the concent ration of the AQPs, NV.-the concent ration of
the atoms (molecules) of the substance, the f— number of the AQPs of the given atom, required
to reduce the height of the potential barrier to zero, Wyris the probability of the presence of

phonons of a certain energy near a given atom [15, 16].

Figure 9. Schematic illustration of transition of atom
from one location to another:a — according to MKT (U
is height of potential barrier) and b — according to MPT.
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Starting from MKT, for the transition of an atom from one location to another, it is
necessary to get a fluctuation of the kinetic energy sufficient for breaking chemical bonds by
neighboring atoms, described in MKT by the height of the potential barrier (Figure 9a). The
probability Wi of this transition is expressed by the relation

Wa= Bexp (- U/ k1), (3)
where Uis the height of the potential barrier (the energy of the chemical bond of the given
atom is neighboring), 7" is the temperature, & is the Boltzmann constant, Bis a coefficient that
weakly depends on the temperature. New mechanism requires a lowering of the heigh to fit the
potential barrier (Figure 9b) such a change in the state of chemical bonds, which will reduce
their energy, which is due to the appearance of the AQPs about a given atom with probability
(2). It is seen from this formula that W4 does not depend on temperature, in contrast to (3),
which has an exponential temperature-dependence. Thus, it is clear that the MKT mechanism is
valid only at high temperatures in comparison with the second mechanism of MPT, which
works also at low temperatures in the case of athermal effects on the test material [11 — 14]. Let
us give an explanation of the above incomprehensible phenomena.
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»
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Figure 10. Dependence of substance temperature
on amount of heat transferred to it

The graph of the dependence of the temperature of the substance on the transmitted
heat (Figure 10) shows that the temperature of the substance increases with the increase in the
amount of heat transferred to a certain temperature (7'» is the melting point) (section OA), after
which it ceases to change (section AB) that the transfer of heat (kinetic energy) continues. In
this case, the substance at point A is in a solid state, and at point B is already liquid, while the
temperature at both points is the same. It is believed that in the region corresponding to the
section AB, at which the temperature does not increase, the kinetic energy transferred to the
substance in the form of heat is expended on the rupture of chemical bonds [6]. But it was
experimentally established that the energy of the chemical bonds at points A and B differs from
each other by only 5 — 10 %, and by X-ray diffraction analysis it was shown that at point B the
short-range order (i.e. certain positions of neighboring atoms near a given atom) is not violated,
But there is already a mechanical instability of the substance (a sharp decrease in shear
resistance, an increase in fluidity). Because of this contradiction, it is very important to consider
in more detail the processes that occur when heat is transferred to a substance. At the beginning
(OA section) as a result of heat transfer, the kinetic energy of the substance increases i.e., its
temperature. The heat transmitted to the matter propagates in it in two subsystems: atomic
(heavy) and electronic (light). Simultaneously, there is a transition of electrons from the
bonding to the antibonding zone. Each transition corresponds to the appearance of an electron
in the antibonding zone and holes in the bonding zone. This changes the potential energy of the
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electron and the distribution of its probability of being in space, i.e. the spatial distribution of its
density. From an acute directed P state to an isotropic S state [17].

@

O Electron obtained energy due to

\ .
JJS \ fluctuations
\

\

Antibonding zone

Figure 11. A schematic representation of transfer of electron from
bonding zone to antibonding by electron—electron collisions (impact
mechanism): 1 —electron colliding with bound electron and passing
into antibonding zone and 2 — electron released by impact mechanism.

The transition of electrons from the bonding to the antibonding zone can occur in two
ways: 1) the fluctuation of the kinetic energy of the atoms formed as a result of their collision (a
heavy subsystem), 2) the fluctuation of the kinetic energy of the electrons formed as a result of
their collision (the light subsystem), the so-called impact mechanism [7], Figure 11. Because of
the chaotic motion of the electrons, with some probability, an electron may have more energy
than the forbidden band £, as a result of the fluctuation, and when this electron collides with
the bound electron it transfers energy to it, liberates it, and “cool down” the same remains in
the antibonding zone (Figurell). Thus, the kinetic energy was converted into a potential
energy so that the kinetic energy of the atoms remained unchanged. At the initial stage, despite
that free carriers-AQP are much lighter than atoms and their velocity at a given temperature is
much larger, the probability of the first process prevails over the second, since the
concentration of atoms is of the order of 10%cm™3, and the concentration of AQP is many orders
of magnitude less. But as the temperature rises, the concentration of AQP increases and the
probability of the second process increases. As a result of AQP, an increasing proportion of the
kinetic energy received as heat is spent on the formation of new AQP. After reaching the
melting temperature 7'm, the heat transferred to the material no longer causes an increase in
temperature due to the fact that the transferred kinetic energy (the heat transfer rate) is
compared with the spent kinetic energy for creating the AQP by the impact mechanism. In the
case when the heat transfer rate is greater than the rate of its waste, the substance overheats,
and with the reverse ratio of the rates, subcooling occurs. Since the fluctuations in matter are
spatially inhomogeneous, in some regions of the material melting will start earlier. The amount
of heat carried by the atomic subsystem per unit time is £7/NV:va, and the transferred AQP will
be kTneve, where kT is the average kinetic energy per particle (atom or AQP), ne and M,
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respectively the concentrations of AQP and atoms, and ve. and vz are their average thermal
velocities. Since ve>vz, a smaller concentration of AQP than atoms is required to transfer the
same amount of heat. The determination of this concentration is possible from the equation:
kTncve = kTNava. This equality occurs at the melting temperature 7=, and zc is the critical
concentration. Below 7m, kTncve < kTN:va and for Tm— kTncve = kTNava. In this case, the
probability of a fluctuation with an energy greater than £;in the AQP subsystem is greater than
in the atomic subsystem, due to the fact that ve>va.

Let’s calculate, say for Si, the concentration of AQP necessary to ensure that all
transferred heat is redistributed between the AQP, so that there is nothing left for the atoms.
This will happen in the event that during the time of a single oscillation of an atom near each
atom, which has received additional kinetic energy, will necessarily turn out to be an AQP and
take this additional kinetic energy. This energy will quickly redistribute between the AQP and
create a fluctuation with energy, more than necessary for the formation of a new AQP by the
impact mechanism [18]. In this case, due to the excess energy, the impacting AQP continues to
exist, thereby increasing the concentration of the AQP, which leads to a decrease in the
bonding energy between the atoms, i.e. change in potential energy. Thus, the kinetic energy
was converted into a potential energy, so that the kinetic energy of the atoms did not change.
We will estimate the concentration of the AQP necessary to make this happen. During the time
of a single oscillation of the atom 7= 5 - 103 s, the AQP which velocity, at 7mis v =5 - 107 cm /
s, will pass the distance s = v 7= 2.5 - 10° cm. If we divide this value by the interatomic
distance, we obtain the number of atoms that will run through the AQP for a timerthat is =
1000. Therefore, in order for all 5 - 10?2 cm™ atoms to appear during the time 7; ~ 10cm3 AQP
is necessary. The same value is obtained from the formula 47ncvaqr = kTN:va if we substitute in
it the average values of the velocities of thermal motion: for AQP, m*var¥2 = 3k7/2 (where
vagp = (ve + vn)/2), and for atoms Mv.*/2 = 3k7]2. From this we get: nc = Na (m* / Ma.)"?, where
1" is the average conductivity mass of an electron and a hole, M.is the mass of an atom, M: is
the concentration of atoms. The concentration of z., upon which all the heat transferred to
thesubstanceisspent on the formation of new AQP is called critical concentration. Each
substance has its critical concentration zc (for example, for Si — 6-10 cm3, for Ge — 2:10¥ cm™3,
for GaAs — 4-10'® cm™3), the values calculated by both methods coincide with the concentrations
of AQP, measured experimentally at a temperature very close to the melting temperature 7m.
This means that to start the melting process, the critical concentration 7. rather than the
temperature, is the main one.If zc is formed by some athermal method, then the melting process
will begin at 7'< 7w, which is confirmed experimentally. In the region of the AB curve shown
in Figure 9a, all transmitted heat is spent on the formation of new AQP (i.e. ionization of the
atoms takes place in the sense that the electron is taken from the chemical bond and the
electron is transferred to the antibonding zone), so their concentration increases. If at point A it
was ~5- 10'8- 10" cm3then in point B it reaches ~ 5-10?! — 10?2 cm™ and this means that on ~5 —
9 non-ionized atoms there is already one ionized atom. Then the probability of transferring the
kinetic energy to the ionized atom increases, and since much more energy is required for
secondary ionization, secondary ionization does not occur and the kinetic energy is transferred
to the vibrations of the atom, which means a gradual increase in temperature, as the number of
ionized atoms (the BD region). After point B, as the temperature increases, the bonding and
antibonding bands continue to move along the energy scale to each other [11], so the secondary
ionization energy decreases. Then, when the rate of secondary ionization is equal to the rate of
arrival of the kinetic energy, all the energy entering the substance will be spent on the
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formation of the AQP and the temperature will cease to grow. In the case ofthe double ionized
atom of four valence electrons two electron will be at the bonding level and two on the
antibonding level, but this means that it does not have a connection with neighbors. A
rudimentary gas is formed. With the growth of these gas spheres, opalescence will occur and
then boiling. Thus, an important conclusion follows: processes usually carried out at high
temperatures can also be carried out at low temperatures!

The value of the coefficient of diffusion is the greater the probability of the W change
in the location of the atoms in the substance, which, as mentioned above (2), is determined by
the concentration of the AQP. It is several orders of magnitude higher in the liquid state than in
the solid state (at the melting point in the solid state (point A in Figure 10), the concentration of
AQP is of the order of 5 - 107 — 5-10" cm™ and in liquid 5-10?! — 1022 cm™® (point B, Figure 10).
Therefore, the values of the coefficients in the solid state are several orders of magnitude
smaller than in the liquid state. As to the small difference between the values of the self-
diffusion coefficients of all chemical elements in the liquid state, the concentration of the AQP
for all elements is almost the same for the preparation of a liquid state, of the order of 10?2 cm3.
If, at low temperatures, creating an AQP concentration being more than equilibrium one at a
given temperature by the athermic method (for example, light), the wvalue of the
photostimulated diffusion coefficient will be larger than the thermal. It should also be shown
here that MKT is a particular case of MPT suitable only at high temperatures of the order of
approximately 7'= 0.7 7m (7' is the melting point). Indeed, according to the MKT, the diffusion
coefficient has the form D= Dvyexp (- U/ k 7), and for MPT

D= Di (naqge/ Na)® Wh, (4)
where D, just like b, depends weakly on temperature. In the case of thermal diffusion, AQP
are formed by temperature and the concentration of AQP is expressed by the formula[6]:

ni=(NeMN)2exp (B / k T). (5)

If in (4) instead of n AQP insert (5) then a traditional MKT formula is obtained for the
thermal diffusion coefficient (1), in which the activation energy is U= fE,which unequivocally
proves that MKT is a special case of MPT.
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Figure 12. Location of energy bands in case of principal quantum numbersn = 1
and n = 2. Transitions of electrons: a) as a result of the influence of temperature
and/ or light, excess of electrons is created at binding levels for quantum
numbers n=1 and n =2 and energy of chemical bond increases and b) as result
of influence of temperature, excess of electrons is created at antibonding levels

for quantum numbers n=1 andz = 2 and energy of chemical bond decreases.
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In order to explain the phenomenon described in points 3, 4 and 5, it is necessary to
return to the energy structure of the substance and take into account the levels with the
quantum number n = 2. It is seen from Figure 12a that when the atoms approach each other,
these energy levels, like for n = 1, split into bonding and antibonding levels and then into
zones.The transfer of an electron from the antibonding level for n = 1, by bonding for n = 2,
increases the energy of the chemical bond. In the case of the formation of atomic clusters in an
equilibrium pair with increasing temperature (point 3), the electron is transferred by
temperature. In the case of curing the steam under lighting (point 5), the electron is transferred
by light. Increase in viscosity with increase in temperature in a certain temperature range and
then the decrease (point 4) is easily explained by the electron transitions shown in Figure 12b.
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Figure 13. Energy structure of nanoparticle. HOMO - Higher Occupied
Molecular Orbital (level) and LUMO - Lower Unoccupied Molecular
Orbital (level). /- ionization potential and Q- energy of electron affinity.

A new mechanism for changing the location of an atom is also valid for nanoparticles,
despite their electronic structure having a discrete character (Figure 13) with bonding and
antibonding levels in it. An electron translated in some way into antibonding levels will move
freely at these levels, if between levels the energy distance of the order £7'is, which is realized

S A

a) b)
Figure 14. Schematic illustration of growth in AQPs’ concentration with reducing in
nanoparticles size at given temperature. Increasing in ABQPs effective concentration
for fixed real concentration with decreasing in sizes: a) ABQP trajectory in compact

at room temperature.

solid's region with volume equal to nanoparticle volume: two of them are leaving
volume; b) in connection with the reflection from boundary surface of nanoparticle
trajectory three ABQP is in it and they will be around more number of atoms in
this volume than in case of a compact solid body; c) and d) with decreasing size
of nanoparticles of the same three ABQP will be near a larger number of atoms.
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The change in the concentration of AQP, in addition to exposure to traditional athermic
methods, can also be a change in the size of the substance (Figure 14).

The account of the effective concentration explains all the “anomalies”, which arise in
nanoparticles with a decrease in their size.
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Figure 15. Dependence of melting temperature of nanoparticle as
function of its size. 1) For the entire Si nanoparticle. 2) Only for
surface of Si nanoparticles. 3) Experimental data for entire Au
nanoparticle. 4) Theoretically calculated data for entire Au nanoparticle.

Let's give some examples. Figure 15 shows the dependence of the melting temperature of
nanoparticles on their size, from which one can see that the decrease in the size of the
nanoparticles decreases the melting point. To explain this interesting phenomenon, let us recall
the above reasoning: in AQP nanoparticles, the chemical bonds weaken more than in a compact
solid, which is quantitatively taken into account in the notion of effective concentration. It was
also noted that with an increase in the size of nanoparticles, the effective concentration
increases and that the probability of the presence of AQP in surface layer atoms is greater than
that of atoms in the inner region due to reflection from the surface. This leads to a softening of
the surface layer. It is shown that the melting of a solid begins after reaching a critical
concentration of the AQP, and the concentration is critical when the AQP has time to come to
all atoms in the period of a single oscillation of the atom and take the additional energy of the
vibration of atoms that it received from outside as heat. The effective concentration rises to a
critical value at a low real concentration the smaller is the size of nanoparticles. A low real
concentration is achieved at lower temperatures than the melting point, but the total
concentration with the effective concentration can reach a critical value, which will initiate the
melting process. Proceeding from this, the smaller is the size of the nanoparticle, the lower is
the temperature, it begins to melt, and the melting of the surface layer starts earlier. Therefore,
at a certain temperature, a nanoparticle state is obtained when its surface is molten, and the
inner part is solid. The curve of the dependence of the melting temperature on the dimensions
of the nanoparticles, calculated using the effective concentration of the AQP, is shown to be in
good agreement with the curve constructed from the experimental data.
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nanoparticle sizes. a) Lattice parameter and volume of unit cell V;
b) thermal expansion coefficient of Se; and c) Ionization potential /.

Thus, it is unambiguously shown that taking into account the influence on the

attenuation of chemical bonds of the effective concentration of AQP appearing at decrease in
the size of nanoparticles well describes the quantitative dependence of the melting temperature
on the size of nanoparticles and all the “anomalies” of the characteristics of nanoparticles
observed with a decrease in their size Figure 16, [19].
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The physical nature of the increase in the heat capacity of nanomaterials with a decrease
in the sizes of their constituent nanoparticles has so far not been clear. This is due to the fact
that the existing heat capacity mechanisms are not perfect, since they are not only quantitative,
but also from a qualitative point of view, unable to explain many experimental facts. We have
proposed a new physical mechanism for the heat capacity of solids, based on the consideration
of redistribution of the kinetic energy received by a solid body into a potential (deformation of
chemical bonds) and the kinetic energy of the system (temperature) due to a change in the
energy of chemical bonds. The less energy of chemical bonds, the more likely they are to
deform. With increasing temperature, the decrease in the energy of chemical bonds is due to
the growing concentration of the resulting antibonding quasiparticles (AQP), which weaken
the chemical bonds between the atoms around which they appear during their chaotic motion.
AQP are electrons in the antibonding zone and holes in the bonding zone. The transfer of an
electron by heat from the bonding to the antibonding zone with the formation of a hole in the
bonding zone means the appearance of an AQP. The greater the concentration of AQP the less
the energy of chemical bonds, the more likely they are deformed and the larger the increase in
the fraction of the change in the potential energy in the kinetic energy received by the solid
body. An increase in the share of potential energy causes an increase in the amount of heat
necessary for heating the body by one degree, i.e. its heat capacity. It is shown that as the size of
nanoparticles decreases, the effective concentration of AQP increases, which leads to an
increase in the probability of deformation of chemical bonds and, correspondingly, to an
increase in the fraction of potential energy. Specific examples confirming the truth of the
proposed mechanism are given.
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The process of radiotherapy (RT) is complex and involves an understanding of the
principles of medical physics, radiobiology, radiation safety, dosimetry, radiation treatment
planning, simulation and interaction of radiation with other treatment modalities. Each step in
the integrated process of RT needs quality control and quality assurance (QA) to prevent errors
and to give high confidence that patients will receive the prescribed treatment correctly.

A patient-specific quality assurance program has been developed to facilitate the clinical
implementation of intensity modulated radiotherapy (IMRT) delivered using a micro-multileaf
collimator. The methodology includes several dosimetric tasks that are performed prior to the
treatment of each patient. Film dosimetry is performed for each individual field and for the
multifield composite plan. Individual field measurements are performed at a depth of 5 cm in a
water equivalent slab phantom; The heterogeneity inserts of the phantom are 2 cm X2 cm
x 22 cm with absorption characteristics of water, brain, muscle, lung, breast, adipose tissue,
bone, and liver.

Export of dose calculations from the treatment planning system is similarly specified. For
the composite distribution, parameters from the patient plan are applied to an IMRT phantom,
and the film is exposed in an axial orientation. Distributions are compared with the aid of
software developed for the specific tasks. The measured and calculated dose distributions can be
superimposed and positioned graphically using the move, rotate, and mirror tools, as well as by
specifying isocenter coordinates and using fiducial marks. Horizontal and vertical profiles are
available for analysis. Dose difference, distance-to-agreement, and y index, the minimum scaled
multidimensional distance between a measurement and a calculation point determined in
combined dose and physical distance space, are calculated along a specified isodose line and
displayed. y provides an excellent measure of disagreement between measurement and
calculation for complex intensity distributions. We specify 3 % dose difference and 3 mm
distance as our scaling acceptability criteria. Absolute dosimetry for each composite plan is
performed using an ionization chamber. To date, excellent agreement between measurements
and calculations has been observed.

An integrated film dosimetry protocol was developed for dose calibration, calibration
curve fitting, dose mapping, and profile / gamma analysis. Patient-specific quality assurance
(PSQA) was performed for SRS / SBRT treatment plans, and analysis of the measurements and
calculations. The purpose of patient-specific Quality Assurance program is the objective,
systematic monitoring of the quality and appropriateness of patient care. Such procedure is
essential for all activities in radiation oncology.
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Silicon carbide is widely known and used due to its extraordinary properties (e.g.
hardness, thermal conductivity, mechanical strength, chemical stability and biological
inertness). Therefore the SiC-based nanostructured materials (nano-SiC: nanoparticles,
nanowires and porous SiC) ways of working-out silicon-based materials adopted for selected
practical proposals seems to be an actual task. Here we summarize results of preparation and
properties tuning of different nano- SiC nanomaterials and possible ways of their application.

Porous SiC with highly-ordered crystalline structure could be produced by
electrochemical etching of highly doped (0 ~ 1 mQ - cm, n-type) bulk polycrystalline 3C-SiC
substrates [1]. Large surface area (~ 100 m? / g) and wide mesopores (15 — 50 nm) make
electrochemically-derived pore-SiC prospective as a catalytic support. The morphological
parameters of this por-SiC could be controlled by etching conditions and electrical conductivity
of the initial substrate. Another interesting product of the SiC electrochemical dissolution is
carbon flluoroxide (CFO), an organic-based oligomeric substance with intense
photoluminescence, which could be used for bioimaging due to its low toxicity and
biocompatibility [2].

The mesoporous SiC with well-developed morphology (surface area up to 800 m? / g)
could be obtained by “bottom-up” nanocasting approach consisted of by thermal decomposition
of preceramic polymer (polycarbosilane) in space-confined media [3]. The crystalline structure
of “nanocasting” pore-SiC is not well-ordered, however it could be significantly improved by
addition of Ni complexes into the reaction mixture.

The nanoparticles of SiC produced by industry are normally larger than 20 nm in size
and possess uncontrolled surface terminations. We found, that thermal oxidation followed by
oxide removal allowed the NPs size reduction from 20 to 9.8 nm [4]. Procedures of chemical
treatment, allowing to produce nano-SiC predominantly covered with carboxylic acid or
hydroxyl (Si-OH / C-OH) and hydrosililic (Si-H) groups and further chemical functionalization
(amination, hydrosilylation of alkenes, esterification) were developed to change the SiC polarity
and dispersibility in with various media.
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The aim of our investigation is study of influence of nature of solvents — water, ethanol
and ethylene glycol on electrochemical behavior of nanoparticles of benzenepolycarboxylic
acids, with a different number and location of carboxylic groups. Particularly, we studied:
trimellitic acid (1,2,4-benzenetricarboxylic acid), trimezinic acid (1,3,5-benzenetricarboxylic
acid), piromellitic acid (1,2,4,5-benzenetetracarboxylic acid), mellitic acid with six carboxylic
groups (1,2,3,4,5,6-benzenehexacarboxilic acid). It is well known, that benzenepolycarboxylic
acids of different structure are applied in medicine and pharmacology. It is known, that the
adsorption ability of nanoparticles of that substances, which used in medicine, helps to
penetration of them in the living organism. Therefore, we have studied the adsorption ability of
trimellitic, trimezinic, piromellitic and mellitic acids in the double electric layer in various
solvents. The establishment of the adsorption ability of these acids in double electrical layer
depending on the location and amounts of carboxylic groups is of great interest, such as for
electrochemistry as especially for medicine and pharmacochemistry. The adsorption degree of
these acids was studied by the method of measuring the differential capacity of the double
electric layer. For the study of influence of nature of solutions on electrochemical behavior of
the indicated acids solutions, which have different physical properties - water, mono atomic
alcohol — ethanol and diatomic alcohol - ethylene glycol were chosen. It is clear that the
viscosity of the solvent has a significant effect on the behavior of nanoparticles in solution. The
diatomic alcohol — ethylene glycol is about 20 times more viscous liquid than water
(M =0.89 mPa water, 1.074 mPa ethanol, and 19.17 mPa ethylene glycol) at the 20 °C
temperature.

Adsorption ability of the above mentioned acids was studied at the mercury electrode in
0.5 M NaClO:s in different solvents by measuring the differential capacity (C) as a function of
electrode potential (£) by means AC bridge (C, E-curves).In order to thoroughly study the
electrochemical behavior of nanoparticles of these acids, on the base of experimental data by
the Frumkin-Damaskin theory we calculated the following significant parameters,
characterizing the processes, taking place in the double electrical layer in various solvents:
attraction constant — a; the value ofmaximum adsorption — I'm, mol m% adsorption equilibrium
constant — B, 1 mol!; standard adsorption energy — AGa, k] mol™!, the values of the charge of the
electrode surface — g, 102 A s m™. On calculation of basic parameters characterizing behavior
of nanoparticles at the interface of mercury / solutions, it was established, that all above
mentioned acids have adsorption ability of different degree in double electrical layer.
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A process was developed in the 1950s in Linz by the Austrian steel company VOEST by
blowing oxygen together with powdered CaO into the molten bath by means of a lance. Due to
the high temperature in the converter some iron vaporized and immediately oxidized outside
the converter forming a thick cloud of red fumes of iron oxide nano particles. The dust problem
was solved later by introducing electrostatic precipitators.
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Figure 1. Sequence of Figure 2. Converter
operations in converter. during blowing period.

o
o
Q
=
&
= ’E
l,‘ Salz?:urg %
‘lnnsbruck Graz o g
‘Kllgonlur! E
Figure 4. Location of Linz Figure 7. Celebrating
and Donawiz in Austria. 40 years LD at VOEST.

74



ACTIVATION VOLUME OF PLASTIC DEFORMATION
OF ULTRAFINE-GRAINED COPPER

T. V. Hryhorova

Department of Real Crystals Physics
B. Verkin Institute for Low Temperature Physics & Engineering
National Academy of Sciences of Ukraine
Kharkiv, Ukraine
grigorova@ilt.kharkov.ua

In the last decades, many works have been devoted to the study of mechanisms that
determine the unique mechanical properties of submicrocrystalline and nanocrystalline
materials. However, the overwhelming part of the experimental investigations is restricted to a
material at room temperature. The focus of the paper is on the thermal activation analysis based
on stress relaxation experiments of such model material as copper in the temperature range 77 —
295 K. The oxygen-free copper (Cu-OF, 99.98 %) have been investigated in this study.
Ultrafine—grained (UFG) microstructure of polycrystals was received by equal-channel angular
hydroextrusion (ECAE) [1]. The grain size was 500 nm. The samples were deformed by tension
with the constant strain rate of 10~ s~!. During the test, the stress relaxation measurements were
carried out. The dependences of the flow stress o¢ (7)) for a fixed deformation and the activation
volume Vi(7), calculated from the relaxation data, were used to discuss mechanisms controlling
the plastic deformation rate of the UFG Cu—OF in the studied temperature range.

The temperature has a strong effect on ductility and strength of UFG copper. At room
temperature the instability as a necking arises immediately after the yield stress, in contrast to
temperature of 77 K where the small stage of linear hardening is observed. The absence of
hardening at elevated temperatures can indicate that during plastic deformation the dynamic
recovery process is dominant ones. Since the recovery is a diffusive process, at the low
temperature the influence of recovery decreases so the dominant process is a hardening due to
accumulation of dislocations. The thermal activation analysis has shown that at temperatures
below ~ 200 K, the experimental dependences of the flow stress and the activation volume on
temperature correspond to the mechanism of the thermally activated intersection of forest
dislocations. Above ~ 200 K, the activation volume decreases with increasing temperature,
which contradicts the mechanism of forest dislocation crossing. One of the reasons that explains
this contradiction is the dynamic recovery. So for correct estimates of activation volume, it is
necessary to take into account not only hardening processes, but the recovery process too. The
enhancement of the role of the recovery, stimulated by the high density of dislocations in the
UFG copper, leads to a significant underestimation of the activation volume, calculated from
the stress relaxation data at room temperature.
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At present, magnetic particles (MPs) and their systems are being actively investigated for
their application in biological research and medical practice. Usually magnetic particles are
spheres of iron oxides (magnetite or hematite), the surfaces of which are coated with different
substances. Often they are in the form of superparamagnetic particles ranging in size from 400
to 600 nm, are used to extract DNA and RNA from biological materials and in a new method of
magnetic partial imaging (MPI). It is similar to magnetic resonance imaging (MRI). However, in
the MPI technique, the useful signal comes directly from magnetic particles. This requires a
magnetic field of several mT, while the MRI technique uses magnetic fields of several T.

In particular, we investigated composite nanomaterials consisting of bovine serum
albumin (BSA) and carbon nanotubes (CNT). As usual, carbon nanotubes contain catalytic
magnetic particles. Consequently, the spatial distribution of such nanomaterials can be
noninvasively monitored by detecting the distribution of carbon nanotubes with the magnetic
particles contained therein. Note that the BSA/CNT nanocomposite characterized by the
sufficiently high strength and biocompatibility has a great potential for creating different
implants, including bone or cartilage tissue substitutes [1]. We estimated the distance between a
magnetic field sensor (MFS) and MP, at which the magnetic field perturbations caused by MP
could be detected at different values of other parameters. It was established that magnetite
particles with a specific magnetization of 50 A - m? / kg, concentration 102 m3 and an average
diameter of 50 nm can be detected by SQUIQs or combined MFS at distances of < 0.1 m. It was
mentioned that superparamagnetic iron particles and CNT containing catalytic iron particles
can only be detected by SQUIDs or nanostructured combined MFS with resolution of ~ 1 fT [2].

Thus, the high-sensitivity magnetic field sensors with a resolution of < 107! T make it
possible to detect magnetic particles in biological objects and can be used for noninvasive
control of organs, implants, prostheses, and other elements in biological objects.

This work was provided by the Ministry of Education and Science of the Russian
Federation (Agreement No.14.578.21.0234, RFMEFI57816X0234).
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We present the data on the electrical specific conductivity o of the films based on
biocomposite material collagen (CG) as a template filled with multi-walled carbon nanotubes
(MWCNTs) deposited onto different substrates. These films are as buckypaper, but contain a
small amount of carbon nanotubes (~ 0.1 wt. % of MWCNT). The conductivity of the
nanomaterial films CG/MWCNT is changed (enhanced) by laser radiation.

We used CMC in the form of the aqueous solution (~ 2 wt. % CG). The water dispersion
with 1 wt.% CG and a MWCNT concentration of ~(0.1) wt.% was deposited onto the substrates
by screen printing. The flexible (Petri dish, polyimide, cotton fabric, and shop paper (80 g / m?))
substrates were used. Two films (0.0005- 0.02) x 30 x 10 mm? in size deposited onto the
substrate were separated by the ~ 0.2 mm spacing. After deposition, when the films were still
wet (“wet” state), one layer was coated with a lightproof layer and the other film was exposed to
the continuous laser radiation with a power density of A = 0.1 W / cm? and a wavelength of
970 nm for 20 s. The electrical properties of the films were examined after drying the samples.
The conductivity of the samples was measured by four-probe methods.

The main result obtained by us is that the specific conductivity of the films increased by
the effect of laser radiation. We calculated the stimulation coefficient as: Cs = (01— 0)/ 0, where
o is the specific conductivity of the unirradiated samples and ot is the specific conductivity
after laser irradiation. The laser stimulation improves the specific conductivity of the films in
the “liquid” state. These changes were observed in all the samples on different substrates; the o
variation for the samples deposited on to hard substrates was Cs ~ 70 — 600 %. The average of C’s
values for each sample was determined by measuring 4 films. The specific conductivity of the
nanomaterial layers CG/MWCNT stimulated by laser radiation was approximately 0.1 — 1 kS /
m. In addition, these films have good adhesion to soft substrates and are stable against
mechanical factors. They are promising for different applications, including production of
membranes for nanosized particles and materials for flexible electronics, protection of
electronic circuits and biological objects from the electromagnetic radiation, fabrication of
elastomers and voltage-sensing devices, and growth of biological tissues (nerve cells, muscles,
etc.).

This work was provided by the Ministry of Education and Science of the Russian
Federation (Agreement 14.578.21.0221, RFMEFI57816X0221).
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In medical practice, it is often necessary to control motion of various body parts (e.g.,
joints and chest), edema, tumors, emotions, bone tissue deformation during the post-procedure
recovery, etc.

For this purpose, it is convenient to use strain sensors, i.e., traditional tensoresistor gages
based on metal or semiconductor materials. The tensoresistor sensors in the form of a meander
made of metal foil have the low temperature resistance coefficient (& < 10~ K™') and wide
relative strain range (€ = £ 5 %), but low strain sensitivity (S < 10), while semiconductor
tensoresistor sensors exhibit the high temperature resistance coefficient (> 103 K!), very low
relative strain (€< 0.2 %), and high strain sensitivity (5~ 100 — 200). The tensoresistors of both
types are difficult to bend and, therefore, limit motion of a biological object.

Obviously, the efficiency of a tensoresistor can be enhanced via increasing the Sand &
values and decreasing the o value. However, in traditional tensoresistors it is impossible. In
view of this, we studied the temperature and mechanical properties of the layers of different
biocomposites nanomaterials containing single-walled carbon nanotubes (SWCNTs) in terms of
their possible use as prototype of tensoresistors

The nanomaterials were prepared using different matrices (collagen (CG), bovine serum
albumin (BSA), or microcrystal cellulose (MCC)) filled with SWCNTs. The matrix and filler
were diluted in distilled water to obtain water dispersions of groups CG/SWCNT, BSA/SWCNT,
and MCC/SWCNT with an SWCNT concentration of 0.3 wt. %.

The dispersions were used to deposit the layers by silk screening onto polyester, cotton,
and office paper substrates. The resistive strain sensor prototypes were layers with a length of
15 — 20 mm, a width of 8 — 10 mm, and a thickness of 0.5 —5 pm. Strain studies were carried
out on an automated facility, which allowed controlling the tensoresistor bending angle 6,
resistance, temperature, and number of measuring cycles. The bending angle varied within +
160 ° with a pitch of 2°. At 8 = 0, the resistive tensoresistor was in the initial (unstrained)
position.

The dependences of resistance R on angle & were similar for all layers: when the
resistive tensoresistor was bent so as to the layers on the substrate approached one another, the
resistance decreased; when the layers moved apart one another, the R value increased. At angles
of + 30 °, the R(6) curves represented approximately linear dependences (with an error of
<10%); beyond this range, the dependences became nonlinear. Using the minimum bending
radius (~ 5 mm) and d < 1 ym, we obtained the estimate S~ 100 — 500, which is of the same
order of magnitude as the available data or exceeds them.
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The smallest value, o ~ (1 — 4) - 10* K!, was obtained for groups BSA/SWCNT; the
highest stability of the S value against moist medium was obtained for group CG/SWCNT. The
high strain sensitivity (S~ 500) was detected for group CG/SWCNT.

Thus, the investigated biocomposite layers prototypes as tensoresistors of groups
CG/SWCNT, BSA/SWCNT and MCC/SWCNT are promising for use as strain and pressure
sensors. In particular, the proposed layers as deformation sensors will be in demand for
controlling the operation of an artificial muscle mounted on the surface of the heart.

This work was provided by the Ministry of Education and Science of the Russian
Federation (Agreement 14.578.21.0234, RFMEFI57816X0234).
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The medical and preventive preparation against metal-deficient (physiological) anemia,
which is wide-spread in the pig breeding branch, in particular, among newborn pigs, is
synthesized. The preparation contains a vital chelate complex of microelements Fe(II), Zn(II),
Cu(II), Mn(II), and Co(II) with hemostimulating monosaccharide D-fructose; bioactive organic
compounds — glycine, selenomethionine, and ecologically safe bentoninte — Askana clay that
has curative properties for gastrointestinal tract. The preparation contains the components in
the following ratio (wt. %): Fe(II) — 7.5 — 9.0; D-fructose — 24.19 — 29.0; Cu(II) — 0.1; Zn(II) -
0.1; Mn(II) — 0.06; Co(II) — 0.07; glycine — 0.5; selenomethionine — 0.0000642; natural Askana
clay — 68.2 — 70.9. The Fe(Il) content in Fe(II)-fructose complex obtained as a result of
interaction of the main antianemic microelement — iron source FeCl2 - 4H20 and D-fructose is
74.34 %, while 25.66 % are in oxidized Fe(IIl) condition [1]. Preparations with relatively low
bioassimilation in the targeted product, manufactured on the basis of high content of trivalent
iron ions, are characterized by insufficient efficiency [2].

There is elaborated the method, which foresees the use of newly-prepared FeCOs as the
iron source. FeCOs is obtained through the interaction of hot saturated solutions of NaHCOsand
FeClz - 4H>O, under constant stirring conditions. The reaction runs with gas (CO2) emission.
The precipitate formed after precipitation is dewatered using decantation. Afterwards the
precipitate is washed thoroughly first in the flowing water, then in the distilled water till the
complete removal of chlorine ions.

Green-colored iron(II) carbonate is obtained, which is kept under water layer (in order
to prevent bivalent iron ions from oxidizing into trivalent ones). Iron-fructose complex
synthesized by the mentioned way contains bivalent iron in quantities foreseen by the assigned
task. As a result, the targeted product — medical and preventive antianemic preparation with
high content of Fe(II) ions having high bioaccessibility is obtained that secures therapeutic and
preventive efficiency of the medication.

Preparation assimilation is also improved by the processing of the system containing
Askana clay and the rest components using the ultrasound dispergation method (under
conditions of 22 kHz), through preparation particles’ dispergation down to nanosizes that is
considered as a new, prospective direction of nanomedicine [3]. Rheological properties of the
preparation with hydrophilic properties manufactured using newly-prepared iron carbonate
have been studied with the rotation viscometer “Reotest 2”, in the gastric juice acidity range
characteristic for suckingpigs and young pigs, which equals to pH = 3.5 — 4.0 and 2.5 - 3.0,
respectively.

As is seen from the Table 1, according to rheological and structure-forming parameters
the preparation meets all requirements imposed to therapeutic agents.
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Table 1. Rheological characteristics of 8 %
water suspension of antianemic preparation.

Plastic viscosity | Conventional yield limit | Static plasticity
Research — : :
subject pH | Initial | Smallest | Static Dynamic Pki/ m,
nPa-s| n,Pa-s| Pki,Pa Pk, Pa 102!
Askana | 35| 490 8.80 0.96 2.60 19.50
clay 20| 1700 3.30 2.40 2.72 14.10
Antianemic | 3.5 22 0.43 0.30 0.75 1.30
preparation | 2.0 161 1.41 2.00 3.75 1.24
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Nowadays, there is a growing interest in the optical properties of heterostructures with
nanoscale clusters, quantum wells and quantum dots based on Si, SiGe, A"BY, and
ABV! semiconductor materials, etc. The main goal is to fabricate photosensors based on these
materials for different optical ranges. Of particular interest was a negative photoelectric effect
observed in these structures. When measuring the photoconductivity of the detectors on a
monochromator to reveal this effect, the researchers had to resort to additional illumination of
the samples in order to change the charge state of the trapping centers of charge carriers. This
complicates both carrying out of the experiment and interpretation of the results obtained.

In our experiments, under real conditions, the photosensitive element is exposed to a
beam of light of a limited wavelength range rather than to a non-monochromatic light, we
developed a genuine technique and created a setup called “Polychromator”, enabling
illumination of samples with “packets” of non-monochromatic light [1 — 8]. In the development
of microelectronic technologies, along with other methods of investigation of physical
properties of semiconductor materials and devices created thereon, optical methods are also
very important. These methods are invaluable for investigation of physical properties of
optoelectronic devices and various types of electromagnetic radiation sensors. Optical methods
of measurement have proved particularly effective and efficient in terms of occurrence of
nanotechnological materials, since they do not require a strong impact on the material and do
not entail its structural (even local) destruction, which attracts great attention to these new
methods. We have created a setup “Polychromator” — a new device for studying optical
properties of semiconductor materials and structures. In this setup, by sequentially changing
optical filters in the optical range of 200 — 4100 nm we single out electromagnetic radiation
packets and study the photosensitivity of the structures under investigation, such as
photosensors, not only at one wavelength, but within the whole spectral packet.

It appeared that in a number of spectral ranges, spectral photosensitivities taken both by
a monochromator and a polychromator differ essentially. In our opinion, the proposed setup
and methods of research open up new possibilities for the study of physical properties of
materials, structures and devices of modern electronics created on their basis.
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The formation of crystalline nitride materials is a complicated task, which usually needs
the high temperature processes and the application of active nitriding precursors. Previously,
we have developed the hydrazine-based technology for producing such nitride nanomaterials as
germanium and indium nitrides. The purpose of this work was to further improve this
technology by adding the ammonium chloride (NH4Cl) to hydrazine (N2H4), and to investigate
the formation of Ge and boron nitrides using this technology.

The germanium nitride was chosen as a model material, because its formation in a poor
hydrazine was studied in details, allowing for the comparative study of differences between the
hydrazine-assisted and hydrazine+tammonium chloride-based processes. The interest for the
growth of BN nanomaterials was caused by its unique physical properties and the ability of h-
BN to form the layered 2D nanostructures.

The grown nanomaterials were characterized by scanning electron microscope (SEM),
X-ray diffraction (XRD), energy dispersive spectroscopy (EDS).

The analysis of thermochemical reactions that involved the precursor existing in the
reactor revealed that in the case of Ge and B sources the reactions that lead to the formation of
GesNs and BN are thermodynamically most favorable.

The nanostructures containing BN layers were synthesized on Si substrate during 20
hours at 700°C. They were also subjected to Rapid Thermal Annealing. The formation of h-BN
was confirmed by XRD and EDS analysis. The thickness of BN layers was well below 100 nm.
As for germanium nitride, the a-GesNs nanowires were synthesized on Ge substrate at 440 °C.
This synthetic temperature is by 60 and 410 °C lower than the growth temperature of the same
material using hydrazine or ammonia.

The obtained results clearly demonstrated that in the vapor of a mixture of NH4Cl+ N2Ha
the active nitriding precursors are formed, which enable the low temperature growth of nitride
nanomaterials.
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Boron Nitride (BN) coatings are applied on cutting tools and dies to increase their
working lives, to decrease their wear and contact friction and to increase their hardness. BN has
several allotropes (polymorphs). They are: hexagonal (h-BN), cubic (c-BN), rhombic (r-BN),
wurtzite (w-BN), amorphous (a-BN), turbostratic (t-BN), and explosive (e-BN).

While h-BN is soft and lubricious, c-BN is the hardest material after diamond. The other
allotropes have properties in between these two extremes. BN is a good conductor of heat but
does not conduct electricity. It has a very high melting point as 2953 °C. These properties also
increase the effectiveness of BN coatings on tools and dies. BN coatings are applied on cutting
tools and dies by using a PVD system enhanced by magnetron sputtering and microwave
(Figures 1 and 2).

Figure 1. PVD coating system. Figure 2. Coated tools.

Substrates are mainly hardened tool steel and carbide. Their surfaces are cleaned
mechanically and by ultrasonic methods to remove any oxides. Also after chemical cleaning
they are placed in the vacuum chamber of the PVD coating system. After final cleaning by
resputtering of the substrate by RF energy, BN coating starts by using RF energy on the
magnetron where magnetic sputtering is also applied. Using Ar and O2 gases in the plasma
environment, at high vacuum, BN coating continues for specified hours.

The coated tools are then removed and surface characterizations of the coating are done.
This includes the nano hardness, scratch, thickness, tribometer and FTIR tests. Surface
characterization results can be affected by coating parameters.
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The samples are then tested in the real environment in the industry either in cutting or
forming [1 — 3]. It is seen that, generally, the life of the tool is increased up to about four times.
The decrease in surface friction during cutting also improves the surface finish of the
workpiece.
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Natural radioactive substances in the soil are constant sources of human radiation
hazards. The average annual dose rate coming from natural sources equals to 2.4 mSv, whereas
the share of radiation from artificial sources is 0.8 mSv / y [1]. Thus, 75 % of total radiation
affecting human health falls on natural radiation sources. Consequently, the great importance of
studying the existing natural radiation of radioactive sources and assessment of threats caused
by radiation hazard is quite apparent. 19 soil samples were collected from Tsalka region (South
Georgia). Gamma-spectroscopy method was used to determine the activity concentrations (in
Bq / kg) of natural radionuclides of 28U, #2Th and “K in soil samples. Based on results, it was
calculated contents of radionuclides in soil (in g / kg and in ppm). Besides, there was
determined the concentration of artificial radionuclide '¥Cs in soil samples, which gave us
opportunity to assess the contamination character of the area under study. Based on the results,
was calculated some crucial physical values necessary to assess the radiation exposure hazards of
the population. Particularly, there was determined the absorbed gamma dose rate in the air;
Annual effective dose rate; External hazard index and Radium equivalent activity which is used
in the assessment of radioactive industrial materials. Obtained results were compared with a
results given in similar works carried out in other countries, as well as with mean values
(results) and recommendations given by international organizations (UNSCEAR and ICRP).
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The influence of commonly used dispersion media on the formation of micro- and
nanocrystals CdTe stabilized by thioglycolic acid (TGA) was investigated. Surface and optical
properties of CdTe nanoparticles obtained by grinding (40 — 150 nm, microcrystals) and
colloidal synthesis (1 — 4 nm, nanocrystals) methods were investigated. It was shown that the
most intense adsorption of stabilizer molecules on the CdTe surface occurs with solvents which
are better wetting the surface of CdTe particles. The best stabilization of both the micro- and
nanocrystals of CdTe occurs, when methyl and ethyl alcohol is used as the dispersion medium.

The basic characteristics of photoluminescence of CdTe nanocrystals stabilized with
thioglycolic acid (TGA) in deionized water, methanol and ethanol of various concentrations
were investigated. It has been shown that introduction of finely grinded CdTe nanocrystals into
inorganic (water) and organic (methanol, ethanol) solvent results in their different surface
properties, reflected in a different adsorption intensity of TGA molecules. This is supposed to be
determined by the nature of the interaction between stabilizer and adsorbent (CdTe) and by
adhesive energy in the system solvent-CdTe. It has been found that the adsorption isotherms of
CdTe nanocrystals in water, methanol and ethanol are $shaped. The intensity of adsorbtion of
the stabilizing molecules (TGA) was found to be proportional to the wettability of the CdTe
surface with the corresponding solvent. It was demonstrated that the nature of the dispersion
medium influences also drastically on optical properties synthesized NCs in this medium by a
colloidal (bottom—up) approach. In particular, adding monoatomic alcohols to the aqueous
reacting solution increases the stability of the resulting colloid to sedimentation and eliminates
the defect-related photoluminescence emission. However, the intensity of the excitonic
emission in the alcohol-containing samples is partially reduced compared to purely water
solutions.
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One can define carbon nanotubes as cylindrical objects that are formed as the result of
envelopment of the graphene layer. Carbon nanotubes, or CNT, are cylindrical objects with a
high aspect ratio that results from wrapping a graphene layer onto itself. In case there is a single
graphene layer, the structures obtained are referenced to as single-walled carbon nanotubes
(SWNTs). If a few layers of graphene are wrapped, the resulting formations are called multi-
walled carbon nanotubes (MWNTs). The behavior of electrical properties of PEDOT:PSS/CNT
composites as a function of frequency was also studied recently [1]. In this work systematic
study of electrical properties of PEDOT-PSS polymer composites reinforced with single-walled
and multi-walled carbon nanotubes on the temperature range of 50 — 200 K were performed.

Hybrid composite films were prepared starting from 1% water suspension of poly-3,4,-
ethyldioxitiophen. Two types of nanofiller were used: purified (90 wt. %) single-walled carbon
nanotubes (SWCNTs) with average diameter of 1 nm and purified multiwalled carbon
nanotubes (95 wt. %) with average outside diameter of 65 nm, average inside diameter of 10 nm
(MWCNTs).

Prepared samples of PEDOT:PSS/CNTs composite films were subjected to low-
temperature impedance measurements. Temperature dependencies of the measured sheet
resistance of the SWCNT and MWCNT reinforced composite films were measured at 100 kHz
frequency in the range of 50 to 200 K. Reasons for selecting such temperature range limits were
(i) relatively small variation of resistance from 200 K up room temperature (total resistance at
higher temperatures is determined by random network of nanotubes with tunneling barriers
between individual tubes i) and (ii) rapid increase of resistance for SCWNT composites below
50 K, so that the values of R were beyond the range of measurements for RLC meter.

Generally, lateral resistance of PEDOT:PSS/CNTs composite films increases non-linearly
upon cooling. The dependencies are split in two sub-ranges, since, as shown below, there are
possibly different mechanisms involved below and above 90 K. As far as different loadings of
nanofiller are considered, sheet resistances decrease with nanotube concentration.

I. Karbovnyk thanks the European Union’s Horizon 2020 research and innovation
program under the Marie Sktodowska—Curie Grant Agreement No 778156.
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Aluminum (Al) is most widespread element in the lithosphere. Toxicity of its ions has
noticeably negative effects on growth and development of plants species growing on acid soils.
Al influence manifests as limitation of the productivity of crop plants by 30 — 40 %. At the same
time, it was observed that Al applied at low concentrations can stimulate plant growth.
Nowadays the Buckwheat genus (Fagopyrum Mill.) is one of the most studied Al resistant crops
due to Al-hyperaccumulating capability.

Colloidal solution of Al-based nanoscales was received by electric-sparkle dispersing of
electric-conductive layer in the water. Specimens of the X-ray analysis were conducted by
using aUltima IV (Rigaku) diffractometer with monochromatic Cu K« radiation. For
investigation were used 21 day controlled and treatment plants of common buckwheat
(Fagopyrumesculentum Moench. cv. Rubra). In the experiment were used the following
concentrations of Al nanoscales: 50, 250, 500, 750, and 1000 mg / L.

X-ray analysis showed three phase components in the polycrystalline specimens —
Al(OH)s with monoclonal structure (39 nm), Al2Os gamma oxide with tetragonal structure and
polymorphic modification of AI(OH)3 with triclinic structure (11 nm). Enhancement effects of
Al-based nanoscales on all pigments classes were noted in variants with 50 and 250 mg / L.
Chlorophyll b and carotenoids increasing were observed in variants with 500 and 750 mg / L of
Al-based nanoscales. Total soluble protein content increased in variants with 50, 250, and 500
mg / L, but decreased in variants with 750 and 1000 mg / L of Al nanoscales. The results of the
study of the effects of Al nanoscales on phenolic and anthocyanin contents showed that
addition of nanoscales induced the anthocyanin accumulation with a dose-dependent relation.
Addition of 1000 mg / L of Al-based nanoscales led to maximum stimulatory response — 241% of
control level. The sharp increase of total phenolic content fixed in all variants of Al-based
nanoscales treatments.

Thus, the presence of Al (AlI(OH)3/Al20s) nanoscales in low concentrations (50 and 250
mg /L) induced total soluble protein synthesis, phenolic compounds and anthocyanin
accumulation, led to increasing of chlorophylls and carotenoids content.

Work was supported by the grants of State Fund for Fundamental Research (Grant F75).
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The system of continuous solid solutions of III-V binary compounds Ini-xGasAs allows
solution of many problems of modern semiconductor technology as microelectronics,
optoelectronics, and nanotechnology. The remarkable manufactural properties of Ini-xGaxAs
ternary solid solutions make them truly revolutionary nanotech performance materials and very
useful for manufacture nanotech products, such as nanowires, nanotubes, etc. For successful
solution of this problem, it is necessary to reveal their intrinsic properties and eliminate the effect
of structural imperfections existing in thin films and layers, which is possible by investigating
crystals of Ini-xGaxAs solid solutions in bulk form. Much effort has been focused on Ini-xGaxAs
technology intended for different purposes and scales of application, which has been realized by
using many known traditional methods. In given work direct fusion process of InAs GaAs
components and the crystal growth method of their solid solutions is used for producing Ini-
«GaxAs solid solutions. At choice of producing method it has been taken into account the
complete miscibility of components in the solid state and the linear dependence of lattice
parameter on the composition of Ini-xGaxAs solid solutions. These properties allow to consider
this system as a pseudo-binary alloys system of two components of (GaAs)x and (InAs)i-x like
SiGe system. The proposed method is fundamentally different from the methods for obtaining
Ini-»GasAs crystals with a certain composition in one ingot, and, in turn, requires other
conditions of the processing of crystal growth. Carefully selected conditions of fusion allowed of
obtaining uniform in composition of components across the ingot several compositions of InAs-
rich InGaAs solid solutions with one fusion.
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The use of inorganic nanoparticles, in particular metals, opens up broad prospects in
biology and medicine. Thus, the biological activity of copper nanoparticles provides highly
effective treatment of purulent wounds tissue healing [1, 2]. At the same time, nanoparticles
generated by electrophysical technologies are most preferable, since they have the greatest
value of free energy [3, 4]. This fact must be taken into account when developing technologies
for generating nanoparticles.

The field of application of metal nanoparticles in the diagnosis and therapy of malignant
tumors is actively developing. In [5], on the example of metallic gold nanoparticles, the
prospects of developing a method for local thermal damage of tumor cells due to laser heating of
nanoparticles at the wavelength of plasma resonance are considered. The accumulation of
nanoparticles in macrophages littoral dendritic cells of the iliac lymph node and in hepatocytes
is shown.

As it is shown in [6], the absorption of iron nanoparticles gives macrophages the ability
to detect and inhibit cancer cells that previously remained invisible. This ability of
macrophages, acquired as a result of the absorption of iron nanoparticles, can be modeled in the
radar problem of target detection and isolation against the background of the presence of
numerous objects that create a complex radar situation that can be represented as a model of
high-intensity white Gaussian noise.

The solution of the problem of the signal standing out from the mixture of the
background high-intensity Gaussian noise can be provided by the method of nonlinear filtering
based on the stochastic resonance effect [7, 8]. The main advantage of the method is the use of
noise as an energy source, which, as a result of nonlinear conversion in a stochastic filter,
provides an increase of the signal-to-noise ratio at the output of the filter.

A model based on a stochastic nonlinear filter is proposed for describing the process of
standing out of cancer cells by macrophages that have absorbed iron nanoparticles. A
mathematical model of the filter is developed and the results of calculations for the harmonic
signal model and the pulse signal on the background of intensive white Gaussian noise are
presented.
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The carbon nanotubes (CNTs), one of the best novel nanostructures and classic objects in
nanotechnology, form bundle-like structures with very complex morphologies with a high
number of van der Waals interactions, causing extremely poor solubility in water or organic
solvents. Due to their exceptional combination of mechanical, thermal, chemical, and electronic
properties, single-walled (SWCNTs) and multi-walled carbon nanotubes (MWCNTs) are
considered as unique materials, with very promising future applications, especially in the field
of nanotechnology, nanoelectronics, and composite materials. Additionally, CNTs are becoming
highly attractive molecules for applications in medicinal chemistry. At present, potential
biological and medical applications of CNTs have been little explored, in particular for drug
delivery purposes. The main difficulty to integrate such materials into biological systems derives
from their lack of solubility in physiological solutions. Functionalization of CNTs with the
assistance of biological molecules remarkably improves the solubility of nanotubes in aqueous
or organic environment and, thus, facilitates the development of novel biotechnology,
biomedicine and bioengineering. Many of these applications require an increased “solubility” of
CNTs in solvents [1], first of all in water, especially for biological applications. This could be
reached by their functionalization, which is a very actively discussed topic in contemporary
literature because the planned modification of CNTs properties is believed to open the road
towards real nanotechnology applications. It is difficult to prepare an aqueous dispersion of
CNTs stable for months; their insolubility has been a limitation for the practical applications of
this unique material. Proper dispersion of CNTs materials is important to retaining the
electronic properties of nanotubes. The redissoluble functional compound/CNTs composites are
needed for post processing, because CNTs dispersions usually easy aggregate and, therefore, to
become additional processing very difficult.

Available solubilization methods

A series of contemporary techniques are being used for CNTs solubilization, from
physical (classic ultrasound, plasma treatment or UV-light) to chemicaland biological, applying
inorganic (other carbon allotropes, iodine, metallic sodium in liquid ammonia, CO2, peroxides,
metal salts and mineral acids) and organic (acids, salts, polymers, dyes, natural products and
biomolecules) compounds, as well as well as micelles on their basis and some metal complexes.
Frequently, physical action (more frequently ultrasound, more rarely hydrothermal technique)
is combined with chemical/biological treatment. In some cases, successive steps can be applied,
for instance use of low- and high-weight surfactants, mineral acid treatment for creation of —
OH and -COOH groups and their further interaction with organic molecules. Carbon nanotube
dispersion in nematic liquid crystals is also known.

Important observations and considerations

It has been suggested that van der Waals interaction, m-T stacking interactions between
aromatic rings in organic compounds and CNTs, and hydrophobic interaction are major factors
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that are responsible for the CNTs dispersion. Choosing surfactants, to be able to stabilize carbon
nanotubes in water, it is necessary to employ such dispersing agents that a) strongly adsorb on
the nanotube surface, b) present hydrophilic groups, better if rigid, that extend toward the
aqueous phase, c) are not very mobile on the nanotube surface, and d) show aggregates with
structure dependent on nanotube diameter and chirality.

For appropriate solvent selection, it was established for SWCNTs case that 1) heavier
solvents (and small in size) most probably are better solvents for SWCNTs, 2) higher
polarizability of the solvent molecule increases the dispersibility. Among solvents, water is most
preferable due to much more existing and potential CNTs applications, in particular more for
medical and biological purposes. N-methyl-2-pyrrolidinone (NMP), N-dodecyl-pyrrolidinone
(N12P), acetone, tetrahydrofuran (THF), N,N-dimethylformamide (DMF), N,N-
dimethylacetamide (DMA), cyclohexyl-pyrrolidinone (CHP) have been considered as suitable
solvents for CNTs dispersion, meanwhile, in contrast, much precipitation can be obviously
observed for systems of the CNTs in water, ethanol and toluene.

Each discussed method leads to an improvement of CNTs “solubility”, frequently
considerable. The formed dispersions could be stable for long periods of time, from several
weeks to some months, even sometimes remained stable after centrifugation. Sometimes,
unpredictable results could occur, such as, for example, in case of action of humic acid to
effectively disperse MWCNTs, but not SWCNTs, into stable suspensions under the studied
conditions, or when structures of amorphous carbon and carbon particles of MWCNTs were
completely eliminated and the tips of nanotubes opened applying planetary ball mill.

Some curious, but naturally determined and explained observations were emphasized by
researchers, in particular on better dispersibility of the CNTs with bigger diameters (treatment
with plasma or graphene oxide) or more favorable suspension of CNTs using negatively charged
nanodiamonds as compared to positively charged particles, possibly caused by electrostatic
interactions. The presence of 7m-conjugated systems that can potentially interact with CNTs to
induce its dispersion is considered as a contributing factor, as well as both hydrophilic and
hydrophobic moieties in amphiphilic bifunctional molecules. Additionally, a huge number of
polyaromatic compounds (especially pyrene derivatives) and a variety of polymers and
biomolecules are noted to be used as surfactants or functionalizing agents. As an example,
bifunctional molecules with pyrene groups exhibited high CNTs solubility in common organic
solvents with very different polarities such as tetrahydrofuran, toluene, and n-hexane. Several
special studies have been carried out in the areas of influence of solvent and light on CNTs
dispersibility, combinations and abilities of surfactants, CNTs cytotoxicity, etc.

In addition to CNTs, there are, although considerable lesser information, on the
solubilization of other carbon allotropes and nanocarbons, for example graphite, nanoonions,
fullerenes, graphene, nanodiamonds, nanodots, etc.
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One of the important parts in brain research is the experiment, in this case representing
cylindrical phantom measurements.

Phantom experiments are important for many reasons, for example, the brain scan is not
always possible, therefore, various forms of the phantom (cylindrical, traversal, parallel, etc.)
are used, which almost exactly represents brain fibres adhesion.

Its design constitutes the cylindrical shape and it is made of plastic materials. Inside it
the plastic tube is also placed, being wrapped around 10 m / m filamentary fibres, which,in turn,
constitutes the analogue of regions connecting fibres in the brain.

The main objective of the conducted experiments was the homogeneity of the signal,
since in the case of the cylindrical phantom, the signal from fibres along the magnetic field is
stronger, than from fibres, which are perpendicular to the magnetic field. It depends on the
susceptibility of the magnetic field.

In this case, for fibres arranged along the magnetic field the signal is present, while for
perpendicular fibres, there is a noise only and, thus, results are wrong.

The experiments were conducted in a cylindrical phantom and maximal scanning time
was about 40 minutes with different numbers of parameters. During the experiment it is very
important the necessity of keeping the severe safety rules.
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The control of impurities at each stage of the purification process of Si is the primary
topical problem in Si technology. The technique of determining the impurity composition
should be multi-element and with low limit-detection of impurities. From this point of view, X-
ray structural analysis of the phase composition of Si, based on the identification of X-ray
diffraction lines, is very attractive. At present, the searching of new low-cost and efficiency
methods of purifying Si, researchers often apply to metallurgical methods. Therefore, the
investigation of obtaining of Si directly from MG-Si is attractive to reveal the physical
possibilities of the directional crystallization. In given work there are considered the
possibilities on a set of detectable impurities and the limits of their detection in such type of Si
by X-ray diffraction method. It has been shown, that applicability of X-ray structural analysis of
the phase composition of Si, based on the identification of X-ray diffraction lines, depends on
the stage of Si purification.
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Metal organic frameworks (MOFs) are a class of crystalline materials characterized by an
open framework that can be porous (porous materials). MOFs are perspective materials and can
be used for gas storage, purification and separation, as well as in catalysis and sensing
applications. Direct synthesis of MOF containing polynuclear metal fragments can be carried
out in two ways, reaction of metal salt(s) and organic linkers or use of polynuclear molecular
complexes in ligand exchange reactions. Both methods have some advantages and disadvantages
and the construction of a framework of polynuclear fragments (secondary building units (SBUs
[1]) opens up new prospects associated with the diversity of structures and topologies, as well as
the properties of framework determined by nature of metal ions (d or 4f) or combination of
metal ions (d and 4f) in SBU [2]. The main problem of the second approach is the choice of
molecular complexes having stability of metal core structure in the ligand exchange reactions.

Combination of different metal (Li — d, 4f) salt resulted in formation of new polynuclear
heterometallic carboxylate complexes that reveal interesting luminescence and magnetic
properties. The presence of carboxylate groups in the complex makes it possible to rely on the
use of such compounds as precursors for the synthesis of MOFs in the ligand exchange reactions
of monocarboxylate groups for dicarboxylate [3, 4]. The presented report will demonstrate a
new series of molecular carboxylate complexes (Li — 3d, 3d-3d’, d- 4f) with interesting

individual chemical and physicochemical properties and their ability to be the precursors for
SBUs in MOFs.
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The degradation kinetics are modelled at the examples of thermally-induced ageing
effects in the temperature-sensitive spinel-type bulk functional ceramics based on mixed
transition-metal manganites and their nanostructured thick-film structures. It was shown that
degradation transformations in these materials, described by ideal exponential function, are
determined exceptionally by one value of activation energy whichever the structural
dispersivity of the system. In contrast, the non-exponential degradation kinetics corresponds
strongly to two boundary cases, described by stretched (with power index 0 < x < 1) or
suppressed (with power index x > 1) exponential-power-low relaxation functions [1]. The
stretched exponential-power-low character is proper to own degradation transformations in
bulk functional ceramics independently on their phase composition and impurities. This type of
ageing kinetics was considered at the example of Cuo.1Nio1Co16Mn1.204 ceramics caused by more
than 500 h annealing at 443 K. The degradation transformations are described by suppressed
exponential-power-low kinetics. It was established that suppressed character is explained by
two interconnected processes, the first one being the burning-off in organic binder remainders
and the second one being the penetration of contact material into thick films.

The kinetics dependences of thermally-induced drift of electrical resistance in single-
and multilayered temperature-sensitive thick-film structures based Cuo1Nio1Co16Mn1.204 (with
p-types of electrical conductivity), CuoiNiosCoo2Mni9Os (with p-types) ceramics are
investigated also. It is established, that two interconnected processes are activated during
degradation test in p- and p*-type thick film — the burning-out of remainders of organic binder
between contacting spinel grains with simultaneous Ag penetration into appeared free-volume
space. The degradation kinetics are described by the suppressed relaxation function for p- and
p*-type thick films and extended function for p+-p thick-film structures.

I. Karbovnyk thanks the European Union’s Horizon 2020 research and innovation
program under the Marie Sktodowska—Curie Grant Agreement No 778156.
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Memristor is two-terminal, non-volatile, non-linear element [1]. Its fingerprint is
hysteresis and dominance of ionic conductivity [2, 3].

In the following presentation the technological processes of receiving and researching of
memristor with different active is discussed. Memristors main active layers have been made of
titanium dioxide with different stexiometries of TiO2-x (Figure 1).
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Figure 1. Memristors different configurations
with TiO2 and TiOz-x active layers.

Various active layers and configurations were examined during experiments. We also
have deposited additional layer of titanium nitride between active layers of titanium dioxide

(Figure 2).
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Figure 2. Memristor with TiN layer
and its current—voltage characteristics.
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Current—voltage characteristics revealed that additional layers have a big influence on
hysteresis of memristor. Its characteristics depend on sequence of active layers too. X-ray
spectrum has been recorded for all layers of memristor. Voltage—capacity measurements have
also been carried out. Absorption and reflection spectra were recorded for all layers.

References

[1] L. O. Chua. Memristor — The missing circuit element. IEEE Trans. Circuit Theory, 1971,
18, 5, 507.

[2] D. B. Strukov, G. S. Snider, D. R. Stewart, R. S. Williams.The missing memristor found.
Nature, 2008, 453, 80.

[3] J. Kwon, A. A. Sharma, J. A. Bain, Y. N. Picard, M. Skowronski. Oxygen vacancy
creation, drift, and aggregation in TiO2-based resistive switches at low temperature and
voltage. Adv. Funct. Mater., 2015, 25, 2876.

101



COORDINATION POLYMERS WITH Cd2Ln CORES AS
BASIS FOR MAGNETIC LUMINESCENT NANOMATERIALS

S. V. Kolotilov?, R. A. Polunin?!, M. A. Kiskin?2,
K. A. Lysenko?, V. M. Novotortsev?, I. L. Eremenko?3

'L. V. Pisarzhevskii Institute of Physical Chemistry
National Academy of sciences of Ukraine
Kyiv, Ukraine
svk001@mail.ru
2N. S. Kurnakov Institute of General & Inorganic Chemistry
Russian Academy of Sciences
Moscow, Russia
m_kiskin@mail.ru
3A. N. Nesmeyanov Institute of Organoelement Compounds
Russian Academy of Sciences
Moscow, Russia
ileremenko@yandex.ru

Coordination compounds, which combine non-trivial magnetic properties (such as
behavior of single molecule magnets or SMM) and luminescence, are considered as a basis for
new multifunctional nanomaterials. The aim of this study was to develop methods for
preparation complexes, containing Ln(III) and Cd(II) ions in one polynuclear core, and to reveal
the influence of Ln(III) ions and carboxylate ligands on the properties of such systems.

A series of isostructural coordination polymers [Cd:Ln(Piv)7(H20)2]2, where Ln™ = La,
Sm, Pr, Gd, Tb, Er, Dy, Ho, Piv = pivalate, and their analogues [Cd:Ln(hobz);(H20):] (Ln™" = Dy,
Nd, hobz- = 4-n-heptoxybenzoate) was prepared (Figure 1; asterisks on the figure indicate
atoms of the adjacent Cd:Ln(Piv)7(H20)2 units). Magnetization of [Cd:Ln(Piv)7(H20)2]» (Ln™ =
Dy, Ho, Tb, Yb) was measured in temperature range 2 — 300 K in direct and alternating
magnetic fields. Slow magnetic relaxation was found for Ln™ = Dy and Yb, which is typical for
SMMs. Ln'™-centered emission was found in the luminescence spectra of [Cd:Ln(Piv)7(H20)2]»
and [Cd:Ln(hobz)7(H20):2]». Luminescence intensity of [Cd:Dy(Piv)7(H20)2]» -n CH3CN was 5
times higher compared to [Cd2Dy(hobz)7(H20)2]»- nCH3CN; this difference could be caused by
higher dissipation of the exciting energy in 4-n-heptoxybenzoates compared to pivatales.

Figure 1. Fragment of polymeric chain
of [Cd2Ln(Piv)7(H20):2]» (methyl groups
of pivalates are omitted for clarity).

This work was supported by the VolkswagenStiftung, Trilateral Partnership Project
“Multifunctional Molecular Materials — Bridging Magnetism and Luminescence”.
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The interconnection between the spin current and spin dynamics via the spin-
dependent scattering and accompanying by spin torque effect in ferromagnetic (#) / normal (V)
metal based magnetic multilayer nanostructures is studied including a high fast out-of-
equilibrium spin dynamics. Features of the spin transport through interfaces and its impact on
spin dynamics are described on the base of the scattering matrix formalism for spin flows. The
dependence of the spin torque effect on conductance character of the normal metal layers is
considered. The exchange processes between the itinerant and the localized electrons are
described by kinetic rate equations for electron-magnon spin-flop scattering.

It is shown that the relaxation of the out-of-equilibrium spin accumulation among
itinerant electrons provides the principal channel for dissipation of spin angular momentum
from the combined electronic system.

The spin-transfer-induced torques on the magnetic moments of #'/ N/ Fsystems caused
by a flowing current has described in the framework of the scattering matrix formalism. This
description deals with the effects of multiple scattering between the layers using the scattering
matrices of the | N interfaces as input parameters. Both the cases of a diffusive and ballistic
normal metal spacer are considered. In the diffusive case, the high-dimensional scattering
matrices of the F|Vinterfaces only appear through the averaging over the normal metal layers.
This allows making qualitative predictions about the role of the interface transparency, normal
metal resistance, etc. without detailed knowledge of the microscopic details of the system.

The description has focused on the effects of “spin filtering” as the mechanism for
current-induced torque, i.e., the difference in the transmission and reflection probabilities for
electrons with spins parallel and antiparallel to the moments of the ferromagnetic. A different
source of spin-dependent scattering related to spin-flip scattering is described by the off
diagonal terms in the scattering matrices.

The concepts of transverse spin diffusion in bulk ferromagnets and the interfacial spin-
mixing physics [1, 2] have extended to address the ultrafast spin dynamics observed in rapidly
heated magnetic heterostructures.

In the ultrafast regime, the relative importance of the bulk scattering and the interfacial
scattering can be extracted from measurements of demagnetization strength and spin currents
in magnetic heterostructures. For metallic ferromagnets in the bulk, treating the magnonic
subsystems as quasi-equilibrated and parametrized by an effective temperature is insufficient to
describe the far-from-equilibrium spin dynamics induced by pulsed laser heating.
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The magnon distribution function remains nonthermalized on the relevant time scale of
the demagnetization process, in which the relaxation of the out-of-equilibrium spin
accumulation limits the dissipation of spin angular momentum from the combined electronic
system.
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Nowadays graphene oxide (GO) is used in various fields due to its good solubility, low
toxicity, high surface area in addition to photoluminescence properties, thermal conductivity,
etc. GO is a hydrophilic material where the ratio of hydrophilic functional groups to
hydrophobic graphene sheets varies with the sheet size. It is important to prepare smaller GO
sheets, which results in more stable colloidal dispersions due to higher hydrophilicity.

A lot of different methods were used to increase the solubility of the GO [1, 2]. It is
known that upon sonication GO sheets could be cut into smaller pieces. Size distribution of GO
sheets can be narrowed to some extent by modifying the preparation conditions.

In this work, we have investigated relation between stability of GO water sols and their
lateral dimensions during re-dispersion by sonication. Ultracentrifugation was applied after
sonication process to separate the GO fractions.
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Figure 1. PLE map of GO-UC1 sols and PL
spectra GO-UC2, GO-UC3 with their DLS data.

According to TEM data, initial GO (supplied by graphitene) has average lateral particle
size close to 400nm. Subsequent ultrasonic re-dispersions of GO (5 mg / ml in water) resulted in
increase of intensity of visible range PL of the sols and appearance of a small peak of two-
photon PL. Hydrodynamic diameter of particles in the re-dispersed sol (GO-UC2) measured by
DLS was reduced by half up to 175 — 250 nm.
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Prolonged contact of the GO with water (GO-UC3) resulted in a critical reduction of
particle size to (50 nm by DLS) and increased stability of the sols. At the same time the sol GO-
UC1 was unstable and formation of aggregates was observed after two weeks. Future studies
targeting to improve the stability and dispersibility of GO nanoparticles are planned.
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The work is dedicated to the use of dipole antenna in microwave radiometry, which
plays a major role in medical diagnostic surveys by determining the dielectric properties of the
tissue and its temperature noninvasiveness.
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Figure 3. Set of dipole antennas. Figure 4. Layout of dipole antennas.

107
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New, exact generalized quantum evolutionary (kinetic) equations for the equilibrium
double-time correlation functions (Green’s functions: advance, advanced, retarded and casual)
and statistical operator (density matrix) of a quantum dynamic system interacting with a
phonon (boson) field were derived in the case of linear as to the Bose-amplitudes. The random
phase approximation (RLA, factorizing initial condition) has not been used to derive these
equations. In the initial moment of time for the correlation functions a thermal initial
conditions were used. The projection operator technique and the generalized Bogolubov’s
lemma for a dynamical system interacting with the Boson field is proved and used for excluding
the dynamical variables of the boson field (Boson amplitudes) from the derived evolutionary
equations. The collision integrals of these equations include explicitly both the dissipative terms
describing the dynamics of the system and the terms responsible for the time evolution of initial
correlations.

The derived kinetic equations are used to analyze the kinetic and linear transport
phenomena in exactly soluble model of the quantumdissipative system: A quantum Brownian
particle dynamics of which is described by the Caldeira—Legget Hamiltonian. The specific form
of kinetic equations are obtained and the influence of the initial correlations are discussed. The
relaxation time of the correlation functions and the mobility of the Brownian particle were
calculated.

As an application of this approach, the uniform theory of Froechlieh’s polaron mobility
and conductivity, in the wide range of frequency of the weak external field, is developed as
well. It reproduces the generalized Osaka result at low frequencies of external electric field and
generalized Feynman-Hellwarth-Iddings—Platzman (FHIP) result at high frequencies. Such an
uniform theory of low-temperature polaron mobility was not yet developed until.
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The work studies the problem of vertical migration of '3’Cs radionuclide in the soil of
two Georgian resorts — Ureki and Bakhmaro — located at different height from the sea level after
31 years from Chernobyl accident. The samples were gathered in July, 2017 after the period of
one half-decay of the mentioned radionuclide. The great interest to '¥’Cs problem is caused by
its physical-chemical properties, being the reason of the investigation of its migration in the
soil. The samples of soil in both places were taken on one and the same day (15.07.17) in the
different depths of soil: (the surface is denoted by 0) 0; 10; 20; 30, 40 cm. For investigated two
different types of soil the different character of vertical migration of '¥’Cs radionuclide is clearly
seen (Table 1).

Table 1. Content of '¥’Cs radionuclide in the soil of
Ureki and Bakhmaro resorts at its vertical migration.

. Content of '¥Cs in soil, Bq / kg
# | Soil depth, cm Ureki Bakhmaro
1 0 12.52 24 .88
2 10 24.42 13.57
3 20 12.22 1.72
4 30 5.70 -
5 40 4.00 -
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Nanoparticles have been drawn attention more than 20 years and this interest looks like
to continue in near future. Their unusual properties such as large specific surface area, high
chemical reactivity, physical affinity and interesting optical, electrical and magnetic properties
has stimulated the researchers to use them in wide range of applications as powders, composite
or metal forms. Synthesis of nanomaterials with controlled morphology, size, desirable chemical
composition and crystal structure, and finally in large quantity, are the key steps toward
nanotechnological applications.

Table 1. Feature sizes for significant changes in
properties reported in nanocomposite systems.

Properties Feature size, nm
Catalytic activity <5
Making hard magnetic materials soft <20
Producing refractive index changes <50
Producing super paramagnetism and others electromagnetic phenomena <100
Producing strengthening and toughening <100
Modifying hardness and plasticity <100

Synthesis of nanoparticle is complex processes. There are three main categories of
nanoparticle synthesis and these are vapor phase, solution precipitation and solid-state
processes. Although all the three are widely used in practice, the more common process is solid
state. In solid state synthesis of nanoparticles generally heat treatment followed by milling is
carried out to get an average particle size of 100 nm or less. Mechanical milling or alloying
applied at dry or wet form is one of the most preferred and earliest technique to produce nano-
sized powders. However, the stabilization of particles and disturbing them in homogenous
arrangement is the common challenge to increase the efficiency of milling and to obtain
required grain size. Most of the synthesis routs, these are act as important factor to develop the
product with desirable properties.

Therefore, in the last years, a broad range of techniques in chemistry and physical
chemistry has been offered to stabilize inorganic nanoparticles or to self-assemble them in a
controlled manner. The use of surfactants as the stabilizing agents in the preparation of nano
powders has been exploited for the synthesis of various nanomaterials, inter-metallic
compounds and ceramic nanocomposites from solid state. Self-assembled structures of
surfactants act as cationic, anionic or charge neutral lubricants to control the nano /
microenviroment of the nanostructured materials, producing nanoparticles with improved
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dispersion. Process control agents (surfactants-PCA) are added to the powder mixture during
milling to reduce the effect of agglomeration. The PCA adsorbs on the surface of the powder
particles and minimizes agglomeration and lower the surface tension of the solid material. A
reduction in surface energy results in the use of shorter milling times and / or generation of
finer powders. The surfactant coating on nanoparticles changes their aggregation behavior due
to changed interparticle potential. Therefore, different types of surfactants, depending upon
their molecular structures, may tune the interparticle interactions to different extent and hence
have different tendency to prevent the nanoparticles aggregation. Apart from the synthesis
purpose, surfactants have been used in association with nanoparticles for variety of studies.

Figure 1. Morphology of B-SiAION
samples conventional (a) and
surfactant assisted milled (b) at 20 h.

In this review, the fundamental concept, properties of surfactants and their use in nano
powder synthesis are systematically presented. The special attention is given to investigation of
medium effect in high-energy ball milling for nitride based powders systems and how does the
surfactant usage affects the surface morphology and topological properties of MgB2 synthesized by
solid-state process.
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Nowadays there is a problem of trace FA determination in water, because of a standard
photometric method with eosin (or eosin-Cu(Il)) is not sufficiently sensitive. Besides it is not
selective. The aim of our researches is to develop the new method for FA with improved
metrological characteristics on the base of solid phase photometric determination (diffused
reflection spectrometry) after colored complexes preconcentration on the membrane filters.

New method for the determination of the polyhexamethyleneguanidine (PGMG),
PolyAmines (FLOQAT™ FL17, FL 28), PolyDADMAC (FLOQAT™ L45) has been created.
Procedure is based on complexation of Bromopyrogallol Red with Mo (VI) and FA at pH 0.5 -
1.0; the reaction may be used in two different mode — for photometric determination of FA in
water solution (in presence of nonionic surfactants in micellar concentration) and for the solid-
phase spestrophotometric determination after colored complexes sorbtion on the membrane
filters. The range of FA concentrations that are determined by these procedures are: 0.1 — 10.0
and 0.01 - 0.15 mg / dm3, respectively.

The optimal conditions of FA’s complexation in solution and of preconcentration stage
have been investigated — pH, concentration of reaction compounds as well as their mixing
order, materials of membrane and their pore size, speed of filtration.

The effect of the concentration of PGMG on the diffuse reflection coefficients of colored
membranes at 610 nm (Amin) has been studied. The calibration curve has been obtained for each
of above mentioned FA in coordinates ¥ — Cra, where Y= F(K ref) = (1 — Kref)?> / 2 Kret, Kref —
diffuse reflection coefficient. The range of FA concentrations that are determined by the
proposed procedure are 0.01 — 0.20 mg / dm3; relative errors are < 20 %, the duration of analysis
is 15 — 17 min. The color scale for visual determination has been constructed in the working
range 1 — 15 pg per sample. Components of drinking and natural water, especially humic
substances, do not interfere. This conclusion is confirmed by data; the recovery of added PGMP
concentration in river water samples with different “color” and “oxidizability” has been
determined by two methods — with eosin and BPGR. When the concentration of natural
organic substances (mainly humic substances) increases, the recovery of PGMG by standard
method decreases from 80 to 3 — 5 % ; in the same samples the recovery of PGMG by proposed
method is equal to 95 — 102 %.

The new method coupled with standard photometric method with eosin has been
applied to study the speciation of PHMG in real river water samples; it has been found that
PHMG and other FA can exist in surface water in two forms - as «free» compounds and as
associates with humic acids.
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In natural waters selenium is contained in different chemical forms each one
characterized by respective accessible and toxicity. Therefore, one of the main tasks of the
analysis is revealind the various forms of selenium. When determining selenium in waters at
the microgram level it is necessary to use a highly sensitive method.

The fluorimetric method is characterized by high accuracy and the low detection limit
(DL). It is based on interrelation selenite-ions and 2,3-diaminonaph-thaline concurrently with
the formation of 4,5-piazselenole, whose optical characteristics are measured on a fluorimeter.

The analysis is substantially simplified by the separation of various valence forms of
selenium at the stage of preliminary sorption concentration. Strong-basic anion-exchangers
AV-17, daurex, KhAD—4, KhAD-16, KhAD-7NR, ARA-5p in chloride, hydroxide, and acetate
forms. Maximum sorption (92 %); observed when using anion—exchanger AV—-17 in the acetate
form. Therefore, further research was carried out of with this sorbent.

We studied the sorption of selenate- and selenite-anions on strongly basic anion-
exchanger AV-17 within pH range 7 — 4. It was found that the impact of the concentration of
hydrogen ions within pH range 7 — 4 on the degree of extracting inorganic selenium is small,
while at further reduction of the pH from 4 to 1 sorption of anions substantially decreases. For
maximum extraction of ions sorption is carried out at the neutrallue pH ~ 7.

For desorption of selenate and selenites solutions of chloride acid of wvarious
concentrations were used. It was found that quantitatively desorption of anions is carried out by
the solution of chloride acid with the concentration respectively 0.1 and 5 mol / dm? for 20 min.
Fractionation of anions by washing out with the solutions with different acidity is explained by
difference in the values of constants of equilibrium of selenate and selenite acids.

The recovery of Se(VI) was carried out during heat treatment of a sample with the
concentrated chloride acid. It was found that the most complete recovery of Se(VI) to Se(IV) is
achieved when heating a sample with a 5 M of chloride acid.

Correctness of determining selenium was assessed by the method of “introduced—found”.
The graduation graph is linear within the interval of concentrations 0.1 — 5 pg / dm3 The
proposed method during detection by the fluorimetric method makes it possible to determine
inorganic selenium at high accuracy (P = 0.95) and reproducibility (5= 2.3 %) within the wide
range of concentrations.
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The research object was receiving new composite materials of polytetrafluoroethylene
using natural mineral — chalcopyrite (CuFeS2) microparticles and research their properties.

On polytetrafluoroethylene (PTFE) base the polymeric composites filled with 2, 5, 5 and
10 wt. % chalcopyrite powder were made.

The research goal is to determine the wear intensity of the composites at different
friction speeds, and compare the results to the indicators of the best tribotechnical material
“superfluvis”. In case of improving the tribological properties, we will get quite cheap and
effective tribotechnical material.
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Applications of fullerene water solutions (FWS) in medicine and cosmetics [1, 2] are of
current interest due to their antioxidant, antitumor and antibacterial properties. However,
there is no consensus to the question about influence of these systems in living organisms so far.
In the literature both positive and negative health influences have been reported depending on
the type of primary organic solvents used in the technique preparation and the cluster size
distribution in the final solutions, as well as on the chemical modification of fullerenes resulting
in a wide class of biologically active derivatives. In particular, there are indications [3] that
cytotoxicity and antibacterial properties of FWS correlate with the aggregate formation. The
latter also has an impact on the environment, since after utilization the FWS interacting with
natural salts coagulate, which significantly complicates their removal.

The presened paper is devoted to the comparison of the efficiency of fullerene Ceo water
solutions with respect to their application for the treatment of oncological diseases. Different
methods of preparation of fullerene water solutions were considered. At the initial stage of
research, the detailed structure analysis for each solution in water and after fullerene transfer in
saline solutions included several methods (small-angle X-ray and neutron scattering, dynamic
light scattering, atomic force microscopy, transmission electron microscopy, UV-Vis
spectroscopy). At the next stage, cytotoxicity in vitro tests with mammalian fibroblasts of
Chinese hamsters, line V-79, revealed good survival at fullerene concentrations up to 5 pg / ml.
Subsequent investigations of the complexation of fullerenes with several anticancer drugs for
potential enhancement of their activity concerned were presented.
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The rotation-corrosion dispergation (RCD) method based on simple red-ox reactions
that including anodic dissolution of an iron-bearing component in the steel composition and
oxygen depolarization in a cathodal part of the steel surface. Development of the primary iron-
oxygen particles on the steel surface carried out from metastable Fe(II)-Fe(III) layered double
hydroxides (green rust) to lepidocrocite, goethite or magnetite. The presence of precious metal
aqua forms leads to the formation of the core & shell type nanoparticles that usually form ionic-
stabilized sols. Under the following conditions green rust plays the role of a strong reducing
agent. Whereas ferric oxyhydroxides can occlude (adsorb) the precious metal ions without red-
ox reactions, magnetite nanoparticles, in the presence of aurum species, simultaneously take
part in reducing and sorption processes. We suppose that the magnetic properties of the iron—
oxygen nanostructures obtained via the RCD route can be changed due to the influence of the
dissolved aurum species. The magnetic properties of the aurum-bearing nanopowders were
studied versus a synthesis temperature, initial concentrations of aurum aqua forms, and a phase
composition of primary iron—oxygen structures, preliminary formed on the steel surface. In
general, all as-synthesized samples did not show remanence magnetization M: and coercitivity
H.. The shape of hysteresis loops was indicative for superparamagnetic nanoparticles. Whereas
the saturation magnetization of the sample obtained at 7= 50 °C equaled 14 A - m? - kg!, the
reduction of the synthesis temperature up to 7'= 20 °C led to decrease of Msto 2 A - m? - kg™!
and it resulted in disappearance of a hysteresis loop. The role of the aurum concentration on the
saturation magnetization of the surface structures was studied in the wide range of cAu* (from
0.02 to 1.0 g - dm™®). According to the obtained data the values of M/; gradually grew from 14 to
40 A - m? - kg™! when the initial Au* concentration was increased from 0.02 to 0.5 g - dm=. But
the parameter M sharply fell to 4 A - m? - kg! at cAu® =1 g - dm™3. In the latter case the
hysteresis loop had a disturbed mode. So, we supposed the appearance of the second
nonmagnetic aurum-bearing phase, not excluding. So, gold nanoparticles, at Au3* concentration
0.05 g - dm™ the parameter A/ gradually increased from 18 to 25 and further to 30 A - m? - kg,
when the nonoxidized steel surface was covered by the hydroxycarbonate green rust layer and
green rust was transformed into lepidocrocite phase, respectively. But at the concentration Au®
= 0.5 g - dm™® the value of M; was higher (40 A - m? - kg!), except of the sample obtained in the
presence of green rust precursor where such parameter decreased to 14 A - m? - kg
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The possibility to obtain the nanosized spinel ferrite nanoparticles on the surface of the
steel electrode under the rotation-corrosion dispergation (RCD) conditions strongly depends on
the chemical compositions and pH value of the dispersion medium contacting with the steel
surface, temperature and duration of the phase formation process [1]. Other determinative
factor is the presence of primary species on the electrode surface. The experimental modeling of
the RCD process in the cobalt-, nickel-, zinc- and copper-containing water salt solutions
pointed out that the colloid-chemical mechanism of the spinel ferrite formation lied in the
chemical interaction of ferric / ferrous and corresponding 3d-metal aquahydroxoforms on the
steel surface, whereas the solid-state transformation of the preliminary formed green rust or
lepidocrocite particles was not confirmed [2]. Generally, the anion composition of the
dispersion medium influences the phase composition of the surface structures. So, the main
mineral phases obtained in the chloride-containing medium are spinel ferrites and ferric
oxyhydroxides, typically, lepidocrocite. The sulfate-containing solution contacting with the
steel surface promotes the appearance of the mixed Me(II)-Fe(III) layered double hydroxides,
but only spinel ferrite particles are formed in the nitrate-containing solutions. The type of
cations of the dispersion medium influences the mechanism of cation fixation by the spinel
ferrite structure. Whereas Co?* is included into spinel ferrite crystal lattice, Cu?*, Zn? and Ni*
are adsorbed on the surface of the iron—oxide nanoparticles and may be easily removed from the
particle’s surface in the acidic water solutions via desorption process. In addition, mainly
lepidocrocite particles are obtained as a second mineral phase in the presence of zinc cations,
but both ferric oxyhydroxide phases (lepidocrocite and goethite) are formed on the steel surface
in the presence of nickel, cobalt or copper cations. In addition, the spinel ferrite structures
obtained in nickel-, zinc and copper-bearing systems as well as the products of their phase
transformation due to the thermal treatment in the wide range of temperatures (from 50 to 740
°C) show the superparamagnetic properties, but all structures formed in cobalt-bearing systems
demonstrate ferrimagnetic properties [3].
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The results of physical and TCAD mathematical modeling as well as the experimental
investigation of a Si thin film nanotransistors (TFT) with built — in channel and a double gates
control system of MISIM (metal-insulator-Si—insulator-metal) type are presented. TFT channel
contains two opposite lateralohmic contacts that provides the ability to measure magnetic
induction in accordance with the Hall effect.

Such magnetosensitive element (so-called the field effect Hall sensor — FEHS) provides
the creation of magnetic sensors and systems with radically improved characteristics and
functionality in compare with the traditional Si Hall probe and magnetosensitive IC.

In particular FEHS provides
- multiple increase of threshold magnetosensitivity;

- record the wide range of operating temperatures (from liquid helium up to 500 °C);

- the ability of operate in the accumulation and depletion modes and in the mode of split
drain transistor, which essentially extended the range of circuit solution in development of
sensor devices;

- possibility to measure and perform frequency spectroscopy of alternative magnet fields;
- using the MISIM system to modulate the channel current and significantly for the
purpose of the synchronous detection of the Hall signal and increasing of the signal / noise
ratio by orders of magnitude;

- using the MISIM system to organizing feedback from the Hall contacts and controlled
gates and / or power supply source for a significant improvement in measurements’ stability;

- multiple decrease of operating current;

- increasing the magnetosensitivity due to the effect of charge connection between the
control field gates.

The noted advantages of FEHS are due not only of FEHS construction the variability of
electronics modes and circuit use but also not least through the use of Sol (silicon-on-insulator)
technology fop manufacture of FEHS and interface electronics of sensors.
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Electrodeposition of nanostructured tungsten coatings was realized from the electrolytes
KC1-NaCl-Na2WO4 and Na2WOs with NaPOs additives. The influence of variations in the
concentrations of Na2WO4 and NaPOs, temperature, cathodic current density, and length of the
electrolysis period on the composition and structure of the cathodic deposits were studied.
Optimal deposition parameters with current reversal were selected.

Nanostructured tungsten coatings in a KC1-NaCl-Na:WO+-NaPOs melt were produced
once the previously determined relation 0.02 < [POs7] / [WO4*] < 0.18 was satisfied. At a
Na:WOu4 concentration less than 1 mole %, the deposit does not exhibit adhesion and phosphide
impurities are found in the deposit. At concentrations greater than 10 mol.% the diffraction
patterns reveal tungsten oxides. At concentrations of metaphosphate exceeding [POs] / [WO4*]
= (.18, the tungsten is again released from the phosphides and no adhesive coating is formed.

Nanostructured tungsten coatings in a Na2WOs—NaPOs melt were obtained at a
metaphosphate concentration of from 0.5 to 15 mole %. Above this limit, tungsten bronzes are
deposited and the growing deposit rapidly becomes dendritic.

Uniform tungsten coatings fabricated from oxyhalide electrolyte were obtained at Tin
the range 973 — 1073 K, and cathodic current density of up to 25 A /dm?. Uniform tungsten
coatings from oxide electrolyte are obtained at T in the range 1023 — 1123 K and current
densities of up to 40 A / dm?.

The parameters of the reverse deposition regime were selected for the electrolytes KCI-
NaCl-2.5 mol.% Na:W04-0.35 mol.% NaPOs and Na2WOs-5 mol.% NaPOs. Adhesive, uniform,
nonporous coatings from electrolytes with this composition were obtained at temperatures of
923 and 1173 K and current densities in the ranges 1 — 15 and 3 — 25 A / dm?, respectively. The
rate of deposition of tungsten in the range of current densities that were studied amounts to 5 —
15 pm / h in oxyhalide electrolyte and 20 — 45 pm / h in oxide electrolyte, and the current yield
of tungsten in the form of a coating amounts to 60 and 95 %, respectively.

An attempt was made to avoid production of a coarse-grained structure through use of a
reverse electrolysis regime. The ratio of the length of the cathodic period to the anodic one
varied from 15 to 50, the anodic period from 0.5 to 3.0 s, and the anodic current density from 20
to 50 A / dm? For the electrolyte Na2WOs-5mole%NaPOs with 7" = 1173 K, the optimal
parameters were ic = 15 A/ dm? 7o =30 A/ dm? 7c=25s, and 7. = 1.5 s. As a result, it was
possible to create comparatively smooth coatings up to 0.5 mm in thickness on the cathode.

119



SYNTHESIS OF NANOSTRUCTURED COATINGS MOLYBDENUM
(TUNSTEN) — NICKEL (COBALT) IN TUNGSTATE MELTS

V. V. Malyshev, D. B. Shakhnin, A. I. Gab,
T. F. Lukashenko, O. Yu. Dmytrenko

Institute of Engineering & Technology
University “Ukraine”,
Kyiv, Ukraine
viktor.malyshev.igic@gmail.com

The addition of molybdenum(VI) oxide to the nickel-containing tungstate melt induces
the dimolybdate ion reduction wave. The difference in the potentials of nickel and
molybdenum deposition is 0.09 — 0.115 V at 1173 K. For the cathodic codeposition of metals to
form an alloy, the molybdenum anode was replaced by a more inert nickel electrode, and
electrolysis was carried out at cathodic current densities of 0.05 and 0.1 A / cm? in the
temperature range 1123 — 1173 K. The concentration of MoOs was maintained at 1.0 — 2.5 mole
%, and the NiO concentration was varied from 0.1 to 1.0 mole %. Continuous layers of the
intermetallics MoNi, MoNis, and MoNis are sequentially deposited on the cathode at 1123 —
1173 K from the melts containing 0.1 — 1.0 mole % NiO.

The introduction of tungsten(VI) oxide into a nickel-containing tungstate melt produces
the ditungstate ion reduction wave. The difference in the potentials of nickel and tungsten
deposition is 0.13 — 0.16 V at 1173 K. In this case, the deposition dependences are similar to
those obtained for the Mo—Ni alloys. The addition of tungsten(VI) oxide to a cobalt-containing
tungstate melt results in the appearance of the ditungstate-ion reduction. The difference in the
potentials of cobalt and tungsten deposition is 0.08 — 0.14 V at 1173 K. Continuous layers of the
CoW and CosW intermetallics are sequentially deposited on the cathode at 1123 — 1173 K from
the melts containing 0.1 — 1.0 mole % CoO.

The addition of molybdenum (VI) oxide to the cobalt-containing tungstate melt induces
the dimolybdate ion reduction wave. The difference in the potentials of cobalt and
molybdenum deposition is 0.06 — 0.110 V at 1173 K (cobalt is more inert than molybdenum).
These dependences of electrodeposition of tungsten—cobalt alloys are also characteristic of the
deposition of molybdenum-—cobalt alloys. Depending on the ratio of the MoOs and CoO
concentrations and the cathodic current density, continuous deposits of Mo, CoMo, Co3Mo,
and Co can be prepared from a Na2WOs~MoO3-NiO melt.

Molybdenum(tungsten)—nickel(cobalt) alloys and intermetallics can be deposited as
continuous nanostructure layers on a cathode from oxide melts. The composition and structure
of the deposits can be controlled by varying the concentration of the corresponding
components in the melt, the temperature, and the cathodic current density. An increase in the
nickel(cobalt) content in an alloy with an increase in its concentration in the melt, a decrease in
the cathodic current density, or an increase in the electrolysis temperature are most likely due
to an increase in the fraction of the total current consumed to deposit nickel(cobalt) and to a
decrease in the diffusion retardation for the ions of the more electrochemically negative
component of the alloy.
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Cobalt oxide thin films are versatile materials due to their industrial applications. It is
widely used as supercapacitor, gas sensor, anode electrode in Li-ion batteries, etc. [1]. Co3Os
thin films were prepared by different techniques such as chemical bath deposition, sol-gel
process, pulsed laser deposition, successive ionic layer adsorption and reaction (SILAR) method
and spray pyrolysis on variety of substrates. In the present work, Co3Osthin films have been
deposited using SILAR method on glass and silicon wafer substrates.

Before the growth process, the glass substrates were cleaned in dilute HCl solution,
rinsed in distilled water: ethanol acetone (1 : 1) mixture and dried in oven at 100 °C. The silicon
substrate was etched in hydrofluoric acid (HF) solution to remove native silicon dioxide from
wafers, and washed thoroughly with distilled water. Cobalt oxide films were deposited from the
cationic precursor of 0.5 M cobalt acetate [Co(CH3COO): - 4H20] with 1 M sodium hydroxide
solution to make pH ~ 12 and H20:2 (3 %) as anionic precursor. The formation process was
carried out in 60 cycles and the reaction occurred on the surface forming CoOOH. The
deposited films were annealed in air at 300 °C for 3 h to transform the oxyhydroxide phase to
the oxide. The Co3Os thin films on glass and silicon substrate were used to study the optical
absorption by UV-Vis spectroscopy. The direct optical band gaps for samples synthesized on
glass are 1.90 and 3.53 eV; for samples synthesized on silicon substrate is 1.60 eV. The presence
of two band gaps can be attributed by ligand—metal charge transfer events: O* — Co*" (£%1) and
0% — Co*(Eg) [2]. Sizes of the particle identified from the band gap energy are 1.03 and 2.00
nm for glass substrate, and 3.86 nm for silicon substrate. EDX analysis was used to determine
the composition of the Co3Os. EDX spectrum for sample synthesized on glass substrate shows
that the experimental atomic percentages of Co, O and Si are found to be 14, 58 and 19.5 %,
respectively, which is near to the theoretical ratio (3 : 4) of Co3Os.
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The nanostructures and phase composition of welded joints of high-strength
14KhGN2MDAFB steel produced by advanced high-speed technologies laser welding have been
investigated. Structural-phase changes in the weld metal and in the heat-affected zone were
studied by methods of optical metallography and analytical scanning electron microscopy
(scanning electron microscope SEM-515 from PHILIPS, The Netherlands) as well as
transmission micro diffraction electron microscopy (JEM-200CX, company JEOL, Japan, with
accelerating voltage of 200 kV). The executed strength characteristics and distribution of local
inner stresses, which are the potential sources of incipience and propagation of cracks in the
investigated structural microregions [1 — 5]. As a result of the action of laser welding on the
weld metal and the heat affected zone of high-strength steel, a homogeneous dispersed fine-
grained structure is formed with a uniform distribution of carbide-type nano-phases in them.
The use of high-speed welding technologies allows obtaining structures that provide high
operational properties of welded joints.
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Sustainability is a comprehensive and complex system of systems requiring
multidisciplinary and interdisciplinary science and technology inputs with economic,
environmental and social objectives. In the last sixty years the global population has grown
exponentially from 2.5 to 7 billion people and is expected to continue at an accelerated rate,
introducing major and urgent challenges in the energy and environment. Considerable
achievements have recently been obtained in the development of nano, nanostructured and
nano-hybrid material systems providing significant opportunities for energy and environment
sustainability. Due to their exceptional stiffness, strength, thermal and electrical conductivity,
carbon nanotubes and graphene have the potential for the development of nano hybrid
materials systems for a wide variety of applications. In order to achieve the full potential of
carbon nanotubes and graphene for thermal. structural, and electrical applications, carbon
nanotubes and grapheme need to be developed into bulk fully integrated hybrid materials. Full
integration of nanotubes and graphene requires their development beyond conventional
composites so that the level of the non-nano carbon material is designed to integrate fully with
the nanotubes and graphene. Here the carbon materials are often part of the matrix rather than
a differing component, as in the case of conventional composites. The goals are to implement
multifunctional nanoarchitectural designs to fully mimic the properties of carbon nanotubes
and grapheme on larger scales for enhanced thermal and electrical management in addition to
the control of other properties such as strength, toughness energy and power. These new
approaches involve exfoliation, functionalization, dispersion, stabilization, alignment,
polymerization, reaction bonding and coating in order to achieve full integration. Typical
examples of thermal and structural applications of polymeric and ceramic matrices and
applications in energy systems such as capacitors and batteries as well as other material systems
are presented and discussed.
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Creation of nanostructured modified metal coatings with a multifunctional purpose,
having unique thermal, electrical properties, physical and chemical stability is possible by use
nanomaterials, because of their specific surface, high porosity and subminiature structure. The
achievement of such properties for conventional coarse-grained coatings is impossible.

A group of authors of this work obtained high-quality carbon nanomaterial by
thermochemical method of processing worn tyres (United States Patent and Trademark Office,
patent no. 9663662) The financing was provided by the private technology company “Long Arc
Technologies Corporation”.

New carbonic nanomaterials will be created from different secondary raw material
(sawdust, agricultural waste, etc.) by use of acquired experience and knowledge. Nanomaterials
obtained from this secondary raw material were tested in galvanic composition coatings. For the
purpose of uniform distribution in nickeling electrolyte, the carbonic nanomaterial, in
accordance with selected conditions, was dispersed on the ultrasonic disperser. In the obtained
solution, the electrolysis was carried out at high temperature (60°C), under the conditions of
continuous stirring. Cathodic current output was 90 — 95 %. The structure and composition of
composition coating was determined on SEM.

It turned out that some of the elements from carbonic nanomaterial had passed into the
nickel composition coating. Experimental studies have shown that physical and mechanical
properties have improved in comparison with traditional nickel coating — hardness and strength
significantly increased, and sliding and friction coefficient decreased by 2.5 times.

124



INFLUENCE OF IRRADIATION WITH DEUTERIUM
IONS ON MAGNETIC PROPERTIES OF NICKEL

O. Mats, N. Chernyak, O. Morozov, V. 1. Zhurba

National Science Center
“Kharkiv Institute of Physics & Technology”
Kharkiv, Ukraine
morozov@kipt.kharkov.ua

The magnetic properties of ferromagnets strongly depend on the defectiveness of the
crystal structure. This causes the appearance of magnetic hysteresis and magnetic consequences.
Irradiated crystals are affected by both dislocations and damage zones. Information on the
coercive force H . makes it possible to judge not only the degree of defectiveness of the
ferromagnetic, but also the dominant type of defects and their distribution. The paper considers
the evolution of the structure of the nickel surface layer under the action of deuterium ions
with increasing radiation dose. The kinetics of structural transformation development in the
implantation steel layer was traced from deuterium TDS as a function of implanted deuterium
concentration. The sample structure was examined by means of TEM. The magnetic
characteristics of nickel were measured with a bar-and-yoke parmeameter. It is shown that the
formed structure controls the rate and temperature of desorption of the implanted deuterium.
Polycrystalline Ni samples with a purity of 99.98 wt. %. Samples look like disks with a diameter
of 10 mm and a thickness of 0.05 mm. It is carved from foil, which was annealed. They were
fixed in the target device, which cools the sample to 78 K in the dose range from 8.0 - 10 to 2.7
- 108 D / cm?. The samples were irradiated with a beam of ions with an energy of 12 keV.
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Figure 1. Relative dependence of the coercive force
H_.of nickel on dose of implanted deuterium. Coercive
force of the initial annealed Ni is taken as unity.

Figure 1 shows the dependence of the coercive force on the dose D of implanted
deuterium. When irradiated with a dose of more than 2 - 10® D / cm? there are inhomogeneous
distribution spectrum of released deuterium that are associated with an increase in non-
uniformly distributed defects of radiation origin, such as clusters of dislocations or other local
distortions. In the interval up to 2 - 10®® D / cm?, the dependence obeys the law H< ~ D2, which
agrees well with the rate of accumulation of dislocation groups — H. ~ V' n, where n is the
density of these groups. The subsequent of inhomogeneous distribution spectrum of released
deuterium in Figure 1 are due to the development of competing processes of accumulation and
relaxation of radiation-stimulated elastic stresses.
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Boron carbide belongs to non-metallic materials commonly referred as ceramic material.
B4C is used in refractory applications due to its high melting point and thermal stability; it is
commonly used in nuclear applications as neutron radiation absorbent. B4«C is a premier armor
material for personal and vehicle safety due to its low density and high hardness. Nowadays,
spark plasma Sintering method has been considered as the most promising method for
producing dense bodies of producing pure B4C ceramics still present problematic task, due to its
high sintering temperature 2100 — 2200 °C. At the same time producing B4C requires long-
standing and labor—consuming procedures. Thus, the various additives such as C, Al, Fe, Ti, SiC,
TiB2, Al20s3, and ZrO:2 have been used in order to decrease the sintering temperature and
improve sintering process. Bulk boron carbide (B«C) ceramics was fabricated from a boron and
carbon mixture SPS [1 — 3]. Densification and synthesis of powder were carried out at the SPS
device, which has been designed and built in the Republic Center for Structure Researches
(RCSR) at the Georgian Technical University. The developed device for sintering
nanocrystalline composite materials was equipped with low-voltage pulsed AC current
generators. Graphite molds with special shape was used for synthesize nanopowder of boron
carbide. Densification was carried out via graphite press form with standard shape and
diameter 12 mm. Nanopowder produces via SPS method were compared with powder
synthesized due to carbothermal reaction. Amorphous boron and carbon powders were used as
precursors. Without additives nanopowders were produced with pressureless SPS regime at
1600 °C for 5 min. Diffraction peak profile analyses and SEM micrographs detects nanopowder
with grain size less than 100 nm. For comparison of dense bodies standard boron carbide has
been hot pressed during 2 h under 1900 °C temperature. SPS densification of fully dense
samples requires lower temperature and several minutes (1700 °C for 10 min), instead of long-
standing and high temperature procedures.
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Studding multipoles of y-radiation and determination of share of admixture in the case of
mixed Y-transition is necessary to study the physical properties of the excited levels of nuclei
and to verify different theoretical nuclear models. It is also important to investigate the forms of
conversion lines and determine their half-widths. Accumulated quantitative materials give
possibility to receive new information about nuclei and atomic levels.

In the paper, the results of investigations of internal conversion electron (ICE) spectrum
of 1¥Tm 93.61 keV y-transition are presented. Measurements were carried out by means of
magnetic beta-spectrometer with 0.04 % high resolution. Forms of Zi, Zu, and LZm conversion
lines are studied and relative amounts of their expansions are measured. Mean quantity of &2
from the established internal conversion coefficients (ICC) are calculated 62 = 0.034 £ 0.003.
Average significance of the share of electric quadrupole admixture a = 3.3 = 0.3 % are found,
which corresponds to M1+3.3%E2 mixed -transition.
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A technology has been developed for the production of nanocrystalline systems of a
wide range — by spraying liquid solutions of salts of the corresponding components with liquid
organic compounds into a reactor with a reducing or carbide-forming medium. After pyrolysis,
selective reduction processes and carbidization, a powder is obtained, each particle of which can
consist of nanocrystalline components (10 — 80 nm, in accordance with the initial solution) —
metals, oxides, carbides, quasibinary ceramics.

In this way and by subsequent spark plasma compacting of powders there are obtained:

- Dispersive-strengthened transition metals and alloys, while with retained good plastic
properties;

- Nanocrystalline cermets based on titanium-, tungsten-, boron-carbides with high
hardness and enhanced strength; and

- Nanocrystalline ceramics based on B4C-TiB2 composition with high hardness and
increased toughness.
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Iron oxide nanoparticles (IONPs) are of great interest for researchers working indifferent
fields of physics, chemistry, biology and medicine. Growing interest is based on their physical-
chemical and pharmacokinetic properties. Such nanoparticles, in contrast to their volume
analogues, exhibit unique features that are widely used in different fields of science and
technology, such as electronics, energy, biotechnology and medicine. It is also possible to
conjugate them with appropriate molecules of targeted drug delivery for in-vivo studies.

A well-known method of synthesis of IONPs is chemical co-precipitation. Although this
method is distinguished by its simplicity, cheapness and the possibility of producing in a
largescale, its main drawback is that it is impossible to uniformly distribute the concentrations
of reactants, control the nucleation and crystal growing. This ultimately leads to
lesserreproducibility and larger polydispersity of the nanoparticles.

The precise control and automation of the synthesis will improve the control over the
physical-chemical properties of nanoparticles and the parameters such as mean size andparticle
size distribution, and the reproducibility of the synthesis.

To do this, we improved our elaborated automated technological line of continuous
production [1] by adding an electrohydraulic equipment [2] to processnanoparticles. The
proposed approach, as shown by preliminary studies [3], significantly improves the dispersion of
solution. Strong oscillations associated with electrohydraulic effect, additionally disperse the
chemically synthesized particles. The process is presented as aseries of controlled explosions,
produced by high voltage electric impulse is charges in the liquid. The discharges generate
massive shock waves and impulses of pressure imposing homogenization of the dispersion and
lead to increased particle solubility.

In the present work we overview trends of the technique of nanomaterial production
and processing by pulsed high voltage discharge in solution/water. Magnetic fluids with citric
acid, PEG, PVA-modified magnetite nanoparticles were subjected to 1.2 kV and several
hundred nanosecond discharge (Figurel) pulses were investigated.

129



Fa U1 GO
L I e s T i Y s v |
C) €y ChChChco

R

300

current, &

fadd =

(¥} ] -I!:x (K]
o I i T s R i T
L T s I s O e

time, nsc

Figure 1. Discharge current
of electrohydraulic equipment.

Small-angle neutron scattering (SANS) [4] and small-angle X-ray scattering (SAXS)[5,6]
was used for the determination of the microscale or nanoscale structure of particle systems in
terms of average particle sizes, shapes, size distribution, and surface-to-volumeratio. Additional
information was obtained on the colloidal stability, the quality of the dispersion and the
amount and character of the possible particle aggregation.

We used Dynamic light scattering (DLS) technique to determine the size distribution
profile of small particles in suspension in order to calculate hydrodynamic radius of aspheres.
For assesment of stability of colloidal dispersions we measure zeta potential of thesamples. The
magnitude of the zeta potential indicates the degree of electrostatic repulsionbetween adjacent,
similarly charged particles in a dispersion. For molecules and particles that are small enough, a
high zeta potential will confer stability, i.e., the solution or dispersion will resist aggregation.
The method can be also used for quantification of the magnitude of the charge, which is
important for studying electrohydraulic processing.

This work is supported by National Shota Rustaveli National Science Foundation (Grants
# # PhDF2016-59 and Ys17-15) and by Central European Research Infrastructure Consortium
(Elettra — Proposal No: 20177016). We are grateful to V. Gabunia and E. Sanaia from the I
Vekua Sokhumi Institute of Physics & Technology for their assistance in part of measurements
of physical parameters.
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Spirulina platensisis one of the most promising micro algae that is used in micro algal
biotechnology, because it is easy to grow and needs simple harvest and drying processes [1].
Spirulina pllatensis is rich with proteins (60 — 70 %), vitamins, minerals, and antioxidants, all of
which make it highly beneficial as an antiaging, anticancer, and super-detoxifying marvel food.
It used as protein supplement in the food and pharmaceutical industry. Many characteristics of
Spirulina platensis suggest that it may be an excellent organism for the investigation of
biological interaction with ionizingirradiation.

In this work, we have studied effect of y-irradiation on the growth and stability of
cyanobacterium Spirulina platensis and its constituents, using UV-VIS spectroscopy and
differential scanning microcalorimetry (DSC) methods [2, 3], as well as simultaneous effect of y-
irradiation and toxic and heavy metal ions. Spirulina platensis cells were exposed toy-irradiation
dose 7.2 kGy using '¥Cs as a gamma source atthe Applied and Research Center, E.
Andronikashvili Institute of Physics. The y-irradiation effect was studied for wet, suspended
and dry Spirulina platensis after recultivation during 14 days. The DSC and growth kinetics
curves demonstrate that the irradiated cells have changed characteristics. Namely, it is shown
that 7 kGy irradiation causes decrease in metabolic heat evolution and it is 340 + 20 cal / g of
dry biomass. The C-phycocyanin heat absorption curve was shifted to higher temperatures, and
a new heat absorption peak was determined at about 80 — 90°C. The nucleoprotein — genetic
material — was partly damaged that was manifested in decrease of denaturation temperature by
some degrees. Addition of Cd and Pb caused heat redistribution among heat absorption peaks.
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In recent decades the growth rate of developmentand production of micro- and
nanoelectronic sensors of external influences was significantly higher than that of IC’s and
other traditional elements and component bases. The reason is that the combination of sensorics
with the automation and informatization determines the essence of modern stage of scientific
and technological revolution [1]. It is quite natural that the creation of modern sensor devices
and systems requires a significant improvement in the characteristics of sensors and expanding
their functionality.

It is well known that at the present time microelectronic sensors mass production in
most cases is based on CMOS Si technology and Si resistors as sensitive elements (SE). In this
connectionimprovement of main Si sensor characteristics is implemented through the
development of special interface IC. This leads to the complication of sensor constructions and
to increase of power consumption. However, the problem can be successfully solved, if the
passive SE is replaced by the active resistor controlled by the electric field (field effect sensitive
element — FESE). FESE presents thin film Si transistor with double gates controlled MOS
system, which channel is operating as SE. In this case it is possible to radically increase the
sensitivity of sensors, to expand the range of operating temperatures, to increase resistance to
any type of radiation, to reduce current consumption, to implement new design of sensors
devices and microsystems, to produce multichannel and multifunctional devices with digital
output signal etc. It is essential that the manufacture of FESE and corresponding sensors is based
on “silicon-on-insulator” structures as a starting material and standard Si CMOS
microelectronics technology processes.

The purpose of this report is to demonstrate the effectiveness of this approach for the
creation of modern smart sensors of magnetic field, temperature, bioliquids, gases and other
types of external influences.
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Aluminium-based and magnesium-based alloys are promising in the view of present-day
requirements to the metal-hydride hydrogen storage systems. Behavior of hydrogen in the
aluminium-based magnesium-based alloys is of scientific and applied interest that is confirmed
by many publications. However, the use of such alloys presents some difficulties because of the
high hydrogen desorption temperature (550 — 600 K).

To manufacture Al-Ti composites the plasma evaporation-sputtering method was used
enabling the atom-by-atom component growth. Thus, the composites with a wide range of the
ratios of components were obtained. A composite was deposited on the molybdenum foils (0.2
mm thickness, 10 mm width, 250 mm length) placed between the cathode assemblies in the
facility. Deuterium introduction into the samples was performed by the ion implantation
method. Deuterium desorption temperature ranges and deuterium storage levels were
determined by the thermal desorption spectroscopy (TDS).

A low aluminium concentration and, consequently, a high titanium concentration in the
composite are demonstrated in the deuterium TDS as a single peak with a maximum
temperature at 820 — 840 K as a function of the implanted deuterium dose and composite
composition. A single-peak character of the deuterium TDS, observed for aluminium
concentration values from 10 to 70 at. %, evidences on the homogeneity of composite structural
state in this range.

As the aluminium concentration in composites increases the deuterium TDS is
significantly changing and, as a result, the deuterium desorption temperature for Al85Til5
composites sharply decreases (7'm =~ 550 K). A step-like shape of the maximum temperature
curve of thermoactivated deuterium desorption, as a function of the component concentration
change, evidences on the existence of two different structural states of the Al-Ti system
depending on the ratio of components.
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The binary combination of cadmium element with VI groups have great interest due to
unique properties. One of them is cadmium sulfide nanoparticles are widely used
semiconductor with a wide range of applications. CdS nanoparticles are applicable in such areas
as diodes, gas sensors, nanothermometers, solar cells, fuel cells and lithium-ion batteries (Solar
Energy Laboratory, Department of Chemistry, Thiruvalluvar University, Vellore, India). The
bulk CdS is a investigated n-type semiconductor with direct band gap of 2.42 eV (Department
of Materials Science & Engineering, National Tsing Hua University, Hsinchu, Taiwan, Republic
of China).

In this work, we prepared CdS nanoparticles by sonochemical method.
Cd(CHsCOQ)2-2H20 as cation source, NaxS as anion source, 3-mercaptopropionic acid 99 %
(MPA) as capping agent were used. MPA were used 5 %. The reaction enforce in aqueous
solution permanently bubbling with nitrogen along 2 h. Gradually yellow color solution was
formed. Morphology and optical properties were examined by X-ray diffractometer (XRD) and
ultraviolet visible spectroscopy (UV-Vis). 0.1 M solution of Ag + ion was prepared for ion
exchange of obtained nanoparticles. The band gap of Ag doped CdS nanoparticles were
determined by UV—Vis.
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Figure 1. XRD results of CdS nanoparticles.
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In Figure 1, the result of XRD show that the prominent peaks with 2[] values of 24.77,
25.87, 27.87, 36.03, 43.10, and 53.07 ° conform well with hexagonal wurtzite phase of CdS
(JCPDS card No. 89-2944) and can be indexed according to (100), (002), (101), (102), (110), and
(201) crystal planes.

The size of CdS nanoparticles were determined 28 nm by Debye—Scherer equation.

4 b

; ] /
¢ &
7 T T —r

2
A, els

2
b, els

Figure 2. Band gap value of (a) CdS and (b) Ag doped CdS.

The result of UV-Vis measurements show that the band gap of cadmium sulfide
nanoparticles was found 2.48 eV. The band gap value of the nanoparticles is greater than 0.6 eV
from band gap value of bulk crystals (Figure 2). The increasing of band gap value is observed
with decreasing nanoparticles size. And this explained by quantum measurement effects. In
UV-Vis we can see that after ion exchange of nanoparticles with Ag* ions, the band gap value of
particles was decreased. This is due to with transformation of CdS nanoparticles to AgS.
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It is known that CdxZniS nanoparticles are widely used materials in optoelectronics
and electronics industries. The purpose of this work is the growth of Cd:«Zni-sS nanoparticles.
The growth of Cd«Zni-»S nanoparticles is carried out by SILAR method. The SILAR method
differs from other methods of growth by its simplicity and requiring no special conditions. The
experience consists of 4 stages: (i) the salts used as the source of cation are mixed with 50 mL
ethylene glycol alcohol. Cd?** and Zn?* ions are adsorbed to the pores of the polymer matrix
when the PVS polymer matrix is within 20 min of this mixture. (ii) the polymer matrix is
washed in ethylene glycol alcohol to remove strangers, cation and anion residues. Ethylene
glycol alcohol has been used as an intermediate washer because the PVS polymer matrix
dissolves in water and in many solvents. (iii) PVS polymer matrix is inserted into a mixed
container containing 50 mL of ethylene glycol alcohol and the source of anion. And a result of
the reaction that occurs at this stage, Cd«Zni-.S nanoparticles is formed on the polymer matrix.
(iiii) The polymer matrix is still washed in ethylene glycol alcohol again.

As a source of cation: Cd(CH3COOQ)2:2xH20 and Zn(CH3COQ)2-2xH20 salts have been
used, and the Na2S-9xH-O salt as the source of anion. At the experiment mole ratio of samples:
a) CdooiZnoeS and b) CdoiZnosS. The thickness and weight of the Cd«Zni-S thin film were
measured before and after the experiment. The thickness of thin film increased from 185
micrometer (clean PVA) to 256 pm (Cdo1ZnosS) and the weight increased from 0.2721 (clean
PVA) to 0.2914 g (Cdo1ZnosS). The UV spectrum of the sample was measured and it was shown
when the adsorption time of the ions is 20 min, the difference in the width of the prohibited
zone for the 5-round sample is determined. It has been revealed that when the concentration of
Cd is high, the width of the prohibited zone is extended to long waves. This indicates that in
the interest rates used in practice, the CdxZni-S thin film is formed. Also the size of the
particles increased with increasing number of cycles of formation. After determination band
gap of sample with UV-Vis, it is possible to obtain the size of the nanoparticles. Thus, from
calculation it is known that the size of nanoparticles (for Cdo.1ZnosS, E5 = 3.21 eV, Eg*k=3.10
eV, m* = 0.00453 g) is within 12 nm range [1]. As a result, it is possible to notice, first, that it is
possible to formation of three layers of nanoparticles by the proposed methodology. And the
width of the forbidden strip of formation particles depends on the chemical composition and
the size of the particles.
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Molecular cryocrystals made of linear molecules have orientationally order phases.
Dilution of an “orientationally neutral” rare gas atoms in a molecular crystals matrix can
promote a lowering of the potential barrier, which hinders rotation of molecules in the lattice
and a realization of phase transitions produced by orientational disorder [1, 2]. The degree of
orientational order of the molecules in solutions could be determined from the concentration
dependence of the diffracted intensity.

Observations were carried out in a standard electronograph EG-100A equipped with a
helium cryostat [3]. The deposition regime was chosen in order to obtain random distributions
of impurity. The samples were grown in situ by depositing gaseous mixtures on carbon
substrate. The overall level of impurities in the source nitrogen and krypton gases did not
exceed 0.01 %. The error in the lattice parameter measurements was usually 0.1 %.
Observations are carried out in the temperature range from 6 to 44 K. The thickness of the
deposits ranged from 100 to 300 A. The relative error in the intensity measured did not exceed
7 %. The effect of impurity Kr atoms on the orientational ordering of N2 molecules was studied.

The experimental dependence of the orientational diffracted intensities in N2-based
solutions was obtained. The evolution of the orientational order factor 75 requires the
elimination of the 7-independent component from the experimental concentration dependence
of the intensity of superstructures lines (321). This component was determined by computation.
For this purpose, the structural amplitudes for solutions with different Kr concentrations were
calculated by assuming that 7= 1.

The influences of composition, sample temperature, deposition temperature and
subsequent subsequent heating on the orientational order factor 7 of the N2 molecules in the
N2—Kr solutions were studied.
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Ceramic materials reinforced with 2D structure of graphene are characterized by high
crack resistance, elasticity, electrical and thermal conductivity. Graphene injection in to the
ceramic matrix is possible via several methods; among them mixing suspension of graphene and
/ or graphite intercalated via several chemical compounds (GIC) with powder (or precursor) of
ceramic matrix. We already have received ceramic materials of Al:Os, ZrO2, HfO2, B«C, BN,
AO3—(10%)ZrOz2, Al203—(1%)Y203-(0.1%)MgO containing defective graphene. Materials have
been obtained using graphene oxide suspension on the matrix basis. For experiments have been
used ready commercial, as well as their matrix precursor powders obtained via different
methods.

Figure 1. SEM image and EDS spectrum of Al2O3 graphene—ceramic composites.

Powder composites of oxide ceramics have been obtained first via adding powder of GIC
in to the suspension of appropriate metals hydroxide (H20, DMF, GBL), and followed by
ultrasonication, drying and annealing at 800 °C during 30 — 60 s. After repeated ultrasonication
in to the different solvents or milling in nano miller of obtained powders has been obtained
homogeneous powder of graphene-composite matrix. Consolidation of obtained powders
carried out using spark-plasma sintering method at 1400 — 1900 °C for 8 — 15 min. Powders of
composites and bulk samples have been investigated using XRD and SEM. Figure 1 shows SEM
and EDS images of sintered Al:Os graphene-ceramic composites.

139



ABOUT NEW ROLE OF CLUSTERS COATED ON SURFACES OF
NANOPARTICLES OF PHOTOCATALYTIC NANOPOWDERS

M. M. Nadareishvilil, E. L. Chikvaidze?, G. I. Mamniashvilil,
S. G. Gogichaishvili?, T. I. Zedginidze !, T. G. Petriashvili!

! Department of Condensed Matter Physics
malkhaz.nadareishvili@tsu.ge
grigor.mamniashvili@tsu.ge
tinatin.zedginidze@tsu.ge
tamar.petriashvili@tsu.ge
2Department of Biological Physics
eduard.chikvaidze@tsu.ge
salo_gogichaishvili@yahoo.com
E. Andronikashvili Institute of Physics
I. Javakhishvili Thbilisi State University
Thilisi, Georgia

At the current stage of the progress of civilization, the mankind faces major two global
challenges - energy and ecology, which are closely intertwined. It is well known that, with
today’s rate of consumption, gas and liquid fuel supply on the Earth will soon be exhausted.
Hence, it is essential to find alternative environment friendly sources of energy. The most
promising direction of development of the energy of that kind is splitting of water into
hydrogen and oxygen using solar energy and the use of produced hydrogen as fuel, the final
product of its burning being again water, etc. [1].

Water does not dissociate by itself. For this purpose, special substances, so-called
photocatalysts, are needed. Photocatalysts represent semiconductor nanopowders. Their
nanoparticles create electron-hole pairs under solar light. They reach surfaces of the
nanoparticles and cause water dissociation into oxygen and hydrogen using reduction-oxidation
reactions. Main problem of using this reaction in a practical way is its low efficiency due to
recombination of created pairs and using only UV rays in the reaction, which is the
consequence of the big sized energetic gap.

A method of coating photocatalyst nanograins surfaces with various smaller sized
substance clusters has been processed in E. Andronikashvili Institute of physics. As it is known,
this method reduces pair recombination due to trapping electrons or holes. This method differs
from other alternate methods in its low price, simplicity and, thus, it is rather competitive [2].

Coating P25 photocatalist nanograin surfaces with Ni clusters was held by this method.
Optical researches showed significant growth of light absorption, which indicates on reducing
electron—hole pair recombination and a increasing reaction efficiency accordingly. Interesting
results were obtained in EPR researches of these nanopowders. The results showed that P25
commercial photocatalytic nanopowders and reactives, which were used to coat clusters on
their surfaces don’t have EPR spectras. However, after coating P25 with Ni clusters EPR spectra
appeared, which had wide anisotropic singlet shape.

Obtained results indicate that clusters not only attach on photocatalytic nanoparticles
while coating, they also create strong nanocomplexes with them, which can provide appearance
of new energetic levels. All this indicates that clusters besides interrupting recombination, they
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also implement changing photocatalyst energetic spectrum and accordingly energetic gap,
which can become meaningful in any special conditions and trigger increasing the efficiency of
photocatalysts.
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Semiconductor gas sensor typically consists of four main parts — substrate, heater,
electrodes and layer of sensitive material [1]. The necessary power consumption, temperature
uniformity and, as a result, high sensor performance can be achieved by correct choosing of
heater design [2]. The material of the heater and its thickness are very important parameters for
the power consuming of device [3]. And the geometry of heater element has a great effect on
the temperature uniformity and temperature values. In this work four Ni heaters of different
geometry were designed (Figure 1) and were deposited with 400 nm thickness on the silicon
substrate using a thermal evaporation technique combined with a lift-off process. The study of
heaters design was performed by applying different potentials to the heaters contacts. As it can
be seen, the geometry has a significant influence on the working temperaturevalues. The best
results were obtained for Heater 3 and Heater 4, which were designed using the combination of
the parallel and meander shapes.
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Increasing number of various infections caused by the multi-resistant microbes,
spreading of mixed infections and the difficulties in struggle with them, faced medicine and
pharmacy with the new challenge — seeking of natural antimicrobial agents, seeking of safe and
effective biologically active substances and development of antimicrobial medicinal forms [1].

Herbal medicines, which are presented today, together with different medicinal
properties has antibacterial and antiviral activities. Their effectiveness are established by the
evidence based medicine. In addition, they do not cause addiction, they do not have side effects
and their influence does not cause resistance on bacteria [1, 2].

Based on already conducted experiment, extract from the Sphagnum Austinii was
chosen as a main antimicrobial agent containing silver ions. Nanoparticles were prepared using
main polymers polyethylene glycol (PEG) and sodium alginate. Glucose solution and sodium
hydroxide were chosen as reducing agents for formatting the spherical nanoparticles.
Preparation of nanoparticles was implemented by the mixing of internal and external phases on
magnetic stirrer.

Na-alg spagnum Na OH 2
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Figure 1. Sodium alginate NPs. Figure 2. PEG NPs.

Standardization of the particles was conducted using electronic microscope. Results are
presented in the Figures 1 and 2.

As it is shown, prepared nanoparticle has spherical forms and dimension varies between
40 — 50 nm. It could be established that the polymeric-matrixes polyethylene glycol (PEG) and
sodium alginate are very effective carriers. Usage of reducing agents — glucose solution and
sodium hydroxide causes formatting of spherical nanoparticles.
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I will discuss various theories and experimental observations related to the onset of
sliding as a multiscale (from nano- to macroscale) process. The transition from stick to slip has
many features similar to both phase transitions [1] and mode II crack rupture nucleation.
Complex interactions govern the nucleation of frictional rupture and the transition from the
stick to slip regimes, while phase transition concepts (such as the critical behavior) as well as
concepts from the fracture mechanics can be applied to friction [2]. I will also discuss velocity-
dependency of dry friction and effects which can be caused by such dependency [3]. In the case
of very small sliding velocity, the limit of small velocity is not necessary identical to the static
friction, making the phenomenon similar to the “singular limit” behavior. The laws of
nanofriction vs. scaling laws of friction from macro- to nanoscale as two competing concepts
will also be investigated.
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Figure 1. (a) Similarity between friction and shear mode II crack; (b) Experimental
results for rupture crack initiation; (c) Typical stages of 2D percolation-type
critical behavior; and (d) Typical dependency of correlation length on shear load.
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Pollutions by heavy metalsis a critical global environmental issue and concerns over
their potential effects on human health and the environment have been raised [1]. Our studies
addresses the effect of Mg(II) on the accumulation of Zn(II) and chromium in proteome of the
metal resistant Arthrobacter globiformis 151B, isolated from the most polluted region of
Georgia (Kazreti), gram-positive aerobic bacterium, involved in the microbial remediation [2].

The studies were conducted on Arthrobacter globiformis bacterial culture at the
different growth phase after incubation in TBS broth containing 1500 pg / mL Mg at 26 °C for
16, 24, 48, 96 and 144 h. B-PER Bacterial Protein Extraction (in phosphate buffer) reagent
which extracts proteins dissolved in phosphate buffer was applied to separate the dissolved and
undissolved fractions. The content and concentration of Mg(II), Zn(II) and total chromium in
the dissolved and undissolved layers was measured with atom absorption spectrometer.

Our result highlights active absorption of Mg(II) in proteome during first 24 r, and later
after 24 h until 96 h it is slowly flushed out from the proteome and moves into the undissolved
layer. However, its low concentration still remains in the proteins. The movement of Mg(II) is
accompanied by increase of Zn(II) concentration in the dissolved layer, that indicates that
Zn(Il) can replace the same valence metal — Mg(Il) in the proteins, while Mg(II) hampers
accumulation of chromium in the proteins.
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New model of disordered regions in irradiated single-crystalline silicon is developed
based on measurements of electrophysical parameters temperature-dependences in n-Si:P and
p-Si:B samples irradiated at room temperature with high-energy protons and electrons,
respectively, and isochronously annealed at various temperatures.

Disordered regions are imagined as relatively high-conductive inclusions with increased
concentration of radiation defects separated by Ohmic interfaces with relatively low-
conductive matrix. Initially, these regions are electrically neutral, but depending on the
annealing mode the constituting radiation defects can change their charge-states.
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Catalytic hydrogenation processes are widely used in modern organic chemistry for
synthesis of active pharmaceutical ingredients, biologically-active compounds for
agrochemistry, etc. Such reactions are usually carried out with catalysts, based on platinum
group metals (Pt, Pd, Rh), which are quite expensive. Search of active catalysts containing only
3d metals for large-scale hydrogenation processes is an important task [1].
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Figure 1. Reaction scheme. Products  Figure 2. Yields of 1,2,3,4-tetrahydro-
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In this work catalytic activity of the Co-containing nanocomposites based on carbon (or
graphene oxide) and polyindole (PIn) or poly-m-phenylenediamine (PmPDA) in reaction of
quinoline hydrogenation was studied (Figure 1). The yield of 1,2,3,4-tetrahydroquinoline
generally grew with increase of Co content (Figure 2), but also depended on the structure of the
composite. Addition of PmPDA to the composite instead of PIn resulted in 2-fold increase of its
catalytic activity at similar Co content (Figure 2). From the other hand, catalytic activity of the
composites which containing PmPDA or Pin, was higher, compared to the ones, based on solely
carbon or N-doped carbon carrier.
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Narrow-bandgap IV-VI semiconductors widely used in IR optoelectronics. In particular,
based on these semiconductors, tunable lasers and photodetectors are designed. With doping
these semiconductors with variable-valence impurities (Cr, In, Yb, and others) the conditions
for reducing the concentration of current carriers due to mutual compensation of electrically
active nonstoichiometric defects and impurity states having opposite signs. To observe such an
effect in the compositions of this kind, including the ones with wider band gaps, it was
suggested to use “negative” pressure, when the layers are grown on the substrates with a larger
lattice constant. Under such conditions, the band gap width increases, and this process
enhances with manifestation of variations in elastic constants. These effects reveal effectively at
nanothickness of the layers.

The following heterostructures were suggested and fabricated: PbSnSe/PbTe,
PbSnTe/EuTe and PbSnTe/BaTe. Under “negative” pressure ~ 10 kbar and at 77 K, the band gap
width was 0.4 eV, and, when doping with Cr and In, the concentration of current carriers
decreased below10 cm™ (in the unstrained layers it was equal to 10 cm3). The state of the
level, in particular, of In is lower than the conduction band edge and made up ~ 0.1 eV. The
typical values of the rate of variation in the impurity level state with changes in the

composition were
dEi

—=5-7meV /%,
the band gap width and the state of the impurity level were changed with temperature as
9 = 4.104eV /K
dr
and
dEi :
— =—3-10%eV/K,
respectively.

With such significant reduction in the concentration of current carriers in the layers,
the dielectric state is formed, and the Fermi level is stabilized in the vicinity of the impurity
level. Based on the materials of this type, high-sensitive photodetectors for the spectral range of
3 — 20 um are designed.
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The widespread use of nanoparticles is due to their unique properties. Currently, to
obtain nanoparticles, various physical and chemical methods are used. However, often, these
methods are expensive and time-consuming, and the use of toxic reagents is associated with a
danger to the environment, living organisms and operating personnel. In this regard, an
alternative approach to the synthesis of nanoparticles using green chemistry reagents is being
actively developed. This approach also contributes to easier control over the size and shape of
nanoparticles. Due to their unique physicochemical properties, gold nanoparticles attract
particular attention of researchers and are widely used in medicine, biotechnology, fiber optics,
in the creation of various sensors, etc.

In the present work, the synthesis of gold nanoparticles from chloroauric acid HAuCls
with the help of sodium citrate and tannin is considered. Sodium citrate NasCsHsO7 is non-toxic
and is widely used in the food industry and medicine. Tannin is an amorphous phytogenous
powder of anastringent taste with a slight peculiar smell, well soluble in water. It is widely used
in medicine, in the technology of various drinks and as a coloring agent.

The studied solution was prepared at room temperature (0.5 % tannin and 1 % sodium
citrate) with constant stirring, then added to a 0.01 % solution of HAuCls and adjusted to pH 8.2
using sodium carbonate. The resulting solution acquired a ruby-red color, indicating the
appearance of gold nanoparticles. Optical absorption spectra were recorded at room
temperature on a UV Spectrometer “SINTRA10e” spectrometer. The surface plasmon resonance
spectra under study had a maximum at 553 nm. The analysis of the obtained nanoparticles was
performed using a Jem—100Sx transmission electron microscope. The formed gold nanoparticles
were of spheroid and ellipsoidal form, as well as in the form of nanotriangles. The sizes of the
obtained nanoparticles were mainly within the range from 15 to 35 nm. In addition to these
particles, a small amount of particles> 35 nm in size was detected. It should also be noted that
the solution was processed in a microwave furnace. The microwave exposure provided a very
fast and uniform heating of the solution and contributed to obtaining nanoparticles of equal
shape and smaller size. Microwave treatment of the solution was carried out for ten minutes at a
power of 600 W. A shift of the absorption maximum in the surface plasmon resonance spectrum
towards short waves (537 nm) caused by the process of fragmentation of gold nanoparticles in
solution was also observed. Histograms were constructed for the distribution of gold
nanoparticles in size before and after microwave exposure. Studies have shown that the tested
method is inexpensive, requires relatively simple technical facilities, has good reproducibility,
provides effective control over the size and shape of nanoparticles and has a good prospect for
application in the biomedical field.
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Silver nanoparticles have unique optical properties due to surface plasmon resonance.
They have a developed surface, are catalytically active, have excellent antibacterial properties.
Due to this combination of properties, they are widely used to create electronic and optical
sensors. Colloidal solutions and substances with silver nanoparticles are promising in such areas
as medicine, production of hygiene items, sportswear and creation of antibacterial drugs.

Silver nanoparticles can be obtained by various methods among which is a rapidly
developing synthesis using plant extracts.The advantages of this method are shorter synthesis
time, low cost, safety for the environment and maintenance personnel.

In the present work, the preparation of silver nanoparticles from silver nitrate with the
use of ground cinnamon, which serves as a reducing agent for silver ions, is considered. For the
synthesis of silver nanoparticles, aAgNossolution with concentration of 102 M was used.
Distilled water was used to prepare the solution. A solution of ground cinnamon was carefully
stirred and, after filtration, mixed with a solution of silver nitrate and treated using a magnetic
stirrer. After further heating in a water bath at 80 °C for 30 min, the color of the solution
turned brown-red, which indicated the appearance of nanoparticles.

Optical absorption spectra were recorded on a UV Spectrometer SINTRA-10e. Surface
plasmon resonance spectra had a maximum at 440 nm. The geometric shapes and sizes of
nanoparticles were studied using a Jem-100Sx transmission electron microscope. Spheroid,
ellipsoid and rectangular nanoparticles were synthesized. The sizes of these nanoparticles were
in the range of 5 — 50 nm. Histograms for the distribution of nanoparticles in size were
constructed.A mechanism of formation of nanoparticles obtained using the solution of plant
extracts was studied.

The method allows one to obtain silver nanoparticles with controlled parameters and is
promising for large-scale applications.
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Currently, copper nanoparticles are of increased interest, which is associated with their
specific properties. Copper-based nanoscale materials are widely used in chemical sensors to
create catalysts and nanocomposites for medical purposes.

One of the chemical methods for producing copper nanoparticles is a synthesis of copper
salts with borohydride and hydrosin. Copper nanoparticles synthesized in an aqueous medium
using borohydride have low stability, are contaminated with boron and are easily oxidized by
atmospheric oxygen. Therefore, the addition of surfactants is required to prevent nanoparticles
from oxidation and aggregation.

Hydrosine has a high reducing stability, however, in this case, copper forms sparingly
soluble hydroxides, which reduces its reactivity. At the same time, these substances are highly
toxic. An alternative method is the use of green chemistry reagents.

In the present work, the formation of copper nanoparticles from copper sulphate with
the help of Saperavi wine is considered. Wine was used as a reducing agent and a stabilizing
reagent. Synthesis was carried out at room temperature. Distilled water was used to prepare a
solution of copper sulfate (102 M). Then red wine was added to this solution and mixed
thoroughly. Optical absorption spectra were recorded on a UV “SINTRA-10c” spectrometer.
The spectra had a surface plasmon resonance with a maximum at 540 nm. The analysis of the
synthesized nanoparticles was carried out using a Jem—100Sx transmission electron microscope.
The resulting copper nanoparticles were of spheroid, ellipsoid, and triangular form. Histograms
were constructed for the distribution of copper nanoparticles in size.

The studies have shown that the tested method has good reproducibility, is relatively
simple, inexpensive and is very promising for application in biomedicine and other fields.
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Magnetic fluids or ferrofluids (FFs) are fine liquid dispersions of magnetic nanoparticles
(MNPs) (characteristic size ~ 10 nm) covered with surfactants for preventing their coagulation
in different conditions. The understanding of mechanisms of ferrofluids stability is an important
factor in the synthesis of highly stable magnetic colloids with defined properties. Diagnostic of
aggregation and determination of the aggregation regimes and their control in biocompatible
magnetic fluids are necessary for their development in biomedical applications. Behavior of
magnetic nanoparticles in bulk and at interfaces can be very different due to specific adsorption
properties, which should be considered in a variety of applications. An open question is the
possible differences in the FF stability in bulk and at interfaces.

Neutron scattering is powerful technique for structure diagnostic of various objects
within length scale 1 — 100 nm in bulk (small-angle scattering method) and at interface
(neutron reflectometry). Various types of magnetic fluids on non-polar organic solvents and on
water were considered [1]. Diagnostic of aggregation and determination of the aggregation
regimes were done for water-based FFs. Also the microstructure of non-polar ferrofluids with
excess of surfactant and inter-particles interaction were investigated by SANS.

It was observed that the structural organization of nanoparticles at interface depends on
the MNPs concentration in ferrofluids, as well as on the structural organization of MNPs in
bulk. Also, the impact of the stabilization type of FFs together with the kind of magnetic
components was investigated. The influence of gravity and external magnetic field on the
adsorption properties of magnetic particles and their behaviour at interface was considered
including free surfaces (air/FFs). Mono- and multi-layered structures of ferrofluids at interfaces
were studied. The possibility of anchoring MNP from FFs on substrates by external magnetic
fields was discussed. It was obtained that along with the structural stability in bulk the
considered MFs are characterized by the interface stability as well.
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Increasing interest to nanotechnology leads to the revision of existing and developing
methods for the nanoparticles synthesis. To date there are several different approaches to
synthesis of nanoparticles. Biological methods of nanoparticles synthesis (using microorganisms,
cell culture, plant tissue or phytoextracts) were proposed as possible environmentally safe
methods which are alternatives to existing chemical and physical methods of nanoparticle
synthesis [1, 2]. While microorganisms such as bacteria, actinomycetes, and fungi have long
been used in synthesis of metal nanoparticles, the use of plants in similar nanoparticle synthesis
techniques is rapidly developing [3]. Results on the reduction potential of phytochemicals
present in tea to reduce gold salt (NaAuCls) to the highly homogenous gold nanoparticles are
described. Respective phytoextracts derived from the mixture of 7hea sinensis var. sinensis +
Thea sinensis var. assamica (green tea) leaves. The sloping peak absorption of the phytoextract
and gold salt solution after reaction at the wavelength range 530 — 550 nm corresponded to the
absorption of gold nanoparticles. Obtained nanoparticles were purified after reaction from
phytoextract excess by centrifugation and then they were studied by Raman and FTIR
spectroscopy as well as by AFM. The size of gold nanoparticles was in a range about 3 — 10 nm.
The tea-generated gold nanoparticles have demonstrated respective stability under
experimental conditions. We consider this truly biogenic, green nanotechnological process as
the way opening excellent opportunities for further applications of obtained gold nanjparticles
in molecular imaging and therapy.
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Arthrobacter globiformis 151B type bacteria are able to assimilate different chemical
elements, e.g. Cr, Zn, Cu etc. from the environments [1]. The ions of chemical elements that got
into bacteria take part in different biochemical processes. It is supposed that some
microelements (Na, K, Mg) have an influence on the process of assimilation of Cr, Cu, and Zn
[2] in bacteria.

The influence of Na on assimilation of Zn inArthrobacter globiformis 151B type bacteria
has been studied. The solution of Zn was introduced into “TSB” nutrient medium and its
concentration in the medium made 5 pkg / mL. At the same time, Na solution (NaCl) of
different concentrations was introduced as well: 1.5 mg / mL into 5 flasks, 4.5 mg / mL into 5
flasks and 7.5 mg /mL into 5 flasks; The bacteria were growing during 17 and 24 h, nd 2, 4, and
6 days. The concentration of Zn in the obtained samples was measured by the method of atom
absorption spectrometry. The results are shown in the Figure 1.
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Figure 1. Dependence of Zn concentration on time of
growing in Arthrobacter globiformis 151B type bacteria.

156



From the obtained results we can suppose that in the case of increased dose of Na
concentration in the nutrient medium the assimilation of Zn inArthrobacter globiformis 151B

type bacteria is increased.
The work is performed within the frames of Grant STCU 6316/SRNSF STCU 2016/09.
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Arthrobacter globiformis 151B type bacteria assimilate intensively Cr(VI) from the
environment, convert it into Cr(II) and accumulate it [1]. The existence of Zn(II) in bacteria
nutrient medium strongly increases the accumulation of chromium from the environment and
the intensity of its conversion into Cr(III) [2]. It is expected that the process of assimilation of
Cr(VI) is influenced by the other elements widely spread in nature.
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Figure 1. Dependence of concentration
of Cr in Arthrobacter globiformis 151B
type bacteria on time of bacteria growing.

The influence of Na on the process of Cr assimilation has been studied. Cr(VI) solution
the concentration of which in the nutrient medium made 40 pg / mlL was introduced into
“TSB” nutrient medium. At the same time, Na solution was introduced into different flasks: 1.5
mg / mL into 5 flasks, 4.5 mg / mL into 5 flasks, and 7.5 mg / mL into 5 flasks. Bacteria were
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growing during 17 and 24 h, and 2, 4 and 6 days. The analysis of the obtained samples for the
content of Cr was carried out by atom absorption spectrometer. The results are shown in the
Figure 1. As it is seen from the obtained results, the existence of sodium in the nutrient medium
favors the assimilation of chromium by Arthrobacter globiformis 151B type bacteria.

The work is performed within the frames of Grant STCU 6316/SRNSF STCU 2016/09.
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Bacteria are regarded as the most effective in the detoxification of heavy metals, being
environmental compatible. The intensive study of contaminated area has revealed the selective
metallophilic properties of bacteria.Since the effect of some heavy metals on the soil leads to the
activation of specific forms of microorganisms, interacting with certain metals and thereby
surviving in conditions of soil contamination, we have evaluated composition of microbial
communities with the heavy metals bioremediation potential, using low-density biochip. Once
there are some restrictions on the microorganisms’ introduction in the environment, it is
important to establish the bioremediation potential of native species from a particular location
for their further use in the bioaugmentation process.
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Figure 1. DNA of soilwas amplified and hybridized with biochip. Panels (A) represents
hybridization image; Panels (B) shows hybridization signal, presenting as signal to noise ratio.

The biochip identifies the following bacterial consortium Rhodococcus, Bacillus, E.coli,
Phseudomonas, Shewanella, Geobacter, Arthrobacter, Geobacillus, Clostridia spp. and
sulfatereducing bacteria (SRB). As it follows from Figure 1 the studied non-contaminated soil
containsall of these species; however, the Bacillus and Shewanella spp. dominate. Both of
themare characterized by high remediation potential and could be used in the bioremediation
and bioaugmentation processes.
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Transformation of boron (B) powder and 25 wt. % aluminum (Al) powdered additive
was considered. Heating of initial powders was carried out in a xenon high-flux optical furnace
in a nitrogen flow at the temperatures 1000 — 1400 °C. It was demonstrated that addition of
aluminum results in formation ofHsBOs, amorphized BN and AlB1w (Figure 1).
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Figure 1. SEM image (a), XRD pattern (b),
and FTIR spectra of initial boron powder.
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The absence of components of aluminum oxides in produced composite specifies boron
as a strong getter. Presence of AlBi2 changes FTIR and Raman spectra of BN in the obtained
composite nanostructures.
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In this study, results of synthesis of the boron nitride (BN) and BN based composite
nanopowders under effect of concentrated light are considered. Composite nanopowders based
on BN were prepared by incorporation of 25 wt.% metal additives to boron powder by
mixing.Heating of precursors was performed in a xenon high-flux optical furnace in a nitrogen
flow at the temperatures 1000 — 1400 °C. The effect of metals additives on the microstructural
behavior of the developed BN composites was studied in comparison with pure BN using the
structure-property correlation. Infrared and Raman spectroscopy along with optical microscopy
was performed. BN and BN composite nanoparticles were characterized by XRD and TEM
measurements. Experimental results on the concentrated light heating of boron and boron
incorporated of 25 wt. % metal additivesnitride are interpreted.
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Figure 1. XRD pattern of amorphized BN.

Transformation of black boron powder into a white or gray powder depending on metal
content was observed indicating the presence of BN. XRD studies confirmed the formation of
amorphized BN on the surface of boron powder under effect of concentrated light (Figure 1). In
some cases, the incorporation of metals results inappearance ofa number ofmetalborides,
shifting a main peak of amorphized BN in XRD pattern, disappearing and shifting some peaks of
infrared and Raman spectroscopy.
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In recent years, there is a great popularity in the world use of metakaolin as an effective
pozzolanic additive to cement. The addition of Metakaolin (due to the high specific surface area
—up to 13000 cm? / g) allows to increase the density, water resistance and strength of cement,
thus making it possible to reduce the consumption of clinker — an energy-intensive and
expensive product of the cement industry. Metakaolinis obtained by heat treatment of kaolin
clays, the deposits of which are strictly limited. Therefore being developed to study the
possibility of obtaining metakaolin from regular polymer clay that would be much cheaper and
would make available this material.

For our experiments the alluvium of clay shales from the banks of the river Duruji,
collapsing rock of the Caucasus range formed as a result of mud-mud flows, was used. Clay
shales were studied by chemical, petrographic, X-ray phase and differential thermal analysis,
which have revealed a tendency of phase transformations at their heating in the range of
temperatures from 20 to 1000 °C.

Table 1. Physical-mechanical

s properties of cements.
" Compression | Changes
. Cement Strength in
. m composition, after cement
wt. % 28 days, activity,
) MPa %
“ \? J\\/ Clinker — 95 356 B
“ Gypsum -5
» Clinker — 85
s E s E T Shale - 10 37.9 +6.5
Gypsum -5
Figure 1. The DTA Clinker - 75
pattern of shales. Shale - 20 33.5 -5.9
Gypsum -5
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The temperature range from 680 to 750 °C endothermic effect, which is associated with
the destruction of the crystal lattice of clay minerals and their transition to the active
amorphous form — metakaolin, was revealed on the DTA curves (Figure 1).

The mode of heat treatment of clay shale is developed, at which the maximum presence
of metakaolin is provided. To determine the pozzolanic properties of calcined clay shale,
cements were made using the ASTM C 311-05 standard test methods for sampling and testing
fly ash or natural pozzolans for use in portland-cement concrete method. The test results are
given in Table 1.

The obtained results enable to conclude that the thermally processed shale, which
contains a number of metakaolin, can be a spectacular pozzolanic additive for cement.
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Most of the technologically important oxide materials are usually obtained through
solid-state reactions. This implies long-term (tens of hours) heating of reactants in powder form
at high temperatures in a furnace, a highly time- and energy-consuming process. Moreover, the
long-term high-temperature synthesis may result in deviation from the original stoichiometry
and other unwanted side effects. Therefore, there is a significant worldwide effort to develop
technologies to considerably reduce the solid-state reaction temperature and time.

We report a novel kind of oxide synthesis, which involves the irradiation of the mixture
of precursors with light in a broad spectral range, from infrared to ultraviolet, and sufficient
intensity to initiate the solid-state reaction between the reagents contained in the powder
mixture. By using this method, we could synthesize different superconducting and magnetic
oxides. It was demonstrated that light irradiation leads to a dramatic increase of the solid state
reaction speed and a lowering of the reaction temperature. The rate of the resulting reaction
exceeds conventional thermal solid-state reaction rates by about two-three orders of magnitude.
The photo-stimulated solid-state reaction (PSSR) method is confirmed to be quite general and
opens up the possibility of fast synthesis of a wide range of technologically important bulk and
thin-film oxide materials.
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Due to excellent combination of high mechanical, electrical and thermophysical
properties Cu-based matrix composites (also called pseudo alloys) from immiscible metals have
been of current interest. They find a variety of applications including heat-sink elements in
microelectronic devices, electrical contacts, as well as plasmatron nozzles for rocket engines.

Difficulties in production of high quality pseudo-alloys are related to low mutual
solubility of metals, high difference between their melting points and densities, and high
wetting angle. And it cannot be overcome completely through the conventional melting and
casting methods.

In the present study, a combination of high-energy ball milling (HEBM) and spark
plasma sintering (SPS) methods has been shown to be suitable for the production of highly
dense Cu—Cr—W nanostructured bulk materials.

Mechanical treatment of Cu—Cr—W powder mixtures was carried out in an Activator-2S
planetary mill (steel balls 7 — 9 mm, ball mill ratio 20 : 1, 7= 30 — 150 min), while sintering, in a
Labox 650 (Sinter Land, Japanise) System in a vacuum at different temperatures (600 — 900 °C)
under pressure (50 MPa). Synthesized alloys were characterized by XRD, SEM, and EDS.

Figure 1. SEM images of (a) starting and (b) activated Cu—Cr-W
composite SPS-consolidated at 800 °C for ; = 150 min; in (a): dark grey
Cr, white W, grey Cu; in (b): white W, dark grey Cr, rest Cu matrix.

The results in Figure 1 suggest that the structure of the Cu—Cr-W composite formed at
the stage of HEBM is retained after SPS consolidation. Specific conductivity of our composite is
above 25 % of International Annealed Copper Standard (1.72 pQ cm), which is quite tolerable
for electrocontact materials. The combined use of HEBM and SPS looks rather promising as a
route to fabrication of consolidated nanocrystalline psuedoalloy-based Cu—Cr-W composites.
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Rare-earth (RE) doped chalcogenide glasses (ChG) attract great attention in modern
materials science community as versatile device media for a variety of active applications in
mid-IR optics including fiber-optics amplifiers and IR lasers. However, this sphere of
chalcogenide photonics has still being highly disputable now because of insufficient knowledge
on the nature of RE-activated functionality in covalent-saturated ChG networks.

In this work, the method of positron annihilation lifetime (PAL) spectroscopy, which is
known as advanced instrumentation tool efficiently exploring nanospace at atomistic and sub-
atomistic length-scales, was applied to study the mechanism of RE-doping in Se-based ChG.

The most efficient positron traps in parent (As/Sb):Ses glass are shown can be imaged as
free-volume voids formed within cycle-type arrangement of directly corner-sharing trigonal
(As/Sb)Ses2 pyramids, composed of atomic-accessible geometrical holes arrested by surrounding
atomic-inaccessible Se-based bond-free solid angles (Figure 1).
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Figure 1. Sketch of plane projection of void structure of (As/Sb)2Ses
built of corner-sharing (As/Sb)Ses2 pyramids showing character
cycle-type arrangement with free-volume voids in RE-modified glass.

Effect of RE doping (500 wppm of Pr*) in As—Se-based glass is explained in terms of
competitive contribution of changed occupancy sites available for rare-earth ions and
annihilating positrons being trapped in Ga-modified network. Under doping, the Pr®* ions are
stabilized due to Pr®-Se-Ga linkages, thus eliminating neighboring void as potential positron
trapping sites. Effect of rare-earth doping in the studied glass results in notably reduced
positron trapping rate in free-volume voids, originated from their decreased content and rather
slightly altered volume.

D. S. acknowledges support from International Visegrad Fund for this research.
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The intensive development of nanotechnology, manifested by the huge amount of
available nanoproducts, allows the production of modern composites in many fields of science.
One of these areas that has benefited in recent years from the development of nanotechnology,
is construction sector, including the technology of cementitious composites (e.g. cement
mortars and concrete). The production scale and the wide application range of nanomaterials
have made the presence of these structures in the environment unavoidable, where the effect
can be the release to the natural environment. It is of a great importance in the case of
cementitious composites, due to the constant exposition of building elements to the
environment. These conditions may result in the release of nanomaterials into water, soil and
air, which may pose a threat to humans and the environment.

In our study, Al20s, CuO, Fe3Os, and ZnO nanoparticles (commonly used as admixtures
to cement-based composites) were used and tested on reference strains of Escherichia coli
Pseudomonas aeruginosa, Staphylococcus aureus and Candida albicans. Nanomaterials were
used according the standard procedures used in the preparation of cementitious composites. The
morphology and viability of cells were tested with microscopy, spectrophotometry, and culture
methods. The results revealed that nanoparticles may decrease their antimicrobial efficiency,
possibly due to the aggregation process. Even though the studied particles were toxic to subject
microorganisms in acute tests, the populations were able to re-grow when co-incubated with
the nanoparticles in the liquid medium. Furthermore, we found a considerable diversity in the
reaction of tested strains to nanoparticles, even between four different strains of Escherichia
coli. Our findings indicate that there is a necessity to optimize the evaluation methods,
especially in the direction of choosing suitable test strains and approach consistent with the
further application of nanomaterials. This would ensure reliability of the results covering
possible variations between the genera and strains.

This research was supported by the National Science Centre within the Project No.
2016/21/N/ST8/00095 (PRELUDIUM 11).
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The dramatically increasing water consumption in concrete industry, as well as the
shortage in freshwater in many parts of the world, is a severe environmental issue. Therefore,
the search for alternative sources of concrete components including new water sources, e.g.,
recycled (from concrete production) or seawater, has gathered the attention of researchers and
authorities in recent years. Particular interest was put to utilizing seawater in order to develop a
durable and strong concrete. The goal of this study is to evaluate the application potential of
seawater in terms of production of cement-based materials modified with nanomaterials (silica
(5102) and iron oxide (Fe3Os) nanoparticles).

Nanoparticles were suspended in seawater and analyzed with transmission electron
microscopy (TEM), energy dispersive spectrum (EDS) and X-ray diffraction (XRD).
Additionally, the interaction of nanomaterials with sea water was evaluated by isothermal
calorimetry, as well as compressive strength development tests (1, 2, 7, 14, and 28 days).

The study showed that silica nanoparticles dissolved while mixed with seawater due to
the formation of unstable silicic acid in the presence of NaCl. This phenomenon caused the
uncontrolled formation of partially dissolved and agglomerated structures. Furthermore, when
nanomaterials were mixed, the dissolved silica precipitated, connecting iron oxide to silica
nanoparticles. Such agglomeration of nanoparticles influenced the performance of cement-
based composites by hindering its hydration kinetics, thus decreasing its compressive strength
development at early ages.

It was shown that the incorporation of seawater as potential mixing water for the
production of cement-based composites modified with nanomaterials exhibited certain issues
related to the dissolution of silica nanomaterials and the subsequent creation of agglomerates.

This research was supported by the National Science Centre within the Project No.
2016/21/N/ST8/00095 (PRELUDIUM 11).
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The nanoparticles and nanostructures such as nano silica, nano metakaolin, titanium
dioxide and aluminium oxide nanoparticles, graphite nanomaterials, carbon nanotubes of
different types are used for modification of composite materials in construction industry [1, 2].
These nanoadditives allow managing by the properties of materials in fresh and hardened state.
The considerable attention of researchers is focused on the investigation of cement systems
modified by carbon nanotubes (CNT). The nanomodification of cement composites by CNT is
determined by effectiveness of CNT homogenization in volume of dispersion and their
distribution in cement matrix [3].

The present research describes the generalized data about modification of cement
systems by CNT dispersion in fresh and hardened state. Modification of cement pastes by CNT
dispersion leads to increase of initial setting time up to 40 min and not change the final setting
time. Rheological properties of cement pastes modified by CNT dispersion are changed as well.

The modification of cement pastes by CNT dispersion demonstrates the plasticizing
effect for cement pastes tested in 5 min after mixing, which did not remain after 120 min. The
yield stress of nanomodified cement pastes decrease by 31 % for cement paste modified by CNT
dispersion in dosage of 0.25 % by weight of cement. The maximum increase of plastic viscosity
by 30% was established for cement pastes with CNT dispersion in the dosage of 0.25 % by
weight of cement after 5 min of mixing. In addition the properties of cement systems modified
by CNT in hardened state are changed. The density of cement mortar with CNT dispersion in
the dosage of 0.25 % by weight of cement increase up to 51 kg / m? and the flexural and
compressive strength of cement mortar by 8.5 and 10.0 %, respectively. The results of
experiments demonstrate the perspectives of CNT for modification of cement composites and
ability to manage by the properties of cement systems in fresh and hardened state.
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The most common approach of synthesis of carbon nanotubes is the chemical vapor
deposition method. Number of parameters, such as choice of initial carbon containing raw
materials (gas or liquid), transport gas, catalyst, temperature and processing time, plays a major
role in the synthesis of carbon nanotubes. As a rule, catalyst is a matrix which surface is covered
with a layer of active component. In our work, the synthesis was carried out in a vertical CVD
reactor using acetylene and nitrogen as initial gases with a volume ratio of 1:9 respectively.
Temperature varied from 780 to 830 °C. Synthesis time is 10 min. Al.Os spheres with a diameter
of 0.5-1 mm and purity of 99.5 % were used as the catalyst. Nickel coating was applied on the
spheres surface by solution combustion method. Firstly, initial spheres were impregnated with
an aqueous solution of nickel nitrate and fuel, followed by drying and heat treatment. Citric
acid and ascorbic acid were used as fuels. Preliminary studies showed that using these types of
fuel enables to produce Ni/NiO nanoparticles at the ratio: 84.6 % Ni and 15.4 % NiO for citric
acid as well 27 % Ni and 73 % NiO for ascorbic acid. After heat treatment, nickel/nickel oxide
nanoparticles coating was formed on the surface of the spheres. Obtained carbon nanotubes
were studied by scanning electron microscopy and Raman spectroscopy.
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Titanium(IV) oxide attracts the attention of researchers due to its photocatalytic activity
and potential suitability for use in various fields of modern material science and technologies.
Significant efforts of researchers are aimed at increasing the photocatalytic activity of TiO2, in
particular, by using nano-sized TiO: particles and modification of its samples by metal
nanoparticles. The aim of the study was to investigate the influence of gold nanoparticles on the
photocatalytic activity of composite Au@TiO:2 in the process of photodegradation of methylene
blue (MB) when irradiated with ultraviolet and visible light.

Nanocristalline TiO2 was obtained according to method described in [1]. The phase
composition of the TiO2 corresponds to anatase. It was found that size of TiO: crystallites is 8
nm. TiO2 sample contains 17 nm mesopores. Stable monodisperse gold nanoparticles size of 6
nm were obtained by reduction of water solution of HAuCl4 with sodium borohydride in the
presence of histidine as a stabilizing agent. Size of the gold nanoparticles was determined by
method of transmission electron microscopy. The electron absorption spectra of solutions of as-
synthesized gold nanoparticles, 24 and 48 h after synthesis were measured and it was found that
intensity of the absorption bands and maximum at 515 nm did not change with time. This
confirms stability of the obtained gold nanoparticles with time. In order to obtain Au@TiO:
composite the TiO: sample was impregnated with solution of gold nanoparticles, and excess
water was removed using rotary evaporator. The solid residue was consistently washed with
isopropanol and ethanol and dried at 100 °C. The final composite was content 1 % of gold.
Photocatalytic activity of the Au@TiO: composite was investigated in the photodegradation of
MB in water solution. It was found that after 60 min of UV-irradiation of the MB solutions in
the presence of TiO2 and Au@TiO2 14 % and 56 % of MB were degraded, respectively. Under
visible light irradiation in the presence of TiO: and Au@TiO2 1 % and 12 % of MB were
degraded. Thus, the gold nanoparticles due to the sensitizing effect improve the photocatalytic
properties of the Au@TiO:2 composites both under UV and visible light irradiation.
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The effect of the temperature of severe plastic deformation by high-pressure torsion
(HPT) on the mechanical properties and microstructure of some high-entropy alloys (HEA) was
studied. For pure metals, the HPT deformation carried out at 77 K reduces the average grain
size rto 70 nm (depending on HPT pressure), which is 1.5 — 2 times less than values rafter HPT
at ambient temperature (300 K). Lower value of average grain size after HPT at cryogenic
temperatures is associated with lower dynamic recovery and higher twinning activity.
Accordingly, the samples after HPT at 77 K have higher (~ 10 — 20 %) yield strength or
microhardness, as well as a higher ductility compared to samples after HPT at 300 K. But it was
found that in a some of HEA HPT at 77 K leads to the opposite effects — an increase the average
grain size and a decrease the microhardness value in comparison with HPT at 300 K. Possible
reasons for such anomalous unusual behavior are discussed.
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Using ultraviolet interferential laser lithography, rective-ion etching and chemical
etching, on standard p-type silicon wafers (diameter — 50 mm, orientation (100), concentration
10! cm™3), technologies were developed for obtaining nanograted and nanostructured surfaces.
Changing the technological parameters, it is possible to vary: the period of the nanograting from
2 to 0.3 ym, and the depth within 20 — 50 nm.

The technology of obtaining a nanograting surface was developed using the standard
negative photoresist ma 2401 to obtain a nanostructured surface, a technology of selective
chemical etching initiated by metal nanoclusters has been developed. The area of the
nanostructured surface of silicon produced by this technology is unlimited, and the etching
depth can be adjusted from a few to several hundred nanometers.

With the help of an electron microscope, the morphology of the surface of nanograting
and nanostructured surfaces was studied. The uniformity of the resulting nanograte surface is
satisfactory on an area of 3 — 4 mm? Applying the above technology, solar cells were
manufactured. They were measured: dark 7 — V, P — V, short-circuit current (ISH), no-load
voltage (VOCQ), filling factor (FF), efficiency (7) and other characteristics. It was measured: work
output, electrical, optical, and other characteristics of nanograted and nanostructured surfaces.

The obtained data will be used in the manufacture of solar cells of the third generation.
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Solar energy is seen by many as one of the most prospective alternative energy sources,
especially if one considers significant progress made lately in development of new classes of
solar cells. Among others, bulk heterojunction (BH]) based organic solar cells, utilizing 7~
conjugated polymer mixture with fullerene; have attracted significant attention despite
relatively modest power conversion efficiency.

In this work, we report on application of self-assembled GaN nanowires grown on
silicon substrate by plasma-assisted molecular beam epitaxy technique as an ordered inorganic
acceptor in bulk heterojunction solar cells with active layer fabricated with poly(3-
hexylthiophene-2,5-diyl) (P3HT) and phenyl-C61-butyric acid methyl ester (PCBM). Prepared
organic mixture was spin-coated on top of inorganic acceptor layer, resulting structure was
annealed in 150 °C for 15 min and metal contacts were deposited afterwards.

In order to investigate processes occurring on the interfaces between organic active
layer, GaN nanowire and silicon, comparisons of photovoltaic devices with different inorganic
acceptor layer were made. /— V characteristics were measured in dark and under AM1.5 light
conditions, short circuit current vs. incident light wavelength measurements were performed in
the range from 300 to 1400 nm using a tungsten lamp combined with a monochromator as a
light source.

Results indicate that addition of ordered GaN nanowire acceptor increases power
conversion efficiency of a device compared with planar silicon acceptor, although planar GaN
acceptor shows similar result. Comparison of external quantum efficiencies calculated form
photocurrent shows, that efficiency of carrier collection by GaN nanowire is the highest
between all measured samples. We assume existence of energy barrier on P3HT:PCBM/Si
interface which explains low rate of charge carrier transfer between organic active layer and
silicon substrate.

Work was supported from Polish National Science Centre Grant No.
2016/21/B/ST5/03378.
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The Chernobyl nuclear reactor accident, which resulted in widespread contamination
with radiocaesium, led to studies of the use of Prussian blue (PB) compounds as a
countermeasure to reduce the caesium-137 and caesium-134 content of animal products. An
important consideration in the practical use of PB compounds in agriculture is their possible
toxicity. Studies showed that PB compounds had no adverse effects on animal health and
production and, in addition, no toxic effects were noted in humans when PB was used
experimentally or therapeutically.

The mushrooms can absorb high levels of the radioactive isotope caesium-137. Three
decades ago the nuclear catastrophe at Chernobyl released a fair amount of caesium-137 that
eventually drifted down on the Sumava mountains. The half life of Caesium 137 is 30 years — it
takes 30 years for the radioactivity of the isotope to fall to half its original value. Then another
30 to fall to half again, and so on. That could cause some problems with the supply of boar meat,
which is popular in the Czech Republic. A cold and snowy winter is forcing them to feed on
false truffles, an underground mushroom common in the Sumava mountain region shared by
Czechs, Austrians, Germans. 614 animals were inspected from 2014 to 2016, and 47 percent
were above the limit [1].

PB’s ability to incorporate monocations makes it useful as a sequestering agent for
certain heavy metal poisons. Pharmaceutical-grade PB in particular is used for people who have
ingested thallium or radioactive caesium. According to the International Atomic Energy
Agency, an adult male can eat at least 10 g of PB per day without serious harm. The US Food
and Drug Administration has determined the “500-mg Prussian blue capsules, when
manufactured under the conditions of an approved New Drug Application, can be found safe
and effective therapy” in certain poisoning cases [2]. Radiogardase (PB in soluble capsules) is a
commercial product for the removal of caesium-137 from the intestine, so indirectly from the
bloodstream by intervening in the enterohepatic circulation of caesium-137, reducing the
internal residency time (and exposure) by about two-thirds. PB is included in WHO Model List
of Essential Medicines [3].
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The metals are subjected to the different forms of processing for the achievement of the
high mechanical properties (the high strength and plasticity). The most cardinally this purpose
is reached by grinding the grain structure of the metals due to their processing by the methods
of severe (mega) plastic deformation (SPD) [1]. The microdisperse structure of the grains is
formed with the linear size about 100 nm as a result of such processing. Since such processing is
very complex and the real experiments are rather expensive the development of the theoretical
methods for their description acquires a large significance.

The general theory of the SPD process was offered [2, 3]. It is based on the
nonequilibrium evolution thermodynamics which allows to describe the process of
fragmentation of the polycrystalline structure of metals or alloys during SPD. As the main
structural defects, the grain boundaries and the dislocations that are responsible for the
formation of the fine-grained structure and the limit of the plastic flow are considered. The
relation for the thermodynamic potential of the system and stationary dependencies that allow
observing the formation of various limiting (stationary) structures been constructed. The study
of the stability loss of stationary states of the thermodynamic system was carried out. This made
possible the construction of phase diagram of metals or alloys fragmentation modes at SPD. The
obtained diagram establishes the conditions for the formation of limiting structures of different
types. According to obtained results a detailed investigation of the evolution of defects density
and their interaction in the process of formation of various limiting (stationary) structures was
conducted. The study of the phase kinetics of the defects density in the process of the formation
of stationary submicrocrystalline or nanocrystalline structures was performed. The dependences
of the velocity of change in the grain boundaries density on the magnitude of elastic strain were
built. Thus, the optimal values for the first and second invariants of the elastic strain tensor are
established, which allow to form the metal configuration with the required defects density and
stable physical and mechanical properties.
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Compounds of rare-earth elements draw an attention both with practical and theoretical
point of view. They are convenient objects for studying fundamental the phenomenon of
physics and chemistry of a solid body. In the presented work, the technology of thin crystal
films GdSb2, TbSb, and TmTe by the method of discrete vacuum-thermal evaporation
beforehand of the synthesized volume material is developed for the first time. Preparation of
films was carried out at a vacuum 10~ Pa. The thickness of films was 1.0 — 1.4 um. Substrates
were fused silica, polycrystalline glass, monocrystalline silicon and sapphire. All films had a
polycrystalline structure with lattice parameters close to parameters of the corresponding
volume crystals. According to pictures of a surface of the prepared films, removed in secondary
Roentgen rays, components on a surface of films are distributed evenly and, according to Auger
spectrums, the structure of all films on thickness within an experimental error + 0.03at. % is a
constant.

The method of the complete attrition determined the relative mechanical strength
(RMS) of the prepared films. Experiments showed that the film RMS sharply depends on
substrate material. The films prepared on a quartz substrate have the least durability, the
greatest — on a sapphire substrate.

Studying the kinetic microhardness is carried out on installation DUH-211S in the
loading unloading mode in the range of loadings of 1 — 1500 mN by Vikkers’s indentor. The
delay time on a maximum of loading made 10 s and at the end of unloading — 5 s. Thickness of
the studied films prepared on various substrates was lonely and was 1.2 pm. The maximal depth
of penetration of an indentor made 1 pm. Accuracy measurement of a microhardness was ~ 3 %.
Researches showed that the microhardness of films with increase in depth of a dimpling
increases. Especially this increase is noticeable for the films applied on a substrate from sapphire
then for films on a silicon substrate, and for the films prepared on a sitall and quartz substrate
increases in microhardness are close to each other. Thus, the dependence of a microhardness of
a film on substrate material is observed. The received results are well coordinated with literary
data for the case the “weak” film on the “solid” substrate.
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The internal energy of the magnetic anisotropy of some nanoparticles predominates over
the thermal energy even at room temperature. It is known that the magnetic anisotropy axis of
the magnetic nanofluids of nanoparticles, which in the absence of a magnetic field are oriented
at random, at a sufficiently strong magnetic field, are polarized along the magnetic field and the
so-called mechanical anisotropy state originates. It is shown that the magnetization curve of the
subsystem of polarized particles in the case, when the anisotropy energy exceeds thermal
energy, has a special shape similar to the shape of a hyperbolic tangent. In the present model of
a magnetic nanofluid it consists of two components (subsystems) with a variable number of
particles: a subsystem of particles with randomly directed axes and subsystem of particles with
polarized axes. The change of the magnetic field value causes the change of the number of
particles in the subsystems followed by the change the magnetization of the whole magnetic
nanofluids.
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Figure 1. Magnetic polarization curves Pi, Pr, and Pr for magnetic nanofluids based
on magnetite Fe3O4 (dm = 11 nm, a= 8.1, b= 78 B) and magnetic nanofluids based
on cobalt Co (dm =7 nm, a= 20, b= 64 B). In both cases there is room temperature.

For a given value of the magnetic field, interpolation formula of magnetic nanofluids
magnetization is found from the condition that the chemical potentials of subsystems are equal.
It is shown that the magnetization curve obtained on the basis of a two-component model of
magnetic nanofluids is located between the Langevin curve and the hyperbolic tangent and
with increasing anisotropy takes progressively the hyperbolic tangent shape. It is also shown
that in strong magnetic anisotropy saturated state of magnetization of nanoparticles occurs
much earlier than it follows from the Langevin theory. This significantly increases the Curie
constant.
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Today, semiconductor quantum dots synthesis represents the strong scientific and
practical interest. They have an optical spectrum that is determined by variation of dimensions,
a wide luminescence excitation band, high photostability, and so on. Because of these
properties, quantum dots are a promising material for photovoltaics, photocatalysis, they are
used as biomarkers and sensors for medicine [1]. The reproducible method of biological
synthesis of semiconductor nanoparticles of silver sulfide (I) with the mycelium of basidial
fungus Pleurotus ostreatus was developed. It was found that absorption maxima correspond to
the wavelengths at 315 and 470 nm for produced semiconductor nanoparticles. Absorption
spectra are typical for Ag:S quantum dots. In addition, morphological analysis of synthesized
quantum dots was carried out using high-resolution transmission electron microscopy. The
results of electron microscopy confirm the presence of semiconductor nanoparticles of silver
sulfide in tested samples, they have a homogeneous, spherical morphology with a diameter in
the range of 20 — 25 nm, having no surface defects. Their cytotoxic effect on bacteria of
Escherichia coli and Bacillus thuringiensis, as well as on root meristems of A//ium cepa (Allium-
test), on Drosophila melanogaster, and human B- and T-lymphocytes were studied. Notable
antibacterial activity is observed for the synthesized Ag:S nanoparticles. When Ag:S quantum
dots were tested for antimitotic effects (3 mg / mL), some mitotic disorders have been identified
at the meta- and anaphases. It has also been established that the Ag:S quantum dots obtained
from biological synthesis do not exhibit pronounced cytotoxic effects on human B- and T-
lymphocytes. At the same time, there is a slight stimulation of phagocytic activity. The result of
the mutagenicity test using D. melanogaster demonstrates the absence of the mutagenic action
of the synthesized nanoparticles. Thus, the Ag:S quantum dots synthesized with the fungal
matrix are a new promising development for biomedical research and will be used in the future
as efficient and safe luminescent probes.
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New catalytic nano-materials are urgently needed for developing efficient rechargeable
batteries with high energy density, which can withstand to the relatively high-power current
pulses and a big number of charging / discharging cycles. One of the most investigated nano-
materials for the rechargeable batteries is manganese dioxide. The minimum particle size of
industrially synthesized manganese oxide is in the range of microns or even millimeters.
Natural manganese oxide is extremely contaminated with various oxide contaminants which
complicate the chemical and structural analysis of manganese dioxide and limit its applicability.

(@ (b)
Figure 1. TEM image (a) and Mn distribution
in obtained nano-structured specimen.

In the proposed work preliminary experiments on synthesis of nanostructured
manganese dioxide using the method of self-propagating high-temperature synthesis (SHS) is
reported.
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Reversible resistive switching is the basis of nonvolatile memory devices called ReRAM.
In most cases transition metaloxides are used as an active layer of capacitor-type ReRAM-
memory cell. For such kind of active layer materials resistive switching is linked with drift-
diffusion flux of oxygen vacancies in sublattice of oxygen between the two electrodes. In case of

transition metals conditions at the interface between electrode and active layer and switching
electric field polarity play a crucial role.
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Figure 2. Average radius vs. time of switching.

This paper describes alternative solution for ReRAM based on silicon suboxide (SiOx, x <
2) active layer [1] having a number of technological advantages [2]. In this case resistive
switching is observed even for devices with chemically inactive electrodes such as doped
silicon, poly-silicon, palladium or carbon nanotube [3] and doesn’t depend on electric field
polarity. The quantitative phenomenological model of the conductive filament formation and
transformation in SiOx is proposed. The model is based on quasi-chemical reactions of dot
defects (SiO, VO, Sil) within bulk of SiOxfilm. These reactions lead to thef ormation of
microfine or coarse Si-cluster ensemble in SiOxphase causing abrupt resistive switching
(Figure 1).
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The mean cluster radius dependence on the form and duration of the switching
electrical pulses is obtained by means of mass balance equation solution for spherical clusters
under non-isothermal conditions (Figure 2).
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Anesthetic ~ preparation  trimecaine  [2-Diethylamino-N-(2,4,6-trimethylphenyl)
acetamide hydrochloride monohydrate (Tm-HCl)] and lidocaine [2-Diethylamino-N-(2,6-
dimethylphenyl)acetamide hydrochloride monohydrate (Lid-HCI)] are one of the most
generally used local anesthetics and peripheral analgesics in surgery, genecology and dentistry.
These are white crystalline powder readily soluble in water and ethanol and are used as a local
anesthetic and cardial antiarrhythmic, also for prophylaxis of sympathic reaction during
tracheal intubations. Encreasing scientific evidence suggests that the purposeful synthesis and
research of coordination compounds containing bio-metals and anesthesia drugs is interesting
in the field of medical science and current pharmaceuticals.

We report the synthesis, structural and spectroscopic characterization of trymecaine and
lidocaine complexes. Protonation of ligands takes place in the water ethanol solution of
transition metal salt and Tm-HCl or Lid-HCI with any ratio, synthezed complexes of empirical
formula (TmH)2[MCl4]-nH20O and (LidH):[MCIs]-nH20, TmH-, LidH-cationic form of the
anesthetic preparation M = Ni(II), Co(II), Cu(Il); 2=0, 1, 2.

The composition and individuality of the complexes are determined by elementary
analysis. Their solubility in water and organic solvents has been studied. To study the thermal
stability and the sequence of the thermal process, the following compounds were studied:
(LidH)2[CoCls]-H20, (TmH)2[CoCl4]-H20, (LidH): [CuCls]-2H20), (TmH): [CuCl4]-2H20. The
thermograms are characterized by the DTG curve of the endo and exo-effects, which is due to
their physico-chemical transformations [1]. At the first endo effect within 170 — 180 °C
temperature interval, dehydration of the complexes takes place. The following endo-effects (300
— 320 °C) correspond to the oxidation of two molecules of the organic ligand of lidocaine or
trimecain. A strong exoelectric effect (560 — 620 °C) cleaves chlorine ions. In all cases, the final
product of hydrolysis is metal oxide (CuO and Co203). It can be concluded that in these
complexes the thermolysis process proceeds stepwise. The structure of the compounds is
proposed based on infrared absorption spectrum analysis and monocrystals are characterized by
X-ray diffractometer parameters [2]. In the compounds, the central ion coordination with
acidoligands generates tetrahedral anion, while the ligands (Lid-HCI or Tm-HCI) in the form of
protonated cations remain in an outer coordination field.

(TmH)2[CuCls]-2H20 crystallizes in the tryclin space group PI with a = 12.409(2), b6 =
13.125(3) and ¢ = 13.160(3) A,and Z = 2, @ = 119.46(2) °, B = 92.15(2) °, ¥ = 85.39(2) °, u =
88 cm™, d=1.29 g/ cm? R = 0.046 [3]. The structure of the island-ion type compounds is
constructed from complex tetrahedral [CuCls]-anions, (TmH)-cations and molecules of
crystallization water.
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Nanotechnology has the potential to revolutionize the agriculture and play an important
role in food and crop production. Zinc nanoparticles are widely used in antibacterial, anti-
corrosive, antifungal products, and their UV filtering properties can be used as one of protective
adjustments in crop treatment usage.

In this study, common wheat (7riticum aestivum var Podolianka) was selected as model
plant. Control group of wheat seeds were primed in distilled water (H20 P), another two groups
were primed in different concentrations of Zn nanoparticles (10 mg /L (Zn P10) and 20 mg / L
(Zn P20).

Starch metabolism in wheat plants was assessed in terms of B-amylase and a-amylase
activities and total soluble sugars. The f-amylase catalyzes the hydrolysis of the second o-1,4
glycosidic bond, cleaving off two glucose units (maltose) at a time. The a-amylase is one of the
key enzymes involved in degradation of starch in wheat plant and catalyzes the hydrolysis of -
1,4 linked glucose polymers to release free glucose.

After 7 days of seed germination, Zn nanopriming treatments significantly reduced o-
amylase activity in wheat leaves compared with control seedlings. The a-amylase activity of
leaves decreased on 31 % and 46% in ZnP 10 and Zn P20 priming treatments, respectively,
compared to control (H20 P) seedlings. The f-amylase activity in wheat leaves non-significantly
changed in both Zn priming treatments.

Likewise, the total soluble monosaccharides contents of wheat leaves were reduced on
11 and 17 % by nanopriming treatments (Zn P10 and Zn P20) compared to the control.

Thus, low-concentrated zinc nanopriming significantly reduce a-amylase activity and
cause non-significant changes in f-amylase activity in 7-days wheat seedlings leaves but does
not cause critical decreasing of soluble monosaccharides amount in it.

This work was supported by the grant of State Fund for Fundamental Research
(Grant F75).
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